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S TAG AMB Z TGG try

C

cys

C

cys

W

CTT leu L CCT pro

P CAT his H CGT

CTC leu L CCC pro

P CAC his H CGC

CTA leu L CCA pro

P CAA gin Q CGA

arg

R

CTG leu L CCG pro

P CAG gin Q CGG

arg

R

ATT ile I ACT thr T AAT

ATC ile I ACC thr T AAC
ATA ile I ACA thr T AAA

N AGT

asn

R

arg

R

arg

S

ser

N AGC

ser

S

lys K AGA

arg

R

asn

ATG met M ACG thr T AAG

lys K AGG

arg

R

GIT val V GCT ala A GAT asp

D GGT gly G

GTC val V GCC ala A GAC asp

D GGC gly G

GTA val V GCA ala A GAA

glu E GGA gly G

GTG val V GCG ala A GAG

glu E GGG

g
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Abstract
Hodgkin's disease (HD) is

a

malignant lymphoma characterized by few typical Reed&Sternberg

(RS) cells that represent an expansion of a single clone originating from germinal center B-cells.
These tumor cells survive in

an

intense cellular

inflammatory infiltrate that

permanent secretion of factors and surface receptors elaborated by RS cells.

are

recruited by

The permanent

activation of the

transcription factor NF-xB is

lines but also in

patients. This deregulated activation of the inducible NF-xB is central

genes

involved in immune and inflammatory

the molecular basis of this activation has

found in two HD cell lines
unable to retain NF-xB.

a common

characteristic found not only in HD cell

responses are

controlled by NF-xB. In

already been reported

:

as many

some cases,

mutations in IxBa

gene were

(L428 and KM-H2) and also in patients rendering defective IxBa

In other cell line

(L591) and in 30% HD patients, RS cells are EBV-

infected cells

expressing LMP-1 protein responsible for constitutive activation of NF-xB. It

of interest to

study the molecular basis of NF-xB activation in

L540,

some

was

HD cell lines (HDLM2,

HDMyZ) containing wild type IxBa and to determine if NF-xB is required for tumor cells

survival.

Here,

we

constitutively active

report that in all HD cell lines, the NF-xB transduction pathway is
as a

result of the activity of NIK, IKK1 and IKK2 kinases. We further

demonstrated that

lymphotoxin (LTa) but not TNFa

responsible for

autocrine activity of NF-xB in HD cells. FACS analysis surprisingly indicated

an

that the TNF receptor

recruit and activate

this route

a

was not

expressed

on

released from HD cells but

HD cells. Rather it

appears

was not

that LT acts to

surrounding cells in the inflammatory infiltrate. To study the role of NF-xB

in the resistance to

overexpressing

(TNF-R1)

was

apoptosis, HD cells

were

infected with

a

recombinant adenovirus

form of IxBa resistant to signal-induced degradation. Expression of IxBa by

efficiently downregulated nuclear NF-xB but most HD cells do not undergo massive
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apoptosis

even

after co-administration with

infections, changes in the levels

of

pro

a

DNA-damaging agent to activate p53. During these

and anti-apoptotic proteins

transcriptional activity of Bax, Bcl-2 and Bcl-XL promoters
most

HD cells contained low levels of

sustained

a

deletion in its N-Terminal

was not

were not apparent

and

substantially altered. While

p53, L428 cells contained high levels of p53 which had

region. L428 cells represent the only HD cell line in which

inhibition of NF-xB leads to extensive

apoptosis. In conclusion, although various defects

are

responsible for NF-xB activation, the NF-xB transduction pathway is commonly and
constitutively activated in HD cells suggesting
IxBa.

as yet

unidentified active pathways upstream

Finally, resistance to apoptosis is not governed by NF-xB alone. This suggests that

inhibition of NF-xB is

downregulation

may

unlikely to represent

a

useful anti HD therapy however NF-xB

be used to abolish the associated inflammatory disease.
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1. Introduction

1.1. Gene

The process

expression and

by which normal cells become transformed to malignancy requires the

sequential acquisition of mutations, which
genome.

DNA

This damage

replication

the cell has also

enzymes

that

cancer

can

emerge as a consequence

be the result of several endogenous

or exogenous

aggressions such

as

ionising

or

processes

the fidelity of various

processes

such

as errors

A large proportion is

involved in the metabolism of nucleic

acids. Nevertheless, in various cases, some of those mistakes can become permanent
in the genome.
for

If those permanent changes

maintaining the

genome

towards

genes

changes

responsible

integrity, then this will facilitate the acquisition of additional

mutations and contribute to the appearance
In the last two

associated with mutations in

are

in

UV radiations. Fortunately,

developed mechanisms to repair such damages.

ensure

of damage to the

of the multiple phenotypes observed in

canc,er.

decades, molecular biology and genetic studies have made enormous progress

understanding the biology of

allowed the identification of

A large number of

cancer.

new target genes

early and late events in the carcinogenic

process

have

offering

opportunities for treatment and prevention. Probably the most exciting expectation will be the
generation of tumour specific drugs, that will
conventional
wide

spare

normal cells from devastating effects of

cytotoxic therapeutic agents. To achieve this objective and according to the

diversity of the genetic aberrations present in tumours cells, it will be

genotype and/or phenotype individual tumours.
various mechanisms

implicated and

genes most

necessary to

In this part, I would like to introduce the

currently affected in carcinogenesis.
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1.1.1.

Carcinogenesis

In the human adult, many
and tissues that

are

required to divide and differentiate to repopulate

organs

require cell turnover. Skin cells are replaced approximately every 10 days

whereas in the bone

Cell

delicate control

life-time varies from 24 hours for

marrow

Stem cells have the

for mature red cells.
and tissues.

cells

capacity for division and replenishment of

multiplicity is achieved by
over

leukocytes to 112 days

some

organs

network of molecular mechanisms governing

a

proliferation and programmed cell death (apoptosis).

a

Any factor

affecting the balance between birth and death has the potential to alter the total number of
cells in

a

particular

proliferation

apoptosis

or

It is

organ.

are

now

clear that random mutations in the

responsible for

occurred in these crucial genes are not
chemical

chromosome

imbalance

result of chromosomal

a

gene

particular

gene;

loss of

cancer

cells,

gene

a

gene

or

sequence;
or

gene as

chimeric protein with altered

(e.g.methylation of cytosine in CpG islands
mutations will have two basic functions: to

activity of the protein they code for, in such

inactivate

scramble its

its fusion with another

a gene or

breakage rearrangement resulting in

silencing). In

oncogenes or to

or

of

introduced by various

instability resulting in amplification; overexpression

or

function; and epigenetic modifications to DNA

increase the

genome are

codons which truncate protein product

inappropriate expression of

leading to

in the

as a consequence

including: point mutations (amino acid substitutions); frame-shift mutations

mutations to stop

a

appear

controlling cell

The vast majority of mutations that

inherited but arise spontaneously

damage to DNA. Changes that

mechanisms

cancer.

genes

functions and in that

case

those

case

those

genes are

genes are

called

called tumour

suppressor genes.
DNA

replication and subsequent cell division is

inheritable

change in DNA

in crucial genes

or

necessary to convert

chemical damage to

an

mutation. Malignant cells must accumulate multiple mutations

that will allow their autonomous replication and invasion. Proliferation will
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be then

vital factor for the

a

cancers are

cancer

For

sporadic and

are

expansion of cell clones bearing these mutations. Most human

the result of 4 to 7 mutations required to obtain

cell. A certain order of appearance

of mutations is observed in

an autonomous

some types

of cancer.

example, in chronic myelogenous leukemia (CML), colorectal tumours and bladder

neoplasias, the first mutations
(APC)

appear

[Vogelstein, 1993 #443], Other

genes

genetic predisposition. In such

to a

in ABL (Abelson) and Anaphase Promoting Complex
cancers are

cases, some

considered

mutations

are

as

familial tumours due

frequently found in germinal

cells.

1.1.2. Induction of DNA

damage

Spontaneous DNA mutations

can occur

of the DNA molecule
The most

as a consequence

of chemical

of

or

upon a

an

inherent instability

physical damage to DNA.
can

be considered

as an

tissue nucleophile (Miller and Miller 1975). The most significant

nucleophile to be damaged by chemical attack is guanine, and those chemical changes

interfere with

example
the

indirectly

as a consequence

frequent chemical reaction resulting in DNA damage

electrophilic attack
tissue

or

directly

was

base-pair recognition during replication (Miller and Miller 1975). The earliest

described in 1775, in workers exposed to coal tar, which contains

polycyclic aromatic hydrocarbon 3,4-benzpyrene

The list of

now

well known

as a

among

skin carcinogen.

carcinogenic agents rapidly expanded and includes compounds such

nitrosamines found in

a

large number of

consumer

items such

as

others

as

N-

beer, tobacco and cosmetics

(Doll and Peto 1981). However, the most dangerous are polycyclic aromatic hydrocarbons,
because of their great
both

chemical stability. Physical carcinogens include ionising radiation,

particulate and photon and ultraviolet radiation. Ionising radiation

can cause

direct

damage to DNA by introducing single and double-strand breaks to the DNA but also

can
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induce indirect

and

damage

as a consequence

of the radiolysis of water to yield free radicals (Hall

Angele 1999).

Patients with various types

of cancer

are

treated either with chemotherapeutic carcinogenic

agents or radiotherapy that can by itself cause iatrogenic cancers
Treatments

including cyclophosphamide

development of secondary tumours
patients that

very

or

antibiotics such

a

secondary

doxorubicin

as

leukemias. It is such

frequently develop

Statististics revealed that

or

(Fraser and Tucker 1989).

a case

cancer

can

result in the

for Hodgkin Lymphoma

because of the treatment.

patients treated with chemotherapeutic therapies

frequently

more

develop leukemias because they required fewer mutations than solid tumours. A peak of
incidence of leukemias goes

from 8 to 10

years

after therapy whereas solid tumours increase

in incidence after 10 years post-treatment.
Most DNA

damage

can

be repaired by cellular mechanisms. Perhaps the only type of DNA

damage that cannot be repaired is DNA double-strand breaks, because in this
unmodified

no

template that

damaged strands. In

many

can

provide the information

familial

cancer

necessary to

syndromes, mutations

are

is the so-called

1.1.3.

Key

more

genes

involved in

cancer

can

affected. However, experimental data indicates that

frequently affected.

involved in

pigmentosum (van

"guardian of the genome" p53, which will be discussed below.

the number of genes

are

sensitive to X-

in human solid tumours

Consequences of introduced DNA mutations to the development of cancer
as

reconstitute the

are

radiation (Canman and Lim 1998) and the UV sensitive disease xeroderma

genes

the cell has

frequently found in

repair mechanisms. These include ataxia-telangiectasia in which cells

Steeg and Kraemer 1999). One of the most frequently mutated

case

Those

genes

include

oncogenes

signalling pathways that stimulate cell proliferation,

be

as

some

which in most

diverse

key

genes

cases are

or tumour suppressor genes
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that

usually code for proteins acting

as

checkpoints to cell proliferation

or

cell death. Some of

will be introduced later in this chapter. Modified cells take advantage of new

those genes

mutations to become

progressively

replicate solely and thus evade

more autonomous to

regulation by communication with neighbouring cells. As human carcinogenesis increases
with age,

it

seems

transform cells in

that

senescence

modified, either activated

senescence;

vessels and

genesis of

emergence
a cancer,

of the 4 to 7 events needed to

five major

processes

need to be

inactivated: development of independence to growth stimulatory

or

signals; establishment of
resistance to

In the

cancer.

allows the

a

refractory state to growth inhibitory signals; generation of

apoptosis; evolution towards

an

infinite proliferative capacity overcoming

and maturation of an angiogenic potential such

as

the capacity to form

new

blood

capillaries.

1.1.4. Tumor cells do not

respond to growth stimulatory signals

Normal cells communicate with

neighbours through growth factors including epidermal

growth factor (EGF), fibroblast growth factor (FGF), tumor growth factor alpha (TGFa) and
platelet derived growth factor (PDGF). These factors released by

proliferation in target cells that
with its cognate receptor

express

mitosis.

acts as a

proliferate

of cells induce

the appropriate receptors. Interaction of the ligand

leads to activation of specific transduction pathways which

ultimately lead to increased cell division. Conversely,
factors to

a range

as permanent

cancer

cells do not require external

activation of specific pathways leads to uncontrolled

However, two previous studies have reported abnormal expression of PDGF thats

growth factor in meningiomas and in glioma cells and

transformation and

may

play

an

important role in

tumorigenesis (Westermark et al. 1995).
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1.1.5.

Inappropriate expression of growth factors receptors

Erb-B

Erb-B is

a

growth factor receptor related to EGF family including four ErbB Receptor

Tyrosine Kinases (RTK): EGFR/ErbBl, ErbB2, ErbB3 and ErbB4. The Erb-B-2 receptor is
overexpressed in 30% of breast carcinomas (Neve et al. 2000), in lung carcinomas (Scheurle
et

al.

2000) and also in gastric carcinomas (Allgayer et al. 2000). It results in the formation of

heterodimers

consisting of ErbB-2/ErbB-3 receptors which have

and external factors

independent mitotic stimuli. Together with

an

ability to produce stable

an

autocrine stimulation of

neoplastic cell proliferation by heregulin (ligand) activation, it is significant factor in
carcinogenesis. Overexpression of Erb-B-2 receptor also increases the secretion of other

growth factors and promotes the angiogenesis required for progressive growth of the breast
tumor

cells

(Yen et al. 2000).

1.1.6. Abnormal activation of

proteins involved in the transduction

pathway
1.1.6.1. C-abl
In chronic

myelogenous leukemia (CML) and in acute lymphocytic leukemia (ALL),

translocation between chrosome 22 and 9 resulted in the

production of

protein Break Cluster Region/Abelson (BCR-ABL) (210 kB size).
downstream targets

have been identified but this chimeric protein acts

a

a

chimeric fusion
Apparently,

as a

no

cytoplasmic

tyrosine kinase with increased phosphorylation activity that is critical to the transformation of
cells. In rodent models, presence
in the

of this chimeric protein translated from bcr/abl

gene

located

Philadelphia Chromosome is intimately associated to leukemia (Daley et al. 1990).

Imatinib

mesylate (GLEEVEC)(formerly STI571) is

a

tyrosine kinase inhibitor that
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competitively targets the adenosine 5-tri-phosphate (ATP) binding site of the kinase domain
of BCR-ABL

tyrosine kinase. The remarkable results of GLEEVEC in clinical trials have

rapidly and profoundly changed the management of patients with chronic granulocytic
leukemia

(CML) (Schiffer et al. 2003).

1.1.6.2. Ras
The

kDa

ras

gene represents a

family of three

ras proto-oncogenes

(H, N and K) that encodes 21

proteins (H-Ras, N-Ras and K-Ras4A, K-Ras4B-corresponding to 2 alternatively spliced

products). Ras proteins
between the

external

are

located in the inner plasma membrane and provide

stimuli and internal transduction

guanosine 5'diphosphate (GDP). In

growth factors which

engage

response to

a

conformational change that allows

environment

an

inactive state

various stimuli including

cell-surface receptors (EGFR, PDGFR, Her-2), cytokines (IL-2,

IL-3, GMCSF) hormones (Insulin, IGF), hormone receptor

produces

critical link

pathways to finally control

proliferation, apoptosis and cytoskeletal integrity. Ras is maintained in
associated with

a

(Johnston 2001). Ras activates

a

ras to

(HER-2),

ras

binds GTP which

transduce signals from the extracellular

pathway involving small G proteins (Rac and

Rho) that controls cytoskeleton organisation and focal cell adhesions (Ridley and Hall 1992).
Ras interacts with

to

a

family of lipid kinases that includes phosphatidyl inositol 3 kinase (PI3K)

phosphorylate PKB/Akt and thus controlling and/or suppressing apoptosis through

phosphorylation of Bad, the pro-apoptotic protein (Brazil and Hemmings 2001). Ras also
controls two different
first

pathways that

converge

in the control of the cellular proliferation. The

pathway includes RAF1-MEK1-MEK2 that activates the MAPK kinase cascade. In the

second

pathway,

ras

interacts directly with MEKK kinase to activate the pathway which

goes

through Jun N-Terminal kinase (JNK) to enhance activation of the transcription factor, c-Jun.
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Ras

was

many

the first proto-oncogene

found mutated in human

cancer

cells. As

ras

diverse pathways, the mutated permanently active form of the protein contributes to the

deregulation of various

cancer

cells located in

mutations in codons 12, 13 or 61 result in a
activates crucial
cells escape

pathways thus rendering

apoptosis because

PKB/akt which suppresses

ras

apoptosis.

colon

or

lung (Bos 1989). Point

permanently active GTP-bound form which

ras as a

controls

pancreas,

an

oncogenic and transforming protein. Tumor

important survival pathway via PI3K and

Ras also

encourages cancer

cells to survive by

upregulating the synthesis of VEGF to induce tumor angiogenesis. Finally,
prevents anoikis, a

specific form of apoptosis which

from their extracellular matrix and

1.1.7. Abnormal

1.1.7.1. Cell
The

functions in

occurs

ras

when epithelial cells

activation

are

detached

undergo anchorage-independent growth (Johnston 2001).

expression of nuclear transcription factors
cycle control

principal task for cell division is to replicate DNA without

cells. Cell division is

errors to

obtain two daughter

governed by the concerted action of cyclins (regulatory) and cyclin-

dependent kinases (CDK) (catalytic) subunits. The cell cycle is divided in four phases: initial

growth (Gl), DNA replication (S),-a

gap

(G2) and mitosis (M). Thus it

seems

the

proteins that regulate the cell cycle are highly controlled. However human

are

commonly found with genetic changes in regulator

abnormal

occurs

I.I.).

at

genes

obvious that
cancers

cells

that result in the production of

proteins that deregulate cell proliferation. An important control is

a

the end of Gl

occurs

phase. Beyond this point, cell division irreversibly

checkpoint that

(cf figure

The regulators of Gl/S phase are the cyclin D, CDK4/CDK6 and cyclin E/CDK2

complexes that phosphorylate the retinoblastoma protein (pRb) and the related proteins pl07
and

E2F

pl30. In quiescent cells, hypophosphorylated pRb family proteins retain members of the
transcription factor family thus inhibiting the transcription of

genes

required during S

phase. After mitogen stimulation, pRb family proteins are phosphorylated in the C-Terminal
region of the protein by cyclinD/CDK4 thus releasing E2F proteins. The disruption of
pRb/E2F complexes allows transcription of crucial genes required for cell cycle entry. Kinase
activities of
families of

cyclinD:CDK4/CDK6 and cyclinE:CDK2

are

negatively regulated by two

proteins: the first family is composed of four cyclin-dependent kinase inhibitors

(CDKIs): pl6/INK4A, pl5/INK4B, pl8/INK4C and pl9/INK4D; the second family is the
KIP

family (Kinase Inhibitor Protein) which contains three members: p21CIP1(WAF-l), p27KIP1

and

p57K1P2. The best characterized member of the KIP family is p21CIP1 (WAF1), activated

upon

DNA-damage by the p53-pathway thus preventing cell cycle progression (cf figure 1.1).

The INK4

family is activated by growth inhibitory signals like TGF|3 (Ekholm and Reed

2000) and by senescence signals (Lin et al. 1998). Activated INK4 proteins interact with
CDK4/CDK6 thus

preventing their association with cyclinD (Ekholm and Reed 2000).
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cellular

TGFfJ signalling

DNA-damage

senescence

►

► Chkl, Chk2

ATM

1
MDM-2

p53

T

1

pl4ARP
INK4

KIP

family

p|6MMA
p|5INlC4B
plgINK4C
pl9INK4D

family

p21CD>i
p27KiPi
p57*<M

Cyclin D : CDK4 / CDK6
Cyclin E : CDK 2

release of

Rb:E2Fl-4

H2Fs

pl30:E2F4/5
pl07:E2F4/5

recruit
co

activators

HDACs

transcription of S phase

genes

G1

Figure 1.1. The cell cycle control. Positive effects
effects

are

shown with bars.

-►

are

indicated with

arrows

s

and inhibitory

1.1.7.2.

Overexpression of c-myc,

The c-myc gene

commonly named

and

transcription factor

codes for three proteins: c-mycl, c-myc2 and c-mycS by initiation of

transcription at different sites.

characterized

a

The best characterized protein is the c-myc2 protein

C-mycl and c-myc2 contain

c-myc.

a

by two highly conserved domains termed Myc homology boxes I and II (MBI

MBII). In the C-terminal region, c-myc proteins contain

helix/leucine

a

basic region and

genes

extracellular signals,

c-myc promotes

including e2f2, cdk4 and cyclins D1 and D2. Inversely,

1998). These genes includegadd45 and cdk inhibitors

In tumor cells

(e.g. breast cancer),

genetically altered that
myc

family

myc). It is
cells but

helix-loop-

replication by targetting

are

may

c-myc can

genes

(Alexandrow

(p21api f>27K,PI).

be found aberrantly overexpressed

or

contribute to deregulated cell proliferation. Other members of the

overexpressed in neuroblastoma (N-myc) and in small cell lung

now

cell

c-myc promotes

cycle progression by also suppressing transcription of growth inhibitory
and Moses

a

zipper (HLH/LZ) domain allowing protein-protein interactions.

In normal cells, in reponse to

specific

transactivation domain (TAD)

clear that mutated

requires another mutated

c-myc
gene

cancer

(L-

alone is not sufficient to induce transformation of

like c-rasH or transforming growth factors

genes

like

tgfa (Amati et al. 1998). C-myc also cooperates with another transcription factor Spl to
regulate the expression of

a

human

essential for immortalization of

overexpression of
increases c-myc

c-myc

gene,

cancer

hTERT that codes for

a

telomerase transcriptase

cells (Neve et al. 2000).

In breast

cancers,

increases the expression of ER (oestrogen receptor) that in turns

expression thus proliferation and elevated

c-myc

increases hTERT

gene

expression to favor immortalization (Neve et al. 2000).
However, the role of c-myc in apoptosis is still under debate as some studies have reported
that c-myc

overexpressed by transfection, viral infection

or

in transgenic animals induced
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apoptosis while others reports suggested that c-myc overexpression conferred resistance to
apoptosis when

c-myc

is overexpressed (Prendergast 1999).

1.1.8. Cancer and tumor suppressor genes
1.1.8.1.

pRb

Retinoblastoma is
mutated gene

a

childhood

a

transcription of

allows the

entry

genes

are

gene

found in the
that encoded

The

eye.

a

nuclear

activity of the transcription factor E2F which is required for

whose products

are

required for S phase progression.

After

by growth factors, cyclinD/CDK4 phosphorylates pRb which releases E2F and

transcription factor to activate the transcription of

genes

required for cell cycle

(Weintraub et al. 1995).

Genetic studies in mice have revealed that mice
E14

malignant tumors

critical role in cell cycle control. As explained above, pRb

associates with and inhibits the

stimulation

in which

associated with this disease is the retinoblastoma

protein, pRb, which plays

the

cancer

as a

result of deficiencies in

heteozygous for RB

gene

(rb+/rb ) die

at day

blood-forming elements. In contrast, homozygous mice (rb

/rb") survive and develop adenomas but not retinoblastomas suggesting that pRb is not the

protein that controls entry to S-phase. Other members of pRb family such
may carry out

as

pl07 and pl30

similar functions (Dyson 1998). Frequent mutations that inactivated pRb

gene

are

transitions C-T at

the

CpG islands. These transitions result in the production of truncated proteins that affect

CpG dinucleotides resulting in the deamination of 5-methylcytosine in

nuclear localization and

phosphorylation (Riley et al. 1997).

1.1.8.2. P53
P53 is

a

tumor suppressor gene

commonly known

as

"the guardian of the genome". P53

responds to various injuries including stress, anoxia, insufficiency of nucleotides for DNA
37

synthesis, DNA-damage, inappropriate activation of
Upon stimulation, p53 activates

senescence.

involved in

oncogenes

more

than

one

and telomere length before
hundred p53-target

genes

growth control, cell cycle checkpoints, DNA repair and apoptosis thereby

preventing the propagation of cells that could become malignant (cf.figure I.2A)
(Vousden.2002).
As

p53 is involved in crucial pathways, its activity is tightly regulated. Thus, mutations

loss of

p53

mutant

p53. Familial human

may

Li-Fraumeni

be critical and its implication in
cancers

cancer

is obvious

as

also exhibit mutations in p53

50% tumor cells

gene as

is the

or

express

case

for the

syndrome [Varley, 2003 #499].

^8

Genotoxic Stress
UV
DNA

Light
Damage

Caspase —► Apoptosis
Cascade

Cell Cycle
Progression

Figure I.2.A. The p53 signalling pathway. The
exhibits

tumor suppressor protein p53

sequence-specific DNA-binding, directly interacts with various cellular and viral

proteins, and induces cell cycle arrest in

generated by

a

to DNA damage. In response to signals

response

variety of genotoxic stresses,

e.g,

UV radiation

or

DNA damage, p53 is

expressed and undergoes post-translational modification that results in its accumulation in
the nucleus.

The

p53-dependent pathways help to maintain genomic stability either by

inducing cell cycle arrest to allow DNA repair to

occur or

by elimination of damaged cells

through apoptosis. For example, y-irradiation activates p53 to turn

p21CIP

that

in

turn

binds

to

and

inhibits

on

cyclin-dependent

the transcription of
kinases,

causing

hypophosphorylation of retinoblastoma (Rb), thus preventing the release of E2F and
blocking the GrS transition.

Some of the cellular effects of p53

can

be blocked by the

P53 activity is controlled through

deregulated expression of c-Myc, Bcl-2,

or

autoregulatory loop involving Mdm2.

The binding of Mdm2 to p53 targets p53 for

E2F.

degradation and inhibits p53-induced cell-cycle arrest and apoptosis.

an

1.1.8.2.1.
P53 is
active

Regulation of p53 activity

highly regulated in normal cells at different levels: cellular localisation, latent

or

proteins, conformation and protein levels (Kubbutat and Vousden 1998). Mdm2 family

(Mdm2, MdmX) is

one

of the major regulators of p53 as they maintain p53 at low levels in

normal cells

through rapid turnover. Mdm2 targets p53 for ubiquitin-dependent proteasomal

degradation

as

Mdm2 displays

an

E3 ubiquitin ligase activity towards p53 (Honda et al.

1997). P53 in turn regulates Mdm2 activity through an autoregulatory loop as the mdm2 gene
is

p53-dependent. Thus it is important to note that Mdm2 modulates p53 activity by

of diverse mechanisms.

The

demonstrated in mdm2-l- mice
condition
mdm2-/-

as

are

suppressor,

a

number

importance of Mdm2 in the control of p53 has been
as

lack of mdm2

was

found to be

an

homozygous lethal

all mice died at

early embryonic stage (Jones et al. 1995). However p53-/-,

viable but

prone.

pl4ARF

can

cancer

Moreover, it has also been reported that another tumor

stabilize p53 by binding and antagonizing Mdm2 (Pomerantz et al.

1998) (cf.figures 1.1, I.2A).

Not only direct interaction with Mdm2 protein results in

downregulation of p53 but

pl4ARF also interacts directly with p53

(Kamijo et al. 1998).

transactivation

1.1.8.2.2. P53 and

According to

numerous

p53 is required for

p53-/- mice

to enhance its

are

one

apoptosis

p53-responsive

genes

involved in apoptosis, it

seems

clear

now

that

of the pathways leading to apoptosis. For example, thymocytes from

resistant to ionizing radiation-induced apoptosis but not to apoptosis induced

by other stimuli such as glucocorticoids (Symonds et al. 1994). There is also evidence that

p53

can

trigger apoptosis by mechanisms requiring transcription and also by transcription-

independent mechanisms.
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Bax is

I.2A).

a

p53-induced

gene

a

member of the Bcl-2 family (cf Introduction 1.4; figure

In association with the anti-apoptotic Bcl-2 protein, the balance between the two

proteins determines life
al.

and

1993).

Fas/Apol,

or

death by releasing cytochrome

c

from the mitochondria (Oltvai et

P53 also controls apoptosis from the membrane receptor (TNFR
as

its transcription depends

Another member of TNFR

KILLER/DR5 (Wu et al.

on

p53 in several cell types (Owen-Schaub

et al.

1997).

Interaction of the ligand TRAIL with its receptor DR5

cascade resulting in apoptosis (MacFarlane et al. 1997).

Thus

p53 controls apoptosis at different levels by increasing transcription of target

there

are

to

many

be discovered. The

1995).

family is also controlled by p53 under genotoxic stress is

results in activation of the caspases

problably

family),

other unknown

genes

genes,

but

involved in p53-induced apoptosis that remain

pathway that leads to activation of p53 is still unknown.

1.1.8.2.3. Molecular defects found in p53 gene
As shown in

figure I.2.B, p53 protein is divided in 3 mains regions,

an

N-terminaf region

responsible for transactivation activity, a central region or core domain required for
specific DNA binding and finally
domains

are

a

sequence

C-terminal region required for tetramerization. Five

highly conserved regions (boxes I, II, III IV and V) and interestingly, point

mutations appear more

frequently in these boxes and

more

specifically in the conserved

domains involved in direct interactions with DNA.
The

frequent loss of p53 function in human tumors alters the

agents as they induce DNA damage. However some cancers

p53 although tumors cells

are

response to

like colon

chemotherapeutic
cancers,

exhibit null

sensitive to DNA damaging treatment (Bunz et al. 1999).
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franaactivation

core

sequence

domain:

COOH-terminal domain:

specific DNA binding

tetramerization

Figure I.2.B. Frequency of mutations found in p53 protein. Frequent mutations
the four conserved white boxes called I, II, III

Tumor cells evolve from

suppression of tumor

an

and IV located in the

accumulation of events,

suppressors genes, or

core

found in

domain of p53.

including activation of oncogenes,

mutations in important

cycle, proliferation and apoptosis (El-Deiry.2003).

are

genes

involved in cell

Once critical checkpoints have been

bypassed, tumor cells escaped from communication with normal cells (e.g

gap

junctions),

evade

apoptosis by overexpression of anti-apoptotic proteins

block

apoptosis. By overexpression of focal adhesion kinases (FAK), tumor cells become

anchorage-independent,
metastasis.

activate decoy receptors to

anoikis to invade surrounding tissues to proliferate

By reaction of telomerase, tumor cells also avoid

mutations in critical

gene

escape

or

proteins such

as

senescence.

It is clear

now

as

that

p53 result in deregulation of various pathways. Cancer

therapy would therefore try to treate patients according to the mutations found in their

tumor

cells.

AO

1.2. Classical

Hodgkin Lymphoma (cHL)

1.2.1. Classification

In 1832, Thomas

(HD)

was

Hodgkin reported the first

considered

as a

cases

of this lymphoma and Hodgkin's disease

distinct disease entity. Dorothy Reed drawed with meticulous

care

atypical cells (Reed& Sternberg cells, RS cells) found in HD and described the nature of the
malignant cells

as

'proliferating [sinusoidal] endothelial cells'. During several

classified

years,

Hodgkin's

according to the clinicopathologic features (Lukes-Butler classification)

disease

was

and the

origin from T cells, B cells, granulocytes, histiocytes, interdigitating dendritic reticulum

cells

were

all considered.

monoclonal B-cell
A

new

Today, by using micro-dissection to isolate single malignant cells,

origin has been shown in most of

a

cases.

classification, the REAL/WHO (World Health Organisation) classification, has

considered recent

immunophenotypic data and molecular genetic studies to separate all HD

subtypes in different groups.

It is clear

now two

distinct diseases

classification: classical HL (Nodular Sclerosis (NS), Mixed

are

covered by the HL

Cellularity (MC), lymphocyte-

depletion (LD), lymphocyte-rich (LR) ) and Nodular lymphocyte-predominant (NLPHL). The
latter group

is

now

distinguished from classical HL by the absence of CD 15 and CD30

expression and also by the expression of B cells markers such
The term

was

'Hodgkin's disease' (HD)

malignant

or

Hodgkin's disease

infectious.
was a

was

initially proposed

as

as

it

both terms

was not

certain if the disease

Subsequently, biological and clinical data demonstrated that

malignant lymphoma. Thus the term 'Hodgkin's disease' should be

replaced by Hodgkin's lymphoma although several reports still
in this report,

CD20 (Nicholas et al. 1990).

are

use

the previous

name.

However,

used but mention exclusively classical HL (cHL).
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Classical Hodgkin 's

lymphoma

With the recent REAL/WHO classification, cHL includes Nodular Sclerosis cHL
Mixed

Cellularity cHL (MCHL), Lymphocyte-Rich cHL (LRHL) and Lymphocyte-Depleted

(LDHL) (Leclair and Rodak 2002). They

cHL

(NSHL),

are

subclassified according to the morphology and

immunophenotype of the RS cells and the composition of the cellular background.

Consequently, these features

are

also associated with differences in patient demographics, clinical

sites of disease that account for the

pathologic subclassification of cHL.

Characteristically in cHL, the malignant RS cells represent only
tumor as

they

are

surrounded by

a

a

minor component of the

mixed inflammatory infiltrate composed of T and B

lymphocytes, eosinophils, fibroblasts, macrophages and plasma cells (figure 1.3.).
characteristic

immunophenotypes

are

Their

CD15+, CD30+, T-and B-cell-associated antigens usually

negative.
Patients with classical HL exhibit
and

night sweats associated with

abnormal and permanent
cross

talk with

1.2.1.

typical B constitutional symptoms such
a

deregulated immune

response.

as

fever, weight loss

This is partially due to

secretion of cytokines and chemokines by tumoral cells that sustain

a

surrounding reactive infiltrate (Pinto et al. 1998).

Origin of malignant cells in cHL

During

many years,

different lineages including dendritic cells, macrophages, histiocytes

or

granulocytes have been proposed to be the origin of HRS tumoral cells. Technical problems due
to the

contamination

controversial.

by surrounding cells and the rarity of HRS cells rendered the results

But 160 years

after the first observations, recent studies using single cell PCR

amplification reported strong evidence that HRS cells originate in most of cases from germinal
44
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Figure 1.3.

5655

case

is

a

cervical lymph node.

5655 is

a

NSHL subtype and is EBV-

associated. The

magnification of the objective lens is x40 and the

is H&E. These

photos

are a

eye

piece is xlO. The stain

kind gift from Pr.RT.Jarrett, (Leukaemia Research Fund Virus

Centre, Institute of Comparative Medecine, University of Glasgow, UK).

(GC) B cells (Stein et al. 1997) (Foss et al. 1999) (Kuppers et al. 1994). Examination of

center

the

immunoglobulin (Ig) heavy chain

genes

of RS cells have revealed the

presence

of clonal VDJ

rearrangements with evidence of somatic hypermutation, indicating that these cells have arisen
from B cells that have

undergone the germinal center reaction. Without B Cell Receptor (BCR)

signalling, immature and mature B cells die.

apoptosis (Lam et al. 1997). RS cells have lost

mechanisms to escape
of B cells such

as

absence of

expression of Ig

expression. New technologies such
profile

was

Therefore, tumoral B cells used abnormal

as gene

genes

expression analysis also confirmed that HRS cells

similar to that of germinal centre B cells and also expressed B cell markers such

proposed, in

some rare cases, a

With recent advances

1.2.2.

as

B-cell origin has been

cases a

T-origin cannot be excluded (Muschen et al. 2000).

reported in the last two decades,

pathogenesis of cHL is

now

new

insights and

better understanding

a

available.

Epidemiology of cHL

In 1966,

Brian MacMahon reported epidemiologic studies of Hodgkin's disease and

distinguished three
young

phenotypic features

and show only variable expression of CD20

BL34, B7.1-CD80 (Cossman et al. 1999). However, if in most of

of the

many

age

adults suggests

periods: 0-14, 15-34 and
an

more

than 50

years.

The peak incidence in

infectious agent while childhood and elderly

cases

rely

on

similar

epidemiologic features of neoplastic disease such as chronic lymphatic leukemia. MacMahon
thus

proposed that HI. is not

(MacMahon 1966).

a

single disease entity but several diseases with different aetiologies

Then epidemiologic studies based upon country residence divided HD

patients into three different patterns: pattern I regroups children and older people living in

developing countries. They exhibit histologic subtypes with poor prognosis such as mixed
cellularity

or

lymphocyte-depleted. The pattern III

group

comprises

young

adults that commonly
45

present the nodular sclerosis subtype in developed countries. Pattern II is intermediate between
pattern I and III and regroups cases

found in rural

environmental and economic conditions influence
risk of

areas

in developed countries. Obviously

immunocompetence and host

Hodgkin's disease especially in children by influencing the

that could be

exposure to

response

towards

infectious agents

implicated in the unusual peak of incidence of Hodgkin's disease found in

young

adults.

1.2.3.

EBV

Epstein-Barr virus (EBV) and the biology of cHL
was

isolated in the 1960s from the African chilhood tumor, Burkitt's

characterized
is the viral

by the translocation of the

c-myc gene

into

one

of the immunoglobulin loci. EBV

of infectious mononucleosis and is also detected in

cause

lymphoma (BL),

a

variety of malignant

neoplasms including BL, Hodgkin's lymphoma (HL) and nasopharyngeal carcinoma (NPC) (Neri
et

al.

1991). However EBV is

an

ubiquitous virus that infected about 80% of the population.

Usually, the viral infection is asymptomatic in young children but if the infection is delayed,
EBV infection becomes

establishes

a

an

infectious mononucleosis (IM) in 50% of young adults.

EBV

persistent infection with expression of viral genes including 6 Epstein Barr Nuclear

Antigens (EBNAs), 3 latent membrane proteins (LMP) especially the Latent Membrane Protein-1
(LMP-1) which is

an

latent oncogenic protein and 2 small nonpolyadenylated RNA molecules,

the EBV-encoded small

involved in

non-polyadenylated RNAs (EBER) that have also been proposed to be

oncogenesis (Takada and Nanbo 2001).

EBV transforms

efficiently B lymphocytes

in vitro and leads to the establishment of

lymphoblastoid cell lines. Among all latent genes expressed and required for transformation,
LMP-1 is the

only oncogenic protein found during transformation which mimicks function like

a

46

CD40 molecule and therefore protects
2

from apoptosis by inducing

an

anti-apoptotic protein, Bcl-

(Henderson et al. 1991).

Epidemiologic evidence have revealed that
the

etiology of HD in

a

an

infectious agent like EBV could be involved in

proportion between 17 to 41% of HD

in all RS cells derived from

cases.

LMP1 protein is expressed

patients with evidence of EBV infection suggesting

a

role of this

protein in the pathogenesis of HD. As described above, HD patients have been divided in three
age groups:

the early chilhood, the young patients and finally the older patients. According to the

epidemiology studies, the early chilhood and older patients
HD.

groups seem to

be EBV-associated

While the causative role of EBV still remains unclear, various observations

evident. In

are

strongly

patients with evidence of EBV infection, the virus is present in all malignant cells at

multiple sites and even after relapses (Coates et al. 1991). Viral genes including oncogenic

protein like LMP1

are

found in all tumoral cells and the clonality of EBV infection suggests

an

early infection in HD pathogenesis. In contrast, young adult cases found in developed countries
are

still not associated with

a

known infectious agent

but evidences support

some

viral etiology

(Jarrett and MacKenzie 1999).

1.2.4. NF-xB

signalling in HD cell lines

An aberrant constitutive

activity of the inducible transcription factor, NF- xB, has been found in

all HD cell lines and also in

primary H-RS cells obtained from pleural effusion and lymph nodes

(Gruss et al. 1992) (Bargou et al. 1996) (Bargou et al. 1997). This deregulated and permanent
activation of NF-xB allows the
NF-xB

expression of cytokine and cytokine receptors that depends

on

activity, and thus contributes to the pathological and clinical manifestations observed in

HD.
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Different molecular

origins

are

responsible for this permanently active form of NF-

Hodgkin's disease. In 30% of the cases, H-RS EBV-infected cells
which mimicks

a

expresses

xB in

LMP1 protein

receptor to the cytoplasmic membrane and thus permanently activates

a

signal

transduction

pathway that leads to NF-xB activation (Drexler 1992). L428 and KM-H2 HD cell

lines express

truncated form of IxBa, unable to retain NF-xB in the cytoplasm thus allowing NF-

xB to translocate

permanently into the nucleus (Wood et al. 1998) (Cabannes et al. 1999).

HDLM2 HD cell line expresses a

largely increased suggesting
IxBa /NF-xB

to

a

functional IxBa protein but the turnover of this protein is

deregulation of signalling proteins upstream of the cytoplasmic

complex. In L540 HD cell line, IxBa protein

appears to

be wild type but is unable

efficiently retain NF-xB in the cytoplasm (Cabannes et al. 1999).

Deregulated NF- xB activation in Hodgkin's disease allows permanent secretion of various

cytokines and also several surface receptors that result in
cells and normal

1.2.5.

As

Hodgkin cell lines (HD cells)
a

small proportion of the total number of cells

lymphoma (less than 1%) development of Hodgkin cell lines has been rather difficult

particularly

as

in vitro conditions favor expansion of the residual normal cells (e.g.Epstein-Barr

virus transformed

B-lymphoblastoid cells). All HD cell lines have been derived from patients

with advanced stage
bone

intense interaction between H-RS

infiltrating lymphocytes.

Hodgkin and Reed & Sternberg represent only

in the

an

marrow or

disease characterized by the

peripheral blood, features that

presence

are not

cell lines have been established and characterized
cell line is different from

one

another and the

of malignant cells in pleural effusions,

typical of most cHL

over

the last 15 years

origin T-B-

or

cases.

Thirteen HD

(Drexler 1993). Each

monocyte-macrophage lineage is

still unclear. An

atypical Hodgkin cell line, HDMyZ,

was

patient with Hodgkin's disease (NSHL subtype). In that
but

display

common

cells exhibit

a

pleural effusion of

the majority of cells

a

adherent

are

myelomonocytoid immunophenotype (expression of CD 13, CD68 and lack
are

EBV-negative cells (Bargou et al. 1993). Only

definitely identified

as

one

cell line, L-1236,

being derived from RS cells.

Although consistent proof that the other cell lines
extensive

case,

a

morphological characteristics of Reed&Sternberg cells. However, these

lymphoid markers) and
has been

established from

are

derived from RS cells is lacking, the

analysis of their morphologic, phenotypic and genetic features has led the research

community to generally regard them as being derived from RS cells. Studies from these "HD cell
lines"

provide information in the understanding of the biology of H-RS cells and have been the

basis for

our

investigations in the pathogenesis of cHL.

1.2.5.1.

Morphology

Heterogeneity is
and appearance.

a

characteristic of the different Hodgkin&Reed-Sternberg cells regarding size,

They

appear

round,

mono or

binucleated with

a

smooth surface

or

with

a

prominent nucleoli. The cytoplasm sometimes contains vacuoles inside big cells (10-30 pM).
However,

a

small percentage of cells in the culture appear bi or multinucleated

nuclei) inside giant cells (50-100 pM) (Drexler
1.2.5.2.

(10

or more

1993).

Immunophenotypes

Each HD cell line

displayed particular surface markers. Some cell lines like HDLM2

or

L540

expressed markers associated with T cell lineage, while KM-H2, L591 and L428 expressed B-cell
markers.

Other cell lines

characterized
cell

expressed myelomonocytic markers but

no

specific markers

HDMyZ HD cell line. Finally, each HD cell line expressed different and specific

lineage markers but they do not correlate with specific known stages of haematopoietic

development

as

they

are

incomplete and

the result of unique combinations of antigen

are

expression. Finally albeit this high diversity of immunophenotypes found in HD cell lines,
CD 15, CD25, CD30, CD71

and HLA-DR markers

activated cells (Drexler and Minowada

Cell lines derived from

are

mostly positive suggesting lymphoid,

1992) (Drexler 1993).

patients with HD and that

are

used

on

the laboratory

(Drexler 1993).
Origin of material

Histological

Subtype

Age/se

Clinical

year

x

Stage

establishment

of

HDLM2 Nodular sclerosis

Pleural effusion

74/M

IV

1982

KM-H2

mixed

cellularity

Pleural effusion

37/M

IV

1974

L428

Nodular sclerosis

Pleural effusion

37/F

IVB

1978

L540

Nodular sclerosis

peripheral blood/BM

20/F

IVB

not

reported

L591

Nodular sclerosis

Pleural effusion

31/F

IVB

not

reported

HDMyZ

Nodular sclerosis

Pleural effusion

29

not

not

reported

1.2.5.4.

Receptor gene rearrangements

Specific receptors for T cells (TCR
examined in HD cell lines.
H2 and L591 had

they represent

reported

Ig

a,

y,

HDLM2 and L540

gene rearrangement.

more a

(3,

6) and B-cells (Ig heavy and light chains)
expressed TCR

gene rearrangements

Particularly, L428 had both

were

while KM-

gene rearrangements

but

clonal expansion than lineage markers (Drexler and Minowada 1992)

(Drexler 1993).
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1.2.5.5. EBV-transformed cells

By using different detections systems, none of the HD cell lines have been transformed by EBV

(Epstein Barr Virus)
specific DNA

as

they do not express EBNA, viral capsid antigen, early antigen

sequences

or

EBV-

with the exception of L591 HD cell line (Drexler and Minowada 1992)

(Drexler 1993) (Drexler 1992).

