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Description

[0001] This invention relates to the treatment of dis-
eases or disorders which are dependent on anglogen-
esis.

[0002] Angiogenesis, the development of new blood
vessels from an existing vascular bed, is acomplex mul-
tistep process that involves the degradation of compo-
nents of the extracellular matrix and then the migration,
proliferation and differentiation of endothelial cells to
form tubules and eventually new vessels. Angiogehesis
is important in normal physiological processes includ-
. ing, by example and not by way of limitation, embryo
implantation; embryogenesis and development; and

wound healing. Angiogenesis is however uncommon in

healthy adults.

10

15

[0003]  Angiogenesis is also involved in pathological -

conditions such as: ocular neovascular glaucoma; dia-

betic retinopathy; corneal graft rejection; vitamin A de- ‘

ficiency; Sjorgen's disease; acne rosacea; mycobacte-
rium infections; bacterial and fungal ulcérs; Herpes sim-

plex infections; systemic lupus; rheumatoid arthritis; os- .

tecarthritis; psoriasis; chronic inflammatory diseases
(eg ulcerative colitis, Crohn's disease); hereditary dis-
eases such as Osler-Weber Rendu d|sease and haem-
orrhagic teleangiectasia.

[0004] The vascular endothelium is normally quies-
cent. However upon activation endothelial cells prolifer-
ate and migrate to form microtubules which will ultimate-
ly form-a capillary bed to supply blood to developing tis-
sues and, of course, a growing tumour. A number of
growth factors have been identified which promote/ac-
tivate endothelial cells to undergo angiogenesis. These
include, by example and not by way of limitation; vas-
cular endothelial growth factor (VEGF); transforming
growth factor (TGFb); acidic and basic fibroblast growth
factor (aFGF and bFGF): and platelet derived growth
factor (PDGF). :

[0005] "It is now well recognised that angiogenesis is
a feature of a variety of diseases or disorders and that
,such conditions can be treated by administration of an-
giogenesis inhibitors. Many such inhibitors have been
discovered. A number of endogenous inhibitors of ang-
iogenesis have been discovered, examples of which are
angiostatin and endostatin, which are formed by the pro-
teolytic cleavage of plasminogen and collagen XVIll re-
spectively. Both of these factors have been shown to
suppress the activity of pro-angiogenic growth factors
such as vascular VEGF and bFGF. Both of these factors
suppress endothelial cell responses to VEGF and bFGF
in vitro, and reduce the vascularisation and growth of
experimental tumours in animal models.

[0006] Our PCT application WO 88/24421 relates to
the treatment of patients suffering from highly vascular
tumours which comprises administering dextrin sul-
phate to the patient. The mechanism of action of dextrin
sulphate on highly vascular tumours was not known.
[0007] We have now found that dextrin sulphate is an
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angiogenesis inhibitor. New vessel formétion is inhibited
by a direct action effect of dextrin sulphate on endothe-
lial ceils. Its effect is to prevent endothelial cells coming
together to form new vessels and then forming new
blood vessels. Both processes are a prerequisite for the
progression of an angiogenesis-dependent condition,
such as the continued growth of a vascular.tumour and
of its metastatic lesions. The administration of dextrin
sulphate to a patient can therefore provide a way of pre-
venting angiogenesis and thereby arresting the progres-
sion of an angiogenesis-dependent condition.

[0008] Accordingly, the presentinvention provides the
use of dextrin sulphate wherein the dextrin suiphate is
derived from a dexirin having at least 50%, preferably
more than 90%, by weight of glucose polymers of DP
greater than-12, for the manufacture of a medicament

. forthe treatment of an angiogenesis dependent disease

ordisorder, otherthan a highly vascular tumour, wherein

- chronic inflammation is a significant component of the

disease.
[0009] Considerable efforts has been directed to-
wards the development of drugs which interfere with an-

giogenesis. One such group is sulphated polysaccha-

rides. Their anti-angiogenic activity was first demon-
strated using a combination of heparin and cortisone.
This was followed by reports of several other sulphated

polysaccharides which demonstrated anti-angiogenic

activity in vitro. The most notable of these compounds
was a naturally occurring sulphated polysaccharide-
peptidoglycan (SP-PG) which is produced by the bacte-
tium Arthrobacter sp (strain AT-25). SP-PG inhibited the
growth of AlDS-associated Kaposi's sarcoma-derived
spindle cells at concentrations that were not cytotoxic.
It also blocked the angiogenesis which is induced by
AIDS-Kaposi's sarcomacells in nude mice, However, no
clinical benefit was observed when SP-PG was admin-
istered intravenously to patients with AIDS-related Ka-
posi's sarcoma.

[0010] An antiangiogenic effect of sulphated polysac-
charides such as dextran suulphate has been shown by
HAHNENBERGER R. and JAKOBSON A, (GLYCO-
CONJUGATE JOURNAL, 1991 8:350-353).

[0011] In a Phase | clinical trial of dextrin 2-sulphate
in patients with late stage AIDS, we demonstrated that
the direct administration of dextrin 2-sulphate into the
lymphatic circulation using the intra-peritoneal route re-
sulted in a significant and sustained fall in the viral [oad

of HIV-1. No clinical or biochemical toxicity was seen’

even after the administration of several grams of the
drug. During the course of the clinical trial, we noted the
clinical regression of Kaposi's sarcoma in three patients
and these observations were the subject of WO
98/24421. Here, we provide in vitro and in vivo data for
a mechanism of action of the anti-angiogenic activity of
sulphated dextrins which is independent of thelr an-
ti-HIV-1 activity.

+
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Figure Legeﬁds

[0012]

Figure 1: Table to show the internalisation of dextrin
2 sulphate (D2S) and dextrin 6 sulphate (D6S) by
different cell types.

Figure 2: Table to show endothelial microtubule for-
mation in the presence of sulphated dextrins.

Figure 3: Graph to show the effect of sulphated dex-
trins on the proliferation of HUVECs induced by

-bFGF or VEGF was measured using a [3H]-thymi-

dine incorporation assay. There was no significant
effect of either D2S or D6S on cellular proliferation.
In similar experiments with the KSY-1 cell line,
bFGF and VEGF did not increase cellular prolifera-
tion, and sulphated dextrins had no effect (data not
shown).

Figure 4: The photomicrographs show new blood
vessel formation at day 22 (x 40 magnification).

(a) vessel cultured in Medium 199 alone; score
=3

(b) vessel cultured in Medium 199 and D2S
{100 pug/mi); score =1,

Figure 5: Graph to show dextrin 2-sulphate {O) and
dextrin 6-sulphate (V) reduced the rate of new ves-
selformation in an in vitro angiogenesis assay mod-
el when compared to media alone (). Compounds
were tested at a final concentration of 100 pg/ml.
The degree of new vessel formation was quantified
blind twice a week using a visual analog scale in
which 0 = no growth, 1 = minimal new vessel for-
mation, 2 = significant new vessel formation, and 3
= dense new vesse! formation. An angiogenesis
score was derived from each count by dividing the
total score (i.e. the sum of all the wells) by the max-
imum possible score and then expressing the result
as a percentage. This graph is representative of 3
experiments with a total of 20 wens/plate/experi-
ment for each compound tested.

p values:

ns:p>0.05.

*: p<0.05.

** p<0.01.

Figure 6: The photomicrographs show endothelial
microtubule formation in the presence of sulphated
dextrins (x 40 magnification). A visual analogue
scale was used to detemine the extent of tube for-
mation and scored on a scale from 0 (all cells re-
main single) to 4 (all cells involved in tubular struc-
tures) as previously described (ref: 1,14). Space bar
= 100 microns.

