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ABSTRACT

The properties of commercially prepared hepariaraanticoagulant and antithrombotic agent in
medicine are better understood than is the phygicdbrole of heparin in its native form, wherdsit
uniquely found in the secretory granules of malis ckn the present study we have isolated and
characterised the glycosaminoglycans (GAGSs) retefisen degranulating rat peritoneal mast cells.
Analysis of the GAGs by NMR spectroscopy showedpitesence of both heparin and the
galactosaminoglycan dermatan sulphate; heparirigestibn profiles and measurements of anticoagulant
activity were consistent with this finding. The paritoneal mast cell GAGs significantly inhibited
accumulation of leukocytes in the rat peritoneaityan response to IL{3 (p<0.05, n=6/group), and
inhibited adhesion and diapedesis of leukocytéherinflamed rat cremasteric microcirculation in
response to LPS (p<0.001, n=4/group). FTIR spexdtraiman umbilical vein endothelial cells
(HUVECS) were altered by treatment of the celldwhiéparin degrading enzymes, and restored by the
addition of exogenous heparin. In conclusion, weehghown that rat peritoneal mast cells contain a
mixture of GAGs that possess anticoagulant andiaftdimmatory properties.
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INTRODUCTION
The glycosaminoglycan (GAG) heparin was discoveredntury ago and, as an anticoagulant drug, ranks
as one of the most commonly used agents in modedicime (1). Whilst much is now known about the
nature of commercially prepared pharmaceutical tephoth in its unfractionated and low-molecular
weight forms, with respect to structure, biologiaativity and clinical effects (2-4), the physioicgl role
of endogenous heparin is considerably less wellerstdod. It has long been known, however, that
heparin possesses additional effects that are depihrate to, and separable from, its well-charaetbr
effects on blood coagulation, many of which involaedulation of aspects of immune or inflammatory
cell function (5,6). In contrast to the closelJated GAG heparan sulphate, the ubiquitous expressi
which alone goes some way towards explaining istpi role in normal physiology (7,8), mammalian
heparin is produced exclusively by mast cellsthia respect, heparin has been suggested to barniyim
important for the storage of histamine and centatinflammatory granule proteins within the masi c
(9,10). However, it would seem unlikely that agrtanticoagulant molecule having a broad range of
biological activities (11) should be biosynthesizadkly for this purpose, and indeed solely withinell
type found outside the vasculature. The localiratif mast cells close to vessels of the microtitoan
though, as well as their more recent descriptionp@thological tissue sites including tumors and
atheromatous plaques (12,13), suggests that endogedmeparin may be important in regulation of
pathophysiological responses, as well as in nomphgkiology. It has been suggested that heparin,
released from activated mast cells, may be involveghysiological regulation of inflammation (14)
through the binding and neutralization of cytotosiad pro-inflammatory proteins, thus limiting the
extent of the inflammatory response and poteriialie damage and remodelling as part of homeastasis

Many of the non-anticoagulant actions of heparasraediated through interactions with proteins
such as chemokines and growth factors, which afeggend upon the binding of heparan sulphate for ful
activity (15-17). Whilst the structural basis of the anticoagulactivity of heparin is well understood
(reviewed in 11), the exact structural requiremdatsthe majority of the anti-inflammatory effect$
heparin remain to be fully determined. The abitifyheparin to interact with a wide variety of piote
can vary from strongly sequence specific, sucthadinding of antithrombin, to relatively non-sgegi
in part due to the size and polyanionic naturehefmolecule (18,19). In this regard, it is impottto
consider that commercially-available heparin, whikhisually extracted from porcine intestinal mugos
is standardized only for its anticoagulant activityhich depends heavily on the presence of the high
affinity antithrombin-binding pentasaccharide (18)herefore, any biological activity confined tchet
polysaccharide sequences contained within the heptiucture may not necessarily correlate with the
total amount of material present in the resultatefogenous mixture, and may even be fractionatéd o
by the current techniques for preparing heparin roencially as an anticoagulant. A greater
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understanding of the nature of the GAGs presemast cells may elucidate the physiological rolefs)
endogenous heparin and potentially facilitate tesigh of drugs to mimic specific biological effects
heparin other than anticoagulant activities.

