SULPHATED POLYSACCHARI DES HAVI NG ANTI - METASTATIC ' romet MO OR

ANTI - | NFLAMVATORY ACTI VI TY This invention rel ates tJ”g%npounds
havimg anti- netastatic activity, and in particular it relates to the use

of these conmpounds as anti-metastati¢ agents in animals and nman

One of the key events in tunour netastasis is the adherence of |eukocytes
or tunour cells to blood vessel walls and their subsequent em gration into
tissues. the nolecular basis of these processes is poorly understood
although it is generally accepted that penetration of the vessel wall
requires | ocalised degradation of the interendothelial cell Junct\ons and
subendot helial matrix

SULPHATED POLYSACCHARIDES HAVING ANTI-METASTATIC
AND/OR ANTI-INFLAMMATORY ACTIVITY

This invention relates to compounds having
anti-metastatic and/or anti-inflammatory activity,
and in particular it relates to the use of these
compounds as anti-metastatic_and/of anti-inflammatory
agents in animals and man.

One of the key events in inflammation and
tumour metastasis is the adherence of leukocytes or
tumour cells to blood vessel walls and their
subsequent emigration into tissues. The molecular
basis of these processes is poorly understood
although it is generally accepted that penetration of
the vessel wall requires localised degradation of the
interendothelial cell junctions and subendothelial
matrix by specific degradative enzymes.

It has now been discovered that certain
sulphated polysaccharides can inhibit tumour cell
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by sbecific degradative enzynes. It has now been di scovered that
certain sul phated polysaccharides can inhibit tunour cell netastasis.

Wi le sone of these sul phated pol ysaccharides (such as heparin) exhibit
anti-coagul ant activity, the anti-netdastatic activity appears to be
unrelated to their anticoagulant activity, the polysaccharides not
inhibiting the attachnent of tunmour cells to vessel walls but preventing
vessel walmetpehesisii oNhidebsomeewf Sthefeswhbokatedeal ed that the

oot oo FPLYRACCRELBES, Rutck, T febdy Serapngs, Brogl Vips, deses L

penetrati dhtEmcoagulant activity, the anti-metastatic activity
appears to be unrelated to their anticoagulant
activity, the polysaccharides not inhibiting the
attachment of tumour cells to vessel walls but
preventing vessel wall penetration. Subsequent
studies have revealed that the sulphated
polysaccharides block tumour cell-derived
endoglycosidases that degrade the subendothelial
extracellular matrix (ECM) and allow penetration and
passage.of tumour cells. 1In particular, these
sulphated polysaccharides have been found to inhibit
the action ¢of heparan sulphate specific glycosidase
(heparanase) that degrades the heparan sulphate
side-chains of the ECM.

Work leading to the present invention has
also revealed that continuocus infusion of certain
sulphated polysaccharides, such as heparin and
fucoidan, can completely prevent experimental
allergic encephalomyelitis (EAE), an animal
inflammatory disease similar to multiple sclerosis in
humans.

In a first aspect, the present invention
relates to the use of certain sulphated
polysaccharides as anti-metastatic and/or
anti-inflammatory égents. In this aspect, this
invention provides a method of anti-metastatic and/or
anti-inflammatory treatment of an animal or human
patient, which comprises administration to the
patient of an effective amount of at least one
sulphated polysaccharide which blocks endoglycosidase
activity.

In another aspect, this invention relates to
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passfge of tumpur cells. In particular, these sul phated polysaccharides
have been found to inhibit the action of heparan sul phate specific

gl ycosi dase (heparanase) that degrades the heparan sul phate side-chains of
t he ECM In a first aspect, the prgsent invention provides the use
in the manufacture of a nedicanent for the anti- netastatic treatnent of
an ani mal or human patient of at |[|east one sul phated pol ysacchari de which

bl ocks or |nhlpﬁésusﬁngggkxggélgggs %@%HVbGﬂy |ﬁ?é¥%d§@cfgaéhge being a

heparin fraction wth |ow arfinit or anti-thro 11
peri odat e- OX|d@é%laf?éaeéeéfhébéFmﬁceutlca1Iﬁqmﬂﬁ%k§1QEﬁm§ﬂf this

i nvention provides- aetebeameeuhapak th\ie-tﬁrf'l%%{mémotsfééﬁﬂexfxé’r anti -
net astatic treatnment ri ses,at | east, one s hat ed polisaccharlde

whi ch bl ocks o?nlﬁhiﬁlP§98ﬁ803E966§|6558r°3693ﬂ1319 RAGRHYEGR Ehar i de
bei ng sel ect edcdtipos fthopawhichf conpr@Bey alt 1@asaf ford tsuIgkaeedi - t hronbin

11, and periodal e:9%hdri8d: whedHCBYoRRRA A AYE N adYd N ivitey,
together with a pharmaceutically acceptable carrier
or diluent therefor.

This invention particularly relates to the
use of sulphated polysaccharides which block
heparinase activity. Suitable sulphated
polysacéharides include heparin, fucoidan, pentosan
sulphate, dextran sulphate, and carrageenan-lambda.
As previously described, one sulphated polysaccharide
which has been found to exhibit
endoglycosidase-inhibitory activity is heparin, and
in one particularly preferred embodiment of this
invention the active component is heparin or a
similar sulphated polysaccharide having
anti-coagulant activity that has been appropriately
modified to reduce this anti-coagulant activity.
Examples of such modified polysaccharides are (a)
decarboxylated heparin that has a 20 fold reduction
in its anti-coagulant activity and negligible loss of
anti-metastatic activity and
(b) periodate oxidized, reduced heparin that has
negligible anti-coagulant activity but is a potent
anti-metastatic agent. 1In both (a) and (b) the
endoglycosidase-inhibitory activity of the
polysaccharides is retained.

The following Example demonstrates that
(a) a range of sulphated polysaccharides can
inhibit the metastasis of the mammary adenocarcinoma
13762 MAT;
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pha¥maceutically or veterinarily acceptable carrier or diluent therefor.
This invention particularly relates to the use of sul phated

pol ysacchari.des whi ch bl ock heparanase activity. The suitable sul phated
pol ysacchari des are a heparin fraction with low affinity for anti-chronbin
11, and periodace oxidized, reduced heg;rin

-3- that has negligible anti-coagulant activity but is a potent
anti-nmetastati agent The endogl¥005|dase i nhibitory act|V|ty of the

pol ysacchari dd®s r et ai Fie®l. 3Rt EFRE LI AR iBaRS et nonstrat es t hat
(a) a range GiulgHated eso DpsyS6R6haARECToaN nothiditrdgte with

their anticoagulant activity; and

{(c) - the sulphated polysaccharides do not inhibit
adhesion of tumour cells to the vascular endothelium
but appear.to prevent -passaging of tumour cells
through the blood vessel wall.




met 4stasis of the mammary adenocarci noma 13762 MAT; (b) t he
anti-netastatic activity of the sul phated pol ysacchari des does not
correlate with their anticoagulant activity; and (c) t he sul phat ed
pol ysaccharides do not inhibit adhesion of tumour cells to the vascul ar
endot hel i um but appear to prevent passaging of tunour cells through the
bl ood vessel wall. 5

MATERI ALS AND METHODS EXAMPLE 1 Pﬁk¥§ﬁfﬁf§rkﬁﬁsMETHODS

EXAMPLE 1
Polysaccharides

Hyaluronic acid (Grade III-S from human umbilical cord),
chondroitin-4-sulphate (cﬁondroicin sulphate type A from
whale cartilage), chondrqicin—é-sulphate (chondroitin
sulphate type C from shark cartilage), fucoidan (from Fucus

vesiculosus), pentosan polysulphate, carrageenan-kappa (Type

III from Eucheuma cottonii), carrageenan-lambda (Type IV from

Gigartina aciculaire and Gigartina pistillata) were all
purchased from Sigma Chemical Co. (St. Louis, Mo). Heparin
(mucous) was supplied by Evans Medical Ltd. (Liverpool,
U.K.). Heparin CSL was obtained from the Commonwealth Serum
Laboratories (Melbourne, Australia). Dextran sulphate (2.3
sulphates/monosaccharide, MW 500,000) was purchased from
Pharmacia Fine Chemicals (Uppsala, Sweden) and arteparon
(Luitpold Werk, Munich, W. Germany) was a generous gift of Dr
P. Ghosh, Royal North Shore Hospital (St. Leonards, Sydney,
Australia). The polysaccharides, with the exception of
Heparin, CSL, which was purchased as a solution, were dis-
solved in 0.15M NaCl, in most cases to a stock concentration
of 20 mg/ml. Hyaluronic acid and the carrageenans because of
their viscosity in solution were dissolved in 0.15M NaCl to
concentrations of 10 mg/ml and 2 wmg/ml respectively. 4all

polysaccharide-solutions were stored at -20°.

Animals and cell lines

Female Fisher F344 inbred rats were bred at the John



" Hyal®uronic acid (Grade I11-S from hunman unbilical cord),

chondroi tin-4-sul phate (chondroitin sul phate type A from whale cartil age),
chondroi ti n-6-sul phate (chondroitin sulphate type C fromshark cartil age),
fucoi dan (from Fucus vesicul osus), pentosan pol ysul phate,
carrageenan-kappa (Type |1l from Eucheuma cotteonii), carrageenan-|anbda
(Type IV from Gagartina aciculaire and Ggartina pistillata) were al

purchased from S§j g Chem . (S. Louigs, ). pari cous) was
suppl i ed by G¥ERET %ﬂ"é’; °C|§al hﬂeggﬁﬁ@eﬁbﬁs?,rcgw%) ‘.’3%@?,@ é{%aso bt ai ned
fromthe Commonweal th Serum Laboratories (Ml bourne, Australia). Dextran
sul phat e (2.%%%sul phat es/ nobnosacchari de, MV 500, 000) was purchased from

Phar maci a Fi ne C}f%g ( e =1 54&% rk,
Mini ch, W Ger many \?\‘leagsﬁa2 S@?e?%%% g??? g% %{n& P.él%gggs , oRoyai ra?_ﬁ\éghore
Hospi tal (Styididnayqls ra®sda@upcedUsd  shidderd uDAlyS aGe Midagsson th the
exception of Heparin, CSL, which was purchnased as a solution, were dis-
'solved in 0.d&dMRGIGivow)Mespptanetited. @i ch oKL Rl redliHdserum (FCS;
Flow Labs), 100 units/ml penicillin and 100 ug/ml strepto-
mycin sulphate as described previously (4).

These  cells are highly metastatic and exhibit stable

metastatic properties over a number of passages in culture.

Haematogenic metastases assay

13762 MAT cells were dislodged from the surface of
tissue culture bottles by vigorous shaking, the cells were
then washed and resuspended in complete medium. 2x107
viable cells in 0.6 mls were injected into the tail wvein of
Fisher 344 rats. Twelve days after injection the animals
were killed, the lungs removed and fixed in Bouins fluid and
the number of surface.metastatic foci determined. By this

injection route metastases are confined to the lung.

Soft agar plating

The plécing of cells in soft agar wa§ performed essenti-
ally as described by Reid (s5}). Briefly, an underlayer
consisting of 2 mls of 0.5% Difco Bacto-agar in 1640 medium
containing 10% calf serum was poured into 60 ﬁm petri dishes
(Sterilin, Teddington Middlesex) and allowed to solidify at
42 for 1h. The cells to be plated were suspended in 0.33%

agar in 1640 medium and 10% calf ‘serum and 6 mls of this



of 26 ng/ M. Hyaluronic acid and the carrageenans because of their
viscosity in solution were dissolved in 0.15M NaC to concentrations of 10

mg/ M«and 2 ng/ M respectively. All pol ysaccharide-solutions were stored
at -20[err]. Animal s and cell |ines Femal e Fi sher F344 inbred rats
were bred at the John 6

Curtin School of Medical Research and used at 10 meeks of age. The
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foetal calf eerpUmpQECS: aE'QMcLﬁ£§h¢z%%Pa%@&ﬁ”dﬁe RgACleh! b8124fgg00 ug/ M

st rept o-
and then incubated at 37° in a humidifed 5% CO, atmos-
phere for 14 days. Colonies are visible after 7-10 days at

37° and can be scored at 14 days.

Rosetting assay for cell surface receptors for sulphated

polysaccharides

Rosetting assays were carried out in 96-well round-
bottomed microplates (Linbro Chemical Co.) and based on a
procedure reported earlie;' (3). 13762
MAT cells were washed and resuspended in phosphate buffered
0.15M NaCl (pH 7) supplemented with 0.1% bovine serum albumin
(PBS/BSA). To 25.ul of ice cold 13762 MAT cells (1x106/ml
in PBS/BSA) was added 25 ul of a 1% suspension in PBS/BSA of
either washed sheep erythrocytes or sheep erythrocytes
coupled with a sulphated polysaccharide using CrCl; as
previously described (3). This
mixture was pelleted by centrifugation at 1,000 rpu for 1 min
at 4° and left on ice for th to allow the rosettes to
stabilize. The cell pellets were then gently resuspended
with a short Pasteur pipette and stained with Methyl violet;
50 ul of 0.05% methyl violet being added to the wells. Cell
samples were transferred to a haemocytometef chamber aﬁd the
percentage of.roseCte-forming cells assessed. A minimum of
100-200 tumour cells were examined for rosettes. A tumour
cell with 6 or more erythrocytes attached was considered as a

rosette.



nyciﬁ sul phate as described previously (4). These cells are hi ghly
netastatic and exhibit stable netastatic properties over a nunber of
passages in culture. Haemat ogeni ¢ net ast ases assay 13762 MAT cells
wer e di sl odged fromthe surface of tissue culture bottles by vigorous
shaking, the cells were then washed and resygpended in conplete nedium
2x10[err] wviable cells in 0.6 mMs were injected into the tail vein of

Fi sher 344 rats. Twelve days after injection the aninmals__were killed, the
| ungs r enolable bking Y362 MABqged! i _HaachsBodye 3342 f ace
metastatic foci _determ ned,
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13762 MAT cells were washed and resuspended to a concentra-

NN

tion of 5x10’ cells/ml in RPM! 1640 medium supplemented
wich 10%Z FCS. The cells were transferred to a 37° water
bath and 6 ug/wl of H33342 was added. Labelling was contin-
ued for 15 min after which the cells were washed- twice with

cold RPM! 1640 medium and resuspended for injectiom.

Quantification of tumour cell lodgement

The method used wast similar to that of Brenan and Parish

(2). 13762 MAT cells (2x106) were injected i.v. into .
rats, in 0.6 ml of RPM! 1640 medium containing either 200
units of CSL heparin (ca 1.6 mg) or 4 mg of chondroitin-4-
sulphate. Labelled cells injected in RPM1 1640 alone served
as controls. At various times after injection the rats were
anesthetized, bled by cardiac puncture and the lungs were
removed, washed and placed in saline. Each lung was then
minced in PBS and made into a siﬁgle-cell suspension by
gently pressing the tissue fragments through a fine seive.
The cell suspension was centrifuged, washed with PBS and
resuspended in 4 ml of PBS. A haemocytometéf was used to
estimate the number of fluorescent cells within each lung.
At least 3 animals were used for each timepoint and each

treatment.



