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1.1 Morphology of fetal liver

An understanding of the organization and inteielationships of the

cells which occur in the liver of the embryo is an essential pre-

requisitefor a consideration of the functional activities of these

cells or an evaluation of their proliferative behaviour.

Hepatic haemopoiesis is initiated by colonization of the hepatic

anlage by circulating haemopoietic precursor cells of yolk sac

origin (Ackerman and Knouff 1960). This concept is not novel. Thus

Danchakoff (1918) believed that the haemopoietic primordia of the

liver develop from circulating blood cells suggesting that in the

network of large hepatic sinusoids the blood flow would be reduced

at a time when numerous haemocytoblasts and erythroblasts circulating

in the blood and that conditions condu- cive to their localization

would be created. The establishment of haemopoiesis appears to be

closely associated with development of vascular channels (Danchakoff

1918). The first appearance of blood corpuscles associated with

the first development of blood vessels and in sauropsids the

endothelial wall appear to have a role in the regulation of blood

cell differentiation. The effect upon the stem cell separation

by an endothelial wall from the intravascular environment within the

sinusoidsis important during differentiation (Danchakoff and Sharp

1917).

The liver is situated in the abdominal cavity beneath the diaphragm

Reticular fibers originating from the fibrous capsule of the

diaphram (Glisson's Capsule) cover the liver penetrate the organ

thus providing support for the parenchyma.

Since fetal liver contains not only hepatic tissue but also much
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hemopoietic tissue, it is important to know whether the decrease

in the relative weight of the liver which occurs during ontogeny-

represents a realdininution of true hepatic tissue or whether it

simply reflects the progressive shift of haempoiesis from the
cavity

liver to the medullary^of the skeleton (Dick 1956). Although
occasional haemocytoblast and a variety of other immature haemopoietic

cells are seen intravascularly, in which situation they may undergo

mitosis, the overwhelming majority of haemocytoblasts and differ¬

entiating erythroid cells is extravascular and found in the

substance of the hepatic trabeculae in intimate relationship with the

liver cells. When mesenchyme occurs independently of hepatic

trabeculae, it contains very few differentiating haemopoietic

cells in comparison with the trabeculae (Thomas, Russel and Yoffey

1960).

The mesenchyme of the bone marrow does not appear the source of

haemopoietic stem cells in this situation (Yoffey and Thomas

1961) and it is unlikely to be the source of haemopoietic cells

in the liver.

In the ww mouse hepatic haemopoietic activity subsides rapidly

after birth but the organ may contain haemopoietic foci for a week

or so after birth (Borghese, 1959).

At the earliest stage of haempoiesis in the mammalian liver

undifferentiated blast cells appear scattered throughout the liver

cords and in the mouse erthropoiesis begins between the tenth and

eleventh days gestation with megakaryocytes and granulocytes

appearing shortly thereafter (Grasso, et al 1962). Hepatic

haemopoiesis is predominantly extravascular and at the ultra-
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structural le./el, intimate contact is observed between haemopoietic

cells and differentiating endoderm with no intervening basement

membrane - (Grasso, Swift and Ackerman 1962) and it has been suggested

that the hepatic haemocytoblasts are not derived from mesenchymal

cells which infiltrate the hepatic trabeculae or form primitive cells

derived from extrahepatic sources which proliferate and differentiate

in sinusoids or from the sinusoidal endothelium but within the

trabecula themselves (Thomas and Yoffey 1964).

Sections show the haemopoietic cells to be situated in the hepatic

trabeculae and to be extravascular *in distribution. The presence

of a complete morphological spectrum of cells intermediate in

form between parenchymal cells and haemocytoblasts suggests that the

early parenchymal cells may be the precursors of the haemocyto¬

blasts (Thomas 1966).

Immature cells formed during the phase of rapid growth are poorly

haemoglobinised and consequently, increase of haemoglobin lags be¬

hind that of erythroid cells (Paul, Conkie, Freshney, 1969). Of

the cells in mouse embryonic liver 55 - 70% belong to the erythroid

series. The percentage of myelocytes and myeloblasts remains

unchanged throughout embryogenesis (7 - 19%), while the more

differentiated myeloid cells increase from the earliest times of

observation with metamyelocytes finally amounting to about 50% of

all haemp^iietic cells 1 week after birth. The percentage of
pro-erythroblasts falls after the 17th day followed by a drop in

erythroblasts 3 days later (Silini, Pozzi and Pons 1967).

The haemoglobin-containing cells of the liver increase exponentially
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with a population doubling time of about 8 hours until 15^ days

when there is a Sh arp transition and doubling lengthens to

about 2 days (Paul, Conkie and Freshney 1969).

Thirteen- and sixteen-day f etuses were studie and they are

representative of the phases of rapid and relatively slow increase

in hepatogenic red cells respectively, and they also correspond

to the erythropoietin sensitive and non-sensitive phases of hepatic

erythropoiesis (Tarbutt and Cole 1970).

The proportion of erythroblast synthesizing DNA, appeared to decrease

slightly with age and when this decrease is analysed in terms of

different cell types it is seen to be due to a decrease in the labelling

index of polychromatic erythroblasts, from about 30% at 13 days to

about 15% at 18 days.
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1.2 Development of Haemopoiesis

Development of the haemopoietic system during murine ontogeny proceeds

through several distinct phases. At different stages in the embryo

the wall of the yolk sac, the liver and the bone marrow are in

succession the principal sites of blood cell production.

Many investigators have studied haemopoiesis during embryogensis

and in different animals including man. The first evidence of

haemopoiesis is to be found in the yolk sac (Bloom and Bartelmez

1940).

Dick (1956);vthe growth and function of the liver studied in a

series of sheep fetuses and estimated of weight of and the number

of cells in the liver during fetal life and the neonatal period.
8His finding, at the 35th day there are on average 16 x 10 hepatic

g
cells present for every 100 g of body-weight; at term only 6 x 10 /

100 g of body weight.

Cells obtained from the blood forming organs of donor animals and

injected under appropriate conditions, into heavily irradiated mice,

can establish colonies in the spleens of the hosts. These are

discrete nodules of haemopoietic tissue (Till and McCulloch 1961).

It has been demonstrated that the number of nodules is directly

proportional to the number of injected cells and that such nodules

are clones each arising from a single cell (Chen and Schooley 1968).

The composition of the haemopoietic cell population of the liver

differs in a striking fashion from that of the bone marrow. Whereas
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cytological studies of the bone marrow reveal active erythropoiesis
and granulopoiesis from the inception of the haemopoietic process.

Cytological studies of the liver reveal an overwhelmingly erythro¬

poietic pattern of haemopoiesis with no evidence of granulopoiesis

or lymphopoiesis (Thomas, Russel and Yoffey 1960). The cell

population derived from the liver of different stages of human

fetal haemopoiesis have been studied by (Thomas and Yoffey 1964)

who found a predominance of erythropoiesis from^second month

uhtil^seventh month of gestation. Hepatic haemopoiesis has been

studied in the mouse fetus using smears of cell suspensions

and tissue sections. The sections have been examined by means

of light microscopy on histochemical as well as conventional

histological preparations and by means of electron microscopy.

The vast majority of the haemopoietic cells in the human fetal

liver are erythroblasts, there being little evidence of granulopoiesis

or lymphopoiesis. Platelet population was observed as numerous mega¬

karyocytes (Thomas 1966).

In the embryo adequate numbers of mature erythrocytes must be

formed to carry the oxygen which is obtained via the placenta

to all tissues of the body.

From the 8th to the 10th day of gestation in the mouse, the yolk

sac is the only site of haemopoiesis but this function is superseded

by the developing fetal liver on the 10th day of gestation.

Haemopoiesis is first observed in blood islands generally confined

to the yolk sac, although in human embryos isolated foci of erythro¬

poiesis are sometimes observed throughout the extraembryonic meso-

blastic tissue (Bloom and Barelmex 1940). These erythropoietic

foci develop without vascular endothelium.
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The mouse yolk sac has been shown to contain in vivo colony forming

cells (CFU-S) capable of producing granulocytic, megakaryocytic

and erythroid spleen colonies; in vitro colony forming cells pro¬

ducing granulocytic and mononuclear macrophage colonies in agar,

and cells capable of repopulating the lymphoid and myeloid tissues

of lethally irradiated hosts (Moore and Metcalf 1969). Similar

haemopoietic precursors cells were also demonstrated in the blood at

the time of initiation of the circulation and in the embryonic

liver (Moore and Metcalf 1969).

Blood islands develop in the yolk-sac mesoderm by days gestation

and appear initially as regions of thickening in the inner or

mesodermal layter of the yolk sac in contact with the extraembryonic

endoderm. Initially aggregates of undifferetiated mesoblastic

cells the yolk-sac haemangioblasts rapidly develop into basophilic,

though morphologically undifferentiated, blast cells and basophilic

erythroblasts (Moore and Metcalf 1970).

The haemangioblast precursors are probably programmed to form

blood cells but this capability is only expressed in the favourable

milieu presented by the interacting endoderm and mesoderm (Metcalf

and Moore 1971). The stromal cells of haempoietic organs appear to

play a highly specialized role in haemopoiesis by creating special

local conditions - microenvironments - which sustain and direct

the proliferation of immigrant haempoietic stem cells.

It has been suggested that the reticuloendothelial stroma of the bone

marrow and of the spleen somehow control the process of decision.

Both spleen stroma and marrow stroma have been subdivided into four

types of microenvironment by Trentin (1976).
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In mammals the major centres of haemopoiesis move sequentially from

the yolk sac to the liver and the spleen during early and middle

fetal life and then to the bone marrow which subsequently remains

the primary site of haemopoiesis (Wolf 1979).

Macrophages and mature granulocytes were harvested from adult

murine bone marrow maintained in diffusion chambers as long term

cultures for 21 days but yolk sac cells maintained in diffusion

chamber cultures consisted of macrophages and plasma cells. This

is an important difference in the expression of progenitor cell

differentiation between cells derived from adult and extraembryonic

tissue when exposed to similar microenviromental conditon (Weinberg

and Stohlman 1976).

The yolk sac migration theory of haemopoietic origin implies that

adult stem cells are the progeny of cells that have engaged in

continuous proliferation in the developing haempoietic system since

their first appearance in the yolk sac blood islands.

A direct cellular migration from the yolk sac into the embryo is

therefore a pre-requisite for intra-embryonic haemopoiesis, particu¬

larly in fetal liver, dependent on an initial colonization by

yolk sac-derived stem cells and progenitor cells. Although there

have been morphological studies of fetal hepatic haemopoiesis,

it has been possible to study the differentiation of the immigrant

yolk sac-derived cells into morphologically recognizable cells only

since the introduction of the in vivo spleen colony assay (Till and

McCulloch 1961) and the in vitro cell culture technique (GM-CFC)

(Robinson, Metcalf and Bradley 1967).
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CFU'S were first detected on the 8th day of gestation in the mouse

yolk sac prior to their appearance in the body of the embryev

Numbers were very low averaging 1.44 + 0.69 per 10^ cells on the

8th day and increasing in frequency to a maximum of 4.01 _+ 0.89

per 106 on the 11th day before falling to zero by the 13th day. On

day 10 the yolk sac contains 3.63 +_ 1.85 CFC'S and on day 12, 57.54

+_ 21.43 (Moore and Met calf 1971).

The presence of considerable numbers of in vitro CFC'S in the

yolk sac is notable because of the complete absence of granulo¬

poiesis at this early stage. Since in vitro CFC'S are restricted

to macrophage and granulocyte differentiation and in vitro produce

cells of the latter type with 2-3 days, the yolk sac environment must

have the capacity to inhibit differentiation of in vitro CFC'S.

By the 10th day in the mouse embryo, haemopoiesis is initiated in

the liver which becomes the major embryonic haemopoietic organ,

following the decline of the yolk sac haemopoiesis. As in the

adult bone marrow consider the predominant site for haemopoiesis.

CFU values of liver cell suspensions which are low in comparison

with'the CFU values of adult bone marrow cell suspensions have already

been reported (McCulloch and Till 1963).

A quite consistent increase in the absolute number of CFC in the

fetal liver, by about a factor of four occurs between day 12 and day

17 followed by a tendency towards decrease. This finding raises

some problems regarding the kinetics of the stem cells in a tissue

which, unlike the adult bone marrow, shows an increasing stem cell

content. It seems likely that this condition would require the
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presence of regulator mechanisms at the cellular and/or the popu¬

lation level, different from those operating in adult haemopoietic

tissue (Silini, Pozzi and Pons 1967).

Hepatic erythroid cells are similar to the erythroblasts seen in

adult bone marrow. During the hepatic phase of fetal erythropoiesis

which in the mouse occupies the last 7 or 8 days before birth, the

number of hepatogenic red cells (erythrocytes and reticulocytes) in

the ciruclation increases in two very distinct exponential phases,

with doubling times of 8 and 48 respectively (Paul, Conkie and

Freshney 1969).

At the earliest stages of mammalian liver haemopoiesis, undifferen¬

tiated blast cells appear scattered throughout the liver cords and

in the mouse erythropoiesis begins between 10 and 11 days gestation

with megakaryocytes and granulocytes appearing shortly thereafter.

Limited information is available about the cell population

kinetics of the erythroid system during the hepatic phase of fetal

drythropoiesis. Estimates have been made of the numbers of various

types of erythroid precursors as a function of fetal age, as well

as of the mitotic index and the triatiated thymidine-labelling index

of these cells as well as the duration of the cell cycle at two

different stages of fetal development, the first stage corresponding

to the period of rapid increase in the number of hepatogenic red

blood cells, the second to the period of slow increase. The number

of nucleated cells increases steadily until the 18th day. The

percentage of erythroid cells increases very rapidly between 12 and

13 days of age of fetal liver and then, decreases steadily to

about 20% at birth (Tarbutt and Cole 1970).



12

CFU-S first appeared in the liver on the 10th day of gestation and

the CFU population increased rapidly between 10 and 13 days with a

doubling time of 7-8 hours. A significant component of the early

expansion of the hepatic CFU compartment appears to be due to

accumulation of CFU-S migrating from the yolk sac. Total CFU-S

ttoab-led again between 13 and 17 days reaching a maximum on the

18th day (Metcalf and Moore 1971).

The relative proliferative capacity of haemopoietic cell popu¬

lations derived from 22 week old adult bone marrow and 14-18 day

fetal liver has been studied in lethally irradiated syngeneic

recipients by means of chromosome markers. It is suggested that

stem cells in fetal liver have on average a higher intrinsic capacity

for self renewal than do those in bone marrow and that this capacity

falls to the adult level with in about ten weeks of transfer (Mick-

lem et al 1972).

The intrinsic differences between fetal and adult stem cells in

the in vitro diffusion culture system suggest that the pattern

of differentiation of fetal .cells is critically dependent on the

microenviroment. Further fetal stem cells appear responsive to a

humoral factor present in neutropenic mice (Symann et al 1975).

In embryos of the 12th day only proerythroblasts and basophilic

erythroblasts were observed. A cidophilic erythroblasts

appear in supposedly normal embryos on the 12th:. day. Smears

which were systematically made from the 15th day until birth, give

further information. All stages of erythropoiesis were seen - pro¬

erythroblasts until strongly basophilic cytoplasm, erythroblast in

the successive phases of basophilic, polychromatophilic and eosino-
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philie we«u observed together with mature erythrocytes. In

addition, smears revealed some leucopoiesis which was not demon¬

strable in sections, although leucopoiesis were very scarce. Their

presence at the 15th day, when no leucopoiesis has yet appeared in

other haemopoietic organs, indicates that they are formed in the

liver and are not carried from elsewhere through the circulation.

Livers of anaemic embryos contain the same types of cells both

erythropoietic and leucopoietic, but in much smaller numbers as com¬

pared with livers of their normal littermates (Borghese 1959).

In the yolk sac of cultured mouse embryos, haemopoietic cells

differentiated into a major cell type, erythroblasts, and minor

cell types such as monocytes, macrophages and granulocytic cells.

A small number of haemopoietic cells remain undifferentiated (Chen

and Hsu 1979).
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1.3 Cell Separation

The density of the cells is one of the physical characteristics

which can be used to study the function and morphology of the

separated cells.

Mechanical, chemical (salt solution and chelating agents) and

enzymatic techniques have been evaluated as procedures for the

disagregation of solid tissues into isolated, living cells

(G.M. Mateyko, M.J. Kopac 1963). A variety of tissues mammalian

and human both normal and neoplastic have been used. Isolated cell

population were made of liver, kidney intestine and ovary. This

technique was found rapid and simple from preparing cell suspen¬

sions when critical cytophysiological and cyto-chemical studies

are planned (G.M. Mateyko, M.J. Kopac 1963).

Numerous techniques for separating cells have been tested but the

only widely used method is- density gradient centrifugation in

which cells are spun to their equilibrium positions in a gradient

of bovine serum albumin (Norton, McCulloch and Till 1969. Haskill

(1969) ).or Ficoll (Niewischet al 1967).

Since equlibrium density gradient and velocity sedimentation

separation techniques resolve complex cell populations on the

basis of two distinct physical characteristic (density and volume)

then combination of the two procedures should produce greater

resolution of heterogeneity than either alone. Haskill and

Moore (1970) have applied such a two-stage separation to resolve

differences between embryonic and adult haemopoietic stem cells.

In this system haemopoietic cells of adult and embryonic origin
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were first separated in BSA density gradients, and fractions from

both populations, containing cells of the same density, were then

separated by velocity sedimentation into further subpopulations.

Though stem cells were of the same density, the velocity profiles

showed clear differences between the adult and embryonic stem

cells and sine the small density component of the velocity sedi¬

mentation procedure was eliminated, the stem cells could be

compared directly in term of cell volumes.

Cell sedimentation at unit gravity in a density-stabilized

system of horizontally flowing liquid layers has been used to

achieve separation of nucleated and non nucleated cells in normal

rat bone marrow (Mel, H.C., Mitchell, L.T., and Thorell, B., 1965).

A further modification of the velocity sedimentation was des-

dribed by Miller and Phillips (1969) and used by Worton,

McCulloch and Till (1969) for separation of different subpopu-

lation of haemopoietic stem cells.

Density separation distinguishes between cells on the basis of

physical rather than functional differences, but in the case of

erythroid cells. Certain density characteristic are directly

related to a specific functional property. Erythrocytes swell

with decreasing ph of the suspending media. Purification of

erythroid cells by ph-induced density changes has been demon¬

strated (Shortman and Seligman 1969). Mouse bone marrow

erythroid cells develop the ability to swell with ph reduction

at stage when the cells are still nucleated. This property is

displayed by most small erythroblasts and a separation procedure

has been devised to take advantage of this property. (Shortman and

Seligman 1969).
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Buoyant density distribution of haemopoietic colony forming units

(CFU) from normal mouse marrow were determined by equilibrium

density gradient centrifugation in bovine serum albumin (BSA)

gradients. The distributions were compared with those obtained

for the total population of nucleated cells from normal mouse

marrow ( Turner, R.W.A., Siminovitch, L., McCulloch, E.A., and

Till, J.E. , 1969)

A further modification of the technique was described by (Worton,

McCulloch and Till 1969) for separation of different subpopulation

of haemopoietic stem cells. In this procedure, marrow cells

suspended in 5% fetal calf serum (GSC) and culture medium

are introduced under 30ml of culture medium into the base of a

cylindrical glass chamber 11.3 cm in diameter and 7 cm high

with a conical base tapering to a 2 mm diameter opening at the

bottom. A linear 15-30% FCS gradient of 500 ml is then intro¬

duced under the cell layer.. Cells are allowed to sediment through

the FCS gradient for 3j hours and the chamber is then drained

and the gradient is collected in 15 fractions.