In the present study, therefore, we have souglextonine the nature of GAGs released from

peritoneal mast cells of the rat as a product eif tthegranulation.

EXPERIMENTAL PROCEDURES
Animals- Male Sprague-Dawley rats (200-250 g; Harlan, UKjengoused in an animal unit on a 12:12 h
light:dark cycle, with access to standard labosatdrow and watead libitum, for at least seven days
prior to experimentation. All experiments werefpaned in accordance with local Ethical and UK
Home Office approval and guidelines.
Isolation of rat mast cell GAGs (RMCG)- Rats were euthanized by €@xposure and their peritoneal
cavities immediately lavaged with 20 mL normal salicontaining 0.05 mM EDTA. Recovered cells
were washed in modified HBSS @Ag** free) at 250 X for 2 minutes, followed by density-dependent
centrifugation to separate mast cells from monaarctells. Mast cell pellets were re-suspended in
mL buffer (PBS containing 0.1 mg MIHSA and 5.6 mM glucose) and incubated for 10 neiguatt 37 C
prior to addition of a further 5 mL buffer contaigi 5 pg mLC compound 48/80 and incubation for a
further 20 minutes at 87TC. Gross cellular material was removed by carggfion at 150 xg for 10
minutes and discarded. Supernatants were thenfdreed to 1 mL micro-centrifuge tubes and
centrifuged at 10,000 rpm for 15 minutes to sedinetact granules. Supernatants (A) were collected
and transferred to a refrigerator and pelleted gemwere re-suspended in 1 mL 2 M NacCl by vortgxin
then incubated at room temperature for 30 minutefatilitate the release of granule contents. The
suspension was again centrifuged at 10,000 rpnil$ominutes, supernatants (B) were collected and
dialysed overnight against five changes of 1.5 L@nd pellets were discarded. Supernatants A and B
were added to poly-L-lysine agarose (Sigma-Aldrigagked into 5 ml columns (6 mL per columns, pre-
washed with 3 x 3 mL 2 M NaCl), which were capped alaced on a roller for 60 minutes at room
temperature. Unbound contents were washed witl8 3nk. dHO and bound contents eluted with 4 x 3
mL of 1.5 M NaCl. Eluents derived from supernasaAt and B were combined, dialysed overnight
against 5 changes of 1.5 L gliand freeze-dried. Average RMCG yield was 0.26pegl( cells, with
0.8 — 1.2 x 10cells retrieved per cavity estimated by weightratterial.
Heparinase digestion- 1 mg mL* solutions of the RMCG, unfractionated hepariff' (Bternational
Standard; NIBSC) and heparan sulphate (HS1 asquglyi described (20)) were prepared, respectively,
and each solution treated with 10 pL heparinasapproximately 0.02 1U) front. heparinum (EC:
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4.2.2.7) (a kind gift of Leo Pharma, Ballerup, Denk). Absorbance at 234 nm was monitored for 60
minutes (heparin and heparan sulphate) or 120 esr{mast cell material).

Molecular weight distribution- The molecular weight distributions for RMCG anck tiSP Heparin
Sodium Identification Reference Standard (USP, Ritlek MD, USA) were determined by size
exclusion chromatography/gel permeation chromafdgra SEC/GPC), as described in (21). Briefly,
samples were taken up to a concentration of 5 mg imiD.1 M ammonium acetate containing 2 mg'mL
alpha-cyclodextrin as a flowrate marker. Duplicatkeomatography runs were performed on a column
system consisting of TSK SWXL guard column, TSK Ga@GWXL and TSL G3000 SWXL columns in
series, with 0.1 M ammonium acetate as the mobisse at 0.6 mL mihand refractive index detection.
The peak molecular weigh,, weight average molecular weightt,, number average molecular weight
M, and polydispersity were calculated using Cirrusngre (Agilent, Santa Clara, CA, USA)
Anticoagulant activity- Assessment was carried out using two plasma bassays (activated partial
thromboplastin time, APTT), using sheep plasmastFiink, UK in accordance with the European
Pharmacopoeia (01/2008:20705) or human plasma (NBK$ Purified reagent assays were also carried
out to investigate antithrombin dependent inhibitaff factor Xa and factor lla activity (USP34 NF26)
and heparin cofactor Il (HCIl) dependent inhibitioh thrombin. Two heparin preparations, bovine
mucosa and porcine mucosa, from the NIBSC panet wetuded as comparators. All assays used'the 6
International Standard for Unfractionated Hepai®7/828, NIBSC, UK) as the standard with data
analysis carried out using the parallel line biaggwodel (Combistats, EDQM).

