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A novel protocol for islet allotransplantation that was recently introduced by Shapiro and
20 coworkers [1] will undoubtedly be beneficial to a number of patients with type I diabetes.
However, even with this new approach, it has turned out that transplantation of islets from a
single donor pancreas is not sufficient to produce normoglycemia in a patient [2]. As a resuit,
the supply of human islets is expected to become a limiting factor in the treatment. Alternative
sources of insulin-producing cells will then have to be found. One option is to use islets

25 prepared from animal tissue, with islets from pigs being the chief candidate.

One of the main obstacles to be resolved before islet xenotransplantation becomes possible is
the mjurious inflammatory reaction that porcine islets elicit when exposed to fresh human
blood in vitro and in vivo [3]. Also, human islets induce an injurious inflammatory reaction
30 - when exposed to ABO-matched blood of the patient at the time of intraportal transplantation
[4]. The inflammatory reaction is characterized by a rapid consumption and activation of
platelets, which adhere to the islet surface promoting activation of both the coagulation and

complement cascades. In addition, the islets become embedded in clots and infiltrated by
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HAR of vascularized whole organs is mediated through the action of antibodies in the human

20 blood, which identify and bind to exposed antigens on the endothelial cells of the blood
vessels of the transplanted organs. This antibody-mediated HAR reaction is enhanced by
components of the complement system [8, 10, 11]. Since dextran sulfate is also known to
inhibit complement activation [9, 12], the prolonged lung survival when using dextran sulfate

in the used xenofransplantation model is believed to derive from this anti-complement effect

25 of dextran sulfate,

Nakano and coworkers have transplanted isolated syngeneic islets into livers of STZ-induced

diabetic mice in order fo investigate the roll of hepatocyte growth factor (HGF) in

amelioration of hyperglycemia [13]. Dextran sulfate is known to enhance the effect of HGF

30 and consequently HGF was administered intraperitoneally in the recipient mice in conjunction

“with dextran sulfate. Such administration produced normoglycemia in all mice under
nvestigation. Also administration of dextran sulfate alone showed some beneficial éffect ina

few mice, but not when the renal subcapsular space was the site of islet transplantation.
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Inflammatory Reaction (IBMIR).

It is another object of the invention to provide treatment for morphological disruption of cell
transplants caused by IBMIR.

20
Yet another object of the imvention is to provide treatment for graft-rejection of cell
transplants caused by IBMIR.

These and other objects are met by the invention as defined by the accompanying patent

25 claims.

Brefly, the present invention involves the use of dextran sulfate, and derivates thereof, for
treatment of Instant Blood-Mediated Inflammatory Reaction (IBMIR). This newly
characterized form of inflammation is triggered when cells or cell clusters are exposed to
30 foreign blood in vitro and in vive. A very important example of IBMIR is when allogeneic or
xenogeneic cell transplants are transplanted into the body of a recipient mammalian,

especially human, patient. IBMIR will then lead to morphological disruption and destruction
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20 IBMIR or cell transplantation, or may be administered for delivery directly (locally) to that site.
Thus, in accordance with the invention, dextran sulfate, and derivates thereof, may be
administered orally, intravenously, intraperitoneally, subcutaneously, buccally, re(;tally, f
dermally, nasally, tracheally, bronchially, topically, by any other patenteral route or via
inhalation, in the form of a pharmaceutical preparation comprising the active ingredient in a

25 pharmaceutically acceptable dosage form.

In therapeutic treatment of mammals, and especially humans, dextran sulfate and derivates
thereof, may be administered alone, but will generally be administered as a pharmaceutical
formulation 11 admixture with a pharmaceutically acceptable adjuvant, diluent or carrier, which
30 may be selected with due regard to the intended route of administration and standard

pharmaceutical practice.



severity of the condition and on the patient to be treated, as well as the
actual fornmulation and administration route enployed, and nay b&March2007
determ ned non-inventively by the skilled person. The concentration of
adm ni st eggehexlkan sul fate, or derivates thereof, acc
present 5 inventi on shoul d not be toozhigh in or der to %ﬁ%@&%ﬁ%y si de

h dext.ran Ifate In nost clinical situations

ef fects associ at gn)gile

sui tabl e d0%8TOBHS 94, dextmn §‘£}F3F%t°é cGivatgs theteaf. o8 tbﬁéewlatwmwihéepend on the
t her apeut k&veAfyd/f e BinaRio%! AGtdntht HERd: , ¢ human,
patients ar g@ﬂt?hosee t hat give nah%@ %edeéaéﬁggWthaaigglﬁe %&\lg ‘%!rﬁoﬁ‘land

probabl y REBIBIsTaion @Htﬁgﬂmﬂlomdd and ma@fl itel deyermined siohtigventivaly/ bl the @QME@FJ@ s{n@d
ate

t d ng/ M dext 10
ctch as mobEtk@RAGob B R R e S i, 68 Srreine thprembpesordiam icobg pregmd
and/ or. | e;ss:lti‘oh%ﬁ lﬁd& 0157 tHo hi J
| ess than Q.2 ng/cr,ﬂ g . % ﬁﬁoﬁdﬁéﬁcrgﬁggﬁﬁg% flglﬁ%?%%tge of Qﬁﬁovggf{ng%’?ﬁmand
0.2 my/ m SWfaie B}rmesto@mgl/ ﬁtuaams mtzblnybsﬂs of'ﬂbnetratiemlﬁa&n of Ubiiates thaest] ¢ g t o

th tabl e.f t ft- 15
o oot onemb e AP ol by FRREC L Bnkndf ’fl‘%&’r‘?glbqﬂg%? AR RS s g
fr'om t ypethkt givadoaeasblod,mcor@mti@ﬁweW§ ﬁ&aﬁa% 1%@%%%%%% at‘h‘éigk Y

['an

humans or, ma preferably porcine is ets e trans

i nj ecti ngtess %F’ét’fﬁ Arnr@femé corsenadtionginge of bdeeerp@ﬂl eng/m] atbvegin] dm@a
the sl r bIodofth | IBM R is triggered and
the ins uﬁtuzfatr%egﬁ %?1039% unc f@or%fhaflﬁe EE?WSOYVW‘PW fhan Gdsm @}le@d&ﬁd
t he i sl etlssswhdnl 0. &mgmj &6t gan o%g@ﬁloregs thah @9 {81 PR ingn H9 @%
dextran s | fate, or derivates thereof, is preferably attaine eas

| ocal |y, WEcqmeitsfionragge 9F%Hémgénlm€b%mm@adfmaﬁ§mgnﬂand Y| rmg/nm he cells
or cell clusters is perfornmed. This nay be obtained by admnistrating the
dextran sulfate prior the actual transplantation. Aternatively, the

i sl ets nebhehlextray sxtfardceiréiBgley @@ privent iRndbh AesFQMN/ s%'xtQ}Sle Qﬁzﬁw fn g[lfﬁat e
a?C]§OI‘ di n to. th% present invention, in order to inhibit an ve

25 d giertivaal Grsube-prodpeiag Boiells frapsplanted [intp Hatignisiutfyring rfmngiypeémahetem It he

patients passidhe. fugdextran sul fate in such a cell and
dextran sul fgttghso u‘%?%fn g pr e% gb&hg fugmns of S )gopﬁeff'é"l‘ﬁ%p?ﬁé@a‘ﬁ]@ﬁbl c

concent r andydme tmhspdmtdlgnnﬁahﬁgﬂﬁ isléts énto ﬂfe@f:ﬂﬁlaiéht’oﬂ 188 gaﬁé?z@sﬂ HowWSThnce

pr ef er abl. and especially 0.01 my/nml to 0.2 ny n1

0.01 :
can be %?*&%a’fw%a?rg %g@tblp%ar e patient FRMIR g% trigfeetedaansh theninsutlinoreghlating he
first ho%&tl&ﬂll‘tﬁ‘@f”ﬁge ‘?tgettsr@ﬁﬁ %}c%ﬁﬁeﬁn dTHI% d e)é;[ {vﬁg EF::J g‘é,gﬁt;tg%"“{{,?xaﬁm a

diffuse fromthe site of transplanta Moner |

stffate dmpentic atricaniratibn o dmmmnﬂfammn defisatc MRSk, ia B@rhtt%iﬁleefl &t §edsP

needed tg hnhl bi.t 1.BM m)rphol ogi cal disruption and/or graft-rejection
of the cdPFLYrdnts siis e transplaptabions page parispla a@@hdﬁnﬂlea@qlbnoroﬁelh@msteam is

sulfate ipgerffthRRalh¥ %ﬂfyb@%%%%df 8y atdn'ﬁmgﬁd%lﬁg &8 38 dIRVERE VB DRor r11162 %gt?ual
transplantation. Alternatively, the islets may be injected dissolved in a solution comprising

dextran sulfate according to the present invention, in order to inhibit IBMIR and prevent any