10

15

20

25

30

35

40

45

50

55

(A) Control well in the presence of dextrin (100
ug/mi),

(B) D2S present at 200 pg/mi,

(C) D6S present at 100 pg/ml.

Figure 7. Graph to show the effect of dextrin sul-.
phate batch on the in vitro growth of ECV304 cells
(Experiment 1).

Figure 8: Graph to show the effect of dextrin sul-
phate on the in vitro growth of ECV304 cells (Ex-
periment 2). .

Figure 9: Graph to show the effect of dextrin sul-
phate on the in vifro growth of SK-HEP-1 cells (Ex-
periment 1).

Figure 10: Graph to show the effect of dextrin sul-
phate on the in vitro growth of SK-HEP-1 cells (Ex-
periment 2). v .

Figure 11: Table to show the effect of dextrin sul-
phate on in vitro inhibition of endothelial-like cell
lines (FK-HEP-1 and ECV304).

Figure 12: Table to show mean anglogeneS|s meas-
urements. : :

Figure 13: Graph to show the ef'fect of dextnn sul-
phate on HUVEC tubule number.

Figure 14: Graph to-show the effect of dextrin sul- .
phate on the branch points of HUVEC tubules.

f0013] Figures 15to 19 show microscopicimages and
represent the effect of dextrin sulphate on microtubule
formation. Each microscopic image is accompanied by
afigure of corresponding number marked with the suffix
(a) which provides a clearer indication -of tubule devel-
opment. S :

Figure 15 : shows the microscopic images for-the
control experiments using Sumarln d2 7 and VEGF
d1 4. ‘

Figure 15 a: corresponds to Figure 15 and shows
the tubule development for the control experiments
using Sumarin d27 and VEGF d1 4.

Figure 16: shows the microscopic images forthe ef-
fect of dexrin sulphate at low concentration (Oug d2
9 and 1ugdi1 5).

Figure 16a: corresponds to Figure:16 and shows
the tubule development with dextrin sulphate at low

concentration (Opug d2 9 and 1ug di 5).

Figure 17:shows the microscopic images for the ef-
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fect of dextrln sulphate at concentratlons of 5 ug di
1and 10 pg d1 2.

Figure 17a: corresponds to Figure 17 and shows
the tubule development with dextrin sulphate at
concentrations of 5 ug d1 1 and 10 ug di 2.

Figure 18: showsthe microscopir: images forthe ef-
fect of dextrin sulphate at medium doses (Soug df
1 and 100ug.dt 4).

' Figure 18a: corresponds to Figure 18 and shows
the tubule development with dextrin sulphate at me-
dium doses (50ug d1 1.and 100ug.di 4).

Figure 19: shows the microscopic images for the ef-
fect of dextrin sulphate at high doses (sooug di 4
“and 1000;19 d2 1). ,

Figure 19a: corresponds to Flgure 19 and shows
the tubule development with dextrin sulphate at
high doses (500ug d1 4 and 1000ug d2 1).

Figure 20: Graph to show the effects of dextrin sul-
phate on individual tumour weights.

Figure 21: Graph to show the-effect of dextrin sul-
phate on mean final tumour wei ght.

EXAMPLE 1

- [0014] Bovine plasma thrombin, bovine plasma fibrin-
ogen, e-amino-n-caproic acid, succinic anhydride, car-
bonyl diimidazole, biotin hydrazide and fast red/napthol
substrate were purchased from Sigma (Poole,. UK).
Dimethylformamide and dimethylaminopyridine were
from Adrich (Gillingham UK) and diethyl ether from BDH
Merck (Lutterworth, UK). Clinical grade, endotoxin free,
dextrin 2-sulphate, dextrin 6-sulphate, dextrin 2,6 sul-
phate (ML 95/50) and dextrin were obtained from ML
' Laboratories (Wavertree, UK). Medium MCDB 131, Me-
- dium 199, Hanks balanced salt solution, foetal calf se-
rum, penicillin, streptomycin and L-glutamine were from
Life Technologies (Paisley, Scotland).
[0015] We have previously shown that [3H]-dextrin
. 2:sulphate binds to HPB-ALL cells in a specific and sat-
urable manner with a dissociation constant (Kd) of 82 £
14 nM and a Bmax of 4.8 + 0.3 pmol/10€ cells. CEM,
C8166 and H9 cells had similar Kd values for the binding
of PH] D2S. We have also shown that [3H]-dextrin 2-sul-
phate binds to Hela cells (an immortalised endothelial
cell line) with a similar Kd of 107 + 12 nM and a Bmax
of 4.1£0.2 pmol/108 cells; n=9, p<0.05.
[0016] Dextrin 2-sulphate accumulated in the perito-
neal macrophages and mesothelial cells of treated pa-
tients, but not in any other cell type found in the perito-
neal cavity or in the peripheral blood of these patients.
In subsequent in vitro experiments, different cell types
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.. [0018] After 3 weeks of continuous culture, D28 and
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- were cultured with 100 ug/ml of endotoxin free DZS, 100
: ug/ml dextrin or 100 pg/mi biotinylated dextrin, or
- 100pg/ml of dextrin 6 sulphate, for up to 4 weeks (Figure

. 1). The cells were then stained with 1,9 dimethylmeth-
- ylene blue which detects sulphated glycosaminogly-

cans (Blysan, Biocolor, Belfast), or alkaline phos-
phatase-conjugated streptavidin and fast' red/napthol
which detects intracellular biotinylated squhated dex-
trins.
.[0017] Human umbilical vein endothelial ce!ls {HU-
 VEC's) were also harvested from umbilical cords by di-
gestion with collagenase type Il and cultured in 1% gel-
atin coated tissue culture flasks in Medium 199 supple-
mented with 20% fetal bovine serum, 100 IU/ml penicil-
lin; 0.1 mg/mi streptomycin, 2mM L-glutamine, 10 U/ml
heparin and 20 ug/ml endothelial cel! growth supple-
“ment. The KS Y-1 cell line which was established from
.the pleural effusion of a patient with AIDS-associated
Kaposi's sarcoma was also studied. it was CD34 and
CD31 positive confirming it as being of endothelial ori-

: D6S were only found to accumulate in peritoneal mac-
“rophages.

:[0019] The celis were maintained in the presence of
' the sulphated dextrin for up to 4 weeks.

-+, [0020] As sulphated dextrins did not. accumulate in

30

35

40

45

50

55

-human umbilical vein endothelial cells (HUVECS) or in
‘the Kaposi's sarcoma cell line, KSY-1, we determined
“whether sulphated dextrins could interfere with the nor-
:mal growth of these cells by an action at the level of the
-cell surface. Our previous studies of peripheral blood
-mononuclear cells and monocyte-derived-macrophag-
"es have shown that D28 binds to the cell surface in a
specific and saturable manner with a dissociation con-
_stant of 82 + 14 nM. Furthermore, concentrations up to
-250 pug/mi did not affect cell count, cell viability, cell pro-
liferation or metabolic activity when compared to cells
‘cultured in the absence of each compound.
‘[0021] Neither dextrin nor sulphated dextrins affected

-'the rate of cell division of HUVEC's or KSY- 1 cells over

a 7 day period as determined by twice weekly cell
counts. Cell viability remained >95% at all times as de-
termined by Trypan blue exclusion. The effect of sul-
phated dextrins on the growth of HUVEC's and KSY-1
cells which were being cultured in the presence of basic
fibroblast growth factor (0FGF) or vascular endothelial
growth factor (VEGF) was also determined.