NMR spectroscopy- RMCG (~5mg) was dissolved in 99.8%@and transferred to a 5mm NMR tube.
One dimensiondH and two dimensional TOCSY, and NOESY spectragwecorded at 500 MHz, 60

°C, using a Varian Unity 500 NMR spectrometer, withse sequences supplied by the manufacturer.
Chemical shifts are reported relative to deuteréietethylsilylpropionic acid sodium salt (TSR)
(Sigma-Aldrich Ltd. UK) at O ppm.

Effectsinin vivo models of inflammation- For peritoneal inflammatory cell recruitment expeghts, rats

(as before) were injected i.p. with the RMCG, oregunal volume of vehicle (200 pL saline), 30 mimpr

to the administration of 20 ng rat recombinantretgin-13 (Sigma-Aldrich Ltd, UK) or vehicle (200 pL
saline). Animals were euthanized 2 h later and@reeal cavities lavaged immediately with 20 mL rsali
Total cells in lavage fluids were counted and défeial cell counts were obtained from cytospin
preparations, stained using the DiffQuick systerar@or, UK). For intravital microscopy of the
cremaster muscle, rats were administered RMCGlimesav. immediately prior to s.c injection of 26

LPS to the scrotal sac. Four hours later, aninvel® anaesthetized with urethane (2 mg kp.).
Cremaster muscles were exteriorized following miglincision and carefully exposed over a transparen

viewing area of a heated microscope stage, magdaih 37C, and constantly superfused with Tyrode-
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HEPES buffer. Unbranched, post-capillary venule30s50um diameter* 5 per animal) were viewed
under a Zeiss Axioskop 2 FS microscope, fitted w&ith40 water-immersion lens and a x 10 eye piece.
Digital images were captured using an ORCA flaglitali camera (Hamamatsu, Japan) attached to an
Axio-Workstation computer and images were viewed matorded for subsequent off-line analysis using
IHC acquisition software (Hamamatsu, Japan). Lewuterolling flux was quantified as the number of
rolling cells passing a fixed point on the venwlal per 30 s and adherent leukocytes were coresider
those cells that were stationary for at least 80msds within a given 100 um vessel wall segment.
Migrated cells were classed as all cells presetftinva 100um? area of the surrounding extravascular
tissue. FTIR spectroscopy of the endothelial glycocalyx- Human umbilical vein endothelial cells
(HUVECS; TCS Cellworks Ltd., U.K.) were cultureddonfluency in 6-well tissue culture plates
(Corning Costar Ltd., U.K.) at 3, 5% CQ, in medium (MCDB 131) supplemented with fetal bavi
serum (2% v/v), hydrocortisone (1 ng MlLgentamicin (5Qug mL™), amphotericin-B (50 ng mt) and
human epidermal growth factor (10 ng ML Cultures were washed three times with phospiatfered
saline, to remove culture medium, and some welleweubated with a combination of the enzymes
heparinases |, Il and Il (Sigma-Aldrich Ltd., U;K0 minutes at room temperature, each at 0.5 I)mL
Following heparinase treatment, monolayers werdadand some of these wells subsequently received
unfractionated heparin (500 IU mIMultiparin®, CP Pharmaceuticals Ltd., Wrexham, U-KMultiparin

is a porcine intestinal mucosal heparin; 20 minate®om temperature) and were washed again. Cells
were removed from the plates using a rubber polieerhlotted onto the FTIR crystal and gently dried
under nitrogen to remove excess buffer. ATR-FTpRc¢ra were taken using a 6021 Galaxy Series

spectrometer (Mattson Instruments Ltd., U.K.),a&€80 scans per run.