Several investigators have demonstrated the existence of sub-

populations of CFU-S which differ with respect to physical

characteristic and function. Worton, MfcCiiilloch, Till (1969) showed

that subpopulations of CFU-S which were separated by velocity

sedimentation may differ in self-renewal capacity.

The most effective and standardized procedure for cell density

separation has been developed by Shortman and detailed methodology

is reported by (Shortman, Seligman 1969). The gradient is

generated by mixing dense albumin with a light density albumin
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a.

solution in a mixing chamber and using^peristaltic pump to provide an

outlet rate double the input rate.

Most cell populations show that different cell types vary greatly

in size and that cell size is often correlated with cell function.

So fractionation on the basis of size might also produce fract-

ionaction of functionally different cells (Miller and R.A.

Phillips 1969) .

M.A.S. Moore, N. Williams and D. Metcalf (1970) demonstrated that

it is possible to separate a number of distinct subpopulations of

both in vivo and in vitro colony forming cells with different

properties. These subpopulations of in vivo CFC-S in their effic¬

iency of localization in recipient spleen and' consequently the

overall seeding efficiency of an unfractionated population is

determined by the percentage of total CFC-S in the different

density subpopulation.

The CFU-S population of bone marrow is heterogenous with respect

to adherence to glass beads (Metcalf, Moor and Shortman 1971).

CFU-S exhibit marked heterogeneity in densities and adherence pro¬

perties when fractionated. This physical heterogeneity may repre¬

sent different metabolic states of a stem cells.

Haemopoietic cells are heterogeneous with respect to density and

CFU-S were detected in all fractions. Cells producing CFU-S

proliferation inhibitory activity were detected in gradient
•

3
fractions of density < 1.062 gm/cm and were concentrated in the

, -3
range 1.055 - 1.060 gm/cm (E. Wright, J. Garland and B.I. Lord

1980).
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Monette, Gilio and Chalifoux (1974) observed that a subpopulation

of CFU-S which were separated by velocity sedimentation have diffe¬

rent sensitivities to hydroxyurea. They reported that CFU-S in

DNA synthesis which were destroyed by hydroxyurea were separated

from other more slowly sedimentating CFU-S which were relatively

insensitive to this cytotoxic drug. They concluded that the

latter CFU-S are probably in the Go-phase of the cell cycle.

J. Visser, Ger Van den Engh, N. Williams and D. Muller (1975)

studied the separation of CFU-S in different phases of the cell

cycle by equilibrium density centrifugation and by the velocity

sedimentation technique using mouse bone marrow containing

different concentrations of cycl ing CFU-S and by in vitro

treatment of the separated subpopulat ions wTith high specific

activity triated thymidine. The results indicate that quiescent

arid proliferating stem cells are physically distinguishable.

Invvitro colony forming cells (CFU-C) were found to be relatively

homogeneous in their buoyant density. This homogeneity was

independent of CSF concentration. A heterogeneous density profile

of CFU-C was obtained when various cell fractions were cultured in

the presence of CSF and rat blood lysate. The majority of addi¬

tional CFU-C which responded to erythrocyte lysate were dense
3

(Modal density 1.080 g/em ) compared to CFU-C which respond to

3
CSF alone (Modal density 1.074 g/cm ) (N. Williams and Gerrit J.

VAn Den Engh 1975).

Buoyant density gradient separation of Rhesus monkey bone marrow,

spleen and blood leukocyte has demonstrated a reproducible and

homogeneous light density distribution.profile of cells capable
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of forming haemopoietic colonies in agar culture (in vitro colony

forming cells - CFC) (M.A.S. Moore, N. Williams and D. Metcalf

1972).

The technique of buoyant density separation in gradients of Bovine

serum Albumin has been used to separate in vivo and in vitro colony

forming cells (CFC'S) in haemopoietic tissue of mouse fetal liver.

Differences in the density distribution profile showed that the in

vivo and in vitro CFC'S were different cell populations. A homo¬

genous population of in vivo and in vitro CFC'S occupied a very

light density position in 10.5 day fetal liver. The subsequent

development of density heterogeneity was associated with progres¬

sive acquisition of higher density subpopulations (M.A.S. Moore,

T.A. McNeil and J.S. Haskill 1970).

Granulocyte-Macrophage progenitor cells populations cloned in

either serum or haemolysate were identical in their buoyant density

characteristic so the proportion of the total CFU-C as characterized
-3

by their buoyant density (density 1.08 g (cm ) is dependent on

both factors in haemolysate and serum for colony growth (N. Williams

and Dov. H. Pluznik 1978).

Mouse bone marrow cells were separated according to their buoyant

density using continuous BSA gradients, heterogenous density distri¬

butions of CFU-S by separate subpopulations which differ in their

requirements for specific growth factor could be demonstrated.

Depending on the source of stimulating activity (CSA), three

major CFU-C subpopulations with different physical properties can

be induced to form colonies in vitro. (Simon Bol, Jan Visser,

Ger Van den Engh 1979).
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The separation of haemopoietic blood stem cells from the bulk of

blood mononuclear cells in dogs has indicated that the manifest¬

ation of graft versus-host-symptoms can be reduced or avoided by

this means without any additional immunosuppressive therapy. This

can be achieved by a three step procedure consisting of: (J.) the

collection of leukocyte-rich suspension, employing continuous-flow

leukapheresis after CFU-C mobilization by Dextran sulphate; (2) the

elimination of most of the erythrocytes by means of a Ficoll-Isopaque

gradient is and (3) the segregation of mononuclear cells into

several fractions, according to cell density, using the discontinuous

albumin gradient (Martin Korbling et al 1979)

Eric G. Wright, John M. Garland and Brian I. Lord (1980) fractionated

cell populations of normal mu rine bone marrow cells. Bovine

serum albumin (BSA) gradients used in continuous linear technique

to separate the bone marrow cells on the basis of their buoyant

density. Cell fractions were assayed for CFU-S and production of

CFU-S proliferation inhibitory activity.

The heterogeneity among progenitor cells of granulocytes and macro¬

phages capable of forming colonies in vitro (CFU-C) is analysed.

CFU-C directly responding to CSF prepared from pregnant mouse-3
3

uteri and characterized by a density of 1.075 g cm (Simon Bol

et al 1979).
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Density fractionation of the cells produced a low density cellular

fraction which gate a 3-5 fold improved cloning efficiency and

shows that human fetal livers of 6-12 weeks gestational age contain

CFU-C comparable to that found in adult marrow in their frequency,

size, density and dependence on colony stimulating factor, and

which differentiate mainly into mature or immature granulocyte (Y.

Barak et al 1980).

Recently they started to use light density and fluorescence for

purification of different kind of cells for ex. Haemopoietic

progenitor cells from CBA murine fetal liver cells using fluorescein

conjugateddpokeweed mitogen. The population of cells present in

13-14 day murine fetal liver, morphologically recognizable cells

like blasts, maturing erythroid cells and maturing myeloid cells

were clearly separated from each other on the basis of their

fluorescence and light scatter characteristics (Nicola, Metcalf,

Melchner, Burgess 1981).

L.A. Dicke et al (1973) separated cells on a BSA gradient and

found in one fraction 2-4% of total amount of cells but 40-60%

of stem cells. This method thus achieved a high enrichment of

haemopoietic stem cells.

In a new density gradient medium, percoll separation of liver

cells and blood cells was carried out and excellent separation of

hepatocytes and Kupffer cells, lymphocytes and monocytes (h. Pertoft,

M. HIrtenstein and L. Kagedal 1979).

Percoll appears to have some advantage over other gradient mater¬

ials. Under ideal conditions, a gradient medium would have the
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following characteristics: cover a sufficient density range for

isopycnic banding of all biological particles of interest. Posses

physiological ionic strength and ph. Be iso-osmatic throughout

the gradient. Be 6f low viscosity. Be non-toxic. Be unable to

penetrate biological membranes. Be supplied sterile and be rester-

ilisable. Be able to form self-generated gradients by centrifu-

gation at moderat g-forces. Be compatible with biological mater¬

ials. Have no adverse effect on assay procedures. Be easy to

remove from purified materials. Have no quenching effects on

radioactivity.

Human mononuclear leucocytes can be fractionated on the basis of

their densities with high reproducibility by the us£ of a new

commercially available medium (percoll). The separated cells were

characterized by morphological and functional criteria. Mono¬

cytes can be obtained in the low density fractions with a purity

of 70% - 90%. Lymphocytes were found in high density fractions

with a purity up to 99% (A.J. Ulmer and H.D. Flad 1979).

Pure preparation of monocytes have been obtained in blood cell

fractionations, both on continuous and on discontinuous gradients:

The macrophages consistently band at d = 1.06 - 1.07 g/ml. The

identification of these cells as macrophages was confirmed by

esterase activity. Macrophages from different tissues appear to

have buoyant densities in the range 1.03 - 1.07 g/ml when added

on gradient of percoll (Pertoft, Hirtenstein, Kagedal 1979).

A simple technique for isolating human peripheral B and T cells.

This method is based on the different mobility of cells in discon¬

tinuous density gradient of percoll. The gradient generated as
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described provides a simple and efficient method of obtaining

highly enriched human T and B cells from peripheral blood which

are functionally active in response to selective mitogens (Carmen

Gutierrez et al 1979).

Purification of polymorphonuclear neutrophilic leukocytes from

peritoneal exudate cells was performed on the basis of light scatter¬

ing using Becto-Dickinson cell sorter or by density gradient centri-

fugation with graded polyvinylpyrrolidone - coated silica particles

(percoll). Both techniques yielded approximately 97% pure poly¬

morphonuclear neutrophilic leukocytes preparations (S.M. Watt,

A.W. Burgess and D. Metcalf 1979).

A technique for staining Haemopoietic colonies in agar culture and

satisfactory results have been achieved using a tetrazolium salt

(s-p-iodophenyl) -3- (p-nitrophenyl) -5- (phenyl tetrazolium

chloride: INT). So that the smallest cell aggregates that can be

seen contain of the order of 50 cells. Macroscopic examination also

allows the distinction between compact and dispersed colonies (Simon

Bol et al 1977).



1.4 Macrophages and Staining

The macrophage is distinguished by its great capacity for phago¬

cytosis rather than by its morphologic characteristics. The

phagocytic capacity of the macrophages permits their identifi¬

cation. When a vital dye such as trypan blue, Indian ink, or

lithium carmine if injected into an animal, the macrophages

engulf it and accumulate it in their cytoplasm in the form of

granules visible under the light microscope. In vitro some

investigators used carbonyl. iron or yeast particles to study phago¬

cytic activity.

"Histiocytes" and "macrophages" can be stained in animals using

intra vital acid colloidal dyes. The reticuloendothelial cells

phagocytose erthrocytes, bacteria or any other foreign sub¬

stance as well as the injected dye (Hal Downey 1918).

Mouse peritoneal macrophages of the (IC-21 Macrophages) were

tested for differences in antibody (Ab) - dependent effector cell

functions and FC - receptor activities suspensions of macrophages

were spearated into four distinct groups based on their buoyant

densities on discontinuous gradients of percoll. Each subpopu-

lation was then tested for its ability to mediate (Ab) - dependent

phagocytosis (ADP) and cytolysis (ADCC) of chromium - labelled

sheep red blood cells modified trinitrobenzene-sulfonic acid. The

light density subpopulations of macrophages were enriched for cells

that mediate ADCC where as macrophages from the denser region of

gradients showed only modest ADCC, but showed markedly enhanced

ADP activity (C. Serio, D.M. Gandour and W.S. Walker 1979).

Cell suspension prepared from 24 hour cultures of adherent peri-
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toneal exudate cells from rabbits were separated into density sub¬

classes on discontinuous gradients of Ficoll. Of the five sub¬

classes obtained macrophages comprised over 95% of the cells in

the two least dense subclasses of intermediate density. The most

dense subclass contained approximately 80% macrophages and 20%

lymphocytes (W.S. Walker 1974).

Arosette assay that permits quantitative characterization of the

antibody - binding capacity of individual cells was used to

characterize macrophage subpopulations. Marked heterogenlity is

shown to exit with in normal populations of guinea pi<^ macrophages
and large differences can be demonstrated using the rosette assay

(John Rhodes 1975).

A modified technique was used to demonstrate lymphocytic acid

dC~naphtyl acetate esterase activity in frozen sections of mouse

lymphoid tissue or smears. Positive dot like reaction products

were noticed in more than 94% of the lymphocytes located in the

diffuse cortical "paracortical" "thymus dependednt". In contrast

the follicular coretex, which is predominantly occupied by B

cells, contained less than /% esterase - positive lymphocytes. A

lymphocytes was scored as 4?~naphthyl acetate esterase-positive if

its cytoplasm contained a single or few distinct spots of the

reddish-brown reaction product (J. Muller et al 1975).

Intravenous injection of increasing amounts of colloidal carbon or

sheep red blood cells (SRBC), three hours prior to injection of

107 cr^' labelled (SRBC) caused a decrease in phagocytic activity

in liver and an increase in spleen. Under the same experimental

conditions, injection of 107 unlabelled SRBC induced an increase
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of splenic CFC. Increase in splenic phagocytic activity and

numbers of splenic CFC shoved a linear relationship. Both acti¬

vities depended on the amounts of colloidal carbon or SRBC injec¬

ted prior to injection of 10^ SRBC (D.H. Pluznik et al 1976).

Antibodies belonging of two of the three immunoglobulin classes

that mediated the phagocytic or cytolytic activities (or both)

of Ic - 21 macrophages, namely, Ig Gs a and Ig G2 b, had binding

activities that agreed with the known specificities of FC-Receptors

on Ic - 21 cells (William, S. Walker 1977).

Following histochemical staining procedures and phagocytic

function tests, it was concluded that the majority of the thymic

nonlymphoid cells in such 21 to 28-day-old confluent monolayers

were macrophages. Such thymus-derived macrophages morphologically

appeared much like macrophages from other lymphohaematopoietic

tissues and charcteristically took on two general shapes. They

were small dendritic cells or large spread endothelial cells

which, when confluent, appeared to have an epithelial-like

morphology (R.K. Jordan and E.A.. Crouse 1979).

Macrophages are first differentiated blood cells formed in human

embryonic liver. Up to 70% of free, intravascular haemopoietic

cells belonged to the macrophage series in half thin sections

prepared from the liver of a 4-5 week old human embryo (ferti¬

lization age) and 50 to 10% were found in the liver sinusoids up

to the end of the 7th week (E. Kelemen and Margi Janossa 1980).

Macrophages populations can be readily prepared from mouse peri¬

toneal exudate cells which were allowed to adhere to plastic



27

petridishes and, after washing, were removed by means of disodium

ethylenediamine tetracetic acid. Cells with the morphology of

macrophages were recovered in a fair degree of purity (90-98%)

but in low yeild (31-34%). The macrophages recovered were fully

active in the following ways: re-adherence to glass; pinocytosis;

phagocytosis; binding cytophilic antibody; production of lym¬

phocyte activating factor; cytoxic and cytostatic effect on

tumor cells (P.R. Wood, F.J. Simes and D.S. Nelson 1979).

<?
)



1.5 Stem Cells and Progenitors

Normal mammalian hemopoietic tissue produces a continuous supply of

differentiated blood cells whose functions are essential for life.

These functional cells have limited life spans and are incapable of

self-renewal. For example, erythrocytes lack nuclei and thus,

though adapted to their function of gas transport, are incapable of

mitosis. Similarly lack of proliferative capacity is a feature of

mature granulocytes. The replacement of these non-dividing cells

depends on the activity of less differential hemopoietic cells with

extensive proliferative capacity. On this basis, blood forming

tissue is considered to consist of three main compartments, contain

cells with extensive proliferative capacity which have the ability

to give rise to new stem cfells and to differentiated cells. The

second or early differntiated compartment, consists of cells with

limited proliferative capacity. These give rise to the cells in

a third compartment, consisting of specialized cells such as erythro¬

cytes or polymorphonuclear cells, which are adapted to fulfill

specific functional roles (Till, McCulloch, Siminovitch 1963).

Till and McCulloch (1961) were the first to develop an assay for

haeuiopoieLic sLem cells. After lethal irradiation (that is, more

than 9 Gy (900 rads)) there is a marked depletion of all blood cells

(pancytopenia). Death may be averted if such an irradiated mouse is

given an i.v. injection of a suspension of living bone marrow cells

from another mouse. Animals so treated survive and early stages

of recovery show in their spleen, against a background of visible

nodules which represent small colonies of proliferating haemopoietic

cells. The cellular composition'of these colonies varies, but

significant numbers contain erythroblasts, myeloblasts and mega-

karyocytoblasts.. There is direct and indirect evidence that each of



these colonies, including those with multiple cell types, is a

clone, that is derived from a single cell. Such a cell is termed a

CFC and as all CFC injected do not seed the spleen colony numbers are

expressed as colony forming units per 10^ injected cells (CFU-S).

For establishing that hemopoietic spleen colonies are derived from

a single precursor cell, chromosome markers have been used to study

proliferation and differentiation.

Radiation-induced chromosome makkers develop as a consequence of

alteration and rearrangement of the normal chromosome complement

induced by high doses of irradiation. The unique combination of

breakages, translocations and rearrangements of chromosomes initiated

in a single cell provides a characteristic marker for all subsequent

progeny of cells derived from such a marked stem cell.

Therefore, some investigators have used a modified technique

to study hemopoietic cell kinetics. So the chromosome breakage

by radiation is a random process, rendering highly improbable the

generation of an identical abnormality in each of the cells of a

hypothetical colony forming aggregate (A.J. Becker, E.A. McCulloch

and J.E. Till 1963).

A.W.'Wu, J.F. Till, L. Siminovitch and E.A. McCulloch (1967)

studied the hemopoietic spleen colonies derived from cells containing

radiation induced chromosomal markers. Some colonies examined

were found to contain cells with abnormal karyotypes. In marked

colonies, most of the dividing cells in the colonies carried the

same marker. Cell suspensions prepared from each of individual
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colonies were tested for their content of dividing cells possessing

recognizable differentiated functions. As the marker was present

in both erythropoietic and granulopoietic lines. This provided

evidence that the colony forming hemopoietic stem cells are multi-

potent, and that differentiation along more than one pathway can

occur during the formation of macroscopic splenic colonies.

Colony types in spleen and hemopoietic stem cell differentiation can

be studied morphologically and histologically. Hemopoietic differ¬

entiation in spleen colonies is along the, erythroid, granulocytic

and megakaryocytic pathway. Erythroid colonies are detectable by

4-5 days within the red pulp. Granulocytic colonies are found along

the trabeculae of the spleen or in subcapsular regions and within

the atrophic lymphoid follicles. Megakaryocytic colonies grow

under the splenic capsule and generally appear as clusters of

mature cells, with a small percentage of mixed colonies (M.S. Wolf

and J.J. Trentin, 1967).

The microenviroment of the spleen and bone marrow may be important in

differentiation of multipotent stem cells. So spleen and bone

marrow hemopoietic colony sLudies in leLhally irradiated mice trans¬

fused with limited numbers of bone marrow hemopoietic colony studies

in lethally irradiated mice transfused with limited numbers of bone

marrow cells have revealed that the direction of differentiation of

pluripotent stem cells is controlled by their interaction with

hemopoietic inductive microenviroment (HIM) of the spleen and bone

marrow reticuloendothelial stroma (Wolf and Trentin 1967). Hemo¬

poiesis takes place only in an enviroment provided by hemopoietic

stroma and different organ stroma produce different ratios of

erythropoiesis versus granulopoiesis by differing conversions of
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the same population of pluripotent hemopoietic stem cell (Norman

S. Wolf 1979).

D. Brynmor Thomas (1973) studied spleen colonies containing erythro-

blast by the Zones of iron concentration which are revealed in the

spleen of the mouse radiation chimera by macro-autoradiography.