(Stérilin, Teddington Mddlesex) and allowed to solidify at 4[err] for 1h.
The cells to be plated were suspended in 0.33% agar in 1640 nedi um and
10%- cal f. serumand 6 ms of this
7 mixture was poured over the underlayer. The plates were first placed at
A[err]Cfor lh to allowthe agar to solidify &nd then incubated at 37[err]
in a humdifed 5% CJ err] atnos- phere for 14 days. Colonies are visible
after 7-10 days at 37[err],and can he scored at 14 days. Rosetti ng assay
for cell suAngdeofgvBbiflly &G RTACYAZNMADL AFIATE,cchari des Roset ti ng

I

ed out. i n 96wl | d-.  bot toged i | Linb
hen) ol Go. § n S Holehtn k. Wiasmal B1a%H, was: s8Taarrrd, 87, BheSeAralal e,

puncture of anesthetized rats; nine vols of rat blood being

drawn into one wvolume of 3.8% sod{um citrate. The erythro-
cytes were removed by centrifugation (10,000 g, 4°C) and the
plasma collected and stored at -70° until use.

The effect of the sulphated polysaccharides on .the
coagulation state of plasma was determined as follows.
Polysaccﬁéride, 100 ul diluted in 0.15M NaCl was mixed with
50 ml of normal plasma and 50 ul of 0.15M NaCl and the
mixture was warmed at 37°C for 2 mins. To activate the
coagulation pathway either 20 ul of bovine thrombin (Sigma)
at a concentration of 30 NIH wnits/ml in 1.5M NaCl or 20 ul
of activated "Thrombofax" reagent-optimized (partial’
thromboplastin with activator, Ortho Diagnostic Systems Inc.)
was added to the mixture. The clotting reaction was then
initiated by the addition of 100 ul of 30 mM CaCl, and the
time, in seconds, required for clot formation was recorded.
These values were compared to the time taken for plasma to
clot in the absence of sulphated polysaccharides, i.e., when
the 100 ul of polysaccharide was replaced with 100 ul of
saline. The highest concentration of polysaccharide having
no detectable effect on the clotting time was taken as the
endpoint. The addition of thrombin or "Thrombofax' was
necessary to remove the variability introduced by the
incomplete activation of the intrinsic pathway that resulted
when surface-contact was the only agent activating the

coagulation cascade.



VAT %ells wer e washed and resuspended in phosphate buffered 0.15M Nad (pH
7) supplenmented with 0.1% bovine serum al bumin (PBS/ BSA). To 25 ul of ice
col d,13762 MAT cells (1x10[err]/m in PBS/ BSA) was added 25 ul of a 1%
suspensi on in PBS/ BSA of either washed sheep erythrocytes or sheep
erythrocytes coupled with a sul phated pqj ysaccharide using CrC [err] as
previously described (3). This m xture was peIIeted by
centrifugation

allom;thg réset %f¥§§5%t {ggﬁﬁ? "?ﬁ@dc3P|é%§F%§%g ﬁgf%%g%cgeﬁffor hto
Lesuspendegiyhided iidadialanesPblSchE BR0R8LELIRH: EPLIRLIYOR ViRLEL,
transferregy}g adwesdeyd orrq'foeﬁ oehanber aaémameraeegpsmw@a@fadded 50

rosette-formng cells assessed. A mninumof 10 O tunour cells were
exam ned @1 ¢PSRI1Psacohdnidaliin, coehlsmfmhnlaaﬁa 5016l ecoyntd Deimgs attached

was considered as a rosette.
2x10% 13762 MAT cells in 1640 medium (no serum). After
warming for 2 min at 37° 100 ul of 30 mM CaCl, was added
and the time (seconds) for clot formation was measured. The
clotting time of plasma when the coagulation cascade was
activated by 2x10% 13762 MAT cells in the absence of
§olysaccharide (the 50 ul of polysaccharide was substituted
with 50 ul of saline) served as the control. The highest
concentration of polysaccharide that does not produce a
detectable increase in the'clotting'timé above that recorded
for the controls was the end point. For both ass;ys the
effect of each polysaccharide concentration was measured in

duplicate and the control values were determined from the

mean of at least eight clotting times.



Labélling 13762 MAT cells with Hoechst dye No. 33342 Hoechst dye No.
33342 (H33342; Cal bi ochem Behring, Kingsgrove, NSW Australia) was stored
at 4ferr] as a stock solution of 600 ug/m in distilled water. For

| abel ing, 13762 MAT cells were washed and resuspended to a concentra-
tion of 5x10[err] cells/m in RPML 1640 nedi um suppl emented w th 10% FCS
The cells were transferred to a 37[err] waté bath and 6 ug/m of H33342
was added. Labelling was contin- wued for 15 mn after which the cells
were washed twice with cold RPML 1640 nedi um and resuspended for

I nj ection. Quantification of tumour cell | odgenent The net hod used
was simlar to that of Brenan and Pari sh (2). 13762 MAT cells
(2x10[ er FEGUREr b 1 rjadge@gnr. pacsesmy within the rat lung of i.v. injected,

H33342 labelled, MAT cells. The cells were injected in either
saline alone (A and C) or saline containing 1.6 mg heparin (B and
D). The pattern of 13762 MAT cell lodgement is shown 15 min (A

and B) and 360 min (C and D) after injection. Magnification xS55.

FIGURE 2 - Quantitative assessment of the effect of sulphated
§olyaccharides on the lodgement of H33342 labelled, 13762 MAT
‘cells wichin the rat lung over a 22h period. Experiment 1: Cells
were injected i.v. in saline alone ( 1' ) or saline containing 1.6
wg of heparin ( A ). Experiment 2: Cells were injected f.v. in
saline alone ( () ) or saline containing 4 mg of chondroitin-4-
sulphate ( Z& Y. The mean and standard error of the number of
fluorescent tumour cells within at least 3 replicate rat lungs is

given.



rats; in 0.6 m of RPML 1640 nedi um contai ni ng either 200 units of CSL
heparin (ca 1.6 ng) or 4 ng of chondroitin-4- sul phate. Labelled cells
injegted in RPML 1640 al one served as controls. At various tinmes after
injection the rats were anest heti zed, bled by cardiac puncture and the
| ungs were renoved, washed and placed i A2sal i ne. Each |ung was then

m nced in PBS and nade into a single-cell suspension by gently pressi ng
the tissue fragnents through a fine 888ULTS The cell suspension was
centrifuged, washed wi th PBS and resuspended in 4 m of PBS. A
haenncytoneter was used to estimate the nunber of fluorescent cells

2;2E'n eaE ¥ 3% on détmeggééaéiﬁaQqulsufwhé%éﬁs%gnggcgﬁgukél nep0|nt and
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To test whether sulphated polysaccharides could alter the
number of 13762 MAT cell lung metastases the following experiment
was performed. Single cell suspensions of 13762 MAT cells
(2x103) were mixed with & mg of sulphated polysaccharide in-RPﬂ1
1640 medium immediately prior to their injection into the tail
vein of rats. Twelve days after injection the numbers of visible
surface lung lesions were determined; Alchough a score of the
number of visible lasions does not represent the total number of
tumours within the lung it is regarded as a reliable estimate of

the extent of metastatic tumour colonizacion = (8).

It is clear from Table I that certain sulphated
polysaccharides substantially decreased the number of lung
lesions. Heparin was the most effective polysaccharide followed
by carrageenan lgmbda, pentosan sulphate and fucoidan.

It was necessary to eliminate the possibility cthat the
apparent antimetastatic effects of the sulphated polysaccharides
were caused by their direct toxzicity for tumour cells.
Accordingly, samples of 13762 MAT cells were incubated for 1h at
37° with one of each of the sugars shown to inhibi:z metastasis.
After incubation the cells were washed and plated in sofc agar.
The concentration of cells and sugars was the same as that used
for injecting the rats i.e. 3.3x107 cells/6.6 mg sugar/ml or
3.3210° cells/3.3 mg sugar/ml in the case of the carrageenans.
Cells incubated in RPMI 16&0 mediom alotie served as controls. The

effect of the sugars on the viabilicy of the tumour cells was



4 -
Antﬁcoagulant and Procoagul ant assays To obtain rat plasma bl ood was
collected by the cardiac puncture of anesthetized rats; nine vols of rat
bl ood being drawn into one volume of 3.8%sodiumcitrate. The erythro-
cytes were renoved by centrifugation §10,000 g, 4[err]C) and the plasna
coll ected and stored at -70[err] untk$ use. The effect of the
sul phat ed pol ysacchari des on the coagulation state of plasm was
det er m negk s sfed| foom. thePahupbatcofirdald, codoniesdyiskbde as b4 19arNadicemas
mxed with 50 nl of normal p|lasma and 50 uh of OQ;EPI G and.the mxture
was war meplaRingzC PeFtIa% s Phate 45 \FRec ORRE B EAR IR oR° pREtHES ei t her
20 ul of bovi ne _thronpi | ti : ,ts/m in
1. 5M NaGt SHRE R0 ChF Shre R e hipadh <3 3782 AT R TRl e

thronbopl gsf.i Rnl bEhaet4usrer had dd1UeP3@R0EE | £ AV VB cllfud ca¥@s added to
the m xture. The clotting reaction was then initiated by the addition of

100 ul ofvdbit¥cgath[etgdo.and the tinme, in seconds, required for clot
formati on was recorded. -
This suggests, with the exception of dextran sulphate, that

the reduction in the number of metastases was a consequence of
some in vivo action of the polysaccharides. To determine the
validicy of cthis interpretation heparin was administered
independently of the i.j. injected tumour cells. It was found
that the route of heparin injection, whecher intraperitoneal,
subcutaneous or via ancther tail wvein, did not alter the result.
Heparin continued, in éach case, to decrease the number of
metastases to less than 10% of the control (data not shown); thus,

confirming that heparin, at least, was acting in vivo to reduce

the number of metastases.

Decection of recentors for sulphated polysaccharides on 13782 MAT

cells

Sulphated polysaccharides consticute a ﬁajor component of the
extracellular matrix of endothelial cells, hence it is possible
that 13762 MAT cells may adhere to the lung endothelium via
receptors for cthese molecules. To determine whether molecules
associated with the surface of 13762 MAT cells bound sulphated
polvsaccharides a rosecting assay was used.

Sulphated polysaccharides from a variety of sources were
coupled to the surface of sheep erythrocytes and the abilicy of

these erythrocytes to attach to 13762 MAT cells was assessed.
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Thes% val ues were conpared to the tine taken for plasma to clot in the
absence of sul phated pol ysaccharides, i.e., when the 100 ul of

pol ysacchari de was replaced with 100 ul of saline. The highest
concentration of polysaccharide having no detectable effect on the
clotting tine was taken as the endpgigyt. The addition of thronbin or
"Thr onbof ax" was necessary to renove the-variability introduced by the

i nconpl et gnastp Ved ishaepf etyuhrioriytesSserped s ohhasls esully ads \fbend
surface-contact was the only agent activating the coagulatlon cascade.
10 AhaF m‘-ﬁéﬁhf&%&?s v@glq}@édwtiéh dehe rgkvce saRbnes kEcansof(GAGY phac ed

pot ysacohapidess LS, I AAAIULAN LA BRHLNY 41k 8 oblha o KRN T B8 LDy T
to the surface of 13762 MAT cells while those coupled with
hyaluronic acid (a non%wlpha:ed GAb) bound moderately; 77% of the
13762 MAT cells being cla531 ied as rosettes (Table III). 1In
contrast, arteparon (an artificially oversulphated GAG from bovine

- lung) and heparin-coupled erythrocytes bound very poorly to 13762
MAT cells. A similar pattern of selective adhesion was displayed
by 13762'HAI cells for erythrocytes coupled wich sulphated
polysaccharides from non-mammalian sources. Although the
carrageenans kappa and lambda bound very strongly to 13762 MAT
cells a subpopulation of these cells (ca 32%) consistently did not
bind carrageenan lambda. No binding of pentosan sulphate-coupled
erythrocytes could be detected and only a subpopulation of 13762
MAT cells (ca 50%) bound rather weakly to dextran sulphate-coupled
erythrocytes. .

The selective nature of the binding pattern displayed by che
13762 MAT cells indicates that binding is not simply due to the
anionic nature of the polysaccharides. For example, the tumour
cells reacted strongly with the chondreitin sulphates and yet did
not bind heparin a GAG with a much higher charge density.
Similarly, hyaiﬁronic acid, a molecule having a relatively low
charge density was found to adhere quice sfrongly to 13762 MAT
calls. It can therefore be concluded that 13762 MAT cells possess
surface associated molecules (receptors) that bind particular
sulphated polysaccharides. There. was, however, no positive
correlacion between the antimetastatic properties of the sugars
and cheir ability to bind to the tumour cell surface.(Tables I and

I11). In facc, with the exception of-carrageenan lambda, a



ul df polysaccharide in 0.15M NaCl and 50 ul containing 2x10[err] 13762
MAT cells in 1640 nedium (no serun). After warmng for 2 mn at 37[err]
100 °ul of 30 mM CaCl[err] was added and the tine (seconds) for clot
formati on was nmeasured. The «clotting tinme of plasnma when the coagul ati on
cascade was activated by 2x10[err] 13762 MAT cells in the absence of

pol ysaccharide (the 50 ul of pol ysacéharide was substituted with 50 ul of
saline) served as the control. The highest concentration of polysaccharide
that does fugacpvedusrrelacdehesiahivddencs eaddsi augdeswd ataicnghéi ne above
that recorded for the controls was the end point. For both assays the

ef fect of aedmepasyaticc Betivdct dfc &herviwd Ha’f nes wdetageddupl i cate and

O qhyasteRatflS ELT ORI e "B "l kR of" O

sulphaced polysaccharidé specific 'receptors on the 13762 MAT cell

surface.

Anticoagulant activity of che sulphated polysaccharides

13762 MAT cells are known to exhibit procoagulanc activity
in vitro (1); . .a property believed to
contribuze to the metastatic capability of tumour cells by
increasing the probability that these cells will become entrapped
in che microcirulation of an organ (6).
The sugars most effective as‘ancimecastatic agents were found, at
quite low concentrations, to both exhibit anticoagulant activicy
and inhibiﬁ the proccagulant activity of the 13?62 MAT cells
(Table 1IV). MNevertheless, iﬁ is noteworthy that che correlation
between antimetastatic and anticoagulant activicy is not absolucte.
Dextran sulphate, for example, inhiﬁited the clotting of plasma at
concencrations as low as 1-0.5 ug/ﬁl as did carrageenan lambda
(Table 1IV) yet carrageenan lambda was substantially more effective
at preventing metascasis than dextran sulphate (Table I).
Moreover, dextran sulphate was found to impair the viability of
the 13762 MAT cells (Table II) thus, it is probable that the 50%
reduction in metastasis observed with this sugar was a reflection
of its toxicity. Pentosan sulphate and arteparon similarly
exhibiced identical endpoints in the anticoagulant assays but
differed significantly in their efficacy as antimetascatic agents.