[0022] Forthese experiments, HUVECs (5 x 1 0%/well)
“were suspended in Medium M199 containing 10% FCS,
2 mM L-glutamine, 100 IU/ml peniciilin and 0.1 mg/mi
streptomycin. After 24 h, the media was replaced with
fresh ' media containing either D2S (100 png/ml) or D6S
(100 pg/mi) for 1 h following which either bFGF (10 ng/
ml) or VEGF (20 ng/ml, Preprotech, Rocky Hill, NJ) were
added. These concentrations of VEGF and bFGF were
‘chosen because they have been shown to cause HU-
VECs to proliferate. [2H]-thymidine (1 mCi/ml, Amer-

4

M

~/



JAN

5

7 EP 1196180 B1 - 8

sham Pharmacia, Bucks, UK) was added 48 h later and
the cells cuttured forafurther 16 h. Cells were harvested
using an automated Betaplate 96 well harvester (Wallac
Oy, Turku, Finland) and the radioactivity counted using
a Betaplate liquid scintillation counter. Sulphated dex-
trins did not aiter the rate of proliferation of HUVECs or
K8Y-1 cells as determined by cell counts and [3H)-thy-
midine incorporations, even when exogenous bFGF or
VEGF were added (Figure 3).

EXAMPLE 2

[0023] Blood vessels (approximately 1-2 mm diame-
ter) were excised from the apical surface of human pla-
centas within 6 h of an elective Caesarean birth. Use of
the placentas for these studies were approved by the
Ethics Committee of Hammersmith Hospitals Trust,
London. The blood vessels were placed in Hank's bal-
anced salt solution and cut into 1-2 mm fragments using
fine dissecting forceps and iridectomy scissors. Resid-
ual clots were removed and the blood vessels then
soaked in Hank's balanced salt solution.

[0024] The effect of each compound on new biood
vessel formulation was determined by culturing the
blood vessels within a fibrin clot in 24-well tissue culture
plates. Thirty pl of bovine thrombin (50 NIH U/ml in 0.15
M sodium chloride) was added to each well followed by
1 mliwell of 3 mg/ml bovine fibrinogen in Medium 199.
The thrombin and fibrinogen were rapidly mixed and a

- blood.vessel fragment placed in the centre of the well.

Fibrin gel formation occurred rapidly and left the vessel

-suspended within the gel. One mi/well of Medium 199

supplemented with 20% foetal calf serum, 250 |U/ml
penicillin and 250 U/ml streptomycin was then added to
each well. e-amino-n-caproic acid was also added (300
ug/ml) for the first 4 days and twice weekly thereafter
(60 ug/ml) in order to prevent dissolution of the fibrin
clot: The vessels were cuiltured at 37°C in a humidified

- incubator for 25 days with the media being changed

twice weekly.

[0025] - The degree of new vessel formation was quan-
tified blind twice a week by three different observers us-
ing a visual analogue scale in which 0 = no growth, 1 =
very little new vessel formation, 2 = significant new ves-
sel formation and 3 = dense new vessel formation. An

- angiogenesis score was derived from the counts under-

taken for each well by dividing the total score by the
maximum score possible and then expressing the result
as apercentage. On each of 3 separate occasions, each

- compound was tested in 20 replicate wells. Experiments
-in which blood vessels were cultured in MCDB 131 (ie

~ serum free media) showed that serum factors were not
.necessary for new blood vessel formation. Some of the

- fibrin clots were fixed overnight in 10% formalin, paraffin

embedded, sectioned for histology and then stained for
the endothelial cell markers Factor VIl and CD31. Re-
sults are expressed as the mean * sem. A students t-
test was used to determine the level of significance.
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0.002).

[0026] Over the 3 week course of the assay, a com-
plex arcade of microvessels emerged from the cut sec-
tion of the blood vessel embedded within a fibrin clot.
Very little growth of new vessels was seen from those -
areas of the vessel which had not been sectioned. The -

first blood vessels appeared by day 4:and were usually =

blunt-ended. Over the next 18 days, they went on to
branch and give rise to complex arcades'of .vessels. -
Growth was rapid for the first 2:weeks and then slowed’
considerably. These new vessels were lined by en-
dothelial cells as demonstrated by positive immunohis-
tochemistry for Factor Vill and CD31.

[0027] Figures4 and 5 show the effect of dextrin 2-sul-
phate and dextrin 6-sulphate on-hew vessel formation.
There was no difference between vessels cultured in -
media as compared to vessels cultured in media con-
taining dextrin (100pg/ml); (40 wells; 2 experiments; p
= 0.9 on day 18). In contrast, there was a significant, re-
duction in the number of new vessels which formed
when. dextrin 2-sulphate (100ug/ml) was present. This
was first seen at day 13 (p.= 0.02), and the difference
was still present at day 22 (p= 0.03). Dextrin 6-sulphate -
also caused a significant decrease in new vessel forma- =

tion. This was first seen at day 13 (60 walls; 3 experi- . - .

ments; p = 0.004) and was still present atday 22 (p =

EXAMPLE 3

-[0028] Kubota etalreported that human umbilical vein -

endothetlial cells undergo morphological differentiation
with tube formation whén cultured on a reconstituted gel -
composed of basement membrane proteins (Matrigel; - -
Beckton-Dickinson). This has parallels with the in vivo
situation where endothelial cells line the lumien of blood
vessels and are in contact with the extracellular matrix
of basement membranes which is composed of collagen
IV, heparin sulphate proteoglycan and the glycoproteins
laminin and nidogen/entactin: - o
[0029] Due to the ability of basement membranes to
stimulate differentiation, cells plated onto the gelattach
rapidly. Within one to two hours, elongated processes -
are observed. After eight hours, the endothelial:cell cul-
tures show abundant networks of branching and anas-
tomosing of cords of celis. By light microscopy, most of

these cords showed a central translucent structure -

along their long axis suggesting the presence of a lu- .
men. By eighteen hours, the ‘endothelial ‘cells have
formed an interconnected network of anastomosing
cells which, by low power light microscopy, have ahon--
eycomb appearance. The tube like structures formedby

endothelial cells on Matrigel persist for several days. . .

With time, the network starts to detach from the Matrigel
with viable endothelial cells appearing inthe culture me-
dia. The formation of the tube structures is not depend-
ent on extracellular growth factors or the presence of
heparin in the culture media.

[0030] The formation of tubes appears to be-relatively



9 ' EP 1196 180 B1 - 10 -

speciﬁc for endothelial cells because neither human

dermall fibroblasts nor human smooth muscle cells form -

tubes when cultured on Matrigel. The endothelial cells

cultured on Matrigel retain Factor Vil reactivity and are .
metabolically active as indicated by their uptake of .
. acetylated low density lipoproteins. Furthermore, after .

more than one week in culture, the human umbilical vein

endothelial cells grown on Matrigel show no increase in

their cell number, as compared to cells grown on fi-
bronectin which show a fourfold increase in cell number.
[0031] Ultrastructural EM studies have confirmed that

the anastomosing cytoplasmic extensions of the mor- .

phologically differentiated endothelial cells contain a lu-
men which is completely encircled by one or two en-
dothelial cells in cross section. The lumen contains var-

jous amounts of degenerated cytoplasm, suggesting

.-that very rapid remodelling of the cell takes place during
the tube formation. Viability studies of endothelial cells
cultured on Matrigel do not indicate that cell death plays
an important role in tube formation. Moreover, these dif-
ferentiated cells retain the characteristic Weibel-Palade
bodies of endothelial cells.