Thee Zones of iron concentration correspond in position to macro¬

scopic surface colonies.

The CFU-S assay can be used to determine the stem cell concentration

in different tissue. So a suspension of bone marrow cells contained

9.6 + 0.9 CFU-S per 10^ cells and suspensions of fetal liver cells

contained 3.7 +_ 0.5 CFU-S per 10^ cells (D. Brynmor Thomas 1973,

1975).

Many investigators have studied the kinetic properties of CFU-S.7,"

F.C. Monette, M.J. Gilio and P. Chalifoux (1974) used the technique

of velocity sedimentation to fractionate mouse bone marrow CFU-S

relative to two different phases of the cell cycle, and they used

hydroxyurea to destroy the CFU-S in DNA synthesis which were

separated from other smaller CFU-S and shown to be insensitive to

the drug and are presumably those CFU-S in the go phase of cell

cycle.

R. Schofield (1970) studied the growth rate of the CFU-S populations

in spleen and femur in irradiated mice which were injected with cell

suspensions containing equivalent numbers of CFU-S. The doubling

times are shown to be dependent up on the source of the cells. Grafts

of bone marrow, spleen and fetal liver cells produced doubling times

in the spleen of approximately 25, 19 and 16 hrs respectively.



There is no detectable evidence that the considerable production of

CFU-S which has occured during the lifetime of an old mouse has

caused any alteration in the capacity of those cells for continued

self renewal. The number of CFU-S in the bone marrow (eg. the

number of CFU-S in the femur shaft) has been reported to be unchanged

or even to increase with age and the rate of expansion of CFU-S in

a graft of bone marrow from an old mouse into an irradiated recip¬

ient mouse is at least as high as that of marrow from a young mouse '

(Lajtha and Schofield, 1971). R. Schofield (1978) proposed a hypo¬

thesis about the progeny of stem cell which can occupy a similar

stem cell "niche" are first generation colony forming cells, pro¬

liferate and mature to acquire a high probability of differentiation,

ie. they have an age-structure.
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Siminovitch et al (1963) were the first to attempt to determine

the seeding efficiency of CFU-S using a double transfer system in

which the fraction of CFU-S localising in the irradiated spleen

was determined by assay of the recipient spltien two hours after

cell injection in a secondary group of irradiated recipients.

This two hour seeding was termed "f" the fraction of CFU-S local¬

ising in the primary irradiated spleen. B.I. Lord (1971) worked

on this fraction "f" and compared that with the cellularity of the

spleen at the time of assay. There was a relationship between f

factor and spleen cellularity which indicated that over the period

of 2-24 hr the number of CFU-S/10^ spleen cells was constant, both

falling in a parallel fashion.

The proportion of cells in the DMA-synthesis can be measured in

different ways and by the use of different radiostopes or cyto¬

toxic drugs. So measurement to determine the kinetic status of

the morphologically unrecognizable hemopoietic precursor cells

in the bone marrow are frequently carried out using techniques which

inhibit or destroy cells in the DNA synthesis (S-phase) of the cell
. . 3 125 . .

cycle. For example tritiated thymidine ( H-TdR) , Iodo-deoxyuridme

125
( I-UdR) and hydroxyurea which prevents entry of cells into s

and inhibits or kill cells in S (B.I. Lord, L.G. Lajtha and Julia

Gidali 1974).

There was general agreement that CFU-S are most frequent (on a per

cell basis) on the 12-14th days of gestation in the fetal liver

with reported values ranging from 2-13 per 10^ (Silini et al 1967).

The differences in size of stem cells may be related to cell cycle

status, withlarger cells in more rapid cycle than smaller cells.



In adults the majority of CFU-S are not in cycle but rather in a

go state and are smaller cells than CFU-S in early fetal liver

which are in very rapid cell cycle (Haskill and Moore 1970).

The proportion of stem cells that are synthesising DMA varies in

normal animals. Thus 30-40% of the stem cells in fetal liver are

in DNA synthesis compared to only about 10% of the stem cells in

adult bone marrow (D. Brynmor, M.J. Cork, and A.C. Riches 1981).
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N-.M. Blackett, R.E. Millard and H.M. Blecher (1974) used tritiated
. . 3 . . ....

thymidine ( H-TdR) as suicide technique for indicating differences

in the proliferation rate of early hemopoietic progenitor cells.

The role ©f T cells and its relation with hemopoiesis have also been

studied, S.G. Shinpock and J.W. Goodman (1978) found that thymo¬

cytes altered the seeding efficiency of bone marrow in the spleen

and the lag phase of the CFU-S growth curve is shortened. However,

thymic lymphocytes do not increase the slope of the exponential

growth phase of CFU-S. J.W. Coodman et al (1979) added thymocytes

with marrow which produced a shift toward granulopoiesis in T-cell-

depleted hybrid mice as well as controls. S.J. Sharkis et al (1978)

/V
working on a macrocytic anemia of the w/w mouse found this can

be cured by the injection of a theta-sensitive cell in the bone

marrow cells into non-irradiated recipients. M.Y. Gordon and

E.C. Gordon-Smith (1981) reviewed the evidence supporting a role

for lymphocytes in the regulation of hemopoiesis. However, the

dependence of T lymphocytes on mononuclear phagocytes for many

of their functions makes it difficult to determine whether T cells

influence hemopoiesis directly or by modifying the behaviour of

monocytes and macrophages.
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1. 6 Regulation of CFU-S proliferation

Pluripotent hemopoietic stem cells (CFU-S) in the marrow or

spleen of adult mice are normally in a relatively quiescent state,

only a minority of cells appear to be proliferating, as measured

by the proportion of cells in the DNA synthesis-phase of the cell

cycle. But the majority of CFU-S in murine fetal liver appear to

be proliferating.

Vassort, Frindel and Tubiana (1971) injected hydroxyurea which

selectively kills cells in s phase and triggers the quiescent

stem cells into cycle. This stimulation could have been the

consequence of a feedback mechanism with in the stem cell

compartment.

Many investigators used phenylhydrazine (PHZ) to perturb

haemopoiesis and thus investigate CFU-S proliferation. Rencricca

N.G. et al (1970) injected PHZ in normal mice and on days 5 to 10

following the injections and found CFU-S were proliferating rapidly

in the bone marrow but not in the spleen. This result suggested

that CFU-S proliferation was regulated locally in vivo. E.G. Wright

and B.I. Lord (1977) incubated bone marrow cells treated with PHZ

and irradiated spleen cells taken from the same micii. They noticed

a marked fall in the proportion of femoral CFU-S in DNA synthesis

while rapid triggering of splenic CFU-S is achieved in the converse

experiments. R.E. Ploemacher and P.L. Van Soest (1977) observed

that in adult mice which were injected with PHZ was induced a

hemolytic anemia with erthropoietic islands consisted of centrally

located macrophages with a Kupffer cell like morphology, surrounded

by erythroblast which were often of the same maturation stage.
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Many investigators used irradiation to perturb the hemopoiesis

and study proliferative status of the stem cells. Tubiana, E.

Frindel, H. Croizat and F. Vassort (197 ) used partial body

irradiation in an attempt to study long range stimulating factors

and stem cell proliferation in the mouse bone marrow.

However numerous other substances modify CFU-S proliferation.

Most of these substances are hormones. Byron (1975) studied in

vivo the action and mechanism of B1 adrenergic receptor stimulation,

cholenergic receptor stimulation and:steroid stimulation, on the

rate of proliferation of CFU-S. These factors induced CFU-S prolif¬

eration.

The mechanisms of regulation which controls hemopoiesis have been

investigated. G. Silini et al (1967) worked on fetal liver

compared this with adults bone marrow. They suggested from their

results that regulatory mechanisms could operate at the cellular

and or the population level, and were different from those operating

in adult hemopoietic tissues.

The existence of possible local control of CFU turnover was studied

in mice in which one tibia only was irradiated and in mice which

one tibia was shielded during whole body irradiation, in both mice

the increased CFU turnover continued in the irradiated tibia even

after the time when in the unirradiated (shielded) tibia CFU-S

proliferation had decreased to control level thus suggesting a

local control of CFU-S proliferation (J. Gidali and L.G. Lajtha

1972)

The mechanism of this local control was further investigated.
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B.I. Lord, Mori and E. Wright (1977) concluded that stem cell

proliferation is controlled by an appropriate balance of endogen-

ously produced stimulatory and inhibitory factors. While E. Frindel

and M. Guigon (1977) studied the inhibition of the proliferation

of mouse CFU which were stimulated to divide and triggered

into cycle by irradiation. This inhibitory factor was isolated

from fetal calf bone marrow. L.G. Lajtha and E.G. Wright (1978)

investigated the production of factors responsible for the

control of CFU-S proliferation. Factors having a stimulatory and

inhibitory effect have been demonstrated.

Extraction and characterization of these factors was attempted

by some investigators. B.I. Lord et al (1976) found that a saline

extract from bone marrow cells having a molecular weight in the

range 50,000-100,000 daltons was inhibitory. This extract is

non toxic to CFU-S and is found in normal bone marrow where the

CFU-;S population is quiescent. B.I. Lord, K.J. Mori and E.G. Wright

(1977) extracted a factor from regenerating bone marrow. This

factor stimulated resting hemopoietic stem cells into DNA synthesis

and has a molecular weight.in the range of 30,000-50,000 daltons

and is not detectable in unfractionated normal bone marrow.

A. Riches, M. Cork and D. Brynmor Thomas (1981) were able to

confirm that a factor present in cell washing from normal rat

bone marrow in the 50,000-100,000 dalton fraction would modulate

the proportion of stem cells synthesising DNA. This substance

is not present in the 30,000-50,000 daltons fraction and could not

be extracted from the thymus. This factor decreased the proportion

of stem cells synthesising DNA in regenerating bone marrow from

50% to 10% (M. Cork, D. Brynmor Thomas and A. Riches 1980).
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The properties of cells which produce these regulatory factors

have been studied. E.G. Wright and B.I. Lord (1979) fractionated

hemopoietic cells (spleen and bone marrow) on the basis of their

buoyant density using a continuous bovine serum albumin (BSA)

gradients. Factors were found in both bone marrow and spleen

suspensions. The inhibitory activity was produced by cells within
-3

the density range of 1.052 gm/cm while cells present in the range

-3
of 1.052 - 1.062 gm/cm produced stimulant factor. E.G. Wright,

J.M. Garland and-B.I. Lord (1980) fractionated normal murine bone marrow

cells looking for inhibitor producer cells. The inhibitor was

produced by low density, adherent, phagocytic, radio resistant,

Thy 1.2., FC+ cells. They suggested these producer cells reside

in the heterogenous macrophage population of the bone marrow.

E.G. Wright, A.M. Ali, A.C. Riches and B.I. Lord (1982) prepared

conditioned media from regenerating murine bone marrow cells

contain a stimulator of hemopoietic stem cell proliferation. The

stimulator is produced by adherent, phagocytic, radioresistant,
~~ "4* , % # #

Thy 1.2 , FC cells m a population concentrated in a density range

of 1.064-1.072 gm/ml. Their results indicate that the producer

cells reside in the heterogenous mononuclear phagocytic population

of the bone marrow.

Recent work by A.M. Ali, E.G. Wright and A.C. Riches (1982) applied

whole body X-irradition at different doses to perturb hemopoiesis in

bone marrow. The CFU-S proliferation stimulator was present in

bone marrow from day one to at least day seven after exposure to

doses of 3.0-9.0 GY. Stimulator was present in the severely aplastic

marrow following lethal doses of x-irradiation. There was no stimu¬

lator present within 15 minutes after 4.5 and 9.0 GY.
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Therefore, after the number of CFU-S has been reduced by whole body

x-irradiation, about 30-50% of CFU-S are subsequently triggered into

DNA synthesis. In contrast to normal mice, less than 10% of the CFU-S

population is in DNA synthesis and a high concentration of inhibitor

which blocks CFU-S from entering into DNA synthesis is present.
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1.7 GM CFU-C

In this section we will consider another group of hemopoietic cells

which appears to belong to the progenitor group of cells. When

suspensions of bone marrow or spleen cells or fetal liver'cells were

cultured under suitable conditions in agar in the presence of specific

colony stimulating factors, colonies of cells developed, which analysis

showed to be composed of granulocytes and macrophages.

This technique for cultivation of hemopoietic cells in semi-solid

agar is useful to quantite the number of granulocyte progenitor

cells and certain of the macrophage progenitors in any hemopoietic

tissue. These precursor cells reveal themselves in culture by

proliferating to form discrete colonies.

Pluznik and Sacks (1965) introduced the technique of semi-solid

agar for culturing these progenitors (GM-CFC).

The colonies were examined after incubation for 7 days in culture and

can be studied morphologically. Colonies can be classified according

to their shape. So in agar "culture three types of colonies are

described. Compact colonies which look like a grape consisting of

pure populations of granulocytes in different stages of differentiation.

Mixed colonies which usually consist of a central core of tightly-

packed granulocytes with an outer area composed of macrophages or a

mixture of macrophages and granulocytes. Loose colonies which are

composed of aggregation of widely separated cells which are usually

pure populations of macrophages (Metcalf et al 1967).

Colony formation is dependent mainly on stimulation of (CSF) and

must be incorporated in the agar medium and required continuously



for colony growth (Metcalf, 1969, 1970). CSF is also important for

the growth rate of individual colonies (Robinson et al 1967).

CSF can be supplied by two general methods. A feeder layer of CSF

producing cells which is placed under the agar medium layer containing

the colony forming cells (Bradley and Metcalf 1966, Pluznik and Sachs

1965). Or CSF supplied as a volume of fluid which is prepared from

human urine or serum or conditioned medium. However D. Metcalf (1973)

reported that human marrow cells can form some colonies in the absence

of added CSF presumably due to CSF producing cells being present. The

effective stimuli for human colony formation are peripheral white cells,

macrophages or media conditioned by such cells.

D. Metcalf (1971) investigated the role of CSF. For example, a

regulatory role in vivo for CSF has been suggested as CSF is demonst¬

rable in all normal sera. Further more serum CSF levels rise as

high as fifty times normal levels in situations such as the acute

phases of viral or bacterial infections or following damage by

irradiation, cyclophosphamide or antineutrophil serum.

Paul et al (1972) prepared "conditioned medium or by the use of feeder

layer from different hemopoietic cells. Human blood monocytes pro¬

duced CSF which would stimulate the in vitro growth of colonies.

Lymphocytes and neutrophils were inhibitory. F. Stohlman et al (1973)

noticed a serum factor capable of differentiating GM-CFC into the

myeloblast compartment. This factor occurs in neutropenia and

develops after irradiation, bacteraemia and toxaemia Moore et al

(1977) purified CSF from human urine, mouse L cell conditioned medium

and endotoxin-treated mouse and Lung conditioned medium.

Some investigators prepared conditioned medium from human placental
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tissue such as A.W. Burgess, E.M.A. Wilson and D. Metcalf (1977) who

reported that medium conditioned by human placental tissue was found

to stimulate granulocytic and monocytic colony formation by human

marrow cells in semisolid organ cultures. D.S. Verma (1980) prepared

human placental condition medium and its used as CSF. The increase

colony formation was found in neutrophil and macrophage colonies.

The WEHI-3 leukaemic cells were considered as a source of CSF pro¬

duction. These cells have the capacity to elaborate a stimulating

factors promoting neutrophil, eosinophil, macrophage and mega¬

karyocyte differentiation (Moore, Kurland and Broxymer 1978).

Separated fractions of conditioned medium from murine WEHI-3 myelomono-

cytic leukaemic cell line have stimulant factor for development of

colonies in continuous bone marrow culture (Willians, Eger, Moore,

Mendlson 1978).

The biological and biochemical properties of CSF have been studied

by many investigators. W. Robinson, D. Metcalf and T.R. Bradley (1967)

reported that the active factor in serum was filterable non-dialysable

and heat and ether labile. D. Metcalf and M.A.S. Moore (1973)

noticed the colony formation is dependent on stimulation by a specific

glycoprotein. Moore et al (1977) reported that purified CSF from human

urine was also a glycoprotein and has a molecular weight 45000-65000.

The active factor which is separated from conditioned medium of

human placental tissues, behave on gel filteration as a macromolecule

with an apparent molecular weight of 30,000 daltons and was not

dependent on the presence of adherent marrow cells with endogenous

colony stimulating activity (A.W. Burgess et al 1977).
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I

D. Metcalf (1975) also described CSF inhibitors which were lipo¬

proteins present in all normal sera. B.T. Mortensen et al (1979)

fractionated human serum by ammonium sulphate. The result showed

that two fractions contained an inhibitor of cluster and colony

formation in agar clusters. Further investigations demonstrate

this inhibition to be caused by lipoproteins.

To study specific properties of the GM-CFC, cell separation can

be used. Equilibrum density centrifugation used for GM-CFC

showed that three subpopulation can be detected. These three

CFU-C populations are characterized by different buoyant densities.

It was shown that with increasing density of the CFU-C the matur¬

ation rate increases.

B.I. Lord, N.G. Testa and J.H. Hendry (1975) studied the GM-CFC

which are present at different sites in the bone marrow. So the

CFU-C concentration increases from the femoral akis (32 CFU-C/10^
cells) to a peak value (260 CFU-C/10^ cells) at about 330 pm from

the akis and then falls again to the bone surface (77 CFU-C/10^
cells). However GM-CFC have rapid proliferation rate irrespective

of their position in this distribution.

Recently M.J. Cork, E.G. Wright and A.C. Riches (1981) isolated

inhibitory and stimulatory factors from GM-CFC from human fetal

liver supernatant. Murine GM-CFC which are proliferating were

used as a test system for investigating regulatory activity

derived from human fetal liver. ■ GM-CFC that had been switched out

of cycle by incubation with a supernatant from an early gestation

human fetal liver were switched back into cycle during incubation
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with a late human fetal liver supernatant. As well as they used

(CSA) colony stimulating activity for stimulating myeloid system

and lactoferrin and prostaglandin E, to inhibit cell production.

The presence of la-antigens and their relationship to the inhibitory

effect of prostaglandin E on the proliferation of human GM-CFC was

studied by Louis M. Pelus et al (1982) in normal and patients with

chronic myeloid leukemia. Maintenance of bone marrow in short

term suspension culture at 37°C prior to agar culture resulted in

the loss of detectable la-antigen on the GM-CFC and, similarly,

loss of response to prostaglandin. In contrast, most patients

with chronic myeloid leukemia showed greatly reduced levels of

la-antigens on their GM-CFC in fresh marrow together with lack

of prostaglandin sensitivity. These results suggest a relationship

in normals between the expression of la-antigens on GM-CFC and the

physiologic response to regulation by prostaglandin E.
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1.8 Organ Culture

Hemopoietic cells have been cultured in vitro as intact organs or

organ fragments. A study of development in such cultures may

help to clarify the sequence and mechanisms of normal development

when observation and experiment are directed to effects better

seen in vitro than in vivo. Sergei Sorokin (1961) grew an embroynic

rudiment in organ culture and followed the growth and differentiation

of cells. Organ culture thus offers advantages that the same

specimen can be followed through its morphogenetic movements, and

events leading to differentiation may be noted. The organ culture

system described by Aucrbach (1961) has proved particularly success¬

ful for culture of both embryonic and postnatal hemopoietic

tissues and allows both growth and differentiation and function

for a period of 1-2 weeks. With this method, small fragments of
2

organs 0.2-0.3 mm thick and 0.5-lmm surface area are explanted

on to the surface of a millipore filter.