RESULTS

Molecular weight distribution- RMCG was found to be of lower average moleculagive{peak, number
and weight averages) than typical porcine unfraetied heparin, but with greater dispersity (Table 1
Moreover, the chromatogram for RMCG exhibits a sgmmetrical peak, which may indicate the
presence of more than one distinct population ofemdes within the material, in contrast to the
symmetrical peak for the heparin standard (Figyre 1

Susceptibility to heparinase digestion- Figure 2 shows reaction progress curves for thedtiion of equal
concentrations of heparin standard, RMCG and hepaurlphate, respectively, by a fixed concentratibn
heparinase |, as measured by the change in abserlza?234 nm. RMCG was less susceptible to the
actions of this enzyme than standard heparin, lotherms of initial rate and plateau, but more

susceptible than heparan sulphate, suggesting terial to be comprised substantially, but not
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exclusively, of heparin chains. After 60 minutegpa@sure to the enzyme, unsaturated uronic acid
generation from the RMCG was approximately halttat from the heparin standard at the same time
point, and 2.5 times that from heparan sulphatewdver, when the reaction time was extended to two
hours, allowing it to plateau, total generationnirthe RMCG was increased to approximately 60% of
that obtained from the heparin standard and mene three times that from heparan sulphate.
Anticoagulant activity- The RMCG was found to give a valid potency estiamfgainst the porcine
unfractionated heparin standard (07/328), althaihghspecific activity of RMCG is lower than porcine
and bovine heparin (Table 1) . The APTT assay usiregp plasma was found to give the highest specifi
activity of 78 IU mg' (Table 1). The APTT assay using human plasma aaHCIl based assay gave
similar specific activity, 61 IU nmi§ whilst the two antithrombin dependent assays dewer activity,
anti-Xa 55 IU m@ and anti-lla 46 IU mg. The ratio of anti-Xa to anti-lla activity was 1.2

"H-NMR spectra of the RMCG- display signals (Figure 3) are consistent with BMCG material being
predominantly heparin (22,23), but interestinglytaining a substantial proportion, possibly as mash
40-50%, of dermatan sulphate (24). Specificallyspite of the rather broad resonances from thpks

the TOCSY spectrum of RMCG contains spin systenmsistent with the presence of the IdoA residue
(2-O-sulfoa-L-iduronic acid; 12S) and glucosamine residuesD(N-sulfoglucosamine-6-O-sulphate;
GIcNS,6S) that together make up the major trisulpthaisaccharide repeat unit of heparin (Tablelg).
addition, resonances were apparent in tHe spectrum that correspond to the presence of the
galactosamineB{D-N-acetylgalactosamine-4-O-sulphate; GalNac4$) rmn-sulphated IdoA residue-(
L-iduronic acid; 1) in the major disaccharide repaait of dermatan sulphate (Table 2). Comparisons
with literature values shown in Table 2 confirm tthhe signals attributable to GalNAc4S are
characteristic of those in dermatan sulphate (8#)er than chondroitin-4-sulphate (28), and theai
attributable to IdoA are characteristic of thoseénmatan sulphate rather than in heparin.
Anti-inflammatory activity- was measureih vivo in the rat in two models of inflammation. Preattment
with RMCG inhibited accumulation of leukocytes hetperitoneal cavity in response to the cytokine IL
18, when both agents were administered i.p. (Figuk¢ 4In addition, systemic pre-treatment with
RMCG inhibited the firm adhesion and diapedesideoikocytes in the cremasteric microcirculation,
without significantly affecting the number of rolfj cells (Figure 4B-D).

FTIR spectroscopy of the endothelial glycocalyx- FTIR spectroscopy of HUVECs vyielded spectra
indicating the presence of sulphated functionaugsoon the cell surface. Differences were obseiwed
the spectra of untreated endothelial cells whenpased with those from enzymatically-treated cells
(Figure 5), in that peaks in the window associatéth the presence of sulphate groups were abolished
following treatment with heparinase enzymes, sugugsdegradation of heparan sulphate on the
endothelial surface. Interestingly, addition obge&nous heparin to enzymatically treated HUVECdded
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restoration of the sulphate peak in the spectthasfe cells, with introduction of additional peé&tsnd in

the spectrum of heparin itself, suggesting theibopaf heparin to the cell surface of the endotlrali