[0032] The endothelial mlcrotuble formation assay

was performed by isolating human umbilical vein en- .

dothelial cells from umbilical cords within 6 h of delivery
by caesarean section. The umbilical vein was cannulat-

was introduced and incubated for 20 minutes. The en-
. dothelial cells liberated by the collagenase were ob-
- - tained by washing the umbilical vein with Medium 189.
The cells were washed three times with Medium 199

and then cultured in tissue culture flasks ccated with fi- -

bronectin. Growth media consisted of Medium 199 with
20% foetal bovine serum, 30 ug/ml epidermal cell

growth supplement, 10 IU/ml heparin, 100 IU/ml peni-

-cillin, 100 pg/ml streptomycin and 2 mM L-glutamine.
Human umbilical vein endothelial cells were passaged
atconfluence aftertreatment with trypsin-EDTA. Alicells
- ‘were used at passages 3 to 6.

[0033] Aliquots of Matrigel were dispensed |nto 35 .

mm diameter tissue culture dishes on ice and then in-
cubated at 37°C for 10 min to allow the gel to set. Dilu-

tion series of D2S and D6S were prepared in HUVEC

growth medium and added to the dishes.
[0034] HUVECs at passage 3to 6 were harvested us-
ing trypsin and suspended in growth medium at a den-
sity of 2 - 3 x 105 cells/ml. One ml aliquots of the cell
suspension were added to the plates containing the sul-
phated dextrins and incubated at 37°C, 5% CO,. Atvar-
- ious time points from 8 - 24 hours, the plates were ex-
. amined and scored using a published scheme from 0 -
- 4, where 0 = all adherent cells remain single, and 4 = all
adherentcells involved in tubular structures..New vessel
formation was quantified blind by three different observ-
ers at 18 h. The within-observer and between-observer
variability was <10%. n=3. The results from dextrin
_ 2-sulphate and dextrin 6-sulphate are shown in Figures
. 2and6. ;

P

[0035] A biéulphated dextrin sulphate (je: endotoxin
ffee dextrin 2,6-sulphate; ML 95/60) was also tested in
this assay. This molecule consists of one sulphate in the

2'position on each glucose molecule with approximately

30% of the glucose molecules also having a sulphate in
the 6'position. Its anti-angiogenic activity was more than

" that seen with D28 but less than that seen with D6S.

"+ This showed tha_i having more than one sulphate per

10
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*. glucan molecule increases the anti-angiogenic activity

of sulphated dextrins:
[0036] The in vitro model of angiogenesis used for

. testing sulphated dextrins fulfilled the two hallmarks of

angiogenesis, ie: endothelial cell proliferation and cap-
illary sprouting. When similar in vitro assays have been

" used to test other sulphated polysaccharides, the data

has been difficult to interpret because the compounds

., did notfirst undergo detailed chemical characterisation.
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.. ed and 0.1% collagenase in phosphate buffered saline . -

Our in vitro observations show that sulphated dextrins

inhibit new vessel formation by normal endothelial cells
and that this prevents new blood vessel formation,; ie:
angiogenesis.

[06037] In this respect, it is interesting to review the
studies of Nakamura ef al who showed that SP-PG in-

hibited the angiogenesis which was seen after the sub- . -
cutaneous inoculation of AIDS-KS cells in nude mice.

However, they had to administer 250 mg/kg/day in order

*-to abolish angiogeneisis: Such a dose could never have

been achieved in patients and probably explains why an

- inhibition of angiogenesis was not seen in a subsequent

30
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"clinical.trial when the drug was administered intrave-

nously. In contrast, we have administered a dose of = 2
mg/kg/day and observed a significant clinical effect on
early Kaposi's sarcoma lesions without any associated
toxicity.

[0038] ' In a recent report it was shown that sulphated
dextrins did not interfere with the growth of but did inhibit

. the morphological differentiation, of epithelial cells

40
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- . (Thornton.et al, Anti-microbial Agents and Chemother-
".. apy 43, 2528-2533, 1999). The results of the placental

angiogenesis assay show that dextrin sulphate inhibits

.- new vessel formation and differentiation of the HUVEC

cell line.

.- - EXAMPLE 4
45
. [0039] The effect of dextrin sulphate on in vitro prolif-

eration of 2 endothelial cell lines and vessel formation
of the HUVEC endothelial cell line was assessed.
[0040] SK-HEP-1is a human liver adenocarcinoma

.with endothelial morphology and ECV304 is a human

urinary bladder carcinoma with endothelial-like charac-
teristics. Both cell lines were obtained from the ECACC.
HUVEC was provided as a growing culture by TCS Bi-
ologicals.

[0041] Cells were grown and prepared in RPMI medi-
um containing 10% FCS and 2mM glutamine. For the in
vitro assays, cells were harvested with 0.025% EDTA,
washed in the culture medium and plated into 96-well
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plates at 5x10% and 1x10% cells/well in a volume of
100ul. After 24 hours, to allow for cell adherence, the
medium was replaced with fresh medium containing
dextrin sulphate at concentrations of 0, 1, 5, 10, 50, 100,
500, 1000ug/ml. After 48 hours, proliferation was as-
sessed by methyl thiazol tetrazolium (MTT) uptake as
follows:-

[0042] MTT (Sigma) was added to the wells in a 50l
volume at a concentration of 1mg/ml. After 4 hours in-
cubation the insoluble formazan crystals were solubi-
lised by the addition of 75ul DMSO/well and the absorb-
ance measured at 550nm. The MTT assay has previ-
ously been shown to correlate with direct cell counts for
a number of Gl epithelial cell lines (Watson et al, Anti-

cancer drugs, 1994; 5, p 591-597).

[0043] The effect of sulphated dextrin on vessel for-
mation of the HUVEC cell line was performed by the use
ofthe TCS Biologicals Human Angiogenesis Model. The
assay is supplied as a growing culture of the HUVEC
cell line together with culture matrix and additional hu-
‘man cells present (the exact nature of the cells is not
known) at the earliest stages of tubule formation in a
24-well format. The positive control reagent was a
standard stock solution of VEGF and the negative con-
trol was Suramin. After removing the well seals, the cul-
tures were examined for cell morphology to confirm their

: wablllty

[0044] Growth medium was provided with the kit and
was used to make up the sulphated dextrin at concen-

~ trations ranging from 0-1000ug/ml. The existing medium

was aspirated from the wells and replaced with medium
containing the dextrin sulphate concentrations in a

- 0.5ml volume. This was placed at 37°C, in a 5% CO,

containing atmosphere. This was repeated on days 4,
7 and9. -

[0045] - Between days 7-11 cultures were fixed by the
enclosed fixative and stained with the mouse mono-
clonal anti-PECAM-1 antibody at a 1:4000 dilution

- (present in blocking buffer). 0,5ml of diluted antibody

was added per well and incubated for 60 minutes at
37°C. The secondary antibody (goat anti-mouse IgG al-
kaline phosphatase conjugate) was diluted 1:500 in
blocking buffer and added to the wells after washing for
60 minutes at 37°C. After washing the plate the sub-

" strate was prepared; BCIP/NBT tablets were dissolved

in distilled water and added to the wells. Following incu-
bation for 5-10 minutes the wells were washed and were
imaged using the Leica Qwin image analysis software
package.

[0046] Dextrin sulphate was assessed in two sepa-
rate experiments. All experiments were performed with
two different cell-seeding  concentrations.  Dextrin sul-
phate induced mederate levels of inhibition (See Fig-
ures 7, 8, 8 and 10). To compare between cell lines and
experiments, the level of inhibition achieved at the high-
estconcentration evaluated (1000pg/ml) was calculated
as was the significance from the untreated control. (See
Figure 11).