1.2.6.

Cytokines in cHL

The clinical and
this

pathological features of HL indicate

a

role for cytokines in the pathogenesis of

malignancy (Drexler 1992; Drexler 1993; Gruss et al. 1997). Cytokines

weight proteins involved in various functions.
responses

are

low molecular

They regulate immune and inflammatory

and also contribute to hematopoiesis and other biologic processes. They

potent and act at very

low concentrations either in

an

autocrine

or

paracrine

manner.

are very

They

are

produced by most of the cells involved in the immune response including T, B lymphocytes,
natural killers,

eosinophils, macrophages, dendritic cells.

In the context of cHL, considered as a tumor
various

they

producing cytokines, it is important to detail the

cytokines produced by Hodgkin&Reed-Sternberg (HRS) cells and also the receptors that

express

for

a

better understanding of the cytokine signalling that support the proliferation

and the ahnormal survival of tumoral cells.

pattern of cytokines that

Moreover, each subtype of cHL produced a particular

directly influence the composition of the reactive infiltrate and

subsequently the pathogenesis of the disease.
Because most of HD cell lines derived from late stage

of mixed cellularity

or

nodular sclerosis

subtypes, results do not represent the full spectrum of cHL features and studies in primary HD
tissues

are

necessary to

give the most comprehensive information about cytokine signalling in

cHL.
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1.2.6.1. Thl and Th2
The immune response
immune response

cytokines

is characterised by humoral and cell-mediated

The humoral

involves B cells that produce antibodies while the cell-mediated

responses

the activation of CD8+ T cells and also natural killers (NK) cells. CD4+ T cells

concerns

both responses

and

divided in two

are

differentiation and thus in their

groups

regulate

according to the cytokines involved in their

cytokines production.

require interleukin 12 (IL-12) for differentiation and produce IL-2 and interferon

Thl cells

gamma

responses.

(IFNy) to induce inflammatory reactions by activation of macrophages that enhance

antimicrobial activities.

Thl cells also help B

cells to produce complement-fixing and

opsonization antibodies. Th2 cells require IL-4 for their differentiation and produce IL-4, IL-5,
IL-6, IL-9, IL-10 and IL-13. These cytokines act on B cells to produce non-complement-fixing
antibodies of the

immunoglobulin (Ig) IgG4 and IgE antibodies.

differentiation and

proliferation of eosinophils that

In cHL, several groups

also from

are

Th2 cells also promote

implicated in the clearance of pathogens.

have reported expression profiling of cytokines from HD cell lines and

primary tissues (Drexler 1992; Drexler 1993) (Gruss et al. 1994) (Messineo et al. 1998)

(Skinnider and Mak 2002). The biological activity and the expression of Thl and Th2 cytokines
in cHL

are

most cases,

indicated in Tablel. Several

they do not have

cytokine activities
added

are

any

on

are

produced and released by HRS cells but in

the growth

or

proliferation of HRS cells either when

inhibited by neutralising antibodies

exogenously. It is the

Drexler

effect

cytokines

case

or

when recombinant cytokines

are

for IL-4, IL-5, IL-6, IL-9, IL-2 and IFNy (Drexler 1992;

1993) (Gruss et al. 1994) (Skinnider and Mak 2002). However, only

one

Th2 cytokine,

IL-13, appears to act as an autocrine growth factor in some Hodgkin cell lines as explained
below.
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Table 1.

Expression of Th2 and Thl cytokines in RS cell lines and primary cHL tissues

Cytokine

Biologic activity

Expression

Expression in

by RS cell

primary cHL

lines*

tumors

(%)

Comments

Th2

cytokines
IL-4

Th2 cell differentiation; B-cell

2/8

2

4/5

93

proliferation/survival; Ig class
switching to IgG4 and IgE
IL-13

B-cell

proliferation/survival; Ig class

Proliferation of
HDLM-2 and L-1236

switching to IgG4 and IgE

inhibited

by anti-IL-13

Ab

IL-5

Eosinophil differentiation,

2/6

95

proliferation, and activation
IL-6

Plasma cell differentiation; acute

Associated with tumor

eosinophilia
5/7

75

0/1

58

2/7

32

phase reactions; stimulation of IL-1
and TNF-a
IL-9
IL-10

production

T-cell and mast cell

growth factor

Immunosuppressive effects

Associated with EBV+
cases

Thl

cytokines
IL-12

Thl cell differentiation

ND

85

Associated with EBV+
cases

IL-2

IFN-y

T-cell

growth factor

Macrophage differentiation and

0/7

22

2/3

47

activation; NK and CD8+ T-cell
activation
ND indicates not done

*Expression of cytokines in RS cell lines L-428, KM-H2, HDLM-2, L-1236, L-591, L-540, Co, Ho.
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Table 2.

Expression chemokines in RS cell lines and primary cHL tissues

Chemokine

Biologic activity

Expression

Expression in

by RS cell

primary cHL

lines*

tumors

Th2 cell recruitment

4/4

88

Th2 cell recruitment

ND

87

(%)

Comments

TARC

MDC

Higher in NSHL
subtype

Eotaxin

Eosinophil, Th2 cell

1/5

63

recruitment

Higher in NSHL
subtype; associated
with tissue

IP-10, Mig, MlP-la

Thl cell recruitment

ND

100

eosinophilic

Higher in MCHL

subtype and EBV+
cases

IL-8

Neutrophil recruitment

ND

61

Associated with tissue

neutrophilia
ND indicates not done

♦Expression of cytokines in RS cell lines L-428, KM-H2, HDLM-2, L-1236, L-591, L-540, Co, Ho.

Table 3.

TNF

Expression of TNF ligand family members in RS cell lines and primary cHL tissues

ligand
Biologic activity

Expression

Expression in

by RS cell

primary cHL

lines*

tumors

(%)

Comments

family
member

Proinflammatory cytokine

7/7

69

LT-a

Proinflammatory cytokine

5/6

77

CD40L

B-cell/T-cell

0/4

100

TNF-a

cooperation in

Expressed by reactive
T-cells

humoral immune response

adjacent to

CD40+ RS cells
CD30L

T-cell stimulation

0/3

100

Expressed by
eosinophils, mast cells
adjacent to CD30+ RS
cells

RANKL

T-cell/dendritic cell
interactions

2/2

100

Expressed by RANK+
RS cells

♦Expression of cytokines in RS cell lines L-428, KM-H2, HDLM-2, L-1236, L-591, L-540, Co, Ho.
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Table 4.

Expression of other cytokines in RS cell lines and primary cHL tissues

Cytokine

Biologic activity

Expression

Expression in

by RS cell

primary cHL

lines*

tumors

Proinflammatory cytokine

3/6

58

B- and T-cell

1/1

61

(%)

Comments

IL-1

TGF-|3

fibroblast

suppression;

proliferation and

Associated with NSHL

subtype

collagen synthesis
IL-3

Multilineage hematopoietic

0/6

25
-

growth factor
IL-7

Precursor B- and T-cell

growth

ND

77

2/6

0

1/1

88

factor

GM-CSF

Granulocytic and monocytic
differentiation factor

M-CSF

Monocytic growth and
differentiation factor

ND indicates not done

*Expression of cytokines in RS cell lines L-428, KM-H2, HDLM-2, L-1236, L-591, L-540, Co, Ho.
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IL-13,
IL-13 is

Th2

a

a

growth factor in Hodgkin Lymphoma

cytokine that shares biological activities with IL-4

IL-13Rs have been identified
heterodimer
is known

as

IL-13Ral and IL-13Ra2.

consisting of IL-13Ral and IL-4Ra

as a

monocyte/macrophage cells (Wynn 2003).

following IgM

or

IL-13Ral

is

a receptor.

Two

composed of

a

signalling subunit. In constrast, IL-13Ra2
an

important role in

and mediate their action through B cells and

IL-13 induces proliferation and B cell survival

CD40 engagement and prolongs monocyte survival by up-regulating adhesion

that allow extravasation,

13 induces

they share

decoy receptor for IL-13. Both cytokines IL-13 and IL-4 play

the coordination of humoral immune responses

molecules

as a

as

mobility and trafficking of these cells. In the latter

case,

IL-

antigen presentation by increasing expression of MHC class II, CD80 and CD86

[Hershey, 2003 #495]. IL-13 acts

as an

anti-inflammatory cytokine that downregulates the

production of proinflammatory cytokines (IL-1, IL-6, TNF) and chemokines (IL-8, MlP-la,

MIP-1|3) after LPS-stimulation of monocytes.
Engagement of IL-4
activator of

or

IL-13 receptors activates the Janus Kinase/signal transducer and

transcription (Jak/STAT) pathway that is

downstream of interleukins and

IL4/IL13 target,

STAT6,

an

while HDLM2

a common

out

and distinctive feature of cHL (Kapp et

of five HD cell lines expressed IL-13 at different

expressed IL-13 at highest levels (4800 and 6100 pg/ml respectively)

expressed IL-13 at low level (27 pg/ml) and

L540 HD cell line.

specific downstream

transcription (Kapp et al. 1999).

coexpression is

1999) (Skinnider and Mak 2002). Four
L428 and KM-H2

a

inactive cytoplasmic transcription factor that following activation

IL13 and IL-13Ral receptor

levels.

important signal transduction pathway

growth factors. Jakl phosphorylates

translocates into the nucleus to activate gene

al.

an

By RT-PCR, IL-13Ral mRNA

were

no

IL-13 expression

was

found in

detected in KM-H2, L428, HDLM2,

L540 and L-1236 HD cell lines. No
found between the different
cell lines. The

significant difference in IL-13 and IL-13Ral expression

subtypes in cHL. IL-13 is

an

autocrine growth factor for

proliferation of HDLM2 and L-1236 is IL-13-dependent

13 neutralisation decreased their
addition of exogenous

as

some

was

HD

antibody-mediated IL-

proliferation. However, HDLM2 cells did not respond to the

recombinant IL-13 and the proliferation of two HD cell lines (L428 and

KM-H2) expressing highest IL-13 levels were not affected by action of antibody-mediated IL-13
neutralisation (Skinnider et al.
addition to exogenous

IL-13

2002). Even if the proliferation of all HD cell lines tested towards

or

action of neutralising antibody is heterogenous, STAT6 activation
9

(phosphorylation) is

a common

characteristic found in cHL due to

an

autocrine IL-13 secretion

are

still lacking to know its

(Skinnider et al. 2002).

Although IL-13 effects
real

on

the growth of HD cells

are

clear, studies

implication in the pathogenesis of reactive infiltrate found in all cHL.

1.2.6.2. Other

Some other

cytokines in cHL

cytokines including IL-1, TGF-(1, hematopoetic factors such

IL-3 have also been studied in HD cell lines and

as

GM-CSF, M-CSF

or

primary cells.

1.2.6.2.1. IL-1
As shown in table 4, IL-1 is detected in 58% of
IL-1 is

primary

cases

of HL. In the reactive infiltrate

produced, not only by RS cells, but other surrounding cells including lymphocytes,

macrophages and granulocytes. Like most Thl and Th2 cytokines described above,
IL-1 had

no

effect

on

the

exogenous

proliferation of HD cell lines (Hsu and Hsu 1990).
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1.2.6.2.2.

TGF-p

Transforming growth factor-beta (TGF (3) is known as
suppresses

a potent

anti-inflammatory cytokine. It

B and T-cell proliferation and the cytolytic activity of Natural Killers (NK) cells.

TGF(3 also enhances fibroblasts proliferation and collagen synthesis (Newcom and Gu 1995).

Using Immuno Histo Chemistry (IHC), it has been demonstrated that TGF(3
levels in Nodular Sclerosis
has been

subtype of HL. However, the

reported that TGF|3

contrast, others groups were

was

source

was

produced at high

of production is still unclear

mainly produced by eosinophils (Kadin et al. 1993).

it

as

In

able to detect TGF(3 inside RS cells (Newcom and Gu 1995).
%

1.2.6.2.3. IL-3, IL-7, M-CSF, GM-CSF
These four
cell

cytokines

are

hematopoietic growth factors involved in differentiation of specific

lineages. In HD studies (Messineo et al. 1998) (Skinnider and Mak 2002), variation in the

expression of these growth factors has been published depending
lines

or

primary tissues)

factors do not

as an

seem

autocrine

in the

a

or

source

of materials (cell

IHC) (cf.table 4). However, these

proliferation of RS cells with the exception of M-CSF that

may act

colony formation of erythroid, megakaryocyte, eosinophil, basophil and

monocyte lineages.

plays

affect

the approach used (mRNA

the

growth factor (Paietta et al. 1990)

IL-3 stimulates

CSF

to

or

on

M-CSF is

a

growth and differentiation factor for macrophages whereas GM-

key role in the differentiation of granulocytic and monocytic cells. IL-7 acts mainly

thymus and is

a

growth factor for progenitor B and T cells and also for mature cells

(Skinnider and Mak 2002).
1.2.6.3. Chemokines
Chemokines

are

expression in cHL

chemoattractant

cytokines produced by leukocytes to recruit cells that

express

specific chemokine receptors. Among 50 chemokines and 20 chemokine receptors identified in
59

humans (Zlotnik and Yoshie
and Mak

2000), only few chemokines have been studied in cHL (Skinnider

2002).

Chemokines like

cytokines also participate in humoral and cell-mediated immune

Thl and Th2 cells express

different chemokines receptors. Thl cells

express

responses.

the chemokine

receptors CXCR3 and CCR5 to specifically attract their ligand. The ligands for CXCR3 include
inducible

include

protein 10 (IP-10) and monokine induced by IFNy (Mig) and the ligands for CCR5

macrophage inflammatory protein (MlP)-la and (MIP)-1|3. Monocytes

Thl cells

recruited like

they also expressed CCR5. Th2 cells express the chemokine receptors CCR3, CCR4

as

and CCR8 and

respond to specific ligands. CCR3 is the receptor for eotaxin, and CCR4 is the

Thymus-and-Activation-Regulated Chemokine (TARC) and macrophage-derived

receptor for
chemokine

are

(MDC).

Eosinophils expressing high levels of CCR3

are

also recruited by cells

expressing the ligand RANTES (regulated on activation, normal T-cell expressed and secreted).
In table 2, the
is indicated.

expression of chemokines studied in cHL both in cell lines and in primary tissues

Various chemokines

are

expressed in cHL and variation in expression between

subtypes has also been observed. Eotaxin, TARC and MDC are associated with nodular sclerosis
subtype of HL while IP-10, Mig-1, MlP-la, MIP-1|3 and RANTES correlated with mixed
cellularity subtype (MCHL) in association with EBV (Teruya-Feldstein et al. 1999). Eotaxin is
also

produced by macrophages, fibroblasts and elevated eotaxin level correlated with eosinophil

recruitment

(Teruya-Feldstein et al. 1999).

CCR3, CCR4, CCR5 and CXCR3
in most of cases, RS cells do not

are

mostly expressed by the reactive cells such

as

T cells and

expressed those chemokines receptors.
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1.2.7.

Pathological involvment of critical members of TNFR / NGF

superfamily in cHL
1.2.7.1. TNF receptor
TNFa and

lymphotoxin (LT)

1 (TNF-R1) and TNF receptor 2 (TNF-R2)
can use

TNF-R1 and TNF-R2 and few studies have reported their

expression in primary tissues and surprisingly the expression of these receptors in RS cell lines
has not been

TNF-R1
TNF

reported. Ryffel et al reported in 1991 that only

by IHC and two

cases

one

cHL tissue

was

positive for

expressed TNF-R2 (Ryffel et al. 1991).

signalling pathway will be detailed in part 4 of the introduction (1.4, Apoptosis).

1.2.7.1.1. Tumor Necrosis Factor
TNFa is

produced by

fibroblasts and is

a

immune responses.

many

critical

alpha (TNFa)

cell types including monocytes /macrophages, lymphocytes and

cytokine that acts

as a

major mediator of inflammation and cellular

In certain transformed cells, TNF is cytotoxic in vitro. TNFa enhances the

proliferation of T cells, modulates T cell receptor expression, enhances natural killer cell activity
and

regulates human B cell function.

TNF has marked effects

on

neutrophils, eosinophils

recruitment, monocyte/macrophage activation, fibroblast growth activation and endothelial cell /

leukocyte interactions (Bendtzen and Drexler 1988).
In most HD cell lines

TNF have been

tissue from

(HDLM2, KM-H2, L428, L540, L428), protein and mRNA expression of

reported (Hsu and Hsu 1989) (Gruss et al. 1992) (Skinnider and Mak 2002). In

patients, various reports described from 10 to 60% of TNF expression in H-RS cells

indicating that TNF is often expressed in HD-involved tissue (cf table 3). However, TNF protein
could not be detected in

serum

from

patients using ELISA test

or

L929 bioassay (Klein et al.

1992) (Gruss et al. 1994).
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1.2.7.1.2.

Lymphotoxin (LTa) is
same

same

TNF but appears to

(LTa

or

heterotrimeric
In

a

cytokine related to TNF a

as

they shared 50%

chromosomal localization (Ch.6), and functions

associate with the

form

Lymphotoxin (LTa)

as a

sequence

homology, the

homotrimer structure.

They both

receptors, TNF-R1 and TNF-R2. Synthesized by T cells, LT functions as

be less immunotoxic than TNF. Two different forms of LT exist: soluble

TNF(3); and

a

membrane-anchored protein (LT|3).

LT|3 associates

as

a

complex (LTa2(3) to its specific receptor, TNFR-RP (Crowe et al. 1994).

Hodgkin's lymphoma, primary cells and most HD cell lines produced high amounts of LT

a

(HDLM2, KM-H2, L428, L540 and L591) (Foss et al. 1993) (Hsu and Hsu 1989) (Kretschmer
al.

1990)

as

detected in

determined by Immuno Histo Chemistry

et

(IHC). LTa expression has also been

primary cells by Northern blot analysis (Sappino et al. 1990) and by IHC (Foss et al.

1993) (cf table 2). LT production is enhanced after exposure to CD30L and CD40L (Gruss et al.
1994) but little is known about the specific role of LTa and LT(3 in HD and also TNFR-RP

expression

as

it has not yet been investigated.

1.2.7.2. CD30
CD30

belongs to the tumor necrosis factor/nerve growth factor (TNF/NGF) receptor

superfamily (Durkop et al. 1992)

as

its extracellular ligand binding-domain shares significant

homology with others members of the family. CD30

antigen expressed

on

was

originally identified

as a

cell surface

both primary and cultured HRS cells (Schwab et al. 1982).

Using

immunostaining techniques, most primary H-RS cells except tumoral cells in LP subtype

are

commonly stained for CD30 (prototype antibodies, Ki-1 and Ber-2) (Drexler 1992). Further
studies have also shown

ubiquitous CD30 surface expression

as

it

was

found

on

malignant and

62

non-malignant cells, including mitogen-or-antigen activated T cells, virally transformed T and B
cells and also at the surface of natural killer cells (Gruss and Dower 1995) (Falini et al. 1995).
CD30

Ligand (CD30L) is

activated T cells,

26 to 40 kDa type II membrane glycoprotein, mainly expressed

a

monocytes/macrophages and also

on

on

granulocytes (Smith et al. 1993) (cf.table

3). Interaction between CD30 and CD30L stimulates T cell proliferation, promotes surface cell

expression of the intercellular adhesion molecule-1 (ICAM-1) and also induces secretion of
secondary cytokines such
IL-6 and TNF appear to
Several

as

IL-2, IL-6, TNFa, IFNy and LTa (Gruss et al. 1994). Expressed,

be responsible for B-symptoms observed in HD patients.

cytokines (e.g IL-6, TNF) and surface antigens (e.g. CD25, CD30) that

overexpressed by H-RS cells

are

mainly regulated by the transcription factor NF-xB, indicating

that the unbalanced activation of H-RS cells and
related to constitutive activation of NF-xB
surface

are

(Gruss

surrounding reactive bystander cells
et al.

can

be

1992). In agreement with this, several

antigens (e.g. CD25, CD30 CD40) mediate NF-xB activation thus pointing again to

critical role of NF-xB in the

a

pathogenesis of Hodgkin's disease (Gruss et al. 1996).

1.2.7.3. CD40
CD40 is

a

50 kDa

glycoprotein expressed in normal, virally transformed and malignant B cells,

monocytes, activated T cells, follicular dendritic cells, thymic epithelium and some carcinomas

(Armitage et al. 1993). CD4Q. is
range

a

member of the TNF receptor superfamily and is involved in

a

of signalling. CD40 stimulates the proliferation of IgM cross-linked B cells, secretion of

IgE, IgG, IgM after stimulation of Ig-specific cytokines. CD40 prevents the programmed cell
death of

germinal center B cells (Armitage et al. 1993) and upregulates expression of Leucocyte

Function Associated

Antigen-1 (LFA-1), B7 ligands, Intercellular Adhesion Molecule-1 (ICAM-

1) and CD23 (Ranheim and Kipps 1993). Moreover, CD40 also interacts with its specific ligand,

CD40L, expressed on the surface of

CD4+ activated T cells (T helpers), CD8+ T cells (cytotoxic T

cells) and also basophils (Gauchat et al. 1993). Engagement of CD40 / CD40L promotes the

clonogenic growth of HD cell lines and enhances their survival in vitro. Engagement CD40 /
CD40L may
JNK/SAPK

also results in active signal transduction

CD40 activates both NF-xB and

pathways (Carbone et al. 1995). However high expression of CD40 in HD

be controversial
anti-CD40

as

as some

reported that expression of CD40 in RS cells

(MoAb 89) in all

cases

were

more

cultured and

strongly stained by

of HD examined irrespective of the histologic subtype (T, B,

nonT-nonB) (Carbone et al. 1995) and others reported that about 70% HD
but also

seems to

than 80% of B-NHL express

cases

expressed CD40

CD40 (O'Grady et al. 1994). CD40L is absent

primary RS cells but is present

on

CD4+ T surrounding cells (Gruss

on

et al. 1994)

(Carbone et al. 1995) (cf.table 3). This CD40/CD40L interaction favours the clonogenic growth
of L428 and KM-H2 HD cell lines and increased cell survival in vitro (Carbone et al. 1995).
Stimulation of HD cell lines

by CD40L resulted in production of IL-8, enhanced secretion of IL-

6, TNF, LT and increased expression of intercellular adhesion molecule 1

(ICAM-1) and B7-1

(Gruss et al. 1994). It has been recognized that HD cells display high levels of constitutively
active nuclear NF-kB and

unlikely Hodgkin cell lines fail to further activate NF-xB dependent

transcription following stimulation with CD40L, suggesting that the signal transduction pathway

leading to active nuclear NF-kB is permanently saturated (Wood et al. 1998)

.
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1.3. NF-xB/Rel

Family proteins

1.3.1. Introduction

NF-xB is

a

transcription factor found in higher eukaryotic cells which

regulator of expression of the immunoglobulin kappa-light chain

was

gene

first identified

in mature B lymphocytes

[Sen, 1986 #423]. Subsequently it was demonstrated that the transcription factor NF-xB
inducible and

ubiquitous factor that could be activated by

physiological stimuli such

as

a

wide

range

as a

was an

of physiological and

non

Tumor Necrosis Factor (TNF), Interleukin-1 (IL-1), bacterial

lipopolysaccharides (LPS), viral infections (HIV, CMV), UV radiation, B or T cell activation
Phorbol

or

Myristate Acetate (Pahl 1999) (cf. Appendixl: inducers of NF-xB). Stimulation of cells

results in activation of NF-xB that enhances
wide range

of

genes

survival responses

targets of

regulated by NF-xB

are

transcription of

many

cellular and viral

genes.

A

involved in inflammatory, immune, cell growth and

(Ghosh et al. 1998) (Pahl 1999) (Barkett and Gilmore 1999)(cf. Appendix2:

NF-xB).

Thus, it is not surprising that NFunstimulated cells, NF-xB is
the nuclear localisation

nucleus and the

xB activity is tightly regulated. In the cytoplasm of

sequestred by association with inhibitory proteins, IxBs that mask

signal (NLS) of NF-xB and thus preventing its translocation into the

binding to its DNA binding sites. Upon stimulation, IxB proteins

are

degraded

by the proteasome thus freeing NF-xB that translocates into the nucleus to enhance transcription
of

responsive

genes.

Since NF- xB

plays

a

pathway to apoptosis,

critical role at different levels inside the cell, from the developmental
numerous

studies have reported that deregulated NF-xB activity

implicated in various diseases such

as

was

asthma and rheumatoid arthritis (Barnes and Karin 1997)
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and in various
like

including breast

cancers

cancer

(Sovak

et al.

1997), colon

cancer or

lymphomas

Hodgkin's disease (Wood et al. 1998).

Over the last 15 years,
knock out mice

specific target

are

at which most

NF-xB

revealing the uniques roles of individual NF-xB subunits in activation of their

genes.

been elucidated

NF- xB regulation has been intensively studied and genetic studies with

The signal transduction pathway responsible for NF-xB activation has also

particularly with the identification of the IxB kinase complex, which is the point

pro-inflammatory stimuli

converge.

pathways is important to provide

inflammatory diseases and various

1.3.2.

NF-xB/Rel

cancers

A better understanding of the regulation of

basis for developing specific therapeutics for

a

displaying abnormal NF-xB regulation.

proteins

1.3.2.1. NF-xB dimers

In mammalian cells, five members of the NFRelA

xB/Rel proteins have been identified as-c-Rel,

(p65), RelB, NF-xBl (p50/pl05) and NF-xB2 (p52/pl00).

NF-xB proteins share

structurally conserved amino-terminal 300 amino-acid region known
Domain

is also

the Rel Homology

(RHD) which contains the DNA-binding, dimerization, nuclear localisation domains and

responsible for association with the IxB inhibitory proteins, (cf.figure 1.4).

The c-Rel, RelA and RelB

proteins also have

transactivation domain, which

genes

as

a

a

carboxy-terminal non-homologous

strongly activates transcription from NF-xB-binding sites in target

(Ghosh et al. 1998). NF-xBl and NF-xB2

are

produced

as

inactive

precursors,

pl05 and

plOO respectively, which undergo proteolytic processing to generate functional subunits p50 and
P52.

The NF-xB members dimerize to form homo-

specific

responses to

or

heterodimers, which

different stimuli and have differential effects

on

are

associated with

transcription.

Each

member of the NF-xB

family except RelB

with other members of the

can

form homodimers and all

can

form heterodimers

family (Ghosh et al. 1998). The balance between different NF-xB

homo- and heterodimers determine which dimers

are

regulate the level of transcriptional activity.

Although most of the combinations

transcriptionally active such
homodimers
NF-xB

p50

or

p52

family proteins

additional level of
various cell types

as

p50/p65, p50/c-Rel, p65/65

can repress
are

bound to

or

specific xB sites and thereby

p65/c-Rel,

the transcription of their target

expressed in

a

genes

some

dimers such

(Zhong

are

as

et al. 2002).

cell- and tissue-specific pattern that provides

regulation. For example, p50 and p65

are

an

found ubiquitously expressed in

and the p50/p65 heterodimers constitute the most

common

inducible NF-xB

binding activity. RelB expression is restricted to the thymus, lymph nodes and Peyer's patches.
P52, RelB and c-Rel expression are found specifically in lymphoid cells and tissues

[Ghosh, 1998

#358],

1.3.2.2.

Inhibitory IxB proteins

NF-xB dimers

are

found in the

mask the NLS sequence

members

cytoplasm associated with

a

family of Inhibitory proteins that

of NF-xB (Ghosh et al. 1998). The IxBs family is composed of

seven

sharing structural and functional homologies: IxB a (Haskill et al. 1991), IxB(3

(Thompson et al. 1995), IxBe (Whiteside et al. 1997), IxBy (pl05) (Blank et al. 1991), IxBb
(pl00)(Mercurio

et al.

like subunit called
retain the NF-xB

IxBs

proteins

degradation,

a

1993) and Bcl-3 (Ohno et al. 1990) (cf. figure 1.4). Recently another IxB-

IxB-!; containing six ankyrin repeat domains was discovered and was found to

proteins in the nucleus instead of the cytoplasm [Yamazaki, 2001 #424],

are

divided into three domains:

an

N-terminal region required for signal-induced

central domain containing from five to

amino-acid motif that mediates

seven

copies of ankyrin

sequences, a

33-

protein-protein interaction with the RHD domain of NF-xB
67

proteins and
sequence

a

C-terminal region containing a PEST (Proline, Glutamate, Serine and Threonine)

involved in the basal turnover of the protein (Barroga et al. 1995),

a

Nuclear Export

Signal (NES) and multiple sites for Casein Kinase II (CKII) phosphorylation. Even if N and Cterminal

regions regulate distinct essential functions, they

are

both required for signal-induced

degradation (Kroll et al. 1997) (Rodriguez et al. 1995).
IxBa and

IxB(3 mainly associate with p50/p65 and p50/cRel complexes (Thompson et al. 1995)

while IxBe binds

p65 and c-Rel homodimers (Whiteside et al. 1997). In contrast, Bcl-3 is located

in the nucleus to associate with

p50 and p52 homodimers [Nolan, 1993 #421],

IxBy
9

preferentially inhibits p50 homodimers over p50/p65 heteodimers

or

p65 homodimers (Hay

1993).
IxBa and I

xB|3 represent the two major forms of the I xB family that not only prevent nuclear

translocation of NF-xB

by masking its NLS but also inhibit NF-xB binding activity to DNA

(Karin and Ben-Neriah 2000).
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Figure 1.4. Mammalian NF-kB and IicB-family members, a I The nuclear factor-icB (NF-kB)
family comprises five members: RELA (p65), c-REL, RELB, pl05/p50 (NF-kB 1) and pl00/p52 (NFkB2). They have a structurally conserved amino-terminal Rel-homology domain (RHD), which contains
the dimerization, nuclear-localization (N) and DNA-binding domains. c-REL, RELB and RELA proteins
also have a carboxy-terminal non-homologous transactivation domain (TD). RELB has an additional
leucine-zipper motif (LZ). b I The inhibitor of NF-kB (IkB) family contains IkBci, IkB|3, IkBe (two
transcripts) and BCL-3, and it is identified by the presence of many ankyrin (ANK) repeats. The aminoacid sequences of the sites of induced phosphorylation of IkBcx, IkBP and IkBe for their degradation are
shown (DSGLDS, DSGLGS and DSGLES, respectively). pl05 and plOO contain RHDs at the amino
terminus and ANK repeats at the carboxyl terminus. Proteolytic processing of pl05 and plOO at residues
435 and 405 (as indicated by arrows), respectively, generates the p50 and p52 NF-kB proteins. The
glycine-rich region (GRR) and the carboxy-terminal sites of inducible phosphorylation (in the DSVCDS
and EVKEDSAYGS sequences for pl05 and plOO, respectively) are required for processing.
Phosphorylation of RELA at Ser276, Ser529 and Ser536 is important for its transactivation activity. The
size of each human protein is shown on the right (number of amino acids).
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1.3.3. Mechanisms of NF-xB activation

1.3.3.1.

Pathway of NF-xB activation

Potent inducers of NF- xB include

such

as

cytokines such

as

IL-1

or

TNF

a,

bacterial and viral products

LPS, sphingomyelinase, double-stranded RNA and the Tat protein from HIV-1, necrotic

stimuli such
different

as

(H202),

free radicals

or

UV irradiation. All these different inducers activate

signal transduction pathways that commonly

NF-xB/IxB

complex.

However,

among

converge on a

single target: the cytosolic

all stimuli, the best studied mechanism is the TNF

pathway. After interaction with its receptors, TNF-R1 and-R2, the signal transduction pathway
leads to the activation of two

two

specific serines residues

Ben-Neriah

2000).

specific IxB kinases (IKK1 and IKK2) that in turn phosphorylate

on

IxBa proteins (Serines 32 and 36) (Ghosh et al. 1998; Karin and

Phosphorylated IxBa is then recognized by the (3-TrCP-containing SCF

ubiquitin ligase complex, leading to its ubiquitination and degradation by the proteasome. The
destruction of IxB unmasks the nuclear localization
translocation and

signal (NLS) of NF-xB, leading to its nuclear

binding to the promoters of target

genes

(Karin and Ben-Neriah 2000).

Recently, it has been proposed that phosphorylation and degradation of IxB
activate
also

are not

sufficient to

NF-xB-dependent transcription. Posttranslational events occuring in nuclear NF-xB

required for its full transcriptional activity and

more

details

are

are

discuss below.
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A schematic model of NF-kB activation. Various stimuli, including the

Figure 1.5.

proinflammatory cytokines TNFa and IL-1, activate IKK through the action of as-yetunidentified components.

E3RSIkB«,
IkB(x.

a

receptor component of a SCF type E3, which results in the polyubiquitination of

This then targets

exposes

terminate NF-kB
as

IkBcx for rapid degradation by the 26S proteasome. IkBo. degradation

the nuclear localization

In the nucleus NF-kB

such

Once activated, IKK phosphorylates IicBa, leading to its recognition by

sequence on

NF-kB resulting in its translocation to the nucleus.

regulates transcription of target

activity. Some of the NF-kB target

genes,
genes

including IkBci, which functions to
code for inflammatory mediators,

TNFa and IL-1 and chemokines, which can lead to recruitment of

inflammatory

additional cells to the

response.
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1.3.3.2. Structure of IxB Kinase
As mentioned above, many
700 kDa IKK

complex

extracellular signals that lead to NF-

xB activation, converge

on a

complex (serine-specific IxB kinase) containing three different components: IKKa

(IKK1), IKK(3 (IKK2) and IKKy also called NEMO (NF-xB essential modulator)

or

IKKAP

(IKK-associated protein-1). IKK1 and IKK2 are the catalytic subunits and target two specific
serines residus in the N-terminal

regulatory domain of IxB proteins (Zandi et al. 1997). IKK1

and IKK2 share similar

primary structures (52% identity) with N-Terminal protein kinase

domain,

(LZ) domains and

a

Terminal.

leucine zipper

a

Helix-loop helix (HLH) domains

IKK1 and IKK2 heterodimerize and both

serines 32 and 36 in the N-Terminal domain of IxBa

more

directly phosphorylate the critical

(Zandi

et al.

1997). However IKK2 is

IKKy/NEMO is the regulatory subunit that lacks

coiled-coil sequence

domain.

that functions in protein-protein binding and

This subunit is

signalling cascades in

a

kinase domain but contains

a

LZ motif in its C-Terminal

thought to mediate interactions with upstream components of the

response to

cellular activation. These intermediate components still remain

be identified.

In the

large IKK complex, apart from the three subunits, additional components have been

identified such

as

cdc37 and

Hsp90 [Chen, 2002 #371]. Another protein kinase, RIP, has been

identified and found associated with

Hsp90 in the complex [Lewis, 2000 #372],

knockout studies have revealed that RIP is essential for TNFa-induced NF-kB activation

et

a

activity is absolutely required for NF-xB activation.

The third subunit,

to

their C-

potent kinase than IKK1. Thus, various stimuli at the membrane converge on IKK complex

where its

a

can

near

al.

1998), the importance of the

associates with many

presence

of hsp90 in the complex is still not clear

kinases. Another member that

composes

Although
(Kelliher
as

Hsp90

the IKK complex is the IKAP

(IKK-Complex Associated Protein). IKAP has been found to associate with both IKKs and NF72

kB-Interacting Kinase (NIK). IKAP

may

function

as a

150 kDa scaffold protein (Cohen et al.

1998) and it is still unclear if IKAP is required for full activation of IKK complex
after

a

or

participates

specific signalling event.

Recently, two related kinases IKKe/IKKi (GSK3b) and TBK/NAK/T2K
shown to be involved in NF-xB activation. These kinases
and also in response to

CD3/CD28 in T
these kinases

are

PMA.

are

actived after

identified and

physiological stimuli

More specifically, IKKe/IKKi responds to costimulation via

lymphocytes while TBK/NAK/T2K is activated in
able to

were

response to

PDGF. Even if

phosphorylate serine 36 of IxBa, they have been proposed to

serve as
*

IKK kinases, to

activate IKK2

or to

activate unknown kinases.

However

more

studies

are

required to determine the specific role of these kinases as they do not appear to associate tightly
with

key subunits of the IKK signalosome [Peters, 2001 #374],

1.3.3.3. IKK activation
Activation of the IKK
the activation

complex involves the phosphorylation of two serines residues located in

loop within the kinase domain of IKK1 (serines 176 and 180)

and 181). Some MAP3 kinases
the target

serine residues

these upstream
kinases

mouse

can

kinases

on

are

(MEKK1, MEKK2, MEKK3 and NIK)

IKK2 (serines 177

able to phosphorylate

IKK1 and IKK2 kinases and enhance NF xB activation in vitro when

overexpressed (Karin and Ben-Neriah 2000). However,

specifically functions

as an

IKK kinase. By

gene

none

of these

targeting experiments, MEKK1 -/-

embryonic fibroblasts (MEFs) display normal NF-xB activation following various stimuli

[Yujiri, 2000 #359]. Curiously MEKK3
as

are

or

MEKK3 -/- cells

activation

seems to

be essential for TNF-induced NF-xB activation

display drastic inhibition of IKK activation, IxB degradation and NF-xB

[Yang, 2001 #363]. Interestingly, following various stimuli, while NIK -/- MEFs

exibit normal

NF-xB-DNA-binding activity, these cells display weak NF-xB activation after
73

lymphotoxin (3 receptor signalling (Yin et al. 2001). These results correlate with
showing that NIK and IKK1
2001
The

required for signal-dependent plOO degradation [Matsushima,

are

#361] [Xiao, 2001 #362],

atypical kinase PKC t, also

deletion in mice show
kinase
Viral

seems to act

appears to

inhibitory effects

indirectly

on

on

affect the transcriptional activity of NF-

NF-xB activity by activating IKK1 in

proteins also induce NF-

T Cell leukemia Virus

activation

Membrane

a

some

particular tissues.

xB activation by mimicking intermediate kinases that
a

transforming and transactivating protein of human

an upstream

kinase, MEKK1 [Yin, 1998 #378] and also the

protein in the IKK complex [Chu, 1999 #377], The LMP1 protein, (Latent

Protein) is the main transforming protein of EBV that functions similarly to Tax and

contributed to the transformation of B
mimicks

as gene

(HTLV) that plays a role to stimulate the pathway leading indirectly to the

by phosphorylation of

activation of IKAP

xB

NF-xB activation (Leitges et al. 2001). However, this

phosphorylate IKK complex. Tax protein is

NIK

recent reports

Lymphocytes.

LMP-1 anchors in the membrane and

TNF-receptor by recruiting adapter TRAFs and TRADD proteins that phosphorylate

(Sylla et al. 1998). HIV-1 Tat protein is

a

transactivator protein, strong stimulator of NF-xB

activity which in turn controls HIV-LTR transcription in lymphocytes and monocytes. IKK
complex has been found constitutively activated in monocytes cells by
However, permanent

a

mechanism still unclear.

NF-xB activation sustained by Tat protein promotes viral replication and

participates to the establishment of chronic HIV infected cells [Asin, 1999 #376].

1.3.3.4. IKK function

Although IKK activation is still not well defined, the complex of three subunits

IKKl/IKK2/IKKy is required for NF-xB activation following various stimuli supported by the
observation that IKK1/IKK2 double knock out mice have

no

NF-xB response

[Li, 2000 #395],
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IKKy -/- also fails to degrade IxB

or

activate NF-xB in

TNF

response to

or

LPS [Yamaoka, 1998

#394].
IKK2 appears to

be the kinase that specifically targets I

xBs proteins to be phosphorylated

following proinflammatory stimuli. IKK2 phosphorylates IxBa at Serines 32/36, IxB|3 at serines
19/23 and also IxBe at serines 18 and 22. IKK2-/-

the liver. This

embryos die at E 12.5 by massive apoptosis in

phenotype strikingly ressembles that of RelA -/- mice

as

they die in utero at E14.5

by liver degeneration (Beg and Baltimore 1996). TNF is responsible for this liver apoptosis and
RelA

specifically protects hepatocytes from cell death

mice

develop normally [Doi, 1999 #384]. However, IKK2-/- exhibits low IKK activity level

suggesting that IKK1

can

also play

a

as

both RelA -/-, TNF-/- double knockout

role in NF-xB activation [Li, 2000 #395].

Implication of IKK1 in NF-xB signalling has been implicated in proinflammatory
does not

(Hu

seem to

et al.

be involved in

responses

phosphorylation and subsequent IxB degradation (Li et al. 1999)

1999) [Takeda, 1999 #382]. IKK1 has been described

dependent pi00 processing and also plays

an

as a

kinase required for signal-

important role in regulating the transcriptional

activity of NF-xB by mediating signal-dependent p65 phosphorylation. IKK1-/- mice
alive but die within 30 minutes.

defects in

but

Newborn mice

are

born

display skin abnormalities and also drastic

epidermal differentiation (Li et al. 1999).

NIK-/- mice

are

viable but cells derived from them fail to generate

xB in response to

other stimuli.

lymphotoxjn (3. However they display normal NF-xB activation to various

Thus

NF-xB-Inducing Kinase (NIK)

intermediate kinase in NF-xB activation
Knock out IKK y

transcriptionally active NF-

appears to

play

an

important role

specifically after stimulation by lymphotoxin p.

(NEMO, IKKAP) mice also die at E 12.5 due to massive liver apoptosis.

IKKy-/- mice do not respond to the proinflammatory cytokines TNF and IL-1
activation is

as an

as

NF-xB

greatly inhibited. Interestingly, IKKy +/- heterozygous male mice also die in

utero
75

but

IKKy +/-female miee

They develop

a

are

viable but display

severe

growth retardation and early mortality.

massive granulocyte infiltration, hyperproliferation and increased apoptosis of

keratinocytes (Schmidt-Supprian et al. 2000). These characteristics
a

human

the gene

typically associated with

genetic disorder, Incontinenta Pigmenti (IP) where genomic rearrangement

are

found in

IKKy/NEMO (Smahi et al. 2000).

Generation and studies of
Kinase -3

TANK-Binding Kinase (TBK/NAK/T2K) -/- and Glycogen Synthase

(GSK3|3) -/- mice have suggested that these kinases

response to

TNF

been observed.

IxBa

are

or

IL-1, decreased activation of

some

are

involved in TNF signalling. In

but not all NF-xB-responsive

genes

has

However, TBK/NAK/T2K -/- mice display normal induction of IKK activity,

degradation and NF-xB DNA binding activity [Bonnard, 2000 #420]. As they have been

recently described, further studies

are

required to elucidate the function of these IKK-related

kinases.
Gene

seen

disruption of IKK signalsome IKK2 and NEMO have revealed the
with RelA gene

disruption suggesting

a

same

profounds defects

critical role of these three proteins in NF-xB

signalling.

1.3.4.

Regulation of NF-xB activation
1.3.4.1.

Regulation of NF-xB activity by IxB proteins

Signalling pathways leading to NF- xB activation
and

converge on

ubiquitination, phosphorylation

degradation of IxBs thus freeing NF-xB/Rel dimers to translocate into the nucleus (May and

Ghosh
and the

1998). Then, newly synthesized IxBa molecules enter the nucleus, associates with NF-xB

complex is exported back to the cytoplasm

sequences

(NES) (Arenzana-Seisdedos

et al.

as

IxBa contains

a

leucine-rich nuclear-export

1995) (Arenzana-Seisdedos

et al.

1997) (Rodriguez

et al.

1999). IxBs proteins are also active in the nucleus as they inhibit transcriptional activity of

NF-xB.

However, several laboratories have observed
between the nucleus and the

a

permanent shuttling of I

cytoplasm. IxBa protein contains

a

xBa-NF-xB complexes

functional NES

sequence

that

masks

only the p65-NLS (Jacobs and Harrison 1998) thus leaving available p50-NLS

shuttle

complexes between the two compartments (Rodriguez et al. 1999). Since the IxBa-NES-

sequence

is

IxBa/NF-xB
Even if

we

that the p50-NLS and p65 is also reported to contain

more potent

complexes
want to

are

keep in mind the classical model of inducible NF-

required to perhaps

NES

sequence,

preferentially exported into the cytosol.

degradation in the cytoplasm,
are

an

sequence to

some contrary

propose a more

xB activation by I xBa

evidence has been presented and

more

investigations

complex model of NF-xB activation. For example, IxBa

degradation is blocked in Leptomycin B (LMB)-treated cells when IxBa-NF-xB complexes
located into the nucleus
associates with

(Rodriguez et al. 1999). Surprisingly, (3-TrCP ubiquitin ligase that

phosphorylated IxBa is found almost exclusively in the nucleus associated with

ribonucleoprotein, hn-RNP-U (that

may serves as a

and

recently, it

was

kinase

can

new

accepted that IKK1

was not

(Davis et al. 2002).

critical for cytokine-induced NF-kB activity

implicated in other regulatory pathways. But recent publications indicated that IKK1
translocate into the nucleus is located to

critical step
this

was

a

pseudosubstrate). Once released from

HnRNP-U, the SCF fJ-TrCP translocates to the cytoplasm
Until

are

for cytokine-induced

gene

step involved in NF-xB gene

phosphorylate directly the histone H3 that is

expression. More studies will be

necessary to

a

describe

expression.
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1.3.4.2.