L.A. Luria, et al (1969) cultured in organ cultures embryonal

liver and adult liver on millipore filters. Prolonged growth and

differentiation of embryonal hepatic tissue and hemopoietic tissue

was obtained. Both normal adult liver of mice and liver from mice

pretreated with CC1 acquired the capacity to grow in organ
4-

cultures and to secrete serum albumin in the culture medium.

This capacity correlated with degree of lymphoid infilteration of

the liver tissue prior to explanation. M.A.S. Moore and D. Metcalf

(1970) cultured seven day embryos with intact yolk sac in organ

culture. This demonstrated the autonomous nature of the develop¬

ment of hemopoiesis in the yolk sac and the dependence of intra-

embryonic hemopoiesis particularly in embryonic cells. Nataly

V. Latsinik et al (1970) maintained livers from 17 to 20 days

mouse embryos for three weeks in organ culture. During this



47

period, hemopoiesis continued, morphologically recognizable cells

were identified until day 24 and hematopoiestic cells with colony

forming ability were present until day 23. J.L. Chertkov et al

(1974) cultured embryonal mouse liver in organ culture and hemo¬

poiesis continued for over 2 months and hemopoietic stem cells

(CFU-S) were found at all times. However the proliferative pro¬

perties of the CFU-S changed with time in culture. Although the .

relative CFU-C number varied between three and eighty seven per

10^ cells in different experiments, it did not vary much within

each experiment throughout all the time of organ culture. The

thymidine suicide method shows no GM-CFC cycling during the periods

of cultivation (from day 3 to day 24).



\

Materials and Methods



48

Chapter 2 MATERIAL AND METHODS

2.1 Mice and Housing

2.2 Cell Suspension and Gradient Preparation

2.2.1 Cell Suspension

2.2.2 Cell Count

2.2.3 Preparation of Percoll Solutions

2.2.4 Generation of Discontinuous Gradients

2.3 Histology and Cytology

2.3.1 Cytospin Preparations and Staining

2.3.2 Adherent and Non-adherent Cell Separation

2.3.3 Non-specific Esterase Staining

2.3.4 Differential Cell Counts

2.3.5 Identification Phagocytic Cells and Macrophages by Yeast

Particles

2.3.6 Microtome Section

2.4 Regulator Production

2.5 CFU-S Assay

2.5.1 Testing of Supernatant using CFU-S

2.5.2 Spleen Colony Assay

2.6 GM-CFU Assay

2.6.1 Culturing and Counting the Colonies

2.6.2 Colony Staining

2.6.3 Testing of Supernatant using GM-CFU

2.7 Organ Culture

2.7.1 Culture Method



2.1 Mice and Housing:-

CD Strain mice, male and female supplied specific pathogen free by

Charles River U.K. LTD Manton Road, Margate, Kent were used as a

breeding nucleus. Either these mice or their first generation progeny,

bred in the St. Andrews University animal house were used.

Twenty female mice were housed with four male mice and checked for

the presence of vaginal plug each morning. This was taken as day

Zero for gestation.

The mice were maintained under standered conditions of temperature

22°C and a continuous 12 hour light, 12 hour dark cycle. For at

least one week prior to and throughout all experiment the mice were

housed in pre-sterilized plastic cages, with a sawdust floor covering.

All mice were fed on R and M No. 1 pellets (supplied by SDS, Special

Diet Services Ltd., Stepfield, Witham, Essex). Stock mice and

irradiated mice were maintained on water containing 15 parts per

million of chlorine free ions (by adding | tablet of "Kirby Chlor"

to 12.5 litres of water). During the course of each experiment the

physiological condition of the mice was checked at least once daily

and any mice that appeared to be ill or dead were separated and the

remaining mice transferred to a clean cage. The mice were kept

throughout the experiment in a clean room and in a laminar flow unit.

2.2 Cell suspensions and Gradient preparation

2.2.1 Cell suspensions

Fetal liver: pregnant females were sacrificed by either anesthesia

and the fetuses were excised washed and kept in Fischers medium

supplemented with 2mm Glutamine, 50 I.U./ml of pencillin and
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50 mg/ml streptomycin added to 100 mis Fischers medium.

The age of the embryos was determined by scoring for the appearance

of vaginal plug and taking as day Zero the morning on which the

mating plug was observed.

Fetal livers were dissected out aseptically under a dissecting

microscope. Adequate cell suspensions with a high viability can be

obtained by gentle aspiration of the livers in Fischers medium

firstly by a syringe without needle and then using a syringe with

needle, starting with No. 19 Guage, 21 Guage, 23 Guage, 25 Guage, to

obtain a single cell suspension. The fetal livers cells were then

spt-tn in a centrifuge 1000 R.P.M through horse serum to remove

aggregates-and debris. The cells were then washed twice. This

technique was found to be the best for the preparation of single

cell suspensions for further study.

Bone marrow: Femurs were dissected out aseptically and the haemo-

poietic cells with the marrow cavity expelled by syringing of Fischers

medium through the femoral shaft gently several times. The cells

were then aspirated several times.through a No. 25 Guage needle to

obtain a single cell suspension.

Thymus and adult liver: Thymus cell suspensions were prepared from

12 weeks old CD1 mice. The thymus was dissected and washed in

medium and remove any blood. By disruption of the thymus and then

aspiration of the fragments with a syringe and needles, similar to

fetal liver cell preparation, a suitable cell suspension could be

prepared. Clumps were then allowed to settle for 5-6 minutes. The

cells were transfered to another tube to remove the clumps. The
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same steps were used to prepare suspensions from adult livers.

2.2.2 Cell Counts

All cell counts were carried out by using a Coulter Counter (Model

D Coulter Electronic Ltd., Harpenden, England) corrected for back¬

ground and co-incidence. Firstly counting was achieved without

Zaponin to determine total number of cells (Nucleated and non-

nucleated) . Then two drops of Zaponin were used to lyse the red

cells and nucleated cells were then counted. The correction is cal¬

culated using the following formula:-

„ . . , ,,Count-backgroundN 2 „ _Coincidence = ( ^ qqq ) x 2.5

and true count = count - background + coincidence

2.2.3 Preparation of Percoll Solutions

Percoll consists of colloidal silica particles of 15-30 nm diameter

which have been coated with polyvinylprolidone and is supplied by

Pharmacia (Great Britain) Ltd., Middlex. Percoll is made iso-

osmotic with physiological saline or tissue culture medium by add¬

ing 9 parts (v/v) of percoll to 1 part (v/v) of 1.5m nacl or

x 10 concentrated medium. The density of this stock solution "per¬

coll in saline" is 1.123 gm/ml.

Diluting this stock solution to lower densities was made simply by

diluting with 0.15 m saline for cell work to obtain a solution of

the following densities (1.076 gm/ml and 1.064 gm/ml). An ABBE 60

Refractometer was used for checking the densities of stock solu¬

tion and the lower densities (Table 1). Refractometer supplied by

Bellinghan and Stanly Ltd., Kent, England.
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Table 1preparation of densities by the RefTactometer

Substance Reading of
Refractometer

Refractive
Index

Density

Undiluted

percoll
5.369 1.3529 1 .133

Stock Sol.
of percoil

5.333 1.35255 1 . 123

1 .5 M
Nacl

3.325 1.35247 1 .058

0.15 M
Nacl

3.476 1.33405 1 .002675

Second

layer
4.681 1 .34530 1 .076

Third

layer
4..43 5 1.34332 1 .064

For preparing discontinuous gradients, a stock solution of percoll

(1.123 gm/ml) was diluted to two different densities, 1.076 gm/ml

and 1.064 gm/ml. The solutions of different densities were then

carefully layered one on top of another, usually successively

lighter layer on top. This is most conveniently done using a syringe

keeping the tip of the needle on the wall of the tube just above

the surface of the liquid.

2.2.4 Generation of Discontinuous Gradients

The procedure described here was used to separate a population of

fetal liver cells into three sub'population or bands, which formed

at the interfaces between percoll layers of different densities
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during centrifugation.

A variable number of ce]ls (not

exceeding 80 x 10^/ml in each

centrifuge tube, conical, 10ml)

in Fischer's medium were layered

on top of a pre-formed gradient.

Two mis volumes of each of the

percoll densities, starting with

the stock solution (1.123 gm/ml)

using 0.5 ml volume as a cushion.

Care was taken to aviod mixing the

layers. The gradient was spun at

3000 R.P.N. for 20m in chillispin,

H. Pertoft, M. Hirtenstein and

L. Kagedal (1979) which resulted

in banding of cells at the

relevant interphase for each

layer. The interface layers were

carefully removed and washed

twice with physiological

saline (5 volumes to 1 volume

of cell suspension) and the cells

collected between each washing

step by centrifugation at 200 g

for 10 minutes. Counting of cells

was carried out before and after

washing.



2.3 Histology and Cytology

2.3.1 Cytospin preparations and staining

The cells from each fraction were collected in Fischer's medium and

were washed several times. Cells suspensions for cytospin preparation

were introduced into a Cytospin containers (< 2 x 10^ cells with 10%

horse serum). The cells were then centrifuged at 65o R.P.M. for 15

minutes in a Cytospin 2 Shandon Southern Products Ltd., Astmoor,

Runcorn, Cheshire. Air dried films were fixed in Methanol for 15

minutes and then stained in Jenner-Giemsa stain.

2.3.2 Adherent and non-adherent cell separation

Fetal liver cells from three fractions were suspended in Fischer's

medium at 5 x 10^ cells/ml 5% H.S. and allowed to adhere to plastic

petridishs for 2 hours at 37°C in an atmosphere 5% Co^ in air. After
this incubation the supernatant containing non-adherent cells was

removed from petridishs. Thel©osely bound cells were removed by

washing gently tw'ice with medium. The adherent cells were

removed finally by scraping gently with the rubber plungSPof a

syringe (Wright, E., Garland, J., Lord, B., 1980). Then suspensions

were counted.

2.3.3 Non-specific esterase staining

The technique used in this study followed Sion P. Barnard in his

thesis 1980 with minor modifications to obtain a clear film and good

contrast in the colour of cells.

The supernatant of the culture was removed and the adherent cells were

washed gently twice with Fischer's medium to remove non-engulfed

yeast particles and dead cells.
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Adherent cells were incubated with medium at room temperature for at

least 30 minutes. The incubation medium consisted of three principal

components - a substrate, coupling agent, and buffer.

Staining procedure: 0.3 ml of the diazotised pararosaniline (coupling

agent) was added to 0.3 ml of 4% sodium nitrate solution. This mix¬

ture was allowed to stand for 2 minutes. 9 mis of buffer and 0.1 ml

- naphthyl acetate with acetone (substrate-1) were added to the

hexazotised parosaniline.

A - Medium (incubation medium) was added to petridish for 30 minutes.

B - At the end of 30 minutes post fix 30 seconds in buffered formal

acetone.

C - Wash in distilled water.

D - Counter stain with Methyl Green non-washed 25% 5-8 minutes.

E - Wash in distilled water.

F - Dehydrated in ascending grades of alcohol.

G - Mounting.

2.3.4 Differential cell counts

Differential cell counts for the fractionated fetal liver cells were

performed on Jenner's Giemsa stained Cytospins. The areas on slide

were fixed by a micrometer grid in the eye piece of the microscope

which was later measured by measuring slide.

Measured slide has several divisions and each division equal to

0.01 mm. Each dimension of the square in micrometer grid 15.8
... 2

divisions. So the area of the square equal 0.024964 mm .
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area of petridish „ . .,^ = No. of squares m the petridish
area of square

No. of cells in sq.x No. of sqs. = No. of .Adherent cells

So the number of adherent cells can be counted by this way as well

as by scraping. Usually 20 squares counted in each petridish to

obtain the mean number of cells in one square.

2.3.5 Identification of phagocytic cells and macrophages by yeast

particles

The presence of phagocytic cells and macrophages was evaluated employ¬

ing yeast in a technique described by Dr. Carleton, C. Stewart

(personal communication). The detailed technique is set out below

with some modification.

A - preparation of stock yeast suspension

3 gm. dried yeast was suspended in 100 ml phosphate buffered saline

(PBS) and autoclaved for 30 minutes at 121°C and 16 P.S.L. The

concentration of the stock yeast suspension was then adjusted to

9
10 /ml. Neubauer Counting Chamber was used for yeast counting.

B - preparation of guinea pig complement

Lyophilized guinea pig complement (Grand Island Biological Co.,

Grand Island, N.Y.) was reconstituted with 3 ml distilled water per

vial. 6 ml was PBS added to give a volume of 9 ml which was then

frozen down in 0.5 ml aliquots.

C - preparation of working suspension

0.5 ml Complement
+

4.5 ml Fischer's_ medium
+

50 ul Stock yeast
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Then from this mixture 1 ml were added to each petridish (area of

2
petridish 71.6 mm ) so at the end the concentration of yeast was

approximately 10~Vml. Tissue culture grade petridishes were used

and a cover slip placed inside each petridish.

The adherent cells were incubated in this working solution for 30

minutes at 37°C then washed two times with complete medium prior to

fixation and staining.

Jenner's Geimsa stain and nonr-specific esterase stain were used. Cells

were considered phagocytic if they ingested one or more yeast organism

and those which gave a positive reaction for non-specific esterase

were considered to be macrophages. Opsonised yeast particles ingested by

phagocytic cells as in Fig. (1) and (2).
2.3.6 Microtome section

Fetal and adult liver were fixed in Bouin's for 24 hours. Then pro¬

cessed for paraffin embedding and sectioning using standered histo¬

logical techniques. The sections were then stained with Erlich's

haematoxylin and eosin.

2.4 Regulator production

Fetal liver cell suspensions were prepared in Fischer's medium from

the three fractions (1.123 gm/ml, 1.076 gm/ml, 1.064 gm/ml) obtained

following density gradient separation. The cell suspensions were

adjusted to a concentration fo 20 x 10^ cells/ml in 10% horse serum.

Then supernatants were obtained by incubating these cell suspensions

for five hours at 37°C in an atmosphere 6% Co^ in air. After incu¬
bation, the cell suspensions were spun at 1000 R.P.M. for ten minutes.

The cell free supernatant was collected and centrifuged again at

3000 R.P.M. for 20 minutes and then stored at - 20°C.
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Fig (1) opsonised yeast particles wefx-e. engulfed by

phagocytic cells of the middle band (1.076), D. 13

fetal liver.

J.G. Stain X 1000

Fig (2) opsonised yeast particles ingested by

phagocytic cells of the middle band (1.076), D. 19

fetal liver.

J.G. Stain X 1000
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The same procedure was used to obtain supernatants from unfractionated

cell population from fifteen day, seventeen day fetal liver as well

as 72 hour, after birth, 3 weeks old, adult liver and thymus. These

supernatants were ready to test for stimulant factor.

2.5 CFU-s assay

2.5.1 Testing of supernatant using CFU-S

Bone marrow cell suspensions were prepared from C'Jl mice and used

for testing the presence of a CFU-S stimulator in the supernatants.

The CFU-S assay described by Till and McCulloch (1961) was used.

1 ml bone marrow cell suspension in Fischer's medium 10^ /ml,

20% H.S. and 1 ml supernatant. So for testing supernatants, tubes

were set up according to the protocol in Table 2.

The ratio of the number of cells producing a conditioned supernatant

to the number of bone marrow cells in the incubation suspension was

2:1 .

The mixture was incubated for 4 hours kt 37°C, followed by a further

incubation with 20 jJgm/ml of ara-C (Cytosine arabinoside up John Ltd.)
was added into tube "A': and the same volume of medium into another

tube. Then reincubated for 1 hour (for killing cells which were in

S phase).
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Table 2 protocol for testing a supernatant for stimulator factor

1.076 Supernatant Control

Tube A Tube B Tube A Tube B

Supernatant 1 ml 1 ml -

B.M. Cells 1 ml 107 1 ml 107 1 ml 107 1 ml I07

I'.H.S. 0.5 IBI 20% 0.5 ml 20% 0.5 ml 20% 0.5 ml 20%

Medium - - 1 ml 1 ml

Ara-C 250 Ml

20 tg/ml

250 Ml

Medium

250 yl 250 yl

20 Pg/ml Medium

After incubation the cells were counted again. Mice were irradiated

820 Rads of X irradiation (whole body irradiation). Wqrmed under

light and by heater for 10 minutes and then were injected with bone

marrow cells in the tail vein (Intravenously). Volume of injection

was 0.2 ml and concentration of cells was 5 x 10^/0.2 ml. Ten mice

used in each group and nine days later all mice were sacrificed.

2.5.2 Spleen colony assay

After nine days, mice killed by cervical dislocation and their spleens

were collected and cleaned from the fat, fixed in Bouin's solution

for 24 hours. The colonies on the surface of the spleen were counted

using a x 2 magnifying lens, only macroscopically visible colonies

were counted. The percentage of CFU-S in TN£ synthesis was then

calculated as overpage
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1 2
% of CFU-S m DNA synthesis = X 100

CI

CI = Average of No. of colonies from control

C2 = Average of No. of colonies from treated group with ara-c

2.6 GM-CFU assay

2.6.1 Culturing and counting the colonies

This technique for in vitro culture in soft agar has been described

by (Robinson, W., Ketcalf, D. & Bradly, T.R. 1967). A stock solu¬

tion of RPMI/Hepes with 20% horse serum, 2 mm glutamine, 50 i.u./ml

of penicillin and 50 jUgm/ml of streptomycin was prepared. A 3%
stock agar was melted and allowed to boil for 2 minutes.

1 ml of a cell suspension was then added and mixed thoroughly before

aliquotting out 1 ml to each 30 mm petridish containing colony

stimulating factor. A.fter mixing and gelling the dishes were

placed in a humidified Co^ incubator (10% Co^) at 37°C for 7 days.

The source of colony stimulating factor employed in this work was

WEHI conditioned medium and was diluted with medium to an appro¬

priate concentration and then from this dilution 0.1 ml added in

each 30 mm plastic petridish plus 1 ml cell suspension with agar.

This concentration gave an appropriate number of colonies.

All culture runs were carried out together with control culture.

Plates were incubated for 7 days without medium change in humidi-
o

fied incubators at 37 C with continuous flow of 10% Co„. Plates

were marked and colony counts were performed using (olympus dissect¬

ing microscope at X 35 for colonies).
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2.6.2 Colony staining

Colony cells were classified according to morphological type in each

colony and the colonies themselves were classified according to their

size and shape. Staining of colonies was undertaken using two

methods. Disc of agar stained as below:

A - Fixation: 1 ml/plates 3% giutaraldehdye (BDH Chemicals Ltd.,

Pools, England), in PBS, 10 minutes.

B - Mounting: The disc of agar was removed and manipulated on to a

glass slide.

C - Drying: A disc of wet cellulose acetate was placed over the

disc of agar and left overnight. Then removed care¬

fully.

D - Staining: Rinse in acid alcohol. Finse in D.V. Stain with

Mayer's Haematoxylin for 15 minutes. Blue in running

tap water for 6 minutes. Counter stain with eosin

for 1 minute.

Alternatively single colonies could be removed from agar for stain¬

ing. Two or three colonies were picked up using a pasteur pipette.