10

15

20

25

30

35

40

45

50

55

[0047] The SK-HEP-1 cell line-was inhibited to a
greater extent than the ECV304 ceéll line, with dextrin -
sulphate inducing ~65% inhibition at the lower cell con-
centration. Inhibition at the hlghercell concentranon was
not as great. '
[0048] The level of inhibition that was shown W|th the
ECV304 cell line was in the rarige-of 11-33%. There was
no difference between the Ievel of inhibition- at the 2cell
concentrations.

[0049] The results of the effect of dextrin sulphate on
tubule formation is given in Figures 12, 13 and 14.
[0050] The tubule distance was not répresented
graphically as there was no discrimination within the ex-
periment between positive and negative controls. With
respectto tubule number, Suramin induced a significant
inhibitory effect (51%, p<0.0001, Student's t-test) when
compared to the vehicle control whereas VEGF induced
a significant elevation (174%, p<0.0001). The effect of
dextrin sulphate on branch point number was concen-
tration-dependant, with significant stimulation occurring
at the lowest concentrations (1 and Sug/ml, 120% and
115% of control). Inhibition was however shown-at con-
centrations greater than 10ug/ml (26%; 48%, 53% and
68% inhibition, at concentrations of 50, 100, 500 and
1000ug/mi, respectively). Sturamin significantly inhibit- -
ed branch points (98% inhibition, p<0.0001) whereas
VEGF just significantly elevated branch points (131%,
p<0.05). All concentrations'of dextrin sulphate signifi- -
cantly reduced tubule branch points from 31 % with 1ug/ -
ml down to 93% with 1000pg/ml (significance shown on
Figure 12). Microscopic images are shown in. Figures
15, 16, 1718 and 19.

[0051] . Dextrin sulphate inhibited the basal growth of

- the endothelial-like cell lines; SK-HEP-1 and EVC304

as assessed by the MTT assay. The inhibitory effects
were seen at concentrations->100ug/ml. Seeding cells
at a higher concentration did not appear to increase the
magnitude of the inhibitory effect, indicating the action
is likely to be cytostatic rather the cytotoxic. SK-HEP-1
was more sensitive to the growth- mhlbltory effects ofthe
sulphated dextrin.

[0052] The proliferation of. HUVEC cells is known not
to be directly inhibited by dextrin sulphate /in vitro (Thom-
ton et al, 1999). However the effect of dextrin sulphate
was evaluated on the angiogenic characteéristics of HU-
VEC cells in a mixed cell culture in the presence of ECM.
VEGF and Suramin were used as positive and negative
controls, respectively, and affected tubule formation and
branch points in the correct direction. Dextrin sulphate
induced low but significant stimulation of tubule number
at the lower concentrations but at the highest concen-
tration of 1000ug/mi induced 68% inhibition. The level
of inhibition of tubule number at 100ug/m| (48%) was
comparable to that reported in the study by Thornton et
al. ’ S

[0053] Dextrinsuiphate inducedan inhibitory effecton

branch point number at all concentrations evaluated.
[0054] Sulphated dextrin inhibited the growth of 2 en-
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dothelial like cells lines in an in vitro assay and inhibited- .
_tubule number and branch points of the HUVEC cell line

in an angiogenesis assay.
EXAMPLES |

[0055]
vivo growth of the well-vascularised human colorectal
xenograft APSLV was investigated.

[0056]

mice. Dosing continued for 14 days. .
[0057] The cell line evaluated, APSLV, is a variant of

an established human colorectal cell line, derived orig-:

~inally from a patient's primary tumour. APSLV cells-have
._been selected for their ability to both-colonise the lungs
following. intravenous injection and to spontaneously

.metastasise to the lungs following injection. of the cells .

into the peritoneal muscle wall. AP5LV cells were'main-

tained in vitro in RPM! 1640 culture medium (Gibco,

Paisley, UK) containing 10% (v/v) heatinactivated foetal

 bovine serum (Sigma, Poole, UK) at 37°C.in 5% CO, .

and humidified conditions. Cells»from'semi-conﬂuent
monolayers were harvested: with: 0.025% EDTA,
---washed twice in the culture medium described above,

. and re-suspended at 5 x 108/50y! in sterile phosphate

‘buffered-saline; pH'7.4(PBS).

[0058] The mice were anaesthetised using Hypnorm
(Roche)/Hyponovel(Janssen) and the cell suspension

_ -injected into the peritoneal muscle wall-of 20 male SCID
. .mice. Mice were electronically tagged for identification

purposes (RS Biotech, Tracker), and randomly allocat-

ed to two experimental groups (see: below). The treat-

ment regime was initiated on day 1 and continued every

-. -other day until termination on day 38.

[0059]. At termination the peritoneal muscle wall tu-
‘mours were excised and weighed, half being snap fro-

zen and.half Formalin fixed. The lungs were also re- -

-.moved and Formalin fixed for evaluation of metastatic

- . tumour burden.

: [0060] Mice were weighed throughout the study

Group1 n-10males 4%Icodextnn 1mI|p every

: second day -,
Group 2, n =10 males - dextrin sulphate 10mg/kg in
4% lcodextrin, 1ml i.p. every second day

'[0061] The final tumour weights are shown in Figure
20 (tumour weights for individual mice) and Figure 23

(mean tumour weights for each experimental group). -

- final tumour weight which just failed.to reach signifi-

cance (p=0.065, Student's T-test).

. [0063] -The dose of dextrin sulphate chosen for the in-
itial therapy study just failed to induce a significant effect

-on the final tumourweights of the human colorectal xe-
nograft, APSLV. This may reflect the fact that n=9/10
mice per group were not high enough to show signifi-

The ability of dextrin sulphate to inhibit the in _

Dextrin sulphate, 10mg/kg in 1ml-icodextrin.
was administered every second day to two male SCID -
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cance at this level of inhibition. There was no toxicity
with this dose.

EXAMPLE 6

. [0064] Dextrin sulphates é're known corhpounds.
. They are produced by sulphation of dextrins, which are

mixtures of glucose polymers produced by hydrolysis of
starch. These glucose polymers have a wide range of
polymerisation. The degree of polymerisation (DP)var-
ies from 1 (the monomer, glucose) up to very high val-
ues, for example up to a hundred thousand or more glu-
cose units.

., [0065] Typically, the direct resuft of hydrolysmg a

starch is a dextrin containing a high propotrtion of poly-

. mers of relatively low molecular weight and might for ex-

ample contain up to 60% by weight of glucose polymers

of DP less than 12. The dextrin sulphates used in the
- presentinvention can have a wide range of composition,

but are preferably derived from dextrins containing at
least 50% by weight, preferably more than 80%, of glu-

- cose polymers greater than 12, and/or containing less

than.10%, preferably less than 5%, by weight of glucose

e polymers of DP less than 12, The weight average mo-

lecular weight of the dextrin may, for example, be from
10,000. to 35,000, preferably 15,000 to 25,000. (The
technique used to determine the molecular weight of the
dextrin is high-pressure liquid chromatography using

. chromatographic columns calibrated with dextrin stand-

ards, as designated by Alsop et al, J Chromatography
246, 227-240, 1989). Preferably, the dextrin contains

-nor.more than 10%, preferably less than 5%,.by weight
_of polymers of molecular; weight greater than 40,000.
-~ The desired weight average molecular weight and pol-

ymer profile is achieved by subjecting to dextrin to frac-

. tionation, using known techniques, including solvent
_precipitation and membrane fractionation. Among the
dextrins from which the dextrin sulphates suitable for -
.use.in the present invention can be-derived are those

described in European patent specifications.: Nos

.115911, 153164 and 207676.