Regulation of NF-xB transcriptional activity

In addition to the

signal-induced liberation of NF-

xB from inhibitory I xB proteins and the

consequent nuclear localization of NF-xB, the transcriptional activity is also regulated in the
nucleus in response to

stimulation. Another level of regulation of NF-xB activity relies

on

phosphorylation of NF-xB/Rel transactivating proteins (p65/RelA, RelB and c-Rel) resulting

on

transcriptional activity (Ghosh and Karin 2002).

activation of NF-xB
Stimulation of cells

by TNFa results in p65 phosphorylation at position 276 by protein kinase A

(PKA) (Zhong et al. 1998). Another kinase, the constitutively active caseine kinase II (CKII)
also

phosphorylates p65 at serine 529 after TNFa stimulation (Wang et al. 2000). Mechanisms

of action of both kinases

are

containing IxBa-p50-p65.

similar. In the

cytoplasm, both kinases associate with the complex

After treatment with TNFa, IxBa degradation allows p65 to be

exposed to the kinases that specifically phosphorylate their p65-target. Phosphorylation of NFxB

p65 at serine 276 by PKAc leads to

interaction with

CKII in the

may

allow

a

physical

transactivating domain of p65 results in activation of its transcriptional activity.

least two kinases

activity.

p65 phosphorylation by CKII but

once

IxBa is degraded, at

phosphorylate p65 to increase its transcriptional activity.

Also, kinases such

as

PI3K and Akt have been shown to be required for IL-1 and TNF-induced-

IL-1 and TNF activate PI3K and Akt kinases that indirectly activate p65

(Sizemore et al. 1999). It
turn

conformational change that

CBP/p300 (Zhong et al. 1998). Moreover, phosphorylation at serine 529 by

Thus, in the cytoplasm IxBa prevents

NF-xB

a

phosphorylates p65

was

on

residue 536 (Madrid et al. 2000) (Madrid et al. 2001).

Regulation of gene expression
xB/Rel heterodimers with

further demonstrated that PI3K/Akt phosphorylates IKK1 that in

can

be explained by interaction of different members of NF-

specific DNA binding sites but also by the recruitment of coactivators

proteins in the nucleus that enhance

or

inhibit NF-xB-transcriptional activity.
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At least, three different families

expression. CBP (cyclic AMP

of coactivators

response

seem to

be essential for NF- xB-dependent gene

element binding protein [CREB]-binding protein) and

p300 proteins interact with and regulate NF-xB activity but also interact with
transcription factors such
a

classical

as

c-Fos, c-Jun,

or

E2-F. P300

seems to act more as a

many

other

coactivator than

DNA-sequence-specific transcription factor and probably connects DNA-bound

transcription factors to the transcription machinery.
coactivators such

as

steroid

The pi60 family contains related

receptor-coactivator-1 (SRC-1)

or

nuclear receptor coactivator-1

(NcoA-1) also called SRC-l/NcoA-1, NCoA-2 (also called transcriptional intermediate factor-2,
TIF-2) and p300/CBP cointegrator-associated protein (p/CIP).
interact with nuclear receptors.

They

are

The last

group

Members of the pi60 family

is the CBP-associated protein p/CAF family.

important components of the NF-xB coactivator complex

they

as

Histone

possess

Acetyl Transferase (HAT) activity and have also been found associated with

more

than 20

proteins (Vassilev et al. 1998).
Thus

phosphorylation of p65 by PKA stimulates p65 transcriptional activity by promoting

interaction with
et al.

et al.

transcriptional coactivators such

as

an

CBP and its structural homolog p300 (Zhong

1998). Each of these transcriptional coactivators

possesses

1996) (Spencer et al. 1997) that is believed to play

a

intrinsic HAT activity (Ogryzko

role in transcriptional activation by

altering chromatin structure and thereby providing transcription factors with

access to

the DNA

template (Struhl 1996).
Besides interaction of NF-xB dimers with HAT,

interact with HDAC (Histone
direct

or

it has been recently shown that p65 could also

Deacetylases) to negatively regulate

efficient interaction with different HDAC isoforms is still

gene
not

expression.

clear, the level of p65

acetylation determines its capacity to interact with nuclear IxBa and thus the extent
transcription factor is exported from the nucleus.

Even if

to which the

Thus, p65 enters into the nucleus in

an
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acetylated and phosphorylated form that determines the recruitment of coactivators proteins

to

enhance NF-xB

to

maintain

are

high NF-xB activity

recruited to

back to the

Acetylated-p65 prevents its association with nuclear IxBa

transcription.

on target genes.

deactylate p65 that

can

By

a

mechanism still unknown, HDAC proteins

therefore interact with IxBa that exports NF-xB complex

cytoplasm.

1.3.5. Critical role of NF-xB in

As described in the first part

cancer

of the introduction,

involves transformation, initiation,

cancer

is

hyperproliferative disorder that

a

promotion, angiogenesis, invasion and metastasis. NF-xB

participates at multiple steps in these pathways and its suppression
cancer

NF-xB regulates

development.

many genes

that

are

may

lead to the suppression of

involved in tumor progression,

angiogenesis and metastasis. NF-xB is induced by hypoxia and acidic pH, characteristics of
tumor

microenvironment.

inducer of cell

NF-xB is also well known

as an

inhibitor of

apoptosis and

as an

proliferation. It is therefore not surprising that several tumor types exhibit

a

deregulated and constitutive NF-xB activation that consequently induces resistance to various
chemotherapeutic drugs. Aberrant expression of rel/nfxb
tumor

genes

has also been found in several

types.

1.3.5.1. NF-xB enhances tumor
It is also clear that NF-

xB

plays

a

progression, angiogenesis and metastasis

critical role in oncogenesis

as

activation of NF-

xB blocks

apoptosis, induces cell proliferation, potentially blocks differentiation and thus supporting

a

in tumor

genes

whose

progression.

products

are

NF-xB augments tumorigenicity by increasing transcription of

implicated in

tumors

role

formation (genes important for clonal expansion,
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growth, angiogenesis, adhesion, extravasation, invasion, metastasis, etc) (Ghosh
These genes

include pro-inflammatory

such

genes

(iNOS), adhesion molecules like ICAM,

an

as

TNF

et al. 1998).

IL-1, inducible NO-synthase

or

NF-xB-dependent

gene

found

up

regulated in

primary melanoma and in most metastasic, melanomas, cell surface proteases such
metalloproteinase 9, urokinase plasminogen activator (uPA).
increased in most breast
and

a

cancer

cells and is

potential role of NF-xB in metastasis (Newton et al. 1999). NF-xB
gene

protein is involved in inflammation and angiogenesis, is
colorectal

cancers

of

response to

including ICAM-1, ELAM-1 and VCAM-1 that

1.3.5.2. NF-xB in
NF-xB also induces cell

or

severe

forms of

as

VEGF

pro-inflammatory cytokines (TNF).

are

expressed in

response to a

number

apoptosis, cell cycle and tumor initiation
proliferation and cell cycle progression by regulating the expression of

and also cellular components
a

regulated in

inflammatory cells (Ghosh et al. 1998)

target genes including c-myc, cyclin Dland CDK2 kinase

1996,

up

them in all parts of the body. This phenomenon is mediated by specific

signals from tumoral cells

In

cyclooxygenase-2 (Cox-2). This

of metastasis requires the migration of cancerous cells both into and out of the

vessel that transports
molecules

prognosis

also regulate the

requires the release of angiogenic growth factors such

by macrophages and/or neutrophils in

The process

may

a poor

by NF-xB (Ghosh et al. 1998).

Vascularization of tumors
released

matrix

This latter protein is found

required for intravasation suggesting

production of prostaglandins via the pro-inflammatory

as

(Rayet and Gelinas 1999) (Pahl 1999)

(e.g. p300 and p53) that promote

or

enhance apoptosis.

critical role of NF- xB in the inhibition of apoptosis was reported

(Beg and Baltimore

1996) (Van Antwerp et al. 1996) (Wang et al. 1996). Since then, it has been demonstrated that in
various cell types

including

non

tumoral cells (B and T lymphocytes, granulocytes, macrophages,
81

neuronal cells and smooth muscle cells) but also tumoral cells (T cell

pancreatic

cancer

cells, bladder and breast

In contrast, NF-xB can act as a

cells. This function

depends

on

cancer

cells), NF-xB

acts as an inhibitor of apoptosis.

pro-apoptotic protein in T cells, neuronal cells,

the stimuli that

can

apoptosis (TRAF2, IAP proteins

or

or

endothelial

specifically activate different pathways that

ultimately regulate either proteins that induce apoptosis (p53, c-myc)
from

lymphoma,melanoma,

or

proteins that protect cells

Bcl-2-like proteins) (Bharti and Aggarwal 2002).

1.3.5.3. Constitutive NF-xB activation in

cancer

*

Constitutively high level of NF- xB activity has also been described in
cell types

(as shown in table I.T.5) but is not exclusive to tumor cells

a

as

wide variety of tumor

normal cells such

as

B

lymphocytes also display high NF-xB activity in the nucleus.
It has been demonstrated that

nucleus of tumoral

Hodgkin's disease is characterized by constitutive NF-

Hodgkin and Reed Sternberg cells (Bargou et al. 1996). In

Hodgkin's disease and in HD cell lines, this deregulation is
mutations in IxBa gene

(Wood

et al.

a consequence

rendering this inhibitory protein unable to retain NF-xB

1998) (Cabannes

et

xB

on

the

some cases

of

of deletions

or

on

the cytoplasm

al. 1999).

According to the various tumor types that express constitutively active NF- xB, it is tempting to
suggest that NF-xB may be largely implicated
and also the resistance of the tumor cells to

activation and

apoptosis. However

a

causative link between NF-xB

development has yet to be established. Although mechanisms explaining the

constitutive activation of NF-xB
for the

in tumor formation, the progression of the tumor

are not

fully understood, NF-xB has become

development of therapeutic anti-cancer drugs

as

a

favoured target

it also participates in resistance to

chemotherapeutic agents and radiation therapy.
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and others)

cancer

and others)
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Figure 1.6. NF-kB functions that contribute to its role in human disease. Aberrant activation
and nuclear localization of NF-kB
genes.

complexes leads to constitutive transactivation of specific NF-kB target

The resultant overproduction of cytokines and other molecules that regulate the immune

together with the protection of cells from apoptosis,
as

a

can

strongly contribute to inflammatory diseases such

rheumatoid arthritis and asthma. Under other circumstances, the inhibition of

drive towards

kB in

response,

proliferation and the indirect inactivation of tumor

apoptosis, combined with

suppressors, can

lead to

a

role for NF-

tumorigenesis.
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Table I.T.5. Tumors that express
Tumor
B cell

type

lymphoma

constitutively active NF-kB
References

(Miyamoto et al. 1994)

Hodgkin's disease

(Bargou et al. 1996)

T cell

(O'Connell et al. 1995)

lymphoma

Adult T cell leukemia

(Mori et al. 1999)

Acute

(Kordes et al. 2000)

lymphoblastic leukaemia

Breast

(Sovak et al. 1997)

Liver

(FitzGerald et al. 1995)

Thyroid

(Visconti et al. 1997)

Pancrease

(Wang et al. 1999)

Prostate

(Palayoor et al. 1999)

Melanoma

(Shattuck-Brandt and Richmond
1997)

Head and Neck SCC

(Ondrey et al. 1999)

Colon

(Cadoret et al. 1997)

Multiple myeloma

(Feinman et al. 1999)

Ovarian

cancer

(Bours et al. 1994)

Bladder

cancer

(Sumitomo et al. 1999)

Lung carcinoma

(Batraetal. 1999)

1.3.5.4. Aberrant

rel/nf-xB

genes

and activity in human

cancers

Rearrangements, chromosomal translocation and amplification of c-Rel, RelA, NF-

(pl00/p52), NF-xBl (pl05/p50) and Bcl-3

genes

alterations have been found in several types
genes

in the development of

cancer

of

xB2

lead to overexpression of these proteins. These

cancer

suggesting

a

possible implication of these

(Rayet and Gelinas 1999). However,

to date the viral

oncoprotein v-Rel is the first and only member of this family found to have transforming
properties in vitro and in vivo.
retrovirus.

acids.

This

This

chickens.

V-Rel is

an

oncogenic protein encoded by the avian Rev-T

protein is homologous to the cellular c-Rel but lacks 118 C-Terminal amino

changes renders v-Rel responsible for fatal lymphoid tumors in
V-Rel is able to transform in vitro chicken

youngs

birds and

haematopoietic cells of B and T

lymphocytes, myeloid and dendritic lineages (Gilmore 1999).

1.3.5.5.

Strategies to block NF-xB activation

Over the last two decades, NF- xB activation and its
it has been

proposed that deregulated NF-xB participates in the initiation, the tumor progression

and also the resistance of
have been

pathway have been extensively studied and

cancer

cells to

chemotherapeutics drugs. Different types of inhibitors

developed to block NF-xB activation at various levels but most of them remain tools

used in vitro

as

the

specific inhibition towards other signalling pathways and also their toxicity

still remain to be elucidated

(Garg and Aggarwal 2002).

Blocking

One strategy

the interaction between

DNA

and

NF-xB

is to prevent the binding of NF- xB to DNA. In this example,

a

double-stranded

oligodeoxynucleotide (ODN) representing the binding site for NF-xB is introduced into cells
where it acts

as a

decoy, binding and competing for NF-xB (D'Acquisto et al. 2000).

Prevention of IxB degradation

Another level where NF- xB

can

by blocking proteasome

be blocked is the 26S proteasome,

phosphorylation and ubiquitination. Chemical inhibitors such
lactacystine, cyclosporin A
such
the

as

or

as

where I xB is degraded after

peptide aldehydes (ALLnL),

ubiquitin ligase inhibitors prevent the release of NF-xB. Drugs

aspirin, ibuprofen, nitric oxide

or

prostaglandin A1

can

also block the phosphorylation of

inhibitory IxB protein and thus prevent its ubiquitination and degradation (Garg and

Aggarwal 2002).
A

lipid peroxydation product, 4-hydroxy-2-nonenal, has been used to block the phosphorylation

by direct inhibition of IKK kinase (Ji et al. 2001). Another type of peptide has been used to
specifically prevent the association of the regulatory subunit IKKy (NEMO) with the IKK
complex leading to the absence of inducible NF-xB activation following stimulation by
inflammatories

cytokines (May et al. 2000).

Increase

NF-xB

can

pro¬

or stabilization of

also be retained into the

protein by action of drugs such

as

IxB

protein level

cytoplasm by increasing the amount of inhibitory I

dexamethasone

or

cytokines (IL-10

or

xB

IL-13).

Inhibitory effects of antioxidants upon NF-xB activation

It is well known that antioxidants either
such

as

disulfiram, curcumin

different stimuli

or

physiologic such

vitamin C

(e.g. TNF; IL-1, LPS

or

can

as

glutathione

or

chemical products

efficiently inhibit NF-xB activation following

UV radiation).
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Blocking
The

import machinery

similar sequence to

can

the

NF-xB

nuclear translocation

be blocked by using permeable peptides. These peptides contain

that found in the subunit p50 required to translocate the NF-xB complex into

the nucleus and to be

recognized by the import machinery.

overexpression

of

IxB

by gene transfer to block

NF-xB

activation

Overexpression of the

super-repressor

IxB protein (resistant to degradation by double mutations
x

in both serines 32 and 36,
nuclear

activity in various cell types including breast

human intestinal

al.

specific sites for phosphorylation) efficiently downregulates NF-xB

epithelial cells (Jobin et al. 1998)

or

cancer

cell lines (Bentires-Alj et al. 1999),

human embryo fibroblasts (Van Antwerp et

1996).

Constitutive NF-xB activation

can

also be counteract

by overexpression of HDAC3,

a

histone

deacetylase that interact directly with p65 in the nucleus. HDAC3 deacetylates p65 thus allowing
its interaction with IxBa that exports

NF-xB back to the cytoplasm. Thus HDAC is able to

efficiently abolish nuclear NF-xB activity (Chen et al. 2001).
Generation of

dominant-negative mutant of various kinases involved in the NF- xB transduction

pathway including TRAF2, TRAF6, NIK, IKK1

or

IKK2 has also been realized and tested in

vitro. All of these mutants resu.lt in inhibition of NF-xB activation

The NF-xB

transcription factor is

a

(Garg and Aggarwal 2002).

critical regulatory heterodimer that has

a

role in immune

system regulation, development, proliferation and apoptosis. Thus, deregulated NF-xB activity
may

be

a

contributory factor in

a

wide variety of diseases such

asthma, atherosclerosis, arthritis and

development but

we cannot

cancer.

as

inflammatory diseases, AIDS,

In term of therapy, NF-xB is a good target for drug

forget that at

a

physiological level, NF-xB controls several
87

mechanisms.

Thus its inhibition needs to be

immunodeficiencies

or

highly controlled to avoid toxicity,

severe

apoptosis.
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1.4.

Apoptosis

1.4.1. Introduction

Apoptosis is

an

important programmed cell death

process

conserved through out evolution from

C.Elegans to Drosophila and human.

It plays

homeostasis of

phenomenon participates in the establishment of the

metazoan

animals.

This

organization of tissues and elimination of abnormal
by

different factors, such

many

as

a

or

critical role from

organ

development to

dangerous cells. Apoptosis

can

be induced

steroid hormones, lack of peptide survival factors, activation of

death-inducing cell surface receptors, viral infection, oxidative stress, excitotoxicity, ischemia,
unfolded

proteins

pathways

can

or

unrepaired DNA breaks. Following these signals, three classic transduction

be involved. Recruitment of Bcl-2 family proteins and released cytochrome

c

from

mitochondria, signalling from surface death receptors with Fas or TNF receptors or increased

expression of tumor
dead cells present

suppressor

p53 and ATM after DNA damage. At the end of each route, the

morphologic hallmarks of apoptosis that

are

characteristized by membrane

bledding, volume loss, nuclear condensation and DNA fragmentation (Kerr et al. 1972).
these biochemical

changes result from cleavage of vital proteins accomplished by

family of cysteine-dependent aspartate-directed proteases termed

caspases

a

All

specialized

(Nicholson and

Thornberry 1997).
Control of apoptosis
activator
survival
of

a

is complex and involves

proteins that

are

a

wide

range

of receptors, adapter proteins

or

tightly regulated. Recent evidence suggests that alterations in cell

(abnormal resistance to apoptosis

number of human diseases

or

enhanced apoptosis) contribute to the pathogenesis

including

cancer,

viral infection, autoimmune diseases,

neurodegenerative disorders and AIDS (Acquired Immunodeficiency Syndrome) (Thompson
1995).
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1.4.2.

Caspases: key players in the execution of the apoptotic

Caspases

are

process

cysteine proteases that cleave vital cellular substrates after aspartate residues.

These enzymes are

synthesized

as precursors

and

are

activated after apoptotic stimuli. Caspases

have been cloned from the nematode Caenorhabditis

elegans (Yuan et al. 1993) the dipteran

Drosophila melanogaster (Song et al. 1997) and the lepidopteran Spodoptera frugiperda (Ahmad
et al.

1997). To date, 14 cysteine proteases have been identified and characterized. This family

is divided in two

categories: the initiator

caspases

and the effector

caspases

(Casiano and Tan

1996).

1.4.2.1.

In

Caspase activation in nematode C.Elegans

1986, Ellis and Horvitz reported that 131 of the 1090 somatic cells in the hermaphrodite die

by programmed cell death due to two
1986).

CED-4 is

an

products: CED-4 and CED-3 (Ellis and Horvitz

ATP-dependent protein that forms

apoptosome) with inactive forms of
casposome,

genes

CED-3 becomes

an

zymogens

active dimeric

healthy cells, the formation of this

CED-3.

caspase

casposome

a

complex (called

casposome or

In the close promixity inside the

by autoprocessing (Hengartner 1997). In

is prevented by the Bcl-2 homolog CED-9

(Chinnaiyan et al. 1997). This protein CED-9 retains CED-4 to the mitochondrial membrane thus

preventing the adaptor from activating the CED-3 protein. Following

a

death stimulus during

development, EGL-1 protein is produced and associates with CED-9 via BH-3 domain that
becomes inactive.
CED-3 and induce
In

Free CED-4 then translocates to the nuclear

envelope where it

can

activate

programmed cell death (Borner 2003).

eukaryotic cells, regulation of apoptosis is complex and depends

on more

regulatory

components according to the apoptotic stimuli and the cell type. However, CED-3 proteins are
related

to

the initiator and effector caspases.

The CED-9 anti-apoptotic protein is related to the

Bcl-2

anti-apoptotic family and EGL-1 protein is related to Bax-like pro-apoptotic proteins that

detailed below.

are

1.4.2.2. Structure and classification of caspases

Synthesized

(prodomain),
flanked

as precursors,

one

cysteine proteases

large and

one

are

composed of four domains: the N-terminus

small domain and

a

linker region between the two domains

by Aspartic acid residues (Nicholson and Thornberry 1997) Caspase

activated

precursors are

by proteolytic processing suggesting that caspase can process themselves and/or other
*

in

precursor caspases
on

the

a

proteolytic cascade. All cleavages involved in

maturation

occur

carboxyl side of aspartate residues between the pro-domain and the linker region. The

enzyme

becomes active when two large and two small subunits form

subunits contribute amino acids residues to the
the

caspase

point where they act in the pathway,

Caspase (2), -8, -9, -10 and effector
different domains located in the

Domain)

CARD

or

a

complex where all four

catalytic site (Rotonda et al. 1996). According to

caspases are

caspases: caspase,

pro-domain regulate the

classified

as

iniator

caspases:

CED-3,

-3, -4, -5, -6, -7, -11, -12, -13. Two
caspase

activity: DED (Death Effector

(Caspase-Recruitment-Domain). Only the iniator

caspases

contain

a

long

pro-domain (>90 amino acids) with theses two regulator sites (Earnshaw et al. 1999) (Nicholson
and

Thornberry 1997). Effector caspases contain one regulator site in a short prodomain. These

sites

play

a

critical role in the recognition and the regulation of the

pro-caspases

caspase

cascade

as

in certain

they connect physically the initiator caspases with regulatory molecules. Active

initiator caspases

then activate effector

residues in order to

caspase

through cleavage at specific internal Aspartic

amplify the apoptotic signal.
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1.4.2.3.

Caspases play

Many but not all

caspases

a

play

have shown that caspases are

critical role in the execution of apoptosis

a

critical role in the execution of apoptosis and genetic studies

required for developmental cell death. Targeted disruption of

some

caspases,

have shown in knock out mice that

effect

apoptosis in vivo (Wang et al. 1998). However, mice deficient in caspase-3-8 or-9

on

exhibit

severe

abnormalities and

are

some caspases

like caspases-1-2 and-11 have

no

embryonic lethal (Varfolomeev et al. 1998). Caspase-8 is

required only for apoptosis after stimulation of death receptors TNF, Fas and DR3 (Varfolomeev
et

al.

1998). Caspase-8 and FADD are embryonic lethal with similar abnormalities (Zhang et al.

1998). Caspase-9 is involved in apoptosis after stimulation by dexamethasone, ^-irradiation and

chemotherapeutic agents (Hakem et al. 1998). Additionally, during thymic selection,
activation has been described without
be due to the wide range

of

caspases

implicating specifically caspase-3
found in

a

or

caspase

caspase-9. This

cell and also the redundancy of

can

some caspases

(Hakem et al. 1998).

1.4.2.4. Cellular

Caspases do not play

a

targets for caspases

critical role in the initiation of apoptosis but

cellular executioners that

destroy

a

wide

range range

are

mainly involved

of key proteins.

Caspases cleave different classes of substrates during apoptosis. Caspases

specifically key structural proteins of the cytoskeleton and nucleus
involved in

cytoskeleton

structural

as

can

well

cleave

as

various proteins

signalling pathways. Caspases substrates have been described in the review reported

by Earnshaw WC et al (Earnshaw et al. 1999). Caspases
the actin

as

proteins

as

(hnRNP CI and C2),

or an

can

cleave cytoplasmic proteins such

as

intermediate-filament protein, keratin 18; nuclear proteins including

lamin A and B, RNA-binding, ribonucleoprotein-associated proteins
or

the p53-associated Mdm2 oncoprotein.

Caspases also cleave proteins
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involved in DNA metabolism and
in chromatin structure, DNA

caspases.

repair such

as

poly ADP Polymerase (PARP) protein involved

topoisomerases I and II. Several protein kinases

are

also targets for

These include protein kinase C (PKC), PK61, PKC0; focal adhesion kinase

ppl25FAK; the MAPK/ERK kinase, kinase MEKK1; rafl, the cellular homolog of the
of murine

sarcoma

virus and also the PKB/Aktl kinase.

Proteins involved in
These

signal tranduction pathway

are

also cleaved after

caspases

activation.

proteins include the pro-inflammatory proteins the pro-ILl(3, the pro-IL-16 and the pro-IL-

18; the regulator y subunit A a of protein phosphatase 2A

signalling pathways such
response
that

oncogene

as

(PP2A), transcription factor

targets of

the nuclear factor NF-xB and its inhibitory protein IxB; the steroid

element-binding proteins (SREBP-1 and SREBP-2). Caspases also cleaved proteins

regulate the cell cycle and proliferation including p21Cipl/Wafl, p27Kipl and the

retinoblastoma
Critical
the

case

or

Bax.

protein pRb.

proteins involved directly in the apoptosis pathway
for survival

proteins such

as

ICAD/DFF45 is cleaved

are even

cleaved by

caspases.

It is

Bcl-2 and Bcl-XL and also pro-apoptotic proteins like Bid
by

caspases

that released active CAD that initiates

endonucleolytic chromosome degradation.

1.4.3.

Caspase-dependent apoptotic signalling pathways in mammals

In human cells, two
in the

different apoptotic signalling pathways utilize caspasc proteases as effectors

programmed cell death: the death receptor pathway and the caspase-dependent activation

under the control of Bcl-2

family (cf figure 1.7.).
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1.4.3.1. Death

Extracellular

Receptor pathway

death-inducing ligands of the TNF superfamily including TNF

TWEAK and TRAIL associate to their
and DR4/DR5

a,

FasL/CD95L,

respective cell surface receptors TNFR, Fas/CD95, DR3,

leading to their trimerization (Locksley et al. 2001). The C-Terminal region of

TNFR is intracellular and contains

a

domain of 80 Amino Acid known

as

the Death Domain

(DD). Oligomerization of the receptor involved also leads to oligomerization of the respective
DDs domains

on

the

cytoplasmic face of the plasma membrane and recruitment of non-enzymatic

adaptor proteins such

as

TRADD (TNFR-l-Associated-Death Domain) and/or FADD (Fas-

Associated Death Domain,

MORT-1) proteins. Together they form a 'casposome' called DISC

(Death-Inducing Signalling Complex).
TRADD

or

FADD recruits two

or more

Aggregation of trimeric receptors associated with
initiator

induce the self-activation of immature caspase to

Domain) from TRADD
also called FLICE

then

or

or

procaspases-8 to form

a

complex required to

active caspase-8. DED domains (Dead Effector

FADD proteins associate with CARD domain in procaspase-8, domain

MACF1 (Muzio et al. 1996).

proceed to the cleavage of others effector

Caspase-8 engaged in the
procaspases

caspase

downstream such

cascade will

as

caspase-3,

caspase-6 and caspase-7 to amplify the apoptotic signal (cf.figure 1.7).
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Figure 1.7. Signalling cascades used by TNFR1 and Fas to trigger apoptosis.
recruitment of
results in its

pro-caspases-8 to Fas, TNF-R1

or

self-cleavage and activation through

caspase-8 cleaves and activates other
of cellular substrates that

pro-caspases.

others death receptors
an

upon

their ligations

induced proximity mechanism.

The active effector

bring about apoptotic cell death.

caspases

The

cleave

Active
a

variety

DD, death domain; DED, death

effector domain.
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This death receptor

(IAPs)

or

caspase

pathway

can

inhibitors such

be blocked by proteins such
as

p35 from baculovirus

or

as

Inhibitors of Apoptosis proteins

crmA from the

cowpox

virus. And

also, FLIP protein, a dominant negative caspase-8 homolog, can bind to FADD through its DED
domain and

block

can

apoptosis at the level of the DISC (Thome et al. 1997) (Medema

et al.

1997). Importantly, in most of cases, the death receptor pathway is not affected by Bcl-2 family

proteins
et

al.

as

adaptors proteins TRADD and FADD do not have affinities with Bcl-2 family (Huang

1999).

Signalling by death receptor such

1.4.3.2.
This

as

TNFRs will be detailed below.

Caspase activation and Bcl-2 family

pathway also involves a'casposome' that is composed of CED-4 and CED-4 like proteins

located in the mitochondria

(Wang 2001). This pathway is activated following apoptotic stimuli

including UV and --jrradiation, chemotherapeutic drugs, viruses, bacteria, cytokines and/or
growth factors withdrawal and anoikis (detachment from the extracellular matrix). Although the
intermediate
sized

proteins

are not

well described, activation of this pathway results in the formation of

protein size-conducting

cytochrome

c, a

pores

in the outer membrane of the mitochondria. In particular,

crucial mediator of oxidative phosphorylation/respiration and ATP production, is

released into the

cytoplasm and associates with

a

CED-4 homolog Apaf-1 and the initiator

caspase-9 to form the mammalian 'apoptosome' (Saleh et al. 1999) (cf.figure 1.7).
complex, procaspase-9 does not need to be active
the mature form

(Srinivasula et al. 2001).

the zymogenic form is almost

as

active

as

However, caspase-9 becomes highly active after

allosteric conformation inside the apoptosome
effector

as

In that

and thus leading to the activation of downstream

caspases-3 and-7 (Rodriguez and Lazebnik 1999). In that pathway, the permanently

active XIAP

protein (IAP family)

may ensure

the inhibition of the activation of procaspase-9 and
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thus the formation of the apoptosome.

al.

c.

At that level, Bcl-

proteins do not interfere directly with CED-4 homolog Apaf-1 in the complex (Haraguchi

2000) but

act

by preventing the perforation of the outer membrane of the mitochondria and

thus do not allow the release of the
al.

time, mitochondrial Smac/Diablo (Srinivasula

allowing the activation of the complex Apaf-l/Caspase-9/cytochrome

2-like

et

same

2001) and Htr2A/Omi (Hegde et al. 2002) proteins ensure the sequestration of IAPs proteins

et al.

thus

At the

2002) (Kluck

et al.

cytochrome

c,

DIABLO and Omi (Yang et al. 1997) (Sun et

1997).

*

1.4.4. Bcl-2

family

1.4.4.1. Classification
The

apoptosis-suppressing Bcl-2

gene was

discovered

as a proto-oncogene

found at the

breakpoints of t(l4; 18) chromosomal translocations in low grade B-cell lymphomas unable to die
by apoptosis thus linking its activity to tumor growth (Tsujimoto et al. 1985). To date, Bcl-2 is
member of

a

involved in

apoptosis acting either by inhibiting

family of 30 homologous proteins which

2001). Proteins

are

divided in three groups:

or

are

a

critical regulators of pathways

by activating cell death (Adams and Cory

1) survival proteins such

as

Bcl-2, Bcl-XL, Bcl-w,

Mcl-1, Al/Bfl-1, NR-13, Diva and Bcl-B; 2) pro-apoptotic proteins 'Bax-like death factors' such
as

Bax, Bak, Bok/Mtd, Bcl-Xs, and another pro-apoptotic group called'BH3-only death

factors'including Bik/Nbk, Blk, Blk/DP5, BNIP3, BimL/Bod, Bad, Bid, Noxa, Puma/Bdc3 and
Bmf

(cf. figure 1.8). The last member of the pro-apoptotic family identified has been Bcl-Rambo.

This

protein contains all four BH domains and

Terminal domain.

(Kataoka

et al.

This

a

250-amino-acid insert before the hyrophobic C-

protein localizes to the mitochondria and triggers cytochrome

c

release

2001).
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Viruses such
also contain

as

a

Adenovirus, Epstein-Barr, African Swine, Herpes and Hepatitis viruses also

Bcl-2-like survival

proteins (E1B-19K, BHRF, LMW5-HL and v-Bcl-2-KSHV

respectively) to

ensure

contain Bax-like

pro-apoptotic proteins to kill infected cells (Adams and Cory 2001).

survival of cells during the

1.4.4.2. Bcl-2 survival
1.4.4.2.1.
of

progeny

formation. However, they do not

proteins

Anti-apoptotic Bcl-2-like proteins

as

membrane-bound

scavengers

pro-apoptotic proteins

Sequence comparaisons of the Bcl-2 family members have revealed three to four conserved
domains called Bcl-2
for their

Homology domains (BH): BH1, BH2, BH3 and BH4 which

anti-apoptotic functions. BH1-BH3 domains form

a

hydrophobic

are

all required

groove

and the N-

Terminal BH4 domain stabilizes this conformational structure that is necessary

apoptotic function (Borner 2003). The hydrophobic
interacts with the BH3 domain

groove

containing BH1-BH3 domains

(amphipathic helix) contained in the pro-apoptotic proteins

making both hydrophobic and electrostatic contacts. Many proteins contain
to

interact with Bcl-2-survival

interaction with
are not

like

for the anti-

proteins but the regulation in mammals is

a

BH3 domain able

more

complex and

pro-apoptotic proteins is not sufficient to enhance apoptosis. All BH3-domains

available for

binding all the time especially because BH3-death factors proteins and Bax-

proteins need to be modified by post-translational modification and/or conformational

change. Morever the interactions between
intracellular

pro

and anti-apoptotic proteins also depends

compartimentalization of the components.

Other cellular proteins

on

can

the
also

additionally regulate the interaction between the BH3 domain of pro-apoptotic protein and the

hydrophobic

groove

of survival proteins. In particular, cellular proteins such

as

R-Ras, raf-1.
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calcineurin, BAG-1, p53 binding protein
thus

p53BP-2 interact with Bcl-2-like survival factors and

regulate their action (Reed 1998).

Thus, Bcl-2-like survival factors
nuclear

or

ER) and act

as

are

mainly targetted to membranes (including mitochondria,

membrane-bound scavengers for BII3-pro-apoptotic proteins.

However, anti-apoptotic Bcl-2-like proteins can be localized in the cytoplasm if they lack their CTerminal tail with reduced

activity.
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Figure 1.8. Classification of the Bcl-2 family.:
domain in the

pro-apoptotic members is

domains of the survival factors
the structural
membrane

.

a5la6

a

a:

a-helix; BH: Bcl-2 homology domain. The BH3

ligand for the hydrophobic pocket formed by the BH1/BH3

overlap with the BH1 domain and

are pore

forming units based

homology with bacterial toxins. The C-terminal membrane anchor is

a

on

hydrophobic, single

spanning that tail-anchors the proteins in intracellular membranes.
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1.4.4.2.2. Bcl-2-like
In addition

proteins

their association with

to

XL

aie

suggesting

a

channels-forming proteins

pro-apoptotic proteins,

BcI-2 and Bcl-XL have been found to have
toxins thus

as

a

structural

some

anti-apoptotic proteins such

as

homology with bacterial pore-forming

function of protein-conducting channels. Moreover when Bcl-2 and Bcl-

oveiexpressed, they exhibit ion channels activities when incorporated into liposomes

or

phospholipid bilayers (Schendel et al. 1998). However obvious detection of these Bcl-2-like
survival factors

as

membrane pore

proteins in vivo is still lacking.

*

1.4.4.2.3. Bcl-2-like survival
Bcl-2 has also been described

as an

peroxidation (Borner 2003). Bcl-2
into

proteins

anti-oxidant
can

directly

as scavengers

of oxygen radicals

protein especially by preventing lipid
scavenge

free

oxygen

radicals and by insertion

lipid membranes protect them from peroxidation.

1.4.4.2.4. Bcl-2-like survival
Besides the survival function described

become

proteins

as

'lamb-coat'

above, Bcl-2-like anti-apoptotic proteins can also

pro-apoptotic proteins after proteolytic removal of their BH4 domain located in C-

Terminal.

1.4.4.3. Bax-like death factors
In mammals, a group

Bax

as

pro-apoptotic proteins have been described.

(Bcl-2-associated protein X) is the first protein found associated with Bcl-2 and able to

suppress
The

of proteins that act only

its survival activity (Oltvai et al. 1993).

pro-apoptotic members of the family

can

be subdivided in two

groups:

the multidomain

proteins including Bax, Bak, Bok and Bcl-Xs contain three BH domains. BH1-BH3. They lack
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the BH4 domain but other
the

regions in Bax

are

required for their pro-apoptotic functions especially

flexibity of BH3 domain and also the

Terminus

common

hydrophobic membrane-anchoring C-

(Adams and Cory 1998). The second group, the'BH3 domain only' proteins, includes

Bid, Bim, Bik, Bad, Blk, Hrk, Nix, Bnip3, Noxa and PUMA
contain

a

BH3 domain but

some

members also contain

It has also been demonstrated that
Bcl-XL

et al.

were

able to inhibit Bax

a

(cf figure 1.8). These proteins only

C-Terminal

hydrophobic domain.

overexpression of anti-apoptotic proteins such

activity. A"rheostat" model

was

as

Bcl-2

or

therefore proposed (Korsmeyer

1993) in which the relative concentrations of the pro- and anti-apoptotic members would

determined if

a

cell entered into

translational level,

apoptosis. However, the model is not

so

simple,

post-translational modifications and conformational changes

as

regulation at

may

also regulate

complex formation between the various proteins.

1.4.4.3.1.

Up

or

Regulation of protein expression

downregulation of protein expression

and also after

appears to

play

an

important role in

some

cell types

apoptotic stimulation. For example, Bax (Miyashita and Reed 1995), PUMA

(Nakano and Vousden 2001) and Noxa (Oda et al. 2000) pro-apoptotic proteins are under p53
control. In
its target

a

large proportion of tumors, p53 is inactivated thus its absence of regulation towards

pro-apoptotic

genes

might contribute to the death resistance of the tumors cells. For

example, low bax levels in tumors have been correlated with

poor

prognosis in patients (Ito et al.

1999).

1.4.4.3.2. Conformational
In normal cells, Bax is found

change

predominantly localized in the cytosol

as monomer

(Antonsson

2001). It has become widely accepted that Bax translocates from the cytosol to the mitochondria
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after

apoptotic stimulation to increase the permeability of the outer membrane (Antonsson 2001).

Activation and translocation of Bax has been shown to be

changes and Bax is found inserted into the outer membrane

cytochrome

c

accompanied by conformational
as

large oligomers able to release

either in liposomes system (Saito et al. 2000)

or

in isolated mitochondria

(Degenhardt et al. 2002).
Bax, like Bcl-2 and Bcl-XL show structural similarity to bacterial toxins especially in the

regions which mediate

pore

formation suggesting that these proteins

possess

channel-forming

activity (Suzuki et al. 2000).
Thus, it is

now

execute their

debate.

well accepted that conformational changes of Bax-like proteins are required to

pro-apoptotic function at the mitochondria but molecular mechanisms

Do Bax-like

proteins act through Bax channels

Several models have been

proposed. Bax

can

or

(VDAC)

or

of the mitochondrial

form channels by itself; Bax induces 'lipid holes'

1.4.5. TNF

pore

triggers'opening

(PTP) (Borner 2003) (Antonsson 2001).

Receptor

1.4.5.1. Members of the TNF
TNFR

voltage-dependent anion

the adenine nucleotide translocator (ANT) and finally Bax

permeability transition

still under

associate with pre-existing channels?

in the mitochondrial membrane; Bax forms chimeric channels with the
channel

are

family is

a

broad

group

receptor superfamily

of related proteins that have

a

characteristic cysteine-rich

pseudorepeat (40 amino acids) in their extracellular regions (cf. figure 1.9) (Beutler and
Huffel

van

1994). Among the members of the TNFR family are the TNF-R1 and TNF-R2, TNF-RP

(TNFR related protein), the low-affinity nerve growth factor (NGF) receptor, the Fas antigen,
CD40, CD27, CD30, 4-1BB, OX40, DR3, DR4, DR5, and HVEM

(Herpes virus

entry mediator).
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The

family of ligands for these receptors is composed of TNFa (TNF), LTa, (LT),

factor (NGF), Fas
AP03

the TNF

growth

ligand, CD40 ligand, CD27 ligand, CD30 ligand, 4-IBB ligand, OX40 ligand,

ligand, TRAIL and LIGHT. TNF, LT and TRAIL

the receptors,

nerve

are

each capable of binding to two of

the TNF-R1 and TNF-R2 for TNF and LT and DR4 and DR5 for TRAIL. All of

ligand family members

believed to be trimeric proteins, and all exert their effects by

are

causing receptor trimerization at the cell surface.
The

cytoplasmic domains of TNFR superfamily members

known

are

relatively short and contain

catalytic motifs. The downstream signalling components

superfamily members and
homodimers

significant

or

use

different proteins such

heterodimers among

sequence

homology

as

are

no

distinct between TNFR

TRAFs proteins that

can act

either

as

the six members of the TRAFs family. Although they lack

among

themselves, death domains of TNF-R1, DR4 and DR5

present some similarities.
Here,

we

will focus

on

the TNF-R1 and TNF-R2 and their ligands TNF and LT for a better

understanding of objectives and results described in this present work.

1.4.5.2. TNF and LT
Tumor Necrosis Factor

and to

a

lower extent

found either

as a

released after

(TNF) is

by

26-kDa

many

a

cytokine largely produced by macrophages and monocytes

others cell types including T, B cells and fibroblasts. TNF is

integral transmembrane

proteolytic cleavage.

precursor

Mature TNF is

a

protein

soluble

or

or a

soluble 17-kDa form

membrane-bound trimeric

protein.
TNF is

largely known to exert growth modulatory and differentiation activities

different target

cells. TNF (initially called cachectin) is

a

on many

proinflammatory protein that plays

a

key role in both inflammatory and infectious diseases [Beutler, 1985 #416] [Beutler, 1986 #418]
104

[Cerami, 1988 #419], TNF is also involved in

a

network of cytokines and chemokines that

stimulate the recruitment of immune cells in localized TNF responses.

Lymphotoxin exists in two forms,
and

one

a-chain that is

a

a

membrane-bound heterotrimer comprised of two

ligand for the LT|3R, and

a

(3-chains

soluble homotrimer (LTa3) that is

a

ligand

for both TNF-R1 and TNF-R2.
LT is known to contribute to the formation of
Interactions of membrane-bound LT with the
formation of
al.

organized peripheral lymphoid tissues.
LT|3R during embryogenesis

are

essential for the

Peyer's patches (PP) and lymph nodes (LN) (De Togni et al. 1994) (Alimzhanov et

1997) (Futterer

et al.

1998). LT

may

lymphoid structures. These structures

are

also contribute to the formation of organized tertiary

induced at sites of inflammation and have

a

cellular

composition and architecture ressembling secondary lymphoid structures (Kratz et al. 1996).
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Figure 1.10. Signalling by TNF receptors

1.4.5.3.
Both TNF-Rs
but TNF-R1 is

of

Biological activities of TNF-R1, TNF-R2
are

type I transmembrane glycoproteins present on almost all nucleated cell types

more

ubiquitous and TNF-R2 is often

more

abundant

on

endothelial cells and cells

hematopoietic lineage (Hohmann et al. 1990). The two distinct types of TNF-Rs

are

TNF-R1

(also called TNF-R55, TNFR[3, p55 or CD120a) and TNF-R2 (TNF-R75, TNFRa, p75
CD 120b) with molecular
Both receptors can

of 60 and 80 kDa respectively.

bind to TNF with high affinity, but it has been proposed that the 17 kDa

soluble TNF binds with
with

masses

or

high affinity to TNF-R1 and the 26 kDa membrane-bound TNF interacts

high affinity with TNF-R2 [Grell, 1998 #413] [Grell, 1995 #414],

It has been

of TNF.

A

largely accepted that TNF-R1 is responsible for the majority of biological activities
"ligand passing model" has been proposed to explain the role of TNF-R2 in

mediating the TNF
R2 may

response

[Tartaglia, 1993 #183]. The rapid rate of dissociation of the TNF-

facilitate the interaction of TNF with TNF-R1 suggesting

TNF to TNF-R1.

In this process

a

role of TNF-R2 in passing

the ratio between the numbers of TNF-R2 and TNF-R1 is

important.
Interaction between TNF and TNF-R1 leads to different functions such

as

apoptosis,

cytotoxicity, fibroblast proliferation, increase the synthesis of prostaglandin E2
clamydiae. These various

responses can

or

resistance to

be explained by the recruitment of different adapter

proteins to the cytoplasmic domains of the receptor that will activate specific downstream targets.
In contrast, interaction between TNF and TNF-R2 is involved in the
the induction of GM-CSF

proliferation of thymocytes,

secretion, the inhibition of early hematopoiesis, the TNF-dependent

proliferation of blood mononuclear cells and the downregulating activated T cells by inducing

apoptosis. Despite the lack of intracellular death domains, TNF-R2

can

still indirectly induce

apoptosis by downregulating anti-apoptotic proteins Bcl-XL and/or Bcl-2 [Lin. 1997 #426],
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1.4.5.4.