It is worch nocing that the anticoagulantc aad procoagulant assays



FIGBRE 1 - Lodgenent pattern within the rat lung of i.v. injected, H33342
| abel | ed, MAT cells. The cells were injected in either saline alone (A and
C) or saline containing 1.6 ng heparin (B and D). The pattern of 13762 MAT
celI” | odgenent is shown 15 min (A and B) and 360 nin (C and D) after
I njection. Magnification x55. FIGQRE 2 - Quantitative assessnent of the
ef fect of sul phated polyaccharides on the | odgenent of H33342 | abell ed,
13762 MAT cells within the rat lung over a 22h period. Experinment 1: Cell's
wer e |nJecgeuelaﬁﬂuﬁaﬁesaﬁ¢rﬂ?#ﬂﬁénés(a[%#¢ﬂ°ﬂ EBPasaPﬁn%P&ﬁﬁﬂﬁapﬁFHEIQFﬁpﬂSHQ

Slone’ ' 1 oreh 3ldsr pTAPRE' BB icing o B ToRoR SRSt (1dearteat (ppoihas
[err] ). Ih&a%%caeg §$eg§wa.n<ios £aPky of ddieenyaler e dulugsescent tumour

cell's withfn at_least cate ungs I's ‘given.

Effect of sulphated polysaccharides on the arrest of tumour cells

in the lung

Do the sulphated polysaccharides that reduce metastasis
prevent the-arrest and/or adhesion of tumour cells to the lung
endothelium or do they act at a later stage in the metastatic
process? To examine this qugscion the effect of heparin and
fucoidan on the arrestg, in the lung, of 13762 MAT cells labelled.
with a fluorescent dye (H33342) was determined. This dye has been
used previously toe follow lymphocyte recirculation and is reported
neicher to be toxic nor to modify the cell surface (2).
Fluorescently.labelled 13762 MAT cells (leoé)
were injected i.v. in either saline or wich fucoidan (4 mg) or
heparin (4 mg and 1.6 mg). At 15, 90 or 360 min afcer injection
the rats were bled by cardiac puncture, then killed and the lungs

were removed. Afcer washing the lungs were fixed in 5% neutral
formalin for 20h at room temperature. Hand sections of the fixed
tissuve were examined usiag low power (100x) fluorescence
microscopy. In all cases the cells exhibited a2 patchy
discribution spread throughout the lobes of the lung (Fig. 1a and
b) and no qualitative difference in the number of cells arresting
afrer 15 min could be detected. However, the numbers of cells
visible in the lung 6h after injection had declined subscantially

when heparin or fucoidan had been.administered (Fig. 1c and d).
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12 ° RESULTS Inhibition of netastasis wth
sul phat ed pol ysacchari des To test whet her sul phated pol ysacchari des
could alter the nunber of 13762 MAT cell lung netastasas the foll ow ng
experiment was performed. Single cell suspensions of 13762 MAT cells
(2x10[err]) were mxed with 4 ng of sul phated pol ysaccharide in RPML 1640
medi um i nmmedi ately prior to their itmjection into the tail vein of rats.
Twel ve days after injection the nunbers of visible surface lung |esions
were determ neth aAlsuheeghent satxpezivent hehe eiffper of aulphgiced| esi ons does

not represent the total nunber of tunours within the luyng it is regarded
as a rel i npkesasqharddesoft tife aSxpehtavs %ﬂéﬁ&gﬁﬁfi%‘thﬁﬁggrnébl%ﬁﬁ%&ﬂ n

(8). the lung was quantified ovexr a 22h period. Tumour cells labelled
with H33342 were injected with either a sugar, heparin (1.6 mg)
or chondroitin-4-sulphate (4 mg), or in RPM! 1640 alone, and at
the times specified (Fig. 2) the numbers of labelled cells
remaining in the lungs were estimated. Plasma prepared from the
blood samples taken at each time point was used to monmitor the
anticoagulant state of the rats. It was found that 1.6 mg of
heparin significantly ant;coagulated the animals and inhibited the
procoagulant activity of the tumour cells for between 3-5 hours.
Plasma taken from rats 5h afcer the injection of heparin exhibiced
a clotting pattern indistinguishable from that of normal plasma.
Chondroitin-4-sulphate had no effect on the coagulation state of
the rats.

The results of this experiment confirmed the qualitative
assessment. Heparin did not prevent the initial arrest of the
tumour cells but it did increase the rate at which these cells
were lost from the lung, such that, afte% 22h only 38% of the
cells initially arrested could be detected. In contrast,
chondroitin-4-sulphate, a sugar having no anticoagulant and no
antimetastatic activity, had no effect on the retention of tumour
cells in the lung (Fig. 2). The displacement of cells from the
lung observed with both heparin and fucoidaﬁ is thus not due

imply to the introduction of a sulphated polysaccharide per se
but appears to be more specific. Whecher the displacement of
cells is due to the anticoagulant effect of the sugars is not
clear. However, the data do suggest that the procoagulant

activity of the 13762 MAT cells is of little consequence for the



It i*s clear from Table | that certain sul phated polysaccharides
substantially decreased the nunber of lung |esions. Heparin was the nost
eff€ctive pol ysaccharide followed by carrageenan |anbda, pentosan sul phate
and fucoi dan. It was necessary to elimnate the possibility that the
apparent antinetastatic effects of the sul phated pol ysaccharides were
caused by their direct toxicity for tunmour cel]s. Accordingly, sanples of
13762 MAT cells were incubated for 1B at 37[err] with one of each of the
sugars shown to inhibit netastasis. After incubation the cells were washed
and pl ated, i ft_agar.. _The congentration of .calls and,sugars was the

same as tﬁﬁﬁgﬁégd“tT %N FREOYR File oF5REC 28 §§E§§ B[ 8791 fidengage ny
sugar/ M Qoced e300 sCoE! plokoh i aRHORLLIN: A (riE1EaPP OF the

X
carrageendans. Cells I ncubated In one served as controls.
The effect of the sugars on the viability of the tunour cells was

Effect of the time of heparin adminiscracion on its antimetascatic

activicy.

The effects of heparin on the number of 13762 MAT cells
remaining in the lung first became evident 1-2 hours after
injection (Fig. 2). Thus, it could be argued that ﬁeparin
interferes with the metastatic process after the cells have lodged~
in che lung capillaries but before penetration of the vascular
endothelium. To decermiﬁe the time of heparin administration mosct
effective in preventing metastases, heparin was given both before
and afcer the tumour cells and the resulting number of lung

" lesions were recorded.

Heparin most efficiently inhibited metascasis formation when
an i.v. injection of tumour cells was immediately followed by an
injection of heparin inco a different tail vein. However,.around
707 inhibicion of metastasis could still be achieved if heparin
was given up to oune hour before or three hours after the tumour
cells (Table V). As before the rats were significantly
anticoagulated three hours after the heparin injection but after
six hours their coagulation state had returned to that of the

saline injected controls (data not shown).

Separation of the antimetastatic and anticoagulant effects of

heparin

From the data presencted above it appears that anticoagulation
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b
13 assessed fromthe nunber of cell colonies visible at 14 days after _
pl atj ng. Dextran sul phate was the only sugar found to reduce either the
si zew~or ‘the number of 13762 MAT cell colonies (Table 11); the other sugars
had no detectable effect on tunour cell wviability in vitro. Thi s
suggests, with the exception of dextran sul phate, that the reduction in
t he nunber of netastases was a consequence of sone in vivo action of the
pol ysaccharides. To determ ne t he? validity of this interpretation heparin

was adni ngs§ edd vel RHRPEOHASTEde/ ekblhR&ciod - fornjchet eAtindiustatek! ££bLyas
found that” the route of heparin injection, whether. intraperitoneal,

subcut anegfiscind sulahaned hpelysscdchaeides di Complerzlibbrptémmaridiohk. ofHeparin
continued, in each case, to decrease the nunber of netastases to |ess than
10% of t heulkmhatesd pedAsacearidesnare eomposed:c off ar Rt RYragameoNspasknef at

| ing in,yLv r h r_of :
east, was ééulé%. Qi¥%e8eéé’pé2%%%§cién§*o the sgme”§§f¥¥é§2 aride

having a slightly different set of molecules. It is therefore
possible that heparin batches could vary in their potency as
antimetastatic agents, yet possess identical anticoagulation
properties. This was found to be the case. Heparin preparations
from two different sources had idemtical anticoagulant properties
but differed by approximately 10-fold in their antimecastaéic
capabilities (Table VI). The quancity of Evans Medical Ltd
heparin and CSL heparin required to drop the number of lung
metastases by 50% was 0.53 mg and 0.06 mg fespectively. These
results indicate chaé the antimetastatic effect is due, at least
in pér:, to some component of heparin distinct from that required

for anticoagulation.



Dete%tion of receptors for sul phated pol ysaccharides on 13762 MAT cells
Sul phat ed pol ysacchari des constitute a major conponent of the

extracel lular matrix of endothelial cells, hence it is possible that 13762
MAT cells may adhere to the lung endotheliumvia receptors for these

nol ecul es. To deternine whether nol ecul &0 associated with the surface of
13762 MAT cel | s bound sul phated pol ysaccharides a rosetting assay was
used. TABBE| fhat SHEp RFELTC IQF iSAEPHATED aPORYSACCHARIDERS A% TREe
coupled to the surface of sheep erythrocytes and the ability of these

erychrocyces to attMERASTASESGF D BY s! 31462 JMATs SELLS

14 Uncoupl ed sheep erythrocytes served as controls. It was found

No Metastases

Polysaccharide1

(Mean + SE)2 % of control
Hyaluronic acid 295 + 31 100.1
Chondroitin-4-sulphate 285 + 27 96.5
Chondroitin-6-sulphate 273 + 36 92.5
Heparin 30 + 10 10.2%
Fucoidan _ 96 + 2t 32.7*%
Carrageenan Kappa 282 + 29 95.6
Carrageenan’ Lambda 56 + 13 18.9%
Dextran sulphate _ 151 + 21 51.1%
Pentosan,sulphaté 65 + 13 22.0%
Arteparon 139 + 25 47.3%
None (control)' | 295 + 25

1Four mg of pblysaccharide were injected per rat with the
exception of both the carrageenans, where 2 mg were
injected.

2Mean of 5 replicates.
*Significantly different from the control as determined by

an analysis of variance followed by an a priori t-test
(7). ' In each case p < 0.001.



that'erythrocytes coupled with the gl ycosam nogl ycans (GAG
chondroi ti n-4-sul phate and chondroitin-6-sul phate bound strongly to the
surface of 13762 MAT cells while those coupled with hyaluronic acid (a
nonsul phated GAG bound noderately; 77% @f the 13762 MAT cells being
classified as rosettes (Table Il1). In cOntrast, arteparon (an
artificially oversul phated GAG from bovi ne | ung) and hepari n-coupl ed
eryt hrocytes bound very poorly to 13762 MAT cells. A S|nllar pattern of

sel ective adhesion was |spla ed b 13762 er ytes
fﬁupled W¥$$L§ulﬁhit5§F&GIy9 e dﬁﬁ%ﬁ%&Hﬁhégﬁéﬁkén 13762 ;hTAItP?ugh

e carrageenans ka a n ongly to cells a
subpopul ati on of theggiégﬁl&;l{ 3?3@6%Mf§es¥grﬁ‘$y di d not bind carrageenan
| anbda. No bi ndi ng of pentosan sul phat e-coupl ed erythrocytes coul d be
detected and only a subpep-ation—oi—13762-MT—cell-s—{(ea—b094—bound rat her
weakly to dextran sul phate- coupled ery roc The,sel,ective nature
of the binding pattepn dISp| fé%%§§§ Eg%}s cprandSSes t hat

bi nding is not sinpl |on|c nat ur & e pol ysacchari des. For
exanpl e, the tunour —seLLs4uayﬁ4xLé#4engLy—ukLh—%he—ehendpepkkn sul phat es

and yet did not bind heparln a GAGwith a nucha§$gh§r gharge density.
Simlarly, hyaluronlg a nol ecul e havi ng t? ely |l ow charge
density was found toggq ﬁ e quite strongly to ¥§é€2 calls. It can

t herefore be concl ud Fn13762 MAT cell s pos face associ at ed

nol ecul es (receptors i |cular sul e | ysacchari des. There
was, however, no pos#ﬁEggéééﬁgha chlbetmeen e-gn??netastatlc

properties of t he sugg_%?ﬁ%r&lntﬁf u%bdé'ty to bjé’lgi 109 t he tunour cell

surface (Tables | W th the exceptlon of carrageenan

Ianbda, a Dextran sulphate 172 + 27
Eentésan sulphate 322 + 3
None (control) 310 +°7

13762 MAT cells were incubated for 1h at 37° in
polysaccharide (3.3 mg/ml for the carrageenans Kappa and
Lambda; 6.6 mg/ml for the others) in 1640 medium before
being added to agar and plated out. Four replicate plates
were prepared for each sugar.



15 hegative correlation was evident. This suggests that the antinetastatic
activity of the mapjority of the sul phated polysaccharides could not have
been’ due ‘to the bl ocking of sul phated pol ysaccharide specific receptors on
the 13762 MAT cell surface. Anti coagul ant activity of the sul phated

pol ysacchari des 13762 MAT cells are %fown to exhi bit pr ocoagul ant
activity invitro (1); . a property believed to contribute to the
netastatic capability of tunour cells by increasing the grobability t hat
these cel | STABLE BEEomeREGEPZBBeSTATHS: OF nittoti ¥AT a€EBRSoFO&n organ (6).

The sugars nost effective as antinetastatic agents were found, at quite
| ow concentrations, to %BFﬁHéﬁﬁpb?PLXﬁﬁqgﬂﬁﬁihﬁﬁ activity

% of MAT cells

Polysaccharide! forming rosettes
Hyaluronic acid 77
Chondroitin-4-sulphate 98
Chondroitin-6-sulphate 74
Heparin <1
Fucoidan 5
Carrageenan Kappa 92
Carrageenan Lambda 78
Dextran sulphate 53
Pentosan sulphate <1
Arteparon <1
None (control) <1

1Polysaccharides were coupled to sheep erythrocytes.

213762 MAT cells possessing 6 or more attached
erythrocytes constitute a rosette. Figures-given are the
average of three separate experiments.