25 destruction of rejection of the islets, making normoglycemia in the patients possible. The
| concentration of dextran sulfate in such a cell and dextran sulfate solution is preferably high
enough, so that a therapeutic concentration of dextran sulfate, i.e. preferably less than 45 mg/mi,

more preferably 0.01 mg/mi to 1.0 mg/ml, and especially 0.01 mg/ml to 0.2 mg/ml, can be

obtained, at least locally, in the site of transplantation for the first hours following

30 transplantation. The dextran sulfate will then diffuse from the site of transplantation lowering the
local dextran sulfate concentration. In some applications, no extra dextran sulfate is needed to

inhibit IBMIR, morphological disruption and/or grafi-rejection of the cell transplants, since a
therapeutic concentration of dextran sulfate is probably only needed for the first 24-48 hours
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15 -SHORT DESCRIPTION OF THE DRAWINGS

The invention together with further objects and advantages thereof, may best be understood by
making reference to the following description taken together with the accompanying

drawings, in which:

20 Fig. 113 a diagram illustrating the effect of LMW-DS on the generation of C3a during perfusion

of porcine islets with human blood,

Fig. 2 is a diagram illustrating the effect of LMW-DS on the generation of sC5b-9 during
perfusion of porcine islets with human blood;

25
Fig. 3 is a diagram illustrating the direct effect of LMW-DS on the complement system when

human serum is incubated in the presence of LMW-DS;

Fig. 4 illustrates distribution of leukocytes in porcine islets after perfusion with human blood

30 cohtaining no LMW-DS;

Fig. 5 illustrates distribution of leukocytes in porcine islets after perfusion with human blood
containing 1 mg/ml LMW-DS; ' | |



Fig. 6 illustrates distribution of platelets in porcine islets after
perfusion with human bl ood containing no LMMDS, 5 Fig. 7 ill ustWarcksg007
distribution of platelets in porcine islets after perfusion with hunman
bl ood cq&b%%ﬁhpgug ng/mM LMWMDS;, Fig. 8 illustrates eXPE?@E&@E@&&&@”S“|i”
in porcinei'slets after intraportal tgansplantation into I'abetic athymc
mce wth no LMMDS treatnment; 10 Fig. 9 illustrates expression of insulin
in porcine islets after intraportal transplantation into diabetic athymc
m ce W t hFik MiViRBrhfee idt@lion i fhlatd@tsi ! pbsdih@idss dhst Péﬁﬁ}éﬁdnoﬁitgfhmﬁﬂkﬁ%é{& es
in porcine islets after intraportal transplantation fnto 15 diabetic
at hym ¢ nfon@nypg e b WMAN.DS treatnment; and Fig. 1 | illustrates
di stribution of |eukocytes in porcine islets after intraportal
transplantation into diabetic athymc mce with LMWDS treatnent. 20
DESAI LED I STRIEThCN didihudios ST HlatkiBi & thopiind RieE ahby pEr@fsfinSwitd HuBn"§¥0d
surprising effect of dextran sulfate on Instant Bl ood- Medi at ed
| nf | anmmat GRprRGCresal MBS, and nor phologi cal disruption and graft-
rejection of cell transplants caused by IBMR 25 IBMR is a relatively
newy identified inflanmatory reaction triggered by the exposure or
contact offig.celilhstrates epressidrli of &isalinvih hofcafeeis®ls B0l ragdtl WBMdRdifion into
characterijzed by expression of tissue factor on the cells, which triggers
a | ocal gch‘ﬂ’éﬂ%l? PRiconice Rl meilAMWshibdwaftnsnt | y, activated platel ets adhere
toothe cell surface pronmoting activation of both the coagul ation and
conpl enent systens. In addition, |eukocytes are recruited and infiltrate
‘the cel | Fig Theéthaues ekpreaich boyrtikeln ?mﬁ@ Rlef St PintrSFbral daAGinidfhl B of
the cell porphology within the first few hours after contact with the
f orei gn 511%’6&.athWP?“&P?Hh&MWI‘@$§F@§1@ﬂ%e subsequent cel | - nedi at ed
specific i mune response in a |later phase. 8 March 2007 WD 2004/ 047848
PCT/ SE2003/ 001830 8 A very inportant exanple of IBMR is when cells or
cel | cl udtign§ itarserates disgibution efiicilicpten inmayine tletPiftdr efadomalarMBpERhiG int@nd
esgeci al Id%/ human, patient. Upon contact with the blood of the recipient
pati ent , Gavetcahymicpiceweth np B ¥-Difrestmentaand ts in di sruption of the cell
nor phol ogy and generally graft-rejection of the cell transplant. |IBMR has
been detected both in allogeneic

Fig. 11 illustrates distribution of leukocytes in porcine islets after intraportal transplantation into

diabetic athymic mice with LMW-DS treatment.

20 DETAILED DESCRIPTION

The present invention generally refers to the new surprising effect of dextran sulfate on Instant
Blood-Mediated Inflammatory Reaction (IBMIR), and morphological disruption and graft-
rejection of cell transplants caused by IBMIR. |

25 IBMIR is a relatively newly identified inflammatory reaction triggered by the exposure or
contact of cells or cell clusters with foreign blood. The IBMIR is characterized by expression
of tissue factor on the cells, which triggers a local generation of thrombin. Subsequently,
activated platelets adhere to the cell surface promoting activation of both the coagulation and
complement systems. In addition, leukocytes are recruited and infiltrate the cells. These

30 effects together cause 2 disruption and destruction of the cell morphology within the first few
hours after contact with the foreign blood. IBMIR also accelerates the subsequent cell-

mediated specific immune response in a later phase.



5 cell transplantation, where cells froma donor with ABO nat ched bl ood are
transplanted into a patient, and in xenogeneic cell transpl ant & Mamah2007
i ncl udi ng pi g-to-nonkey and pi g-to-human xenotranspl antation of cells

and/ or cewWo edousi®is. The expression "cell transplant” geRed@BbdYooighers., in
the present invention, to a single celdg, 10 several single cells or a

cluster of ! S d into a.recipient body of, preferably, a
manmal i an, aﬁd*&?&g’l&feéa@g %%%nm%epé’%gg. Oﬁe@g‘qugﬁrsg%rp){r@gmlar&cﬁgg%ggo
non- vascutarmeead!yrd inpmntaliss und eapRitigMimasepaticht. Upen QIMEASHPhe BRdd of the
transpl ant,. as_used hereip. An exanple of cell transplants according to
the presditPisetBitent iherdisdripgygd MR, sthicherrsyiénia) disrpption of tbe cell angehdlags -
transpl ardrRidsehbth PREE oMEBl [ f tient uf.feri from
type | 15 di‘abet g%&aﬁ r}?)&rtﬁ er @igﬁg{re,sgf?% I%gﬁ‘??lgsngp a‘%?eg%dg’ﬁfﬂb%“ aé@?g?%ﬂfni c
xenogeneie!Inensplintatiors stherecalls sronn a tdoaorsith aBManefchpa thiddt fe Wabdbianted into

Par ki nson’ tdi geaae. As was br{ eflg/ di scussed%i‘n t he background section, a
proni si nd %? BRLANP &0 #E1essReaicRl fgn H{@}t%y@ 188 PY§-{pRemRY $ndipigriorlrean

di abet es sehotrthshlanfasioh 8fdells Radlol Pe1Péipdusi ng O-cells e.g. 20 into the
portal vein. Suitable insulin-producing cells, e.g. inthe formof islets
of Langer hans, may be obtained from both all ogenei c and xenogenei ¢ donors.