Signalling by TNF-R1 and TNF-R2

TNF trimerizes TNF-R1 upon

death domains
TRADD

binding thus inducing association of the intracytoplasmic receptor

(cf.figure 1.10). The associated death domains recruit

(TNF-R-associated death domain) that

with TNF-Rs. TRADD functions

to

uses

recruit several

its

own

a

platform protein termed

death domain to specifically interact

signalling molecules to the activated receptor

including TNFR-associated-factor, TRAF2 and the Receptor-Interacting Protein (RIP) that
together stimulate pathways leading to activation of NF-xB and JNK/AP1.
TRAF2 and RIP activate

activates the IKK
IxB

a

downstream target,

xB-Inducing kinase (NIK) which in turns

NF-

complex that specifically phosphorylates the inhibitor IxB protein leading to

degradation and allowing NF-xB to

and RIP also activates the JNK

move to

the nucleus to activate transcription. TRAF2

pathway that involves

a

cascade of kinases that include the

mitogen-activated protein (MAP) kinases MEKK1 (MAP/Erk kinase kinase-1), JNKK (JNK
kinase) and JNK. Genetic studies have revealed that TRAF2
activation but

play

a

absent in RIP-/-cells.

lymphoid
can

play

organ

an

Double knock out TRAF-2/RIP cells have revealed

development suggesting that they
as

may

a

profound defects in

have other functions. However, TRAF-2

can

also interact with TRADD but

8 thereby initiating apoptosis via the

experiments have revealed that cells from FADD -/- mice
suggesting that FADD plays

TNF is

complex (Rothe et al. 1995).

protein, FADD (Fas-associated protein)

mediates activation of caspase

response to

TRAF-2 interacts with cIAPl and C-IAP2 and also interacts

with TNF-R2 to stimulate NFcxB via NIK and IKK

can

be essential for NF-xB

critical role in JNK. In contrast, NF-xB activation in

anti-apoptotic role

An additional

may not

critical role in this

also interact with TNFR1. This

are

response.

protein contains

a

caspase

cascade. Genetic

resistant to TNF-induced apoptosis

Another adapter protein called RAID

death domain that interacts with the death
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domain of RIP and

through

a

CARD (Caspase Recruitment Domain) motif to caspase-2 thus also

inducing apoptosis. Another protein, SODD (Silencer of Death Domain) has recently been
described to interact with the death domain of TNFR-1.
that could inhibit the

SODD is

a

negative regulatory protein

aggregation of the receptor thus maintaining TNF-R1 in

After trimerization of TNF-R1, SODD is released from the death domain that
TRAF2 and RIP (Liu et al.

1996).

an

inactive form.

can

recruit FADD,

Re-association of SODD with TNF-R1 re-establishes the

inactive state of TNF-R1.

Apoptosis in disease
Apoptosis has been implicated in

a

wide variety of diseases. Increased apoptosis has been

associated with acute ischemic diseases such
diseases

as

stroke, cardiomyopathy and neurodegeneratives

including Multiple Sclerosis (MS), Alzheimer's disease, Parkinson's disease.

Deregulated apoptosis is also implicated in AIDS, diabetes, arteriosclerosis, hepatitis

infertility. In contrast, decreased apoptosis has been observed in

cancer

or

and also in autoimmune

disorders.

Thus, many important questions remain to be elucidated especially at the molecular level. It is

important to define
that

among

specifically activates

better

all various
a

pro or

anti-apoptotic proteins if there is

transduction pathway leading to

a

a

specific stimuli

specific apoptotic pathway? A

understanding of the regulation of apoptosis would allow to specifically target pathways

involved in diseases and thus

avoiding undesired side effects.
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Aims of the

One

important and

activation of the

apoptosis,

may

common

project

characteristic found in Hodgkin's disease is the constitutive

transcription factor NF-xB.

This deregulated NF-xB activity prevents

trigger proliferation of HD cells and is considered to be the molecular basis

for the aberrant

characteristics of

cytokine

gene

expression responsible for clinical and histological

Hodgkin's disease.

To understand the role of NF-xB, it is decided to

investigate the origin of high IxBa turnover

present in those cells by studying the activities of kinases implicated in the NF-xB
transduction
than

can

pathway, located upstream IxBa. Furthermore, HD cells secrete

activate NF-xB, thus it was

autocrine

important to determine if

loop to activate NF-xB, giving

a

one or more

many

cytokines

factors acted in

growth advantage for those cells in

an

an

sustained

inflammatory environment.
To know if NF- xB is

inhibit NF-xB

was

was

decided to

activity by overexpression of functional IxBa and to analyse apoptotic effects

in those tumor cells.

were

required for the survival of Reed & Sternberg cells, it

visualized

determined

Accompanying changes in expression of

pro-

and anti-apoptotic proteins

by Western blot analysis and the transcriptional activity of their promoters
by reporter

assays

in vitro.

Ill

2. Materials & Methods

2.1. Materials

[y32P] ATP

was

purchased from Amersham. Mini EDTA-free protease inhibitor tablets

obtained from Roche.

Adriamycin (ADM)

was

purchased from Sigma.

trisphosphate (ATP) and inorganic pyrophosphate (IPP)
recombinant TNFa

lymphotoxin (LT)
10

ng/ml.

was

was

were

All primers for cDNA cloning

were

Adenosine

purchased from Sigma. Human

obtained from the MRC AIDS Directed

purchased from R&D Systems and

were

was

Programme. Recombinant

used at final concentration of

purchased from Oswel DNA Service

(University of Southampton).

2.2. Antibodies

The monoclonal

was

used at 10

antibody against TNF

gift from Manuel Fresno (UAM, Spain) and

pg/ml to inhibit 10 ng/ml of recombinant TNFa, the neutralising polyclonal

antibody against LT
monoclonal

a was a

was

obtained from Sigma Chemicals and used at 10 pg/ml, the

antibody against IxBa (10B) recognising the N-Terminal of the protein

previously reported and

was

used at 2 pg/ml for Western Blotting detection, the rabbit

polyclonal antibody (C-21) raised against purified human recombinant IxBa
from Santa Cruz,

Biotechnology and

C terminal IKK1

antibody

amino acids of IKK1

residue to

was

was

was

was

obtained

used at 1:2000 dilution in western blotting, the anti-

generated against

a

peptide corresponding to the C-terminal 12

(SMMNLDWSWLTE) and coupled through

Keyhole Limpet Hemocyanin (KLH). Sheep

were

by the Scottish Antibody Production Unit (SAPU).

an

additional cysteine

immunised and
This

serum

serum
was

collected
used for
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immunoprecipitations in kinase
monoclonal

assays,

the HA-tagged proteins

were

detected using the

antibody 12CA5 that specifically recognises the 9 amino acid peptide

(YPYDVPDYA) from the Haemaglutinin protein (HA) of Influenza Virus. This antibody was
obtained from Babco and used at 1:5000 dilution in Western

Blotting, the monoclonal

antibody DO-1 [Vojtesek, 1995 #205] recognises N-Terminus of human p53 protein and
used at 1:1000 dilution in Western

Blotting.

This antibody

was a

gift from D.P.Lane

(University of Dundee), the SV5 Pk Tag, 336 monoclonal antibody, recognises
acid

epitope (GKPIPNPLLGLDST) of the protein P of Simian virus 5 (SV5),

R.E. Randall

SV5

14 amino

a

was a

gift from

(University of St. Andrews) and used for detection of proteins containing the

epitope tag by Western blotting (1:2000)

or

by immunoprecipitation [Hanke, 1992

#202], the monoclonal antibody (3-actin was purchased from Sigmal Chemicals and
at

was

1:3000 dilution in Western

was

used

Blotting, the monoclonal antibody Bcl-2 (Ab-2) recognises

amino acids 20-34 of Bcl-2, was obtained from Calbiochem and used at 1:100 dilution in
Western

Blotting, the polyclonal antibody Bcl-XL/S recognises N-Terminal 46-66 peptide

which is

commun to

the

anti-apoptotic Bcl-XL protein (25-29 kDa) and the pro-apoptotic

protein Bcl-Xs (17 kDa) and
1:1000 dilution in Western

was

purchased from Pharmingen. This antibody

Blotting, the polyclonal antibody Bax (Ab-1) recognises

corresponding to amino acids 150-165 of the human protein. This antibody
from Calbiochem

was

Bad

synthetic peptide corresponding to residues 19-35 of

recognises

antibody
For

was

a

was

used at 1:100 dilution in Western

was

a

used at

peptide

purchased

Blotting, the monoclonal antibody
mouse

Bad. This

purchased from Calbiochem and used at 1:1000 dilution in Western Blotting.

analysis by flow cytometry of TNF-R1 and TNF-R2, all mAb labelled with PE

were

produced by R&D Company. Anti-TNF-Rl-PE (FAB225P), anti-TNF-R2-PE (FAB226P)
and their

to

respective isotype RecI-PE (IC002P) and RecII-PE (IC003-PE)

were

used according

the manufacturer's recommendations.
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2.3. Bacterial Strains

For DNA

preparation E.ColiT)W5a (genotype: <t>80dlacZAM15,

thi-1, fer/ R17 (rk-,
were

grown

in LB

mk+),
or

5_p

rec

Al, end Al,

E44, re/ Al, r/eoR, A(/acZYA-argF)_169)

streaked

on

LB-agar plates containing 1,5%

agar

gyr

A96,

used. Bacteria

was

with

or

without 100

pg/ml antibiotics.

2.4. Plasmids and

expression vectors

2.4.1. Plasmids

The NF-

xB-dependent luciferase reporter vectors 3EnhConALuc and ConALuc

previously reported [Arenzana-Seisdedos, 1993 #200] and

were a

were

gift from F.Arepzana-

Seisdedos (Pasteur Institute).
The mammalian

expression vector pcDNA3

was

purchased from Invitrogen Corporation.

pcDNA3/IxBaWT and pcDNA3/IxBaSR vectors

were

described previously [Kroll, 1997

#372], The pcDNA3 containing the cDNA of NIK and NIK KK429/430AA
from D. Wallach, Weizmann Institute, Israel.
and transdominant

were a

kind gift

The pcDNA3 encoding for IKK1, IKK2 WT

negative forms of IKK1 K44A and IKK2 K44A

were a

kind gift from

Pfizer Central Research.
The

pCA14 vector encoding the two

recombination

an

HA

was

sequences

used to clone the cDNA

of adenoviruses required for homologous

encoding IxBaWT, AS, SR and RelA tagged with

epitope.
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The

pSVOAL vector contains the Hindlll/BamHI cDNA fragment of luciferase cloned

between

Hindlll/Bglll cloning sites in the pSVOAL vector. This plasmid has no eukaryotic

promoter.
The Bcl-2 P2 promoter

then taken out from

(-370/-1 bp)

was

Bluescript with Sacl-Hindlll into the pGL2 luc expression vector from

Promega. The plasmid pGL3-Bcl-2P2
subcloned

was a

gift from Dr N.Israel (Pasteur Institute) and

was

by C.V.Paya (Mayo Clinic, USA).

The human Bax promoter

luciferase reporter gene

(-437/-78 bp)

and

2.4.2. DNA and RNA

All DNA

generated by PCR and cloned in Bluescript and

was a

was

subcloned in pGL3 basic upstream the

kind gift of Dr J.F.Bourdon (University of Dundee).

preparation

preparations (small and large scale)

were

purified with Qiagen kits (minipreps,

maxipreps) in accordance with manufacturers instructions. DNA fragments from RT-PCR and
PCR

were

purified by gel extraction (Qiagen) and DNA cloning

restriction enzymes

obtained from New England Biolabs (NEB)

Polymerase used for PCR (Polymerase Chain Reaction)
tube RT-PCR

System' from Boehringer-Mannheim

PCR

amplification. DNA concentration

DNA

was

also

was

agarose

or

performed using DNA

Promega. Vent DNA

obtained from NEB 'Titan™

used for

reverse

one

transcription and

estimated by spectrophotometry. Quality of

<2. Quality of DNA

was

also

gel (0.8-2%) containing Ethidium Bromide

was

nm

by UV light (Sambrook, 1989). mRNA from Hodgkin cells purified using oligotex

direct mRNA mini kit

DNA

was

was

analysed by measuring the ratio 260 nm/280

analysed by electrophoresis. DNA in
visualised

was

(Qiagen) in accordance with the manufacturer's instructions. Genomic

gDNA) from Hodgkin cells

was

prepared using QiaAmp 96 DNA Blood kit (Qiagen).
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2.4.3. cDNA

2.4.3.1.

E.Coli DH5

extract,

at

cloning
Preparation of electrocompetent E.Coli DH5a

a were

streaked from

a

glycerol stock

on

LB (lOg bacto-tryptone, 5g yeast

lOg (0.2M NaCl), pH 7.0 in 1 litre) plate containing 1.5%

37°C. Next

day, colonies

and then used the next

hours until

were

picked and each

were grown

were

chilled

on

and

grown

overnight

in 10ml LB overnight at 37°C

day to inoculate 1 liter of LB. The culture

OD600 reached 0.5, then cells

agar

was grown at

37°C for 4-5

ice for 30 minutes, centrifuged at

6000g for 15 minutes at 4°C and resuspended in 1 liter of ice-cold, sterile ImM HEPES,
pH=7. Cells

were

then centrifuged at 6000^ for 15 minutes at 4°C and resuspended in 500ml

of ice-cold ImM HEPES,

pH=7. Cells

minutes and washed

in 20ml of ice-cold, sterile 10%

once

final volume of 3 ml of the
-70°C until

use.

The

same

cold

were

then collected by centrifugation at 6000g for 15
glycerol and then resuspended in

glycerol buffer. Cells

efficiency of the cells

was

were

a

then aliquoted and stored at

checked by transforming known amounts of

control DNA.

2.4.3.2. Transformation in

Electrocompetent cells

were

competent E. Coli DH5a

thawed and stored

ligation reactions and control plasmid DNA
for 10 min.

on

ice.

Cells

(Flowgen). The cells
0.025; T

=

5

ms.

37°C for 1 hour.

were

were

were

ice. Ten pi of plasmid DNA, DNA from
then mixed with 40pl competent bacteria

then transferred onto

a

4

mm

cuvette

for

electroporation

electroporated under the following conditions: V

After the shock, cells
Cells

on

were

=

2500; C

=

were

diluted in 1ml of LB and the cells incubated at

then harvested

by centrifugation at 12000g for 1 minute and

resuspended in 200 pi LB and plated onto LB plates containing 100 pg/ml ampicillin,
incubated at 37°C

overnight.
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2.4.3.3. Generation of recombinant

plasmids

pCA 14/1 xBaWT, PCA14/IxBaAS
Full

length I xBaWT

was

subcloned from pcDNA3/I

fragment encoding the IxBaWT
restriction enzymes

was

xBaWT into pCA14 vector. A

excised by double digestion with EcoRI and Hindlll

and incubated with the Klenow Enzyme (Promega) in the appropriate

buffer to obtain blunt ends of the insert. Then the IxBaWT DNA

into EcoRV sites of
obtain

pCA14 vector. The insert

was

fragment could be inserted

orientated by restriction digestion to

pCA14/IxBaWT and pCA14/IxBaAS.

pCA 14/1 xB a S32/36A (SRJ
Full

length IxBaSR

was

isolated from pcDNA3/I xBaSR vector by using double enzymatic

digestion with EcoRI and Hindlll restriction
as

described above and IxBaSR

fragment

enzymes.

was

Blund ends of the insert

were

obtained

inserted in EcoR V site of the pCA14 vector.

pCA 14/RelAHA tag
Haemaglutinin tagged RelA protein

was

generated by PCR amplification using pcDNA3

expression vector encoding for cDNA RelA
with

the

following

reagents:

gene as a

template. The PCR reaction

pcDNA3/RelA,

lOpM

primer

was set up

upstream

(5'-

CGCGGATCCATGGACGAACTGTTCCCCCTC-3') and lOpM primer downstream (5'CCCAAGCTTTTAAAGGGAAGCGTAGTCTGGAACATCCTGATCTGACTCAGCAG-

3'), bufferlX, 2 mM dNTP and 1 pi Vent Polymerase. Amplification steps were for 94°C

(3min), then 40 cycles of 94°C (lmin), 60°C (lmin), 72°C (Imin) and
The

product

was

re-amplified using the

in

was

analysed

on

1%

same

agarose

a

final 72°C (5min).

gel stained with ethidium bromide and

an

aliquot

primers and conditions to obtain enough material to subclone

pCA14. This expression vector

was

previously digested with BamHl/Hindlll restriction
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enzymes
also

for 3 hours at 37°C and DNA purified by gel extraction. PCR product RelAtag

digested with BamHI/Hindlll restriction

enzymes

for 3 hours at 37°C and also purified

by gel extraction. The ligation between pCA14 and RelAHAtag (ratio 1:5)
hours in

a

waterbath at 15°C

placed

on

the cold

room.

electropored into competent E.Coli DH5a. Colonies that

was set up

RelAHAtag fragment.

positive DNA that contains RelAHAtag.

was

in LB-Agar/ampicillin

were

grew up

Sequencing

PCA14/RelAHAtag

transient transfection in Cos7 cells to check its functional

for 18

After precipitation, DNA

amplified in small scale for extraction of DNA by mini-preps. DNA samples
with BamHI/Hindlll to isolate

was

was

was

were

digested

performed with 4

therefore tested by

transcriptional activity.

PS VOAL/prom.Bcl-XL WT

Genomic DNA from Hela cells

was

isolated

using the QIAamp Blood kit (Qiagen, CA,

USA) according to the manufacturer's conditions. Bcl-XL short promoter (-298/+22 bp) was

amplified

PCR

by

amplification

using

the

following

primers

CCC A AGCTTCTGCCTGCCTTTGCCTAA-3 '

CCCAAGCTTTTTTATAATAGGGATGGGCTC-3'.
inserted into the Hindlll

The

and

5'5'-

resulting DNA fragment

was

cloning site of the pSVOAL vector.

PSVOAL/prom.Bcl-XL, NF-xB mutated site
NF-xB site

was

amplified

mutated in the Bcl-XL promoter

by

PCR

using

described above. A small fragment

the

following

primers

CCC A AGCTTCTGCCTGCCTTTGCCTA A-3 '

TCCCTGGGCAGTAAACCCCGCCCCCAC-3'. A second large
PCR with the

following primers

:

was

and

fragment

was

5'5'-

amplified by

5'-CCCAAGCTTTTTTATAATAGGGATGGGCTC-3'

and 5'-GGGGCGGGGTTTACTGCCCAGGGAGTG-3'.

A Final PCR

amplification

was

118

obtained

using both fragments

as

templates and the following primers

CCC A AGCTTCTGCCTGCCTTTGCCTA A-3 '

CCCAAGCTTTTTTATAATAGGGATGGGCTC-3'.
mutated NF-xB site

was

then subcloned into Hindlll

and

the Bcl-XL promoter

5'-

:

5'-

containing

a

cloning site of the pSVOAL vector

upstream the reporter luciferase gene.

pcDNA3/p53 (L428)
Complementary DNA of coding p53
RNA from L428 cells

were

isolated

was

obtained from L428 Hodgkin cell line. Poly(A)

+

using the Oligotex Direct mRNA kit (Qiagen, CA, USA)

according to the instructions from manufacturer.

Reverse transcription reactions

were

performed with the M-MLV reverse-transcriptase RNase H minus (Promega, WI, USA) and
the downstream

primer. Product

was

then used

as

template in nested PCR analysis using

Vent-DNA-Polymerase (Titan-One tube Boerhinger-Mannheim) and the two primers
5'-GAGCCAGGGGGATCCAGGGCTCACTCC-3'
GTGAGCCCTGGATCCCCCTGGCTCCTT-3'

performed under the following conditions

:

Product

of interest

was

analysed

on

1%

agarose

upstream)

(primer downstream).

and

The reaction

5'was

initial melt at 94°C for 5 min followed by 40

cycles of 94°C (1 min), 68°C (2 min), 72°C (1 min) and
mins.

(primer

:

a

final extension of 72°C during 7

gel stained with ethidium bromide and the band

containing the cDNA encoding p53/L428

was

then subcloned into BamHI/EcoRI

cloning sites of pcDNA3 expression vector.

2.4.3.4. PCR
Genomic DNA

was

Amplification of genomic p53 fragment
purified from L428 HD cells by using the QIAamp Blood kit (Qiagen,

CA, USA) according to the manufacturer's conditions. The primers were choosen in DNA
exon

sequence to

amplify the region surrounding the deletion Amino Acids 112-122 found in
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L428/p53
reverse

The upstream primer 5'CTGGCCCCTGTCATCTTCTG-3' and the

sequence.

primer 5'GGGTGAAGAGGAATCCCAAAG-3' were mixed with gDNA in the

conditions

as

follows

0,01%gelatin), 5pl dNTPs 200mM, lpl forward primer 50mM,

HC1, pH=8,3, 15mM MgC12,

lpl

reverse

primer 50mM, 2pl Taq Polymerase (5Units/pl) plus HotStart Ab, H20.

cycling conditions

were as

on an

a

final extension at 68°C for 7 mins.

The PCR product was

8% acrylamide and bands revealed with ethidium bromide staining.

2.4.3.5. DNA

sequencing

Sequences of all inserts in recombinant plasmids
Sequencing

The

followed: initial melt at 94°C for 5 mins, then 40 cycles of 94°C

(lmin), 68°C (2 mins) and

separated

gDNA, 5pl geneAmp Buffer 10X (500mM KC1, lOOmM Tris-

100 ng

:

on an

are

verified by automated DNA

ABI PRISM™ by Alex Houston (University of St-Andrews, DNA

sequencing unit).

2.5. Protein

Protein concentrations
Protein

samples

were

were

determined

Quantification

using Bradford's method [Bradford, 1976 #409],

mixed with Bradford's reagent (Biorad) during 10 minutes at

temperature and the absorbance at 595nm measured on a spectrophotometer.
absorbance

was

converted to

measuring the absorbance of

mg/ml concentrations using

a range

of bovine

serum

a

standard

curve

room

Protein

constructed by

albumin (BSA) concentrations.
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2.6. SDS-PAGE and Western blot

Protein

samples

were

resuspended in disruption buffer (IX: 20mM Tris HC1 pH6.8, 2%

SDS, 5% (3-mercaptoethanol, 2.5% glycerol, 2.5% bromophenol
to

100°C for 5

concentration

was

choosen

was

used in accordance with the manufacturers instructions. Protein

weights of proteins resolved
difluoride membrane

(acrylamide

according to the size of the proteins to be separated). BioRad

weight markers (NEB)

blocked in

blue), denatured by heating

minutes, and separated on a SDS-polyacrylamide gel

mini-gel equipment
molecular

analysis

on

were

used

as

standards to determine the apparent molecular

SDS-polyacrylamide gels and transferred to

(Sigma) using

a wet

blotter (BioRad systems).

a

polyvinylidene

Membranes

were

blocking buffer (PBS containing 5% skimmed milk powder, 0.1% Tween 20) and

incubated with antibodies diluted in

rabbit, anti-mouse IgG

(Amersham)

blocking buffer. Horseradish peroxidase conjugated antiwere

used

as

secondary antibodies. Western blotting

was

performed using Enhanced Chemilumenscent (ECL) detection system.

2.7. Cell Culture

KM-H2, HDLM2, L428 and HDMyZ Hodgkin cell lines were obtained from the DSMZ cell
line collection
All

(Germany). L540 and L591

Hodgkin cell lines

foetal calf

serum

were

were

provided by Katrina Wood (Newcastle, UK).

maintained in exponential growth in RPMI 1640 containing 10%

(FCS) supplemented with 2mM Glutamine (Gibco).

CD4+T Jurkat cells and Daudi B cell lines

FCS, 2mM Glutamine.

were

also grown

Lymphoblastoi'd

in RPMI 1640 containing 5%

HeLa (Human cervical carcinoma) cells

were

maintained in

exponential growth in DMEM supplemented with 10%FCS, 2mM Glutamine. The HeLa 57A
cell line,

containing

an

integrated NF-xB dependent reporter

gene was

reported previously
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[Rodriguez, 1999 #464], The 293 spinner cells
MEM media without
Cos7

were

maintained in exponential growth in S-

MgCL2 (Flow/ICN) containing 10%FCS at 37°C.

(Monkey African Green Kidney cells containing the SV Large T Antigen) cells

maintained in

were

exponential growth in DMEM containing 10%FCS. Wild type p53 U20S

(osteosarcoma cells) and p53 null Saos-2 cell lines were grown in DMEM supplemented with
10% foetal calf

serum

(FCS). All cells

were

grown

in

a

humidified 5%C02 and 95% air

incubator at 37°C.

2.8. Transient transfections

2.8.1. Transfection of culture cells lines

Five million of

Hodgkin cells

were

washed

by DEAE-Dextran

once

in PBS and

once

in TS transfection buffer

(25 mM Tris/HCl, 137 mM NaCl, 5mM KC1, 0.7 mM CaC12, 0.5 mM MgC12, adjusted to

pH=7,4, Na2HP04, 0.6 mM 12H20 and adjusted again the pH=7,4). DEAE-Dextran 500000

(Sigma)
was

was

prepared at 20 mg/ml in water and

a

solution TS/DEAE-Dextran lmg/ml final

prepared containing 12.5pg of DNA encoding the 3-EnhConA-luc reporter and different

combinations of inactive forms of NIK, IKK1 and IKK2. Cells

during 20 minutes at
cells

were

room temperature

2.8.1.1.

were

lysed to

measure

resuspended in the mix

and washed in RPMI 5% FCS. After centrifugation,

resuspended in RPMI 5%FCS at

transfection, cells

were

a

concentration of 5.10s cells/ml. 24 hours post-

luciferase activity.

Transcriptional activity of Bcl-2 and Bax promoters in all HD cells

Ten million of HD cells

were

transiently co-transfected by DEAE-Dextran method

(described above) with 9pg 3Enh-ConAluc reporter plasmid, prom-Bax-luc
2-luc and

lpg pcDNA3 empty control vector

or

or prom

P2-Bcl-

lpg pcDNA3/IxBaSR plasmid. 24 hours
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post-transfection, cells
were

were

also evaluated and values

2.8.1.2.

described

or

were

previously) with 10

mutated

expressed

as

expressed

as

RLU/pg protein.

Transcriptional activity of Bcl-XL promoter in all HD cells

Ten million of HD cells

WT

harvested and luciferase activity measured. Quantity of proteins

site).

transiently transfected by DEAE-Dextran method (as
pg

pSVOAL control plasmid, pSVOAL/promBcl-XL (NF-xB

24 hours after transfection, luciferase activity was measured and

fold induction.

2.8.2. Transfection of culture cells
Five million of

HDMyZ cells

were

by electroporation

transfected by electroporation (Equibio) with 12.5

pg

of

plasmid DNA encoding the 3-EnhConAluc reporter and different combinations of inactive
forms of NIK, IKK1 and IKK2. After transfection, cells were
and maintained in culture

during 24 hours

as

resuspended in RPMI10% FCS

described previously (Arenzana-Seisdedos

et al.

1997).

2.8.2.1.

Transcriptional activity of p53/L428 in L428 HD cells

Ten million of L428 HD cells
with

were

resuspended in 500 pi RPMI 10%FCS and electroporated

lOpg pcDNA3/L428-p53 and 5pg luciferase reporter vector pGL3-luc, under the

following conditions: 240 Volts, 1500 pF. Cells
at a concentration of

were

then washed in media and resuspended

5.105 cells/ml in RPMI 10%FCS. 24 hours post-transfection, cells

harvested and luciferase

activity measured and expressed

as

were

fold induction compared with

empty pcDNA3 vector.
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2.8.3. Transfection of culture cells

To

measure

the

by lipofectamine™

5 Saos-2

transcriptional activity of p53/L428 in Saos and U20S cells, 3.10

cells and U20S cells

transfection. The

were

in DMEM 10%FCS in 6 well plates 24 hours before the

grown

day after, the cells

transfected by the lipofectamine method in

were

a

mix

containing Optimem Media, lipofectamine™ and DNA plasmids: lpg of pG13-luc reporter
plasmid with

a range

of 1, 5 or 10 ng
cells

were

grown

for luciferase

of 1, 5

10

or

ng

of p53/L428 expression plasmid compared with

a range

of p53 wild type control expression vector. After 14 hours of transfection,
in DMEM 10%FCS for 24 hours. Then, cells

activity. Values

were

independent experiments which

reported

were

as

harvested and processed

were

fold activation and

were

the

average

of three

compared with the control empty pcDNA3 vector.

2.9. Luciferase assays
Twenty four hours after transfection, Hodgkin cells
with the luciferase assay

washed twice in PBS and lysed

lysis buffer (25mM Tris phosphate pH8, 8mM MgC12, ImM DTT,

1% Triton X-100 and 15%

1997).

were

glycerol)

as

described previously (Arenzana-Seisdedos et al.

Luciferase activity was measured using the luciferase substrate

ImM ATP, 1% BSA

diluted in lysis buffer).

Berthold luminometer.

Values

three

were

independent values

For the NF-xB reporter

are

as

was

fold activation and

were

determined using
the

average

a

of the

compared to the control empty pcDNA3 vector.

57A cell line, cells

Forty eight hours later, these cells
from HD cell lines for 18 hours.
induction

reported

Luciferase activity

(25mM luciferin,

were

were grown to a

concentration of 3.105 cells/well.

incubated with conditioned

Luciferase

activity

was

or

treated supernatants

measured and reported

as

fold of

compared to media control.
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2.10. Infections

2.10.1. Transfection of HEK293 ceils for

production of infectious

recombinant Adenoviruses

HEK293 cells

were

grown at

transfected with the PJM17
the linearized

25% confluence. Forty eight hours after, cells

plasmid encoding adenovirus

pCA14/IxBaSR

or

pCA14/LacZ plasmids. Cells

using the lipofectamine method (Gibco) in
and

lipofectamine™ according

cells

were

genome

a

were co-

[McGrory, 1988 #411] and

were

transfected for 14 hours

mix containing Optimem Media, DNA plasmids

to the conditions provided by the manufacturer. The day after,

incubated in DMEM2%FCS for 4-5

days until viral production

centrifuged and resuspended in DMEM. Adenoviruses

2.10.2. Detection of infectious adenoviral

were

appears.

Cells

were

then amplified in HEK293 cells.

particles in transfected 293 cells

by immuno-staining of late proteins (DBP)
Three, four and five days after the co-transfection of HEK 293 cells
were

harvested to reveal

by immunostaining infectious adenoviral particles. Transfected cells

with either

pCA14/LacZ.

fixed with

paraformaldehyde 4% for 10 minutes at

or

pCA14/RelAHAtag

were

harvested, washed

room temperature.

times in PBS for 10 minutes and then incubated with 0,1M

permeabilization of the cells.

were

then incubated for

antibody diluted in PBS/BSA0,2% (1:1000) at
were

incubated for

a

once

Cells

in PBS1X and
were

washed 3

Glycine for 10 minutes to allow

After 3 washes with PBS, cells

PBS/BSA0,2% for 10 minutes. Cells

PBS/BSA0,2%, cells

(described above), cells

one

were

incubated with

hour with monoclonal DBP

room temperature.

After 3 washes in

additionnal hour with the secondary monoclonal
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HRP

antibody diluted at 1:500. After 3 washes with PBS/BSA0,2%, cells

with HRP substrate until

a

hours at 37°C and then

was

diluted in 50pi DMEM and incubated with 5pl RNAse A for 2

5pl Proteinase K (20mg/ml)

incubated at 50°C for 2 hours.

phase

After

were

added and the mix samples

were

phenol/chloroform extraction, DNA contained in the

precipitated with 2.5 volumes of absolute Ethanol, 0.3M NaAc pH5.2 and

was

lpl glycogen for 30 minutes, at -70°C. DNA pellet

resuspended in water. Five pi DNA samples
Vent

by PCR into Recombinant

Plaque

Single adenovirus plaque

aqueous

incubated

brown coloration appears.

2.10.3. Detection of N-Terminal Ikba gene

Adenovirus

were

were

were

washed with 70% ethanol, dried and

made

up

with primers, dNTPs mix and

Polymerase to specifically amplify by PCR the N-Terminal IxB a fragment.

The

following primers have been used.for the amplification of N-Terminal IxBaWT and IxBaSR
fragments

:

5'-CCAAAATGTCGTAACAACCTC-3' (primer upstream choosen from CMV

promoter) and 5'-CATGGTAACCTGCAGGTTGTTCTGGAAGTT-3' (primer dowstream
choosen from N-Terminal IxBaWT

pCA14/IxBaAS, the primers

sequence). To amplify

were

in

C-Terminal

sequence

5'-

upstream) and the primer dowstream

was

of

5'-

sequence

TACGGATCCTCTACACTTAGCCTCTATCCA-3'.
in

a

1.5% agarose

constructed

:

specific fragment expressed in

choosen in the CMV promoter

CCAAAATGTCGTAACAACCTC-3' (Primer
choosen

a

About 200

IxB

bp fragment

a

was

separated

gel and visualized under UV light for each of the three different viruses

Ad5/IxBaWT, IxBaAS and IxBaSR.
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2.10.4. Growth and

purification of recombinant Adenoviruses

Both viruses Ad5/I xBa and Ad5/LacZ

were

by freeze/thaw cycles. Budding adenoviruses

were

on

HEK293 cells. Cells

were

lysed

removed from cytoplasmic membranes by

buffer containing ARCTON (50%) during 15 minutes.

vigorous shaking in

a

centrifugation at 4000

rpm

chloride (CsCl) step

amplified

for 15 mins. at 4°C, free viruses

were

then purified

on a

After

Caesium

gradient that contained of 3M CsCl and 2M CsCl prepared in TNE buffer

(lOmM Trizma base, lOOmM NaCl, ImM EDTA) and sterilized by filtration (0.2pm filters).
14 ml Beckman tubes

were

pre-cleaned with 70%Ethanol and then

a

CsCl step gradient

was

gently prepared using 3 ml CsCl and 2ml CsCl. The solution containing the virus

was

gently to avoid the mixing of the 3 phases. After ultracentrifugation at 40000

20°C for 2

hours in

a

Beckman SW41 rotor, the virus blue band appears

About 1ml of

virus

was

purified virus

was

extracted with

a

rpm,

added

between 3M and 2M CsCl.

needle through the plastic tube. Purified

dialyzed against DMEM media overnight at 4°C. Finally, CsCl-free viruses

were

aliquoted and stored at -70°C.

2.10.5. Determination of virus-titre

Recombinant adenovirus

HEK293 cells
HEK293 cells

were

were

adenoviuses for

one

infectivity

grown

in 60

infected with

was

mm

by plaque

assays

determined by plaque

assay

[Williams, 1970 #206].

plates. When the cells reached 80-90% confluence,

lOOpl of serial dilution (103 to 1012 in DMEM) of purified

hour at 37 °C.

To avoid dried cells,

plates

were

gently shaked to allow

homogenous infection of the cells.

During this infection, soft-agar 3%

maintained at 45°C in

At the end of the infection,

a

water-bath.

DMEM2%FCS and infected cells

were

recovered with 4 ml

kept 30 minutes under the hood allowing solidification of the

was

soft-agar

melted and

was

diluted in

DMEM/soft-agar. Plates

were

agar.
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Every 2-3 days, 3 ml of melted Agar-DMEM2% FCS were added and seven days post¬
infection, virus plaques appear. Total plaques were counted in the plate where the plaques are

The final titer (pfu/ml) correspond to the number of plaques

individual and easy to count.
counted in

2.10.6.

a

dilution

multiply by 10 (for the initial virus dilution).

Preparation of Dialysis Tubing

Dialysis membranes
minutes.

were cut

into the desired length and soaked in distilled water for 15

Then, pre-cut membranes were boiled for 30 minutes in a large volume of 10mM

NaHC03.

Dialysis tubes

were

washed with distilled water and transferred into ImM EDTA

solution and boiled for 10 minutes. After
4°C.

Tubes

were

cooling, membranes

always washed with distilled water before

were
use

stored in 50% Ethanol at

and handed with washed,

powder-free gloves.

2.11. Histochemical

staining for p-galactosidase activity

Twenty-fours hours post-infection, cells

were

fixed in

a

solution containing 1%

formaldehyde, 0,2% glutaraldehyde in PBS for 5 minutes. Cells

were

then resuspended in

a

staining buffer (4mM K ferrocyanate, 4mM K ferricyanate, 200mM MgCL2, 400 pg/ml XGal. in PBS).

Cells

were

incubated at 37°C until blue cells appear. Percentage of blue cells

represents the number of HD cells infected by recombinant adenoviruses.

2.12. Adenoviral infection of

Five million HD cells

virus per

Hodgkin cells

resuspended in 2 ml RPMI without FCS

cell by rotating

one

were

hour at 37°C. After infection, cells

infected with 500 pfu of

were

resuspended in 40 ml

2.14.

Immuno-depletion of LT from conditioned media HD cells

Two ml of control media

or

incubated with either 20 jag
allow the

were

polyclonal LT antibody

or

20

pg

or

KM-H2 HD cells

were

monoclonal LT antibody. To

pull down of LT / antibody complex, 140 pi (14pg) of protein G Sepharose beads

also added in

Sepharose beads

samples tested with monoclonal 336 antibody and 140pl (14pg) protein A

were

and Protein G beads
for 3-5 mins

as

added in samples incubated with polyclonal LT antibody. Protein A

were

beads

antibody and beads
the

conditioned media from HDLM2

previously washed 3 times with PBS and centrifuged at 6000

were

were

complex LT/AbLT)

kept in PBS/Sodium Azide solution. The mix containing media

then incubated for 2 hours by rotating at 4°C. Beads (sequestring
were

then centrifuged and the supernatants filtered and incubated

overnight with 2.105 Hela 57A cells. Cells
Fold induction

was

rpm

the average

were

harvested and luciferase activity measured.

of three independent experiments.

2.15. Kinase assays

2.15.1.

Preparation of cell extracts for in vitro kinase

Ten million HD cells
TNFa.

After

were

either untreated

washing cells with PBS, cells

or

assays

stimulated for 15 minutes with 10

were

resuspended in

a

ng/ml

total volume of 500 pi of

Immunoprecipitation Buffer (40mM Tris HC1, pH8, 500mM NaCl, 0.1%NP-40, 6mM EDTA,
6mM EGTA, lOmM

(3-glycerophosphate, lOpM NaF, 300pM Na3V04, lpM Benzamidine,

2pM PMSF, mini-EDTA-free protease inhibitor tablet, ImM DTT) and incubated for 2 hours

rotating at 4 °C with 15 pi protein G sepharose beads and 2

pg

of anti C-terminal antibody

against IKK1.
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2.15.2. In vitro kinase assays
Kinase assays were

performed

as

immunoprecipitation, the samples

described [Mercurio, 1997 #6261]. After
were

centrifuged and beads washed and resuspended in 20

pi of kinase buffer. Kinase reactions were carried out at 30°C for 30 minutes in kinase buffer
(200mM Hepes pH7.7, 2mM MgC12, 2mM MnC12, lOpM (3-glycerophosphate, lOpM NaF,
300

pM Na3V04, lpM benzamidine, 2pM PMSF, mini-EDTA-free protease inhibitor tablet,

ImM

DTT) containing 20pl of IP, 0.5 pg of substrate either GST-IxBaSR

lOpM ATP and 3pCi
buffer and

separated

[732P]ATP.

on a

Reactions

were

or

GST-IxBaWT,

stopped with 15 pi of 3X SDS sample

12.5% polyacrylamide gel, fixed and stained with coomassie blue,

destained in 10% acetic acid, 20% methanol, dried and

exposed to phosphoimager

screen

for

4-24 hours.

2.16.

2.16.1.

Electrophoretic mobility shift

assay

(EMSA)

Preparation of nuclear extracts

One million cells

were

washed

once

in PBS and

resuspended in 200

pi of lysis Buffer A

(50mM NaCl, lOmM HEPES pH=8, 0.5mM sucrose, ImM EDTA, 0.5mM spermidine,
0.15mM

spermine, 0.2% TritonXlOO) for 5 minutes

during 3 minutes and 4°C, cells

were

on

resuspended in

ice. After centrifugation at 6500
a

rpm

buffer B (Buffer A without Triton

X100) and centrifuged as above and nuclei resuspended in 80pl of Buffer C (350mM NaCl,
lOmM HEPES, 25%
incubated

glycerol, O.lmM EDTA, 0.5mM spermidine, 0.15mM spermine) and

rotating at 4°C for 30 minutes. Nuclear extracts

for 20 minutes, 4°C and supernatants

were

then centrifuged at 6500

stored at -70°C. Protein concentration

was

rpm

evaluated by

spectrophotometric methods using Biorad buffer and absorbances calculated at X=595

nm.
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Labelling HIV-LTR DNA with 732P ATP

2.16.2.

Ten

pmoles of single strand DNA HIV LTR L or R were incubated in 2

Buffer with 10
after the

pCi y32P ATP and 2 pi Polynucleotide T4 kinase for 30 minutes at 37°C. Then

labelling, 10 pmoles of the other unlabelled DNA HIV-LTR strand

0.5pl 5M NaCl, boiled for 2 mins and left to cool slowly for
was

then

purified by separation of

Tris borate, 2mM

was

cut out.

2.16.3. Interaction nuclear

2-5pg nuclear extracts
buffer (25mM

were

one

were

added with

hour. The labelled probe

12% non-denaturating gel containing IX TBE (90mM
at 170 Volts. The

The

probe

was

gel

was

exposed to X-Ray for 3 mins

eluted in 400pl TEN at 4°C overnight.

proteins with NF-xB labelled probe

incubated with 1

pi NF- xB labelled probe in 18 pi of binding

Hepes, ImM EDTA, 3.5mM spermidine, 6mM MgC12, lOOmM NaCl, 0.15%,

glycerol 10%) and mixed with 2pl BSA 10 mg/ml, 2pl DTT lOOmM, 1 pi Poly

dAT/dGC mix and 1

room

a

EDTA) for 2 hours

and the band of interest

NP-40

pi of 10X Kinase

pi NFIII (Nuclear Factor III). About 25pl

temperature for 15 minutes.

from bound NF-xB/DNA

assay

NF-xB specific radio-labelled DNA

complex by using

oligonucleotide containing NF-xB motifs.

a

40-fold molar

Samples

were

gel

was

dried onto DE-81

paper

was

was

excess

run

and DNA/proteins complexs

incubated at

also competed

of unlabelled

loaded onto

polyacrylamide gel in 0.5X TBE (45mM Tris borate, ImM EDTA) and
Volts. The

mix

a

6% native

for 2 hours at 170

were

analysed

on a

phosphoimager.
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2.17.

Analysis by flow cytometry of TNF-R1 and TNF-R2 in HD
cells

HD cells

were

were

counted and 2.10

immunostained with

Anti-TNF-Rl-PE. Cells

a

control

Cells

or

were

10

5cells

5pl with

were

a

were

resuspended in 50 pi PBS1%SVF. Then cells

isotype mAb for the RecI-PE

also immunostained with

pi mAb anti-TNF-R2-PE. All cells

then washed in PBS1%SVF,

resuspended in 600pl PBS1%SVF.

as a

control

or

lOpl mAb

lOpl isotype mAb for the RecII-PE

were

incubated for 30 minutes at 4°C.

centrifuged for 1 minute at 5000

Immunostaining

as

was

analyzed using

rpm

an

and

XL-4C

cytofluorometer (Beckman Coulter France).
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3. Results

3.1. Constitutive activation of NF-xB

pathway and aberrant

production of Lymphotoxin in Hodgkin cell lines (HD)

3.1.1.

Endogenous expression of IxBa in Hodgkin cell lines

Levels of

and

endogenous IxBa proteins

were

analysed in L428, L540, L591, KM-H2, HDLM2

HDMyZ and compared to the Jurkat T-cell line and human kidney 293 cell lines

(figurel). L540 and the LMP1 positive cell line L591 showed the highest levels of IxBa
expression

among

HD cells. In HDLM2 and HDMyZ cells, IxBa expression levels

similar to those observed in 293 and Jurkat cell lines.
KM et al, it was noted that

(Wood

et al.

1998)

.

In

a

exon

5 and

one

(figure 1)

collaborative series of experiments, it was demonstrated that in KM-

an

mutated. In genomic DNA from L428 cells,

intronic deletion of 19 nucleotides between

2555-2573 in Ito et al, 1995)
double mutation in

from the work of Wood

in KMH2 and L428 cells, full-length IxBa was absent

H2 and L428 cells, the IxBa gene was
mutation in

As expected

were

were

exon

3 and 4

a

point

(position

detected by PCR amplification. L428 cells expressed a

IxBa allele and do not express a

wild type allele that has probably

been deleted.