DISCUSSION
A specific physiological role for heparin, over aaigbve that associated with its general charatiterias
a GAG, has yet to be defined. Heparin is sometiomssidered to be a specialized form of heparan
sulphate and, indeed, many of the important prédt@giding characteristics of heparan sulphate are
known to be shared, and often exceeded, by hepérithe case of the anticoagulant actions of hiepar
this increased potency is known to be due in lgvge to the relatively frequent occurrence of the
antithrombin-binding pentasaccharide sequenceishextpressed more rarely in heparan sulphate ghains
whereas for other examples of GAG-protein inteoansj that are less specific in terms of the GAG
structure involved, the significantly greater swpbn density of heparin appears to be the keyfeat

In the present study, we have isolated GAGs fregrahulating rat peritoneal mast cells in good
yield using affinity chromatography on poly-L-lyginagarose. This technique has the advantage of
reducing to a minimum any co-purification of mast granule proteins with the GAGs. We have found
that endogenous heparin released by degranulainmgritoneal mast cells is characterised by divelg
low molecular weight profile by comparison with argine mucosal heparin reference standard. Free
GAGs released from mast cells on degranulation hbgen depolymerised from their original
macromolecular form by mast cell heparanase (2bg Molecular weight distribution of the resulting
GAG mixture is characteristic of the source tisand species; for example, porcine mucosal and bovin
lung heparins have consistently different molecwaight profiles (26). Using NMR spectroscopy we
have also observed the presence of dermatan sejighals from both IdoA and GalNAc are present,
with chemical shift values characteristic of demmasulphate (Table 2), clearly distinguishable from
those of unsulphated IdoA in heparin sequences §8d) GalNAc in chondroitin sulphate A (28). The
presence of dermatan sulphate in rat peritoneat oels has been suggested by comparison of the
disaccharide products of digestion with chondrag®m ABC (to which DS is sensitive) with
chondroitinase AC (to which DS is not sensitive)(29ere we confirm the presence of DS by direct
spectroscopic observation of the GAG mixture, withdegradation or separation of its components.
Minor proportions of chondroitin-4-sulphate (CSAhd traces of chondroitin-4,6-sulphate (CSE) found
by Akiyama et al. may be present, but are not lgsib our NMR spectra (29). The presence of both
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heparin and dermatan sulphate chains presumaldg gise to the skewed molecular weight distribution
of the rat GAGs (Fig. 1); the mode of depolymei@abf mast cell DS is not currently known to us.
There have been a few previous attempts to lotheatelease of endogenous rat heparin (30,31firthe

of which (30) characterized the whole serglycint@oglycan rather than the GAG. Wang and Kovanen
have also previously reported the release of emumge heparin from rat mast cells, and studied the
ability of this material to inhibit the proliferatn of aortic vascular smooth muscle cells, sugggdtiat

the endogenous heparin may be more potent ingb&rd than an exogenous heparin preparation (31).
We have demonstrated in this study that rat pezdabmast cell GAGs, consisting of a mixture of hrépa
and DS, possess significant anti-inflammatory &gtivn a number of assays in addition to a clealitgb

to act as an anti-coagulant. The GAG content oftroalés and of other granule-containing cells sash
basophils has not been accurately determined #grualthough it has been proposed that in rodéetet
are two types of mast cell referred to as connedissue (containing heparin) and mucosal (contgini
chondroitin sulphate), but only based on histocleahstaining (32,33). It has been previously sutggkes
that heparin is found in mast cell granules whemasndroitin sulphate is found in basophils (34).
However, in the present study, the mast cell gewahtents we have examined contain both hepadn an
dermatan sulphate (chondroitin sulphate B), suggeshat both GAGs may occur in the same granule
(though it is possible that our peritoneal mastt medparation includes two separate cell populaiion

The time course profile of heparinase | digestidnthe RMCG indicates that roughly 60% of its
constituent material is susceptible to the enzywtdch is specific for the highly sulphated sequence
typical of heparin rather than the low-sulphated $4®&ple. The anticoagulant profile for the RMCG is
also consistent with the presence of both hepath@S. DS exclusively potentiates heparin cofadtor
inhibition of thrombin, whereas heparin potentidbesh antithrombin and HCII dependent inhibition of
thrombin. Since measurable activity was found usintithrombin dependent assays, it can be concluded
that RMCG contains the prerequisite pentasacchaedeence for potentiation of antithrombin. A ratio
between the antithrombin anti-Xa and anti-lla a highlights the overall lower molecular weight of
RMCG in comparison to heparin. Since expressioantiflla activity requires a longer chain lengtlarh
anti-Xa activity, a higher ratio suggests the pneseof a higher proportion of lower molecular weigh
material. This observation fits in with the relatiy lower molecular weight of the RMCG by compariso
with porcine heparin. Overall the anticoagulantemaly of the RMCG is lower than both bovine and
porcine heparins, which may be due to the presefieesubstantial proportion of DS, though relatjvel
low molecular weight rat heparin may also have iah#ty lower activity.