The agar drops containing the colonies were placed on a microscope

slide and cover slips gently lowered. Staining with Mayer's

Haematoxylin.

2.6.3 Testing of supernatant using GH-CFC

Day 15 fetal liver cell suspensions were prepared and used for test¬

ing the presence of a GM-CFC stimulator in the day 15 supernatant.

So fer testing supernatant the same protocol which is presented in

section 2.5.1 were used and for culturing and counting the colonies

the same technique which is explained in the section 2.6.1 were

employed.
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2.7 Organ culture

2.7.1 Culture method

The explants were derived from 15 day fetal livers. The embryonal

livers were cut up into small explants. Before culture they were

rinsed in RPMI/Hepes medium. They were then transferred to the

surface of "NUFLOW" cellulose acetate membrane filters square (Oxid

Ltd., Wade Rd., Basingstoke, Hants, England.). Then these squares

were placed on metal grids and each grid placed in one 30 mm plastic

petridish and medium added to touch the under surface of the grid.

Medium (RPMI/Hepes) was used, containing 20% horse serum, 2 mU

glutamine, 50 i.u. of penicillin and 50 JJg streptomycin^ Three of
30 mm petridish were placed inside a 90 mm petridish then placed

into a Mcintosh and Fildes jar and gassed with either 5% C02 in air
or oxygen at flow rate of 150 ml/min for 30 minutes.
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3.1.1 Cell count

Procedure

Pregnant mice of day 13, 15, 17 and 19 of gestation were sacrificed and

neonates 24 H and 72 H after birth. Number of fetuses were counted.

Single cell suspensions were prepared and cell counts were made

using a coulter counter. Cells were counted before fractionation,

firstly without Zaponin, to determine the total number of cells

(Nucleated and Non nucleated) then following two drops of Zaponin

to lyse non nucleated cells and thus nucleated cellsswere counted.

The fetal liver cells suspensions were fractionated on percoll

gradients for the separation of cells depending upon their buoyant

density. The morphology and function of the cells in each band

were studied. Cells were collected at the interfaces between

bands. The cells were washed twice with physiological saline or

medium to remove percoll particles and these cells studied further.

Nucleated cell count for each band before washing were measured.

Results

Total number of cells in each liver at different stages of gesta¬

tion increased dramatically after day 15, Fig. (3). This large

increase is predominantly in the non nucleated cells which double in

number.

Fractionated nucleated cells from early stage fetal liver showed a

concentration of nucleated cells in the 1.123 band Fig. (4) but

this decreased by day 15. In the 1.064 band only a low proportion

of nucleated cells was found initially and this increased by day

15 and day 17 and decreased after birth. Little change was observed
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in the 1.076 band.

These results from the cellT.separation studies are tabulated in

table 3A and 3B, showed a decrease of nucleated cells in band 3

from 60% on day 13 fetal liver to 24% after birth, comparing that

with incrase in band one, 21% of nucleated cell on day 13 fetal

liver to 52% after birth. While in band 2 increases were in

portions.
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'Day

13

15

17

19

24H after birth

72H after birth

No.ofcells /liver x10

13

23

27

26

25

15

TotalNo. ofcells x10

515* x106

%

137*
.x106

%

312* x106

%

194* x106

.%

200* x106

%

187* x106

%

BandI (1.064)

83

16

22

16

55

18

54

28

63

32

38

20

Band2 (1.076)

73

14

33

24

62

20

46

24

39

15

37

20

Band3 (1.123)

237

46

37

27

75

24

58

30

30

15

37

20

No.of cellloss

122

23

45

33

118

38

34

18

123

38

75

40

Table3AFractionationoffetallivercells(nucleated) *totalno.ofcellslayered.80-100x10cellspercentrifugetube.



Day

13

15

17

j19 I

24H afterbirth

72H afterbirth

No.ofcells /liver x10

13

23

27

26

25

15

Totalno. ofcells x10

515

137

312

194

200

187

Band1 (1.064) %

21

24

29

34

•52

34

Band2 (1.076) %

18.5

36

32

29

24

33

Band3 (1.123) %

60.5

40

39

36.5

24

33

Table3B%ofnucleatedfetallivercellsineachband
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3.1.2 Differential count

Procedure

Fractionated and non fractionated fetal liver cells, dayl3, 15, 17,

and 19, 6f gestation and 24 H and 72H after birth were used to

prepare cytospin preparations and stained with J. Giemsa stain.

These preparations were counted morphologically be Cecilie V. Briscoe,

to study the cell types in each fraction.

Results

The differential counts of the main haemopoietic series are plotted

on Fig (5) for fetal liver of different gestational ages. A high

proportion of erythroid cells is present at early stages of gesta¬

tion and the proportion of these cells decreases dramatically after

day 17 and very low proportions are found at later stages of gesta¬

tion. Myeloid cells form a small percentage of the cells on day 13

but increase markedly after day 17 when their proportion remains

constant. Ver^ small numbers of lymphocytic cells were present in
fetal liver at all stages of gestation showing only a slight increase

by day 17.

Data from unfractionated fetal liver cells is presented in table 4A

and 4B and illustrate the changes in proportion of the main cell,

types. Erythroid cells proportions decrease whereas Granulocytic

cells proportion increases after day 17.

Differential counts from the fractionated cells in each band are

tabulated in table 5A and 5B. Erthroid cells dominated all three

bands at early stages of fetal liver, for example in the 1.064

and 1.076 bands from day 13 separated cells numerous polychromatic
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erythroblasts and basophilic erthroblasts were present Fig (6 and B)

while in the 1.123 band from day 13 fetal liver numerous orthochrom-

atic erythroblasts were presents . Metamyelocytes were present in small

proportions in the 1.076 band from day 15 fetal lvier Fig(9).

These results were quite different from that of later stages of

fetal liver, for example orthochromatic erythroblasts in the 1.123

band of day 13 fetal liver there were 52% orthochromatic erythro¬

blasts. While in the same density band from day 19 fetal liver only

12.5% orthochromatic erythroblasts were found along with erythrocytes

Fig (10). Metamyelocytes in band 1.076 of day 13 fetal liver were

only 2% while in the same band of day 19 were 19.5%. The band cells

and metamyelocytes are illustrated clearly in Fig (12).

In general, the proportion of granulocytic cells in band 1.076,

increased dramatically from 3.5% on day 13 fetal liver to 73% on

day 19, table 5B. InContrast the proportion Of erythroid cells in

the same density, were decreased markedly from 96.5% on day 13

fetal liver to 24% on day 19. Proportions of lymphoid cells increased

gradually and they were present in all three band but in different

proportions, for example in 1.064 band 8% on day 17 comparing that

with double increase (17%) in the same bandof 24H after birth.

Some lymphocytic and myeloid cells were illustrated in Fig (11).
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V3 V5 Y7 V9 24%H 72%H

Generalized Blast 0.9 2 0.5 0.8 0.3 0.5

Promyelocyte 0.4 - 1.3 1.3 1 1

Myelocyte 0.9 0.3 3.2 5 5 6

Metamyelocyte 0.9 1.5 9 25 15 18

Band cells 0.3 0. 3 4.2 13 6 9

Segmented cells - - 0. 2 2 0.5 4.5

Monocytes - 0.3 2.5 2 2 2

Proerythroblast 3.5 2 0.5 - - -

Basophilic Eryth. 11 19 7 2 0.3 0.3

Polychromatic Eryth. 22.5 25 16 3 4 3

Orthochromatic Eryth. 16 18 14 0. 7 0.3 0.5

Extruded Nuclei 2 4 3 0. 7 0.3 0.5

Lymphocytes 0.5 0.3 4.5 12 3 15

Tissue cells 41 28 34 34 58 39

Table 4A Differential count for unfractionated fetal liver cells
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D 13 D 15 D 17 D 19 24 H 72 H

Granulocytic cells 4.4 3 30 72 81 67

Erythroid cells 94.6 96.3 62.5 9 1 1 7

Lymphoid cells 0.9 0.45 7.5 19 8 26

Table 4B % of different haematopoietic cells in unfractionated fetal

liver from different gestational ages.



D13%

D15%

D17%

D19%

D24H%

D72Hfc

1.064
1.076
1.123
1.064
1.076
1.123
1.064
1.076
1.123
1.064
1.076
1.123
1.064
1.076
1.123
1.064
1.076
1.123

Generalized Blast

0.5

-

-

1

0.3

0.3

1

0.3

0.5

-

1.5

0.5

1

1.5

1.5

0.5

0.8

1.5

Promyelocyte
4.5

-

-

0.3

-

-

3.5

0.5

0.5

0.7

4

0.3

2

0.3

r

0.2

2

0.8

Myelocyte

5

0.5

0.2

-

3

-

4

1.3

0.5

J.5

8

1

4.5

7

6

2.5

4.5

2.5

Metamyelocyte
1.3

2

0.2

1

9

0.5

1.5

16

4

7

19.5

9

.16

26

30.5

14

16.5

23

Bandcells

-

-

-

0.3

0.6

1.5

4

10

3

7

12

7

10

10

11.5

6

2.5

10

Segmentedcells
0.3

-

-

-

0.3

-

0.3

1.5

1

-

1.5

1.5

1.5

0.5

3

2

-

6

Monocytes

0.8

0.3

-

0.6

4.5

-

2

1.3

-

-

3

0.3

1.2

4.5

4

0.7

4.2

1

Proerythroblast
3.5

2

0.2

2.5

8.5

1

1

-

-

-

0.3

0.3

0.2

0.5

1

0.2

1

0.3

BasophilicEryth
18

17

1

14

24

12

7

2

0.5

-

4

4.5

3

7.5

5.5

0.6

4.5

2.5

Polychromatic Eryth

21

28

7.5

25

27.5

25

19

10

6.5

4

4

13.5

7.5

7

9

3.5

8

9.5

Orthochromatic
13

20

52

13

9

27.5

20

17

10.5

7

3

12.5

4.5

3.5

6

3

10

6

ExtrudedNuclei
2

3

35

3

2

6

3

3.5

43.5

0.7

0.3

6

2

0.3

2

-

1.5

1

Lymphocytes

0.2

-

-

-

-

-

5.5

6

3

-

1

3

10

16

3.6

4

26

19

Macrophage

-

-

-

0.5

1

-

-

-

-

-

-

-

3

-

0.7

1.5

0.3

Tissuecells
27

25

i.

34

37

i ...
14

24.5114[30 .LL

26.5

36

38.5

34

13.5

13.5

61

12

15

Talbe5AFractionatedfetallivercells



Day

13

15

17

19

24H

72H

Density

1.064
1.076
1.123
1.064
1.076
1.123
1.064
1.076
1.123
1.064
1.076
1.123
1.064
1.076
1.123

1.064
1.076

1.123

GranulocyticCells%
14

3.5

6

4

16

3

20

46

31

60

73

36

58

56

67

69

35

54

ErythroidCells%
83

96.5

94

96

84

97

72

45

59

40

24

58

25

24

28

20

31

23

LymphoidCells%
3

-

-

-

-

8

9

10

-

3

6

17

20

5

11

34

23

Table5B%offractionatedfetallivercellsineachband



Fig (6) D 13 fetal liver cells, fraction 1.064, Dominated with

blast cells, especially early stages of erythroblasts

Beneralized blast cells in this band.

J.G. Stain x 400

Fig (7) D 13 fetal liver cells, fraction 1.123, Dominated with later

stages of erythroblasts , orthochromatic erythroblasts

clearly noticed and erthrocytes.

J.G. Stain x 400
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Fig. (8) Middle band cells (1.076) D.13 fetal liver. Middle stages
of erythroblast concentrated in this band.

J.G. Stain x 400

Fig. (9) Middle band cells (1.076) D.15 fetal liver myeloid cells
concentrated in this fraction for e.g. myelocytes, band
form, metamyelocyte and segmented cells. These cells not
noticed in the middle band of D.13.

J.G. Stain x 400



 



Fig (10) D 19 fetal liver cells, 1.123 fraction, later stages of

erythropoietic series, erythrocytes, extrusion of nucleus and

some lymphocytes noticed in this fraction.

J.G. Stain x 400

Fig (11) 24 H after birth, liver cells middle band (1.076) which

is concentrated with myeloid cells, metamyelocytes, band form and

segmented cells.

J.G Stain x 400



 



Fig (12) D 19 fetal liver cells, middle fraction (1.076)

myeloid cells^band form, metamyelocytes axe

in this fraction.

J.G. Stain x 500
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3.1.3 Adherent and non adherent cells

Procedure

Fractionated fetal liver cells were incubated for 2 H. The non

adherent and loosely bound cells were decanted. The adherent

cells were then removed by careful scraping. Single cell sus¬

pensions were prepared from both adherent and non adherent cells

and counted on a coulter counter.

Results

Fig (13) illustrates the proportion of adherent cells found in each

band. Adherent cells were found in band 1 and 2 with smaller

numbers present in band 3. The proportions of adherent cells in

baru\s 2 and 3 increased markedly by day 15 and 17 of fetal liver.

But the proportions in band 1 and 3 were decreased after birth when

band 2 increases.

Table 8A and 8B show the dramatic increase of adherent cells in

band 2 for example on day 13 fetal liver there are 2\7a adherent

cells while at 72 H after birth this has increased to 60% comparing

these changes with band 1 which started with 45% adherent cells and

continues with approximately 45% at all stages of gestation. The

numbers of adherent and non adherent cells which are presented in

table 8A are determined by counting both the non adherent and

adherent cells scraped from the dishes. Whereas in table 8B the

number of adherent was assumed to be equal to the total number

plated minus the non adherent washed off.
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Day

13

15

17

19

24H

72

H

Adherence

Ad. cells

Honad. cells

Ad cells

Nonad. cells

Ad. cells

Nonad. cells

Ad. cells

Nonad. cells

Ad. cells

Non.ad. cells

Ad.
celis

Nonad. cells

xlO6

%

xlO6

%

xlO6

%

xlO6

%

xlO6

%

x,06

%

xlO6

%

xlO6

%

xlO6

%

xlO6

%

xlC

6 2

xlO6

%

Band1 (1.064)

21

25

46

55

6

27

9

41

24

44

23

42

19

35

25

46

20

32

23

36

14

37■

21

55

Band2 (1.076)

14

19

58

79

7

21

21

66

30

48

31

50

18

40

25

55

10

32

18

60

18

48

15

40

Band3 (1.123)

26

11

2D8

88

8

21

28

76

23

30

50

.

66

14

25

35

60

6

19

17

56

10

28

24

66

Table8ANumberandpercentofAdherentandnonadherentcellsineachband.
00



Day

13

15

17

19

24H

72H

Adherency

A. cells %

Nonad. cells
or

h

Ad. cells %

Nonad. cells %

Ad. cells %

Nonad. cells %

Ad. cells %

Nonad. cells %

Ad. cells %

Nonad. cells %

Ad. cells %

Nonad. cells %

Band1 (1.064)

45

55

59

41

58

42

54

46

64

36

45

55

Band2 (1.076)

21

79

34

66

50

50

45

55

40

60

60

40

Band3 (1.123)

12

88

24

76

34

66

40

60

44

56

34

66

Talbe8BPercentofadherentandnonadherentcellsineachband.Ad.Cells(%)calculatedasequal to100minusnonad.cells(%).
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3.1.4 Phagocytic cells

Procedure

For the study of phagocytic cells present in each fraction of fetal liver

cells, separated cells were first incubated and non adherent cells dis¬

carded then the proporiton of phagocytic cells estimated using

opsonised yeast. The working solution which contains the yeast particles

was added to the adherent cells and re-incubated. The adherent

cells were washed several times to remove non engulfed yeast parti¬

cles. The preparation were fixed and stained. The phagocytic cells

were 'counted using a x 40 objective. Cells engulfing one yeast

particle or more were considered as phagocytic cells.

Results

Results of this experiment were plotted in Fig (18). High pro¬

portion of phagocy tic cells were in band. 2 and 3 comparing that with
band 1 which has small numbers of phagocytic cells. But as general

phagocytic activity in all three bands increased markedly by day 17

of fetal liver.

Tale 9 4and 9B~showed small number of phagocytic cells in all three

bands on day 13 of gestation period (6%, 11%, 4%) respectively.

While this proportions increased to about three times on day 17 (18%,

32%, 22%) and 72 H after birth (16%, 35%, 26%). So phagocytic

cells started at a small proportion and increased gradually during

gestation.

Fig (14) and Fig (15) illustrate the differences between early and

later stages of fetal liver in phagocytic activity and number of

adherent cells. There are differences between the phagocytic

activity in each band, Fig (16) illustrates phagocytic cells from
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the 1.076 fraction, day 19 fetal liver which is more active and

dense than in Fig (17) which demonstrates the phagocytic cells

of 1.123 fraction of the same day of gestation.



Day

13

15

•1'"1
1

17

19

24H

72H

Phagocytic cellsin unfraction- ated liver

0.5xl06
3.8%

1.6xl06
5%

4xl06

12%

5xl06

15%

4xl06

15%

4x106

20?

Phagocytic and Macrophages cells

Phag cell xlO6

o-

s

%

Macrc cells xlO6

%

Phag cell xlO6

o-

s

%

Macr cell xlO6

o- s

?

Phag cell xlO6

o-

s

%

Macr< cells xlO6

3-

%

Phag cell xlO6

o-
s

%

Macr cell xlO6

o-
3

%

Phage cells xlO6

>-

%

Macr< cell xlO6

D- 3

%

Phag< cell xlO6

D-

%

Macrc cells xlO6

>-

%

Band1 (1.064)

5

6

4

5

2

9

2

9

10

18

9

16

8

15

8

15

7.5

12

9

14

6

16

7

18

Band2 (1.076)

8

11

1

1

4

12

0.7

2

20

32

4

6

12

27

2

4

7

23

2

7

13

35

4

11

Band3

10

4

5.5

15

J7

22

11

19

5

1(7

9.5

26

Table9APhagocyticandMacrophagescellsineachband



Day

13

15

17

19

24H

72H

Typeofcells
5x10

Ad.

Phag

Mac

Ad

Phag

Mac

Ad

Phag-
Mac

Ad.

Phag

Mac

Ad

Phag

Mac

Ad

Phag

Mac

Band1

2.1

0.29

0.18

3.2

0.7

0.4

2.11

0.10

0.69

2.9

0.69

0.81

3.25

0.45

0.83

2.2

0.78

0.9

(1.064)

2.2

0.3

0.2

2.9

0.5

0.4

2.9

0.9

0.8

2.6

0.7

0.7

3

0.5

0.7

2.0

0.71

0.82

x106

2.3

0.52

0.16

2.6

0.5

0.3

2.8

0.82

0.73

2.3

0.5

0.75

2.7

0.62

0.69

2.4

0.8

0.94

Band2

1

0.5

0.06

1.55

0.45

0.11

2.61

1.72

0.52'
2.2

1.3

0.2

2.3

1.3

0.37

3

2

0.65

(1.076)

1.2

0.59

0.05

1.78

0.62

0.09

2.5

1.6

0.3

2.5

1.45

0.25

1.9

1

0.35

2.9

1.7

0.5

x106

0.95

0.38

0.04

1.6

0.6

0.1

2.39

1.55

0.4

2.19

1.25

0.19

2

1.1

0.3

2.5

1.6

0.6

Band3

0.62

0.29

1.2

0.74

1.7

1.15

2

0.94

2.2

0.92

1.6

1.2

(1.123)

0.5

0.23

1

0.53

1.5

1.08

1.95

0.7

2.1

0.83

1.52

1

x106

0.5

0.19

1.29

0.8

1.7

1.1

L,
j2.3

1.1

1.95

0.8

1.69

1.35

Table9BPooleddataforAdherent,phagocyticandmacrophagescellsindifferentstagesoffetalliver.