Thus, the gene product detected by Western blotting in L428 cells was a 30

kDa defective

protein. In KM-H2 cells, IxBa

deletion in

a

exon

gene was

3 (from nucleotide 1497 to 1710, (Ito et al. 1995)

pentanucleotide 5'-TCCAG-3'located between

Southern blot

also mutated. A 214 nucleotide

exon

replaced by

3 and 4

was

an

insertion of

amplified by PCR.

experiments in KM-H2 confirmed the absence of the wild type allele and the
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Jurkat

L428

293

L540

L591 KM-H2 HDLM2

HDMyZ

<4 37 kDa

IxBa

30 kDa
50 kDa

a-tubulin

Figure 1

.

Endogenous expression of IxBcc in Hodgkin cell lines (HD). Total cell extracts

from HD cells

were

separated in

PVDF membrane and

a

10% polyacrylamide gel containing SDS, transferred onto

analysed by Western blotting with anti IxBa (10B) antibody.

a

IxBa gene
found in
disease

product is

an

18 kDa defective IxBa protein. Mutations in the IxBa allele

Hodgkin cell lines but

were

also detected in

a

biopsy sample from

Hodgkin's

a

patient. From CD30-enriched fraction cells, nested PCR analysis showed

from nucleotide 1135-1990 that

the

removes

was

constitutive activation of NF-xB in KM-H2 and L428 cells

detected

deletion

concluded that the origin for the
was a

consequence

of defective

(Cabannes et al. 1999). Moreover and interestingly, these mutated forms

by Western blot analysis only in the

suggesting

a

ankyrin repeats 2,3 and 4 thus rendering IxBa

incapable of interacting with NF-xB. From that work, it

IxBa gene

were not

of

an

inhibitor the 26S proteasome

high IxBa turnover.

a

One of the

presence

were

questions raised by that work

was to

understand the origin of constitutive NF- xB

activity found in HD cell lines that still contain
question that

arose

from this work

was

a

wild type form of IxBa. The important

why the wild type form of IxBa

was

incapable of

regulating NF-xB activity in HD cell lines.

3.1.2. Role of IxBa

on

NF-xB

transcription observed in HD cells.

The constitutive nuclear activation of NF- xB is
lines

as

well

as

in

a

characteristic feature of HD-derived cell

primary tumor cells. This activity is attributed to the bona fide NF-xB

(p50/p65) heterodimer (Gruss et al. 1992) (Bargou et al. 1996) (Wood
evaluate the role of IxBa in the abnormal NF-xB

reported in

our

NF-xB DNA

1998).

To

activity found in HD cells, Wood et al

laboratory that in two HD cell lines containing defective IxBa protein, KM-

H2 and L428 and in HDLM2

active with both

et al.

containing

a

wild type IxBa protein, NF-xB is transcriptionally

p50 and p65 subunits present (Wood et al. 1998). To try to decrease the high

binding activity, Hodgkin cell lines

accumulation of IxBa. Treatment with

were

treated with different agents that allow

glucocorticoids (dexamethasone) allows accumulation
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of IxBa

by increasing the levels of IxBa mRNA and treatment with

inhibitor

inhibits

zLLLh

Dexamethasone, zLLLh

H2, L428

or

or

specifically

1998); (Cabannes

peptide aldehyde

proteasome-mediated-IxBa

degradation.

the combination do not alter NF-xB DNA binding activity in KM-

HDLM2 however zLLLh treatment allows accumulation of

30 kDa and 18 kDa

a

truncated protein of

a

proteins in L428 and KM-H2 HD cell lines respectively (Wood et al.

et al.

1999).

A 38 kDa IxBa protein is detected by Western Blot in

HDLM2, L540 and L591 but treatment with the zLLLh proteasome inhibitor allows
accumulation of slower

migrating forms of IxB a proteins corresponding to the induced-

phosphosphorylated form of IxBa (Wood et al. 1998); (Cabannes et al. 1999).
observations

suggested

a

high IxBa turnover

zLLLh treatment and also the

test that the

cell lines

as

truncated IxBa proteins

are

easily

These

seen

after

phosphorylated forms of IxBa could be accumulated. Thus,

to

constitutively active signal-induced degradation pathway coud be activated in HD

rendering IxB a unable to retain NF-xB in the cytoplasm, introduction of IxBa

protein would be expected to reconstitute functional inhibitory IxBa protein and inhibit NFxB

activity.

Wood et al transfected IxBa wild type (WT) and also IxBa SR (Super-

Repressor) in HD cell lines that failed to undergo signal-induced degradation (Wood et al.
1998) (Roff
HDLM2

et al.

1996). They showed that introduction of IxBa WT in KM-H2, L428

substantialy reduced the high levels of xB dependent reporter activities and

decreased to basal levels after transfection with IxBaSR.

or

even

However, in HDLM2 cells,

containing endogenous IxBa WT, the inhibitory effect observed after transfection of IxBaWT
was

not as

substantial

as

in HD cells

expressing truncated forms of IxBa (Wood et al. 1998).

Nevertheless, addition of recombinant IxBaWT

can

negatively regulate NF-xB binding

activity in nuclear extracts from HDLM2 cell line (Wood et al. 1998) (Krappmann et al.
1999). These data indicate that IxBa is directly implicated in the abnormal NF-xB activity
observed in HD cells and suggest

that in HD cells expressing IxBaWT,

a

permanently active

136

NF-xB

pathway is present.

HDMyZ cells

were

To investigate this hypothesis, L-591, HDLM2, L540 and

co-transfected with

an

NF-xB dependent luciferase reporter, 3-

EnhConAluc, and vectors encoding for IxBaWT, and IxBaS32/36A.

A mutant form of

IxBa,IxBaK21/22R containing point mutations in specific lysines sites for ubiquitination
was

also co-transfected to

analyse the normal targeting for proteasome-induced degradation in

Hodgkin cell lines (figure 2). The results indicated that
a

minimal

inhibitory effect

contrast, over

on

expression of IxBaWT had only

the transcriptional activity of NF-xB in HD cell lines

Moreover, with exception of the HDMyZ cell line, the effect of

containing IxBaWT.
IxBaK21/22R

on

over

NF-xB

transcription

was

similar to that observed with IxBaWT.

In

expression of the mutant IxBaS32/36A efficiently down regulated NF-xB

transcriptional activity in all Hodgkin cell lines (figures 2 A, B, Cand D) [Wood, 1998 #219]
(Roff

1996). These results indicated that

et al.

a

permanently activated pathway could be

responsible for the constitutive activation of NF-xB in HD cells. This pathway

converges on

IKK

necessary to

complex that phosphorylates IxBaon serines 32 and 36,

a

key event

generate an appropriate response to external stimuli. Thus it was concluded that in HD cells

containing WT IxBa, constitutive activation of NF-xB is
activated

3.1.3.

It

was

a consequence

of

a

permanently

signal transduction pathway that leads to rapid turnover of IxBa.

Constitutively active IKK activity is found in HD cell lines
thus

important to determine how the NF-

NIK, IKK1 and IKK2 kinases,

cytokine

or a receptor at

stimulated

acting in

factor, NF-xB.

an

was

xB signal transduction pathway involving

permanently activated in HD cell lines. In this situation,

the surface of the membrane could be permanently released

a

or

autocrine loop to permanently activate the inducible transcription

Previous reports from our laboratory indicated that the classical NF-xB
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Figure 2. Exogenous expression of WT and mutants forms of IkBcx negatively regulate
NF-kB

activity in Hodgkin cells expressing endogenous WT IicBa. Five million of L591

(A), HDLM2 (B), L540 (C) and HDMyZ cells (D) were transiently co-transfected with an

NF-KB-dependent luciferase reporter (3EnhConA-Luc) and plasmids encoding either IkBcx
wild type,

IkBcc S32.36A

harvested and luciferase
trol

or

IkBoc K21.22R. Twenty four hours after transfection, cells

activity measured. Transcriptional activity is compared to the

pcDNA3 empty vector. Standard deviation

ments, n=3.

was

are

con¬

estimated from 3 independent experi¬

activation

pathway

was

the constitutive NF-xB

likely to be involved (at least in
activity found in HD cells.

complementary in vitro and in vivo strategies

activity of IKK1

was

were

some

cases) in the development of

To test these hypotheses, two

employed. In the first approach, the

determined in vivo from HD cells. Ten million of each HD cell lines,

L428, L540, L591, KM-H2, HDLM2 and HDMyZ and a control lymphoblastoid Jurkat cells

(non Hodgkin cell line) were stimulated or not with 10 ng/ml TNFa for 10 minutes at 37°C.
Cells

were

centrifuged and resuspended in 1 ml of lysis buffer. Bradford Assay determined

protein concentrations and equal amounts of proteins

were

used to purify the IKK complex by

immuno-precipitation by using C-Terminal IKK1 antibodies linked to protein G beads. Then
by using kinase
IxBaWT

was

or

assay,

immuno-purified IKK complex

GST-IxBaSR substrates in the presence

determined

basal level of IKK

was

of |j32P-ATP] and the kinase activity

line. Moreover, no IKK

a

demonstrated that all Hodgkin cell lines expressed a high

activity compared to

with TNFa does not increased IKK

showing

incubated with either GST-

by the capacity of IKK complex to phosphorylate wild type IxBa figure

3A). Under those conditions, it

and 36

was

our

activity in HD cells but does

complex activity

specificity of the

cell lines, NF-xB and the IKK
involvment of the kinases

control Jurkat cell line (figure 3B). Stimulation

was

assay.

complex

so

in the Jurkat control cell

observed with mutant GST-IxBa mutated in 32

This result confirmed that specifically, in Hodgkin

were

constitutively active. To confirm the specific

responsible for the permanent phosphorylation of the inhibitory

protein of NF-xB, IxBa, Hodgkin cell lines-L540, HDLM2, HDMyZ and L591 containing
IxBaWT

were

transiently co-transfected with

an

NF-xB dependent luciferase reporter,

3EnhConAluc, and plasmids encoding wild type or transdominant negative
either NIK

(NF-xB-Inducing kinase), IxB kinases (IKKl-IKKa and IKK2-IKK(3) alone

combination. To evaluate the effect of those transdominant

NF-xB

(tn) forms of

negative forms of kinases

or

on

in

the

pathway of HD cells, the L591 cell line (expressing permanently LMP1 protein from
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Figure 3. Constitutive IKK activity in HD cell lines. (A) Diagram showing the strategy of
kinase assay.

(B) In vitro kinase

assays were

performed with immunopurifled IKK complex

from Jurkat, L428, L540, L591, KM-H2, HDLM2 and
unstimulated (-) or TNF

stimulated (+) cells

antibody. Immuno-precipitates
GST N-terminal IkBocSR and

by phosphorimaging analysis.

were

were

HDMyZ HD cell lines. Extracts from

immunoprecipitated with

a

C-terminal IKK1

incubated with IkBoc substrates (GST N-terminal iKBa or

[y 32 P] ATP. Reactions

were

separated by SDS PAGE followed

EBV that mimicks
used

as

control.

a

membrane receptor

All different HD cell lines exhibited

when transfected with wild type
not

by activating the NF-xB transduction pathway)
a

was

high NF-xB transcriptional activity

kinases NIK, IKK1 and IKK2 alone

or

in combination (data

shown). However, when expressed individually or in combination, catalytically inactive

kinases NIK, IKK1 and IKK2,

displayed

an

inhibitory effect

(figure 4) but the extent of inhibition varied depending
and the combination of transdominant

on

on

NF-xB reporter activity

the particular cell type analysed

negative mutants used. In the control cell line L591

(figure 4A), transfection with the transdominant negative mutant of NIK (NIK-tn) resulted in
35% decrease

compared with the transfected cell with empty control and transfection with the

downstream kinases IKK1 and IKK2 reached 65% inhibition of
the transdominant

transcriptional activity with

negative mutant of IKK2 (IKK2-tn). In combination with the different

kinases, reporter activity was substantially inhibited when NIK-tn was co-transfected with
IKK2 kinase.

In

HDLM2

Hodgkin cell line (figure 4B), transfection with single

transdominant kinases inhibits around 50 %

transcriptional activity compared with the empty

control and co-transfection with IKK2 in combination showed about 80% inhibition of the

transcriptional activity. Transient transfection of transdominant kinases in L540 cell line

(figure 4C) resulted in drastic inhibition from 65 to 88% of the transcriptional activity either
when transfected alone

single

or

or

in combination.

Finally, in HDMyZ HD cell line (figure 4D),

double co-transfec.tion resulted in important decrease of transcriptional activity

(from 62% with NIK-tn until 90% inhibition of the transcriptional activity when
transfected with NIK-tn and
forms of IKK2 showed

than IKKl-tn,
IxBa levels
the

kinases

a more

including in

were

do

IKK2-tn).

our

In all HD cell types, transdominant negative

substantial

co-

(tn)

negative effect of NF-xB transcriptional activity

L591 cell line control. In transfected HD cells, endogenous

analysed by Western blotting using 10B monoclonal antibody to control that
not

induce

any

IxB adegradation.

In all the different types,
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Figure 4. Catalytically inactive NIK, IKK1 and IKK2 negatively regulate NF-kB activity in
Hodgkin cells expressing wild type IkBoc. Five million of L591 (A), HDLM2 (B) were transiently
co-transfected with

an

NF-KB-dependent luciferase reporter (3F,nhCon A-I ,uc) and plasmids encoding

catalytically inactive forms of NIK (KK 429-430AA), IKK1 (K44A) and IKK2 (K44A). Twenty
four hours after transfection, cells were harvested and luciferase

activity
from 3
in

a

was

activity measured. Transcriptional

compared to the control pcDNA3 empty vector. Standard deviation was estimated

independent experiments, n=3. Total cells extracts from these transfected cells were separated

10%

Western

polyacrylamide gel containing SDS, transferred onto a PVDF membrane and analysed by
blotting with IkBoc (10B) antibody (lower panel).
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Figure 4. Catalytically inactive NIK, IKKI and IKK2 negatively regulate NF-kB activity in
Hodgkin cells expressing wild type IkBcx. Five million of L540 (C) and HDMyZ cells (D)

transiently co-transfected with

an

were

NF-kb-dependent luciferase reporter (3EnhConA-Luc) and

plasmids encoding catalytically inactive forms of NIK (KK 429-430AA), IKKI (K44A) and IKK2
(K44A). Twenty four hours after transfection, cells

Transcriptional activity
was

cells

estimated from 3
were

harvested and luciferase activity measured.

compared to the control pcDNA3 empty vector. Standard deviation

independent experiments, n=3. Total cells extracts from these transfected

separated in

membrane and

was

were

a

10% polyacrylamide gel containing SDS, transferred onto

analysed by Western blotting with IkBoc (10B) antibody (lower panel).

a

PVDF

endogenous IxBa level appeared not to be degraded when transfected with different plasmids
encoding transdominant negative kinases. The small reduction in the levels of IxBa when
two

kinases

were

co-expressed

may

be

a

direct

consequence

activity affecting the expression of this NF-xB-dependent
All

of the inhibition of the NF-xB

gene.

together, these results indicated that in all Hodgkin cell lines containing

a

wild type

IxBa, the transduction pathway governing the activation of NF-xB is working permanently.
Moreover, IKK2 is likely to play a major role in the control of the activity of NF-xB in HD
cells. As NIK and IKK kinases

appropriate

response to

are

known to

external stimuli, it

participate in
was

a

pathway required to generate

thought that

an

an

external signal might be

responsible for the constitutive NF-xB activity found in HD cells.

3.1.4.

High production of the NF-xB-dependent cytokine, lymphotoxin (LT)

by most of Hodgkin cells lines (HD)
It has been
of HD

proposed that constitutive nuclear NF- xB/Rel activity is

(Bargou et al. 1997); [Gruss, 1997 #421], In order to understand the

molecular mechanisms

responsible for the constitutive active NF-xB in HD cell lines,

molecular details of the NF-xB

Previous reports

pathway in those cells have been described.

(Uchida et al. 1999) (Chien and Hammarskjold 2000)

indicated that LMP1

exogenous

(Mehl et al. 2001)

protein which activates NF-xB by promoting IxBa turnover

in L591 but not in any
an

characteristic

malignant cells and that it stimulates proliferation and contributes to the abnormal

survival of these cells

that

a common

was present

of the other HD cells used in this work and explained that it is possible

molecule (or

an

abnormally activated endogenous molecule)

was

responsible for the constitutive activation of NF-xB found in HD cells expressing IxBaWT.
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Figure 5. HD cell lines release
contain

an

a

factor which activates NF-kB. HeLa 57A cells which

integrated NF-KB-dependent luciferase reporter were incubated for 18 hours with

conditioned culture media from L428, L540, L591, KM-H2, HDLM2 and
Luciferase
control.

activity

was

measured and reported

as

HDMyZ cell lines.

fold of induction and compared to media

The

possibility that

NF-xB

pathway

an

seen

To determine if

a

external signal was responsible for the constitutive activation of the

in HD cells was therefore explored.

soluble factor

was

responsible for the constitutive activation of the NF- xB

signal transduction pathway in HD cell lines, a reporter cell line derived from HeLa cells that
contains

1999)
were

an

was

integrated NF-xB-dependent luciferase reporter (clone 57A) (Rodriguez et al.

used. Ten million of HDLM2, L540, KMH2, L428 and L591 Hodgkin cell lines

grown up

in 50 ml RPMI medium containing 10% foetal calf

for HDLM2 HD

serum

(FCS) (20% FCS

cells) for 48 hours and after centrifugation and filtration, 2 ml of conditioned

media from each HD cell line

was

incubated

overnight with 2.105 HeLa 57A cells previously

plated in 24 well plates. The day after, 57A reporter cells

activity measured
HDMyZ released

as
a

described (Rodriguez et al. 1999).

were

harvested and luciferase

All Hodgkin cell lines except

soluble factor that activates NF-xB in the reporter cell line (Figure 5).

Supernatants of all cell lines except HDLM2 showed similar levels of activation (about 6 fold

activity). The HDLM2 cell line releases

a

factor that activates the activity of NF-xB about 25

fold.
To

identify the factor released from these HD cell lines, several approaches have been

employed. Conditioned media from HDLM2 cell line
level of NF-xB activation detected

was

employed

as

it showed the highest

by the 57A reporter cell line. RPMI 10%FCS Media

containing 20 ng/ml recombinant TNFa (rTNFa) treated under identical conditions
used for conditioned media from HDLM2,

was

used

as a

as

that

positive control. Five ml HDLM2

conditioned media, RPMI-rTNFa or RPMI 20%FCS alone were incubated in a water-bath at
different temperatures
media
above.

were

then filtered and incubated

The

inactivation

during the indicated times (figure 6A). Two ml of different treated

day after, cells

were

overnight with HeLa 57A reporter cells

as

described

harvested and luciferase activity measured.

experiments suggest that the released factor, like TNFa control,

were

Heat-

resistant to
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Figure 6. Characterisation of the NF-kB activating factor released by HD cells. (A)
Resistance to heat inactivation. Conditioned media from HDLM2 cells, control media with
20% FCS or media containing 10 ng/ml TNFa were incubated at the indicated temperatures
during 30 or 60 minutes. NF-kB reporter 57A cells were incubated with HDLM2 cell
supernatants during 18 hours. Luciferase activity was measured and reported as fold of
induction compared to media control. (B) Size filtration. Media with 20%FCS, media
containing lOng/ml TNFa and conditioned media from HDLM2 were filtrated through 10K,
30K and 100K amicon filters at 4°C. Flow-throughs were incubated with the 57A cells for 14
hours. Luciferase activity was measured and reported as fold of induction compared to media
control.

This resistance to heat inactivation observed with HDLM2 media

heat inactivation at 65°C.

was

evident after treatment at 75°C for 30 mins resulted in the retention of 90% of the control

activity. Under the

same

conditions, TNFa

yet, unidentified NF-xB

as

activator

was

was

inactivated and showed little activity. The,

partially resistant to heat inactivation for 1 hour at

75°C, but completely inactivated at 85°C. These data suggest that the activating molecule is

protein. HDLM2 conditioned media, RPMI-20%FCS-TNFa and control RPMI-

likely to be

a

20%

centrifugated for 30 mins at high speed through microfilters with different

were

molecule

weight cutoffs (10K, 30K and 100K).

Then filtered-media

overnight with HeLa 57A cells and the day after, luciferase activity
6B).

a

to heat

as

shown in

molecular

weight between 70-100 kDa. These two characteristics (size and resistance

shock) observed with the activating factor elaborated by HDLM2

be released

and LT

as

57A cells

was

as

the best candidates. Thus, it

were

are

typical of

oligomeric assemblies. Among the cytokines known

by HD cells (Hsu and Hsu 1989); (Hsu and Hsu 1990) and that

characteristics; TNFa and LT

It

determined (Figure

figure 6B, both the TNFa control and the unknown NF-xB activator

inflammatory cytokines that function
to

incubated

These experiments allowed determination of approximate size of the molecule of

interest and
have

was

were

was

possesses

those

decided to test TNFa

potential factors produced in HD cells, responsible for the activation of NF-xB in
although TNFa

was

therefore decided to

anti-LT antibodies.

probably not implicated because of heat inactivation data.

employ

a

neutralisation approach using specific anti-TNF

Prior to that, it

was

protein to be neutralised, it

million of HDLM2 cells

and

important to establish conditions for antibody

neutralisation of known concentrations of either TNFa
recombinant

a

was

or

LT.

considered that

a

To choose the amount of

typical supernatant from

a

kept in culture during 48 hours, could increase NF-xB activity about

20-40 times that of the basal

activity.

142

After stimulation of HeLa 57A with
that 10 ng

of LT

or

a

range

of LT concentration (1-50 ng/ml), it

was

noted

TNFa could induce that extent of activity in the 57A reporter cell line

(figure 7A). Moreover, higher concentrations of cytokines do not significantly increase NFxB

activity in the 57A cell line (figure 7A). These results suggested that the reporter cell line

was

saturated at

higher concentrations of stimuli. Other results indicated that control media-

containing lOng/ml of LT
antibody (figure 7A).

was

efficiently neutralised with 10 pg/ml of neutralising anti-LT

Nevertheless, 50 ng/ml of LT

concentration of anti-LTa

neutralising antibody (data not shown).

media from HDLM2 cells, control media alone or

were

incubated in the absence

Media treated in this fashion
hours

was

or presence

containing lOng/ml of TNFa

then incubated with HeLa 57A reporter
an

effect

on

same
were

Conditioned
or

lOng/ml of

of neutralising antibodies to TNFa

(figure 7B). None of the neutralising antibodies have

contrast,

inactivated with the

antibody, showing the limits of this approach. Similar results

obtained with TNFa. and anti-TNF

LT,

was not

or

LT.

cell line for 18

control media. In

neutralising antibody to TNFa could inactivate recombinant TNFa but not

recombinant LT in control media.
but not TNFa.

Conversely anti-LT antibody specifically neutralised LT

Under those conditions of

specificity, it

induced with conditioned media from HDLM2 cells

antibody and

was not

noted that NF-xB activity

efficiently neutralised with anti-LT

affected by the anti-TNFa antibodies (figure 7B).

indicate that LT but not TNFa mediates the NF-xB

from HDLM2 cells.

was

was

However it

was

These results

inducing activity found in supernatants

important to determine if LT

was

the only factor

responsible for NF-xB activation present in HDLM2 and other HD cells. To test this, LT

was

immuno-depleted from the conditioned media of HDLM2 and KM-H2 cell lines (figure 70.
Two ml from conditioned media HDLM2

or

KM-H2

were

incubated with

1

|j.g

LT

neutralising antibody (LTna) rotating at 4°C for 2 hours and then incubating with protein G
beads for

an

additionnal 2 hours

rotating at 4°C.

Beads

were

centrifuged and filtered
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Figure7. Neutralisation of LT inhibits the NF-kB activating factor released by HD cells. (A) Media
containing 10 or 50 ng/ml of recombinant lymphotoxin (rLT) was pre-incubated with 5 or 10 ug/ml of
neutralising antibody against lymphotoxin (naLT) during 1 hour at 37°C. Pre-treated media was incubated
with 57A NF-KB-reporter cells for 18 hours. Luciferase activity was determined and expressed as fold
induction compared to the media control without LT. (B) Conditioned media from HDLM2 cells was preincubated with 10 pg/ml of neutralising antibodies to TNF (naTNF) or LT (naLT) for 1 hour at 37°C. As
contols, media containing 10 ng/ml of recombinant TNF (rTNF) was incubated with the naLT or with
naTNF. Moreover, media with 10 ng/ml of rLT was incubated with 10 ug/ml of naLT. Supernatants were
then incubated with 57A reporter cell line during 18 hours. Luciferase activity was determined and expressed
as fold of induction
compared to the control media. (C) Conditioned media from HDLM2 and KM-H2
cells were incubated with 10 ug/ml of naLT or a non relevant antibody 336 during 2 hours at 37°C.
Neutralised supernatants were incubated with Hela 57A reporter cells (na). In a parallel experiment,
antigen-antibody complexes were removed by precipitation with protein G sepharose beads. Immunodepleted (id) media was filter-sterilised and then incubated 18 hours with the 57A reporter cell line.
Luciferase activity was determined and expressed as fold induction compared to the media control.

supernatants were incubated with HeLa
and NF-xB

inducing activity

was

Similar values

were

was

obtained

as

were

cell line

incubated with non-relevant

we

antibody 336 (figure 7C).

by direct neutralisation (na) of LT with specific antibodies

seems to

(figure 7C).

be saturated when high concentrations of TNF

used, the amount of LT released

HDLM2 that

measured

compared with controls in which conditioned media

incubated with conditioned media from these cell lines
As the reporter

was

reduced by 80 to 90% in LT-immuno-depleted media (id)

from HDLM2 and KM-H2 cell lines
from HDLM2 and KM-H2

57A for 18 hours. Luciferase activity

compared with the

was

a or

LT a

roughly quantified by dilution of supematants from

response

of

a range

ng/ml (figure 8A). Conditioned media from those cells

of known amounts of LT from 1-100
was

diluted, incubated with the NF-

xB-reporter cells and compared to that obtained with recombinant LT (rLTa) (figure 8B). It
was

noted that 20

ng/ml of rLT gives the maximal

with 57A HeLa cells

response

(about 60 fold induction) obtained

(figure 8A). Our results indicate that conditioned media from HDLM2

cells diluted to 50% in control media

gives

(figure 8B). As 30-to 40-fold induction

a

was

maximal

response

obtained with 4 ng/ml of rLT, it is concluded

that medium from HDLM2 cells should contain about 8-15

previous results where it

was

of about 30-fold induction

ng/ml LT. This is consistent with

previously demonstrated that this concentration of LT could be

completely inhibited with 10 pg/ml neutralising antibody against LT (figure 7A). Taken
together, these experiments, indicate that, HD cells expressing wild type (HDLM2)
truncated forms of IxBa

(KM-H2) produce high levels of LT. This released cytokine will be

able to activate NF-xB in
factor

surrounding cells and

can

potentially activate this transcription

by autocrine loop in HD. Since LT production is controlled by NF-xB (because of the

presence
this

or

of xB sites in the promoter), (Messer et al. 1990),

we

wonder if the production of

cytokine is dependent of the high levels of NF-xB observed in Hodgkin cell lines?

Because the number of cells transfected is low in most HD cells

independently of the method
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Figure 8. Quantification of lymphotoxin released by HDLM2 cells
(A) NF-kB reporter 57A cells

were

incubated with various concentrations of recombinant

lymphotoxin (rLT) for 18 hours at 37°C. Luciferase activity
fold induction.

(B) NF-kB reporter cells

were

was

determined and expressed

as

incubated for 18 hours with different concentra¬

tions (% v/v)

of conditioned media from HDLM2 cells and compared to control media. Luciferase

activity

determined and expressed

was

as

Fold Induction.

used, it
over

decided to inhibit NF-xB activity by infection with a recombinant adenovirus

was

expressing IxBaSR. Those results

3.1.5. LT

are

production is dependent

described below.

on

high levels of NF-xB present in HD

cells.

One million of each HD cell line (L428, L540, L591 KM-H2 and HDLM2)
with 500

pfu/cell of either

galactosidase

gene

of IxBa resistant to

(Ad5/LacZ)

incubated with
luciferase

was

as

very

or a

recombinant adenovirus

The

chapter 3.2.1.). Cells

day after,

one

were

one

over

over

infected

expressing the (3-

expressing the mutant form

hour at 37°C ( description of these

then incubated in RPMI-2%FCS for 24

ml of infected conditioned media

2.105 HeLa 57A reporter cell line for 18 hours.

Cells

was

centrifuged and

were

harvested and

activity measured. Fold induction obtained with control infected cells (figure 9)
similar to the activation observed with conditioned media from uninfected HD cells

shown in

IxBaSR

recombinant adenovirus control

degradation (Ad5/IxBaSR) during

viruses is described in
hours at 37°C.

a

was

figure5. However, inhibition of nuclear NF-xB activity in cells infected with

dramatically abolishes the NF-xB reporter activity in all HD cells. These results

suggest that lymphotoxin regulation is still largely dependent of NF-xB activity in cells from

Hodgkin's disease patients. If LT produced by HD cells
it also able to induce NF-xB in

producer cells?

constitutive activation of NF-xB found in

can

activate NF-xB in other cells, is

Is LT the factor responsible for the

typical HD cells?
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Figure 9. LT production is dependent

on high levels of NF-kB present in HD cells
One million of each HD cell line (L428, L540, L591 KM-H2 and HDLM2) was infected
with 500 pfu/cell of either a recombinant adenovirus control over expressing the (3-

galactosidase gene (Ad5/LacZ) or a recombinant adenovirus over expressing the mutant
form of IkBci resistant to degradation (Ad5/lKBaSR) during one hour at 37°C. Cells were
then incubated in RPMI-2%FCS for 24 hours at 37°C. The day after, one ml of infected
conditioned media

centrifuged and incubated with 2.105 HeLa 51A reporter cell line
harvested, luciferase activity measured and reported as fold
compared to media control.

for 18 hours. Cells

induction

was

were

3.1.6.

Lymphotoxin is not responsible for the constitutive activation of NF-

xB found in HD cells.

To determine if

lymphotoxin has

HD cells, HDLM2

cells

were

an

autocrine role in the permanent activation of NF- xB in

transfected with the NF-xB-dependent luciferase reporter

plasmid (3-EnhConAluc). Twenty-four hours after transfection, cells
different concentrations of recombinant LT.
activation in HDLM2 cells
HeLa 57A reporter

observed that
control with

10B).

specific antibody)

on

was

were

LT induces NF-xB activation in

similar reporter strategy, it has also been
any

significant effect (compared to

our

NF-xB activity present in HDLM2 cell line (figure

Under those conditions, neutralising anti-LT antibody inhibits recombinant LT

activation of NF-xB in HeLa 57A reporter
LT

a

neutralising LT antibody did not have

non

stimulated with

Exogenous LT does not increase NF-xB

(figure 10A) in conditions

cells (figure 7A). Using

were

not

cells (figure 7B). It

was

therefore concluded that

responsible for the activation of NF-xB found in HD cells.

A possible

explanation for this lack of responsiveness to LT is that the receptors for this cytokine

are not

present on these cells. The expression of TNF-R1 and TNF-R2 which act as receptors for
both TNFa and LT

3.1.7. No

To

was

determined.

expression of TNF-R1 and high expression of TNF-R2 in HD cells

analyse the potential role of LT

as a

cytokine acting

as an

autocrine loop to activate NF-

xB transduction

pathway, it

TNF-R1 and 2

(figure 11). L428, L540, L591 KM-H2 and HDLM2 Hodgkin cells

was

important to analyse the expression of the

common receptors
were

resuspended in PBS/0,1%FCS containing anti-TNF-Rl monoclonal antibody coupled with PE
or

anti-TNF-R2/PE for 30 mins at 4°C.

After 3 washes, cells were

PBS/0,1%FCS and analysed by flow cytometry

resuspended in

(Beckman Coulter, France). Surprisingly,
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FigurelO. LT is not responsible for the constitutive activation of NF-kB in HD cells
(A) HDLM2 cells

were

transiently transfected with the NF-KB-dependent luciferase reporter

plasmid, 3EnhConALuc. Twenty-four hours after transfection, cells
ferent concentrations of recombinant LT

and

expressed

as

were

incubated with dif¬

during 18 hours. Luciferase activity

was

measured

fold induction compared to the media control. (B) HDLM2 cells

were

transiently transfected with the 3EnhConALuc plasmid. Twenty fours hours after the transfection,
cells

were

incubated with 30

pg/ml of neutralising antibody (na) anti-LT

antibody 336. Luciferase activity

was

determined and expressed

as

or a non

RLU/pg protein.
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Figure 11. Analysis by flow cytometry of TNF-R1 and TNF-R2 in Hodgkin cells. HD cells
were

R2

immunostained with the mAb FAB225P for TNF-R1

during 30 mins at 4°C. As these mAb

directly by flow cytometry.
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Figure 11. Analysis by flow cytometry of TNF-R1 and TNF-R2 in Hodgkin cells. (A) L428
HD cells

R2

were

immunostained with FAB225P mAb for TNF-R1

during 30 mins at 4°C. As these mAb

were

or

with FAB226P mAb for TNF-

already coupled with phycoerythrin (PE), cells

were

analysed directly by flow cytometry.(B) Primary Monocytes-Derived-Macrophages (MDM)

were

used

as

control to

verify the functionality of these antibodies.
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Figure 11 .Analysis by flow cytometry of TNF-R1 and TNF-R2 in Hodgkin cells. HD cells
were

immunostained with FAB225P mAb for TNF-R1

30 miiis al 4nC. As these mAb

directly by flow cytometry.

were

or

with FAB226P mAb for TNF-R2

already coupled with phyeoerylliriu (PE), cells

were

during

analysed

TNF-R1 is

expressed at

low level in all HD cell lines (2% total cells expressed TNF-R1).

very

However, L540, L591 and HDLM2 expressed high levels of TNF-R2 (98% total cells

expressed TNF-R2) while TNF-R2 expression is not detected in KM-H2 cells.
expressed

no

TNF-R1 but

expresses

L428

TNF-R2 at relatively low level (32% total cells expressed

TNF-R2). Thus it appears that LT is produced by HD cells and while it does not appear to act
in

an

autocrine fashion it does have the

potential to activate NF-xB in surrounding cells.

3.1.8. Discussion

Deregulated activation of NF-xB in Reed-Sternberg cells (RS) and neoplastic Hodgkin cells
has been

al.

proposed to be responsible for the characteristic phenotype of these cells (Gruss et

1994). High expression of proliferation markers as well as high production of cytokines

are

also part

of this characteristic phenotype. Several mechanisms have been proposed to

explain these different defects that commonly

occur

in HD cell lines and also in patients. In

Hodgkin's disease (classical Hodgkin lymphoma), multiple cytoplasmic membrane receptors
are

permanently expressed allowing the transduction of signals required for the activation of

downstream kinases.
found

on

Characteristically RS cells

activated B and T cells, CD40 and several

interleukin-2 receptors
and others receptors

CD30,

a

cell surface marker also

cytokine receptors such

as

CD71, the

p55 and p75 and the interleukin-6 receptor (Gruss et al. 1994). These
such

cytoplasmic domains but

as

can

TNF-R2 do not contain intrinsic catalytic activity in their

bind to

associated Factors). Six TRAFs
that

express

a group

of homologous proteins termed TRAFs (TNF-R-

proteins have been identified. They

are

adaptor molecules

participate in the intracellular signalling activity of several members of the TNFR

family including TNF-R2, CD40, CD30 and LT(3R. TRAFs proteins
kinases

can

complexes containing NIK, IKK1, and IKK2 and thus playing

NF-xB activation

super

also be recruited by

an

important role

on

(Durkop et al. 1999); (Sylla et al. 1998); (Horie et al. 2002). TRAF1,
147

TRAF2 and TRAF5 have been
cells

(Izban

et al.

In 40% HD

reported to be

over

expressed in Hodgkin & Reed-Sternberg

2000) (Horie et al. 2002).

patients,

a

latent EBV infection has been detected by the presence of EBV-

encoded latent membrane

This oncoprotein LMP1 is anchored to the

protein LMP1.

cytoplasmic membrane and mimicks the molecular function of
CD40

a

TNF-like receptor such

as

by recruiting TRAFs proteins and thus activate NF-xB transduction pathway (Sylla et

al. 1998).

In other HD

defective IxBa forms

cases

seem

such

as

to be the

in the EBV-negative HRS cells KM-H2 and L-428,

origin of permanently activated NF-xB (Wood et al.

1998); (Emmerich et al. 1999); (Cabannes et al. 1999). Mutated IxBa forms found in biopsy

samples from Hodgkin patients
IxBa forms may
no

consistent with those findings and suggest that defective

explain the constitutively active NF-xB phenotype in

obvious defects have been found to

nucleus of cells
It

are

was

expressing

an

some cases.

However,

explain why NF-xB is permanently active in the

inactive form of IxBa wild type.

previously reported that in HD cell lines expressing truncated forms of IxBa the
,

expression of IxBa WT and
(S32.36R)

are

more

potently the expression of

able to negatively regulate NF-xB activity

a mutant

over

resistant to degradation

(Wood et al. 1998) (Bargou et al.

1997) (Krappmann et al. 1999). Those results suggest that the introduction of a functional
WT form of IxBa is not sufficient to restore

order to

identify

a

control

on

NF-xB

activity in those cell lines. In

possible defect in the transduction pathway targeting for the constitutive

degradation of IxBa, it

was

molecules in HD cell lines

over

a

decided to transiently transfect several transdominant negative

expressing

an

IxBaWT. A first set of experiments show that the

expression of IxBaWT and transdominant negative forms (S32.36A, K21.22R) of this

inhibitor, negatively regulate at different levels NF-xB activity in L591, HDLM2, L540 and

HDMyZ cell lines. Over expressed IxBaWT molecule appeared to be insufficient for

an

optimal control of the NF-xB activity. This result suggests that IxBa molecule is efficiently
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degraded in those cell lines possibly through
pathway. To
xB

our

permanently activated signal transduction

surprise the K21.22R molecule show only

a

modest negative effect

on

NF-

activity in most HD cells supporting the notion that in addition to lysine 21 and 22 other

lysine residues
al.

a

may

1996). The

contribute to the optimal degradation of the IxBa molecule (Rodriguez et

most

dramatic negative effect was observed with the SR molecule S32.36A,

indicating that IxBa kinases

may

be hyper-activated confirming

a

previous report published

by Krappmann et al (Krappmann and Scheidereit 1997). To test this hypothesis, the IKK

complex
lines.

were

was

Using

immuno-precipitated and its activity
as

after stimulation with TNFa.
unstimulated HD cells and

results

measured in Jurkat and in all HD cell

substrates the N-terminus of IxBa WT and S32/36A, low levels of activity

detected in unstimulated Jurkat cells.

that IKK is

was

The IKK

In contrast, the

was not

activity

was

activity of IKK

permanently activated in HD cells and

as

well

as

was

considerably higher in

increased after TNFa stimulation. Those results indicate

are

in agreement with previously published

(Krappmann et al. 1999). To investigate the role of the

and IKK2

increased in Jurkat cells

the role of the upstream

two main IKK kinases IKK1

NF-xB inducing protein kinase (NIK)

on

the

permanently activated NF-xB pathway observed in HD cell lines, transdominant negative
forms of those kinases
most

were

transiently overexpressed. Our results indicate that IKK2 is the

important kinase contributing to the activation of NF-xB in HD cells supporting the

previously proposed critical role of IKK2 in the phosphorylation of IxBa (Figure 4) [Ghosh,
2002

#361]. A synergistic negative effect

transdominant
transdominant

on

negative kinases

NF-xB activity

co-transfected.

was

observed when several

In particular the co-expression of

negative NIK and IKK2 in HD cells showed the most potent negative effects

NF-xB activation

simultaneous

were

on

(figure 4). As

a consequence

of the NF-xB activity inhibition by

expression of transdominant negative kinases, IxBa expression levels

reduced in L591, HDLM2 and

were

HDMyZ cell lines indicating that the inhibition of the signal
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transduction

pathway could be sufficient to negatively regulate NF-xB dependent

genes.

Together those results suggest that the NF-xB signal transduction pathway is activated at
different levels

probably by

signal acting upstream NIK. Defects in signal transduction

a

pathway allowing NF-xB activation have been previously reported (Schmidt-Supprian et al.
2000) (Smahi et al. 2000) (Smahi et al. 2002) (Tanaka et al. 1999).

Pigmenti (IP)

Incontinentia

inactive NEMO/IKKy

an

defective stimulation of NF-xB

activated NF-xB

pathway

may

activity. In the

involve

an

case

was

In the

case

of

found to be responsible for the

of HD cells, the origin of permanently

activated upstream kinase that

can

affect both NIK

and IKK

activity. Alternatively, unidentified negative regulators of IKK activity

absent

inactive in classical HL. Critical roles of these kinases, NIK, IKK1 and IKK2 have

or

been revealed

by the generation of knockout mice. IKK 1-/-mice

xB in response to

(Li

abnormalities

die

at

E14.5

are

may

be

still able to activate NF-

different cytokines but mice die just after birth and exhibit multiple sketelal
et al.

1999) (Hu

days and cells exhibit

et al.

no

1999) (Tanaka et al. 1999). In contrast, IKK2-/-mice

NF-xB activation in

response to

TNFa

or

IL-1 (Li et al.

1999) (Tanaka et al. 1999). Finally NIK-/-mice revealed that NIK functions in the LTf3R

signalling pathway and not in the TNFa-activated NF-xB (Yin et al. 2001). Knockout studies
suggested that IKK2 is the predominant kinase in vivo in
activate NF-xB and that IKK1 acts in response to
that IKK1 is

response to

cytokines stimulation to

other stimuli although it has been shown

important for NF-xB activation by pro-inflammatory signals (DiDonato et al.

1997) (Regnier et al. 1997). Furthermore, disruption of NIK-IKK1 by C-Terminal deletions
of NIK abolishes TNF-induced activation
NF-xB

as an

(Lin et al. 1998). It has been proposed that in the

pathway, IKK2 is the main kinase that directly phosphorylates IxBa while IKK1 acts

IKK2-regulator kinase in the IKK-signalosome [O'Mahony, 2000 #226]. To date with

recent controversial results

of each kinase

published,

more

studies

are

required to reveal the real implication

especially those involved in NF-xB pathway following specific stimuli. In the
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pathology of classical HL, NIK, IKK1 and IKK2 appear to be activated in all RS cell lines
and it is assumed

they play

an

important role in the permanent activation of the NF-xB

pathway in these cells.
HD cell lines have been

and Hsu

reported to secrete

many

cytokines including TNF

1989); [Foss, 1993 #64];(Gruss et al. 1994). TNFa

was

a

and LT (Hsu

detected by Northern Blot

analysis in all classical HL examined and proteins detected by Immunohistochemistry (IHC)
in 69 % of

primary RS cells (Hsu and Hsu 1989; Kretschmer et al. 1990; Ruco et al. 1990;

Xerri et al. 1992; Foss et al. 1993; Benharroch et al.

conditioned media from

1996). Results presented here show that

Hodgkin cell lines contained factors that could activate NF-xB in

neighbouring cells. To evaluate the production of cytokines, the HeLa 57A reporter cell line
has been used.

The

analysis of those factors responsible for the observed NF-xB activity

indicates that this effect is
LT is

primarily due to lymphotoxin (LT). In this work, it

found that

produced by most of HD cell lines used in this study. As it is difficult to efficiently

transfect most HD cells, an adenoviral gene

delivery approach

HD cells with Ad5/IxBaSR but not infection with Ad5/LacZ

of LT,

was

considered. Infection of

severely impairs the production

indicating that production of this cytokine is dependent

on

Although LT is able to activate NF-xB in surrounding cells (tested
cell

was

NF-xB activity (figure 9).
on

the HeLa 57A reporter

line), this cytokine is not responsible for the constitutive NF-xB activation found in HD

cell lines

NF-xB

cells,

as

neutralising antibodies

or

stimulation by recombinant LT do not

appear to

affect

activity in these cells (figure 10). While TNFa is reported to be produced by HD

no

evidence

was

found for production of TNF by HD cells in this study. Neutralising

antibodies to TNF did not inhibit the
the reporter

ability of conditioned medium from HD cells to activate

in Hela 57A cells and immunodepletion by anti-LT antibodies removed all of the

stimulating activity. It

was

also noted that addition of recombinant LT to the HD cells growth

media did not further stimulate NF-xB

activity (data not shown). Thus, in HD cell lines, the
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activity cannot be further stimulated by the addition of exogenous recombinant TNFa

NF-xB

and LT. In order to understand these results, it was decided to determine the
of both TNF-R1 and TNF-R2 that

analysis and using

as

common

receptors for those cytokines. By FACS

positive control Monocytes-Derived-Macrophages (MDM), which

R2 but not TNF-R1. To

both receptors

it

TNF-

has been explored in the most commonly used HD cell lines. In agreement

observed that TNF-R2 and TNF-R1

was

express

knowledge this study is the first report in which the expression of

our

previous publication in which the expression of both receptors

a

cases,

the

TNF-R1 and R2 (figure 11), it has been found that most HD cell lines

express

with

are

expression levels

are not

was

studied in primary

present in all HD cells

(Ryffel et al.