Nonetheless as has been reported for exogenousrhéipa example 35,36), the endogenous heparin we
have isolated and characterised was able to inthibitinfiltration of neutrophils into the rat peniteal

cavity suggestive of anti-inflammatory activity. fhermore, using intra-vital microscopy we haveoals
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shown that endogenous heparin was able to intiibiatdhesion and transmigration of leukocytes across
the vascular endothelium. These findings extendipus observations that exogenous heparin canitnhib
leukocyte infiltration into a number of tissuesthibexperimentally (35,37) and clinically (38). Qesults
support the hypothesis (14) that the release adgerbus heparin in an inflammatory response maaeser
to act as a homeostatic braking mechanism to belitinfiltration into tissues and by virtue of theell
known ability of heparin to neutralise the actiafsvarious cationic pro-inflammatory mediators, may
also serve to limit the effects of the mediatofeased from infiltrating inflammatory cells.

It has recently been demonstrated that the lostheofglycocalyx from the endothelium lining blood
vessels following exposure to heparanase releagadflammatory cells may play an important role in
the subsequent trafficking of inflammatory cellsoitissues (39), and indeed we have recently regort
that recombinant human heparanase is pro-inflammnatod can elicit leukocyte infiltration into tisss
(33). Furthermore, we have also recently repoted ieparanase inhibitors are able to inhibit rogit
recruitment into lung tissue following certain tgpef inflammatory insult (40). It is therefore oftérest
that by use of FTIR spectroscopy, we have obsetiredoss of sulphation on the surface of vascular
endothelial cells exposed to heparinase and thatow restore this barrier by adding back exogenou
heparin. Given the proximity of mast cells to blogeksels it thus remains plausible that the relefse
endogenous heparin serves as a “top up” mechamshelp preserve the integrity of the glycocalyx
during normal defence mechanisms further suppottiegsuggestion that endogenous heparin may play
an important physiological role in regulating thnate inflammatory response (14). It is of interest
therefore that patients with allergy, where theseregular mast cell degranulation in response to
sensitising allergens, have been reported to hasreased levels of “circulating heparin like matBri
(41) which may account for the observations thapiatpatients can have a mild haemostatic defé)t (4
and even have evidence of less calcification ofr thderies (43). However, more recent observations
have suggested that there may a loss of hepatimeirirculation of patients with asthma (44) anat th
some patients can have a hyper-coaguable state (45)

It is clear from heparin preparations used in madi¢hat heparin composition varies between species
and tissue of origin (46). Heparin from bovine lutiffers markedly in the degree of sulphation from
porcine intestinal mucosal heparin (22), and bath different from bovine intestinal mucosal heparin
(47). We can speculate that these differences finctsire and in relative content of hepanig
chondroitin/dermatan sulphate may have functiofgificance in the context of each particular tissu
and species. Clearly, further research is neededlanfy these structure activity relationships of
endogenous GAGs.

In conclusion, we have isolated and partially cbidsed the GAGs released from degranulating rat
peritoneal mast cells and demonstrated the preseihbeth heparin and DS. Whilst it remains to be

10
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determined what the physiological role of this egetous material is, we have provided evidence that

this material exhibits anti-coagulant activity caangble to heparin obtained from other species and

shows anti-inflammatory activity.
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TABLE 1

A: Peak molecular weigh¥,, number average molecular weigii, weight average molecular
weightM,, and polydispersiti,/M, for rat peritoneal mast cell GAGs (RMCG) and fdregarin
identity standard, the USP Heparin Sodium IderRigference Standard (USP ID RS). Results are the
means of duplicate determinations.