Si i sl : I [ t bt ai n nornogl ycem a_and
the I ack I S ESsRe LRI oREr R BT e o e REREH ALY orte naner SFbt o
can be usederaHoNEY 8élls dp atdMustrl PHRRS 118 REhPERRIGAR! acrecip%n%éds)%i Frerk3V R
when exposed to the blood of the recipient patient. As a consequence, 25
within a 2 SRmmslise anfiespeciallyn 8 flumanatationt. s tgeplooll olpptent ofcmér-sasoelarzel

di srupt eq; I rall. ifested in lqgss of integrity,

O P dead wSeahemiad BENSEbl THTILERNED bk Sonth, AT S thpleis o

i ncr easedrangsiadts mct@dBgs & fthomredt | sh@itbnObrd aNgRNBRNSy feAblWRd isIQY of
di m nished or loss of insulin release. In other words, |oss of
nor nogl y ghans drsplantsgntor the porighypinaeft tiei byer ofnatibets soffering BiohRtgkdo
gauses gr, ejpe G, | LLrans S, Adm ni strations of '
convent i gﬁgabfe f%sméu%}stg%p%asngl g’e?rgdry ugé G%néswag{r%é\%n?spﬁwg’%@ﬁ SRNGG PFRY i es
and or gamisswey/@dls inthe bvemnor gftfeastwicnPdRBMsih o distire. graft-rejection of cell
transpl ants caused by IBMR This indicates that the main nmechani sns of
IBM R and graft 8 March 2007 WD 2004/ 047848 PCT/ SE2003/001830 9 rejection
of cell tyaRsPhabks Jei.fided Snf j ect:ion ismfound in.. ..
transpl antation ofyg \?\élﬁoslfse(ﬁ erlgtg%rs% % doéln?sgeﬁ[g@i% dﬁ?’?{s;lguper@%m for obtaining
normoglycemia in patients with type I diabetes is to transplant insulin-producing B-cells e.g

20 into the portal vein. Suitable insulin-producing cells, e.g. in the form of islets of Langerhans,
may be obtained from both allogeneic and xenogeneic donors. Since islets from several
donors are required to obtain normoglycemia and the lack of suitable human donors
xenogeneic, preferably porcine, islets can be used. However, both allogeneic and xenogeneic
islets elicit IBMIR when exposed to the blood of the recipient patient. As a conseqguence,

25 within a few hours after transplantation the morphology of cells become disrupted and
destroyed, generally manifested in loss of integrity, structure and form of the cells. This
resulfs in an initially greatly increased insulin release from the islets of Langerhans, followed
by diminished or loss of insulin release. In other words, loss of normoglycemia soon follows
the transplantation. Furthermore, IBMIR also causes grafi-rejection of the cell transplants. |

30
Administrations of conventional immunosuppressive drugs that prevent production of
antibodies and organ-rejection have no effect on IBMIR or the grafi-rejection of cell

transbiants caused by IBMIR. This indicates that the main mechanisms of IBMIR znd graft-



Hereinafter follows a nore detailed survey of the synmptons of IBMR and in
particular 5 platelet consunption, coagul ation and conpl enent a&MaeageGn
and | eukocyte infiltration. Furthernore, the effects of dextran sulfate on
t he respeg}'yﬁyﬁ%gatoms are surveyed. For a nore detailed discussion of
these effects o extran sulfate, ref grence is mde to t /Sér)gng;gm
section. 10 Starting with platelet consunption, IBMR affects the pl atel et
count of#j&qeh 8XBAPAshshintsAliHBAAAG GhFoidEBR BFRRL . Bohd Al wfEblanflis e -
A significant decrease In free circul atlrlug pl ate et's ‘Can be etected i

t he bl oodwhelelosgenaend vescudhiiepd tiseld. contact. The pl atel ets becone acti vated
and adhere to the cells, resulting in a platelet aggregation. Foll ow ng
adhesion to the cells, the platelets rel ease several substances including
pl atel et Hbeiphel fdods.a Wir€ReR18d sdRel romi i

activation of the coagul ation system %(rjgr%nqg%gﬁggo%n&ﬂo@%ﬂe%é‘?%@ﬁg%um
of Sdext r Al fapamniiosr ¢orgplatont and jcowmieman dctibathint and t keekooptes nfiitration, of
pl atel ets i ncrease in the platel et.count of the bl ood, which
returns to eg&?% ﬁ% e%%{égss uogfec%’(lrﬁn £h atBIO(‘}oth?e BEPEE CSUPRdere a{eos%‘?yéggﬁo'bél l's
or cel | chustdetaled iftc@ficaddithdserifopls Al Ak RirarPiefel RerbRcd REn&R!th Shd Sxample
consi derably di m nished by dextran sulfate, although trace anpunts alcr)l%

pl at el et S8 oundi ng the islets may still be observed. The effect of these
remai ning platelets is, however, not necessarily a di sadvantage. Ani nal
studi es have shown that after transplantation, at |east one week el apses
bebore arfjnoggnes plateictdeineehpiibr, IBMIROhffectOliRt flaRllE Rt %ltﬂ)dn%gédp%%:)

important growth factors, such as platelet-derived growh factor
vascul ar R8&CHePT ZEnQgensif Fefia of grell| vimetrys, Avsdnifideniobeersaseginofied cirainting

n the. bueeF P e in HPRBLY SEXARE T EPotErt, it Pt kitartt on,

when i sl ectvaedarindibbicze thd datls, reAgtiRONE AplaieRi Beardeativh EBSIovAhy 28RRIINNS the
pl atel ets in a simlar way, support their engraftnment and survival

i ght, ! § . C .
in the |qu1%rthFiP§%tﬁét.s rstpags, 8¢V cEd nsubstangst mchrpgaplatoles phosphajipidselWhich are
acd | vat eSadBark Q3 ]11']%[@- ; the. expression of tissue factors
on the cerlnﬁ)s ang thrtg{ﬂg gﬁ%gtgg%%vé%%grg%scgﬁ?({nhs S¥her i ng and
aggregating platelets. Briefly, tissue factor (TF) produced by the cells
conpl exes, wi.th bl ood, 8 I\&r ch 2007 WD 2004/ 047848 PCT/ SE2003/ 001830 10
coagul at i“YHUSERERN )F Ineiionlve @pouah of detragaulfite scordingoto e tinyvengpminhibits

acti vat egpd @&fs%p%r‘ J):i)ﬁzitelcts as seen as an increase in the platelet count of the blood, which
returns to the value measured in the blood before exposure to foreign cells or cell clusters. In
20 addition, platelet adhering o the cells is considerably diminished by dextran sulfate, although
trace amounts of platelets surrounding the islets may still be observed. The effect of these
remaining platelets is, however, not necessarily a disadvantage. Animal studies have shown
that afier transplantation, at least one week elapses before angiogenesis is detected [15, 16].
Platelets contain a2 number of important growth factors, such as platelet-derived growth factor
25 (PDGF), vascular endothelial growth factor (VEGF), and fibroblast growth factor (FGF) [17,
18}, which may support revascularization and islet engraftment in the body of the patient. In
the case of clinical islet transplantation, when islets are embolized into the portal vein, a
wreath of adhering platelets might, in a similar way, support their engraftment and survival in
the liver tissue.
30 .
~Upon contact with blood, the foreign cells activates the coagulation system, through the
expression of tissue factors on the cells and through substances released by the adhering and

aggregating platelets. Briefly, tissue factor (TF) produced by the cells complexes with blood



Thereafter follows a cascade of activation of different factors, which
eventually results in generation of thronbin from prothronbin. HeehBi® i n
turn causes polynerization of fibrinogen nolecules into fibrin fibers

form ng a Wionésmedset around the cells, which is all wel b5 JenRwWh a
person skilled in the art. Thronbin algo activates the intring@c plgfbhway

for initigtd . ti in which factor Xl | (Hageman factor)
becones actéti; d\%gqtg teIQA ?%%rfggg grrll&(;gétf; APBEARC Wz?fhé’i‘ﬁt?faﬁ( 1 Loget ol eted fackurtdo (FXa).

(t hr onobpl Ebtreafteanitiboed andaycade esUctivabnl & Fl¥efontt ' form of .
factor Xl. Al's tgigsf}ggt hway event ual | 3111 results ifﬁﬁggﬁﬁlﬁlg’%ﬁ?&gﬁ&g?l?x Fﬁﬁg{%i‘%

from prot hg%lﬁ'ﬁﬁﬂn mbHe foge rprprambie- Jotimbineth pahhvayes polyTREzI0808:
clotting i ala NV t 4 in, circul ati seri ne _protease

i nhi bi t or nﬂyﬂmrﬁ{ggﬁhﬂﬂ%g%eﬁ?%‘?f‘s l?eg{%%ﬂ“& aaﬁ?‘i ﬁﬁ’g%}’?@ R'F&F s Ygigheis @d rwell

Xi 18- anti tosmbiona (fexsdmasiAlyd inflactaar ThemBiAL bbbty (ERAD pa ay for

t hr onbi n-ai%gahhrﬁltrgbl n, (.TAT). cgl'rirrgll gxes. In addition, C esterase Inhi itor
is a known TARMHPSE Clitipgqin w ster Zlr(blageman fastorbbeckings @itivestdFER) 4kl

i nhi bi tor iaF¥haen@mhiRl f .ase [nhibitor . (FXIla-C

| NH) corrpllex_es. A once for ngd@%?ﬁ?réhc otg ljﬂgﬁé%lg{ﬁr?faﬁgceggmﬁsreﬂyu m F%auélleers
may be remsiiehiormhel fstarckl. ofiso fimpathwapkvéhaally RaiIRGhYddnEraBds bE Mrombin