1991). This heterogeneous expression of TNF receptors as well as the absence of effect of
exogenous

important role in the autocrine activation of NF-xB in HD cells. This

an

case

its

addition of recombinant TNFa and LT suggest that the TNF pathway

for the CD40 receptor

may not

play

seems to

be also the

that fails to activate NF-xB dependent transcription in

response to

ligand (Wood et al. 1998)

It has been

reported that TNF

activation (Borset et al. 1996).
to be

is 100 to 1000-fold

reason

et al.

more potent

than LT for NF-

xB

Although affinities of TNFa and LT for both receptors

quite similar, the role of TNF-R1

(Borset

on

NF-xB activation appeared to be

more

seem

important

1996) (Mukherjee et al. 1998). Thus, the absence of TNF-R1 is likely to be the

why HD cells fail to activate NF-kB in

the absence of TNF-R1 the

not

a

cytokines. Moreover, in

synergistic crosstalk between the two types of TNF receptors is

possible (Mukherjee et al. 1998). This

and LT in these HD cells.

response to exogenous

Thus, it

can

may

also contribute to the lack of effect of TNF

be speculated that the absence of TNF-R1 death-

receptor at the cell surface of HD cells may importantly contribute to create conditions for
resistance to

on

HD

apoptosis allowing the abnormal survival of HD cells. Additional investigations

primary cells

may

provide further support to this hypothesis. Moreover, it has been
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recently reported that TNF-R1 and TNF-R2 not only associate with adapter proteins such
TRAFs but also the

proteins have
the

a

as

anti-apoptotic molecules c-IAPl and C-IAP2 (Li et al. 2002). These

RING domain-dependent ubiquitin protein ligase (E3) activity and although

physiological role is still obscure, c-IAPl only mediates ubiquitination and degradation of

TRAF2

this

protein after the binding of TNFa to TNF-R2 (Li et al. 2002). Investigations about
role of c-IAPl and its

new

implication in apoptosis from TNF-Rs

may

provide

a

better

understanding of the constitutive transduction pathway found in classical HL. Because TNFR2 and not TNF-R1 is
molecule such

explain

as

expressed in HD cell lines,

the c-IAPl

a permanent

one can

speculate that dysfunction of

a

ubiquitin ligase towards its protein substrate TRAF2 could

activation of NF-xB and contribute in this

way to

maintain anti-apoptotic

signals (Yeh et al. 1997).

Lymphotoxin has been reported to act
certain human

as an

autocrine growth factor for the proliferation of

lymphocytic cell lines (EBV-infected B cells) (Estrov et al. 1993). Even if

TNF-R1 is absent in all HD cell lines used in this

Why TNFa
least two

or

LT

are not

TNF-R2 is not able to bind the

can answer to

ligand,

or

this intriguing question. One

TNF-R2.

Further

can

speculate that

is not recruiting the factors required for the signal

Alternatively, the signal transduction pathway could be

saturated in HD cells.

express

able to stimulate NF-xB activity in HD cells through TNF-R2? At

possible mechanisms

transduction.

study, most HD cell lines

over

stimulated

or

investigations need to be performed to address this possible

explanation. Together these data suggest that in all HD cells NF-xB is permanently activated
probably by
as a

a

dysfunction of the signal transduction pathway. As NF-xB has been proposed

survival factor

of this

required for cell proliferation,

transcription factor

chapter

an

may

one can expect

that inhibition of the activity

abrogate the abnormal growth of those cells. In the following

adenovirus-based strategy has been considered

as a means

of inhibiting the
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permanent activation of NF-xB in HD cells. If successful, this approach could be used in the
future

as a

potential

gene

therapy that

can

complement actual treatments of relapsed patients.
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3.2. Inhibition of NF-xB

activity and its

consequences on

HD cell

survival

3.2.1. Production of recombinant adenoviruses

Gene

therapy is defined

as a

production of crucial proteins
to treat

transfer of nucleic acids into cells
or

disease. At the beginning of

which display defects in the
gene

monogenic (single gene) disorders but rapidly it becomes

than 175 clinical trials and 2000

a

therapy, the

purpose was

medical reality with

more

patients already treated (Ross et al. 1996).

Multiple strategies of gene therapy have been explored to deliver nucleic acids either RNA
or

DNA, encoding therapeutic genes, to treat or prevent diseases (Crystal 1995); (Robbins and

1998).

Ghivizzani
effective
and

are

required for

gene

transfer

are among

successful

therapy.

gene

gene

therapy.

Choosing

delivery to obtain

an

an

efficient

the most important initial steps. A clear understanding

pathogenesis of the disease is

efficient

a

therapeutic gene(s) and the appropriate vector for

specific

of the

Many steps

necessary to

Two major vehicles

are

identify the gene(s) that will allow

used for

gene

an

transfer: viral (Retrovirus,

Adenovirus, Adeno-associated virus) and non-viral vectors (liposomes).
To date, recombinant

among
in that

adenovirus (rAd) and recombinant adeno-associated virus (rAAV)

the most extensively used vectors in
they have

Adenovirus

a

broad host

range

and

can

gene

therapy. They have

linear double-stranded DNA genome

over

50 different human serotypes.

Adenovirus is

a

depending

the species from which the virus is isolated. DNA

naked icosahedral

capsid that confers

but size of DNA is critical for

more

number of advantages

infect proliferating and quiescent cells.

family (Adenoviridae) is characterized by

on

a

are

that varies between 30000 and 45000 nt
genome

is packaged in

a

stability in the environment that enveloped viruses

packaging into the capsid and thus recombinant adenovirus
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have been

on

developed by replacing existing viral

the viral genes

deleted, recombinant viruses

replication-defective. Adenovirus
cycle. The

genome

by early regions (E)
begins during
most

the

or

of interest. Depending

genes

be either replication-competent

can

expresses more

with

than fifty

gene

products during its life

occurs

before the step of replication of the viral

after the replication step and is governed by late region
proteins. Four different

genes

element involved in the

results in

a

genes

distributed along the

region expressed following infection of

a

cell with

a

(human 293 cell line) which contains

an

integrated

can

replicate in

copy

of the El

a

(L) to produce

genome

genes:

comprise

El, E3 and E4.

virus and is

regulation of the transcription of viral and cellular

replication-defective virus that

The later step

genome.

early region (E). Three regions have been used for insert foreign

this gene

or

replication is divided into two distinct events. The early event controlled

of viral structural

El is the first

al.

sequences

genes.

a

pivotal

Deletion of

complementary cell line

gene

(Ghosh-Choudhury

et

1986). The E2 region encodes proteins involved directly in adenoviral DNA replication

such

as

DNA

binding protein, DNA polymerase and terminal protein

#275], Foreign

genes are

precursor

[Lai, 2002

also inserted instead of E3 region that is not required for viral

replication in vitro but the recombinant adenovirus is replication-competent. Although the E3
region is not essential for viral replication, E3 region produces proteins that

are

involved in

binding the MHC Class I molecules, in modulating lysis by TNFa and by down-regulating
epidermal growth factor receptors
protein products

are

on

host cells [Krajcsi, 1992 #247]. Finally, E4 region

involved in the transition of the virus from early-to-late

switch-off of host cell gene

using E4 deleted viruses necessitate the

complementary cell line providing El and E4, which

are

expression,

expression, viral replication and assembly. This E4 region is

essential in human adenoviruses but

need to be

gene

expressed at high levels. Thus, El

replication defective vector and

can

be

or

can

use

of

a

be toxic for the cells if both proteins

E1/E3 deleted viruses (first generation rAd)

grown

in specific cell line providing Ad El region
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(HEK 293 cell line). The deletion enables the insertion of exogenous DNA of up to 8 kb

long. However, this expression is transient and is attribued to the strong immune response
elicited

by the viral proteins, which make readministration of the virus not feasible. However

by using immunosuppressive drugs, readministration can be possible and can be extended to
the eye,
vectors

muscles, cardiac allograft, and liver [Lai, 2002 #275], The second-generation rAd
contain not

inflammatory

only E1/E3 deleted regions but also

diseases and also

are

E2a mutated

gene

that mediates less

[Lai, 2002 #275].

responses

Adenoviral vectors

a

very

efficient in the transient transfer of

genes

involved in specific

provided protection against challenge with viruses [Lai, 2002 #275].. Most

vectors are based on the

adenovirus type

5 vectors (serotypes 2 and 5

serotypes used for clinical trials in cystic fibrosis and
mucosal membranes and thus

are

the

more common

cancer). Most of the viruses

enter via

replicate initially in the respiratory and gastrointestinal tractus.

Thus, they become favourite vector for the development of mucosal vaccines

[Lai, 2002

#275],
Besides the
adenoviruses
interest

advantage that adenoviruses
replicate to

very

can

infect proliferating and quiescent cells,

high titres (10.10 to 10.12 pfu/ml) leading to

a

commercial

by reducing the cost of vaccine production and delivery. Generation of recombinant

adenoviruses with bacterial
both with

plasmid provides rapid construction and isolation of recombinants

regards to safety and efficacy [Chartier, 1996 #244],

3.2.2. Functional

expression of pCA14-p65HA vector and trials for the

production of recombinant adenovirus-p65HA
To

identify and isolate

adenovirus

new

NF- xB-dependent

genes,

it

was

thought useful to construct

expressing p65, the transcriptionally active subunit of NF-xB.

an

Recombinant
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adenoviruses

obtained

were

deficient type

by co-transfection of El-expressing 293 cells with

a

replication-

5 adenovirus PJM17, containing deletions in the E1-E3 regions and with the

linearized shuttle vector

pCA14 containing the

gene

of interest. Recombination occured

between adenoviral sequences

resulting in the integration of the fragment containing the

HCMV promoter

of interest into PJM17 adenoviral

and the

PCA14 vector. PJM17

gene

replicates with the

presence

genome

thus releasing the

of El protein produced by HEK293 cells,

producing intra-cytoplasmic infectious particles bound to the cytoplasmic membrane (figure
12).
A cDNA

encoding

HA tagged version of p65

an

pCA14. Plasmid DNA
of

was

was

inserted into the shuttle plasmid

sequenced and protein expression

was

verified by co-transfection

pCA14-p65HA and 3EnhConALuc plasmid DNAs into Cos7 cells. After 10 hours of

transfection, cells
Luciferase

incubated

were

or not

with lOng/ml of TNFa for an additional 18 hours.

activity measured in harvested cells indicates that pCA14-p65HA construct

efficiently expressed

as reporter

activity

was

was

increased about 20 times compared to the

activity found in cells transfected with the pCA14 empty vector (figure 13A). As expected
TNFoc stimulates the
contrast, NF-xB

activity of NF-xB 20 fold in cells transfected with the empty vector. In

activity

was not

have also verified the levels of
A fraction of the
anti-HA

antibody.

construct express

effect
To
with

same

on

stimulated by TNFa in cells

over

expression of p65HA in those transfected cells (figure 13B).

cell extracts

was

analysed by Western-blotting with the monoclonal

It has been observed that cells transfected with the pCA14-p65HA

high levels of the tagged protein. Moreover, incubation with TNFa has

no

p65HA levels in those transfected cells.

produce the Ad5-p65HA, the shuttle plasmid pCA14-p65HA
Sspl restriction

circular

expressing p65HA. We

enzyme

and 0.8

pg

of pCA14-p65HA

was

was

previously linearized

co-transfected with 0,2pg of

pJM17 vector by lipofectamine method in Optimem media into 2.105 cells/well El-
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Figure 12. Strategy used for the construction of recombinant adenoviruses 5.The production
of recombinant adenovirus was realized by co-transfection of El-expressing 293 cells with a
replication-deficient type 5 adenovirus PJM17, containing deletions in the E1-E3 regions and
with the linearized shuttle vector pCA 14 containing the gene of interest. Recombination occured
between adenoviral sequences resulting in the integration of the fragment containing the HCMV
promoter and the gene of interest into PJM17 adenoviral genome thus releasing the PCA 14
vector. 20 pg of the shuttle plasmid pCA14 encoding the gene of interest was linearized by
simple enzymatic digestion. After gel extraction, quantification of linear DNA was appreciated
by agarose gel. 2.10^ cells were co-transfected by lipofectamine method with lpg DNA mix
with a ratio 1:5 (PJM17:pCA14). Cells were transfected for 14 hours at 37°C and maintained in
DMEM2%FCS for 5-7 days. When cells appear infected on the microscope compared with no
infected cells, cells were harvested and centrifuged 5 mins at 1200 rpm. Then virus particles
were extracted and purified from membranes cells by using ultracentrifugation.

A
S -TNFa

100

gg+TNFa,

90
G
O
+—>

80
70

O

3
•3
C

"o
Uh

60

50
40
30
20

nan

10
0

pCA14

pCA14 / p65HA

C

Days after

2

3

5

4

co-transfection
control

+

+

+

+

PJM 17

pCA14/p65HA
non

+

+

+

+

spe.

p65 HA

—

*

Figure 13. Functional expression of the pCA14-p65HA vector and production of recombinant

adenoviruses-p65HA.(A) Cos7 cells are transiently co-transfected with the NF-icB-dependent
luciferase reporter (3EnhConALuc) and the pCA14-p65HA plasmid. After transfection, cells
were incubated with 10 ng/ml TNFa for 18 hours. Luciferase activity was measured and reported
as fold of induction and compared to
empty vector control. (B) Total cells extracts from these
transfected cells are separated in a 10% polyacrylamide gel containing SDS, transferred onto a
PVDF membrane and analysed by Western blotting with HA antibody. (C) HEK 293 cells were
co-transfected with plasmids encoding PJM17 and pCA14/p65HA. After transfection, production
of viruses was followed during 5 days. Total cells extracts from infected cells were separated in a
10% polyacrylamide gel containin g SDS, transferred onto a PVDF membrane and analysed by
Western blotting with HA antibody.

expressing 293 cells.
DMEM2%FCS and

After fourteen hours of transfection, cells

production of adenovirus

Expression of the p65 transgene
13C).

was

was

followed

every

were

in

grown

day after transfection.

analysed by Western-blotting using HA antibody (figure

The adenovirus-p65HA reaches the highest levels of expression of the transgene

p65HA at day 4. However, p65HA production disappears at day 5 after transfection. A
fraction of transfected cells

was

also

analysed by indirect immuno-fluorescence by using

an

antibody recognizing DNA Binding Protein (DBP) (data not shown). A perfect correlation
between

p65 and DBP expression maximal expression

transfection.
later.

Unfortunately, adenoviral late protein expression

Because of this, the

transfection of 293 cells.

Ad5-p65HA amplification

was

3.2.3. Stimulation of

was not

and other stimuli

or

one

day

were not

infectious and further

possible.

can suppress

cell death pathways and

required to protect cells from the apoptotic cascade induced by TNF

(Barkett and Gilmore 1999). It

was

therefore reasoned that

a

different agent

provide the additional signal required for apoptosis induction in HD cells with reduced

inhibited NF-xB

treatments

In

also eliminated

was

apoptosis in HD cells

Multiple studies have indicated that NF- xB activation
that NF-xB activation is

observed at day 4 after

harvested from days 3 and 4 after

Unfortunately, resulting cell extracts

purification and characterisation of Adenovirus-p65

could

was

activity. Dexamethasone is

that has been

glucocorticoid drug currently used in HD

reported to reduce the transcriptional activity of NF-xB.

Hodgkin's disease, the abnormal NF-

occurred between the

a

xB activity

may

be explained by defects that

regulatory protein, IxBa, and NF-xB. In

thus unable to retain NF-xB in the

cytoplasm and in other

some cases,

cases,

IxBa is deleted

normal and functional

inhibitory IxBa is also not capable to negatively regulate NF-xB activity. To understand the
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molecular mechanism between NF-xB and IxBa, it
based gene

delivery approach to study IxBa in

a

was

large number of HD cell phenotype. This

approach should allow the study of NF-xB-dependent
conditions and their

3.2.3.1.

decided to develop an adenovirus-

genes

expressed under pathological

putative role in the development of Hodgkin's disease.

Dexamethasone does not inhibit NF-xB

activity and does not induce

apoptosis in most HD cells
Glucocorticoids

processes
used

as

-acute

as

dexamethasone

or

prednisone

metabolism, development, immunity

as

therapeutics agents in the treatment of

many

lymphoblastic leukemia (ALL)-. They

cell types,
and

such

(GC) such

which is the

reason

why GC

are

can

or

are

involved in

many

biological

reproduction. Thus they have been

diseases including

some types

of

cancers

have anti-proliferative effects in specific

used in immunosuppressive, anti-inflammatory

oncolytic therapy.

GC enter the cell

by passive diffusion and bind to the glucocorticoid receptor (GR) which is

located in the

cytoplasm

interact with

a

genes

as a

homodimer. GC-GR complexes translocate to the nucleus and

GRE (consensus

sequence) located in promoter regions of GC-responsive

leading to transcriptional activation. GC-GR complexes

transcription factors like AP-1 and NF-xB.

can

also directly interact with

Formation of these complexes

represses

the

transcriptional activity of both factors. Besides these transrepression complexes, NF-xB is
also inactivated
GR leads to

by

an

indirect mechanism. Since IxBa is

a

GR-responsive

gene,

induction of

higher levels of IxBa which decreases the level of nuclear NF-xB (Auphan et al.

1995). Nevertheless, the mechanisms implicated in the negative regulation of NF-xB activity
are

controversial

Before the

determined.

use

(Heck

et al.

1997) (Kordes

of dexamethasone

as a

et al.

2000).

co-signal, the effects of this drug in HD cells

Initially, concentrations in the nanomolar

range were

were

used because those doses
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are

has

used in actual

no

effect

therapies. The results indicate that at these concentrations dexamethasone

NF-xB/DNA

on

binding activity and apoptosis

Thus, drug concentrations up to

on

HD cells (data not shown).

50 times the doses used in therapies (40

mg

daily) have been

(Rapoport et al. 2002) (figure 14). Under those conditions L428, KM-H2 and HDLM2

used

showed

no

effect

on

NF-xB/DNA

binding activity and apoptosis. However, L591 and L540

respond to the highest concentrations of drug used in
DNA

binding of NF-xB is partially reduced

demonstrated that 80% of L540 cells
dexamethasone

probably due to

a

our

experiments. In those cell lines,

abolished (figure 14).

or

undergo apoptosis at

a

toxic effect induced by

It

was

also

concentration of 5pM of
a

high concentration of

dexamethasone

(figure 14, slight band of (3-actin). In L591 HD cells, 50% NF-xB DNA-

binding activity

was

dexamethasone at
IxBa

seem

inhibited after induction by 0,5

unchanged by Western blotting.

decided to search for

plasmid pCA14 under the control of

was

To restore

a

extremely high, it

subcloned into the multiple cloning site of the shuttle
a very strong

functional wild type

human cytomegalovirus (CMV) promoter

protein for degradation. Serines

are

are

genome

required for recombination with

IxBa protein into IxBa-defective cells, IxBa WT

pCA14. IxBa SR

specific serines 32 and 36 that

resistant to the resistant to

a response was

apoptosis to be used in future experiments.

of the adenoviral viral

choosen to be subcloned into

in the

(3-actin and

expression of pCA14-IxBa vectors

Different forms of I xBa genes were

and between two segments

as

As only few HD cell lines respond to

required for

better co-stimulator of

a

3.2.3.2. Functional

PJM17.

5pM dexamethasone suggesting that

high concentration affected NF-xB DNA binding activity

dexamethasone treatment and the concentration

was

or

gene expresses a

double mutation located

phosphorylated after stimulation and that targets the

mutated into alanine thus rendering IxBa S32A/S36A

degradation. It

was

of particular interest to

over express

this IxBa

161

Dexamethasone

0

0.5

(fxM)
EMSA

NF-xB

►

Western Blot

IxBa

►

L428

(3-actin ►

EMSA

NF-xB

Western Blot

IxBa

L540

(5-actin
EMSA

NF-xB

Western Blot

IxBa

€■§<
L591

(3-actin

EMSA

NF-xB

Western Blot

IxBa

KM-H2

(3-actin

EMSA

NF-xB

Western Blot

IxBa

HDLM2

(3-actin

Figure 14 Dexamethasone does not affect NF-»cB activity found in HD cells. Five million
of L428, F540, F591, KM-H2 and HDLM2 HD cells were treated with 0, 0.5 or 5pM
dexamethasone for 18 hours. (EMSA) NF-xB DNA binding activity was determined with 5
pg of nuclear extracts from these cells. (Western Blot) Total cell extracts from these cells
were separated in a 10% polyacrylamide gel containing SDS, transferred onto a PVDF mem¬
brane and analysed by Western blotting with 10B anti IxBa antibody and normalised with (3actin antibody
.

super-repressor
than IxBa WT

(IxBa SR) into

especially in

contrast, it was also

an

some

adenovirus

as

expression of this protein

Hodgkin cell lines that

interesting to construct

that after infection of cells would block IxBa

an

over

stable

high IxBa turnover. In

expresses an

adenovirus

was more

expressing anti-sense IxBa

expression allowing translocation of NF-xB into

the nucleus.
The first step

a

recombinant adenovirus expressing wild type

(WT), anti-sense IxBa (AS) and the IxBa super-repressor (SR)

IxBa

the

towards the construction of

vectors were

Media with

of the viral

genome

contained in

sequenced and protein expression

1.105 cells

cells.

were

co-transfected

was

a

by lipofectamine method for 14 hours in Optimem

1.6pg of each expression WT, AS and SR forms of IxBa and 0.4pg of NF-xB

conalbumin basal promoter

were

stimulated with

consensus sequences

driving the expression of the luciferase reporter

1987). After transfection, cells

cells

shuttle plasmid, pCA14. DNA

verified by transiently transfecting Cos7

dependent reporter 3EnhConAluc (contains three NF-xB

were

gene

and the

(Dierich et

incubated with DMEM10%FCS and 12 hours later,

lOng/ml of TNFa for

measured in harvested cells indicates that

As

the subcloning of

respective IxBa cDNA into EcoR V cloning sites in the multi cloning sites located

between two segments

al.

was

an

additional 18 hours. Luciferase activity

pCA14-IxBa constructs

expected TNFa stimulates the activity of NF-xB 8 fold in cells

were

efficiently expressed.

over

expressing IxBa WT

(figure 15A). In contrast NF-xB activity

was not

IxBa SR, as this IxBa was resistant to the

degradation after TNFa stimulation thus efficiently

retaining NF-xB in the cytoplasm.
(about 500 fold induction)
TNFa
both

was

A

very

significantly stimulated in cells expressing

significant stimulation of the NF-xB activity

observed in cells transfected with IxBa AS and incubated with

(figure 15A). This high NF-xB activity could be explained by

endogenous and

exogenous

a

complete inhibition of

IxBa proteins leading to full transactivation of NF-xB. To

verify IxBa expression levels in those transfected cells,

a

fraction of the

same

cell extracts

162

was

analysed by Western blotting with the monoclonal anti-IxBa antibody 10B. We observed

that cells

expressing IxBa SR show higher levels of protein expression than cells expressing

IxBaWT

(figure 15B).

Cells transfected with pCA14/IxBa.WT

protein level compared with cells transfected IxBa SR
due to the turnover of the

TNFa has

degraded.

no

can

by Western blotting, probably

overexpressing IxBaWT

or

IxBaSR

as

little IxBaprotein is

be explained by the IxBa protein turnover. Since IxBa protein is

synthesized, the minimal effect of endogenous levels of IxBa
transfected with

lower IxBa

protein and the resynthesized of IxBa protein. Stimulation with

effect in cells

This

as seen

express a

was

re-

also observed in cells

pCA14 empty vector and also with IxBa AS construct.

3.2.3.3. Production of recombinant adenovirus-IxBa
Two

a

days before the co-transfection, 2.105 HEK293 cells

were

plated in DMEM10%FCS of

6-well-plate (the day of transfection, cells need to reach maximum 50% confluence).

Twenty

pg

of each shuttle plasmid pCA14 encoding IxBa WT, AS

simple enzymatic digestion with Ssp I restriction
quantification of linear DNA
co-transfected

Cells

were

When cells

was

determined by

enzyme

agarose

at

SR

rpm.

a

Infected cells

were

were

one

assay.

were

days.

harvested and

resuspended in 1ml DMEM and viral

released by 3 cycles of freeze/thaw. After

centrifugation, supernatants containing viral particles
purification of virus by single virus plaque

were

ratio 1:5 (PJM17:pCA14).

37°C and maintained in DMEM2%FCS for 5-7

particles bound to the cytoplasmic membrane

infected for

linearized by

gel electrophoresis. 2.105 cells

display cytopathic effects compared to uninfected cells, cells

centrifuged 5 mins at 1200

were

for 4 hours. After gel extraction,

by lipofectamine method with lpg DNA mix with

transfected for 14 hours

or

were

used to infect 293 cells for the first

Six well-plate monolayer 293 cells

hour at 37°C with the virus obtained above.

DMEM/soft-agar for 4-5 days until separate plaques of virus

appear.

Cells

were

were

grown

in

Each plaque of virus
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Figure 15. Functional expression of pCA14-lKBa vectors. (A) To test the functional expression
of pCA14-IicBa

Wild type(WT), pCA14-IicBa anti-sense(AS) and pCA14-lKBa S32A.S36A(SR),

Cos7 cells

transiently co-transfected with those plasmids and the NF-KB-dependent luciferase

were

reporter, 3EnhConALuc. After transfection, cells were incubated or not with 10 ng/ml TNFa for
18 hours. Luciferase

activity

was

measured and reported

as

fold of induction and compared to

empty vector control. (B) Total cells extracts from the above transfected cells were separated in
a

10%

polyacrylamide gel containing SDS, transferred onto a PVDF membrane and analysed by

Western

blotting with 10B anti-IxBa antibody.

was

diluted in

200pl DMEM and after phenol/chloroform extraction, DNA

RNAse A, Proteinase K and
presence

of IxBa

gene

precipitated. Viral DNA

in these recombinant viruses.

IxBa WT and SR transgenes was
a reverse

was

verified by PCR using

a

was

treated with

therefore tested by PCR for the

The

presence

of DNA encoding

forward CMV promoter primer and

primer corresponding to the N-terminal IxBa protein (figure 16A). For detection of

the IxBa AS transgene,

primer with

a reverse

the PCR fragment

amplified with

a

forward HCMV promoter

C-terminal primer corresponding to the C-terminal IxBa protein. A

specific 230 base pairs PCR fragment
IxBa WT, SR, AS and also with the
In contrast, such DNA

fragment

expressing

a reporter gene,

realized to

ensure

was

obtained in 293 infected cells with adenovirus

positive control, pCA14-IxBa WT plasmid (figure I6B).
absent in cells infected with adenovirus control

over

(3-galactosidase. Two successive cycles of virus purification

were

was

isolation of recombinant adenovirus.

obtained from the last round of
several IxBa

was

Figure 16B corresponds to results

amplification/purification. Furthermore, the expression of the

transgenes was analysed by Western blotting using the 10B anti-IxBa antibody

(figure 16B). HEK293 cells infected with the adenovirus IxBaSR and IxBaWT showed
high levels of expression of the transgene. As expected, the levels of expression of IxBa
very

were

low in cells infected with the adenovirus IxBa AS and uninfected cells.

3.2.3.4.

Establishing conditions for optimal expression and infection of Hodgkin

(HD) cell lines with adenovirus-lacZ, IxBa WT and IxBa SR.
Infection of HD cell lines with recombinant

replication-defective adenovirus required

preliminary experiments to determine the best timing of infection, the stability of

protein IxBa at 24

or

48 hours post-infection and the concentration of viruses needed to

downregulate completely NF-xB activity
different

exogenous

origin-lymphocyte T

or

B-cells,

a

on

the nucleus. As each HD cell line

came

from

replication defective adenovirus vector harboring

a
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Figure 16. Production of recombinant adenoviruses expressing various forms of IxBa. (A)
Cell extracts from 293 cells infected with various adenovirus-IxBa

were

used to detect IxBa

transgenes. PCR detection was performed using a CMV promoter primer and a primer
corresponding to the N-ferminal region of IxBa (for WT and SR) or a primer corresponding to the
C-terminal

region of IxBa protein (for AS) as shown in the schematic representation of a
Negative virus control were obtained after cotransfection of HEK293 cells
with empty pCA14 vector. Amplification of pCA14-IxBaWT plasmid by PCR was used as positive
control. (B) A single virus plaque positive by PCR is then purified 3 times by infection and
amplification in 293 cells. Total cells extracts from the final purification were separated in a 10%
polyacrylamide gel containing SDS, transferred onto a PVDF membrane and analysed by Western
blotting with 10B anti IxBa antibody.
recombinant virus.

bacterial lacZ gene was

used

as a reporter

(Evrard et al. 1988) to determine the efficiency of

infection of HD cell lines and the kinetics of infection.

expressing (3-galactosidase
able to

degrade

a

enzyme

(Ad5-LacZ) could be visualised and counted

soluble yellow substrate to

KM-H2 and HDLM2 cell lines
after infection, the percentage

were

an

of infected cells

a

B

were

were

pfu/cell Ad5-LacZ. Twenty-four hours

estimated by staining with the X-Gal

was

the most

efficiently infected cell line with

90%

(figure 17A). Nevertheless, L540, L591 and HDLM2 cell lines show

very

were

stained blue). For

unknown

an

reason,

lymphocyte cell line displayed low levels of expression of the lacZ transgene

(less than 40%). In
lines

they

a

was

satisfactory levels of infection (around 65 to 80%
KM-H2

as

insoluble blue product. L428, L540, L591,

infected with 500

substrate. It has been found that L428
of blue cells

Cells infected with this Ad5 control

a

second set of experiments, L428, L540, L591, HDLM2 and Jurkat cell

infected with 500

pfu/cell of ad5/LacZ, IxBa WT and SR. At thirty-six hours post¬

infection, levels of expression of endogenous and exogenous IxBa were detected by Western-

blotting with IxBa antibody (figure 17B). As expected IxBa protein

high level in cells infected with adenovirus-IxBa WT

or

expressed at

was

very

SR. However, depending of the cell

line, levels of expression of IxBa SR were between 5 to 10 times higher that IxBa WT due to
its resistance to

degradation. As

mainly with Ad5/IxBaSR
virus. To determine the

as

a consequence

effects

on

control.

NF-xB activity would be

(pfu) of IxBa SR virus

per

decided to work

was

more

optimal multiplicity of infection, HD cell lines

100, 200 and 500 Plaque Forming Unit
as

of those results, it

obvious with this

were

infected with 50,

cell. Ad5/LacZ

was

used

Figure 17C illustrates results obtained with HDLM2 cells. At thirty-six hours

post-infection, it

was

found that 200 and 500 pfu/cell of Ad5/IxBaSR negatively regulate

NF-xB DNA

binding activity

protein

evaluated by Western-blotting with the IxBa antibody. No obvious differences

on

were

IxBa SR levels

were

as

compared with ad5/LacZ. Levels of expression of IxBa SR

observed between cells infected with 200 and 500

pfu/cell however
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Figure 17. Efficiency of infection of adenoviral vectors and expression of
IkBcx in HD cell

lines.(A) HD cells

were

expressing the control (3-Galactosidase

exogenous

infected with 500 PFU/cell of adenovirus type 5
24 hours post-infection, cells

gene.

are

fixed with

Paraformaldehyde 1 %,Glutaraldehyde 2% and incubated with X-Gal substrate. Infected cells
was

estimated in each HD cell line.(B) Jurkat

infected with 500 PFU/cell control

virus, IkBoc WT or IkBcx SR adenoviruses

become blue and percentage
and HD cells

are

of infected cells

during 36 hours. Total infected cells extracts
containing SDS, transferred onto

a

are

separated in

a

10% polyacrylamide gel

PVDF membrane and analysed by Western Blot with IkBoc

antibody and normalised with [3-actin antibody. (C) One million HDLM2 cells
with different concentrations of recombinant adenovirus

control virus
with 5 pg

Type5-IicBa SR

or

were

infected

500 PFU/cell of

overexpressing [3-Galactosidase. NF-kB DNA binding activity was determined

of nuclear extracts from these infected cells. Competition with

a

molar

excess

of

unlabelled NF-kB

oligonucleotide is indicated

infected cells

separated in a 10% polyacrylamide gel containing SDS, transferred onto a

were

PVDF membrane and

with

a

as

"comp". Total cell extracts from the

same

analysed by Western Blot with IkBcx antibody. Samples were normalised

[3-actin antibody.

efficient inhibition of nuclear NF-xB

to ensure

cell lines

were

established with 500

pfu/cell.

3.2.3.5. Effect of NF-xB inhibition
Inhibition of NF-xB

activity during 48-60 hours, infection of HD

on

HD cells survival

activity has been reported to increase cell susceptibility to TNF-induced

apoptosis [Beg, 1996 #161] [Van Antwerp, 1996 #170] [Wang, 1999 #346], To investigate
the role of LT

and

production and permanently active NF-xB in the development of Hodgkin cells

pathology associated with HD,

an

adenovirus vector-based approach

L540, L428, L591, HDLM2 and KM-H2 cells
Ad5/LacZ

or an

Ad5/IxBaSR

were

was

employed.

infected with 500 pfu/cell of either an

(figures 18 and 19). DNA binding activity of NF-xB

was

dramatically reduced in most of the HD cells after infection with the IxBaSR expressing
adenovirus in

a

situation where the exogenous

IxBa SR

was

expressed at high level (figures

18A, B and 19A, B). Apoptotic cells were detected by TUNEL technique and as reported
above, it

observed that infection of HD cells with Ad5/IxBa SR induced 69% of L428

was

cells to become

18C). In the
4% of

apoptotic but 29% in L540 and 22% in HDLM2 cells respectively (figure

same set

of experiments, control infection with Ad5/LacZ induced 5%, 14% and

apoptotic cells in L428, L540 and HDLM2 cells respectively. In contrast, L591 and

KMH2 cells do not

undergo apoptosis after infection with the Ad5/IxBa SR expressing virus.

Thus, L428 is the only cell line where a significant apoptosis was induced.

However it is

important to note that in cell culture, 7-8% L540 HD cells die by apoptosis. This permanent
and consistent

as

apoptosis

15% of cells became

was

increased in L540 cells when cells

apoptotic and about 29%

as

were

infected with ad5/LacZ

cells become apoptotic after infection

with ad5/IxBa SR. HDLM2 HD cells infected with ad5/IxBaSR induced around 20% cells to
become
TUNEL

apoptotic that does not

seem very

significant. Similar results

were

obtained with both

(figure 19C) and DNA ladder techniques (data not shown). Those results suggested
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Figure 18. Variations in requirement of NF-kB in the survival of HI) cell lines . (A)
L428, L591,HDLM2 and KM-H2 cells were infected with 500 pfu/cell of Ad5/lacZ o r
Ad5/lKBaSR f or 36 hours.
NF-kB DNA binding activity was determined with 5 pg of
nuclear extracts from these infected cells.
Competition with a fifty molar excess of
unlabelled NF-kB oligonucleotide is shown (comp.) (B) Total infected cell extracts were
separated in a 10% polyacrylamide gel containing SDS, transferred onto a PVDF membrane
and analysed by Western Blot with anti -IkBcx antibody.(C) Infected cells were fixed with
4%
methanol-free formaldehyde
solution on poly-lysine pre-treated slides.
After
permeabilization with PBS/0.2% Triton X100, apoptosis was determined using the TUNEL
technique (Apoptosis Detection System Fluorescein kit, Promega). Apoptotic cells were
counted using a Nikon Immunofluorescence microscope and reported as a percentage of
apoptotic cells.
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500pfu/cell of either control virus or
Ad5/lKBa SR for one hour at 37oC. Twenty-four hours after infection, cells were incubated or
not with 10 ng/ml TNF or LT for 18 hours.(A) NF-kB DNA binding activity was determined
with 5pg of nuclear extracts from these infected cells. Competition with a molar excess of
unlabelled NF-kB oligonucleotide is indicated (comp.). (B) T otal cell extracts from the same
infected cells were separated in a 10% polyacrylamide gel containing SDS, transferred onto a
PVDF membrane and analysed by Western Bloting with 10B anti-IxBa antibody.(C) Infected
cells were fixed with 4% methanol-free formaldehyde solution on poly-lysine pre-treated slides.
After permeabilization with PBS/0.2% Triton X100, apoptosis was determined using the
TUNEL technique (Apoptosis Detection System Fluorescein kit, Promega). Apoptotic cells
were counted
using a Nikon Immunofluorescence microscope and reported as a percentage of
apoptotic cells.

Figure 19. Effect of inhibition of NF-kB and LT

cells. HDLM2 and L540 cell lines

were

or
infected with

that NF-xB

was

probably not the only factor responsible for the resistance of HD to undergo

apoptosis.
There is substantial evidence in the litterature to support

inhibition of NF-xB

NF-xB
the

employed, LT production

be inhibited

as

its promoter is known to be

dependent (Messer et al. 1990). However, inhibition of NF-xB activity

susceptibility of infected cells to TNF-induced apoptosis. Thus it

inhibition of NF-xB and LT

the

may

the idea that under the conditions of

production by

was

may

increase

reasoned that

expression of IxBa SR might also increase

over

susceptibility of HD to cytokine-mediated apoptosis.

If that

was

the

case, exogenous

cytokines added to the media should induce apoptosis in HD cells infected with Ad5/
IxBa SR.

HDLM2 and L540 HD cells

adenovirus

were

infected with 500

expressing IxBaSR for 42 hours.

These experiments

situation where 70% of HDLM2 and 75% of L540 cells
amounts

of the control virus Ad5/LacZ.

infected with Ad5/IxBa SR showed

a

a consequence

and L540 cell lines

as

were

were

performed in

infected with

equivalent

dramatic reduction in NF-xB/DNA

binding activity

or

LT

hours.

were

of adenoviral-mediated expression of IxBa SR in HDLM2

high levels of expression of the transgene

were

detected by Western

experimental conditions (data not shown), 10 ng/ml of

added to the media 24 hours after infection and

Exogenous TNFa

Ad5/IxBaSR

or

or

as

The negative regulation of NF-xB

blotting using the specific anti-IxBa 10B antibody (figure 19B). As LT production
reduced under those

a

Nuclear extracts from HDLM2 and L540 cells

compared with the control Ad5/LacZ (figure 19A).

binding activity is

pfu/cell of recombinant

exogenous

was

TNFa

kept in culture for additional 18

LTa did not increase NF-xB binding activity observed in

Ad5/LacZ infected cells

(data

not

shown).

Under those conditions, the

percentage of apoptotic cells observed in both HD cells infected either with Ad5/LacZ or with
Ad5/IxBa SR

was

quantified by using DNA ladder (data not shown)

or

TUNEL (figure 19C)

techniques. Those experiments showed that the number of apoptotic cells in HDLM2

or

L540
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infected and unstimulated cells

correspond to the number of apoptotic cells described

previously. Incubation of cells with TNF
infected HDLM2
concentration of

were

infected

as

LT for 18 hours.

or

L540 cell lines

lOng/ml of LT used

or

LT did not enhance apoptosis in Ad5/IxBa SR

(figure 19C). To exclude the possibility that the

was not

sufficient to induce apoptosis, L591 and L428

described above and infected cells
Concentrations up to

were

stimulated with various amounts of

40 ng/ml of LT do not lead to

a

significant increase in

apoptosis observed in HD cells (figure 20 and data not shown). To confirm that the
Ad5/IxBa SR could enhance

Jurkat cell line

was

cytokine-mediated apoptosis in other cells, the lymphoblastoid

also tested

(figure 21). After infection with Ad5/LacZ

only 4 to 5% of Jurkat infected cells undergo apoptosis. In conditions
over

Ad5/IxBa SR,

or

were

IxBaSR

was

expressed (figure 21A), exogenous TNFa or LT induced 79% and 68% respectively of

the cells to

apoptotic

undergo apoptosis (figure 21B). All infected Jurkat cells did not

as

cells

were

the time of stimulation

lost during the experiment (centrifugation, washes and
was

can

stimulation

LT in cells with

to TNF

or

so

totally

on) and also

probably not sufficient to induce complete apoptosis in these cells.

Those results indicate that Ad5/IxBa SR

HD cells.

appear

by cytokines such

as

TNF

or

induce infected cells to

a

undergo apoptosis after

different phenotype to that of the

Thus, inhibition of NF-xB activity does not increase the susceptibility of HD cells
LT-induced

apoptosis.

3.2.4. Discussion

It has been

reported that NF- xB is required to protect cells from RelA-deficient mice from

TNF-mediated

apoptosis (Van Antwerp et al. 1996).

apoptosis after treatment with TNFa, ionising radiation
nuclear translocation of NF-xB is blocked

Furthermore, Jurkat cells undergo
or treatment

with daunorubicin when

(Beg and Baltimore 1996) [Wang, 1999 #346]. In
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Figure 20. Different concentrations of lymphotoxin do not significantly increase apoptosis
on HD cells with inhibited NF-kB
activity. (A) L428, (B) L591 were infected with 500 pfu/
cell of Ad5/LacZ or Ad5/IicBaSR. Twenty four hours post infection, cells were stimulated with
different concentrations of LT during 18 hours. NF-kB DNA binding activity was determined
with 5 pg of nuclear extracts from these infected cells (upper panel). Competition with a molar
excess of unlabelled NF-kB oligonucleotide is shown
(comp.) Total cell extracts from these
infected cells were separated in a 10% polyacrylamide gel containing SDS, transferred onto a
PVDF membrane, analysed by Western blotting with 10B anti-lKBa antibody and normalised
with anti p-actin antibody (middle panels). Infected cells were fixed with 4% methanol-free
formaldehyde solution on poly-lysine pre-treated slides. After permeabilization in PBS/0.2%
Triton X100, apoptosis was determined using TUNEL assay. Percentage of apoptotic cells was
determined

(lower case).
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.

IKBOCSR

Lymphoblast Jurkat cells undergo apoptosis after inhibition of NF-kB and

stimulation with TNF

or

LacZ

Twenty four hours post infection, cells

or

ad5/lKBaSR.

LT. Five million Jurkat cells

LT and incubation continued for 18 hours.

TNF

or

cells

were

separated in

a

were

infected with 500
were

pfu/cell of ad5/

stimulated with 10 ng/ml

(A) Total cell extracts from infected Jurkat

10% polyacrylamide gel containing SDS, transferred onto

a

PVDF

membrane, analysed by Western blotting with 10B anti-lKBa antibody and normalised with
actin

antibody. (B) Infected Jurkat cells

solution

on

were

fixed with 4% methanol-free formaldehyde

poly-lysine pre-treated slides. Apoptosis

technique and reported

as percentage

p-

of apoptotic cells.

was

determined using the TUNEL

order to best understand the role of NF-xB in the induction of the

array

study

recombinant adenovirus

over

implicated in cell survival,
generation of

a

a

micro

was

expression of

new genes

considered. The approach consisted in the

expressing RelA protein (Ad5/RelA). A first

generation of recombinant adenoviruses constructed from the system PJM17/pCA14
well

appear

adapted for in vitro studies. This virus would have been used to infect cells from knock

out RelA-/- mouse

embryonic fibroblast (MEF). After extraction of mRNA from infected

cells and from cells infected with

performed. After the cloning of

Ad5/LacZ,

an

an

luciferase

It

was

differential display analysis would be

HA tagged form of RelA into the pCA14 vector, the

expression and function of this protein
3EnhConALuc reporter.

a

was

tested by co-transfection of Cos7 cells with the

observed that p65HA is able to induce the transcription of the

protein in the absence of

any

expression levels of the RelA-HA protein

TNFa stimulation (figure 13A). Simultaneously
was

analysed by Western-Blotting using

an

anti-HA

antibody. To generate infectious particules both PJM17 and pCA14/p65HA plasmids
co-transfected in HEK293 cells.

A

peak of expression of the protein

Western-blotting after 4 days of transfection (figure 13C).
abnormally detach and their aspect changed

on

Although, cells appeared to be infected, only

few cells

a

was

were

detected by

However cells began to

the microscope early after transfection.
were

positive by indirect immuno-

staining for the adenoviral DNA-binding proteins (DBP). Those results suggest that HEK293
cells

were

capable to produce

some

late proteins but

were not

able to generate infectious

particles. This is probably due to high quantities of trans-activating RelA protein that could
interfere with the

machinery

surface of infected cells.

necessary

Thus, it

was

expressing RelAHA protein using the

for the packaging and the budding of particles at the
impossible to generate recombinant adenovirus

same system

produce IxBa (see below). These differences
subunit to activate NF-xB

can

PJM17 and pCA14 that

we

over

have used to

be explained by the capacity of the RelA

dependent transcription. Besides,

an

adenoviral vector encoding

a
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RelA form deleted of its

vectors

capacity to activate transcription has been generated with similar

(Soares et al. 1998).