Fig (14) Phagocytic cells which engulfed yeast particles.

D. 13 fetal liver, 1.076 fraction.

J.G. Stain x400

Fig (15) Phagocytic cells engulfed yeast particles. From 72 H

after birth liver, 1.076 fraction. Phagocytic activity could be

compared between these two figures. This is due to differences

and development in liver.

J.G. Stain x400



 



Fig (16) Phagocytic cells engulfed yeast particles, D. 19 fetal

liver, 1.076 fraction.

J.G. Stain x400

Fig (17) phagocytic, cells engulfed yeast particles, D.19 fetal

liver, 1.123 fraction. The differences in phagocytic activity

could be noticed between 1.076 and 1.123 fraction of the same

day.

J.G. Stain x400
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3.1.5 Macrophages

Procedure

Similar procedure and technique for phagocytic cells were used to

identify the macrophage cells. Non specific esterase stain was

used to demonstrate macrophages along with the J. Giemsa. The

criteria used for macrophages was based on the combination of morpho¬

logical appearance, phagocytic activity and positive to non-specific

esterase staining.

Results

In Fig (19) and table (9A) macrophages were found in band 1 and

band 2 but in very small numbers in band 3. In general the result

presented in Fig (19) indicated there were small numbers of macro¬

phages in fetal liver when cell number is considered, but these

macrophages are heterogenous and exhibit both denderitic and epithe-

liod forms. Fig (2D) demonstrates a good example of a denderitic

macrophage which has engulfed a large number of yeast particles and

three extruded nuclei. This cell was isolated from adherent cells

of the middle fraction (1.076) from a day 13 fetal liver. Negative

cells to non specific esterase stain are illustrated in Fig (21) and

Fig (22). These cells were phagocytic cells and have ingested

yeast particles and are pale brown in colour while positive cells

were red in colour. In fact negative cells following fresh staining

look green in colour.

Table 9A and 9B tabulated the phagocytic and macrophage cells in

each band. High proportions of macrophages in band 1 comparing that

with band 2 and 3. For example at day 13 fetal liver 5% in band 1
»

while in band 2 1% and no macrophages in band 3 while on day 17 of

gestation, 16% of macrophages in band 1, 6% in band 2 and zero



percent in band 3.
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Fig (20) Macrophage cell which is isolated from middle fraction

(adherent cells), D.13 fetal liver. It is activated and iigested

many yeast particles.

J.G. Stain xlOOO
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Fig (21) Phagocytic cells ingested yeast particles and the cell

which is in the upper right corner just started to engulf yeast

particle. D. 13 fetal liver cells, 1.076 fraction.

Non-sp. est. stain x800

Fig (22) Yeast particles are engulfed by phagocytic cells.

D. 15 fetal liver cells, 1.064 fraction.

Non-sp. est. stain x 800.
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3.1.6 Histology of the liver.

Procedure

Fetal liver tissue (Adult liver and fetal liver) was prepared by
#

microtome section and stained with Erlich's hematoxylin and eosin

stain were examined microscopically. Slides were prepared from

different stages of fetal liver.

Results

In general fetal liver during embryogenesis is very cellufar but

at early stages a significant proportion of hemopoietic cells are

present Fig (23). The architecture changes markedly during adult

life when hepatocytes, sinusoids, hepatic artery, portal vein and

bile ducts are present with no haematopoietic cells Fig (24).
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Fig (23) Cross section for adult liveij hepatocytes, hepatic artery

and sinusoids noticed in this section. Some erythrocytes inside the

hepatic artery. There is no heamopoietic nucleated cells as Fig (24)

E. Hematoxylin Stain x320.

Fig (24) Cross section for day 17 fetal liver. Masses of hemopoietic

cells could be noticed in this figure and different histological

architecture from adult liver which is exhibited in Fig (23).
%

E. Hematoxylin Stain x320.
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4.1.1 Day 15 Regulator

Procedure

Condition medium from fractionated fetal liver cells (D.15)

were collected as supernatant Fig. (25). The regulators were

tested by incubating quiescent normal bone marrow stem cells

with supernatant Fig. (26). Twenty mice for each group and ten

mice for each sub-group were used. Treating tube A of each group

with ara-c to kill the stem cells synthesizing DNA control

tubes incubated with medium instead of the supernatant. Bone

marrow cells were injected into lethally irradiated mice Fig. (27).

Nine days later mice were sacrificedfand spleen colonies were

counted. The effect of the supernatant on the proportion of

hemopoietic stem cells synthesizing DNA, Fig. (27).

The effect of factors which stimulate normal bone marrow CFU-S

is demonstrated in Fig. (28). This factor increases the proportion

of stem cells synthesizing DNA from 10% to about 40% compared to

the control group which is treated with medium only. The stimu¬

lant factor can be isolated from cells with a density 1.064 gm/ml

tration tested Fig. (29) and table (10). Stimulant factor could

be isolated from band 1 and band 2 but no stimulant factor was

found in band three.

Results

but not from cells with density

There was a significant difference between the proportion of CFU-S

in S phase following -incubation with supernatants from band 3 or

band 2 (0.001< P < 0.01, table 10)!



Fetalliver

Completecell suspension

Fractionationon Percolldiscontinuous ^ gradients

111cubation 37°CCentrifugat ■>

+
4ĥ3000RM

20mirts

20% HS

Fig.25Collectionoffetallivercellsupernatant



Adultbonemarrow | CFU-S
|10% rnatant

Supei

l ™. StimulatorPresent
Fetalliver

O

Fig*26
Theactionofstimulantfactorwhichis presentinthesupernatantoffetal liver.
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NormalBM cells + Medium NormalBM cells + Medium

TubeA TubeB 37°C

NormalBM cells\ +jSupernatantJ NormalBM cells + Supernatant^
4hr TubeA TubeB

TubeA +ara-c
1hr TubeA +ara-c

%CFU-Sin Sphase

C-C,

5x10 Bone Marrowcells
9days later

820radxray SpleenfixinBouinssol countcolonies.

x100

Fig.27Protocolof assayforCFU-S

Cj=No.ofCFU-SinSphaseandnotinSphase C^=No.,ofCFU-SnotinSphase
proliferationstimulator.
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Supernatantof fractionated cells

No.ofcolonies inspleensA /5x104(+se) withara-c

No.ofcolonies inspleensB /5x104(+se) withoutara-c

Proportionof CFU-SinS phase% (+se)*

9.9+0.57

11.5+0.65

13+6.9

1.123
•(Band3)

9.3+0.8

1.1+0.2

15+7.4

10+0.47

12+0.8

16+6.7

8.4+0.6

14+0.85'

40+5.6

1.076 (Band2)

8+0.9

12.8+1

37.5+9.3

7.5+0.34■

12+0.59

37.5+4.1

1.064 (Band1)

6.7+0.29

10.1+0.52

33+2.9

8.1+0.47

12.4+0.63

34.6+5

10.9+0.23

12.5+0.8

12+4.5

Control

9.5+0.3

•■11.1+0.5

14+4.7

9.1+0.39

10+0.41

9+5.3

Table10Testingthesupernatantoffractionatedcells *seerrorscalculatedusingthemethoddescribedbyB.I.Lord,L.G.LajthaandJuliaGidali(1974)
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4.1.2 Regulators at different stages of gestation

Procedure

A similar procedure and technique for collecting and studying the

regulators at different stages of gestation (D.17, 24H, 72H, 1W, 3W and

adult liver ) was used (see 4.1.1). Supernatant were prepared from

total cell suspension of liver cells and were not fractionated.

Result

Stimulant factor was detected in fetal liver at all stages of gestation

while after birth it was not detected after 1-2 weeks Fig. (30).

In Fig (31) the effect of stimulant factor at different stages of

gestation is plotted in relation to normal bone marrow controls. In

the control group 10% of CFU-S were in S phase. A further 40% of

normal bone marrow hemopoietic stem cells appear to have been switched

into DNA synthesis by the action of a stimulator of cell proliferation

in day 17 fetal liver cell supernatant and 24 hours liver supernatant.-

By the effect of stimulator which is present in the 72. hours liver after

birth 35%, CFU-S switched into DNA syntheis, while one week old

liver has weak stimulant factor 25% CFU-S in?S phase. Three weeks

liver cells supernatant has the same level of control group 10%. As

well as 10 weeks old adult cells supernatant was tested but the result,

same as control, table (11).

Supernatants from day 17 of gestation contain a stimulator wheras

supernatants from one week old liver did not (p ^0.001, table 11).



Ageof theliver

No.ofcolonies inspleensA per5x10C±se)
No.ofcolonies inspleensB per5x10(+se)
%CFU-S inSphase

No.ofcolonies inspleensA /control
4

per5x10(+se)
No.ofcolonies inspleensB /control per5x10(+se)
%CFU-S inSphase

D.17

7.1+0.8

12.5+0.2

43+6.4

11+0.7

12.2+0.35

9+6.2

8.3+1

14.3+0.75

40+7.6

11.8+0.95

13+0.58

10+8.3

8.1+0.29

13.4+0.41

39+2.8

11.3 _+0.9

13.5+0.38

16+7

24H

6+0.25

9.5+0.69

36+5.2

8.9+0.39

9.9+0.52

10+6.1

5.1+0.91

7.8+0.6

35+5

7.2+0.31

7.8+0.4

7.5+6.1

7.1+0.46

10.9+0.72

34+6

9.2+0.56

10.2+0.62

9+7.7

72H

6.5+0.29

9.9+0.9

34+6.6

7.3+0.63

8.5+0.18

14+7.6

7.5+0.43

11.3+0.8

34+6

8.9+0.25

9.9+0.41

10+4.4

710-71

10.3+0.42

32+7.4

9.9+0.53

10.8+0.37

8+5.8

1w

7+0.64

9.7+0.39

27+7.2

7.9+0.38

9.2+0.33

14+5.1

8+0.73

10.8+0.21

25+6.9

8+0.52

9.4+0.81

14+9.1

3W

6.5+0.30

7.8+0.42

16+2.6

6+0.49

7.3+0.27

17+7.3

3.8+0.25

4.3+0.22

11+7.2

4+0.24

4.5+0.26

11+7.4

10W

7.5+0.53

8.9+0.48

15+7.4

6.4+0.19

7.5+0.21

14+3.4

6+0.25

6.5+0.15

8+4.3

5.8+0.30

6.3+0.4

7+7.5

Table11CFU-SAssayfordifferentstages.
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4.1.3 Number of CFU-S in fetal liver

Procedure

For CFU-S assay recipient mice (10 or 15 per group) received 8.2 GY

x irradiation. Fetal liver cells were obtained from normal pregnant mice

15 day, 17 day, 24 H after birth and one week old liver. On separate

occasions a group of mice were injected iVc. with a 10^ fetal liver cells

prepared from day 15 or day 17 days gestation while cells prepared

from 24 H and 1 week old livers were injected at 10 cells per mouse.

Nine days later the mice were sacrificed.

Results

The results are tabulated in table (12) and in Fig. (32) and indicate

that 10^ fetal liver cells from day 15 and day 17 fetuses would give

rise to approximately 5.9 jtO*63anc' O.jy colonies per spleen

respectively while 10^ liver cells from 24 H and 1 week old liver

would give rise to 23 _+Q-^and 14 _+ f).4| colonies per spleen respect¬

ively. So the number of CFU-S per 10^ cells was approximately

constant during prenatal life. At later stages of gestation the

number of CFU-S per liver decreased dramatically from 1386 CFU-S per

liver to 575 CFU-S per liver. The result of CFU-S number per liv er

and presence of stimulator in fetal liver are compared Fig (33).

A highly significant difference was observed between the number of

CFU-S on day 15 compared with 24 H after birth (0.001 <P <. 0.01,

table 12).



D.15 +se

D.17 +se

24H +se

1W| +se

No.ofnucleated cells/liver x10

37+1.4

33+1.6

25+1.2

25+1.8

No.ofcolonies perspleen

5.9,.+0.83 /19

4.2C+0.59 /105_

23+0.62 /10*

14+0.41 +10

No.ofCFU-S perliver

.2183+316.5
1386+205

575+31.6

350+26.95

Table12CFU-Sinfetalliver
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4.1.4 Regulators in adherent and non adherent cells

Procedure

The procedures for preparing adherent and non adherent cells from fetal

liver cell suspensions are described in section 3.1.3 chapter 3 and for

preparing supernatants in section 4.1.1. Normal bone marrow cells

were incubated with the supernatants from the different sources and

CFU-S kinetics studies. Controls were incubated withrmedium as

described in section 4.1.3.

Results

The results are illustrated in tabel (13) and Fig (34) and showed that

stimulant factor was present in supernatants which were isolated from

adgerebt cells. This supernatant stimulates quiescent CFU-S into

cycle and thus the proportion of CFU-S in DNA synthesis increases

from 10% to 37%. This result can be compared to control groups

in which only 15% of CFU-S and are undergoing DNA synthesis and non

adherent cell supernatants which weE unable to switch or trigger quies¬

cent normal bone marrow CFU-S into cycle.

A significant difference was observed between adherent supernatants

and control (0.01> P ^ 0.001, table 13).



Supernatants
No.ofcolonies inspleenA per5x104

.(+se)

No.ofcolonies inspleenB per5x10 (±se)

%ofCFU-S inSphase (jtse)

Adherent cells supernatant

6.6+0.43

10.6+0.49

37+4.9

8+0.54

12.7+0.29

37+4.4

Nonadherent cells supernatant

9.2;+0.59

10.1+0.63

9+8.1

10.3+;0.88

11.9+0.9

13+9.8

Control

8.3+0.4

9.8+0.71

15+7.3

•

9.4+0.38

10.5+0.62

10+6.4

Table13Stimulantfactorinadherentcells
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4.2 Regulators of GM-CFC proliferation

4.2.1 Colony stimulating activity (CSA) in fetal liver

Procedure

Day 15 fetal liver cell suspensions were prepared 20 x 10^ per

ml. Supernatants from day 15 fetal livers were also prepared and

diluted appropriately (neat, 1:1, 1:2, 1:3). Different concent¬

rations of supernatant were used instead of WEHI conditioned

medium to test for CSF in this supernatant. Day 15 fetal liver

cells were used as a source of GM-CFC.

t

Results

No colonies grew which suggest that CSF levels present in these

concentrations of day 15 fetal liver supernatants were low, table

(14).
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CFU-C

per 10
cells

CFU-C

per 10
cells +

ara-c

Percent

of CFU-C
in S phase
%

day 15 fetal liver cells
with WEHI conditioned
medium

68 + 2.1 35 + 1.5 48+2.7

day 15 fetal liver cells
with supernatant from day
15 fetal liver cells

0 0 0

Table 14 Colony stimulating activity in fetal liver.
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4.2.2 GM-CFC in fetal liver

Procedure

Fetal liver on the fifteenth and eighteenth day of gestation were

chosen to study GM-CFC in fetal liver. The livers are dissected to

prepare cell suspension from both mice day 15 and day 18 of preg-

nancy. Cell counting^carried out by Coulter-Counter and the
number of cells were adjusted 5 x 10^. Two tubes were pre-

(\ vJevie.

pared for each day (A and B tubes). Tubes^treated with ara-c and

the same quantity of ara-c medium ^^added to tubes B. Incubation

in water bath for one hour to kill GM-CFC in DNA synthesis by

ara-c. WEHI used as CSF and then incubation fetal liver cells

(10^/ml) in agar medium for seven days. Morphological study and

counting the colonies seven days later.

•

Results

At the middle stage (15 day) of gestation in murine fetal liver, a

large proportion of granulocyte - macrophage colony forming

cells (GM-CFC) were in DNA synthesis (47 _+ 2.5%) whereas at later

stages of gestation for ex. day 18 a smaller proportion of GM-CFC

were in S phase (18 _+ 2%) Fig. (35). The morphology of the

colonies formed by the GM-CFC from cultured fetal liver were

examined. So most 15 day colonies were macrophages colonies (Fig 40)

in comparison with 18 day colony which were compact and granulo¬

cytic and mixed colonies Fig 38, and Fig 39.
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4.2.3 Organ Culture

Procedure

In the first experiment the optimal size of explants was evaluated.

Thus three sizes of day 15 fetal liver explants were prepared with

approximate dimensions of 1 mm, 2 mm and 3 mm.

Five explants were chosen at random from each size group and single

cell suspensions prepared from each size range. Cell suspensions

were counted to determine the average number of cells per explant.

Further explants were placed on the surface of milliport filters.

Medium added inside the petridish and these petridishes placed

inside a large dish. All petridishes were then introduced into a

culture jar Fig. (36). Incubation was carried out using two

different gas phases. Firstly 95% 0^ plus 5% Co^ and secondly
95% air plus 5% C^. Incubation continued for 3 days.

After incubation, some explants were isolated for histological

section and five explants from each size group were used to count

the number of cells in each explant after culturing

Results

The results which are Labulated and in table (15) demonstrate that

the 2 mm explant size was the best size to study fetal liver in

organ culture. The morphology of cells prepared by cytospin

preparations, the cell number and histological preservation was

optimal. 1 mm explants were difficult to handle for sectioning

while 3 mm^exhibited poor morphology for cells and some explants

had central necrosis with areas of degeneration Fig. (37). The

optimal conditions for the gas phase in organ culture seemed to
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be with 95% 0^ Plus 5% Co2' where good morphological and histological
preservation was observed.
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Table 15 Organ Culture

Size Cytospin Cell Count x 10 Cross Section

Before

Culturing
After

Culturing

1 mm Good

Morphology
2.2 1 Difficult to

handle for

sectioning

2 mm Good

Morphology
4.5 3.5 Good Growth

3 mm Poor

Morphology
6. 7 3.3 Necrosis and

Degeneration

95% 02 Good
+ Morphology
5% Co2

4.2 3. 1
—

95% Air Poor
+ Morphology
5% Co2

4.5 2.5
—
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Fig. (37) Necro.fck«- and degenerating - cells in 3 mm

explant of fetal liver after three days organ culture.

Nec rotic and degenerated cells stained brown and

dark brown while live cells stained pink or pink-violet.

E. Hematoxyline stain x 20
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Fig. (38) Two compact colonies containing predominantly granu¬

locytic cells grown in agar culture from day 18 fetal liver cells.

Mayer's Hematoxylin Stain x 320.

Fig. (39) Mixed colony, dense centre containing granulocytic cells

surrounded by a looser peripheral halo of macrophages. Colonies grown

in agar culture following three day organ culture of day 15 fetal

lvier explants.

Mayer's Hematoxylin Stain x 400.

Fig. (40) Loose colony consisting of predominantly macrophages grown

in agar culture following three days organ culture of day 15 fetal

liver explants.

Mayer's Hematoxylin Stain x 160
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4.2.4 Organ culturestudies with time

Procedure

The same procedure in section 4.2.3 for organ culture was used.

In this experiment explants were maintained for 3 day, 5 days and

7 days to determine the number of GM-CFC present in the explants

of fetal liver. The proportion of GM-CFC in S phase was determined

following incubation with ara-c.

Re5ultS
«fts

GM-CFC per 10^varies and depends on the duration of organ culture

and fetal liver age. 72-84 CFU-C per 10^ cells of day 15 fetal liver

while 56-61 CFU-C per 10^ cells for three days organ culture,

12-16 CFU-C per 10^ cells for five days and 22-23 CFU-C per 10~*
cells for seven days. In comparison with day 18 fetal liver

produces 111-138 CFU-C per 10~* cells, table (16).