Plasmn d .fibrin clot i fibrin degradation products, thereby
prevent i néﬂ“ﬁ%ﬁ%&%%ﬁ OHB’F eﬁ&’zﬁfeﬁﬁa‘ftWétegd%aFWYof plasnin is inhibited by
2@l pha 2 antiplasm n, which binds to and inactivates free plasmn formng
a plasm n-alpha 2 antiplasmn (PAP) conplex. IBMR is characterized by

f or mat i on 0¥ bloas slettigEomay be enblitasidly antithrpobed d cirdibitial Gorik @@@ba&@inhiﬂiﬁof 0
and in Vi@ i1 i ncrease .i.n FXl a- AT, FXlla-AT, TAT and PAP’is".
det ect ed. \@5%' %ﬁé%ﬂ%k%?a@eﬁ%a@ﬁtae @W“&‘?’hgfmf%ga&% defa-atitrambingF {INHAT),
FXI | a- O Ifdtbr XSdnmtiihsémdin (PX L ' Vit ran syl fare

f s Tt A R0, LB

accordi ngrq}o the invention abrogates the effect o
activati ofr! §5F3sR miibiermisfadgrosemn inhibitotetF¥ksand RXITh éoratmy fctod IR AesterasT,

- FXlsl a- AT, iokévk A ‘i’ﬁhﬁ Ln e.pl ood. . .effect of dextran sulfate
on the COEliglh g)?i'(‘%)r(]ﬁ';(?% iva g%aﬁgaﬁ%’)f %”‘F‘rﬁﬁﬁ?g?%ngﬁl‘tﬁﬁﬁﬁ(qah@ S yeananlpxsa.
system per se, through the 30 inhibitory effect of dextran sulfate on the

pl atel et acti vzti on th .bot h. Foll ovvigﬂg pl at el et and coagul ati on activati on,
a conpl enent°E d3EeliPar clharquad)thvpels cmell addfisters enaydrmrenentd bpthet ffion of

conpl enmen t i j activated i eaved .intg the 8 March
ZOg}; e g%i%ﬁ/ﬁaoﬁf;ﬁgzgﬁ%ﬁggz%gp%gﬁ%n 1&%gra%es the ﬁ!)nn clot into fibrin degradation
products, thereby preventing further clotting. However, the action of plasmin is inhibited by
20 alpha 2 antiplasmin, which binds to and inactivates free plasmin forming a plasmin-alpha 2

antiplasmin (PAP) complex.

>

“\ T
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IBMIR is characterized by formation of fibrin clots around cells exposed to foreign blood in
vitro and in vivo. In addition, an increase in FXIa-AT, FXITa-AT, TAT and PAP is detected.
25 IBMIR has no effect on either the amount of FXTa-C1 INH or FX[a-C1 INH. Administration
of an effective amount of dextran sulfate according to the invention abrogates the effect of
IBMIR on coagulation activation, which is manifested in a decrease in the amount of FXla-
AT, FXHa-AT, TAT and PAP detected in the blood. The effect of dextran sulfate on the
coagulation activation may be mediated through the coagulation system per se, through the

30 inhibitory effect of dextran sulfate on the platelet activation or both.

Following platelet and coagulation activation, a complement cascade follows in [BMIR. One

~ of the components of the complement system is C3, which when activated is cleaved into the



smal | C3a fragnment, a peptide nmediator of inflanmmation, and the |arger
fragnent C3b. C3b.in turn binds to other conponents of the conp? ¥aeh007
system form ng C5 convertase, which cleaves C5 into Cbha, which diffuses
away, andgt LYe form Cob, which attaches to the cel The
bound CSb“t@gor?gfgI*ﬁIéﬁg to four nore conpl enent corrponentsIICgIS?inleé\%?ot%ﬁIgOS
menbrane attack conpl ex c5b-9. This conpl ex displaces the nmenbrane

phosphol i @hdsC34 Ragthéng 4 fpite HeaRGFRTRIMRENARANN e 1MWREC A SE UBLSCEH SN
menbrane and enables ions and snmall nolecules to diffuse freely. Thus, the
cel | cann®tn hadntajother compenents of shapimplegpeningysicsn prygagl Uy canveitadel ohicl
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det ect ed, susfdgg EBid Beuridh@bbt then dimdst ion Guk ed6tel eiinpleyehi BotGFoneg BN BB tthe
activation. I1BMR causes significant conplenent activation as neasured by
an® i ncr sasEbigne @acky samplixuBie? nditsr serBPIgkt disnacasniiie emenbsineophasphalipids

bl ood. Adgi.pi st i i ve: r I r di ng
to the i roearpdik BlBinp B Shufel: WficAHb Jhe REHGAL S GBMESTERPAR 19,
dose depemidhnnolradioeto diffukd Gedlly 00ks, #BMeR dannad maincia jla@b@biiz @@blity and is
infiltration of | eukocytes into the cells or cell clusters. Infiltration
of CD1I Y3ty Yaerranddeys of slegtroliedcyt es into the cells is clearly
detect ed by i munohi stochem cal staining. |Inmunohistochem cal anal yses
showed that the 20 |eukocyte infiltration was totally abrogated by

admi ni st ridostost thie pletelet @pnauwhftanehasAdcadylideoutal befora siie asppleinenf nidikated
i'nvention %here(/iéﬁéfrovi ded use of dextran sulfate, or a pharmaceutically

accept abl Eegir P IRneapdic deigcisn SReecsting (brtothe, Cloliang: spachion Byt Hluce
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dext ran suttstef C3r amd sqitizde mecduinecatatly coanplep t@fh-6 inldre hiadd Admeinzahtion nf t he

manuf acturi%g of a nedi fgmsnt fﬁr the .treatnment of norphol ogical

di srupt i G DECHYAHEHIEAL Sertean st FHpIERLQ heARLtgr deceteramaynt gfiftesg e,
0f 52 pharmﬁﬁén@@é&%{ RAGERE ABLLIHBAANAEnAISS BRTblodd) the manufacturing of
a nedi canent 30 for (I1e treatment of graft-rejection of cell transplants is
wi thin the scope of the present invention. These two effects, i.

e.
di i [ hol. d ft-rej i .. I d I'ls,
cett o1 udBak §rase oRagtrel bYoan el ol 4he SARLPBAADI 5 et
pati ent grgIdHen tdreCDIR) ehElinehoRhidieft cedb I:EM[Bma;ﬁé‘s LBY e R alsediegif ect

on cell transplantation occurs both in 8 March 2007 WD 2004/ 047848
PCT/ SE200Ri0@dd80mmunohistochemical staining. Immunohistochemical analyses showed that the

20 leukocyte infiltration was totally abrogated by administration of dextran sulfate.

According to a first aspect of the invention there is provided use of dextran sulfate, or a
pharmaceutically acceptable derivate thereof, in manufacturing of a medicament for the

treatment of Instant Blood-Mediated Inflammatory Reaction {TBMIR).

25
According to another aspect of the invention there is provided use of dextran sulfate, or a
pharmaceutically acceptable derivate thereof, in the manufacturing of a medicament for the
treatment of morphological disruption of transplanted cell transplants. Also use of dextran
sulfate, or a pharmaceutically acceptable derivate thereof, in the manufacturing of a medicament
30 for the treatment of graft-rejection of cell transplants is within the scope of the present invention.

These two effects, 1.e. disruption of cell morphology and grafi-rejection, on transplanted cells,
cell clusters or non-vascularized tissue in a mammalian, preferably human, patient are due the

deleterious effect of IBMIR. The IBMIR-mediated effect on cell transplantation occurs both in



12 human-to-human transpl antati on wi th ABO mat ched donors, and using other
mammal i an, preferably pig, donors. Thus, dextran sul fate has arBMarch 2007
advant ageous therapeutic effect in both allogeneic and xenogeneic cell
transpl an{@s bipfosRegor avoi dance of doubt, as used hereigy, dihetSr
"treatment"” includes the therapeutic gnd/or prophylactic {reat ment | BM R
" Pharmaceutically acceptable derivates" includes salts and solvates. The
dextran stinfaatie-human demsplattetiont hithe ABO-maphey ednarsc aiidlivgigt Sthér thahihy:@iah i on
may have 10. mol ecul ar ight fromlow nol ecul ar wei ght dextran sulfate
( LMW DS) ,pa}%%‘glyf g %{‘Ofseﬁﬁu &y SBifate hiat ed g venagenys &B@P?uttcoeffﬁcgm both
nol ecul aralmgérgmandQgﬁdggﬁb@éguf@gngplgﬁﬂgﬂyg@S) , generally with a nol ecul ar

wei ght over 500 000 Da, e.g. > 1 000 000 Da. The advant ageous effect of
dextran sulfate is especially promnent for LMWMDS, but positive effect is

alsso see adm.ni.stration of, dextran sul,fate w,th a hi gher nol ecul ar
e ot VaohasyeBaEy BehAY o8 ol nerél fRNarL friodetl duii e Bevareuionsdor
resul ti ngrophybotie tehideneTBRORS "Ptabeutisaltll 264861 HHVIRE® ndeiaRl %\%Lg% W.
The advantlageous effect of larger dextran 'sul fate nolecules on I'B

accor di nd°V#5t he invention may be enhanced by increasing the sul fur
content, i.e. the nunber of sulfate groups per glucosyl residue in the
dextran chain. LMMDS generally has an average nol ecul ar wei ght of bel ow