&

and inhibit the procoagul ant activity of the 13762 MAT cells (Table IV).
Nevertheless, it is noteworthy that the correlation between antinetastatic
and anticoagul ant activity is not absolute. Dextran sul phate, for exanple,
inhibited the clotting of plasma at concentrations as |ow as 1-0.5 ug/n
as did carrageenan |anbda (Table 1V) yét® carrageenan | anbda was
substantially nore effective at preventing netastasis than dextran sul phate
(Table I). Moreover, dextran sul phate was found to inpair the viability of
the 13762 MAT cells (Table Il) thus, it is probable that the 50% reduction
in netastasis observed with this sugar was a reflection of its toxicity.
Pent osan spiBphaive -apgFEATt ©PBULRHATED Partsaccaxkidst ed THiRmbACWlATEREPSFAES i N
t he anti coagul ant assays but differed siQfnRAT RaSMy in their efficacy as

antinetastatic agents. It is worth noting that the anticoagul ant and.
procoagul aprt—assays . 18
Anticoagulant a?tivicy
(ug/ml) Inhibicion of
. .. procoagulant effect
Polysaccharide of MAT cells (ug/ml)2
APTT TT
Hyaluronic acid >2000 >2000 22000
. Chondroitin-4-sulphace > 500 >5000 >2000
Chondroitin-4-sulphate > 500 >5000 >2000
Heparin 0.3 0.3 3
Fucoidan 1.0 1.0 20
Carrageenan Kappa 3.0 10.0 200
Carrageenan Lambda 1.0 ¢.3 20
Dextran sulphate 0.3 0.3 2
. /
Pentosan sulphate 3.0 3.0 30
Arteparon 3.0 3.0 20

'Highest concentration, of sugar having no detectable effect on plasma
coagulation.

lHighest concentration of sugar having no inhibicory effect on the
procoagulant activicy of 2x10% 13762 MAT cells.



givé accurate end points as a narrow range of sugar concentrations can
alter plasma fromgiving coagulation tines identical to that of the
control to an incoagul able state (data not shown). Ef fect of sul phated
pol ysaccharides on the arrest of tumour cells in the |lung Do the

sul phat ed pol ysaccharides that reduce netastasis prevent the arrest and/or
adhesi on of tunour cells to the lung endotheliumor do they act at a later
stage in the netastatic rocess? To examne this question the effect of
hepari n &ABLEf Ucoi BAREGR SﬁeTEMEe%E,HE?ﬁRINeAQﬁﬁﬁI&ﬁR&miﬂ&ZQMNﬂl§blIs

| abelled wth a fluorescent dye F8334§£ was det erm ned. This dye has been
used previously to follomlly%%EEi FSTFEELE AR O and is reported

neither to be toxic nor to nodify the cell surface (2). Fluorescently

| abel | ed 13+62-MNAF—celts—{2xt0-er+ | —were—nieeted—+—yv—-n—eit-hersali ne

arter i nieet SRourRPh BhiatElH ed by car i R QEUPE T ATAT R | [ed and |
the I ung . shi ng the—tungs—were—fixed—+m—5%reuts al
13762 MAT Heparin2 (mean + SE)3 % of control
cells! - '
Q 0 7 +3 2.4
0 +1 21 + 4 7.1
0 +3 713 + 9 25.6
Q +6 202 + 68 69.1
0 +22 248 + 48 85.2
¢ No sugar (control) 291 + 39
0 0 25 £ 7 9.7
+0 0 82 + 26 31.9
+3 0 106 + 6 41.7
+6 Q 166 + 47 65.3
+22 0 272 + 66 106.8
0 No sugar (control) 254 + 51

1 2x105 cells injected i.v.

~a

Each rat rteceived 1.6 oz Heparin i.v.

3 Mean of at least 3 replicaces.

(&}



formalin for 20h at roomtenperature. Hand sections of the fixed tissue
wer e exam ned using | ow power (100x) fluorescence mcroscopy. In all cases
the cells exhibited a patchy distribution spread throughout the | obes of
the lung (Fig. 1a and b) and no qualitative difference in the nunber of
cells arresting after 15 mn could be det ect ed. However, the nunbers of
cells visible in the lung 6h after injection had declined substantially

Shen heperL 1St o SR DAL APen W BRI A S Bloscoren
I h d th { I'1s i th
st oot e e g Sugs ekl |3 11, (e Lo

injected with either a sugar, heparin (1.6 ng)

, No. of metastases (% of control)! with:
Quantity of heparin
injected (mg/rat)

Evans Medical Ltd heparin  CSL heparin

1.6 | 13.9 + 6.3 10.9 + 2.2
0.53 45.8 + 10.8 8.5 + 9.4
0.18 125 + 20.1 24.4 + 6.2
0.06 135 + 16.6 . 50.8 + 3.9
0.02 ND 71.8 + 10.7
Anticoagulaﬁt activicy
(ug/ml)2
APTT? 0.3 0.3
TT4 . 0.3 0.1

Mean + standard error calculated from at least 3 replicates.

2Highest concentration of heparin having no detectable effect

on plasma coagulation.
3activated partial thromboplastin time test.
4Thrombin time test.

ND_= not determined.
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or chondroitin-4-sul phate (4 nmg), or in RPML 1640 alone, and at the times
specified (Figs. 2) the nunbers of |abelled cells remaining in the |ungs
were.estimted. Plasma prepared fromthe blood sanples taken at each tine
poi nt was used to nonitor the anticoagﬁlant state of the rats. It was
found that 1.6 ng of heparin significa ﬁiy anti coagul ated the ani nmals and
I nhi bited the procoagulant activity of the tunmour cells for between 3-5
hours. Plasma taken fromrats 5h after the injection of heparin exhibited
a clotting pattern indi&®ihglteHaBl cERRBRILHICTON TR RS pFladka.
%Ondroi Iti n'%]}ﬂlﬁmﬁiéd? ﬁ@ﬂy@@ceﬁﬁe@aeengubekcwg}dnﬁt igt sded eiof byt he rats.

e results aqf thi.s experinment confirmed the qualitative, assessnent.
Heparin did ﬁ&@%@% YRR R £F B‘QFF&F oF RS LY ERRARAE% 1 s but it did
increase the rate at which these cells were lost fromthe |ung, such that,
after 22h Onﬁﬁﬁﬁ%) f,the cells initially arrested could be detected. In
contrast, ¢ - 4-sul phat e, a sugar having no anti coagul ant and no
antinmetastatic activitTabhadvihd presentsnresslist dimdmn of tunour

endoglycosidase-inhibition experiments which

demonstrate that there is a correlation between the
endoglycosidase inhibitory activity of the different
sulphated polysaccharides and their ability to
inhibit tumour metastasis. Thus, the five
polysaccharides that exhibited anti-metastatic
activity were comparable inhibitors of tumour cell
derived endoglycosidases. In contrast, of the four
polysaccharides that failed to inhibit tumour
metastasis, three had no detectable endoglycosidase
'inhibitory activity and one polysaccharide
{(carrageenan-kappa) was approximately 4-7 times less
effective at inhibiting the tumour endoglycosidases
as the anti-metastatic polysaccharides.

Although experiments described in Example 1.
above suggest that the anticoagulant activity of the
sulphated polysaccharides plays little or no role in
their antimetastatic activity, it was important to
obtain more direct evidence that this is indeed the
case. Table VIII presents the results of an
experiment in which heparin was separated into
anticoagulant enriched and anticoagulant depleted
fractions by passage over an anti-thrombin III column
(heparin exerts its anticoagulant activity by
interacting with anti-thrombin III in plasma).
Approximately 40% of the heparin preparation used in
this experiment bound to the anti-thrombin III column
and was eluted with 2M NaCl (termed high affinity



A
cell's in the lung (Fig. 2). The displacenment of cells fromthe Iung
observed with bot&h heparin and fucoidan is thus not due sinply to the
i ntroduction of a sul phated pol ysacchari de per se but appears to be nore
specific. Wether the displacenent of ells is due to the anticoagul ant
effect of the sugars is not clear. $§ver the data do suggest that the
pr ocoagul ant activity of the 13762 MAT ceIIs is of little consequence for

e i dan are BeRAEH | bk hERSeBhah IR S bLLSSLy 82, DEpSRLT, anc

Ef fect of thesitirehdfhhepdr lowaddEdnityattioan amt ii-tthzontbiret ARSI ahkd

activity identical endoglycosidase~inhibitory activity, almost
identical anti-metastatic activity (comparable to
unf;actionated hgpa:in) but differed approx. 300-500
fold in their anticoagulant activity. Such a result
clearly indicates that the anticoagulant activity of
heparin plays little or no role in the
anti-metastatic properties of the polysaccharide.

In additional experiments attempts were made
to chemically modify heparin such that the )
anticoagulant activity of the polysaccharide was
destroyed but the anti-metastatic activity of the
molecule retained. Such procedures (i) eliminate the
undesirable anticoagulant properties of heparin if it
is to be used clinically as an anti-metastatic and
anti-inflammatory drug and (ii) unlike anti-thrombin
IITI fractionation, provide a commercially viable
approach for preparing an effective drug. The
results obtained with two chemically modified
preparations of heparin, which are virtually devoid
of anticoagulant activity, are presented in Table
IX. Both preparations exhibited substantial
anti-metastatic activity although they were less
effective than unmodifed heparin.



The éffects of heparin on the nunber of 13762 MAT cells remaining in the
lung_first became evident 1-2 hours after injection (Fig. 2). Thus, it
coul d be argued that heparin interferes with the necastatic process after
the cells have lodged in the lung capillaries but before penetration of

t he vascul ar endothelium To determ ne EQe time of heparin adm nistration
nost effective in preventing netastases; heparin was given both before

and after the tunmour cells and th% Eﬁiﬁ!iing nunber of lung |esions were
recor ded. Heparin nost effi cie =nhi bited netastasis formati on when
an i.v. injection of tunour cells was immedi ately followed by an injection
of heparin into a different tail vein. However, around 70% inhibition of

met astasi s could sl  be hireved i f .h [ S di up to one hour
bef or e or ¢ _hr ee h Rbllit- 02D J‘:earent gul GRELd Bo cHh c{_)as bef ore t he _rat S
were significantly, apihfoaghbdl ed1l 'HEGvhP YR JB51hdsheparin injection
but after six hou o that of the

saline injected controls (data not shown).

_ Inhibits Endoglycosidase
Polysaccharide - Tumour Metastasis  Inhibitory Activity
‘ ‘ (ug/m1)t

Hyaluronic acid - >50 .
Chondroitin-4-sulphate : - >50
Chondroitin-6~sulphate - >50
Carrég‘eenan—kappa - © 10
Carrageenan-~lambda + 1.5
Dextran sulphate + 1.6
Fucoidan + 2.8
Pentosan sulphate + .- 2.4
Heparin ' + 1.5

lConcentrat:ion of polysaccharide required to produce a 50%
inhibition of degradation of the extracellular matrix

(3350, ~labelled) of endothelial cells by 13762 MAT cells.

[
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Separation of the antinmetastatic and anticoagul ant effects of
From the data presented above it appears that anticoagul ation

(72}
5 2 -
o — *ruwnyod paTdnod I11 UFquWOIyi-juUE
n © ue cM:?Eu a8essed Aq 111 urqwoayi-yiue xoj KITuyyje mot pue YSTY yIym suojldoeay oluy pajeiedes :Hummm:c
+— O >0 ()] +—
oo 0
Vo ;208 < 19307 sAep g1 poIjTauendb
mmeﬁ.mmu%mnwus ..MEJ 3O 19qunu pue uojiodea3j uyaedsy yoes Jo Sw g YITM IBX {OED OJuT A pa3loafuy S0 IVKH noﬁ X Nm
—S_Qwnc_—
°ag228+-58° : “STTP9 JVK 79LET £q STTPD [ETI9YIOpUd
g B © 3Q -X1dleW IB[NTTIIBIIXD BYI JO uorlepeadop jo UOTITQIYUT %0S ® Buyonpoad spraeyoosesd{od jJo UOTILIIUADUOY
% © mm ywm > *3893 2w}l UTqwoayl - LI 159231 awyl ugiseydoquoayl yeraaed
m mzmmvowunwbmﬁmml JIdV -uofieyn3eod vuwseid uo 399339 23[qe3v919p ou Juyary apraeydoesATod JO UOTILIIUIDUOD ummsw::
2. “5ESREE -
CT0O DD .— _
e TU® 0x uraeday
Bnw.— 0 v oo Y
2pozs*282ls .
&8s CTs@n 0°¢ 02 29 £31uryze moT
BCcCoTnoOd _
— DO o 0
O_D@BO V. >
:Inm m W:@MTM:O :ﬂkﬂmma—
C OO0 = m . 0T 4
O w00 0n - o
ZE22C222% €7 SL*0 _ €1°0 Katur3ze usTH
© ©C.— OOT.—
5 .5%. 0 Wm“m.e 51 38 G | $Z7°0 pa1BUOTIdRIFUN
X 0 O — @© — —
0 VoD LC oo S
TOe= -> Q0
D.—-»m O p
- - 0u—- D C O
LEEC s Deguod 1) g (Tuy3n) il LLdV uot3vRIg
m.c O wn o O .SIsv]se]IW L3FATIOV K103 TqTyuy dﬁa\wnv ugaeday
53 ° 52 = Ya,3quny asepysoak18opuy £3IATIOV Juendeodfauy
Oww.— m - SCcC O .
>N 4 — OO0 O
MIO © © m wi o
— D.% W.m — O @ OIIT UIQUOIYI-Jauy 103 KITUTIJV MO] pue YIIH Y3ITM suojioeag ujaedsay Jo AIFATIOV [¥D1807074
p— (&]
VTOT Vs e © oo
OO0 = 0. C OC o
- =Q0®»n G©OOGcc
— @© @© > — e 4 IXIA u.u.mﬂ.c.m.
OCC o - QO S W0
cCoo0ocCcc @ o ®©
— QD VU>0C @4
-m N NOOLT - - 0O
) >Ny— 4= — & © e —
D= 50O o
9h0ii0dmnn



i

capabilities (Table VI). The quantity of Evans Medical Ltd heparin and CSL
hepardi n required to drop the nunmber of lung netastases by 50% was 0.53 ng
and 0-06 ng respectively. These results indicate that the antinetastatic
effect is due, at least in part, to soffg conponent of heparin distinct

fromthat required for anticoagul ation.
20 TABLE | - THE EFFECT OF SULPHATED POLYSACCHARI DES ON THE

METASTASES FORMED BY 13762 MAT CELLS
No Met ast ases Polysaccharlde[err] (Mean
[err] SE)[er gim ) ifTiediH i 295 + 31

100.1 Chondr oi ti n- 4- ﬁ%bBQQEewas perégg%te%JXIdlZEd and po%%551um
borohydride reduced based on the method of Fransson

(9). Heparin (10 mg/ml, bovine lung) in S0mM sodium
phosphate buffer, pH 7.0, containing 40mM sodium
periodate was incubated at 37°C in the dark for 20
hr. The reaction was stopped by the addition of
D-mannitol (S mg/ml). Low molecular weight reaction
products were removed by dialysis against distilled
water.. The oxidized heﬁarin was then reduced by the
addition of 20 mg/ml of KBH, '
at 20°C. Excess borohydride was decomposed by the
addition of 20ul/ml of glacial acetic acid. The
oxidized and reduced heparin was precipitated twice
at 4°C by the addition of 2 vols ethanol and finally
redissolved in 0.15 M NacCl.

N-desulphated heparin was prepared by
heating the material in 0.04 M HC1l at 100°C for 90
min. . N-acetylated heparin was obtained by treatment
of N-desulphated heparin with acetic anhydride as
previously described (10).

and incubation for 3hr



Choﬁdroitin-G-squhate 273 + 36 92.5 Heparin

30 + 10 10. 2* Fucoi dan 96 + 21
32.7F Carrageenan Kappa 282 + 29 95.6
Carrageenan Lanbda 56 + 13 18.9* Dextran
sul phate 151 + 21 31 51.1* Pentosan sul phate
65 + 13 22.0* Arteparon 139 + 25
47.3*  None (control) ZHBLEI X5 1 Four ng of

pol ysaccharide were injected per rat with the exception of both the
carrageenans, where 2 . .