Using other recombinant adenovirus systems

may

allow the

production of this tightly regulated protein.
xB in the immune and

In addition to the role of NF-

inflammatory

responses,

this

transcription factor is important for cell survival and protection from TNF-mediated
apoptosis. Because of this, NF-xB inhibition is considered in most actual therapies used for
the treatment of

inflammatory diseases and also in combination with conventional therapeutic

agents for the treatment of some types of cancer where this transcription factor appeared to be

deregulated. In the

case

of HD disease, NF-xB

play

a

significant role in expression of

that contribute to the abnormal cell division. Because of this, it

genes

HD cells with corticosteroids.

and

may

are

These molecules

are

currently used to block the expression of

considered

many

as

was

decided to treat

potent NF-xB inhibitors

NF-xB-dependent pro-inflammatory

proteins (Barnes and Karin 1997). Glucocorticoids inhibit the proliferation of various cell
types probably by inducing cell-cycle arrest
exact

mechanism of action of

used in

are

(Almawi and Melemedjian 2002). Although the

glucocorticoids remains unclear, these molecules

are

commonly

chemotherapy for refractory/recurrent HD patients. In order to test if glucocorticoids

able to inhibit NF-xB

cells

were

only

a

activity in HD cell lines and thus able to induce apoptosis, these

treated with dexamethasone

modest effect

on

(figure 14). It

NF.-xB DNA binding activity

was
as

observed that dexamethasone has

well

as

in IxBa expression levels in

L591 cell line. Nevertheless under those circumstances, cell survival of this L591 cell line did
not appear

to be affected.

dexamethasone

were

of dexamethasone do

A cytotoxic effect

used in L540 cell line.

not

induce any

this effect is not related to NF-xB

on

L540 cell line

was

also observed when high dose of

However in the latter

case

lower concentrations

changes in NF-xB DNA binding activity suggesting that

activity. This cytotoxic effect of dexamethasone observed

might be related to the

presence

of

a

permanently activated

caspase

3
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reported in this cell line (Wrone-smith T, 2001, Exp Hematol)(discussed below). A previous
report suggested that

glucocorticoids effects

further

used

on

the capacity of this

be already saturated in HD cells, dexamethasone may not be able to increase

synthesis of IxBa or changes in NF-xB activity

even

when high concentrations

any

were

(figure 14). The resistance to high concentrations of dexamethasone observed in this

study could also be explained by
case,

NF-xB activity depend

synthesis (Almawi and Melemedjian 2002). As NF-xB pathway

molecule to induce IxBa

appears to

on

an

adaptation of cell lines to laboratory cultures. In this

HD cell lines may acquire a resistance to high concentrations of cytotoxic agents.

Numerous mechanisms have been described

participating to development of drug resistance

of cell lines and this could also be related to

drug resistance in patients. These mechanisms

include
the

changes in the expression of the transmembrane multidrug transporter P-glycoprotein,

multidrug resistance protein (MRP)

2003) (Bodo

et al.

2003) (Cai

et al.

or

the lung-resistance protein (LRP) (Tissing et al.

1996). Although dexamethasone does not induce any

significant benefit by reducing NF-xB activity in HD cell lines, this
the

case

in

patients. As

inhibition of the

a matter

pro-inflammatory

by cytokines released (such
In order to test if NF-

xB

as

LT

of fact, dexamethasone treatments
response

or

be necessarily

may not

may

contribute to the

typically observed in this disease that is induced

TNF) by HD cells.

activity inhibition in HD cells is able to induce apoptosis, other

approaches

were

considered. To achieve this,

wild type

IxBa(IxBaWT), the transdominant IxBainhibitor protein (IxBaSR) and

adenoviral construct

an

adenoviral vector

expressing IxBa antisense (IxB a AS).

recombination between

a vector

expressing the full adenoviral

was

They

genome

the

PJM17/pCA14 system

was

were

express

was

the
an

obtained by

(PJM17) and

encoding the transgene of interest (PCA14/IxBa). This recombination
co-transfection in HEK293 cells

used to

a vector

performed after

(figure 16B). By PCR analysis it has been confirmed that

successful and the recombination could

occur

with all shuttle
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plasmids expressing different transgenes. After three cycles of purification
single plaques

obtained. Those plaques

were

transgene was confirmed by PCR

of the

presence

confirmed

over

were

further analysed and the

amplification.

of the

After infection of HEK293 cells, the

expressed protein and inhibition of the expression of IxBawere

not

were

very

high compared with those obtained with Ad5/IxBaSR

(figure 17B). Indeed, during the study

on

HD cell lines it

rapidly degraded by the 26S proteasome leading to
nucleus of HD cell lines that exhibit very

(Cabannes

particular interest
hrs

presence

by Western blot analysis (figure 16B). IxBaWT expression levels generated by the

Ad5/IxBaWT virus

turnover

viral

numerous

et al.

as

observed that IxBaWT

was

rapid re-activation of NF-xB in the

high nuclear NF-xB activity and also

a

rapid IxBa

1999) (Bargou et al. 1997). In contrast, the Ad5/IxBaSR virus is of

the corresponding protein is resistant to degradation and stable after 48

post-infection. As

inhibition of NF-xB

a

was

a consequence

of the expression of the IxBaSR protein,

DNA-binding activity

was

a strong

observed in HDLM2 cell line (figure 17C).

By using the highest concentration of control virus Ad5/LacZ (500 pfu/cell) infected HD cells
exhibit different levels of
HD cell lines

consequences

results indicate that

most

HD cells. The

65% of

or

B) cell origins of those

(figurel7A).

Regarding the
our

infectivity probably due to the various (T

of the hyper activity of NF- xB inhibition

on

IID cell survival,

negative regulation of NF-xB do not have significant

only important exception

appears to

consequences

be the L428 cell line, which exhibits

apoptotic cells after of NF-xB inhibition (figure 18C). Other cell lines such

and HDLM2 present a

in

L540

as

modest 15% to 25% of apoptosis after infection with Ad5/IxBaSR.

Using conditions where the addition of stimulators of apoptosis such

as

TNFa

or

LT

significantly induce cell death in Jurkat cells infected with the adenovirus IxBaSR, the
addition these

cytokines does not significantly increase cell death of most HD cell lines

when

used at high concentrations (figure 20). At the

they

are

same

time that

our

even

observations
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generated Hinz et al (Hinz et al. 2001) published similar results indicating that the

were

inhibition of the NF-kB
Nevertheless this cell line
lines in which the

activity induce
seems

to be

a

a

massive apoptosis (65%) in L428 cell line.

unique

case among

the most commonly used HD cell

activity of NF-kB is required for proliferation and survival. The fact that

other HD cell lines do not behave in this way suggest

that NF-kB

proposed "key" role in the survival of established Hodgkin cells. However,
to be

performed with samples from patients in order to

assess

play the

may not

more

so

far

studies need

the role of NF-kB in Hodgkin's

disease.
As it has been

to

previously mentioned, for cells issued from various origins, NF-kB is required

protect cells from death-stimuli (Van Antwerp et al. 1996), (Beg and Baltimore 1996);

Wang et al, 1996). Although NF-kB inhibition is not sufficient to abrogate the abnormal cell
survival of HD cells, an

important role of this transcription factor in apoptosis and cell

differentiation has been well documented for various cell types
in

a

collaborative

mammary

activated

work, it

was

(Li and Stark 2002). Indeed,

observed that NF-kB activity inhibits apoptosis in murine

epithelia (Clarkson et al. 2000). In this work it

during post-lactation involution of the

was

demonstrated that NF-kB

mouse mammary

gland,

a

was

period of extensive

apoptosis of luminal epithelia cells. Active NF-kB is localised exclusively into non-apoptotic
cells both in vivo and
of NF-kB

vector

ex

vivo

as a

by extracellular ligands

consequence
or

of

a

decreased levels of IkBu

.

The induction

by the inhibition of IkBcx expression using the adenoviral

expressing IkBcx antisense (IkBu AS) resulted in

an

enhanced survival of the

mammary

epithelial cell line KIM-2 (Clarkson et al. 2000). Epithelial cells could be efficiently infected
with recombinant adenovirus and consistent
maintain NF kB
time

a

over

expression of IkBcxAS could strongly

activity for at least 48 hours of infection. This study highlights for the first

role for NF-kB in

modulating apoptosis in epithelium.

1*73

The

heterogeneous phenotypes observed in the most commonly used HD cell lines

shown below in table 5.
abnormalities

It

can

be observed that all HD cell lines exhibit

suggesting that the survival origin of those cell lines

consideration that

one or

multiple factors

division of those cells, it was decided to

may

may

are

particular

be diverse. Taken in

contribute to the establishment of the abnormal

explore the contribution of several factors known to

play important roles in cell survival in different pathological and physiological conditions.
Some of these factors have been
the next

proposed to be linked to NF-xB functions and

are

explored in

chapter of this document.

174

I N Fa

Lymphotoxin

production

Production

Hodgkin Lymphocyte
cell line

cell

origin

T EBV

IxB a

% of

IxBe

PNF-R2

Apoptosis*

i

K

L428

B

+

+

L540

T

+

++

L591

B

+

+

KM-H2

B

+

+++

HDLM2

T

+

3 and 4 found in ikba gene

in exon3

replaced by

found in ikba gene

(nucleotides 790

to

an

+

_

+

_

—

++++

Mutl:(L428 cells). A point mutation in exon5 and
exon

+

_

an

—

+

_

+

—

Mutl

Mut3

65%

WT

WT

25%

WT

WT

<5%

Mut2

WT

<5%

WT

WT

25%

intronic deletion of 19 nucleotides between

(see results §3.1.1.) Mut2:(KM-H2 cells). A 214 nucleotide deletion

insertion of

a

pentanucleotide 5'-TCCAGG-3' located between

exon

3 and 4

(see results §3.1.1.).Mut3:(L428 cells). A 4 nucleotide deletion found in ikbe
793 according to

(Whiteside et al. 1997). Production/expression:

-

Non;

+

Low

;

++Moderate; +++High; ND not determined. *% of Apoptosis: after NF-xB inhibition.
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3.3. Effect of inhibition of NF-xB

p53
The

p53 pathway

also because of

and Perkins

that NF-xB

a

was

on

activity and co-stimulation of

apoptosis in HD cells

investigated not only because of its tumour

recently described but not well-understood

suppressor

cross

talk with NF-xB (Webster

1999). Of potential interest regarding inhibition of apoptosis is the observation
can

antagonise p53 function, possibly through the cross-competition for

transcriptional co-activators (Webster and Perkins 1999). Conversely, p53
cases

act

capacity but

may

through NF-xB to induce apoptosis [Ryan, 2000 #307],

in

some

Clearly

understanding of the relationship between p53 and NF-xB is required to elucidate the
effects of these
the levels of

xB and

regulators

on

cell proliferation and death. Thus, it

p53 in Hodgkin cells and then explore the possibility of

p53 in HD cells. It

was

3.3.1. Effects of stimulation of

To stimulate

p53, it

was

decided to

or

ADM induced the accumulation of

use

of

decided to investigate

a cross

talk between NF-

HD cells

were

as a

DNA-damaging agent. To

employed. As indicated in figure 22,

p53 most efficiently at

a

concentration of 10 pM and after

Under those conditions, a concomitant activation of NF-xB was also

were

different. NF-xB activation

drug treatment and progressively reduced

results showed that NF-xB DNA

reduction of

on

adriamycin (ADM)

However the kinetics of induction

after 12 hours of

range

inhibited NF-xB activity to apoptosis.

p53 pathway

optimise the conditions for treatment, HeLa cells

36 hours of treatment.

better

reasoned that stimulation of p53 could provide the additional

signal required to target HD cells with reduced

observed.

was

a

other

over

was

optimal

the time. Interestingly, the

binding fell exactly when p53 levels

were

increasing. The

p53 after 48 hours of incubation with ADM could be explained by the

presence
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Figure 22. Effect of the DNA Damage Agent, Adriamycin,
activation found

on

HeLa cells. HeLa cells

were

on

NF-kB activity and p53

stimulated with 1

or

10

pM of Adriamycin

(ADM) during the indicated times. NF-kB DNA binding activity was determined with 5 pg of
nuclear extracts from these cells
NF-kB
a

10%

(upper panel). Competition with

a

molar excess of unlabelled

oligonucleotide is shown (comp.). Total cell extracts from these cells
polyacrylamide gel containing SDS, transferred onto

by Western blotting with (DOl) anti p53

or

a

were

separated in

PVDF membrane and analysed

anti (3-actin antibodies (middle and lower panels).

product of papillomavirus that binds p53 (Werness et al. 1990) and targets it for

of the E6

degradation by the ubiquitin pathway. The targeting is mediated by
protein, E6AP that functions
the

as an

a

ubiquitin ligase and E6AP protein acts

ligase and the substrate p53 [Scheffner, 1993 #264], Because of the

HeLa cells, the effects and consequences
HD cells.

of this drug

were

However, those experiments indicated a dose

treatment that

induced the accumulation of

induced in Jurkat cells

a range

(lOqM) and

bridge between

presence

of E6-AP in

compare to any
a

of the

time (24 hours) of
was

(data not shown).

adenovirus-IxBaSR and 24 hours

expression of

difficult to

as a

p53. Under similar conditions, apoptosis

L428, L540, L591, KM-H2 and HDLM2 cells

additional 36 hours.

cellular E6-associated

infected with the recombinant

post-infection, cells

The extent of

of proteins

were

were

treated with ADM for

an

apoptosis, NF-xB-DNA binding activity and the

were

determined (figures 23, 24, 25, 26 and 27). After

infection with ad5/IxBaSR, the levels of

expression of IxBa and the inhibition of NF-

xB/DNA

determined. Different levels of expression of the

binding activity in those cells

exogenous
IxBa SR

cells

IxBaSR

were

were

were

observed in all cell lines.

present in L428 and L540, whereas the lowest levels were observed in L591

(compare figures 23, 26 and 25). As

activity

was

not very

consequence

inhibition of NF-xB/DNA binding

was

also

very

efficient in HDLM2 cells (up to

efficient in KM-H2 cells (up to 60%).

Those differences

can

be

a

of low infection levels obtained in KM-H2 cells (figure 17A). Thirty-six hours

of treatment with ADM had

activity in

a consequence,

also higher in L428 and L540 cells (up to 100%) and lower in L591 (up to 70-

80%). Inhibition of NF-xB/DNA binding
90%) but

The highest levels of expression of

any

no

consequences on

of the HD cells. It

was

IxBa expression and NF-xB/DNA binding

also observed that p53 levels

were

efficiently increased

by ADM only in L591 and KM-H2. Nevertheless, analysis of apoptosis in cells infected with
Ad5/IxBa SR and treated with ADM showed very

heterogeneous results (figures 23, 24, 25,
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Figure 23. Effect of inhibition of NF-kB and Adriamycin treatment
infected with either virus control

or

adenovirus

12 hours at the indicated concentrations.

from these cells.

1

10

apoptosis of L428 cells. Five million L428 cells were

expressing IicBaSR. After 24 hours, cells were stimulated with adriamycin during

(EMSA) DNA binding activity of NF-kB was determined with 5 pg of nuclear extracts

Competition with a molar excess of unlabelled NF-kB oligonucleotide is indicated (comp.) (Western Blot) Total

cell extracts from these cells
and

on

0

were

separated in

a

10% polyacrylamide gel containing SDS, transferred onto a PVDF membrane

analysed by Western Blot with 10B anti IkBcx antibody and normalised with anti p-actin antibody. The same total cell extracts

were

analysed by Western Blot with (DOl) anti p53, Bax, Bad, Bcl-2 and Bcl-XL anti bodies.(apoptosis) A fraction of those cells

were

also fixed with 4% methanol-free

TUNEL

formaldehyde solution

technique and reported as percent of apoptotic cells.

on

poly-lysine pre-treated slides. Apoptosis was analysed by

KM -H2
IicBaSR.
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Figure 24. Effect of inhibition of NF-kB and Adriamycin treatment on apoptosis of KM-H2 cells. Five million KM-H2 cells
were

infected with either virus control

or

adenovirus

expressing IkBccSR. After 24 hours, cells

during 12 hours at the indicated concentrations. (EMSA) DNA binding activity of NF-kB
extracts from these cells.

Competition with

Blot) Total cell extracts from these cells
membrane and
cell extracts

stimulated with adriamycin

determined with 5 pig of nuclear

molar excess of unlabelled NF-kB oligonucleotide is indicated (comp.) (Western

a

were

separated in

a

10% polyacrylamide gel containing SDS, transferred onto a PVDF

analysed by Western Blot with 10B anti IkBcx antibody and normalised with anti (3-actin antibody. The same total

were

of those cells

was

were

analysed by Western Blot with (DOl) anti p53, Bax, Bad, Bcl-2 and Bcl-XL antibodies .(apoptosis) A fraction

were

also fixed with 4% methanol-free

analysed by TUNEL technique and reported

formaldehyde solution

as percent

of apoptotic cells.
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Figure 25. Effect of inhibition of NF-kB and Adriamycin treatment on apoptosis of L591 ceils. Five million L591 cells were
infected with either virus control

or

adenovirus

expressing IkBcxSR. After 24 hours, cells

during 12 hours at the indicated concentrations. (EMSA) DNA binding activity of NF-kB
extracts from

these cells.

cell extracts

were

of those cells

was

stimulated with adriamycin

determined with 5 pg of nuclear

Competition with a molar excess of unlabelled NF-kB oligonucleotide is indicated (comp.) (Western

Blot) Total cell extracts from these cells
membrane and analysed

were

were

separated in

a

10% polyacrylamide gel containing SDS, transferred onto a PVDF

by Western Blot with 10B anti IkBcx antibody and normalised with anti (Factin antibody. The same total

analysed by Western Blot with (DOl) anti p53, Bax, Bad, Bcl-2 and Bcl-XL antibodies.(apoptosis) A fraction

were

also fixed with 4% methanol-free

formaldehyde solution

analysed by TUNEL technique and reported as percent of apoptotic cells.

on
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Figure 26. Effect of inhibition of NF-kB and Adriamycin treatment
infected with either virus control

or

adenovirus

12 hours at the indicated concentrations.

from these cells.

1

10

apoptosis of LS40 cells. Five million L540 cells were

expressing IkBcxSR. After 24 hours, cells were stimulated with adriamycin during

(EMSA) DNA binding activity of NF-kB was determined with 5 ug of nuclear extracts

Competition with a molar excess of unlabelled NF-kB oligonucleotide is indicated (comp.) (Western Blot) Total

cell extracts from these cells
and

on

il

were

separated in

a

10% polyacrylamide gel containing SDS, transferred onto a PVDF membrane

analysed by Western Blot with 10B anti IkB a antibody and normalised with anti p-actin antibody. The same total cell extracts

were

were

analysed by Western Blot with (IX) 1) anti p53, Bax, Bad, Bcl-2 and Bcl-XL antibodies.(apoptosis) A fraction of those cells
also fixed with 4% methanol-free

TUNEL

technique and reported

formaldehyde solution

as percent

of apoptotic cells.
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poly-lysine pre-treated slides. Apoptosis was analysed by
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Figure 27. Effect of inhibition of NF-kB and Adriamycin treatment
cells

were

infected with either virus control or adenovirus expressing

1
on

10

apoptosis of HDLM2 cells. Five million HDLM2

IkBoSR. After 24 hours, cells were stimulated with adriamycin

during 12 hours at the indicated concentrations. (EMSA) DNA binding activity of NF-kB
extracts from these cells.

Competition with

Blot) Total cell extracts from these cells
membrane and

cell extracts

were

molar

excess

separated in

determined with 5

pg

of nuclear

of unlabelled NF-kB oligonucleotide is indicated (comp.) (Western
a

10% polyacrylamide gel containing SDS, transferred onto a PVDF

analysed by Western Blot with 10B anti IkBcx antibody and normalised with anti |3-actin antibody. The same total

were

of those cells

a

was

analysed by Western Blot with (DOl) anti p53, Bax, Bad, Bcl-2 and Bcl-XL antibodies.(apoptosis) A fraction

were

also fixed with 4% methanol-free

analysed by TUNEL technique and reported

as percent

formaldehyde solution
of apoptotic cells.

on

poly-lysine pre-treated slides. Apoptosis was

26 and 27).

Sixty nine percent of L428 cells

were

apoptotic after infection with Ad5/IxBa SR

alone and after treatment with ADM, 80% L428 cells underwent

effect that

was

observed in KM-H2

Ad5/IxBa SR alone

or

as no

apoptosis

after treatment with ADM.

was

For the L591

Ad5/IxBa SR and 20%

were

found

HDLM2

was a

effects. It

was

Thus,

consequence

even

were

apoptotic after

increased until 38% after ADM

HD cell line, 2% cells were

apoptotic after infection with

apoptotic after ADM treatment. Finally, in HDLM2 HD

cells, in the total infected cells, 20%
after ADM treatment.

found either after infection with

In L540, 27% cells

infection with Ad5/IxBaSR and that percentage was
treatment.

apoptosis. It is the opposite

were

positive for apoptosis while 35%

were

apoptotic

if most of the apoptosis observed in L428, L540 and

of the inhibition of NF-xB, activation of p53 shows additional

noted that in the absence of inhibition of NF-xB in L540, L591 and HDLM2

cells, adriamycin alone induces 30%, 9% and 16% of apoptosis respectively. Interestingly in
L591 cells, inhibition of NF-xB itself has
effects when cells

were

that did not show any
our

no

treated with ADM.

apoptosis in

any

consequences

in apoptosis but show synergetic

Finally, KM-H2

was

of the treatments used in

our

the only Hodgkin cell line

experiments. All together

experiments suggest that Hodgkin cells show different sensitivities to apoptosis and that

the molecular

origin of their immortality

3.3.2. Role of NF-xB

on

the

may

be different in each of these cell lines.

expression of pro and anti-apoptotic proteins in

Hodgkin cells
The

this

heterogeneous sensitivity of Hodgkin cells to apoptosis-inducing treatments observed in

study

may

well known

somehow reflect what happens with

they

can

some

Hodgkin lymphoma patients,

as

it is

become refractory to chemotherapy. It has long been speculated that

oncogenesis is associated with anti-apoptotic mechanisms. It is therefore possible that NF-xB
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functions to promote

oncogenesis by suppressing pro-apoptotic protein expression and

inducing the expression of anti-apoptotic proteins. To understand the molecular mechanisms
responsible for the development of HD cells and different sensitivities to apoptosis observed
in these HD cell lines,

expression levels of

a

variety of

pro

and anti-apoptotic proteins

were

studied.
It

was

decided to compare

basal levels of

some pro

L540, L591, KM-H2, HDLM2 and HDMyZ cells
reasoned that different levels of
various sensitivities to

very

pro

were

quite homogeneous

in KM-H2 cells. Of particular interest, levels of Bax protein

was

of NF-xB inhibition and Adriamycin treatment

on

Bax, Bad and Bcl-2 expression in L428 cells

inhibition of NF-xB allows the

a wt

HD

higher in L428

expression of Bax

Inhibition of NF-xB
no consequences on

(figure 23). In contrast, inhibition of NF-xB

expression of Bax, Bad and p53 proteins but has
containing

were

the levels of Bax and other

negatively regulates the expression of p53 and Bcl-XL proteins but has

and Bcl-XL in L540 cells

was

decided to investigate the

and anti-apoptotic proteins from Bcl-2 family in HD cell lines.

induces the

It

among most

were

Because of the correlation between levels of

highest levels of apoptosis observed in L428, it

consequences

.

apoptotic treatments. The results showed that levels of Bcl-XL

that in all the other HD cells.
and

(figures 23, 24, 25, 26 and 27)

expression of those proteins in HD cells could explain their

low in L540 cells, whereas the levels of Bcl-2

cells except

and anti-apoptotic proteins in L428,

no

effect

on

p53 protein (figure 26).

expression of Bad but has

no

effects

on

protein (figure 27). Other results indicate that levels of Bcl-2 protein

the levels of Bcl-2

In HDLM2 cells,
levels of p53
were

or

Bax

increased and

expression of p53 and Bad proteins reduced after inhibition of NF-xB in KM-H2 cells (figure
24). The levels of p53 and Bad were also reduced in L591 cells after inhibition of NF-xB but

expression of Bcl-2, Bax and Bcl-XL remained unchanged (figure 25). It should be noted
that KM-H2 and L591 cells

were

the

only HD cells where the levels of p53

are

effectively
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Figure 28. Role of NF-xB

on

the expression of Bcl-XL promoter in HD cells.Two million of

L428, L540, L591, KM-H2, and HDLM2 cells were transiently transfected with the empty pSVOAL
plasmid which encodes only the luciferase cassette, or a plasmid expressing the luciferase reporter
under the control of the Bcl-XL WT promoter or the Bcl-XL promoter mutated on the putative NFxB

binding site (Mut). After 30 hours, cells were harvested and luciferase activity
Transcriptional activity was compared to the control pSVOAL empty vector.

was

measured.

increased after

adriamycin treatment. However, the DNA damaging agent

capable of

was

inducing apoptosis only in L591 HD cells. All together these data results indicate that all HD
cells studied here show different levels of pro
to

their

heterogeneous

NF-xB has
2

apoptotic treatments. It

response to

heterogeneous

consequences

induce their

can

may

contribute

be concluded that inhibition of

in the expression of p53, Bad, Bax, Bcl-XL, and Bcl-

proteins in different HD cell lines. Thus, it

induction of pro

and anti-apoptotic proteins that

of interest to determine if the heterogeneous

was

and anti-apoptotic proteins in all HD cells

transcription. To address this question it

was

was

related to the inability to

decided to isolate

a range

of

gene

promoters and study their expression in each HD cell line.
NF-xB

suppression of apoptosis is likely to be

a

transcriptional event since it activates

expression of TRAF1 and 2 and c-IAPl and 2 to block

caspase

8 activation. Other anti-

apoptotic

genes

Al/Bfl-1

[Zong, 1999 #267], Bcl-XL [Chen, 2000 #262], IEX-1L [Wu, 1998 #266]and XIAP

(Stehlik

et al.

that

are

transcriptionally activated by NF-xB include the Bcl-2 homologues

1998). Because of the effects of NF-xB

on

the expression of Bax, Bcl-2 and-

Bcl-XL in various HD cells observed above, it was decided to

study the regulation of their

expression in several HD cell lines. Bcl-2 and Bax-luc promoters
collaborators

detected

3EnhConALuc

(figure 29).
was

various levels when HD cells

To show that this level of
in the promoter

was

Bax-luc reporters,

only low levels of luciferase activity

It

was

first

necessary to

isolate Bcl-XL promoter and

PSVOAL vector. In contrast luciferase activity
were

activity

of Bcl-XL

or

Under those conditions the NF-xB-dependent reporter

highly active.

cloned it into luciferase reporter
at

previously cloned by

(see Materials&Methods). After transfection of L428, L540, L591, KM-H2 and

HDLM2 cells with either Bcl-2-luc

were

were

was

was

transfected with the Bcl-XL-luc reporter

dependent

on

detected

(figure 28).

NF-xB, the putative NF-xB binding site

mutated. More than 50% of the activity

was

dependent

on
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Figure 29. Transcription of Bax and Bcl-2 promoters is not affected after inhibition of NF-kB
in HD cells. (A) Schematic representation of the promoter of Bax gene that controls the transcription
of the reporter luciferase gene. P53 motif and TaTa box are indicated. Five million L428, L540,
L591, KM-H2 and HDLM2 were transiently co-transfected with an NF-icB-dependent luciferase
reporter (3EnhConALuc), a Bax-promoter luciferase reporter or a Bcl-2-promoter luciferase reporter
and either an empty vector (pcDNA3) or a expression vector encoding IxBaSR. Twenty four hours
after transfection, cells were harvested and luciferase activity measured. Transcriptional activity
was compared to the control pcDNA3 empty vector.
Standard deviation was estimated from 3
independent experiments, n=3.

NF-xB in L428, L591 and KM-H2 cells.
was

However, the activity found in L540 and HDLM2

unresponsive to NF-xB.

3.3.3. Deleted form of P53

The

protein found in L428 HD cell line

majority of the p53 functions

transcription of
levels

are

very

a set

of

genes

are

manifested through its capacity to enhance the

that mediate

a

inactive

In normal cells, p53

are

highly controlled in the cell to maintain cell

P53 is controlled at different levels including cellular localization, active and

protein conformations and also at protein levels (Kubbutat and Vousden 1998). P53

protein levels
Mdm2.
the

response.

low and almost undetectable because this protein has to be negatively

regulated to allow cells to survive. P53 levels

viability.

pro-apoptotic

are

Activated

regulated by

an

autoregulatory loop with the p53-induced

gene

product

p53 increases transcription from the MDM2 promoter in association with

p300 transcriptional co-activator [Thomas, 1998 #265]. Mdm2 protein in turn associates

physically to p53, inhibiting its transcription promoting activity (Chen et al. 1994) and

targeting it for nuclear export and degradation through the ubiquitin-proteasome pathway.
Mutated forms of

p53 have been found in nearly all tumor types and

contribute to around 50% of all cancers,
human

cancer.

More

in

figure 30A, p53 levels

Another

are

gene

also unable to mediate

in

pro-

decided to investigate the p53 levels in HD cells. As shown

are very

interesting observation

shorter forms of
levels of

was

estimated to

making p53 the most commonly mutated

importantly, mutant forms of p53

apoptotic mechanisms thus it

are

was

low in most of the HD cells apart from L428 cells.

the

presence

of both putative hypo-phosphorylated and

a

p53 detected in HDLM2 cell line. To determine if those abnormal forms and

p53 could be attributed to mutations in the p53 molecule, p53

gene

expression

was

amplified from mRNA purified from HD cells by using Oligotex kit (Qiagen) and the
appropriate forward and

reverse

primers choosen from wild type p53 to amplify full length
181

A

B

/sPV
RT-PCR

,363 bp
v333

bp

D

Met

p53

-| 392 aa

1 |—

deletion

122

112

Figure 30. L428 cells

express a

from different HD cells and
onto a PVDF

membrane and

and normalised with anti
and cDNAs

fragments
cells

were

separated in

a

were

prepared

10% polyacrylamide gel containing SDS, transferred

analysed by Western blotting with anti p53 DO. 1 monoclonal antibody

(3-actin antibody. (B) mRNA from different HD cells

were

prepared

encoding p53 amplified by RT-PCR using C and N-terminal p53 primers. DNA

were

by RT-PCR

deleted form of p53. (A) Total cell extracts

a

analysed in 1% Agarose gel. (C) N-terminal p53 primers

were

used to amplify

cDNA fragment containing the p53 N-terminal deletion present in L428. L591

used

as

control. PCR

products were analysed in a 12% acrylamide gel. (D) Schematic

representation of the deletion observed in the p53 cDNA isolated from L428 cells.

p53 cDNA. cDNA fragments from p53 were visualized around the expected size, which
correspond to the wild type form of p53 in most HD cells (figure 30B). In HDLM2 cells, it
was

impossible to amplify this cDNA suggesting that in these cells, p53

the N and/or C terminal ends.

After DNA

sequencing,

region of the p53 cDNA obtained from L428 cells

an

was

a

identified (figure 30D). This 30
clearly observed and

wild type fragment amplified from L591 HD cells in

a

RT-PCR product

using N-terminal primers (figures 30C and D). According to these data, only
122 version of

be mutated at

internal deletion at the N terminal

nucleotides deletion, which encodes amino acids 112-122, could be

compared with

may

a

deleted 112-

p53 is expressed in L428 cells. To investigate if the wild type allele

was

present in this cell line, a PCR was performed using as templates, genomic DNA obtained
from L428, L591, HDLM2 and another HD cell line, 1236, and
reverse

primers around ATG site of p53 in

products

were

separated in

a

an exon sequence,

appropriate forward and

(figures 31A and B). PCR

8% acrylamide gel and visualized after ethidium bromide

staining. The results indicated that all HD cell lines displayed the

same

size of PCR fragment

amplified with wild type N-terminal alleles for p53. However, in addition to the wild type
allele,

a

shorter form

which indicate that

analysis

were

was

only deleted forms of p53

carried out with

dilution of cell extracts

was

observed in L428 cells. To confirm the results obtained by RT-PCR

a

expressed in L428 cells, Western blot

p53 antibody using maximal resolution conditions and

(figure 31C). Again, the results indicated that

expressed in L428 cell line. As

determine if the

were

a consequence

p53 form present in L428 cells

a

high

single form of p53

of the above results, it

was

a

was

decided to

transcriptionally active.

Transient

transfections of L428 and L591 cells with the NF-xB (3EnhConA-luc) and

p53 (pG13-Luc)

reporters indicated that NF-xB was active in both cell lines whereas p53 was only active in
L591 cells

(figure 32). To confirm those results, p53 -/- (SAOS) and p53-/-, Mdm2-/-

cells

co-transfected with both

were

mouse

pG13-Luc reporter and either the plasmid encoding the
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A
5'-CTGGCCCCTGTCATCTTCTG-3'

genomic DNA
5' -GGGTGA AGAGG AATCCC A AAG-3'

B
PCR

Marker
L428

4>X 174

L591 HDLM2 1236

1353
1078
872
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204bp-

mutant

17 lbp-

C
Western Blot
L428
L591
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+

+
+

+

+
+

+
+

p53

P-actin

Figure 31. A single allele which generates
cells .(A)
reverse

DNA
were

with

Schematic representation of the fragment amplified by PCR using forward and
.

prepared from different HD cell lines including L428. Primers described above

used to

amplify the DNA fragment coding for the observed p53 deletion. PCR prod¬

analysed in 12% Acrylamide gel. Wild type and mutant fragments were indicated

arrows.

rated in

deleted form of p53 is expressed in L428

primers to amplify the region containing the deletion in thep53 gene (B) Genomic

was

ucts are

a

a

(C) Total cell extracts from L428 and L591 cells

10%

were

serial diluted and

sepa¬

polyacrylamide gel containing SDS, transferred onto a PVDF membrane,

analysed by Western blotting with (DOl) anti-p53 antibody and normalised with anti pactin

antibody.
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Figure 32. The deleted form of p53 present in L428 is transcriptionally inactive in L428 HD
cells. Ten million L428 and control L591 cells
the

were

transiently transfected by electroporation with

NF-kB-dependent luciferase reporter (3EnhConALuc) or a p53-dependent luciferase reporter
(pG13-luc). Twenty four hours after electroporation, cells were harvested, counted and luciferase
activity measured. Standard deviation was estimated from 3 independent experiments, n=3.
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Figure 33. The deleted form of p53 present in L428 is transcriptionally inactive in p53-/-,
mdm2-/the

mouse

cells and in Saos cells. (A)

p53-/-,mdm2-/- mouse cells

were

co-transfected with

pG13-Luc reporter plasmid and with different concentrations of expression vectors encoding

L428-p53. Twenty four hours after transfection, cells

WTp53

or

ity

measured and expressed

was

deviation

was

estimated from 3

as

were

harvested. Luciferase activ¬

fold induction compared to empty vector control. Standard

independent experiments, n=3. (B) P53 null Saos-2 cells

were

transiently co-transfected with the pG13-luciferase reporter and with different concentrations of
vectors

encoding WTpj3

Luciferase

activity

was

ur

L428-p53. Twenty four hours after transfection, cells

measured and expressed

control. Standard deviation is estimated from 3

as

were

harvested.

fold induction compared to the empty plasmid

independent experiments, n=3.

WT

or

L428 forms of

p53 (figures33AandB). The results indicated that the p53 form

expressed in L428 cells is not able to activate transcription. However, it is not exclude the

possibility that under stress conditions, this form of p53

can

be activated.

3.3.4. Discussion

Apoptosis is
multicellular

a

genetically controlled event that plays

organism, during development

variety of stimuli.
division and

In

apoptosis

cancer
are

or

a

role throughout the life of

after terminal differentiation in

response to a

cells, those tightly regulated mechanisms that controL cell

frequently found deregulated. Multiple mechanisms have been

proposed to be involved in abnormal cell survival. Resistance to apoptosis
increased

a

expression of anti-apoptotic proteins

or

can

be the result of

decreased expression of pro-apoptotic

proteins. In the previous chapter it has been described that the inhibition of NF-xB activity is
not

sufficient to induce cell death in most HD cells.

signal (other than

a

during the induction of apoptosis

al.

a

an

a

second

efficient induction of

cross-communication between p53 and NF-xB activation

was

previously reported [Webster, 1999 #261] (Ryan et al.

regulates at least in part the expression of this tumour

suppressor

(Benoit

2000). Because of this, the effect of simultaneous inhibition of NF-xB associated with

co-stimulation of the
stimulate

p53 apoptotic-pathway

these cells

was

was

investigated in HD cell lines. In order to

p53 activity, the DNA damage agent adriamycin (ADM)

Concentrations and time of

p53

considered that

The presence of NF-xB binding sites in the promoter element of the p53 gene

indicates that NF-xB

et

was

receptor-mediated stimulus) could be required for

apoptosis in HD cells. Moreover,

2000).

Thus, it

treatment

with ADM

were

choosen

on

p53 is expressed after 12 hrs treament with 10 pM ADM,

found after 36 hours of treatment (figure 22). It

was

was

used

HeLa cells.

an

on

HD cells.

Although in

optimal stimulation of

also observed that there is

a
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direct correlation between
ADM treatment,

p53 expression and increased NF-xB DNA binding activity after

supporting the concept of cross-talk between these cellular factors [Webster,

#261] (Ryan et al. 2000). Although in HeLa cells the presence of the papillomavirus

1999

protein E6 will enhance degradation of p53 (Werness et al. 1990), expression levels of the
tumour

suppressor

protein where quite high, suggesting that the choosen ADM concentration

could be sufficient to stimulate

p53 in HD cell lines.

In cells infected with the control Ad5-Lac Z, ADM does increase the

dose-dependent

manner

a

in L540, KM-H2 and L591 (figures 26, 24 and 25). In contrast, L428

and HDLM2 cells do not show increased levels of
conditions

expression of p53 in

(figures 23 and 27). It

does not increase the DNA

was

expression of p53 under the

same

observed that contrary to HeLa cells, ADM treatment

binding activity of NF-xB in

any

of those HD cells. This

may

probably reflect saturated levels of NF-xB activity in HD cell lines. When HD cells, infected
with the Ad5/IxBaSR,

dependent

manner

were

treated with ADM, p53 expression was increased in a dose-

in KM-H2 and L591 cells (figures 24 and 25). In contrast, L540, L428

and HDLM2 cells do not show any

increase

on

p53 levels under the

same

conditions (figures

26, 23 and 27). Although in the presence of IxBaSR there was an efficient stimulation of p53
levels

were

by ADM in KM-H2 and L591 cells, protein expression levels of the tumour
reduced

suppressor

compared to the levels of p53 observed in the absence of IxBa SR. Those

results suggest

that inhibition of NF-xB activity reduces the efficiency of KM-H2 and L591

cells to generate a

p53-mediated

Even if there is

efficient stimulation of

an

response

when DNA damage

occurs

(figures 24 and 23).

p53 by ADM in the absence of IxBa SR in L540

cells, the presence of NF-xB activity seems to be required to stimulate p53 activity in these
cells

(figure 26). Surprisingly the abrogation of NF-xB activity alone induces p53 levels and

probably masks the effect of ADM
detected with anti DO.l

on

L540 cells.

Moreover,

a

shorter form of p53 is

antibody (that recognises the N-terminal region) only after NF-xB
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This shorter form of

inhibition.

p53 shows

an apparent

molecular weight of 45 kDa

suggesting that it does not contain the C-terminal region. The fact that the expression WT and
C-terminal deleted forms of
the promoter

p53

are

expressed only when NF-xB is inhibited, indicates that

of both allelic forms of p53 is directly

or

indirectly repressed by this

transcription factor. The accumulation of both forms of p53 in L540 cells after NF-xB
inhibition suggests

Interestingly,

as

that degradation mechanisms of p53

may

be also affected in this cell line.

observed in KM-H2 and L591 cells, inhibition of NF-

xB activity reduces

p53 basal levels in L428 and HDLM2 cells (figures 23 and 27). This information is in
agreemeni

with previously published data indicating thai the p53 promoter contains xR-

binding sites (Benoit et al. 2000). Nevertheless the ADM-mediated DNA damage does not
increase
there is

levels

p53 levels in L428 and HDLM2 cells. Altogether those experiments suggest that

a

cross-talk between NF-xB and

by DNA damage is apparently

p53 in all HD cells. However, the induction of p53

very

heterogeneous in all HD cells. Although p53

expression levels appeared reasonable high in KM-H2 cells after ADM treatments, this DNA
damage agent is not able to induce apoptosis by its
inhibition of NF-xB

activity (figure 24).

induced low levels of

used

can

together with

be observed.

response

an

own or

together with

an

efficient

In contrast, in all remaining HD cells, ADM

apoptosis when used alone and

was

able to increase apoptosis when

efficient inhibition of NF-xB activity. Thus, four categories of HD cells

A first category

includes the KM-H2 cells with

no

apoptotic

or

refractory

after NF-xB inhibition and DNA damage. A second category includes the L591

cells with

no

increased

apoptosis after ADM treatment. The third category includes L540 and HDLM2

cells

apoptotic

response

after reduction of NF-xB activity (or NF-xB independent) but

(both from T-cell origin) where the

induces

over

expression of IxBa SR and ADM treatment

independently low levels of apoptosis. In this category of cells

apoptotic effect

can

be observed when both treatments

are

a

"moderate" synergic

used together. In the last category
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(NF-xB dependent), L428 cells show high levels of apoptosis after inhibition of NF-xB

activity and ADM treatment slightly increases the number of apoptotic cells.
In order to understand the

after inhibition of NF-xB

origin of heterogeneous apoptotic

reported high expression of

et

al.

found in HD cells

activity and ADM treatment, the expression of several

Bad) and anti (Bcl-2 and Bcl-XL) apoptotic molecules

Bak in various

responses

pro

was

pro

(Bax and

verified. Several studies have

and anti-apoptotic molecules such

as

Bcl-2, Bax, Bcl-XL

or

subtypes of classical HL (Brousset et al. 1999) (Schlaifer et al. 1995) (Brousset

1996) (Messineo et al. 1998) (Xerri et al. 1996) (Rassidakis

et al.

2002). In the first

category of cells with no apoptotic response after NF-xB inhibition and DNA damage, ADM
treatment

The

the

alone has poor or no

effect in the expression of

pro

and anti apoptotic molecules.

only effect observed with ADM treatment in KM-H2 cells

was

the modest induction of

expression of the p53-dependent molecule Bax in the absence of NF-xB activity. Like

p53, the bax promoter is not only regulated by p53 but is also indirectly regulated by NF-xB

[Bentires-Alj, 2001 #285]. In contrast, NF-xB inhibition alone

promotes a small reduction in

expression of the NF-xB-dependent anti-apoptotic molecule Bcl-XL in KM-H2 cells. More
importantly the inhibition of NF-xB abolishes expression of the pro-apoptotic molecule Bad
and increases the

expression of the anti-apoptotic molecule Bcl-2 in this HD cell line. The

simultaneous effect

on

the

expression of the last two molecules is likely to participate in the

strong resistance to apoptosis observed in KM-H2 cells after inhibition of NF-xB activity.
Moreover, the absence of other key apoptotic molecules such as caspase-3/CPP32 has been

reported in KM-H2 cells (Izban et al. 1999). Thus, in this category of refractory cells, the
abnormal

expression of several pro-apoptotic and anti-apoptotic molecules appeared to

contribute to the observed resistance to

apoptotic

response

treatment, ADM

apoptosis. In the second category of HD cells with

no

after reduction of NF-xB activity but increased apoptosis after ADM

poorly reduces the expression of the pro-apoptotic molecule Bad. This effect
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correlates with the

previously observed promotion of apoptosis in L591 cells mediated by this

drug. As observed in KM-H2 cells, the inhibition of NF-xB activity in L591 cells reduces the

expression of Bcl-XL and abolishes the expression of Bad. Although these contradictory
results

are

difficult to understand in the absence of

molecules in L591 cells,
with strong

they probably reflect the complexity of this category of these cells

LMP-1 protein that in addition to the aberrant stimulation of NF-xB activity

probably contribute to

an

abnormal expression of

pro

levels of induction of apoptosis that

patients. In the third category of cells with

a

may

may

and anti apoptotic molecules in these

Together with refractory cells KM-H2, L591 HD cells represent

with poor

NF-xB

profound analysis of apoptotic

resistance to apoptosis after NF-xB inhibition. As in 30 to 40% of patients, L591

cells express

cells.

a more

a group

correspond to cells with

moderate apoptotic

response

poor

of HD cells
prognosis in

after reduction of

activity (L540 and HDLM2), ADM treatment alone does not induce changes in the

levels of

expression of Bax, Bad, Bcl-2 and Bcl-XL. In contrast, the inhibition of NF-xB

activity induces the expression of the pro-apoptotic molecules Bax (in L540 cells) and Bad (in
L540 and HDLM2 cells). It

can

also be observed that ADM treatment of these cells

negatively regulates the expression of Bad in

a

dose dependent

manner.