20 000 D&heslesharasulbed, aw defivaled tideecin enploged abRuing 1O Qﬁen@?ﬁnég%eegs 20
may be about 10 to 25 % such as 15 to 20 %

i:él fur conten& for L% Di
r r espoAIFHAr geigt Jm Jow inplepwlag eight dewtranysultases IMMEDSIues. fom adawr an
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i nvent i ogendrdhewitls apnalviuladweghedveo 600000 Dentrent] 060 086 DYMIR: Wihiabhgeous
conpri sesgaqugi teri rgag a thergpeutically effective ampunt of dextran

sul f at e, “BF°'& PEERS 15icspacally PEqsminent oMW RS butnosdie cffed inalpmsdeehy i n
need of g@Ghidatst G AbxirdnULd PLG f ' [ met hod of
treat ment of graaf t-rej )éczﬁ ogagﬁ “@%I ?q%%?lg{r)\s[% lgbﬁ%dgw%tb%&g‘%&r%r ?%rggr dexgmn
&8m ni st swlfatgmaleciley mpe activetd FYI eédubtivigi iv eompaidete fhtts dekich andisssésdtig mde a

30 pharnmgceutical ..acceptable derivate thereof, to a patient in need of such
tr ot menfC U REOR- TS AN GEti el darst Jroiahrloe Balcotles puBRMBR, dofording
transpl agt @€ iRintiod ﬁﬁ?%lcﬁlﬂ%e%&qmrﬁﬂ:@ the %ﬁlﬁrﬁ%ﬂtéﬁh?ﬁe@%ﬁe’; er of sulfate

therapeutical ly effective anmount “of dextran sulfate, armaceu
accept abgrupepénghicesyt hestduefin thealeatrpathagn tLNIW-DSagnehily hashart sveaizsemticcuBr -

Mar ch 20&Zigh}/\(9 bze?cg)\ff' /284)?)8%& FS)lcl:(;ll-’l/ gsEgcgc?v%/I%OO]D%SBa and e.g. about 5 000 Da. The average
20 sulfur content for LMW-DS may be about 10 to 25 %, such as 15 to 20 %, corresponding to
about 2 sulfate groups per glucosyl residue. For dextran sulfate with an average molecular

weight higher than 20 000 Da, a larger sulfur content could be employed.

According to yet another aspect of the invention there is provided a method of treatment of
25 - IBMIR which comprises administering a therapeutically effective amount of dextran sulfate, or a

pharmaceutical acceptable derivate thereof, to a patient in need of such treatment.

Further aspects of the invention are a method of treatment of graft-rejection of cell fransplants
which comprises administering a therapeutically effective amount of dextran sulfate, or a
30 pharmaceutical acceptable derivate thereof, to a patient in need of such treatment, and a method
of {reatment of morphological disruption of transplanted cell transplants which comprises
administering a therapeutically effective amount of dextran sulfate, or a pharmaceutical

acceptable derivate thereof, to a patient in need of such treatment,

ey

J



13 Dextran sulfate, and derivates thereof, nmay be adm nistered for _
system c delivery to the site of IBMR or cell transplantation,8Machnzp7be
adm nistered for delivery directly (locally) to that site, using

appropri f adm nistration that are known to t i)l erson. 5
Thus, ina§?€§§@§§%§ with the invention, dextran sulfate?ggﬁ%nﬁgﬁgvg?es
thereof, may be admnistered orally, intravenously, intraperitoneally, -
subcut aneousl y, buccally, rectally, dernmally, nasally, tracheally,

br onchi al Dextraroilag] hnd debiya@@heflofehaP sl SBhHf ! LicVdeBved 103l 2L O

in the fobg1of a pharmaceuti cal prepéfation coﬁ%{?g%ﬁggPﬁékgg?Vs%?heSdeg%

i ngr edi entBYIR ar 49! trmariantesioan; praky pe adwemptabd brdobege dirertm (Ideanpndithd sas,

the form gf; | an i.on._the sit of transplantation, and the
pati ent, t%n%@ptk?%[g%eﬁ{ n%‘%%%@sg@“%at%%‘@“@fm glfr?f‘ﬂ]eétpﬁ%ﬂ-on, t he
cod@positions may be adm nistered at varying doses. In therapeutic treatnent

of mammal and especially humans, dextran sulfate and derivates 15
thereof, na{® HB Hamidaicst wibdthg| BHentioputdewirdnl syléner ald yletieatod heveit engd tes a

phar maceujd,&; r t] ' mxture with a gharmaceutically acceptable

adj uvant ,£dé1?1mgteeﬁ%doodrmb§r %Il?rg}’éﬂb\ll\lg? ch’ ﬁ%"?‘%‘&a@a é@“@t&ng\?‘is =dBB°Craﬁ1§arfGCt@%Yat he

i nt ended dayually, ofiasalliyi trachéallg) ibeshchidy s iopayd bﬁpﬁ@,r %gg%%ﬁﬁ@r?lpgﬁg [ O§;evia20
[ e a

The amounts of dextrap sulfate, or derivates thereof, ornul ati on
wi |l depefiBalaen, i theglare of @ pharmaqeatiea péparasion camgrising tthe agtivtel mptedicat be a

t f gat ed, Iﬁ,@nﬁgﬂ ; tion and dministratiqn route .
enpl oyed, . and ﬁ%@&%ﬁ%@t@@%ﬂﬁ%ag@ (g%r%g-ill m[/’%{r?ilﬁgvcg‘ e &Fﬁ#@ebﬂ@ﬂgﬂﬂﬁ%%.smme
- concent r aafi toamspiantaidtm, mid tler patiede b rantreudd ak vellOofs GErouat §6 a&rﬁﬁ'ﬁsgﬁ{ion the
according to the present. .invention should not be too high in order to

i ni m ze °§’H§P°§‘f‘8‘é§§?}f@@Mé@@éiaﬁwnﬁddpwsdext ran 25 sulfate. In nost
clinical situations suitable doses of dextran sulfate, or derivates
thereof, in the therapeutic and/or prophylactic treatnent of mamali an,
especi al |y thempautic petirent sf atenhilosnd tdpaially HemandTRRRR %%tg%ﬁ%%%'h on

an

bel ow 5 np/ m robably less than 2 ng/m and especially less 't

rr@ m . A Btk Ff‘?%gbec witeres: 21e7e: (bah galli generatibe rdministerag/ ad a grbdrniacentica
dextran sifiAlR in SMERnAS Wil Lolla : % re t 0.08 my/ M ar
more than 0.1 mg/m  and/ or@oae? ess&ieag%%éggée a))}%nal;amégg%fq}*gﬁ Q) SR/ Hpch

| ess t hamdy. he mglagted owith ebs tdgamd @ Zherghwhdederdie Wt Rinfinistiorf ARG eALABLd ON
range of ?‘ 01 rrlﬁ/m and 0.2 ngfm and/or 0.05 ng/mM and 0.2 ng/m . These
concent r ZFEREPEHPH{Een | arge enough to prevent or inhibit |BMR and
nor phol ogi cal disruption and graft-rejection of cell transplants, but is
still low enough to m nimze any side 8 March 2007

20 The amounts of dexiran sulfate, or derivates thereof, in the formulation will depend on the

severity of the condition, and on the patient to be treated, as well as the actual formulation and
administration route employed, and may be determined non-inventively by the skilled person.
The concentration of administered dextran suifate, or derivates thereof, according to the present
invcntion should not be too high in order to minimize any side-effects associated with dextran
25 sulfate. In most clinical situations suitable doses of dextran sulfate, or derivates thereof, in the
therapeutic and/or prophylactic treatment of mammalian, especially human, patients are those
that give a mean blood concentration below 5 mg/ml, probably less than 2 mg/ml and especially
less than 1 mg/ml. A preferred concentration range is between 0.01 mg/ml and 1 mg/ml dextran
sulfate, such as more than 0.05 mg/ml, more than 0.08 mg/ml or more than 0.1 mg/ml and/or
30 less than 0.8 mg/ml, less than 0.6 mg/ml, less than 0.4 mg/m} or less than 0.2 mg/ml, e.g. within
the concentration range of 0.01 mg/ml and 0.2 mg/ml and/or 0.05 mg/ml and 0.2 ing/ml. These
concentrations have proven large enough to prevent or inhibit IBMIR and morphological

disruption_and graft-rejection of cell transplants, but is still léw enough to minimize any side-