*Significantly differeM H
vari ance followed by a rior
case p < 0.001. r&eparqns W{c

; .naIyS|s of
eé%igigzg Anticoagulant Activity I'n each

2

Polysaccharidel Number of Metastases 2 of
(mean + SE) control

N-acetylated 158 + 24 43.8
heparin
No polysaccharide 360 + 54
(control)
Periodate-oxidised 214 + 35 43.6
heparin
Unmodified heparin 95 + 10 19
No polysaccharide 431 + 30
(control)

1Chemica.lly modified heparins had <0.l% anticeagulant
activity of unmodified heparin.

2Metastasis experiment as in Table VIII.



TABLE || - EFFECT OF SULPHATED POLYSACCHARI DES ON THE. . ) VI ABI LI TY

OF 13762 MAT CELLS No. of MAT celT tolonies
Pol ysacchari de [err] + SE He p&fi¢ Biheet Has Been Replaced
333 + 39 Fucoi dan 330 + 32

Carrageenan Kappa 379 + 12 Carr agee L

305 + 2 Dextran sul phate 32 172 + 27 t osan
sul phat e 322 + 3 None (control) 310 +7

The following Example demonstrates the
anti-inflammatory activity of the sulphated
polysaccharides, heparin, fucoidan and pentosan
sulphate.

EXAMPLE 3

MATERIALS AND METHODS

Rats. Lewis (RT-ll) rats were bred at the
John Curtin School of Medical Research. Both males
and females of 8-10 weeks of age were used.- In each
experiment controls and experimental rats were
matched for sex.
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13762 MAT cells were incubated for 1h at 37 in pol ysaccharide (3.3 ng/ni
for the carrageenans Kappa and Lanbda; 6.6 ng/m for the others) in 1640
medi um bef ore being added to agar and plated out. Four. replicate plates

were prepared for each sugar.

TABLE 111 - RECEPTOR STATUS OF 13762 MAT_CELLS FOR _TWSShﬂﬂHasB
POL YSACCHARI DES 33 l

Pol ysaccharide [err] form ng rosettes?

acid 77 Chondr oi ti n-4-sul phate
Chondroi ti n-6-sul phate 74 Heparin

<1 Induction of EAE.

Active. Guinea pig BP was prepared according to the
method of Deibler et at (11) and BP in saline was emulsified
in an equal volume of incomplete Freund's adjuvant

containing 4 mg/m! added Mycobacterium butyricum. Rats

received 0.1 ml emulsion in one footpad of both hind faet.

Total dose recei?eq was SO.Ag BP and 400 .ug Mycobacterium

butyricum.

_ Passive. Cells for passive transfer were generated
following the method of Panitch and McFarlin (12) Single
cell suspensions were prepared from spleens of donor rats
sensitized 12 days previously with BP-CFA as described
above. Cells were cultured at 2x108/m1 in RPMI 1640 +5%
fetal calf serum, 5x10°3M Z;mercaptoethanol, 200 mM L-
glutamine and'penicillin and streptomycin. Con A was added
at 2 ug/ml and cultures were incubated at 37°C in an
dtmosphere of 10% COZ, 7% 0, and the balance No. Cells were
harvested after 72 hrs, washed with Hanks balanced salt
solution (B8SS) and transferred to recipients via a lateral
tail vein. All transfer populations coﬁtained 30x106 viable

cells.
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Fucoil dan
92

sul phat e
Art eparon
<1l 1

cells pos
Figures g
23

5 Carr ageenan Kappa
Carrageenan Lanbda 78 Dextran
53 Pent osan sul phat e
<1 None (control)

Pol ysacchari des were coupl®g to sheep erythrocytes. 213762
sessing 6 or nore attached erythrocytes constitute a rosette.

iven gng e @eragec Pint bpEeeaeparate experinents.

Clinical EAE was graded according to the following

scheme: 0, asymptomatic; 1, flaccid distal half of tail;

2, entire tail flaccid; 3, ataxia, difficulty in righting;

4, hind limb weakness; 5, hind limb paralysis.

In most experiments we also calculated the mean day of
onset of disease (MDQ), the mean clinical score (MCS) and
the mean length or duration of disease (MLD). Values are

expressed standard error of the mean.

Histology
Rats were perfuéed with 10% neutral buffered formalin.
Their spinal cords removed and prepared by standard

histological techniqués. Slides were stained with H and E.

Polysaccharides

Chondroitin-4-sulfate, fucoidan (from Fucus
vesiculosus), pentosan polysulfate and heparin (sodium salt

from bovine lung) were all purchased from Sigma (St. Louis,

<1

MAT

MQ). The po]ysacchérides were dissolved in 0.15 M NaCl and

Stored at -209C. They were thawed and then boiled for 2 min

immediately before use.

s Been ReplaceC
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TABLE |V - EFFECT OF SULPHATED POLYSACCHARI DES ON THE COAGULATI ON STATE

OF RAT PLASMA Ant i coagul ant activity
(ug/m)[err] I nhi bition of

procoagul ant effect Pol ysacchari de of
MAT cells (ug/m)[err] Fwalurongg acid >2000 >2000
>2000 Chondroitin-4-sul phace 500 >5000 >2000
Chondr oi ti n-4-sul phate > 500 . >5000 >2000
Heparin Heparin devoid of), gntfcoaguI@ns activity was prepared

Fucoi dan 1.0 20

Carr ageend@y Rgyppdate ox1dat103 gnd borohmgn;te reduction using 2o
Carrageenan Lanbda 3 .20
Dextran s@ligidia procedure to ghgt describ@d3by Fransson (9 ). 2

Pent osan sul phat e 30
ArteparonBovqne lung heparin (goomg/ml) wag 61ssoived in 0.05 M 5

sodium phosphate buffer, pH 7.0, containing 40 mM sodium
periodate and left tdnfeact for 18 hrs at 37°C in the dark.
The reaction was stopped by the addition of solid D-mannitol
(S mg/m1) and the solution then dialyzed against distilled
water at room temperature for 2 hrs, the dialysaté being
changed every 30 min. The oxyheparin was then reduced by
the addition of solid potassium borohydride (2 mg/mg
heparin), the reduction reaction being left for 3 hrs at
room temperature and then terminated by the addition of
glacial acetic acid (1 «d/mg of borohydrfde). The heparin
was then ethanol precipitated twice (2 vols ethanol, 4°C,

18 hrs) and finally dissolved in 0.15 M NaC]l to a
concentration of 20 mg/ml. Approximately 50% of the heparin
was recovered as the periodate oxidised borohydride reduced

preparation.

The anticoagulant activity of heparin and periodate
oxidized heparin was determined using rat plasma in the
activated partial thromboplastin time and thrombin time
tests . Based on these assays periodate oxidation
resulted in a 500-2000 fold reduction in the anticoagulant

activity of heparin. o

Sheet Has Been Replaced
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[err] H| ghest concentration of sugar having no detect alﬁm'eseédwaismmg
coagul ation. [err] Hi ghest concentration of sugar havi

effect on the procoagul ant accivity of 2x10[err] 13762

24  TABLE V - EFFECT OF TI ME OF HBMARI N ADM NI STRATI ON

ANTI METASTATI C ACTIVITY Time (hours) of injection Number

8;0thgﬁ:?§$3 ng?gerg ;f sulfatg%p%Ufysathqrides. ng%%ge+o§Ewﬁgf£

3'4 'é%oq% half 11?% of some7§f+g§e p&¥ysacchar15§§oin vivérfg

thought it necessary to give repeated doses. We first
attempted ip injections of heparin every twelve hours.
Unfortunately, this produced unacceptable levels of
hemorrhage and even death of some animals. We chose
therefore to use mini osmotic pumps (type 2ML, ALZA”Corp,
Palo Alto, Calif.) which were implanted subcutaneously in
the back. The pumps have a 2ml capacity and deliver
approximately 10 Ll/hr for 7 days. Plasma levels of hepérin
was measured in rats implanted with an osmotic pump
containing 20 mg/ml. The method employed was essentially
the dimethylmethylene blue procedure of Farndale et al (13).
A steady state concentration of 10-20.ug/ml was reached by
24 hrs after implanting the pump on day O and no heparin was
detectable on day 8, i.e. 24 hrs after the pump ceased to

deliver.

RESULTS

Recipient rats received 30x10% EAE effector cells and
at the same time osmotic pumps were placed subcutaneously in
the back. The pumps contained 2 ml o% heparin at either 10
mg/ml or 20 mg/ml. ‘As shown in Table X there was a degree
of protection in both heparin treated groups. Only 3 of 6
rats receiving 10 mg/ml heparin developed disease and only 1

of § receiving 20'mg/m1. In the latter case, the one animal
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o - +6 202 + 68 69. 1 0

+22 248 + 48 ) 85.2 0 No sugar
(control) 291 + 39 0" 0 - 25 + 7
9.7 +0 0 82 + 26 31.9

+3 0 108 + 6 _ 41.7 +6

0 . . 166 .+ 47,. 6

272 + 66 Which did deygdop diseasg did jg Eﬁgﬁf fggﬁﬁrole)” t""sg%ﬁ + 51
1 2x10[err] ,cell s in a received 1 .6 m Heparin i.v.
3 Mean of‘]“gt Ilégst x'éa(ﬁé‘?:%dcaa[ é'g lzder ﬂkéﬁe

In the next experiment we used heparin again as well as
three further sulfated pdlysaccharides, fucoidan, '
chondroitin-4-sulfate,"and pentosan sulfate, and alsc asked
if initiation of treatment could be delayed for 3 days and
still provide protection. Fucoidan as well as heparin gave
complete protection against EAE even when treatment was
delayed ti[] day 3 after cell transfer (TableXI'). Pentosan
sulfate gave partial protection as evidenced by later onset,
milder clinical disease, and shorter duration of disease.

Chohdroitin-4-sulfate had no protective effect.

0ften, ther#peutic studies of various agents in EAE
demonstrate that clinical disease may be abrogated, yét
histopathologic examination will reveal quite extensive
inflammatory lesions (14, 15). To examine this in the
present context, 3 control and 3 heparin treated animals
from the experiment described in Table XI were killed on day
8 post cell tr?nsfer and examined for inflammatory lesions.
Virtually every low power field of a 2 cm longitudinal
section through the lower thoracic/upper lumbar cord of
control rats had numerous perivascular inflammatory lesions.

In contrast, no lesions were seen in any of 80

sections from the same area of the three heparin treated

IThis Sheet Has Been Replaced
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TABLE VI - COVWPARI SON OF THE ANTI METASTATI C ANB acec
ACTI VI TY OF TWO HEPARI N BATCHES of nmet ast ases
(@6of control)[err] with: Quantity of heparin | :
Evans Medical Ltd heparin CSL heggin

13.9 + 6.3 10.9 + 2.2 0.53 45.8 + 10.8
185+9.4 To det@rh8ne if the sulfated 125l ys®0charides are 24.4 + 6.2
0. 06 135 + 16.6 50.8 + 3.09. 0.02

ND inhibiting. 8doptd.ve Ekﬁnuxxztmpkynkhbtlwgtyhe trancdgrmed err]
APTT[ err] 0.3 0.3 TT4

0.3 cells, we ex@minedlNten ab istisndar i treatedarsbbatedexhdmid | east

3 replicates.
memory to a challenge with BP-CFA. We (16-17) and others

(18-19) have reported that following recovery from passiye]y
induced EAE, or in the case of neonates, in the absence of
any initial disease symptoms following cell transfer (16~
17), a later active challenge with BP-CFA leads to a much
earlier onset of disease symptoms than is seen in control
animals which never received EAE effector cells. The
interpretation of these data is that early onset is the
result of activation of memory cells which persist in the
animal and arise from the original transfer population.
Therefore, fhe animals represented in Table XI weré
challenged with 50 g BP-CFA on day 14 after receiving the
cell transfer. Control rats which had never received cells
were also challenged. The results are shown in Table XII.
Naive animals developed disease Qay 10-11 after active
immunization. Cell recipients on the other hand showed a
memory response following challenge irrespective of
treatment regimen or presence or absence of initial clinical
signs, thus demonstrating that treatment did not inhibit

adoptively transferred disease by killing the cells.

[s the effect that heparin, and possibly the other
polysaccharides have on adoptively transferred EAE a
function of their anticoagulant activity? To answer this

question, anticoagulant free heparin was prepared by



-

2Hi ghiest concentration of heparin having no detectable effect on plasm
coagul ati on. 3Activated partial thronboplastin tinme test. 4Thr onbi n
tinme.test. ND = not determ ned. 26
The foll ow ng Exanpl e denonstrates that sul phated pol ysacchari des bl ock
tunour nmetastasis by inhibiting tunouB9cell-derived endogl ycosi dases.

EXAMPLE 2 . Tabl e VII presents results fraom

endogl yco®ieddfda teniax {4 ohi @ ptrd nkon shwdir tae dBRENSE e ahAesheiReds a
correl atign between the endogl ycosi dase inhibitory activity of_the

di f f er ent T@uMMERIA Lo AN, Q%%S“H%dtﬁh%iFeéBFﬁi?V"tdq ntfiAf t t unour

net astasi s. ,Thuys,, the five, polysaccharides th exhi bi ted anti.-jretastatic
activity Wond dadnifd Af e Y HhHY bi tAY S8R t Lo pgigpqln,atﬁ animals

receiving anticoagulant free heparin developed EAE;

however, there was a significant delay in onset of disease,
a diminution in the clinical severity and also a decrease in
the duration of the disease symptoms. These results '
strongly suggest that the EAE inhibiting effect of heparin

is not due solely to its anticoagulating activity.

fhe effect of heparin on actively induced EAE was also
examined and the results presented in TableXIV. When heparin
treatment was begun at the time of sensitization there was a
sgnificant delay in the onset of disease, however, the
clinical score attained or fhe duration of disease did not
differ from controls animals. It is interesting to note.
that the delay of 6 days is approximately the length of fime

the pumps déiiver heparin, 7 days.