[0066] . Dextrin sulphates have been prevnously used

pharmaceutically. For example, British patent specifica-

' . tion 871,590 discloses the use of certain dextrin sul-

45

phates as antilipaemic agents, and United States patent
- s‘pecifica'tion 5,439,892 discloses the use of certain dex-

trin sulphates as anti-HIV agents. These references also

. describe processes for the production of dextrin sul-

- [0062] Dextrin sulphate induced a 28% reduction in -

55 -

phates; their disclosures are incorporated herein by ref-

erence. .
[0067] In the method of the invention the dextrin sul-

phate can be administered to the patient by any route,

- enteral or parenteral, at the discretion of the clinician.

Intraperitoneal administration is particularly effective,

: but the dextrin sulphate can, for example, also be given

orally, intravenously, or can be directly injected into le-
sions on a lesion by lesion basis, or can be topically ap-
plied. The dosage level is to be determined by the clini-
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cian.
[0068] Dextrins can be sulphated in the 2, 3 and 6 po-
sitions, and a fully sulphated dextrin therefore contains

. three sulphate groups per glucose unit. The dextrin sul-

phate used in the present invention may have any de-
gree of sulphation, but preferably it contains at mosttwo,
more preferably from 0.5to 1.5, sulphate groups per glu-

‘cose unit. Also, the dextrin sulphate is preferably dex-
- trin-2-sulphate, dextrin-6-sulphate or a mixture thereof.

[0069] A composition for use in administering dextrin
sulphate intraperitoneally was prepared, in the form of
a sterile agqueous solution containing:-

Dextrin sulphate 100 | micrograms/ml
Glucose polymer mixture | 10 grams/litre
Na 132 | mmol/litre
Ca 1.75 | mmoliitre
| Mg 0.75 | mmol/litre
.Lactate ‘ 35 mmol/litre

[0070] The dextrin sulphate was dextrin-2-sulphate,
prepared as described in Example 3 of United States
patent5,439,892. The glucose polymer mixture, present
in the solution as an osmotic agent, was the glucose pol-
ymer mixture described in Example 2 of European spec-

- ffication 153164, it contained 91.8% of polymers of DP

greater than. 12 and 7.9% of polymers of from DP 2 to
10, and had a weight average molecular weight of
23,700.

EXAMPLE 7

[0071] - In the adult organism, endothelial cells prolif-
erate at an extremely slow rate with turnover times
which have been estimated to be years. Under certain
physiological {eg: ovulation) and pathological considi-
ons (eg: wound healing, inflammation, tumour growth,
rheumatoid arthritis, diabetic retinopathy and inflamma-
tory bowel disease), new blood vessels grow rapidly
from pre-existing capillaries by a sprouting process
which is similar to embryonic angiogenesis. Physiolog-
ical angiogenesis is therefore rare. Other forms of ang-
iogenesis in the adult are almost always associated with
a pathological disease process.

a) Inflammation and angiogenesis:

[0072] Whilst these two processes are separate, dis-
tinct and separable, they are nevertheless closely relat-
ed. The histological appearance of chronic inflammation
includes the presence of granulation-like tissue of which
neo-vascularisation is a prominent feature. The marked
increase in the metabolic demands of a tissue which is
proliferating, repairing or undergoing hypertrophy have

to be accompanied by a proportional increase in the

capillary blood supply. This is an absolute requirement
and it suggests several characteristics of angiogenesis.
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First, the vascular system must be able fo respond rap-
idly tothe increased needs of the tissue with anincrease
in its micro-vasculature. Secondly, the high metabolic
cost of angiogenesis means that the process must be
tightly controlled under basal conditions and that it
should only occur when absolutely necessary. Thirdly,
when such strict control is lost, an abnormal environ-
ment is created and this leads to disease. -

[0073] Therefore, endothelial cells which are normally
quiescent become activated as part of the angiogenic
response. When endothelial cells from the micro-vascu-
lature are stimulated, they degrade. their basement
membrane and proximal extra-cellular matrix, migrate
directionally, divide, and organise into functioning cap-
illaries which are invested by a newbasal lamina. These
steps are not sequential. Rather they represent an or-
chestration of overlapping events which are necessary
to try to return the injured tissue to the normal homeo-
static state. In each of these steps of angiogenesis,
there remain substantial gaps in our knowledge of the
exact mechanisms involved. .
[0074] The signal which initiates angiogenesis varies
with the condition which triggers stimulation and-angio-
genesis and is thought to be organ specific. For exam-
ple, platelet degranulation as'well as proteolytic diges-
tion of the extra-cellular matrix have been implicated be-
cause they occur rapidly after tissue injury and they do
not require new protein synthesis. However, many cells
can also be the source of angiogenic signals and they
include tumour cells, fibroblasts, epithelial cells and en-
dothelial cells.

[0075] Therefore, angiogenesis, as defined' by the -

- growth of new capillaries from pre-existing vessels, is a

fundamental biological process which is at the core of
many physiological and pathological processes. In
chronic inflammation and in the growth of tumours, an-
giogenesis progresses from a phy'sio'logic:al process to
a pathological process. ' o
[0076] This means that a drug like dextrin 2-sulphate
or dextrin 6-sulphate or dextrin 2,6-sulphate which re-
duces and/or prevents the proliferafion of endothelial
cells and prevents neo-angiogenesis during the earliest
stages of a pathological disease process could abort or
even prevent the damage to the tissue which would oc-
cur as a consequence of the chronic inflammatory re-
sponse. The aim of such a drug would be to prevent the
slow progression to tissue destruction and fibrosis which
is induced by the angiogenic response seen in chronic
inflammation. ' ~ : '

b) Tumour growth and metastasis:

[0077] There has been considerable research into the
role of angiogenesis in tumour growth. Early in the
pathogenesis of a tumour, and before a tumour be- -
comes clinically significant, there must be a switch to an
angiogenic phenotype. This angiogenic switch can be
mediated by either an increase in the expression of an-
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giogenic factors, or by a decrease in the expression of -

angiostatic factors, or both. Many factors have been im-.. -
- plicated in the control of tumour associated angiogenic - -
-activity -including. vascular endothelial . growth factor .-

+ (VEGF), basic fibroblast growth factor (cFGF) and the
CXC chemokines. We have already shown that dextrin

. 2-sulphate and dextrin 6-sulphate do not interfere with’

EP 1 196 180 B1 18 C -

-

the growth of new blood vessels. 'Haemorrhage from

- these fragile new vessels often leads to blindness.
- [o082] :
.. velop chronic renal failure. They are often treated using
- continuous ambulatory peritoneal dialysis. This requires .
- the'use of:dialysis solutions such as glucose or dextrin.

Many -patients with diabetic nephropathy de-

' . .Byadding a sulphated dextrin at an appropriate concen-

the proliferative action of vascular endothelial growth. -+

.and basic fibroblast growth factor on.primary endothelial. -+ -
10

cells or the KSY-1 cell line. The spread and growth of

distal metastases can only be accomplished by individ-

ual cells which have been able to disseminate through-

- :zout the body. and which can stimulate an angiogenic re-
.-sponse. ..