WO 2004/ 047848 PCT/ SE2003/ 001830 14 effects usually associated with
admi nistration of dextran sulfate. In addition, culturing islets8MachR8¥ DS
did not have any adverse effect on islet function at concentrations rangi ng

from O.0kd RelopBsmM . In any event, the physician or t Il rson
will be able to determ ne the actual ydosage, which wl| T(ZS n%olg}taglgg‘?t abl e

for an i ngiyi i i.qh. vary with t 5 age,. wei ght, and
response gfff %ﬂ%&f@%%cﬁ:{ﬂ%dr w\éﬁe}ltalﬁrgﬁé'r&ya?ﬁa 0%88’98“5 SHBﬁtFi Iy Elgitignsaueng fsdets in
exanpl es LfWiEter nachatto sngesvate bifectadelstg Fuscios - at BN tionks *}%'ig%n%%% e

i ndi vi duab‘P'k nsLan ef where higher or |ower dosage ranges are merit and
such are il mcg?fa - S gpecsnt threphysigaar gk skitieskneysondeitheablesaldbwtraink dise

al ready bgam I onich Ly eal i Je=viral. therapy against, 10
VT oo B8 PP WILBE okt MABR foP b Aol Bl RBRR SRt Bl s
an®l in amge; whighteard ipiese of theeuaieylar ipatiodni The dexé-iduntised ke e 6MMRIE] O
a solid phase IE the t f or mer typgf of studies the injection rate was
about 45 HgRGUPY dRREEH oW Fusrase setfe dlavven thie cay befindipidgal jeethesel yehere
cont i NUOUS ghédof ffvhep dodbe i bl 0od

concentr at |gon was foun t%%%%ﬁ%gé?@?gﬁ%ﬁ%e %&nﬁ %f%lgr?ﬂa}\%lm‘feﬁlgg%
patients 15 thronbocytopenia (sonetines associated wth bl eedi ng) was

observed r .3, days.treat nent and al opecia was. reported in about half
of the paﬁ&e‘"‘ %e."“%@%? ,‘Q% Sl g Ve Bedigicgl ladics e i therapyj against
esd i Mat edHIV)afcat St S hduad IRRbES HBXHAN S be_fnain%ti(?rprwiﬁ‘ REidab 8 %ardaBY Risi-
mor phol ogi cal di sruption and/or graft-rejection of ce transpglants i's
usual |y eidipivsanis Beragp, intwhich dextian sulfitevs chapked tThepbd phae. In i two former
si de-eff [ 11 f.ed _above will .be r entl.e during. 20 such a short
adni ni st (r%gée?c?rﬁgtggire P E)h(f ‘%SC'E%W%%”A’ “E% 6‘r’t‘¥}?‘§1 Bvaﬁé’gl{%%“?edl for pagriodly
been known3 tgdks dgX cohudus fidfebtidn QY R trhY RAIBRSHANW \§ dob h@ae?,r AL ARE vRod
bradykinin resulting fromthe activation of plasm kallikrein wever,

this obsé&PUeRIIaIPTha¥aprionadi Iy boeaprovimatalihedOHVINDSLhds bibethesempitichisz ed

iy pl asnmgph [ -f h t.r.eat ment, of erlinpi i a and not
&_LS ring inj egb?%g%e?‘%dG%r%gW%s ﬁ%s glfl éﬁ vl @egﬁf’@c‘f’aﬁ ¢ SEW eﬂdﬁ?ﬁﬁ%’ﬁé’?a@?eﬂf’he
direct aahil\sidpicon wis fefbited tn B¥dtahalHONBESTatich®d. HB®ePEC Bt thAQCLHRI were
support is given:that the factor XIl is not directly activated by LMV DS

As has bae¥Frsiblendt ihasHimates nbak edmgustragiont o desirana sfatankr Fplibitisg cTBMER ¢

these hi iStFRbIGRGA JiBhMOE RN drart il R B BB f e e i TG
prevent 1d 3M, Br &dbwalals) eedfbre] HRNNSE-offéctl identi fiaaliove wilrRNRPELAR! during

di sruption an graft-rejection of the cell transplants, a therapeutic
é8ncent r 8¥§tohshgTt adBuRiststas nerigd 2 fayr days ep geimpayed to 2-3 weeks).

it has long been known that dextran sulfate induces hypotension via the release of bradykinin
resulting from the activation of plasma kallikrein. However, this observation has primarly
been made when HMW-DS has been immobilized in plasmapheresis columns for the
25 treatment of hyperlipidemia and not during injection of dextran sulfate. This effect is a
consequence of the direct activation of FXII to FXIla. However, in the present document
support is given that the factor XI is not directly activated by LMW-DS. As has been
mentioned in the foregoing, the FXIa-AT and PAP levels are ele{rated when cells are exposed
to foreign blood without LMW-DS. However, these high levels are normalized when LMW-
30 DS is added.

In order to prevent [BMIR following cell transplantation, and/or morphological disruption and

graft-rejection of the cell transplants, a therapeutic concentration of dextran sulfate, or derivates



8 March 2007 WD 2004/047848 PCT/ SE2003/001830 1- thereof is preferably
attained, at least locally, at the site of transplantation, onced Waghgel
transplantation is performed. This may be obtained by adm nistrating the
dextran sw ffbﬁfj 4%' or the actual transplantation. Alternatively, the cells
or cell cMT&PY be transplanted into a patient may PEJ’%WP(Q Ly0

di ssol vedti n g sol l#lra%n conprj sing the dextran sul fate according to the
present 5UHHOENEi BIRICTaplc 2tsnrde 3 feast dnsally. alethersite ofulrinaplantations uaie athe addl

and dext r ainssSidhia iSOL RO 1 i .en h,.sa that .

t her apeuti c goncgﬁfrliﬁl on g‘? ’g’gsxﬁnr g%}; ?ﬁ%ﬁlae%é eg}' ?‘ﬂ'@m%&g‘@etpﬁﬁwwr“e@mt%‘ﬁ 5
mg/ i, anthemoine! trneplentaliiny Aletrhiively) tlcelig britell elusterd oY #nspeaRd Bfo GlAGak V)
obt ai ned | n bt he ié&g oi transp] antation for the first hours follow ng

t ranspl ant™&Y PBAVECAT disslved g asRiuppR gomprsing thedextipman Btesarderdingetoghe prisent

comcent r ativeritiodl THEXbA@Atrfttth! G @xer sAfkd er"tst?%e& Eﬁggﬁ) g?ﬂ? § gf‘é{%?sr ﬁ{t{o@%@ﬁo

be hi gher than the optimal concentration in e
cel I's or B@ferabdy high enenghr » thatrathappearit echoghsainud dettinauiak it d. Refbbly less

dext Ifate. Sub tlLy, the dext Ifate will diffuse fromth
dextran sy siy BEIeRL L L0 Bect o0, s ot e w1 i Fuce o Che
In sone mpgid SRreEatafh 1%i<EHe%irQ%stqﬂllﬁﬁh&ﬁarﬁs&?&t&ﬁﬂy}\g gﬂg}ﬁgn 'é@p{aab}r} the

| BM R, norphol ogical disruption and/or gra ection o
t r anspl antrsundsisads fietdeebpaotriteticoobdmtraa siltte, of detbntes dieradd] hay erdforaray

babl . ired.up to the.fi 4-48 hg ft
P Snapl antatvhsh epFitiie fcetelia in bk laea e bicaton shan cabsarrcah cbistorsare
‘may be adgeeplateddiskdlddAMADURION with &Exh%s%ﬁl'fétemkéqgﬁtfi{ g%yﬁte%%[? ﬁ@%;?e%/in

administratjon route identified above. a person
under st artiffusefenm Riessite af tronsplahtationl byteriag thsulot dltdextsol sutfhleonempGiic. g séhe

|| . t be t | ant ed ‘may . al nmbi ned with
i ni ot rpIKofy HeRoR deiur rubE ks o Biharephooperotisnatione
actual tradspkantadjccith ofARE B8INIrEp ks Sidddrd éﬁ@fap?ﬁﬁ%ﬁﬁceﬂﬁaﬁ&te%f AR Itsgrr]gat

there is provided a pharmaceutical formulation for wuse In e trea Nt of
| Bk R corfp#s BichaplxrPrdy pecequinsd appionthe dirsid@48alusu hftat teansplan@tion. However,

phar maceut cal . a bl eriyate therengf. 25 The present invention is
al so dir ;{% eglgvetro(}%ﬁg{?gf ngdcdgtb({flla)c/afie"’ft@flmﬁug%ﬁep nMfGr g%ségcfeﬁlj t R t MUV RRNELYof
gr af t - r ejietdpesitonadilyc 6f by SonanahbraRheniGOMRA irshRIdaRGe] HRRE] X?@%&H?fsm%% in

, and a

dextran sulfate, or a pharmaceutical acceptable derivate thereo
phar maceubs 8@ nfesFiapgsa piminisigiion o6 2 dextive sulfafesohiint copreinpttbé cglicat cell

di srupti r |1, transpl.ants ¢ ri.sing. an fectiv 30
amount 019 mﬁfeéist ﬁoaﬁé]?gl@g%‘ ge?l I%fgy glséhb%r & qsgé‘g%’é‘ﬁtfag”ﬁf‘eofe 'tr\?ﬁtsé*ﬁ?tﬁe%of.