This Sheet Has Been Replaced -
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derived endogl ycosi dases. In contrast, of the four polysaccharides that
failed to inhibit tunour netastasis, three had no detectable
endogl.ycosi dase inhibitory activity and one pol ysacchari de

(carrageenan- kappa) was approximately 4-7 tinmes |ess effective at

i nhi biting the tunmour endogl ycosi dases as tR& anti-netastatic

pol ysacchari des. Al t hough experinments described in Exanple 1 above
suggest that the anticoagulant activity of the sul phated pol ysacchari des
plays little or no role in their antinetastatic activity, it was inportant
to obtain nore direct evidence that tRA8LESX I ndeed the case. Table VIII
presents the results of an experinent in which heparin was separated into
anti coagul ant engfebed afd haplardengi ado giehl €1 gdtraagtfieoned\Es8dsage over
an anti-thronbin Il colum (heparin exerts its anticoagulant activity by
interacting with anti-thrombin Il in plasma). Approximtely 40% of the
heparin preparairon used 1n this experinent pound to the anti-tnronorm ||
col um andTmesteénted w #hRANIsNaGIth( tEvBved hiM@asf Dagity Mean Clinical

27 heparin). It was found that the heparin fractions with high and | ow
affinity for anti-thronbin || Totad i dentical e®hddgkgtosi dase-Sadrditory
activity, alnost identical anti-retastatic activity (conparabl.e to

Control 4/4 4.3, %0.2 3.9 0.1
Heparin® 3/6 5.3 #0.3¢ 3.5 *g.2¢
{10 mg/m1)
HeparinP 175 7.0¢ 2.5¢
(20 mg/m1)

a. 30x10% Con A incubated EAE spleen celts given iv.

b. Heparin given in osmotic pumps placed subcutaneously

at time of cell transfer.

c. Represent the score only for the animal(s) which

developed clinical signs.

Sheet Has Been Re|placed
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unfracti onated heparin) but differed approx. 300-500 fold in their
anticoagul ant activity. Such a result clearly indicates that the
anticpagul ant activity of heparin plays little or no role- in the
anti-netastatic properties of the pol ysacchari de. In additiona
experinents attenpts were made to chemcall ¢ Inodi fy heparin such that the
anti coagul ant activity of the polysaccharide was destroyed but the
anti-netastatic activity of the nolecule retained. Such procedures (i)

el imnate the undesirable anticoagszxsggoggrties of heparinif it isto
be used clinically as an anti-netastatic and anti-inflammuatory drug and
(i1) unlike anti ioF lelyl1 A, iéyyg;' Lhde GiaAal) y viable
approach for pregz??EEbQE esfuflefz:{t?é\?e r g%%heptggsﬁt gﬂogggﬁﬁg?e\?ﬁ%h t wo _
chenical Iy nodified preparations pfaheparirad higch are virtual 'y devoid of
anticoagul ant activity, are presented in Table | X. Both preparations
exhi bited substantial anti-netastatic activity although they were | ess
ef fecti ve tTmam unmodiedepart .

28 Treatment # WHABLE VI| Mean Day Mean Mean
' EAE/ Onset Clinical Length
Total ' Score Disease
Control 7/7 4.4 0.2 4.1 ¥0.9 5.0 #0.4
Heparin 0/8 - - -
(20 mg/ml)
Fucoidan 0/6 - ' - -
(20 mg/ml)
Chondroitin-
4-sulfate 5/5 5 3.5 ¥0.2 5.0 %0.4
(20 mg/m1) _
Pentosan :
sulfate 5/5 6.2 0.3 2.4 0.2 3.0 %0.4
(20 mg/ml)

a. Osmotic pumps containing sulfated polysaccharides were

imp]anteq day 3 after cell transfer.

|This Sheet Has Been Replaced
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Ability of Different Sul phated Pol ysacchari des to Inhibit Tunour

Cel | Derived Endogl ycosi dases I nhibits
Endogl ycosi dase Pol ysacchari de Turmour Met astasi s I nhi bitory
Activity ([err]g/n1)Lerr] Hyal uroni ¢ acid

>50 Chondroitin-4-sul phate - 2 >50

Chondroi ti n-6-sul phate >50 Carrageenan- kappa
10 Carrageenan-| anbda + 1.5 Dextran

sul phat e + TABLE XXI6 Fucoidan

+ 2.8 Pentosan sul phate +

2.4 Heparin Memory response+in rats receiving sulifted

[err] Concentration of polysaccharide required to produce a 50% inhibition
of degradation of PER¥s@cchaddidas a3 daysi af tper adopitdlye Itotdn of eendot hel i al
cells by 13762 MAT cel | s.

of EAE effector cells

Treatment # With EAE/ Individual

Group # Challenged? Day of Onset
Naive 4/4 10, 11, 11, 1
Control 4/4 7, 7, 7, 8

(cells only)

Heparin 5/5 7, 7, 7, 8, 8
Fucoidan 6/6 7, 7, 8, 8, 8, 10
Chondroitin- | 5/5 7, 7, 8, 8, 10
4-sulfate -

Pentosan N.D.b N.D.

sulfate

a. Rats challenged with 50 xg BP-CFA on day 14 after

initial céll transfer.

b. Not determined.

IThis Sheet Has Been
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Fransson (9).
buf fer,

D- manni t ol

pH 7.0
in the dark for

(5 my/m).
by dialysis against distilled water.

Heparin (10 ng/ m

20 hr.

Low nol ecul ar wei ght

bovi ne | ung)

Preparation of Chemcally Mdified Heparins
peri odat e oxi di zed and pot assi um borohydri de reduced based on the nethod of
i n 50mM sodi um phosphat e
cont ai ni ng 40nM sodi um panri odat e was i ncubated at 37[err]C
The reaction was stopped by the addition of
reaction products were renoved

The oxi di zed heparin was then reduced

[err]
Hepari n was

by the addition of 20 ny/m of KBH er FABRAd ¥Xddubati on for 3hr

Effect of anticoagulant-free heparin

~on passively induced EAE

Treatment

# With EAE/ Mean Mean Mean
Total 'Day Clinical ODuration
Onset Score Disease
" Control 7/7 5.0 3.4 f0.1 4.0 %0.2
Heparin 0/5 - - -
(20 mg/ml)
Periodate-
oxidised 5/5 6.4 0.2 1.6 *0.2 2.4 %0.4
heparin
(20 mg/m1)

‘This Sheet Has Been Replaced




_at'iO[err]C. Excess borohydri de was deconposed by the addition of
20[err]l/mM of glacial acetic acid. The oxidi zed and reduced heparin was
precipitated twice at 4[err]C by the addition of 2 vols ethanol and finally
redrssolved in 0.15 M Nad . N- desul phat ed heparin was prepared by
heating the material in 0.04 MHCL at 100ferr]C for 90 min. N-acetyl ated
hepari n was obtained by treatnent of N desul phated heparin with acetic
anhydride as previously described (10).

31 TABLE | X TABLE X#wti-Metastatic Activity of
Chenmically Mdified Heparins with Negligible Anticoagul ant Activity
Pol ysaccharide[err] Eff%‘H'ﬁbﬁﬁ‘ Bfe Wtr%Stoehseéc{@fHIy induc¥dofEAE
(mean + SE) cont rol N—acetylate 158 + 24
43.8
Treatment # With EAE/ | Mean Mean Mean
# Challenged Day Clinical Quration
Onset Score Disease
Control 5/5 11.4 30.5 4.2 ¥0.3 6.6 *0.6
Heparin? -. 5/5 17.6 ¥f0.8 5.0 6.0 ¥0.5
(20 mg/ml)

a. Heparin pumps implanted at time of sensitization

with 50 g BP-CFA/rat.

heet Has Been Replaced
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heparin No pol ysacchari de 360 + 54 (control)

Per i odat e- oxi di sed 214 + 35 43.6 heparin
Unnodi fi ed heparin 95 + 10 19 No pol ysacchari de
491 + 30 (control) [err] Chem cally nodg§i ed heparins had <0.1%
anticoagul ant activity of unnodified heparin. [err] Metastasis experinment

as in Table VIII. The follow ng Exanpl e denonstrates
t he nfl ammatory activity of t@ﬁﬂ&ﬁ&ﬂ&i&fd
1. - BADENOCH-JONES, P. and RAMSHAW, I.A., Aust.
J. Exp, Biol.Med.Sci, 63, 91-98 (1985).
2, BRENAN, M., and PARISH, C.R.

J.Immunol.Meth., 74, 31-38 (1984).

3. PARISH, C.R. and SNOWDEN, J.M. Cell
Immunol., 81, 201-214 (1985).

4. RAMSHAW, I.A., CARLSEN, S., WANG, H.C., and

BADENOCH~-JONES, P. Int.J.Cancer. 32, 471-478
(1983).

5. REID, L.C.M., Cloning. In: Jakoby, W.B.,
and Pastan, I.G. (eds). Methods of
Enzymology. Vol. LVIII, pp 152-164, Academic
Press, New York (1879).
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1
pol ysacchari des,

MATERI ALS AND METHODS

heparin, fucoidan and pentosan sul phate. EXAMPLE 3
Rats. Lewis (RT- 1l[err]) rats were bred

at tthe John Curtin School of Medical Research. Both males and femal es of

8- 10 “‘weeks of age were used.
rats were nmatched for
i nducti on of EAE

t he

11.

12.

13.

14.

15.

lse.

17.

18.

19.

Sex.

-3 3-

Active. Cuinea pig BP was prepared according
nmet hod of Deibler et at (11) and BP in saline was enul sified

Deibler G.E., R.E. Martinson and M.W. Kies.
Prep, Biochem, 2: 139 (1972).

Panitch H.S. and D.E. McFarlin. J. Immunol.

119: 1134. (1977).

Farndale R.W., D.J. Buttle and A.J. Barrett.

Biochem.et .Biphys.Acta., 883: 173. (1986).

Welch A., J.H. Holda and R.H. Swanborg. J.
Immunol, 125: 186. (198Q).

Hauser S.L., H.L. Weiner, M. Che, M.F.
Shapiro, F. Gilles and N.L. Letvin. J.
Immungl. 132: 1276. (1984).

Willenborg D.O. and G. Danta.
Clin.Exp.Neurol., 21: 225. (1985).

Willengborg D.O., P. Sjollema and G. Danta.
Scand.J.Immunol., 23: 75. (1986).

Holda J.H. and R.H. Swanborg. Immun.Commun.

9: 333. (1980).

Hinrichs D.J., C.M. Roberts and F.J.
Waxman. J.Immunol, 126: 1857. (1981).
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in &n equal volume of inconplete Freund' s adjuvant contalnlng 4 gl
added Mycobacterium butyricum Rats received 0.1 ni enul |n ne

f ootpad of both hind feet. Total dose received was 50 [er ReMamc
[err]g Mycobacterium butyricum Passive. Cells for

transfer were generated follow ng the nethod aff Panitch and

Single cell suspensions were prepared from spl eens of donor rats
sensitized 12 days previously with BP-CFA as described above. Cells were
cultured at 2x10[err]/m in RPM 1640 +5% fetal calf serum 5x10[err]

2- mer capt oet ha@DARIM300 mM L- glutami ne and penicillin and streptomycin.
Con A was added at 2 [err]g/m and cultures were incubated at 37[err]Cin
an atnosphere of 10% CO[err] 7% O[err] and the balance Nlerr]. Cells were

harvested aftet.72 hrs, Pndstd@dnioh aikunefa et sah€/0%0l ution (8SS) and

transferred thﬁEELEhQQTaﬁun\é't%r% |t¢'tte%rt%lent§ At el dnimdd! okl QKRS
populatlons cont ai ned 30x10[err vi abl e
patient, which comprises administration to the
patient of an effective amount of at least one
sulphated polysaccharide which blocks or inhibits

endoglycosidase activity.

2. A method according to claim 1, wherein said
sulphated polysaccharide is one which blocks or
inhibits heparanase activity.

3. A method according to claim 1, wherein said
"sulphated polysaccharide is selected from the group
consisting of heparin (including modified heparin),
fucoidan, pentosan sulphate, dextran suiphate and
carrageenan-lambda.

4. A method according to claim 3, wherein said
sulphated polysaccharide is heparin.

5. A method according to claim 3, wherein said
sulphated polysaccharide is heparin which has been
modified to reduce its anti-coagulant activity.

6. A method according to claim 5, wherein said
modified heparin is decarboxylated heparin or
periodate oxidized, reduced heparin.

7. A pharmaceutical or veterinary composition
" for anti-metastatic and/or anti-inflammatory

treatment which comprises at least one sulphated

polysaccharide which blocks or inhibits

A



b2
cells*
c i nigcal

asynptonati c;

ataxia, difficulty in righting; 4, hinddérﬁ)meakness, 5 h

par al ysi s.

EAE was graded according to the following sche eet Has Been Replacec
ic; 1, flaccid distal half of tail; 2, entire ta m lﬂﬂml IH

34 Eval uati on of cI|n|caI EAE

I n nost experinments we al so cal cul ated the nean day of

onset of disease (MO0, the nean clinical score (MCS) and the nean
ength or durabiaRqqlcdli83ae dMiQiey VALSSLALE wEERTgosed  standard
error of the nEan ’

pharmaceutlcally or veterinarily acceptable carrier
or diluent therefor.

8

A composition according to claim 7, wherein

said sulphated polysaccharide is one which blocks or
inhibits heparanase activity.

9

A composition according to claim 7, wherein

said sulphated polysaccharide is selected from the
group consisting of heparin (including modified
heparin), fucoidan, pentosan sulphate, dextfan
sulphate and carrageenan lambola.

10.

A composition according to claim 9 wherein

said sulphated polysaccharide is heparin.

11.

A composition according to claim 9 wherein

said sulphated polysaccharide is heparin which has
been modified to reduce its anti-coagulant activity '

12,

A composition according to claim 11, wherein

said modified heparin is decarboxylated heparin or
periodate oxidized, reduced heparin.

13.

Use of at least one sulphated polysaccharide

which blocks or inhibits endoglycosidase activity for
anti-metastatic and/or anti-inflammatory treatment of

an animal or human patient.

14.

Use of at least one sulphated polysaccharide

which blocks or inhibits endoglycosidase activity for

the preparation of a medicament for anti-metastatic

and/or anti-inflammatory treatment of an animal or

human patient.