The proportion of GM-CFC synthesizing DNA was reduced from 48% for day

15 fetal liver to 27% for cells maintained for three days in organ

culture. While cells maintained for five days in organ culture the

proportion falls further to about 15% and be seven days to about 7%.

While in day 18 fetal liver about 19% of GM-CFC in S phase Fig. (41).

Granulocytic colonies (compact) Fig. (38) were recognized in all

cultures from both the control and organ cultured studies, but in

particular .day 18 fetal liver, exhibited a large proportion of

colonies of this type. Granulocytic-macrophage colony (mixed)

Fig (39) with granulocytic cells in the core of the colony and macro¬

phages spread around them wer also observed, and macrophage colonies

(loose) Fig. (40) which were particularly prominent in cultures from

day 15 fetal liver.



Durationof organculture (days)

No.of nucleated cellsper anexplant X106

CFU-C per10 cells

CFU-Cnot inSphase per10cells ±.

percent ofCFU-C inSphase% ±.3€

3

3.2

59.9+0.86

42+0.39

29.8+1.2

3.7

56+0.72

41+0.61

26.7+1.4

3.5

61.3+0.52

45.5+0.62

25.7t1.2

5

2.4

12+0.42

10+0.5

16.6+5

2.5

16.4+0.38

14.1+0.63

14+4.3

7

2.3

23+0.9

21.3+0.73

7.3+4.8

2

22.5+0.45

20.8+0.41

7.5+2.5

Day15culture,direct culture,without organculture

72+1.83

38+0.82

47+1.7

81+2.67

42+0.72

48+1.9

00

1
+

LO

45+0.44

46+1

Day18culture,direct culture,withoutorgan culture

111+1.83

89+0.52

19+1.4

138+8.48

112+0.93

18+5

120+4.66

96+0.71

20+3.1

Table16CommittedstemcellsCFU-C)inorgancultureofCD1fetalliver.
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4.2.5 ■ Regulation of GM-CFC proliferation

Procedure

Explants of day 15 fetal liver were incubated in organ culture as

described in section 4.2.3. Cell suspensions were prepared after

three days culture. Supernatants were prepared from day 15 fetal

liver cells as described in section 4.1.1. Cell suspensions which were

preparedffrom three day organ cultures were incubated with day 15

supernatants. Treating with ara-c to kill GM-CFC in S phase to

determine the proportion in cycle.

The same technique was also used for testing supernatants which were

prepared from separated adherent and non adherent cells from day 15

fetal liver.

Day 15 fetal liver cells and- three day organ cultures were used as

controls.

Results
■■ - ■ /

GM-CFC which were switched out of cycle during organ culture can

be switched back into cycle when treated with day 15 fetal liver

supernatant. Following three days of organ culture 24 _+ 4.1% of GM-CFC

were undergoing DNA synthesis, whereas before organ culture

48 _+ 3.8% were undergoing DNA synthesis, Fig (42). Cell suspensions

prepared from three day organ cultures were treated with day 15

fetal liver supernatant. The proportion of GM-CFC in DNA synthesis

increased markedly and approached control levels of 4~j +

Thus stimulant factor for GM-CFC was present in this supernatant, table

(H).
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Following three day in organ culture the proportion of GM-CFC in

DNA synthesis was 2g«3 ^ %. Cell suspension were prepared from

these three day organ cultures (fetal liver) and incubated with

supernatants prepared from non adherent cells, the proportion of

GM-CFC synthesizing DNA increased markedly from 2fj.2>_+ % to

_+ 4-.g%. This suggests the presence of a stimulant factor

produced by non adherent cells. This stimulation did not occur when

adherent cell supernatants were used. The proportion of GM-CFC in

DNA synthesis was the same as the control group, Fig (43) and did not

change during treatment.

Supernatants from non adherent cells significantly increased the

proportion of quiescent GM-CFC into S phase (0.001 < P <0.01,

table 17).



"taaBBBKi

1I

/mag*a.

ps

s

laa

i

1Ba

B

D.I5

CFCinSphase CFGnotinSphase
3D.with supernatant

Figure42GM-CFCproliferation .stimulaotrpresent insupernatantof D.15fetalliver



100

SB

fja

8S

1j813

358e

Na

ag

16

2B

i3

a:

1s

2c

3

S8

I8

8s

1a

0s

i3

2I

1s

2£

fc2
[a

2£

VTV
0a

<2)©

18

as

•GOO

I1
I8

Ei

GO©
M2

J1M

GOO
25

GOC

15

£S

GOG

el3

as

946

;'!

aa

«©a a&a

§\

Ei:; Ia

VTT
o©&

e>o« ©aa aoo ©sc. soc GO© ©a© ®QS> GO® COO
itao OS© GOG (SCO j»J>

-3D.Nonad ce!!s

COG ««« ©©©

CFGinSphase
iE

1118 [it52 Hit
jias;»gE 12ea|aaa dsaa Bpe

•jBii1 iaaa 3iii111iflE2|eejlaaa
696

;!iE
QQ©

•iSS
GOO

aaI
tlls

GO® GO®
itQ©

'Iass
GO®

$lsE
GOO

ilia
GOO

SiI III gJUU

CFGnotinSphase
Ad.ceils

Figure43GM-CFCproliferation stimulatorpresentin non-adnerentsupernatant ofD.15fetalliver



No.of nucleated cellsper anexplant x10

CFU-C per10 cells +se

CFU-Cnot inSphase per10cells +se

Percent ofCFU-C inSphase %+se

Directcultureforday15fetallivercells
-

79+3

42+1.5

46.8+2.7

-

75+2.7

38+1

483.8

Threedaysorganculture

2.7

45+2

32+1.8

28.8+5

2.5

43+2.5

32+1.2

25+5.1

Threedaysorganculturefollowedbyincubationwithday15 supernatant

2.7

44+2.5

22+1.7

50+4.7

2.5

46+2.3

24+2.6

47+6.2

Adherentcellssupernatant + Threedaysorganculturecells

2-7

45+2.4

33+1.9

26.6+4.7

2.5

42+2.8

30+1.8

28+6.4

Nonadherentcellssupernatant' + Threedaysorganculturecells

2.7

47+3.5

26+1.2

44.6+4.8

2.5

46+3.3

26+1.6

50+5.3

Table17pooleddatafororgancultureexperimentsandregulationofGM-CFCproliferation.
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Chapter 5 - Discussion

5.1 Cell separation and counting

5.2 Adherent cell, phagocytosis and macrophages in fetal liver

5.3 Regulation of CFU-S proliferation

5.4 GM-CFC in fetal liver

5.5 Organ culture
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1.5 Cell separation and counting

In the development of hemopoiesis the liver is important from

day 10 until shortly after birth. Hemopoiesis in the liver is

mainly erythropoietic. In this investigation the pattern of hem¬

opoiesis, separation of fetal liver cells, differential count,

histological study, regulation of CFU-S proliferation, as veil as

changes taking place in organ culture of fetal liver and regu¬

lation of GM-CFC proliferation were studied.

Cell counts from unfractionated fetal liver demonstrated a

small difference between the total number of cells (nucleated and

non nucleated cells) and nucleated cells in each liver at early

stages of gestation but this difference increased by day 17 of

fetal liver where the number of non nucleated cells increased

markedly. The number of nucleated cells increased throughout

gestation but decreased after birth. This decrease was probably

related to the loss of some nucleated cells during the preparation

of single cell suspension. In the later stages of fetal liver and

the liver of the neonate larger numbers of hepatocytes were

present. Therefore it was more difficult to isolate single cell

suspensions from this tissue.

Fractionated nucleated fetal liver cells were counted for each

band and at different stages of gestation. High number of nucleated

cells were found in band three at early stages of fetal liver.

This is due to "the high proportion of terminal phases of erythroid

cells which were concentrated in band three but after day 15 of

gestation these cells developed to mature stage and changed to

erythrocytes and the latter were not counted. Therefore the number

of nucleated cells decreased in band three. J. Paul et al (1969)



139

found no erythrocytes at day 14 but a markedly increased

number by day 15 of gestation.

Differential counts for unfractionated fetal liver cells carried

out for different stages of gestation illustrated the high

proportion of erythropoietic cells incearly stages of fetal liver

(about 95%) while the}decreased dramatically by day 19 (9% only).
This related to the high production and maturation of erythrocytes

at early stages of gestation which are important to transport

oxygen to other tissues of embryo. Very small numbers of myeloid

cells were present in early stages of fetal liver (about 4%) at

day 13 while this number increased markedly by day 17 of gestation

(26%). This is presumably related to the demands of the fetus which

depend for its defence mechanisms at early stages of gestation on

lymphoid component is very small at all stages of gestation although

there is an increase. The results of differential counts for

later stages of fetal liver showed an increase in tissue cells and

if myeloid cells with fewer erythroid cells. J. Paul et al (1969)

found no nucleated erythroid cells at day 17 or day 18 of gestation.

The percentages of proerythroblasts falls after the 17th day

followed by a drop in erythroblasts (Silini et al 1967).

Differential counts for percoll fractionated fetal liver cells were

counted for different stages of fetal liver. At early stages of

fetal liver, erythroid cells dominate all bands but ortWifcmatic

erythroblast cells were particularly prominant in the heavy density

bands ( 1.076) and were concentrate!in the 1.123 gm/ml band while

proerythroblasts were found in the light density band ( 1.076).

Myeloid cells increased in number after day 15 of gestation and

were then found in the middle band (1.076). Generalized blast cells
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and some cells undergoing mitosis were isolated in band one (1.064).

Lymphoid cells were present in band three (1.123) at later stages

of gestation.
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Cell separation was carried out successfully by fractionating

on a percoll gradient separating fetal liver cells into three

subpopulations. Modified colloidal silica (percoll) was intro¬

duced as a density medium and compared with bovine serum albumin,

Ficoll and sucrose (H. Pertoft, M. Hertenstein and L. Kagedal 1979).

Ideally, a gradient medium should be iso-osmotic, non toxic, and

have physiological ionic strength and ph, have low viscosity be

capable of forming gradients of a broad density form 1.0-1.3

gm/ml and be easily removable from: biological material.

Worton, McCulloch and Till (1969) and Haskill (1969) used bovine

serum albumin to produce gradients for the separation of hemopoietic

cells, while Niewish et al (1967) used Ficoll for separating these

cells.

Moore et al (1970) separated adult bone marrow cells and fetal liver

cells by using the BSA gradient technique to study the heterogeneity

of CFU-S and concentration in each band.

C.M. Rennie et al (1979) fractionated human erythrocytes by using

a mixture of percoll and BSA (several parcents) as a continuous

gradient so a wide range of densities could be achieved with this

mixture and good fractionation of erythrocytes, luekocytes and

lymphocytes were obtained. A.J. Ulmar and H.D. Flad (1979)

separated human mononuclear leukocytes on a discontinuous gradient

of ^ercoll. C. Gutierrez et al ( 1979) separated lymphocytes into
subfractions of T and B lymphocytes by a discortinous gradient of

percoll. Hence percoll has been used as an alternative substance

for BSA, Ficoll and Sucrose.

In our work percoll was used as gradient medium for the separation
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of fetal liver cells at different stages of gestation. The

separation was carried out successfully and the cell type,

adherent and non adherent cells, phagocytic cells, macrophages,

and stimulator producer cells were studied in each band. There

was always some cell loss in each centrifugation tube because

only the banded cells were collected. Cell loss increased from

23% on day 13 of gestation to 40% at F2H after birth. A.W.

Hamburger, Frances E. Dunn and Kathleen L. Tencer (1983) used

percoll as density gradients medium for cell separation and

they recovered from 16 experiments about 60% of the total

number of cells, thus loosing about 40%. This agree well with our

experience with this gradient material.
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2.5 Adherent cells, phagocytosis and macrophages in fetal liver

Plastic pertri-dishes were used as a container for fetal liver

cell suspensions. Cells which adhere to plastic were removed

by scrapping using a rubber policeman. The criticism of this

technique is that ddherent cells could be damaged. Thus the

numbers of adherent cells predicted by subtracting non-adherent

from total were greater than for adherent cells counted directly.

Adherent cells in each band of fractionated fetal liver cells were

counted for different stages of gestation. There was a high pro¬

portion of myeloid cells in band two and one, therefore also a

high proportion of adherent cells were jound in band three which
contained a high proportion of erythroid cells. In general there

is only a small percent of adherent cells in fetal liver due to the

high proportion of erythroid cells and unfractionated cells. Both
not

these type sof cells were^adherent to any great extent.

Phagocytosis by fetal liver cells J*hs been demonstrated at an early

stage of development. Phagocytic activity for fiactionated fetal

liver cells was studied by using opsonised yeast particles.

Counts of phagocytic cells and their proportion relative to adherent

cells were obtained using glass coverslips. The adherent cell's which

engulfed one or more particles were considered as phagocytic

cells. Later stages of myeloid cells were phagocytic but which stage

of myeloid development wc\s the first to become phagocytic is still

unknown. Very small numbers of phagocytic cells were present at

early stages of fetal liver butthis number increased gradually in

relation to the to _al number of nucleated cellstper liver. As

Well as the activity of phagocytic cells were different between early
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■and later stages of fetal liver. There is a difference in the

number of engulfed yeast particles by the phagocytic cells, for

ex.day 13 fetal liver cells ingested about four particles as a

maximum number, while day 19 cells engulfed about 10 particles

as a maximum number.

Different proportions of phagocytic cells were found in the different

fractionated bands of fetal liver cells. This seem ed to depend upon

the proportion of myeloid cells in each band. Therefore a high

proportion of phagocytic cells were isolated from band two (1.076
gm/ml) because most the myelopoietic series were present in

this band, especially the metamyelocyte and band form. This

proportion of phagocytic cells was between (11% - 35%).

However some neutrophilic cells were present in band three (1.123

gm/ml) and especially the later stages of myeloid cells (band cells).

Hence again a high proportion of phagocytic cells was found in

band three between (4% - 26%)'. Only a small number of phagocytic

cells was found in band one (1.064) because a high proportion

of early stages of erythoid cells and generalized blast cells were

concentrated here. In general phagocytic cells were heavier in den¬

sity than generalized blast cells and early stages of erythroid

cells.

Cells exhibiting non specific esterase positive activity were shown

to be present in fetal liver. Such cells were concentrated in

the adherent population. In the case of macrophages however the

stain is taken up through out the cytoplasm. In fetal liver

adherent phagocytic and adherent esterase positive cells have been
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demonstrated, it is highly probable therefore that macrophages

are well represented in this organ. However there are a very small

number in relation to the total number of nucleated cells per liver.

E. Kelemen and Margit Janossa (1980) reported the first differ¬

entiated definitive blood cells apparently formed in or at least

preferentially attracted to the liver were macrophages. Up to

70% were found free in the intravascular elements, 50 to 10% were

found in the liver sinusoids and 0.5% were circulating macrophages.

In our findings macrophages were concentrated in band one and band

two (1.064, 1.076) of the fractionated fetal liver cells. These

results for different stages of gestation and its proportion

increased markedly by day 15 where a high proportion of macro¬

phages were found in band one (1.064) but no such cells were

recognized in band three. H. Pertoft et al (1979) noticed that

macrophages were consistently found in band 1.060 - 1.070. So

our observations agree well with this result. Hence macrophages

have a denisty < 1.076 and a large size more than any cell in

fetal liver even when not activated. These cells were recognized

by their non specific esterase staining.
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5. 3 Regulation of CFU-S proliferation

The spleen colony assay technique was used for testing the effect

of prolifeation stimulators derived from fetal liver cell sus¬

pensions. In order to avoid two or more colonies overlapping and

thus appearing as one, an optimal number of injected bone
4 . .

marrow cells of 5 x 10 was used. This leads to an even distri¬

bution of isolated colonies on the spleen. The CFU-S assay can

be used to determine the stem cell concentration in different

tissues. For example a suspension of bone marrow cells contained

9.6 _+ 0.9 CFU-S per 10"* cells and whereas a suspension of fetal

Uver cells contained 3.7 _+ 0.5 CFU-S per 10^ cells (D. Bryvtroov

Thomas 1973, 1975). The problem with this assay is that the

actual number of colonies is rather small and thus large numbers

of animals and several experiments need to be carried out in order

to obtain statistically significant results particularly in the

determination of the proportion of CFU-S in S phase* -

in mice in which one tibia was shielded during whole

body irradiation^ In both irradiated and shielded mice, the

increased CFU turnover continued in the irradiated tibia even

after the time when in the unirradiated (shielded) tibia it

returned to normal levels (Gidali and Lajtha 1971). Tubiana,

E. Frindel, H. Croizat and F. Vassort (1976) used partial

body irradiation in an attempt to study long range stimulating

factors and stem cell prolifaation in the mouse bone marrow.

L.G. Lajtha and E.G. Wright (1978) investigated the production of

factors responsible for the control of CFU-S proliferation.

Factors having a stimulatory and inhibitory effect have been demon¬

strated.
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The supernatant obtained from suspensions of fetal liver cells

or bone marrow can be tested for CFU-S proliferation by the

incubation with normal murine bone marrow stem cells and following

the incubation with supernatant the proportion of haemopoietic stem

cells synthesising DNA in the suspension of normal murine bone

marrow increased..

Thus using the spleen colony assay, stimulant factor in fetal liver

was studied. It has been demonstrated that stimulator is present

in fetal liver and cells in the density band 1.076 gm/ml are

capable of producing a stimulator of haemopoietic stem cell

proliferation.

Stem cell prolifaation is regulated in haemopoietic organs. B.I.

Lord et al (1976) found that a saline extract from bone marrow

cells was inhibitory for stem cell prolifeation. B.I. Lord,

Mori and E. Wright (1977) concluded that stem cell prolifaation

is controlled by an appropriate balance of endogenously produced

stimulators and inhibitors, E. Wright and B.I. Lord (1977)

incubated bone marrow cells treated withpHZ and irradiated

spleen cells taken from the same mice. They noticed a marked

fall in the proportion of femoral CFU-S in DNA synthesis while

rapid triggering of splenic CFU-S is achieved in the converse

experiments. The existence of a possible local control of CFU

turnover was studied in mice in which one tibia .

.. E.G. Wright and B.I. Lord (1979)

have expressed the conditioned media concentration on the basis

of "Total cell ratio" e.g. the addition of 1 ml conditioned media

obtained from a "modifier" population which contained 3 x 10^
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cells/ml to 1ml of "assay" cells containing 10^ cells/ml is

equivalent to a "modifier":"assay" total cell ratio of 3:1 or

a conditioned media concentration of 75%. In our work, 1 ml of

supernatant obtained from 20 x 10^ cells/ml was incubated with

10 x 10^ of bone marrow cells. Hence the total cell ratio of

2:1 or a conditioned medila concentration of 66.6%. A.C. Riches,

D. Brynmor Thomas and M.J. Cork (1981) isolated inhiKtor factor

for CFU-S prolifeation from rat bone marrow while supernatant

of murine fetal liver cells produced stimulant factor for

CFU-S prolifaation. However supernatants from human fetal

thymus were not effective and supernatants from human fetal bone

marrow exhibited weak activity. The supernatant obtained from

suspensions of human fetal liver cells was incubated with normal

murine bone marrow stem cells and following incubation with

supernatant the proportion of haempoietic stem cells synthesising

DNA in the suspension of normal murine bone mairow increased

markedly (D. B^nmor Thomas, M.J. Cork and A.C. Riches 1981).