20 denivates thereof, prior to the actual transplantation.

According to a further aspect of the invention there is provided a pharmaceutical formulation for
use in the treatment of IBMIR comprising an effective amount of dextran sulfate, or a

pharmaceutical acceptable derivate thereof.

25
The present invention is also directed to a pharmaceutical formulation for use in the treatment of
graft-rejection of cell transplants comprising an effective amount of dextran sulfate, or a
pharmaceutical acceptable derivate thereof, and a pharmaceutical formulation for use in the
treatment of morphological disruption of transplanted cell transplants comprising an effective
30 amount of dextran sulfate, or a pharmaceutical acceptable derivate thereof.

Dextran sulfate, and deri\_fates thereof, may aiso be combined with other therapeutic agents

that are useful in the treatment of graft-rejection of transplanted tissue. Suitable, but not




Dextran sul fate, and derivates thereof, may al so be conbined with other

therapeutic agents that are useful in the treatnent of graft-r efdetchdep7of

transpl anted tissue. Suitable, but not 8 March 2007 WD 2004/047848

PCT/ SE200@40d.830s:46 |imting exanpl es of such i mmnosgewsﬁ?&g/}ﬁs%gent S
0

that may be used together with dextrapp sulfate for treatnen

Ftor o ant : T ‘i toroid | .
(st rol | mugsith® eflee YR AR Roode RS0 b, B he? BR WS adhy SRE farc,
or deri vaulfste foesaanént cdgesr-thjdtgoh ard §ye 1dspmen) tth@olimBY, cottfRsBRid0 fipdingahed

w th adm, ni siiratiaglg of anti-TF 5 antibodi es and/or site-inactivated factor
Vila, whi®FPURape Bdemveoriinaclals mededils sidsnintsyaiian ofadaxispni sulfaiehidsi derigtes

| BM R EXWEKESR Bﬁﬁgg . I l.ar i t t DS)
with an average cr?n ecﬁ:{]gr% %’g?déﬁﬁfg’%’ gggc% Co\gdlgﬁ%d gﬁesﬁu{ ur ﬁgl(l)tﬁl eﬁ"; ‘(MJ(T)HI‘VW3

appr oxi manebodick7 a8d/vm siteltatineed ffacor IV nawkivhmhaad SeéStshowhotdi siaveMmb/SA) .
H gh nol ecul.ar .wei ght. dext sul fate (HMW¥ DS) having an average nol ecul ar
wei ght o%‘@t‘?nﬂﬁb“b‘ﬁ%‘bﬁéf]?a‘# al fur content of 16 - 19 % was purchased from
Amer sham Bi osci ence (Uppsal a, Sweden). Low nol ecul ar wei ght dextran (LMVMD;
MAN'5 15 000 Da) and high nol ecul ar wei ght dextran (HMM¥D; MA> 1 000 000
Da) were obtained from Fluka ChenmiEXANIBUGES, Switzerland) and Sigma
Chemcals (St. Louis, MO, .USA), respectively. Heparin treatnent 20 All

mat eri al RePEAS were in contact with whol e bl ood were furnished with a

TR manut aa o BB EICR e ONREER) Mhn PR Rel modERE i PeREREOPT

t he manufacturer pndat | on:

was 0.5 Hp/ anls salfir @mpsin Gif agploRimaplyr DX Miradaeldbtlindd HheNLigmal Cherdibals (St.
antlthroggl n bi ndi ng capaC|t¥/ of 2 - 4 pnol/cnR. 25 PrgBaratl‘on of bl ood
Fresh hul@RspMSedUS Bt Highemolepwlar metsht ipxiran shifate (EMWoDRhbaying envavdrage

medi cat i : o I kR.SU - ini,zed
50- 1t sy Fongar Mojgt SRL L o 1B o WA sifl PRIAROET0 010 % Bl RRRF R
NJ) . TheAssashatraBioséietidee(Uppriladdseedsn). d.ovo bk weight ek frac @-Nepax iNmivzed

silicon L.ng. rjing sanpling, the syringes were rotated continuously.
35 bbl(? ba?ancPﬁﬂgh rr?olecurlr,:}t)r wegght extran HM\%—D; MW > i 000 000 Da) were obtaineg
from Fluka Chemical (Buchs, Switzerland) and Sigma Chemicals (St. Louis, MO, USA),

respectively.

Heparin treatment

20 All matertals that were in contact with whole blood were furnished with a Corline heparin
surface (Corline Systems AB, Uppsala, Sweden) according to the manufacturer’s
recommendation. The surface concentration of heparin was 0.5 gg/cmz, corresponding to

approximately 0.1 Ufem®, with an antithrombin binding capacity of 2 - 4 pmol/cmz.

25 Preparation of blood
Fresh human blood, obtained from healthy volunteers who had received no medication for at
least 14 days, was collected in surface-heparinized 60-ml syringes (18 gauge, Microlance;
Becton Dickinson, Franklin Lakes, NJ). The cannulae of the syringes were connected to
surface-heparinized silicon tubing. During sampling, the syringes were rotated continuously.

30

)
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athym c mce (nu/nu Bl ack-6, BonM ce) from Bomholt Gaard Breedi rigMacd2007
Research Centre, Ltd. (Ry, Denmark), 20-25 g, were used as reci pients. All
animal s hg q%free access to a standard diet and water. | sl et isolation

Adul t por Sh& &8s (API) were isol ated fromthe pancr é’gfré?Ea‘f“W‘”s%

3-year-old Swedi sh Landrace sows (200 to 300 kg) by neans of an enzymatic
and mecha(iisals Pancreatic digestion procedure followed by filtration and
separation of the islets on Ficoll gradients as suggested 10 by R cordi et
al. [19, Mﬂ}: inbrbe athytréd mivee (rer/mu Bhekede BdmMMED droo BouthelinGdird B (&liBE@nd BRL,

Life Tec | o s LTD., Paisle Scot | and) suppl enented w th 10‘V rC|ne
Sor um ¢ hseesreh eyt il @R ek 2020 verd Ul 49 R ALl tagmaki

ni coti nargbggs 1o2Pst ML IR Sna Wi zone (500 g/ 1), and gentanicin (50 rrg/ 1)
and cultured in 250-nl flasks at 37 Cin 5 % €02 and hum dified air for |

t® 4 days. The cul ture nedi um was changed on day 1 and then 15 every ot her
day ther glfterl | sl et volume and purity were determ ned under an inverted
mcr oscoS eLislation oi ning with a dithizone (Sigm Chenmicals, St. Louis,

M) . | ndlmu'ltoﬁbr%eqélé‘@m Wiy e ﬁmrpﬁle%ﬁﬁ?éaﬁasoﬂ‘@S 1 nGeBId @,x@m}sm c

m ce by intravenous (i.v.) injection of st ozotocin from™ 20 Sig
Cheni cal d-apdratasomst(200 1@,&00 &slg)\)vy mmmf m@nzmwmbenfg:h@mcrdlpan@@&]c dfﬁb@lon

o oSBT RerPE o sSrrdioniosdt il ot &%l ikt & Fegalba

axceeded hoQriparad élal. ( P360]. MHedbibtsadre Su EndéﬁﬁﬁM@rb%ﬁﬁfétm&ﬁ CZ) BRL,
Transpl anfation of API |nto di abetic athymc mce treated with or Wi t hout

LMW DS Aﬁif:élfec}ml@ggescTuTIﬁ uPsidlefypvcotlandysyppBmiented wathl 1(( %aamanf: Eewin {G1BMA.i ve
isolatio Ia.nt d he I.iver, viacthe ort e mal e
i nbred d cm'g{ ﬁ@ QI\S?# élﬁ& ’Flé“nar?é)s tH ng i r‘?é ‘5‘3’!3@?%

i sof | urengy IEbr\éE(SU(D ﬁg/l)V\&{cﬁgén&ﬁﬂfE:ﬁﬁ(fSO n¥g/1) Whd BulaWd B250-81 Basketit of OL:N%E% vvas
injected 10 m nut es fore transplantation, and an additional 0.3 30 was

i nj ected @zmxdrlsmaﬁrﬁed air foink pr} Adexs. {ThA culbirs meediuns was (ckivgod sadayalignd H@ner ed

Qoo 2 8y Aholif gRdel iR QAME At i "PISPIARLAL b SEShiaA0

microscope after staining thh a dithizone (Sigma Chemicals, St. Louis, MO).