) RO



Hi st%l ogy Rats were perfused with 0% neutral buffered formalin.
Their spinal cords renoved and prepared by standard histol ogical techniq
s. Sljdes were stained with H and E. Pol ysacchari des
Chondrotin-4-sul fate, fucoidan (from Fucus vesicul osus) pentosan

pol ysul fate and heparin (sodiumsalt fro bovine lung) were all purchased
fromSigma (St. Louis, The pol ysa arides were dissolved in 0.15 M
NaCl and stored at -20[err]C. They were thawed and then boiled for 2 mn

i medi atel y before use. '

Nt




2 ant
Heparfn devoid of anticoagulant activity was prepared by periodate
oxi dation and borohydrate reduction using simlar procedure to that
descrikbed by Fransson ( 9 ). Bovine lung heparin (10 ng/m) was dissol ved
in 0.0 M sodi um phosphate buffer, pH 7.0, containing 40 mM sodi um
periodate and left to react for 18 hrs at_ 37[err]C in the dark. The
reacti on was stopped by the addition of 2@ id 0-mannitol (5 mg/ M) and
the solution then dialyzed against distilled water at roomtenperature for
2 hrs, the dialysate being changed every 30 min. The oxyheparin was
then reduced by the addition of solid potassium borohydride (2 ng/ng
heparin), the reduction reaction being left for 3 hrs at roomtenperature
and then term nated by the addition of glacial acetic acid (1 [err]l/ng of
borohydride). The heparin was then ethanol precipitat twice (2 vols
ethanol, 4[err]C, 18 hrs) and finally dissolved,ign 0.15% M\NaCl to a

. . 2
concentration of 20 : proxi mately 50% of "t he heparth
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.was,ﬁr%’igv*é‘rjed as the periodate oxidi sed borohydride reduced preparation.
. The anticoagul ant activity of heparin and periodate oxidized heparin was
determ ned using rat plasna in the activated partial thronboplastin tine

and thronbin tine tests. Based on these assays periodate oxidation
resulted in a 500-2000 fold reduction in the ant i coagul ant activity of
hepari n. 36 Del i vaigg | fated pol ysacchari des.
Because of the short half life of sone 0 e pol ysaccharides in vivo we

thought it necessary to gi ve repeated doses. W first attenpted ip
o o e BRAE IS SRS fszvﬁqémmms% foduced

AND/OR ANTI-INFLAMMATORY ACTIVITY

A method of anti-metastatic and/or anti-inflammatory treatment of an animal or human
patient comprises administration to the patient of an effective amount of at least one
sulphated polysaccharide which blocks or inhibits endoglycosidase, particularly
heparanase, activity. Suitable sulphated polysaccharides include heparin and modified

heparin, fucoidan, pentosan sulphate, dextran sulphate and carrageenan lambda.



henorr hage ~“and ¢
m ni osnoi i &£ .punp,
i npl ant ed: sybc
deliver | appr.(

“:gome animals. W chose theref or gt LEE’
- A_Cor p, Palo Alto, Calif.) which were

back.. The punps ve,a 2nl capacity and
rfor 7 days. él‘fab@ﬁﬂ’dtq ghests- 35/1{%/ rin
was neasured i, ‘tth+an osnotic punp containing 20 ng/m .
The net hod enploy % ¥y the di met hyl net hyl ene bl ue procedure
of Farndale et al (13). A's eﬁﬁy state cqncentration of 10-20 [err]g/m
was reachgd by 24 hrisiarf e !t npl.ant i ng-iHe~ punp on day 0 and no heparin
was detectable on day 8, i.e.” 24 hrs after the punp ceased to deliver

RESULTS Recéqfy i 1Q[ err] EAE effector cells and
at the samtinme os n%ﬂgmaﬁpéﬁgg‘yﬁm%ﬁk ANFIIMETASTATIC
AND/OR AN’I‘I—IN'FLAI\AIVIAIORY ACTIVITY

This invention relates to compounds having anti-
metastatic activity, and in particuiar it relates to the
use of these compounds as anti-metastatic agents in animals
and man.

One of the key events in tumour metastasis is the
adherence of leukocytes or tumour cells to blood vessel
walls and their subséquent'emigration into tissues. the
molecular basis of these processes is poorly understood
although it.is generally accepted that penetration of the
vessel wall requires localised degradation of the
interendothelial cell junctions and subendothelial mat:ix 
by specific degradative enzymes.

- It has now been discovered that certain sulphated-
polysaccharides can inhibit tumour cell metastasis. While
some of these sulphated polysaccharides (such as heparin)
exhibit anti-coagulant activity, the anti-metastatic
activity appears to be unrelated to their anticoagulant
activity, the polysaccharides not inhibiting the attachment
of tumour cells to vessel walls but preventing vessel wall
penetration. Subsequent studies have revealed that the
sulphated polysac&harides block tumour cell-derived |
endoglycosidases that degrade the subendothelial

extracellular matrix (ECM) and allow penetration and

) This is the replacement sheet
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t he back The punps contained 2 m of heparin at either 10 ng/m or 20
ng/ M. As shown in Table X there was a degree of protection in both

devel oped disease and only 1 - < of 5 recei ving 20 URETRTS Saptohas ez,
case, the one animal whi ch did devel op disease did so |ater after
cell transfer and also exhibited a mlder disease. I n the next
experiment we used heparin again as weld 2ass three further sulfated
pol ysacchari des, fucoidan, chondroitin-4-sulfate, and pentosan sulfate,
and also asked if initiation of treatnent could be del ayed for 3 days and
still provide protection. Fucoidan as well as heparin gave
passage of tumour cells. In particular, these sulphated
polysaccharides have been found to inhibit the action of
heparan sulphate specific glycosidase (heparanase) that
degrades the heparan sulphété.side-chains of the ECM.

In a first aspect, the present invention provides the
use in the manufacture of a medicament for the anti-
meta;tatic treatment of an animal or human patient of at
least one sulphated polysaccharide which blocks or inhibits
endcglycosiéase activity, said peolysaccharide being a

" heparin fraction with low affinity for anti-thrombin III,
or pericdate-oxidized, reduced heparin.

In another aspect, this inventicn provides a
pharmaceutical or veterinary composition for anti-
metastatic treatment which comprises at least one sulphated
pclysaccharide which blocks or inhibits endoglycosidase
activity, said polysaccharide being selected from a heparin
fraction with low affinity for anti-thrombin III, and
periodate-oxidized, reduced heparin together with a
pharmaceutically or veterinarily acceptable carrier or
diluent therefor.

This invention particularly relates to the use of
sulphated polysaccharides wnich block heparanase activity.
The suitable sulphated polysaccharides are a heparin

fraction with low affinity for anti-thrombin III, and

periodate oxidized, reduced heparin

This is the replacement sheet
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conpl et& protecti on'agai nst EAE even whe treatnent was delayed till day 3
after cell transfer (Table XI). Pentosan sulfate gave partial protection

as evidenced by later onset, mlder clinical dis e,...apd short ion
of disease. Chondroitin-4-sulfate had no pr ecti %”S%#FH& _sﬁeet - E%/F}g&a}en,

t herapeutic studies of various agents in EAE denonstrate that clinical

di sease may be abrogated, yet histopathologic examn ion will reveal quite.
extensive -inflammatory.lesions (14, 15)3 - To exanmine this in the present
context, 3 contrgl and 3 heparin treated animals fromthe experi nent

descri bed i RbrEpb@sxne@igihle antdr cRASU Ao ACEEYFEY  BHEf &% &nBOERBSK ned
for inflammator,y lesions., Virtually . every, |low power field, of .a 2 cm

| ongi £ ud naRRtELme TR 15 AT | TRER ARy Srersaser ingbi By or
control rats _had.nuner eri,vascul.ar i nfl amateory | esions.

I n cont rast:“cﬁ‘d‘vll&_ﬁ cﬂé%%)é’%é’é?‘i% %fl%ore%%%??ﬁhs fromthe sang area
of the three hepa"l‘t{é tfo%.%;to%&ng Example demonstrates that

(a) a range of sulphated polysaccharides can inhibit the

metastasis of the mammary adenocarcinoma 13762 MAT;

This is the reptacement sheet
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To determine if the sulfated pol ysaccharides are inhibiting adoptive EAE
by sinply killing the transferred cells, we exam ned the ability of
treated:rats to exhibit nenory to a challenge with BP-CFA. W (16-17) and
thers (18-19) have reported that follow ng r ecovePybptitiite sheet\28/11/97

I nduced EAE, or in the case of neonates, in th absence of any initial

di sease: synptons fol low ng cell traﬁ%?er (16- 17), a later active
challenge with BP-CFA leads to a nuch earlier onset of disease synptons
than is seen in control anlnals mhlch never recelved EAE effector cells.
The i nter pr etat+en—cthenbatlesiagExes SeReAG RS e —resutt of -
activation of mn%yIMhé@ \A@ég{]vp@&Sbgt th@ tsl%q méaal and arise fro

the original tran |on Therefore, the anlnals represent ed
Tabl e Xl mep@lysaccharl es, heparin, fucoidan and pentosan

sulphate.
EXAMPLE 3
R AND D

at the
oth males

Rats. Lewis (RT-ll) rats were br
John Curtin School of Medical Research.
and females of 8-10 weeks of age were uged. In each
experiment controls and experimental
matched for sex.

This is the raplacement sheet
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chal lenged with 50 g 8P-CFA on day 14 after receiving the cell transfer.
Control r s which had never received cells were also chall enged. The
results are shown in Table XII. Naive aninals de%eg)o&ilg i sga?% &zégf.o 11
after active inmmunization. Cell, recipients on tRECSYIHER SRERH- 404 a
menory response follow ng challenge irrespective of treatnent reginen or
presence or absence of initial clinical g3gigns, thus denonstrating that
treatment did not inhibit adoptively transferred disease by killing the

cells. Is the effect that heparin, and possibly the other
pol ysacchari des have on adoptively transferred EAE a function of their

ant i coagul | ? answer this guest-en—anttcoagul ant
free hepahkﬁ—wae———prepared by K //yp

Active.‘“Guine&Mpig BP was prepared accarding/to the

methad of Deibler et at (1) and BP in saline '?é emulsified
in an equal volume of incomplete Freund's adju?ant

containing 4 mg/ml added Mycobactarium butyricum. Rats

received 0.1 ml emulsion in one footpad of baoth hind faet.

Total dose received was 50 ..g BP and Qoo.u@wﬂycobacterium

butyricum.

Passive. Cells for passiy%rtransfer ware generatad
following the method of Paniﬁéh and McFarlin (QZ)' Single
cell ﬁuspensions were pregi;ed from spleans of donor rats
sensitized 12 days pre{iaQSTy with BP-CFA as described
above. Cells wsere cqléured at 2x108/m1 in RPMI 1640 +5%
fetal calf serum, }&}Ofsﬂ 2-mercaptaethanal, 200 mM L-
glutamine and'pgﬁécillin and strestomycin. Con A was added
at 2 4g/ml an}52u1tures were incubated at 379C in an
atmosphere ; 10%2 C0,, 72 0, and the balance N;. Cells were.
harvestep/:fter 72 hrs, washed with Hanks balanced salt
squtiﬁﬁ (8SS) and transferred to recipients via a lateral

tail“vein. All transfar papulations contained 30x108 viable

c‘il 1= . - - — - ~ e e mnnn e ot e s en e e m D e e

- TV
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39 peri odat e oxidation and borohydride reduction as described in
MATERI ALS AND METHODS and then tested for its EAE inhibiting activity. As
seen in- Table XiI1,all animals receiving anticoaqy QI free heparin '
devel oped EAE : however, there was a significant>$Hyts fheskee6it1/97

di sease, a dimnution in the C|InIC§| severity and also a decrease in

the duration of the disease synptons: These results strongly suggest
that the EAE |nh|b|t|no effect Qf. heparln is not due solely to |ts
ant i coagul at i T ATV EEY e &
I nduced EAE was al so exam ned and the results presented in Table XI'V.
heparin treatment was begun at the tine of sensitization there was/a

' f t del th t of di h th 0
atained or he GiLialFh BREGKESage e AGE O F1rt0 Tk EBAT PRGN ol 5.
It is |ntereﬂh|qg to n0t§ymEQoma Q%,d6|ay##accﬂ?x?1s§a?p9a?¥ g§5%2¥]the

| engt h of t$

2, entire tail flaccid; 3, ataxia, difficulty in rightxng,
/
4, hind Timb weakness; 5, hind limb paralys1s./

In most experiments we also calculated the mean day of
onset of disease (M0Q), the mean clinical score (MCS) and
the mean length or duration of diseasge (MLD). Values are
expreséed standard error of the megan.

/

Histology /
Rats were perfuéed y'th 10% neutral buffered formalin.
Their spinal cords remﬁ4§d and prepared by standard

histological techniques. Slides were stained with H and E.-

Polysaccha

Chondpbitin-4-sulfate, fucoidan (from Fucus

vesiculogus), ‘pentosan polysulfate and heparin (sodium salt

from bOvine lung) were all purchased from Sigma (St. Louis,

MO) /' The polysaccharides were dissolved in 0.15 M NaCl and

s¥ored at -209C. They weré thawed and then boiled for 2 min

This is the replacement sheet
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t he punps deliver heparin, 7 days TABLE X

Ef fect of heparin on adoptively transferred EAE[ ERR] Tr eat nent #
Rats with EAE/ Mean Day Mean C i ni cal ] Tot al
of nset Score  Control 4/ 4 Substitute sheet3- 2601 /97
3.9 [err] O1 Heparin[err] 3/ 6 5.3 0.3[err]
3.5 + 0.2[err] (10 nmg/ M) Hepard&ferr| 1/5
7.0[err] 2.5[err] (20 mg/ M)

‘_._.H.e_p.a,.pj_n_.d_ex_g d_ o an XY, an

by pericdate oxidation and borchydrate redhct1on using
similar procedure ta that described by Fransson ().

Bovine lung heparin (10 mg/ml) was dissolved in 0.0F M
sodium phosphate buffer, pH 7.0, containing 40 mM/sodium
periodate and left tg.feact for 18 hrs at 379C An the dark.
The reaction was stopped by the addition of.'501id O-mannital
(S mg/ml) and the solution then dialyzed aféihgt distilled
water at room temperature for 2 hrs, the diaTysatE being
changed every 30 min. The oxyheparin s#as then reduced by
the addition of saolid potassium barghydride (2 mg/mg
heparin), the reduction reaction ¥eing left for 3 hrs at
rogm temperature and then termiftated by the additian of
glacial acetic acid (1 «d/mg ot borohydrfde). The heparin
was then ethanol precipitafed twice (2 vaols ethanaol, 4°C,

18 hrs) and finally disghlved in 0.15 M NaCl to a
concentration of 20 mg/ml. Approximately 50% of the heparin
was recovered as thé periodate oxidised borohydride reduced

preparatian.

The ant coagulant activity of heparin and periacdate
oxidized heparin was determined using rat plasma in the
activatgd partial thrombaplastin time and thrombin time
test . Based on these assays periodate oxidatian

restlted in 2 500-2000 fold reduction in the anticoagulant

Zé;ixity_ci_heﬂﬂrfﬂ
X parin.

This is e replacement sheet



a. 30x10[err] Con A incubated EAE spl-een cells given iv. b. Heparin

given in osnotic punps placed subcutaneously at tinme of cel
transfer. C. Represent the score only for th ni (s

devel oped clinical signs. 36— %’st@{e e égﬂeytg-]of
sul fated pol ysaccharides on adoptively transferred
EAE Tr eat nent # Wth Mean Day = -~ Mean - ‘Mean

EAE/ ~onsdietbvery—efipitfintediprdisaccharide -Because

shart half life of some of the pdlysacchir1des fn vivo
‘thought 1t necessary to give repeated doses. We firg
attempted ip injections of heparin every twelve ho
Unfortunate1y. thiis produced unacceptable levels
hemorrhage and even death of some animals. We chose
therefore to use mini osmotic pumps (type 2ML, ALZA”Corp.
Palo Alta, Calif.,) which were implanted subcutanequsly in
the back. The pumps have a 2ml capacity/and deliver
approx1mate1y 10 4l1/hr for 7 days. Plasma levals of heparin
was measured in rats implanted with Zn osmotic pump
ccntaining 20 mg/m1. The method egfployed was essantially
the dimethylmethylene blue procedure of Farndale et al (13).
A steady state concentration of 10-20 ug/ml was reached by
24 hrs after implanting the Hump on day O an& no heparin was
detectable on day 8, i.e. 24 hrs after the pump ceased to

deliver.