Under those

conditions, the reduction of Bad levels in L540 and HDLM2 cells correlates with
enhancement of
first two

are

apoptosis

as

an

observed in L591 cells. However, in contrast to cells from the

categories (KM-H2 and L591), expression levels of the pro-apoptotic molecule Bad

increased after NF-xB inhibition in cells from T cell

results suggest

that Bad

may

origin (L540 and HDLM2). These

probably contribute to the susceptibility of apoptosis observed in

cell lines with moderate induction of

apoptosis after NF-xB inhibition. This hypothesis is

supported by the fact that Bad expression is also slightly increased after inhibition of NF-xB

activity and ADM treatment in the last category of HD cells (L428) where inhibition of NFxB induces

a

strong apoptotic response

(figure 23). The second most important characteristic
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of L428 cells is the strong
have also been found in
in nodular

expression of Bax at basal levels. High levels of bax expression

patients. Indeed, Bax expression has been detected in 93% HRS cells

sclerosis, 98% of cells in mixed cellularity, and in all cells from lymphocyte

predominant phenotype.
clinical outcome

However, this does not correlate with

(Rassidakis et al. 2002).

Together with

an

a

particularly favourable

important inhibition of the

expression of the anti-apoptotic molecule Bcl-XL after abrogation of NF-xB activity, the
increased

expression of pro-apoptotic molecules Bax and Bad,

induction of
in the

activity

pro

was

optimal

the reduction of the levels of Bcl-XL, the contribution of NF-xB in the

expression of HD cells with

the control of

a

WT Bcl-XL promoter

a

was

analysed in all HD cell lines. After

plasmid encoding the luciferase reporter

(NF-xB WT)

or a

plamid encoding

containing mutations in NF-xB binding sites (NF-xB mut), it
a

an

and anti-apoptotic molecules observed in L428 cells after inhibition

expression of the anti-apoptotic Bcl-XL molecule
transient

participate in

apoptosis in L428 cells. Taken in consideration that the most important variation

expression of

of NF-xB

may

role in the induction of the

was

a

gene

under

similar construct

observed that NF-xB plays

transcription of Bcl-XL in HD cells. This approach generates

important variations in the analysis of the NF-xB dependency of the Bcl-XL promoter.
Nevertheless, results obtained in L428, L591 and HDLM2 cell lines
indicate that at least 50% of the
xB

activity is dependent

dependent of the Bcl-XL promoter found

Western blot

are

on

are

quite clear and

NF-xB. Although the levels of NF-

different in all HD cells, together with

analysis for detection of Bcl-XL protein performed after inhibition of NF-xB

activity it becomes clear that NF-xB plays

an

important role in the induction of the

transcription of Bcl-XL in all HD cell lines. A similar reporter-based approach

was

used to

analyse the contribution of NF-xB in the activation of the Bax and Bcl-2 promoters. Our
results indicate that there is

promoters.

no

major contribution of NF-xB activity in the activation of these

Thus the induction of the expression of Bax in L540 cells and the increased
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expression of Bcl-2 in KM-H2 after NF-xB inhibition

be independent of transcription

may

regulation.
It becomes clear that in HD cell lines, the inhibition of NF-

most cases to

be critical to

induce

xB activity is not sufficient in

apoptosis. The molecular environment in each HD cell line

complement the induction of apoptosis after NF-xB inhibition. In order to best

understand the molecular characteristics that allow the

highest levels of apoptosis after

inhibition of NF-xB in the L428 cells, it was decided to further

During

a

previous series of experiments it

particularly high, suggesting
was

observed that ADM is

Because of this it

was

a

a

was

study this HD cell line.

observed that in L428, the levels of p53 where

deregulated p53-pathway (figure 23). Of particular interest it

only able to induce modest levels of apoptosis in L428 cells.

decided to

explore the connection between the low stimulation of

apoptosis after ADM treatment and
PCR,

a

possible deregulation

on

p53 pathway. By using RT-

30 nucleotides shorter cDNA enconding a deleted form of p53 was identified in L428

but not in L591, HDLM2 and 1236 cell lines

sequenced and it

was

(figures 30C and D).

found that the deletion corresponds to

a

This cDNA

L428 genome,

was

A112-122 amino acids form of

p53. Although both allelic forms (WT and the 30 amino acids deleted form)

are present

in

only mRNA encoding the shorter form of p53 is transcribed in these cells

(figures 30C and 3IB). Because of this only
blot

appears to

a

smaller form of p53

was

detected by western-

analysis using the anti.DO.l antibody (figures 30A and 31C). The transcription of the

WT form of

cancer

when

cells

p53

may

(Garinis

be occluded by DNA hyper-methylation,

et al.

observed that this deleted form of

in L428 cells

phenomena in

2002). The 10 amino acids shorter form of p53 becomes obvious

samples from L591 and L428 cells

dependent transcription

a common

can

are

analysed

on

the

same western

p53 is quite stable but

be observed when

a

no or very

blot. It

can

also be

low levels of p53-

p53-dependent reporter plasmid is transfected

(figure 32). To test if the Al 12-122 form of p53 is transcriptionally active in

a
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different cellular context, a

dependent reporter

gene

plasmid encoding this form of p53

was

co-transfected with

a

p53-

in two different cell lines (figures 33). In both p53 null Saos-2 and

p53-/-, mdm2-/- cell contexts our results indicate that this shorter form of p53 is
transcriptionaly inactive and thus unable to induce the expression of p53-dependent

genes.

Consequently, the small activation of apoptosis after ADM treatment observed in L428 cell
line shows

form of

to

a

direct correlation with the presence

p53. These results also suggest that the observed stability of this form

the absence of Mdm2 whose

addition to the
of

a

may

be related

expression cannot be enhanced by this form of p53.

In

transcriptional activation domain (amino acids lto 83), the N-terminal region

p53 encodes

and

of the trancriptionally inactive A112-122

a

sequence

region required for Mdm2 binding (amino acids 17 to 27),
element (amino

a

PEST region

acids 92 to 112) required for proteasome-mediated

degradation (Jayaraman and Prives 1999) (Gu et al. 2001) (Gu et al. 2000). PEST regions
have been

Rogers

implicated in the degradation of proteins with high turnover (Rechsteiner and
1 996).

Using

the

(www.at.embnet.org/embnet/tools/bio/PESTfind).
acids of

p53) composed of 3 PEST elements

observed in the
65 and

65-101) with lower

of the
been

a

algorithm

long N-terminal region (1-100 amino

identified. The highest

score

(+11.23)

was

region encoding amino acids 1-24 followed by two regions (amino acids 24-

Mdm2 is present
induce

was

a

PESTfind

scores

+4.27 and +3.56 respectively. Although the binding site for

in the A112-122 form of p53 it cannot be excluded that this deletion

may

missfolding of the N-terminal region affecting both Mdm2 binding and presentation

region required for the proteasome mediated degradation. Shorter forms of p53 have

reported in p53 WT encoding cells (Ferrier 2002). In this

case

transcriptionally active

p53 molecules deleted of its first 44 amino acids at the N-terminal region
This is due to the

are more

stable.

incapacity of the mini-p53 form to bind Mdm2 and consequently this

ubiquitin-protein ligase cannot mediate its proteasome-mediated degradation.

Further
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investigations will give

new

insights in the transcription of p53 for

the role of these shorter isoforms, issued from alternative

apoptosis.
mediated

a

splicing

better understanding in
or

point mutations, in

Regarding the susceptibility of the A112-122 form of p53 to undergo Mdm2

degradation, those experiments should include Mdm2-p53 pull downs, analysis of

the resistance to

proteasome-mediated degradation

as

well

as measurement

of its half-life.

Thus, from all these experiments it can be concluded that multiple pathways appeared to be
affected in all HD cell lines. A
this disease and to

more

profound analysis is required to understand the origin of

develop in the future

new

therapies adapted

case to case

in patients.
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4. FINAL CONCLUSION

The nuclear factor NF- xB

regulates the transcription of

a

large number of genes including

cytokines, chemokines, anti-apoptotic and stress-response proteins.
activation of this

Thus, deregulated

key transcription factor is implicated in wide variety of diseases.

For

example, the constitutive activation of NF-xB pathways is often associated with inflammatory
diseases such
asthma

as

rheumatoid arthritis,

(Yamamoto and Gaynor 2001). In breast cancer, Hodgkin lymphoma or colon

hyper-activated NF-xB is also
and

inflammatory bowel disease, multiple sclerosis and

Gaynor 2001).

a

cancer,

main characteristic found in these tumour cells (Yamamoto

In order to understand the molecular mechanism responsible for

constitutive

deregulated NF-xB activity found in classical Hodgkin Lymphoma (cHL), in this

study

of the most

some

common

HD cell lines

were

used. This approach

was

choosen not

only because of the characteristic phenotype of these cell lines but also because of their clonal

origin that facilitates the analysis and provides homogeneous
The constitutive NF-xB activation observed in

defective forms of the

HD cell lines

1996

#88].

primary

cases

direct correlation with

gene

have been found

(Cabannes et al. 1999). However

In this work it has been demonstrated that
over

a

permanently activated NF-xB

expression of IxBa WT negatively regulates

activity in HD cells expressing mutant forms of IxBa, although the

IxBa SR

(encoding mutations

on

serine 32/36 to alanine) will be

xB in these cells. In contrast, in cells
SR will

a

expressing IxBa WT also exhibit constitutive NF-xB activation [Bargou,

pathway is present in all HD cell lines. The
NF-xB

HD cells shows

inhibitory protein IxBa. Mutations in the IxBa

in L428 and KM-H2 cell lines and also in

some

some

responses.

more

expressing IxBa WT only the

super repressor

efficient to inhibit NF-

over

expression of IxBa

efficiently abrogate NF-xB activity. These results indicate that the endogenous IxBa

WT is not sufficient to control this

permanently activated pathway. The

over

expression of
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forms of NIK, IKK1 and IKK2 are able to

mutant

HD cells,

indicating that these kinases

transcription factor. In vitro kinase

are

assays

negatively regulate NF-xB activity in all

involved in the permanent activation of this

performed with immuno-precipitated IKK from

HD cells confirm these observations and support

activated.

Because the exogenous

addition of TNFa does not increase IKK activity, it is

possible that this pathway is saturated
that

undefined upstream

an

kinase

the notion that this pathway is hyper-

or not

or

functional. In the first

case,

it

can

be speculated

cellular factor is permanently activating the NF-xB

pathway. Another possibility could be that the IKK complex is unable to interact with TNFR1

or

-R2 because of the lack of functional

cannot be

adaptors proteins such

excluded that known kinases such

rendering these

enzymes

as

NIK, IKK1

or

as

TRAFs. Moreover, it

IKK2 contain mutations

permanently active.

Activation of TNF-R1 and TNF-R2 results in activation of the nuclear factor NFand Karin

2001).

and in

(Baud

Because of this, the analysis of TNF-R1 and -R2 and also their ligands

TNFa and LTa has been
of these

xB

an

important part of this work for

a

better understanding of the role

cytokines in the activation of NF-xB in cHL. In this study, it

particular LT

highly expressed in HD cell lines.

are

was

found that TNFa

Those observations

are

in

agreement with previously published data indicating that both cytokines have been found

highly expressed in HD cell lines and also in primary
minor

none

proportion TNFa

of these

Several

cytokines

possibilities

were

are

can

cases

(Hsu and Hsu 1989). LT and in

a

found to stimulated NF-xB in surrounding cells. However,

involved in the activation of NF-xB by autocrine loop in HD cells.

explain the incapacity of LT to further activate NF-xB in HD cell

lines, including the previously suggested deficient or saturated signal transduction pathway.
In the present

work it has been shown for the first time, that HD cell lines do not

TNF-R1 while TNF-R2 is

TNF-R2

expressed in most of

might not be functional

or

cases.

However,

is saturated because the

our

exogenous

express

results suggest that

addition of LT is not
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able to further activate NF-xB

pathway in HD cell lines.

Among the large variety of

cytokines produced and released by the Reed & Sternberg cells, only few play
and

an

autocrine

paracrine roles. This is the case for IL-13 that clearly stimulates the proliferation of HD

[Kapp, 1999 #399], It

cells

was

recently found that

decoy CD30 receptor lacking the

a

cytoplasmic region blocks NF-xB activation, negatively regulates IL-13 expression and
induces low

results
To

apoptotic levels in L428, HDLM2 and L540 cell lines (Horie et al. 2002). Those

provide

novel possibility to explore

a

target-molecule-specific therapy in patients.

analyse the role of permanently activated NF-

cells,

a

(IxBa SR). After infection with Ad5/IxBa SR, it

effectively inhibited in all HD cells.

massive

apoptosis

observations

2003).

xB in proliferation and survival of HD

recombinant adenovirus based strategy was used to over express the super repressor

form of IxBa

is

a

were

as a consequence
also

However, only

was

one

found that NF-xB activity

HD cell line, L428, dies by

of the expression of IxBa SR (figure 18C). These

reported by two different

groups

(Hinz et al. 2002) (Garcia et al.

Other HD cell lines exhibit moderate levels of apoptosis (HDLM2,

L540)

or are

totally resistant to death-induction after inhibition of constitutive NF-xB activity (KM-H2,
L591) indicating that controlling the activity of this transcription factor is not sufficient to
generate a cell killing response.

Similar conclusions

were

reported by Bentires-Alj et al

(Bentires-Alj et al. 1999). Since inhibition of NF-xB activity
significant levels of apoptosis in most HD cell lines,
p53-pathway
used.

was

sufficient to promote

co-stimulation of the pro-apoptotic

considered. To achieve this the chemotherapeutic drug, adriamycin

Activation of the

was

p53 pathway increases the levels of apoptosis in most (excepting

KMH2) HD cell lines. P53 activation
induce

a

was not

acts in synergy

with inhibition of NF-xB pathway to

apoptosis only in HDLM2, L540 and L428 cells. Data generated in this work support

the notion of crosstalk between NF-xB and

However the levels of

p53 in most HD cells (see discussion in § 3.3.4.).

apoptosis observed after co-stimulation of p53

are very

heterogeneous.
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In order to understand these

some

pro

heterogeneous

response

found in HD cell lines, the levels of

and anti-apoptotic molecules were verified after the simultaneous inhibition of NF-

xB and stimulation of

p53 pathway. Results obtained in this section support the following

general conclusions: 1) high levels of anti- apoptotic molecules Bcl-2 and Bcl-XL
in most HD cells

2) low levels of pro-apoptotic molecules

are present

observed in most HD cell lines

are

3) inhibition of NF-xB reduces the expression of Bcl-XL and probably contributes to the

susceptibility of HD cells to apoptosis 4) inhibition of NF-xB activity induces the expression
of

pro-apoptotic molecules Bax and Bad in

of pro

some

HD cell lines. Thus, changes in the balance

and anti apoptotic molecules contribute to resistance

observed after inhibition of NF-xB
modulation of these pro

susceptibility to apoptosis

or

activity and activation of p53 pathway.

Similar

and anti-apoptotic molecules have also been studied and observed in

patients with cHL (Brousset et al. 1999) (Schlaifer et al. 1995) (Brousset et al. 1996)
(Messineo et al. 1998) (Xerri
Is the permanent
chicken and egg

et al.

1996) (Rassidakis

et al.

2002).

activated NF-xB at the origin

or a consequence

of HD disease? This typical

questions remains without

clear

Although apoptosis

induced after inhibition of NF-xB

L428, most HD show

a

a

response.

can

be

activity in 20-60 % of HD cell lines, with exception of

low number of dead cells with this treatment. Altogether, our results

suggest that NF-xB is a consequence of a deregulated transduction pathway but it is far from
been the

only pathway showing dysfunction in HD cell lines.

activation of

p53 pathway induces low levels of apoptosis in

HD cell lines

some

As

a matter

of fact the

HD cells. At least in two

(HDLM2 and L428) encode shorter forms of p53 with deregulated activity.

These results may

explain at least in part why this tumour

suppressor

is not activated with

a

similar

efficiency in all HD cell lines. To understand the dysfunction of each cell line and

also in

samples from patients, multiple molecular markers such

molecules

as

well

as

as pro

and anti-apoptotic

signal transduction pathways should be analysed. In this

way an

optimal
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treatment can be

recent

developed in order to induce

origin and associated activated phenotype (Kuppers et al. 2003).

expression profiling, they found 27

genes

By Gene

specifically expressed in this lymphoma including

transcriptions factors: GATA-3, ABF1, EAR3 and Nrf3. Thus, from that study, it will be

important to investigate the function of these
Reed

Sternberg to adapt

new

adapt actual treatments to

a

new genes

specifically expressed in Hodgkin&

diagnosis and treatment.

heterogeneity found between each HD
to

massive apoptosis in aberrant HD cells. A

report from Kuppers R et al, proposed that each cHL is a distinct entity, irrespective of

the cellular

four

a

case, a

Moreover, according to the

molecular characterisation should be proposed

particular HD cell type.
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APPENDIX 1

Table 1

Inducers of NF-kB

Condition

activity

Reference

Bacteria

EPEC, enterophathogenic E. coli
Gardnerella vaginalis
Helicobacter pylori
Lactobacilli
Listeria monocytogenes

Mienplasma fermentans
Mycobacteria tuberculosis
neisseria

gonorrhoeae

Rickettsia rickettsii
Salmonella duhlin
Salmonella typhimurium

Shigella flexneri

Staphyllococcus

aureus

Savkovic et at., 1997
Hashemi et at., 1999
Munzenmaier et a!., 1997

Klebanoff et at.. 1999
Hauf et al., 1994
Marie et at., 1999

Zhang et a!., 1994
Naumann et al.. 1997

Spom et al., 1997
Enves-Pyles et al., 1999
Hobbie et al., 1997
Dyer et al., 199
Busam et al., 1992

Bacterial Products

Diphosphoryl lipid A
(Rhodobacrer sphaeroides)

Lawrence

et

Exotoxin B

Busam

et

al., 1992

G(Anh) M Tetra

Dokter

et

al., 1994

Lipoteichoic acid (Listeria)

Hauf

Lipopolysaccharide (LPS)
lipoproteins
(Micoplasma fermentans)
Muramyl Peptides
PlcA (Phospholipase) (Listeria)
PlcB (Phospholipase) (Listeria)
Staphylococcus enterotoxin
A and B (super antigen)
Toxic Shock Syndrome Toxin 1

Sen and Baltimore, 1986a
Garcia et al., 1998;

membrane

Viruses
Adenovirus

Cytomegalovirus
Epstein-Barr Virus (EBV)

et

al., 1995

al., 1997

Rawadi et al., 1999
Schreck et at., 1992
Hauf et al., 1997
Hauf et al., 1997
Trede et al., 1993;
Busam et at., 1992
Trede et al., 1993
Shurman et al., 1989
Sambucetti et al., 1989

Hammarskjdld and Simurda,
1992

Hepatitis B Virus
Herpes Virus Saimiri
Human Herpesvirus 6

Siddiqui et al., 1989
Yao et at., 1995
Ensoli et al., 1989

HIV-1

Bachelerie

et

Herpex Simplex Virus -1

Gimble

al., 1988

HTLV-I

Leung and Nabel. 1988;

Influenza Virus
Measles Virus

Ronni ct at, 1997
Harcourt et at, 1999
Pak and Faller, 1996

et

al.. 1991

Ballard et at., 1988

Molony Murine Leukemia Virus
Newcastle disease virus

Respiratory Syncytial Virus
Rhinovirus
Sendai paramyxo
Sindbis Virus

virus

Ten et at. 1993
Mastronarde el at, 1996;
Garofalo et at, 1996
Zhu et at, 1996a;
Zhu et at. 1996b
Hiscott el al., 1989
Lin

at., 1995a

et

Viral Products

Adenovirus 5: El A

Skurman

Adenovirus: E3/19K

Pahl

CMV; iel
Double-stranded RNA

at at, 1989
at, 1996
Sambucetti et at, 1989
Visvanalhan and Goodboum,
et

1989
EBV: EBN'A-2
EBV: LMP

Sea la

HBV: HBx
HBV: LHBs
HBV: MHBs'

Twu el at, 1989
Hildt et at, 1996

HCV; Core

protein
Herpes Saimiri: HVS13
HTV-1: gpl60

You et at. 1999
Yao et at., 1995
Chirmule et at,

HIV-1: Tat
HTLV-I: Taxi

Ballard et at., 1988;

et

at, 1993

Hammarskjdld and Simurda,
1992

Meyer et at. 1992

1994
Westendorp et at, 1994
Leung and Nabel, 1988

HTLV-n: Tax2
Influenza Virus:

Hemagglutinin

Parvovirus B19: NSI

Tanaka et at, 1996
Pahl and Baeuerle, 1995a
Moffatt et at, 1996

Table 1

continued

Condition

Reference

Eukaryotic parasite
Theileria parva

Ivanov

et

al., 1989

et

al., 1989
al., 1990

(Inflammatory) Cytokines
IL-1
IL-2
IL-12
1L-15
IL-17
IL-18
LIF
THANK
TNFa

Osbom
Hazan

et

Grohmann et al., 1998
McDonald et al., 1998
Shalom-Barak et al., 1998
Matsumoto et al., 1997
Gruss et al., 1992

Mukhopadhyav

199$

et al.,
Osborn et al., 1989;
Israel et al., 1989a
Messer et al., 1990

TNF/i

Physiological (Stress) Conditions
Adhesion

Depolarization

Lin et al., 1995b
Kaltscbmidt et al., 1995

Hemorrhage

Shenkar

Hyperglycemia

Hyperosmotic Shock
Hvperoxia

Shenkar and Abraham,
1997
Yemeni el al., 1999
Courtois er al., 1997
Shea et al., 1996

Ischemia

Gabriel

Liver

(transient, focal)

al., 1999;

et

Li et al., 1999
Tewari et al., 1992;
Cressman et al., 1994

Regeneration

Mechanical Ventilation

al., 1996;

et

Reoxygenation

Pugin et al., 1998
Rupee and Baeuerle, 1995

Shear Stress

Lan

T-cell Selection

Moore

(in vitro)

al., 1994

et

al., 1995

et

Physical Stress
PPME Photosensitization
Ultraviolet irradiation (UV-A.

Legrand-Poels et al., 1995
Stein et al., 1989
Haas et al., 1998

B, C)

Wounding combined with HeNe
irradiation
y

Brach et

Radiation

at., 1991a

Oxidative Stress
Munroe

et

al., 1995

el

at., 1991

Ozone

Schreck
Haddad

Pervanadate

Imbert

Reoxygenation

Rupee and Baeuerle, 1995

Butyl Peroxide
Hydrogen Peroxide

al., 1996
al., 1996

et

et

Environmental Hazards

3,3\4,4'-tctrachlorobiphen>! (PCB77)

Hennig et al., 1999

Chromium

Ye

et al.. 1995
Nishikawa et al., 1999
Goebeler et al., 1995

Cigarette Smoke
Cobalt
Crocidolite asbesstos fibres
Dicamba (herbicide, peroxisome

Janssen

al., 1995

et

Espandiari et al., 1998

proliferator)
Lead
Nickel
Silica Particles

Therapeutically used drugs
1-b-D-Aiabinofuranosyl-cytosine
(ara-C)
Anthralin

.

Ramesh

et

Goebeler
Chen

et

Strum

al., 1999

al., 1995
al., 1995

et

et

al., 1994

Camptothecin
Ciprofibrate
Cisplatin

Schmidt et al., 1996
Kurata, 1994
Piret and Piette, 1996
Li et al., 1996a
Nie et al., 1998

Daunomycin

Das and White, 1997;

Daunorubicin
Doxorubicin

Wang et al., 1996

Etoposide
Haloperidol
Methamphetamine

Post

Azidothymidine (AZT)

Hellin

Phenobarbital
Tamoxifen

el

al., 1998

Das and White, 1997
Bessho et al., 1994
el

al., 1998

Asanuma and Cadet,
Li et al., 1996b
Ferlini

et

1998

at., 1999
continued

Table 1

continued

Condition

Reference

Taxol (Paclitaxel)
Vinblastine
Vincristine

Hwang and Ding, 1995

Modified Proteins
Advanced glycated

Rosette and Karin, 1995a
Das and White, 1997

end products

Yan

a!.. 1994;

et

Amyloid Protein Fragment (&M)
Maleylated BSA

Wautier et al., 1994
Beht et al., 1994
Misra et al., 1996

Modified (Oxidized)LDL

Rajavashisth et al., 1995;

(AGEs)

Andalibi

et

al., 1993

Overexpressed Proteins (ER Overload)
CFTR

Knorre and

Pahl,

unpublished observation
Erythropoietin-Receptor

Knorre and

Pahl,

unpublished observation
Ig heavy chain

Pahl and

MHC Class I

Pahl and

Baeuerle, 1995b
Bacuerle, 1995b

Marcuzzi

et

Receptor Ligands
Antigen (IgM-Ligand)
CDllb/CD18-Ligand (Complement)
CD28-Ligand (B7-1)
CD2-Ligand
CD35-Ligand (Complement)
CD3-Ligand
CD40-Ligand
CD4-Ligand (gpl20)
Fc-2a-Receptor-Ligand (IgG2a)
Flt-1-Ligand
Ly6A/E-Ligand
N-CAM

Trail-receptor-l-Ligand (Trail)
Trail-receptor-2-Ligand (Trail)
Trail-receptor-4-Ligand (Trail)

Thieblemont

at., 1989
et al., 1995

Verweij et al., 1991
Bressler

et

al., 1991
et al., 1995

Thieblemont

Tong-Starksen
Berberich

et

et

al., 1989

al., 1994

Chirmule et al.. 1994
Muroi et al., 1994
Reikerstorfer et al., 1995
Ivanov et al., 1994
Krushel et al., 1999
Schneider et al., 1997
Schneider et al., 1997

Degli-Esposti et al., 1997

Apoptotic Mediators
Anti-Fas ;Apo-l

Rensing-Ehl et al., 1995

Trail

Schneider

Mitogens, growth factors and hormones
Bone morphogenic protein 2
Mohan
Bone morphogenic protein 4
Mohan
Folicle Stimulating Hormone
Delfino

ct

al., 1997

Platelet-Derived Growth Factor
Serum
TGF-a

al., 1998
al., 1998
and Walker, 1998
Shen et ai, 1997
Bertrand et al., 1995
Brach et al., 1991b
Wood, 1995;
Carter et ai, 1996
Olashaw et al., 1992
Baldwin et al., 1991
Lee et al., 1995

Physiological Mediators
12(R)-Hydroxyeicosatrienoic acid

Laniado-Schwartzman

Amino acid

Kretz-Remy et al., 1998

Human Growth Hormone
Insulin
M-CSF

Nerve Growth Factor

et

analogs
Anaphyiatoxin C3a
Anaphylatoxin C5a
Angiotensin II
Basic calcium phosphate crystals
Bradikinin
C2-Ceramide
Cerulein

Collagen lattice
Collagen Type I
Des-ArglO-kallidin (B1 receptor
agonist)
Double-stranded polynucleotides
f-Met-Leu-Phe
Heat shock protein 60 (HSP 60)

Hemoglobin
Hyaluronan
Kaianic acid (Kainate)
Leukotriene B4
L-Glutamate

Lysophosphatidylcholine (LysoPC)

et

al., 1994

.Pan, 1998
Pan, 1998
Li and Brasier. 1996

McCarthy et al., 1998
Pan

(N-acetyi-sphingosine)

et

et

al., 1996

Andrieu

et

al., 1995

Gukovsky et al., 1998;
Steinle et al., 1999
Xu et al., 1998
Lee et a!.. 1995
Schanstra

et

Suzuki

ai, 1999

et

al., 1998

Browning et al., 1997
Kol et ai, 1999
Simoni et al., 1998

Noble et ai, 1996
Kaltschmidt et al., 1995
Brach et al., 1992
Guerrini et al., 1995
Zhu et ai. 1997
continued

Table 1

continued

Condition

Reference

PAF

Smith and Shearer, 1994:
Mutoh el a!., 1994
Kaltschmidt et al., 1995
Mari et al., 1994

(platelet activating factor)

Potassium

Thrombin
Chemical Agents
2-Deoxyglucose

Anisomycin
Brefeldin A
Colchicine

Calcium

Ionophores
Colyculin A
Cobalt chloride

Con A

Cycloheximide
Cyclopiazonic Acid
Forskolin
Glass fibres
Linoleic acid
L-NMA

Pahl and Baeuerle, 1995b
Sen and Baltimore, 1986a

Pahl and Baeuerle, 1995b
Rosette and Karin 1995a
Novak el al, 1990
Suzuki el a!., 1994
Sultana et al., 1999
Rattner et al., 1991
Sen and Baltimore, 1986a
Pahl et al., 1996
Delfino and Walker, 1998
Ye et al., 1999

Lysophosphatidic acid

Hennig el al., 1996
Peng et al., 1995
Shahrestanifar et al., 1999

Monensin

Pahl and Baeuerle

N-methyl-D-aspartate

Guerrini

Nocodazol

unpublished observation
et

al., 1995

PHA

Rosette and Karin, 1995a
Thevenin et al., 1991
Sen and Baltimore, 1986b

Phorbol ester

Sen and

Podophyllotoxin
Pyrogallol

Rosette and Karin 1995a
Adcock et at., 1994

Quinolinic acid

Qin et al., 1998
Pahl er al., 1996
Pahl and Baeuerle, 1995b
Rosette and Karin 1995a

Okadaic Acid

Thapsigargin
T unicamycin
Vinblastine
Where

Baltimore, 1986a

possible, the first publication to report the data is given

reference

as a

APPENDIX 2

Table 2

Target

genes

of NF-kB

Function

Gene

Reference

Cytok ines ■ Citem o kines and their modulators
Cytokine-induced neutrophil chemoailractant
Chemokine ligand for CXCR3
Eotaxin
ft Chemokine, eosinphil-sperific
Melanoma growth stimulating activity
Gro a-y
Interferon
IFN-y
CISC
♦CXCL 11

Blackwell ci al. 1994: Ohtsuka ct a!,. 1996
Ten sen et al., 1999
Hein

al., 1997

el

Anisowici et al., 1991
Sica er al., 1992; Sica et al., 1997

IL-lz

Interleukin-la

Mori and

IL-I/1

Interleukm-I/?

IL-1-receptor antagonist

Inhibitor of IL-1
Interleukin-2

Hiscott et al., 1993
Smith et al.. 1994

IL-2

activity

Serfling

Interleukin-8, a-chemokine

er al., 1989; Hoyos et al., 1989;
al., 1995
Libermann and Baltimore. 1990; Shimizu et al., 1990
Kunsch and Rosen, 1993

Interleukin-9

Zhu

Interleukin-11
Interleukin-12
Imerleukin-15
Interferon
a Chemokine
a Chemokine

Bitko

Lai

IL-6
IL-fi
•IL-9

Interleukin-6, inflammatory cytokine

IL-11
IL-12 <p40>
•IL-15

^-Interferon
IP-10
KC

Lymphotoxin

Anchors TXF

Macrophage chemotactic protein, ft Chemokine

MlP-la.^
MIP-2

Macrophage inflammatory protein-1, fi Chemokine
Macrophage inflammatory protein-l, ;5 Chemokine

RANTES

Regulated

upon

cell surface

Activation Normal T lymphocyte

Tumor necrosis factor
Tumor necrosis factor

Immunoreceptors
B7.1 (CD80)

a

fi

Fc epsilon reoeptor II (CD23)
IL-2 receptor x-chain
Immunoglobulin Cgammal
Immunoglobulin s heavy chain
Immunoglobulin k light chain
Invariant Chain Ii
MHC class I (H-2K1')
MHC Class I HLA-B7

fi2 Microglobulin
T-cell receptor fi chain
*TNF-Receptor, p"5/80

er

a!.. 1995

Antigen of stimulated lymphocytes
Receptor for IgE
IL-2 receptor subunit
IgG heavy chaini
IgE heavy chain
Antibody light chain
Antigen presentation
Mouse histocompatibility antigen
Mouse histocompatibility antigen
Binds MHC class I
T-cell receptor subunit

High-affinity TNF

Kuprash et al., 1996
Ueda et al., 1994
Grove and Plumbi, 1993: Widmer et a!., 1993
Widmer et al., 1993
Moriuchi el a!.. 1997
Oh and Metcalfe, 1994
Shakhov et al.. 1990; Collart
Paul

Co-stimulation of T cells via CD28 binding
B-cell homing receptor
Chemokine receptor

BRL-1
CCR5
CD4S

Proteins involved in

to

Expressed and Secreted, fi Cbemokine
3 T-cell activation gene 3. fi Chemokine

TNF/5

et

al., 1998
Hiscott et al., 1989; Lenardo et al., 1989
Ohmori and Hamilton, 1993
Ohmori et al., 1995
Worm et al., 1998

MCP-1/JE

gene

al., 1996a
al.. 1997

et

Murphy

a

TNFa

et

Aami ef

Lymphotoxin fi

TCA3, T-cell activation

Prager, 1996

al., 1990: Messer

et

Fong

al., 1996; Zhao

et

el

et

et al.. 1990
al., 1990

al., 1996

Wolf er ai, 1998
Liu et al.. 1998
KJaman and Thorley-Lawson. 1995
Richards and Katz, 1997
Ballard et al., 1988

Lin and

Iciek

er

Sen and

Stavnezer, 1996
al., 1997
Baltimore, 1986b

Pessara and Koch, 1990
Israel et al.. 1989a; Israel et at., 1989b
Johnson and Pober, 1994
Isra6l et al., 1989a; Israitl er al., 1989b
Jamieson er a!., 1989
Santee and Owen-Schaub. 1996

receptor

antigen presentation

Proteasome Subunit LMP2

Subunit of 26S proteasome.

Peptide Transporter TAP1

Peptide transporter for ER

Cell adhesion molecules
ELAM-1
ICAM-l
MadCAM-1
P-selectin

cysteine protease

Wright el al., 1995

Wright et al., 1995

E-selectin. endothelial cell leukocyte adhesion molecule Whelan

et

al.. 1991

Intracellular adhesion motecule-1

van

Mucosal addressin cell adhesion molecule
Platelet adhesion receptor

Takeuchi and Baichwal, 1995
Pan and McEver, 1995

Tenascin-C

ECM

Mettouchi

et

al., 1997

VCAM-1

cell growth
Vascular cell adhesion molecule

Iademareo

et

al.. 1992

protein controls cell attachment and migration,

de

Stolpe et al.. 1994

Acute

phase proteins
Angiotensinogen
C4b binding protein

Complement factor B
Complement Factor C4
C-reactive protein

Lipopolysaccharide binding
protein

Angiotensin precursor, regulates blood pressure
Complement binding protein
Complement factor
Activates extrinsic pathway of complement activation

Brasier

Pentraxin
Binds to LPS receptor

Zhang el al.. 1995
Schumann, 1995

(CD14) with LPS

Pentraxin PTX3
Serum amyloid A precursor
Tissue factor-1

Pentraxin
Serum component
Activates extrinsic pathway

Urokinase-type Plasminogen

Activates

of complement activation
fibrinogen for fibrin clot lysis

et

al., 1990; Ron

et

al.. 1990

Moffat and Tack. 1992
Nonaka and Huang, 1990
Yu

et

al., 1989

Basile et al.. 1997
Edbrooke et al., 1991;
Mackman et al., 1991
Novak et al.. 1991

Li and Liao, 1991

activator
Stress response genes

Angiotensin IT

Peptide hormone

Brasier

el

al., 1990
continued
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Table 2

continued

Function

Reference

*5-Lipoxygenase

Cyclooxygenase, prostaglandin endoperoxide synthase
Iron storage protein
Arachidonic acid metabolic enzyme, leukotriene synthesis

Yamamoio el al., 1995
Kwak et al., 1995

12-Lipoxvgenase
inducible X'O-Synthase

Arachidonic acid metabolic enzyme
NO synthesis

Chopra er al.. 1992
Arakawa et al., 1995
Gcller et al., 1993

Ma SOD

Superoxide dismutase

Das

NAD(P)H quinone oxidoreductase

Bioreductive enzyme

et al., 1995
Yao and O'Dwyer, 1995

(DT-diaphorase)
Phospholipase A2

Fatty acid metabolism

Morri

Pleiotropic phy siological effects
Pleiolropic physiological effects

Xie et al.. 1998
X'i et al., 1998
Tinnell et al., 1998

Gene

COX-2
Ferritin H chain

Cell-surface receptors
A1 adenosine receptor
Bradikinin B1 -Receptor
*CD23

Cell-surface molecule

at., 1994

et

Lectin mainly on activated T cells
Galanine receptor, neuroendocrine peptide

Lopez-Cabrera

Receptor for Oxidized low density lipoprotein
Multiple drug resistance mediator (P-glycoprotein)
Pleiolropic physiological effects
Platelet activator receptor

X'agase et al.. 1998
Zhou and Kuo, 1997
Musso el ai., 1997
Mutoh er al., 1994

Receptor for Advanced Glycation End products

Li and Schmidt, 1997

Bfil.'Al
Bcl-xL
Nrl3
cCD9S (Fas)

Pro-survival Bcl-2

Fas-Ligand

Inducer of apoptosis
Inhibitors of Apoptosis
Immediate early gene

Grumont et al., 1999; Zong et al., 199<
Chen et al., 1999; Lee el al., 1999b
Lee et al., 1999
Chan et al., 1999
Matsui et al.. 1998
You et al.. 1997; Stehlik et al.. 1998
Wu et al., 1998

CD69

Gall Receptor
Lox-1
Mdrl

Neuropeptide Y Yl-receptor
PAF receptor 1
RAGE- receptor for advanced
glycation end products

Lorimer

et

al., 1995

al., 1997

et

Regulators of apoptosis

Pro-apoptotic receptor

IAPs
I EX- 1L
Growth factors
G-CSF
GM-CSF
*IGFBP-1
IGFBP-2

homologue

Pro-survival Bcl-2 homologue
Pro-survival Bcl-2 homologue

and their modulators

Granulocyte Colony Stimulating Factor

Nishizawa and Nagata, 1990
Schreck and Baeuerle, 1990

Granulocyte Macrophage Colony Stimulating Factor
Insulin-like growth factor binding protein-1
insulin-like growth factor binding prolein-2
Macrophage Colony Stimulating Factor

Lang et al., 1999
Cazals ei al.. 1999

PDGF B chain

Platelet-Derived Growth Factor

Khachigian et ai., 1995

Proenkephalin
*Thrombospondir.

Hormone
Matrix glycoprotein t
Vascular Endothelial Growth Factor

Adolph er al., 1997

M-CSF

(CSF-1)

VEGF C

Early response
p22<PRGl
p62

Brach

Rattner

Chilov

at., 1991b

et

ai, 1991

et

al., 1997

et

genes
Rat

homology of IEX
Non-proteasomal mulii-ubiquitin chain binding protein

Schafer et al., 1998*
Vadlamudi and Shin, 1998

TNF-inducible zinc

Krikos er al., 1992
Toth el al., 1995

Transcription factors
A20

finger
Proto-oncogene
Proto-oncogene
Proto-oncogene
Interferon regulatory factor-1
Interferon regulatory factor-2
Inhibitor of Rel/NF-ifB

omyb
c-myc
ore!
IRF-1
IRF-2
I*Ba
iut iB

Proto-oncogenc
NF-kB plOO precursor
XF-kB pl05 precursor

nfkh2
nfkhl
p53

Tumor suppressor

Viruses
Adenovirus (E3 region)
Avian Leukosis Virus

Adenovirus
Causes avian leukosis

Duyao et al., 1992
Hannink and Temin, 1990
Harada er al.. 1994
Harada er al., 1994
Haskill er al.. 1991; Sun er al.. 1993;
deMartin et al., 1993
Brown et al., 1995
Lombardi

Ten

et

al., 1995

al., 1992
Wu and Lozano, 1994
er

Williams et a!., 1990
Bowers er al., 1996
Brooks et al., 1995

Bovine Leukemia Virus

Causes bovine leukemia

CMV
EBV (IV p promoter)
HIV-1

Cytomegalovirus
Epstein-Barr virus
Human immunodeficiency virus

HSV
JC Virus
Measles virus
srv
SV-40

Herpes simplex virus
Polyoma virus

Rong er al.. 1992
Ranganathan and Khalili, 1993

Causes measles
Simian immunodeficiency virus
Simian virus 40

Harcourt er al., 1999
Bellas er al.. 1993
Kanno er al., 1989

Glycosphingolipid
Matrix metalloproteinase

Vincenti

Sambucetti

et

al.. 1989

Sugano et al.. 1997
Xabcl and Baltimore, 1987;
Griffin el al., 1989

Enzymes
*Ceramide

glycosyl transferase

Collagenase 1

Ichikawa

er

et

a!., 1998
al., 1998
contuutei
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TaWe 2

Gene
•Dihvdrodiol
•GAD67
Gelatinase B

dehydrogenase

GSTP1-1

Glucosel-6-phosphate dehydrogenase
*

HO-1
Hvaluronan

synthase

Lysozyme
'PTGIS, prostaglandin synthase
Transglutaminase
♦Xanthine Oxidase

continued

Function

Reference

Oxidoreductase, oxidation of trans-hydodiols

Ciaccio et al, 1996
Szabo et al, 1996

Glutamic acid decarboxylase
Matrix metalloproteinase
Glutathione transferase
Hexose monophosphate

Hemeoxygenase
Synthesizes hyaluronic acid
Hvdrolyzes bacterial cell walls
Prostaglandin synthase
Forms isopepiide bonds
Oxidative metabolism of purines

He, 1996
Xia

et

al., 1996*

Garcia-Nogales et al., 1999
Lavrovsky et al, 1994
Ohkawa et al., 1999
Phi van, 1996

Yokoyama

et al,
Mirza et al., 1997
Xu et al., 1996

1996

Miscellaneous
Serum

alpha-1 acid glycoprotein
Apolipoprotein C III
♦Biglycan
Cyclin Dl
♦Cyclin D3
Factor \HI
Galectin 3
HMG14
K3 Keratin
Laminin B2 Chain
Mtsl
♦Pax8
♦UCP-2
Vimentin
Wilm s Tumor Supressor

al-antitrypsin

protein

Mejdoubi et a!., 1999

Apoprotein of HDL
Connective tissue proteoglycan

Cell-cycle regulation
Cell-cycle regulation
Hemostasis

et

al., 1994

Ungefroren and KM, 1996
Guttridge et al., 1999; Hinz et al. 1999
Wang et al.. 1996b
Figueiredo and Brownlee, 1995

/Lgalactosidase-binding lectin
High mobility group 14
Intermediate filament protein
Basement membrane protein
Multiple tumor suppressor

Hsu et al., 1996
Walker and Enrietto, 1996
Wu et al. 1994
Richardson et al., 1995

Paired box gene

Okladnova et al., 1997
Lee et a!., 1999a

Uncoupling protein-2
Gene

Gruber

Intermediate filament
Tumor suppressor
Protease inhibitor

protein

Tulchinsky et al., 1997

Lilienbaum

Dehbi

Ray

et

et

et

a/., 1990

a!., 1998

al., 1995

Where possible, the

first publication to report the data is given as a reference. 'Genes contain NF-kB binding sites in their promotcr;enkanccr
regions, but further experiments are required to prove their functionality

223

APPENDIX 3

AmpR:

Ampicillin

Adeno.Fragment:

Segments required for recombination with PJM17 vector to produce

gene

recombinant adenoviruses.
HCMV:

Linearizing

Human
enzyme:

Sspl

Cytomegalovirus promoter (Early region E1A product).

AmpR:

Ampicillin

Adeno.Fragment:

Segments required for recombination with PJM17

gene

vector to

recombinant adenoviruses.
HCMV:

Linearizing

Human
enzyme:

Sspl

Cytomegalovirus promoter (Early region E1A product).

produce

EcorV

AmpR:

Ampicillin

Adeno.Fragment:

Segments required for recombination with PJM17 vector to produce

gene

recombinant adenoviruses.

HCMV:

Linearizing

Human
enzyme:

Sspl

Cytomegalovirus promoter (Early region E1A product).

AmpR:

Ampicillin

Adeno.Fragment:

Segments required for recombination with PJM17 vector to produce

gene

recombinant adenoviruses.
HCMV:

Linearizing

Human
enzyme:

Sspl

Cytomegalovirus promoter (Early region E1A product).

Sac I

AmpR:

Ampicillin

Adeno.Fragment:

Segments required for recombination with PJM17 vector to produce

gene

recombinant adenoviruses.

HCMV:

Linearizing

Human
enzyme:

Sspl

Cytomegalovirus promoter (Early region E1A product).

Bam HI

AmpR

Ampicillin

:

SV40ori:
SV40

pA

pCMV

:

gene

Large T antigen of SV40, origin of replication
:

SV40 promoter
CMV promoter

AmpR:

Ampicillin

gene

Fragment L: Luciferase

gene

No

cloned between thje Hindlll-Bglll sites in the vector pSVOA.

eukaryotic promoter

SV40 ER:

SV40

Early Region

Short Promoter BcI-XL
NF-kB site mutated

amp

R

1.3 kb

Poly A signals

Fragment L
Luciferase gene

BgHI

BarnHI

AmpR:

Ampicillin

gene

Fragment L: Luciferase

gene

No

cloned between thje Hindlll-Bglll sites in the vector pSVOA.

eukaryotic promoter

SV40 ER:

SV40

Early Region