-+..[0078] .Th erefore only when the metastatlc deposn of

tration to.the dextrin dialysis solution, it should be pos-

-sible to reduce further damage to the kidney by inhibiting

the angiogenic response which is driving it. Animal stud-

- ies have shown that when sulphated dextrins are ad-

ministered intraperitoneally, they accumulate in the kid--
ney. By also monitoring the retinas of these patients, it

-.will be possible to establish whether sulphated dextrins

15

-.cells has made the switch to an angiogenic phenotype - .-

- will the rate of proliferation of these ceils be sufficiently> -
. fastforthe metastatic focus to become clinically evident. ... . -

An effective inhibitor of endothelial cell mediated prolif-

eration would therefore prevent further growth of the pri- .

mary tumour and halt the development of metastases.
‘Sihce tumour endothelium itself is not genetically abnor-

20

mal, and therefore not subject to a high rate of mutation, - - .
~ it is most unllkely to develop drug resistance to angi- : :

- ‘ostatic therapy. :
-[0079] This means that adrug like dextrm 2-su|phate

duces or prevents the proliferation of endothelial cells
and prevents neo-angiogenesis during the earliest stag-

- es of the growth of the metastasis could abort or even -

prevent the development of the metastatic iesion.

. .c) Diabetic. nephropathy and retinopathy:
[0080] -
..damage which occurs in diabetic patients. Its most se-
rious manifestation is microangiopathy which leads to

diabetic..nephropathy and to diabetic :retinal éye dis-
ease. Microvascular changes are also thought to con-

. tribute to diabetic neuropathy and to-diabetic foot dis- .-:.

é‘ase. Although poor glucose control is a major contrib-

“-. uting factor, it is not the scle factor responsible for this:: ..

pathological disease process. .
[0081]- Both-diabetic nephropathy and dlabetlc retin-
~:opathy:have a multifactorial pathogenesis. There are

Microvascular disease which manifests as ..
~..new vessel formation is the most serious form of tissue ™

25

== -or dextrin 6-sulphate or dextrin 2,6-sulphate which re-

30

>[.ooss]

delivered intraperitoneally will prevent new blood vessel
formation (ie: diabetic retinopathy) in the eye.

. d) Rheumatoid Arthritis:

Rheumatoid arthritis is a chronic inflammatory
disease which is characterised by a progressive de-

: struction of joints.- The hallmarks of the pathological -

changes in the synovium include hyperplasia of synovial

- lining cells and follicle-like aggregation of lymphocytes
- and plasma-cells. This inflammation of the synovium .. .
leads to the formation of a highly vascularised pannus

and to the eventual destruction of the joint. The tissue’

. destruction is partly dependent on proteases and ¢olla-
. genases which are released during the angiogenic re-

sponse.
[0084] Although pathological studies have identified -
capillary damage, oedema, vascular congestion and a

- cellular infiltrate as early pathological changes in the

35 .

rheumatoid synovium, the factors' which initiate the dis-
ease process and lead to this chronic inflammation still
remain.unclear. Hirohata S & Sakakibara J, Lancet: An-

.- giogenesis as'a possible: elusive triggering factor in
.+ rheumatoid arthritis. 17- April 1999, page 1331, it was

- 40:

45

~changes in endothelial cells, thickening of the capillary -

‘basement membranes, decreased numbers:of intramu- -
ral pericytes, tissue hypoxia and increased retinal blood-
-flow. In the case of the retina, changes in the arterioles,’

cgpillaries and veins lead to the formation of new blood
- vessels at the margins of the ischaemic area. This is

- thought to result in the release of angiogenic factors -
“.which promote:new blood vessel formation. Angiogenic-
. factors: with properties similar to those isolated from:

some tumours have been-isolated from the retinae of

- several species. This stimulusto neo-vascularisation re--
- sults in a proliferative retinepathy whose features are’

50

- noted that neo-angiogenesis precedes all the other fea-
tures of rheumatoid arthritis such as lining cell prolifer-
.. .~ation and cellular infiltration by one to two years. Al-
. though it has been shown that the cells lining the syn-
“ovium produce angiogenic growth factors such as basic

fibroblast growth factor and vascular endothelial growth
factor in-the synovium of early rheumatoid arthritis, in its
earliest stages, the synovium show neo-angiogenesis

- without lining cell proliferation. This confirms that ang-
_.iogenesis is the primary pathological event which is trig-
~.gered by an unknown antigen. Therefore, intervention
‘with :a drug like dextrin 2-sulphate or dextrin 6-sulphate
.- or-dextrin 2;6-sulphate which reduces or prevents en-
. dothelial-cell proliferation and neo-angiogenesis during

- ; its earliest stages could be beneficial for both the treat-

10

"~ ment of early rheumatoid arthritis and for preventing the
55

destructive arthritis which eventually develops.
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e) Inflammatory bowel disease:

[0085] Crohn's Disease and Ulcerative Colitis are the
major forms of inflammatory bowel disease. These
chronic inflammatory disorders of the gastrointestinal

~ tract are triggered by an unknown pathogen. Their pa-

thology is characterised by a chronic leucocyte infiltrate
inthe bowel wall which leads to progressive tissue dam-
age. The intestinal microvasculature has been implicat-
ed as playing a major role in the pathogenesis and the

‘progression of inflammatory bowel disease. Immuno-

histochemical studies of tissue from patients with active
inflammatory bowel disease have shown that the micro-
vascular endothelial cells express high levels of E-se-
lection, intercellular adhesion melecule-1 (ICAM-1) and
CD31. These adhesion molecules mediate the binding
and transmigration of circulating leucocytes. Thus al-
tered endothelial cell function is associated with persist-
ent chronic inflammation in both Crohn's Disease and
in Ulcerative Colitis.

[0086]
that the intraperitoneal administration of dextrin 2-sul-
phate or dextrin-6 sulphate or dexirin 2,6-sulphate
would be of therapeutic benefit. Intraperitoneal admin-
istration of the drug results in substantial amounts of the
drug accumulating in all of the tissues associated with
the small bowel and the largé bowel. This could result
in a reduction in the number of activated, proliferating
endothelial cells, as well as preventing the activation
and proliferation of new populations of endothelial cells.
This in turn would prevent neo-angiogenesis and the
continuation of  the chronic inflamimatory response
which leads to the development of clinical disease.

f) Psoriasis:

[0087] This is a skin disorder which is characterised
by an inflammatory cell infiltrate, abnormal proliferation
of keratinocytes and dermal neo-vascularisation. Whilst
it is recognised that the angiogenesis associated with
psoriasis is' not the primary cause of the pathogenesis
of this disease, the angiogenic activity is nevertheless

- due to a combination of over production of IL-8 and an

undemproduction of the angiogenesis inhibitor, throm-
bospondin-1. There is also an over-expression of other
angiogenic factors such as vascular endothelial growth
factor and transforming growth factor-alpha. The angi-
ostatic factor IP 10is expressed in psoriatic plaques with
expression being reduced .after successful treatment of
the active lesions. This serves to highlight the impor-
tance of endogencus angiostatic factors in angiogen-
esis dependent disorders. Interestingly, many common-
ly used treatments for psoriasis such as topical steroids,
cyclosporine and retinoids have angiostatic activity.

[0088] Therefore, the regular application of a topical

* (ie: skin) preparation of dextrin 2-sulphate or dextrin

6-sulphate or dextrin 2,6-sulphate to active plague le-
sions of psoriasis could result in the healing of these

Inthe case of these two disorders, itis possible -

10

15

20

25

30

35

40

45

50

55

11

lesions by reducing or preventing endothelial cell prolif-
eration and the angiogenic response which is drivingthe
development of the psoriatic lesion.’

Claims

1. Useof dextrin sulphate whereinthe dextrin sulphate
is derived from a dextrin having at least 50%, pref-
erably more than 90%, by weight of glucose poly- -
mers of DP greater than 12, for the manufacture of
a medicament for the treatment of an angiogenésis
dependent disease or disorder, other than a highly
vascular tumour, wherein chronic inflammation is a
significant component of the-disease.