RESULTS
Recipie rats received 30x10% EAE effector cells and
dt the sam¢/ time osmotic pumps were placed subcutaneously in
the back The puhpS“contained 2 ml o% heparin at either 10
mg/ml ¢r 20 mg/ml. A§ shown in Table X there was a dagree
of pyotection in both heparin treated groups. Only 3 of 6

;Zgﬁ receiving 10 mg/ml heparin developed disease and only 1

~S5—recetving—20-—mgtmi—In—thelatter case  the ona animal




Total - h Scor e Di sease Contr ol 717

4.4 0.2 4.1 0.9 50+ 0.4 Heparin 0/8 - (20
nmg/ M) . Fucoi dan 0/ 6 ' - (20 mg/m,) ... .Chaondroi, tj.n-

4-sul fate 5/5 5 3.5 0.2°ubsytuty eef(z%é/lﬂa/%?)
Pent osan sulfate - - 815 $32 0.3 2.4 0.2 3.0 4+0.4 (20

ng/ m) a. Gsnoti c punps containing sulfated polgsaccharides wer e
i mpl ant ed -WbjcB—didedevedop-diseasa-didso lateraf aasf

and alsoc exhibited a milder disease.

In the next experiment we used hép;rin again.}ﬁ/uell as’
three further sulfated polysaccharides, fucoidan7/ '
chondroitin-4-sulfate, and pentosan sulf&te, and alse asked
if initiation of treatment could be delayed f8r 3 days and

still provide protection. Fucoidan as weky as heparin gave

complete protection against EAE even whep treatment was

delayed till day 3 after cell transfer/(TableXI'). Pentasan
sulfate gave.éartial protection as e¥idenced by later onset,
milder clinical disease, and shorter duration of disease,

Chondroitin-4-sulfate had no protective effect.

Often, therapeutic studies of various agents in EAE
demonstrate that clinical/dissase may be abrogated, yet
histopathologic examingfion will reveal quite extensive
inflammatory lesions /{14, 15). To examine this in the
present context, 3/control and 3 heparin treated animals
from the experimént described in Table XI were killed on day
8 post cell traﬁsfer and examined for inflammatory lesions.
Yirtually eyery low power field of a 2 cm longitudinal
section t ;ough the lower thoracic/upper lumbar cord of
controlr}ats had numerous perivascular inflammatory lesions.

In contrast, no lesions were seen in any of 80

se¢tions from the same area of the three heparin treated

ats

This is the replacement sheet
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TABLE X | Menory response in rats receiving sulfated

pol ysacchari des 3 days after adoptive transfer of EAE
effectar cells Tr eat ment # Wth EAEH/ . | ndi vi dua
G oup # Chal | enged[err] Subgtituts sheglr 26/171/% ve
4/ 4 _ ... 10, 11, 11, 11  Contdol. 4/ 4

7, 7, 7, 8 (cells anl arin ; 1 243 e 7,

7, 7, 8, —FUCOI . F%ﬁesl* 8, , 8
10 '

inhibiting adoptive EAE by simply killing the transferrgd
cells, we examined the ability of.éfeated rats to exhibit
mémory to a challenge with 8P-CFA., Wa (16-17) and dthers
(18-19) have reported that following recovery froMm passively
induced EAE, or in the case of necnates, in the/ absence of
any initial disease symptoms following cell ansfer (16-
17), a later active challenge wifh BP-CFA Jeads to a much
earlier onset of disease symptoms than i 'ﬁeen in contral
animals which never received EAE effecfor cells. The
interpretatiﬁh of thess data is that/early onsat is the
result of activation of memory cells which persist in the
animal and arise from the original transfer populatian.
Tharefore, the animals regresefited in Table Xz weré
challenged with 50 g BP-CF}'on day 14 after receivin§ the
cell transfer. Control r ﬁs which had never received cells
were also challenged. - .e results are shown in Table XII.
Naive animals develop_é'disease gay 10-11 after active
immunizatian. Cell_fecipients on the cther hand showed a
memory response following challenge irrespective of
treatment regigen or presencé or absence of initial clinical
signs, thus :Emonstrating that treatment did not inhibit

adoptivelyféransferred disease by killing the cells.

the effact that heparin, and possibly the other
pol%éaccharides have on adoptively transferred EAE a

function of their anticoagulant activity? To answer this

Pi-A—w-3S—prepared -by—-
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Chondroi ti n- 5/ 5 7, 7, 8, 8, 10 4-sulfate

Pent osan N. D b N.D. sulfate a. Rats
challenged wi th 50 [err]g BP-CFA on day 1 4 af te é L cel |
transfer. 43 TABLE X | |Substitute sheet E?ﬁéH/SG‘r
anticoagul ant-free heparin 39— on passively induced EAE

Tr eat nent # Wth EAE/  Mean ' Mean Mean '

pericdate oxidaticn and borghydride redyction_as. d
in MATERIALS AND METHQOS and then tested for its EAE

inhibiting activity. As seeh in TableXxIIT,all anim
receiving anticoagulant free heparin &evelcped 2

howaever, there was a significant delay in onsegt of disease,
a diminution in the clinical severity and dlso a decrease in
the duration of the disease symptoms., hese results .
strongly suggest that the EAE inhibiting effect of heparin

is not due solely to its anticogdulating activity.

The effect of heparin on actively induced EAE was also
ekamined and the results presented in TableXIV. When heparin
treatment was begf;fét the time of sensitization there was a
sgnificant dela¥ in the onset of disease, however, the
clinical sg ré attained or fhe duration of disease did not
differ .Sm controls animals. It is interesting to note-

that/the delay of § days is approximately the length of time
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Total Day c i ni cal Dur ati on

Onset Score D sease Cont r ol 717 5.0 3.4
0.1 4.0 [err] 0.2 Heparin 0/5 (20 mo/ M Per i odat e- i di.sed
5/5 . 6.4 0.2 1.6 [err] 0.2 24[JW%M%%%mﬁﬂ%ﬁ
g/ m ) 44. . ~4g—TABLE XV (.

Ef fect of heparin on aéfivély indubéd;EAE N

Il - FASLEX—
Effect of heparin on adoptively transferred EAE? /////

<
e

Treatment § Rats with EAE/ Mean Day Heap/élinical
Totg] of Onset /// Score
Contral 4/4 4.3. 20,2 3.9 0.1
HeparinD 3/6 5/3 %0.3¢ 3.5 #g.2¢
(10 mg/m1) ...
| S/
Heparin® 1/5 pd 7.0¢ 2.5¢

(20 mg/ml) J////’
//. .

i .
a. 30x108 can A{Xﬁcubated EAE spleen cells given iv.

s

b. Heparin/gﬁven in osmotic pumps placed subcutanequsly

at t}mé of cell transfar.
p

rd
c. .,Kgpresent the scaore only for the animal(s) which

e
#_,d_e_v_e.l_e.g..e.d_&]._i_g_i_g.a.];,_s,i_g_n.s_‘__..,._-..______.__...._..__...... e e,
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Tr eat nént # Wth EAE/ Mean Mean Mean #

Chal | enged Day dinical Dur ati on

Onset . Scor e Di sease Cont r ol T 1. rhaL0. 5
4.2 [err]0.3 6.6 [err]0.6 Heparin[err] Stlbgfityte sheet™ ZghS6Y0 2
5.0 6.0 [err] 0.5... (20 ng/ M) 41—a . Heparin punps

inpl anted at tine of sensitization with 50 [err]g BP CFA/rat.
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Treatment # With EAE/ Individual
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(20 mg/m1)
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Treatment # With EAE/ Mean Mean

# Challenged Oay Clipgh Duration
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2. - A nethod according to claim1, wherein said sul phated

pol ysaccharide is one which blocks or inhibits heparanase activity. 3.

A met hod according to claim1, wherein said sul phated.pol ysacchari |

sel ected fromthe group consisting of heparig (i ns}‘ﬁﬁﬁ'ﬁ‘geﬁﬁﬁﬁgf%g/ﬂzé%?i n),
fucoi dan, pentosan sul phate, dextran sulpha{gﬁfnd carrageenan- | anbda. 4.
A nethod according to claim3, wherein said phat ed pol ysaccharide is
hepari n. 5. A et hod according to claim 3, wherein said sul phated
pol ysaccharide is heparin which has bBEEERENSGESed to reduce its
anti-coagul ant activity. papBNocH-JORES , "B NQhAGMSHAW, (D, &L Qi wher ei n
said nodified heparin is_decarboxyl ated hepagrin _or perjod I di zed,
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anti-netastatic and/or anti-inflamuatory treatnent which conprises at |east

one sul phat ed ijysacchaéhgﬁA&hiﬁ@ bggakixﬂigéﬂﬂéyé§
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48 pharmaceutically or veterinarily acceptable carrier or diluent

t herefor. 8. A conposition according to claim?7, wherein said

sul phat ed pol ysaccharide is one which bl ocks or blts ar a

activity. 9. A conposi tion according to C|§Hhﬁﬁttﬁﬁ§@@an§§ﬁa/97
sul phati d pol ysaccharide is sel ected from.thefoup consisting of heparin
(including nodified heparin), fucoidan, pentosan sul phate, dextran

sul phate and carrageenan | anbol a. 10. A conposition according to
claim9 wherein said sulphated pol ysaccharide is heparin. 11 A
conposi tion accgfding t 9 guier ei ai e 0 wllde is
hepari n whi ch has been nn%kP to reaﬁgéfl MEE%& %@ﬁcgggu ant ac V|ty
12. A conpositio acEEﬁE&n@lﬂéhﬂﬂmr%le3%mé¥%7%)sald modi fi efl hepari
i s decarboxyl ated heparin or periodate oxidized reduced hepari

12, Panitch H.S. and D.E. McFarlin. J,_/Ammung
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13. Farndale R.W., D.J. Buttle andaA.J. Barrett.
Biochem.et Bipohvys . Acta, 883;/173. (l98s6).

14. Welch A., J.H. Holda and/R.H. Swanborg. J,.
Immuneol., 12S: 186. (1340).

15. Hauyser S.L., H.L. Weiner, M. Che, M.F.
Shapire, F. Gillés and N.L. Letvin. J.
Immunol. 132: A276. (1984).

1ls8. Willenborg/D.O. and G. Danta.
in.Exp/ Neurg 21: 225. (l1985).
17. Willénghorg D.0., P. Sjollemz and G. Danta.. .

gand. mmunel . 23: 75. (1988).

18. ‘Holda J.H. and R.H. Swanborg. Immun.Commun.
9: 333. (l980).

6. Hinrichs D.J., C.M. Roberts and F.J.
Wa ymaﬂq———wﬂw : - 2 G-I ’8‘54‘:"‘6&9‘8’1’) .

This is the renisoetnant sheet

Gete: £ 8 NOV 157



13. - Use of at |east one sul phated pol ysacchari de whi ch bl ocks or

I nhi bits endogl ycosi dase activity for anti-netastatic and/or
anti-inflammtory treatnent of an animl or human tieng. 4. e of
at | east one sul phated pol ysaccharide whic bl ocks %’?bsitﬁﬂ%eoﬁ%e]t < 26/11/97
endogl ycosi dase - activity for the preparati on ofg@ nmedi canent for
anti-netastatic and /or anti-inflammtory treatnent of an aninmal or

- 33 - _ CLAI V5 1. Use in the

manuf acture of a nedicanent for the anti-netastatic treatnment of an ani nal
or human patierggfMsat | east one sul phated_pol ysaccharide which bl ocks or

I nhi bits endogl ycosi dase activity, sai d polysaccharlde bei ng a hepar n
fraction with low affinity for anti- thronmbin II1, or periodate-oxiAdized,
reduced heparin... A method of antiemetastatic and/or

anti-inflammatory treatment of an animal or human
patient, which comprises administration to the -
patient of an effective amount of at least one
sulphated polysaccharide which blocks or inhj
endoglycosidase activity. /

its

2. A method according to claim 1,
sulphated polysaccharide is one which lock§ or
inhibits heparanase activity.

3. A method according to claim 1, wherein said
sulphated polysaccharide is seletted from the group
consisting of heparin (including modified heparin),
fucoidan, pentosan sulphate, Mdextran suiphate and
carrageénan—lambda.

4. A method according to claim 3, wherein said
sulphated polysaccharide is heparin.

S. A method
sulphated polysa
modified to redyce its anti-coaqulant activity.

cording to claim 3, wherein said
haride is heparin which has been

thod according to claim 5, wherein said
periodate’ oxidized, reduced heparin.

A pharmaceutical or veterinary compaosition
nti-metastatic and/or anti-inflammatory

. trgatment which comprises at least one sulphated
E i de_which bloc) b
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2. Use according to claim1, wherein said sul phated pol ysaccharide is
peri odat e- oxi di zed, reduced heparin. 3. A pharnaceutical or
veterinary conposition for anti-netastatic treat nL whi ch conpri ses at
| east one sul phat ed pol ysaccharide which bl ocks oPYPEHIYetsheet - 26/11/97
endogl ycosi dase activity, said pol ysacchamdde being selected froma
heparin fraction wwth low affinity for anti-thronbin Ill, and

peri odat e- oxi di,zed, reduced heparln .together mnth a pharnaceutlcally or

veterinarily acas

| — d
SZ?PSZAE gogxf‘gf@%ﬂhﬁ%é&%ﬁi g%go :"‘@SES&-%&%‘& %@o‘ﬁ?&a%’lé’%é(??ﬁ&?ar !
or diluent there or.

8. A composition according to claim 7, wher
said sulphated polysaccharide is one which blockg or
inhibits heparanase activity.

S. A composition according to claim 7/ wherein

group consisting of heparin (including dified
heparin), fucoidan, pentosan sulphate, /dextran
sulphate and carrageenan lambola. '

10. A composition according £0 claim 9 wherein
said sulphated polysaccharide is/heparin.

11. A composition accor.“hg to claim § wherein
said sulphated polysaccharide is heparin which has
been modified to reduce ifs anti-coagulant activity

12. A compositio ;according to claim 11, wherein
said modified heparif is decarboxylated heparin or
periodate oxidized,/ reduced heparin.

13. Use of/at least one sulphated polysaccharide
which blocks ¢t inhibits endoglycosidase activity for
anti-metastafic and/or anti-inflammatory treatment of
an animal gr human patient.

T B
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Substitute sheet - 26/11/97

- 33 -
CLAIMS

1. Use in the manufacture of a medicament for the
anti-metastatic treatment of an animal or human patient of
at least one sulphated polysaccharide which blocks or
inhibits endoglycosidase activity, said polysaccharide
being a heparin fraction with low affinity for anti-
thrombin III, or periodate-oxidized, reduced heparin.

2. Use according to claim 1, wherein said
sulphated polysaccharide is periodate-oxidized, reduced
heparin.

3. A pharmaceuticai or veterinary composition for
anti-metastatic treatment which comprises at least one
sulphated polysaccharide which blocks or inhibits
endoglycosidase activity, said polysaccharide being
selected from a heparin fraction with low affinity for
anti-thrombin IIX, and periodate-oxidized, reduced heparin
together with a pharmaceutically or veterinarily acéeptable
carrier or diluent therefor.

4. A composition according to claim 3, wherein
said sulphated polysaccharide is periodate-oxidized,

reduced heparin.

o
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