B: Anticoagulant potencies of RMCG, a bovine anctcme heparin sample estimated against 6th
International Standard for Unfractionated Hepasimg a parallel line analysis model. Values are
calculated using multiple concentrations of unkn@amples against the standard to give IlU/mg and 95%
confidence limits range for the estimated value.

A Mp Mn Mw Polydispersity
(Mw/Mn)

RMCG 733% 7471 12027 1.611
USP ID 1534¢ 1271¢ 1585¢ 1.247
RS
B Potency in IU/mg (95% Confidence Limi

Sheep Plasm | Human Plasm| anti-Xa assa) | anti-lla assay [ HCII assay

APTT Assay | APTT Assay
RMCG 78 61 55 46 61

76 — 81 57 — 64 54 — 56 44 — 47 54 — 68

Bovine 108 89 94 87 120
Heparin (103 - 113) (85 -93) (91-97) (80 - 94) (112 — 129)
Porcine 200 185 197 192 199
Heparin (194 — 206) (175 - 195) (186 — 208) (175 - 211) (186 — 214)
TABLE 2

Assignment of théH NMR spectrum of RMCG: chemical shifts in ppm 803VIHz, 60 °C, in BO
relative to TSP at 0 ppm.

Heparir | Dermatan sulpha
GIcNS,6¢ IdoA2< GalNAc4< IdoA
This Ref. This Ref. This | Ref 24 | Ref2¢ | This Ref.24 Ref 27
study 22 study 22 study study
H1 5.3¢ 5.21 5.2¢ 4.65- 4.7 4.6( 4.9C 4.9C 5.0¢
4.7
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H2 3.2i 3.31 4.3(C 4.3i 4.0 4.0t 4.0 3.5¢ 3.5¢ 3.7¢
H3 3.6¢ 3.7C | 4.2C | 4.2t 4.0z 3.9t 4.01 3.92 3.92 4.1z
H4 3.7¢ 3.7¢ 4.11 4.1z 4.65 4.65- 4.74 4.1C 4.11 4.0¢
H5 4.0z 4.0¢ 4.8(C 4.81 3.8t gz 3.81 4.7z 4.7z 4.8¢
H6 n.d 4.3i 3.8( 3.7 3.82
3.8
H6’ n.d 4.3(C 3.7
GIcNAc
CHjs 2.0t 2.0t 2.0¢ 2.0¢ 2.2

1. In chondroitin 4 sulphate at 60 deg. C
2. In the heparin-derived sequence IdoA-GIcNS,6S atetf) C.
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FIGURE LEGENDS

Figurel: A. Size exclusion chromatograms of rat mast cell GARMCG; peak A) and a sample of
typical unfractionated heparin (the USP Heparini®oddentification RS; peak B). Peak C is the flow-
rate marker alpha-cyclodextrin, and peak D is aymsk

Figure 2: Heparinase | digestion profiles of RMCG (A), wadtionated heparin standard (B) and heparan
sulphate (C). In (A) the spectrophotometer wasagg@mmed at 60 minutes to extend the data collectio
period, leading to a gap in the readings at tinae ti

Figure3: A. 'H NMR spectrum (500 MHz, 60 °C in,D) of rat mast cell GAGs. Some of the
characteristic resonances of heparin and dermatphage are annotated.

Figure4: A. IL-1B-induced (20 ng) accumulation of cells in the merétal cavity of the rat and the
effect of 10ug kg*'RMCG administered locally. Open bars indicatelto#dl counts and filled bars
neutrophil countgp < 0.05vs. IL-13, n= 6/group). B-D. Rolling (B), firmly adherent (*@<05 vs LPS)
(C) and transmigrated (*p<0.001 vs LPS) (D) cailshie cremasteric microcirculation of the rat
inresponse to 25 pg of LPS and the effect of RM@ginistered systemically (1 and 10 pgkue
4/group).

Figure5: FTIR spectra of HUVECS treated with vehicle (tdpparinases |, Il and 11l (0.5 1U ritt
second from top) and heparinases |, Il and llidekd by unfractionated heparin (0.5 1U tand 500 U
mL™, respectively, third from top). The spectrum ofractionated heparin itself is also shown (bottom)
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Figure 3
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Figure 4
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Figure 5
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