2. Use of dextrin sulphate according to claim 1 where-
in said disorder is diabetic nephropathy or retinop-
athy, rheumatoid arthritis, inflammatory bowel dis-
ease or psoriasis.

3. Use of dextrin sulphate according to any of the pre-
ceding claims wherein the medicament is for intra-
peritoneal administration. o

4. Use of dextrin sulphate according to any of the pre-
ceding claims wherein: the dextrin sulphate. is de-
rived from a dextrin containingless than 10%, pref-
erably less than 5%, by weight of glucose polymers
of DP less than 12. : S

5. Use of dextrin sulphate according to any of the pre--
ceding claims wherein the dextrin sulphate is de-
rived from a dextrin having a weight average mo-
lecular weight of from 10,000 to 35,000, preferably
from 15,000 to 25,000. :

6. Use of dextrin sulphate according to any of the pre-
ceding claims wherein the dextrin-sulphate is de-
rived from a dextrin containing less than'10%, pref-
erably less than 5%, by weight of glucose polymers
of molecular weight greater than 40,000

7. Use of dextrin sulphate according to any of the pre- -
ceding claims wherein the dextrin sulphate contains
at most two sulphate groups per glucose unit.

8. Use of dextrin sulphate according to claim 7 where-
in the dextrin sulphate contains between0.5and 1.5 -
sulphate groups per glucose unit. -

8. Use of dextrin sulphate according to any of the pre-
ceding claims wherein the. dextrin sulphate is dex-
trin-2-sulphate, dextrin-6-sulphate or. dextrin-
2,6-sulphate or a mixture thereof.
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- . .- Patentanspriiche

Verwendung von Dextrinsulfat, wobei das Dextrin- -

sulfat von einem Dextrin abgeleitet ist, das minde-

. stens 50 Gew.-%, vorzugsweise mehr als 90 Gew.-. .
% an Glucosepolymeren mit einem Polymerisati- :

onsgrad von mehr als 12 aufweist, zur Herstellung

.eines Arzneimittels fur die Behandlung einer von -

Angiogenese abhangigen Erkrankung ~oder St6-

. rung, bei der es sich nicht um eine stark vaskulére:
- Geschwulst handelt, wobei chronische Entziindung-

eine wesentliche Komponente der Erkrankung ist.

Verwendung von Dextrinsulfat nach Anspruch 1,
wobei es sich bei der-Stérung um diabetische Ne-.
- phropathie oder Retinopathie, Rheumatoidarthritis,

entziindliche Darmerkrankung oder Psoriasis han-

- delt.

Verwendung von Dextrinsulfat nach einem der vor-

hergehenden ‘Anspriiche, wobei das Arzneimittel
. zur intraperitonealen Verabreichung ist. -

- Verwendung von Dextrinsulfat nach einem der vor- : :
-+ hergehenden Anspriiche, wobei das Dextrinsulfat -
von einem Dextrin abgeleitet ist, das-wenigerals 10-
Gew.-%, vorzugsweise weniger als 5 Gew.-% an-i ' "
- Glucosepolymeren mit einem-Polymerisationsgrad: .-
..von wenigerals 12 enthélt.

: Verwéhdung von Dextrinsulfat.nach einem der vor-.
. hergehenden Anspriiche, wobei das Dextrinsulfat

0
: 15 |
: 20
25

-7 o
... Utilisation de sulfate de dextrine selon l'une quel-

von einem Dextrin abgeleitet ist, das ein gewichts- -:*

- mittleres Molekulargewicht von 10.000 bis 35.000, - - -
¢ .35 ¢

vorzugsweise von 15.000 bis 25.000 aufweist.

. Verwendung von Dextrinsulfat-nach einem der vor- .
_hergehenden ‘Anspriiche, wobei:das Dextrinsulfat ..

von einem Dextrin abgeleitet ist, das wenigerals 10

- Gew.-%, vorzugsweise weniger als 5 Gew.-% an
- Glucosepolyimeren mit einem.- MolekulargeW|cht

von mehr als 40.000 enthilt.

Ve.nNendung:von Dextrinsulfat nach einem der vor-

- hergehenden- Anspriiche, wobei das Dextrinsulfat:
héchstens zwei Sulfatgruppen pro Glucoseeinheit .. : :

enthilt.

- Verwendung von Dextrinsulfat nach Anspruch 7,
- wobei das Dextrinsulfat zwischen 0,5.und 1,5 Sul-:
: fatgruppen pro Glucoseeinheit enthélt. o

' Verwendung von Dextrmsulfat nach einem der vor- -

40 .-

45 7.

50: 4

hergehenden Ansprliche, .wobei es: sich bei dem.:-

‘Dextrinsulfat um Dextrin-2-suifat, Dextrin-6-suifat
- oder Dextrin-2,6-sulfat oder eine Mlschung dieser

handelt.

55 9,

12

.-Revendications

Utilisation de sulfate de dextrine, dans laquelle le
sulfate de dextrine-est dérivé d'une dextrine possé-
dant au moins 50 %, de préférence plus de 90 %,

.en poids de polyméres de glucose d'un DP de plus

de 12, pour la fabrication d'un médicament pour le

- traitement d'une maladie ou d'un trouble dépendant

de l'angiogenése autre qu'une tumeur hautement
vasculaire, dans:laquelle l'inflammation chronique

- est un composant important de la maladie.

Utilisation de sulfate de dextrine selon la revendi-
cation 1, dans laquelle ledit trouble est une néphro-
pathié ou rétinopathie diabétique, la polyarthrite
rhumatoide, la maladie du célon irritable ou Ie pso-
riasis.

Utilisation de sulfate de dextrine selon f'une quel-
conque des revendications précédentes, dans la-
quelle le médicament est pour |'administration par
voie intrapéritonéale. :

-Utilisation de sulfate de dextrine selon l'une quel-

conque des revendications précédentes, dans la-
quelle le sulfate de dextrine est dérivé d'une dextri-

ne contenant moins de 10 %, de préférence’ moins -
. de 5 %, en poids de polymeéres de glucose d'un DP

de moins de 12.

conque des revendications précédentes, dans la-
quelle le sulfate de dextrine est dérivé d'une dextri-

" . ne possédant un poids moléculaire moyen en poids
de 10 000 & 35 000, de préférence de 150002 25 .

000.

" .Utilisation de sulfate de dextrine selon ['une quel-
- conque des revendications précédentes, dans la-

quelle le sulfate de dextrine est dérivé d'une dextri-

" ne contenant moins de 10 %, de préférence moins -
de 5 %, en poids de polyméres de glucose d'un

poids moléculaire supérieur & 40 000.

Utilisation de sulfate de dextrine selon l'une quel-

conque des revendications précédentes, dans la-
quelle le sulfate de dextrine contient au plus deux -

groupes sulfate par motif de glucose.

Utilisation de sulfate de dextrine selon la revendi-

cation 7, dans laquelle le sulfate de dextrine con-’
- tiententre 0,5 et 1,5 groupe sulfate par motif de glu-

cose.

Utilisation de-sulfate de.dextrine selon l'une quel-
conque ‘des revendications précédentes, dans la-

- quelle le sulfate de dextrine estle 2-sulfate de dex-

trine, le 6-sulfate de dextrine ou le 2,8-sulfate de

»
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dextrine ou un mélange de ceux-ci.
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Figure 4
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Figure 13

Effect of dextrin sulphate (dextrin) on HUVEC tubule No.
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Figure 14

Effect of dextrin sulphate (dextrih) on the branch points of HUVEC tubules
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Figure 19a: 500ug dextrin sulphate
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Figure 20
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Figure 21

EP 1196 180 B1

dextrin
sulphate

1.0

0.8 4

39