Stimulator producer cells in fetal liver have similar properties

to those found in regenerating bone marrow. E. Wright and Lord

(1979) fractionated hemopoietic cells from spleen and bone

marrow. Factors were found in both bone marrow and spleen

suspensions. The inhibitory activity was produced by cells with

in the density range of 1.062 gm/ml while cells present in

the range of 1.064 - 1.072 gm/ml produce stimulant factor.

E.G. Wright, J.M. Garland and B.I. Lord (1980) fractionated normal

murine bone narrow cells looking for inhibitor producer cells.

The inhibitor was produced by low density, adherent, phagocytic,



149

radio resistant, Thy 1.2, FC+ cells. They suggested these pro¬

ducer cells reside in the heterogenous macrophage population of

the bone marrow. E. Wright, A.M. Ali, A.C. Riches and B.I.

Lord (1982) characterised the stimulator producer cells for haenr-

opoietic stem cell proliferation in regenerating bone marrow.

The stimulator is produced by adherent, phagocytic, radio-resistant,

Thy 1.2 , FC+ cells in a population concentrated in the density

range of 1.064 - 1.072 gm/ml. Their results indicate that the

producer cells reside in the heterogenous mononuclear phagocytic

population of the bone marrow.

From our findings, supernatants produced from adherent and non

adherent cells from day 15 fetal liver were tested for the presence

of stimulant factor. By the use of spleen colony assay, stimu¬

lant factor for stem cells prolife ration was detected in adherent

cell supernatants. Non adherent cells did not produce detectable

stimulation. From this evidence, stimulant producer cells were

adherent cells, most of which were phagocytic. The majority of

these cells also exhibited the morphologic^ appearance of
macrophages. It has also been demonstrated that the cells

in the density band 1.076 gm/ml are capable of producing a

stimuldor of haemopoietic stem cell proliferation. From the

fractionation studies with percoll, fetal liver cells suspensions

contained macrophages which concentrated in band two and band three.

The stimulator producing cells were concentrated 1.076 buoyant,

density,' adherent cells and phagocytic.

However these experiments could be complemented by further studies

assaying stimulator production of the non phagocytic cells,

FC , radioresistant cells and Thy 1 cells. If the exact cellular
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source of the stimulator can be defined the nature of the

stimulator may eventually be elucidated.

However the stimulator may lave an important r^gjlatory role

in stem cell proliferation but there is also evidence to suggest

that stromal cells present in haemopoietic organs play an im¬

portant role in creating appropriate microenviroments that

regulate the prol t-f-evdlioo and differentiation of stem cell

(Wolf 1979). In fetal liver however, haemopoietic differentiation

is heavily biased towards erythropoiesis. There is sigrifcant

evidence of granulopoiesis and formation of macrophages as

sub-populations at different stages of gestation.

During gestation fetal liver has marked changes in the pattern of

haemopoiesis for e.g. at early stages of fetal liver hepatic

haemopoiesis, it is predominantly erythropoietic while at later

stages graulopoiesis and macrophages production becomes

increasingly predominant as erythropoiesis decreases. There is no

haemopoiesis in adult liver but when pHZ is injected into adult

mice a hemolytic anemia is induced with erythropoietic islands

in the adult liver consisting of centrally located macrophages

with a Kupffer cell like morphology, surrounded by erythroblasts

which :were often of the same matuation stage (R.E. Ploemacher

and P.L. Van Soest 1977).

CFU-S number changes during different stages of fetal liver

development and the numbers decline after birth. These changes

were correlated with changes in the stimulant factor activity in

fetal liver^ Stimulant factor was followed and isolated from
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different stages of fetal liver, day 17, day 19, 24 h and 72 h

after birth and^one week old liver. No stimulant factor was

isolated from adult liver at 3 weeks or ten weeks old. Super¬

natant from cells isolated one week old liver exhibited a weak

stimulatory activity. Dose response to stimulator dees

(E.G. Wright, A.M. Ali, A.C. Riches and B.I. Lord 1982) not work c\t cx

< 1:1 ratio while 2:1 or 3:1 ratio produce positive dose

response effects. This decline in the stimulant factor in fetal

liver may be related to several factors. This decline might be

attributed to charge in the number of stimulator producing cells

or a decrease in the quantity of stimulant factor produced per

cell. Decreases in synthesis or release of stimulator may be

enough to prevent stimulation of CFU-S. Alternatively it may

be that inhibitor factor is produced in increasing quantities at

later stages of fetal liver gestation which would lead to a

block in stimulator activity. Haematopoiesis is now occuring in

sites and by 17-18 day of gestation the bone marrow is becoming

active. Hence this new haempoietic microenvironm«ntcorrelated

with^decrease in stimulant activity in fetal liver.

CFU-S numbers were studied for different stages of fetal liver.

Hie number increased markedly at early stages but decreased

dram atically shortly before birth for example number of

CFU-S per liver at day 17 was 1386 comparing with 24 H after birth

575 while one week after birth 350. The reason for this sharp

decline, in CFU-S number at later stages of fetal liver raise

two possibilites.

Firstly CFU-S might migrate to a more favourable environment

within the developing marrow cavities which start production at

the same stage as the decrease in fetal liver CFU-S number.
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Alternatively the microenvircm'v><nCof fetal liver might become

unsuitable for haemopoiesis. As the phase of hepatic haemopoiesis

decreased, CFU-S number declined. As well as a decrease in the

activity of sitmulator which is produced. Hence may be there is

a correlation between CFU-S number present in fetal liver

and the level of stimulant factor. The p value of self renewal

of the CFU-S has been measured by (Till, et al 1963). A p value

of 0.5 means that the population of CFU-S remains constant and so

following cell division half of the cells differentiate and bfflome

committed to a cell lineage and other half remain as CFU-S.

A p value less than 0.5 means that there is a progressive decrease

in CFU-S numbers. The stimulant factor, if regarded as a

stimula tor of CFU-S prolife^oc^n would play a role in this.

Therefore, levels of stimulator would provide an accurate means

of measuring CFU-S prolifaation. Metcalf and Moore (1971)

reported that CFU-S number have not decreased to zero by the time

of birth. The liver still contributed to the total body

CFU-S number in the first week after bir+l>. They were still

detectable two weeks after birth although very few in number.

Silini et al (1967) have also shown that CFU-S in swiss mice

persist in the live: well into adult life.
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5.5 GM-CFC in fetal liver

Granulopoiesis is not a marked feature of hepatic haemopoieis

although GM-CFC have been shown to be present in considerable

numbers in the fetal liver during development. Haemopoiesis is

mainly erythropoietic in the fetal liver the erythroid progenitor

cell BFU-E and CFU-E like the GM-CFC is the progeny of a pluri-

potent haemopoietic stem cell and are present in fetal liver.

Since granulopoiesis does not occur at early stages of fetal

liver. One might assume that differentiation to mature progeny

is less than in later stages. Thus one would expect the GM-CFC

to be out of cycle and thus a small proportion in S phase.

In vitro GM-CFC have been demonstrated in mouse embryonic liver

and appear to have a similar differentiation oafacity and absolute

dependence on colony-stimulating factor to those in adult haemo¬

poietic tissue (Moore et al 1970; Moore and Metcalf 1970). In

vitro GM-CFC first appear on the 10th day of gestation and the

population increased rapidly to a peak on the 13th day with a

population doubling timiof 5-6 hours. In vitro GM-CFC also

showed a single major peak in the density region 1.058 - 1.059.

However, distortion of the distribution with a shoulder evident

in the profile indicated the presence of an incompletely

resolved subpopulation in the region 1.061 - 1.062 (Moore et

al 1970).

In our findings the number of agar colonies from diffac«*\t cultures

for day 15 fetal liver cells ranged from 75 + 2.7 to 79 + 3 x 10^
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cells cultured. The results of the ara-c suicide study show that

in the mosue proliferation of the GM-CFC in 15 day fetal liver is

more than in later stages for example day 15, 47 +_ 3% while by day

18 this is 1 8 2%.

At early stages (11-14 weeks) of gestation in human fdal liver

few granulocyte-macrophage colony forming cells (GM-CFC) are

in DNA synthesis, whereas later in gestation ( 14 weeks) a large

proportion of GM-CFC are in s phase (Moore, M.A.S. and Williams,

N. 1973). Barak, Y. et al (198Q cultured human fetal liver cells

from 6-12 weels old to study growth patterns of the granulocyte

macrophage colony forming cells (CFU-C). At all gestational

ages examined agar colony numbers ranged irom 44 + 15 to 89 _+ 44/
2 x 105 cells seeded.

There may be some measure of self renewal which is occuring in

murine,fetal liver, this would account for the high percentage

of cycling GM-CFC in the abscence of complete differentiation.

In cultures in wich no endogenous GM-CSF is bein generated, no

cell divisions occur unless adequate concentrations (approximatley

10 ' ' M) of GM-CSF are present continuously. Transfer of

dividing colony cells to cultures lacking GM~CSF is followed

rapidly by cessation of cell division (Metcalf and Foster 1967).

In cultures containing only a single cell (Metcalf et al 1980)

this action of GM-CSF appears to be a direct one on GM target

cells. The stimulating effects of GM-CSF appear to be specific

fcr cells cf GM pathway. GM-CSF is unable to stimulate the

formation of colonies of eosinophils, megakaryocytes, erythroid

cells or T- and B lymphoid cells and has no effect on the
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proliferation in vitro of fibroblasts or a wide variety of tumor

cell lines (Metcalf, 1977).

The results of the morphol©<j;cc.L studies of the colonies formed by

the CFU-C from cultured faal liver show a progessive increase in

pure granulocytic and mixed granulocyte macrophage type

colonies, for example colonies produced by day 15 fetal liver

suspensions were macrophages xhile most day 18 fetal liver culture

colonies were granulocytic colonies. May be the environment of

the fetal liver at early stages is favourable for macrophage

production, while at terminal stages the environment fails to

support such production but its favourable for granulocytic

production. The actual liver environment is obviously important

in the control of haemopoiffiis. The haemopoietic microenvirohment

is the localized environment produced by the stroma of the

haemopoietic organs which directly influence the haemopoietic cells

and events governing the regulation of haemopoiesis. Metcalf and

Moore (1971) observed a slight rise in the number of CFU-C per

10^ at day 18 of gestation and this may represent an increase in

CFU-C prior to migration and establishment at the sites of adult

haemopoiesis. Previous studies(Moore and Williams 1973) show that

at 3-4 days of culture of GM-CFC assays, all potential colonies were

granulocytic however by day 7 they were mainly macrophagic.
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5.6 Organ Culture

Fetal liver development in-vitro was compared with the equivalent

stages of in vivo development. The organ culture technique

successfully maintained fetal liver tissue in vitro, allowing

proliferation and differentiation of haemopoietic cells. Some

organ cultures showed some degeneration and necrosis of the central

region with large explants of 3 mm size. Cell survival was good

in 2 mm explants and no degeneration or necrosis occured. The

cellularity of the 2mm explants was greater than the 3mm and 1mm

explants. Degeneration and necrosis occured in the central part

in 3mm explants due to not enough nutrition and oxygen reaching

these cells. While small size explants became diffuse at the

end of three days organ culture and formed a layer of cells

on the filter paper. Zones of growth of granulocytic cells and

macrophage like cells.

In day 15 fetal liver about 47% of the GM-CFC were undergoing DNA

synthesis while following three days in organ culture only about

26% of GM-CFC were undergoing DNA synthesis. This difference in

results suggest that some GM-CFC were out of cycle during the

three days in organ culture. This suggestion was confirmed when

cell suspensions prepared from three day organ culture explants were

incubated with supernatants from day 15 fetal liver. The pro¬

portion of GM-CFC undergoing DNA synthesis increased markedly

and was switched back tothe same proportion as day 15 fetal liver

(47%). Hence day 15 supernatant stimulates the GM-CFC which were

out of cycle into cycling again. GM-CFC may change their pro¬

liferation during organ culture due to sub-optimal culture conditions.
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M.J. Cork, E.G. Wright and A.C. Riches (1982) incubated normal

murine bone marrow GM-CFC (approximately 40% in DNA synthesis)

with a supernatant from an early human fetal liver (11-14 weeks)

which reduced the proportion synthesizing DNA to 5%. In.contrast

the proportion of murine GM-CFC synthesizing DNA was not affected

by incubation with a supernatant from a late fetal liver ( 14

weeks). GM-CFC that had been switched out of cycle by incubation with

a supernatant from an early gestation human fetal liver were switched

back into cycle following incubation with a late human fetal liver

supernatant.

GM-CFC in fetal liver seem to be maintained in the organ culture system

Chertkov (1974) and others have shown that CFU-C can be maintained

in the organ culture system for up to two months. Haemopoietic

stem cell differentiation and proliferation is also maintained in

this sytem which is not the case in liquid culture system which

lack the liver microenvirorxvKviV: (Chertkov, et al 1974, Latsinik,

et al 1970, Luria, et al 1969, 1971).

The proportion of GM-CFC undergoing DNA synthesis decreased grad¬

ually after several days in organ culture. Day 15 fetal liver explants

cultured for 3 days 26% of GM-CFC were in cycle whereaseby, 5 days

or 16% and 7 days 7%. The number of GM-CFC per 10^ cells decreased

gradually with slight increase in number at day seven of organ

culture.

The actual liver environment is important in the control of hemopoiesis

is is therefore obvious that stromal cells which presumably make

up the original hemopoietic microenviron<*»f\t become necrotic or

degenerated in culture and tie enviroment is thus disrupted. Death
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of the stromal cells or other hemopoietic cells of fetal liver

would lead to a decrease in the level of the regulatory factors

which may have an important effect on the kinetic status of the GM-CFC

with in this envirot^<vi<^<.

Death of stromal cells would also disrupt the cell-cell interactions

of the microenvironoitot. Hence all these histological changes lead

to physiological and biochemical changes. Therefore, a decrease

in proportion of GM-CFC undergoing DNA synthesis resulting in a

decrease in the number of CFU-C per 10^.

It has been demonstrated that day 15 fetal liver is capable of pro¬

ducing a stimulator of GM-CFC. An attempt has been made to define

some of the properties of this stimulator producing cells.

Supernatants produced from non-adherent cells stimulated GM-CFC

into cycle whereas supernatants from adherent cells did not

stimulate. It would appear that the stimulator is produced by

this non-adherent fraction and not by adherent cells. If we

correlate these results with studies on CFU-S regulators we see

that adherent cells produce a CFU-S proliferation stimulator and

no GM-CFC stimulator whereas non-adherent cells produce a GM-CFC

stimulator and no CFU-S stimulator.

This would suggest that the CFU-S stimulator acts specifically on

CFU-S and not GM-CFC as the supernatant from adherent cells switches

CFU-S into cycle but not GM-CFC.

However organ culture system would prove extremely useful in the

further study of regulators in the hemopoietic system and there by
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incree^tour understanding of this complex system. Such study and

finding about regulation of hemopoietic stem cells could have remark¬

able base for further study of some disorder of blood such as anaemias

and leukaemias.
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Conclusions

The fetal liver cell suspensions were fractionated on percoll

gradients for the separation of cells depending upon their buoyant

density. The morphology and function of the cells, in each band

were studied.

1. Erythrocytes and the cells from the later stages of the erythroid

series were concentrated in density band (1.123) while myeloid cells

in band (1.076). Generalized blast cells and early stages of

erythroid cells in band (1.064).

2. Phagocytic cells capable of ingesting opsonised yeast particles
were present in the adherent fractions separated from each band

but were present in the highest proportion in band two (1.076).

3. Non-specific esterase positive cells were also present in

fetal liver. The majority of these are adherent in nature and

concentrated in band one (1.064) and band two (1.076) but very

small number in band three (1.123).

4. The presence of stimulator of haemopoietic stem cell pro¬

liferation has been demonstrated in supernatants produced from

cells collected in band two (1.076) and 1.076 of D.15 fetal

liver cell-jsuspension.

5. A stimulant factor of haemopdetic stem cell prolifantion

has been demonstrated in supernatants produced from liver cell

suspensions derived from D.17, 24H and 72H after birth and a

weak stimulatory activity present in one week old liver.
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6. Number of CFU-S in fetal liver decreased dramatically, just

before birth.

7. There was a correlation between the number of CFU-S present in

fetal liver and the presence of stimulant factor. .

8. Adherent cells produced a stimulant factor for stem cell

proliferation, but the stimulator did not appear to be produced

by the non-adherent cell fraction.

9. Although granulopoiesis is not a marked feature of fetal hepatic

hemopoiesis, the progenitor cells GM-CFC are present and D.15 has a

higher rate of cycling than D.18.

10. The organ culture technique successfully maintained fetal

liver tissue for several days in which proliferation and different¬

iation continued allowing further culture of GM-CFC in soft agar.

11. During the course of culture, the GM-CFC in fetal liver

explants decreased their cycling characteristic. Three days organ

culture of D. 15 fetal liver explants resulted in a decrease in

cycling GM-CFC.

12. A stimulant factor for GM-CFC proliferation has been demon¬

strated in supernatants produced from D.15 fetal liver cell

suspension by incubating this factor with quiescent GM-CFC.

13. The Stimulant factor for GM-CFC prolifaation has been demon¬

strated in the supernatant of non-adherent cells from D.15 fetal

liver cell suspensions.



162

14. The properties of the CFU-S proliferation stimulator suggest

that its action is specific for CFU-S and has no effect on GM-CFC

prolifev-ctooo and conversely the GM-CFC proliferation and conversely

the GM-CFC proliferation stimulator has no effect on CFU-S.
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50. Separation of murine fetal liver cells by Percoll to study factor* regulating haematopoietic
stem cell proliferation. By K. A. Dawood, D. Brynmor Thomas, Cecilie V. Briscoe and
A. C. Riches. Department of Anatomy and Experimental Pathology, University of St.
Andrews.

The density of cells is one of the physical characteristics which can be used for purification and
separation of cell populations by using density gradient centrifugation. Murine fetal liver has
been studied at different stages of gestation, between 13 days following vaginal plug formation
and 72 hours after birth, by fractionation of cell suspensions on a Percoll gradient. The separated
cells were characterized by morphological and functional properties. Bovine serum albumin
(BSA) and Ficoll are often used for gradient preparation. Several investigators have utilised this
technique to separate cells from bone marrow and fetal liver.

In the present study, murine fetal liver cell suspensions from 13, 15, 17 and 19 days following
vaginal plug formation and 24 and 72 hours after birth were separated using a Percoll dis¬
continuous gradient with the following density bands (T123,1 -076, 1 064 g ml-1). Three fractions
of separated cells were obtained. Damaged liver cells were concentrated in the light fraction
( < 1 -064 g ml-1) whereas the erythroblasts were present in all fractions. In livers where significant
numbers of myelopoietic cells were present, they were concentrated in the middle fraction
(1-064-1 076 g ml-1). Phagocytic cells were present in ail the fractions and macrophages in the
1-064 and 1-076 fractions.

Conditioned media from the fractionated fetal liver cells (Day 15) were produced by incubating
the cells for 4 hours and collecting the supernatants. The effects of these supernatants on the
proliferative status of haematopoietic stem cells was tested. Following incubation of quiescent
normal bone marrow stem cells with the supernatants, the presence of a stimulant factor could
be assayed. This factor could be isolated from cells with a density > 1-064 g ml-1, but not from
cells with density < 1 064 g ml-1, at the concentrations tested. The stimulant factor could also be
isolated from non-fractionated fetal liver cells at all stages of gestation studied and also 24 and
72 hours after birth. Thus stimulant factor can be demonstrated over a time scale where marked
changes in haemopoiesis are occurring.