Induction of diabetes in athymic mice

Diabetes was induced in athymic mice by intravenous (i.v.) injection of steptozotocin from
20 Sigma Chemicals (Palo Alto, CA, USA) according to Wennberg et al. {20]. The steptozotocin

dose was 250 mg/kg body weight for the athymic mice. An animal was considered diabetic if

its blood glucose (B-glucose) level exceeded 20 mmol/l {(>360 mg/dl) for 2 or more

consecutive days.

25 Transplantatibn of API into diabetic athymic mice treated with or without LMW-DS
After being cultured for 4 days, 5 ul of API (~5000 IEQs) from five isolations were
transplanted into the liver via the portal vein of 11 male inbred diabetic athymic mice, which
were anesthetized during surgery with isoflurene. Five mice were treated i.v. with LMW-DS.
0.15 mg of LMW-DS was injected 10 minutes before transplantation, and an additional 0.3

30 mg was injected 6 hours after transplantation. Thereafter, LMW-DS was administered twice a
day at 1-2, 3-4 and 5-6 days after transplantation in declining doses of 1, 0.5 and 0.25 mg,
respectively. Six (untreated) mice were injected with an equivalent volume of saline in the

Saine mannecr.



respectively. Six (untreated) mce were injected with an equival ent vol une
of saline in the same manner. 8 March 2007 WD 2004/047848 8 March 2007
PCT/ SE2003/ 001830 18 Statistical analysis Al val ues were expressed as
mean red using Friedman ANOVA (Table 1), %Bﬁﬁ) poigfai red

0 P Bro0is
t-test ( gr&g %%?he W coxon signedigrank test (Table 4), one-way
factori al A%\K?x/ IIovm ng Scheffe's post hoc test (Table 5). In t he
nor phol ogsltc 'cA} d? 5 transplanted islets, the frequency of clot

format i oniaRglutshRerk Rk SRSl Yis Afeah SUKNEHLE cbrﬂf)érla& Ufthi PRiedWRR ANDARA WRLgd JSi ng
the Wlcoxon rank sumtest. P-values < 0.05 were considered statistically

si gni fi cmdeﬁF%PélﬁeQ]éﬁSt {(Jabie 3) HreaWilsoxprusigged sankmigshtTare (5G8)d Deetvvayvas
performe L r. AP siets were han i,cked

nd gent oS ANOR RISl ERtnet® b posiche ABRs ol SR T SRR SEe o
3% C for tafspiimed Ehes, ahd ﬁ"edjuenbflﬂef glov CaBRtie0 asdE e iicneiy m&uﬁwyteclhﬁﬁrah@n 16. 7
mv for an additional 60 mn. Supernatants were collected and stored at -20
C until &ffaf ygxqaglateq}hgsmg 5011 Wilcest anpk vt trsl sRvalugatarfl 5 wesse xeasidored by
ELI SA (D @Sgﬁggﬁ Ltd., Ely, 15 UK). The stinulator index was
calculated as a’ratio o the insulin concentration at hi gh glucose and | ow
gI ucose, respectively. The purity of the APl used in this study ranged from
to 93% an, 88.5 2.2 9% . The stinmulation index in the static

gI ucose StEHIPE®Yon test was between 0.8 and 7.8 (3.4 1.2), and the nean
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ratio inthe APl was cal cul ated as suggested by Bradbury et "at.” [21]. The
i nsul i n/ BNAS Patmhesni 88.6 el AM). Whsstimsaisiereiddexindhel stagc gblcmmbeﬂajloettesamas [ 22]

and between 0.8 and 7.8 (3.4 + 1.2), and the mean insulin content was 85.5 + 6.2 pmol/pg DNA.

20 In addition, the ADP/ATP ratio was measured to evaluate the viability of cultured APY, using
the ApoGlow™ kit (LumiTech, Ltd., Noftingham, UK). In brief, 75 islet equivalents (IEQ) of
API were washed in PBS and then mixed with 100 ul of nucleotide-releasing reagent for 10
min at room temperature. Thereafter, 20 ul of nucteotide-monitoring reagent was added to the
solution, and the ATP levels were measured using a luminometer (FB 12 Luminometer,
25 Berthold Detection Systems GmbH, Pforzheim, Germany) and expressed as the number of
relative light units (RLU). After 10 min, the ADP in the solution was converted to ATP by the
addition of 20 pl of ADP-converting reagent and then measured as the number of RLUL
Subsequently, the ADP/ATP ratio in the API was calculated as suggested by Bradbury et al.
[21]. The insulin/DNA ratio in the API was measured according to Wennberg et al. [22} and
30 expressed as pmol/pg. The survival ratio of cultured API was calculated as a percentage of

[EQ values obtained on day 3 compared to day 0.

; .
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7.4 10 dotting tine Blood was drawn from four healt vol unt eers
Vacut ai ne?ftNWibés containing citrate. Wol e bl ood (980 ) was incubated
with 2 pl of APl at 37 C in polypropylene sanple cups in a ReoRoxTM
rheoneter (d obal Haenobstasis International, Gothenburg, Sweden). The 15
coagul ation reaction was started by aqdppgy 20 pl of | M CaCl2 in the
presence or _ahsence of  different Kinds of dextran (LMMDS, HMMDS, LMMD
and HW¥D). Every 6 s, the cgﬁ, gas set APlrniguddrvath t Sftishimredlwith s ciAP] adtireh
around its vertical axis, { ﬁ%mpl ngiAMdp§ r equengypw. 9§ t hg, Q! g)f‘/{,b@t i on
ma

was registered. dotting t|MowaMW@6nt|f|ed as the point of maxi
(0.01 mg/ml) (0.1 mg/ml) (1 mg/mi}

Survival rate (% IEQ) 57.01£5.2 436+ 6.7 ' 584+43 689 £2.6

Stimulation Index in SGS test L77+£0.17 226+0.51 3.22 +0.89 142 +0.35

ADP/ATP ratio 0.11 +£0.03 0.08 + 0.03 0.10+£0.03 0.11 +06.01

Insulin/DNA ratio (pmol/pg) 7906+114 66.1+35.8 69.1+9.06 71.6+74

10
Clotting time
. Blood was drawn from four healthy volunteers into Vacutainer™ tubes containing citrate.
Whole blood (980 pl) was incubated with 2 pl of API at 37 °C in polypropylene sample cups
in a ReoRox™ rheometer (Global Haemostasis International, Gothenburg, Sweden). The
' .15 coagulation reaction was started by adding 20 pl of 1 M CaCl; in the presence or absence of
different kinds of dextran (LMW-DS, HMW-DS, LMW-D and HMW-D). Every 6 s, the cup
was set into free torsional oscillation around its vertical axis, and the damping and frequency
of the oscillation was registered. Clotting time was identified as the point of maximal
damping.
20
The results obtained from the clotting time experiments are presented in Table 2 below. API
incubated in citrated human blood induced clot formation promptly, at an average of 6.1 + 0.3
min after calcification. Clot formation was totally abrogated in the presence of LMW-DS at all
doses tested, whereas HMW-DS inhibited clot formation only at 0.1 mg/ml. Both LMW-D
25 and HMW-D extended the clotting time to only a minor degree compared to control samples

(no additives). Thus, sulfation of DS seems to be crucial for the inhibitory capacity observed.
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Adult porcine islet perfusion in heparinized PVC tubing loops was used as a model for
assayimg the effect of LMW-DS on IBMIR and pig-to-human xenotransplantation. This
protocol is basically performed as previously described [4, 23] with some modifications. In
general words, loops made of PVC (diameter 6.3 mm, length 390 mm), whose inner surface
was furnished with immobilized heparin, were used. The tubing was held together with a
specially designed heparinized connector. A circular loop was formed when the ends of the
connector were tightly pushed into the lumen of the tubing ends. A rocking apparatus, placed
in a 37 °C incubator, was used to generate blood flow inside the loops. The loops were rocked

at a setting that prevented the blood from coming in contact with the connectors.

Seven 60-min islet experiments were performed, using API isolated from four different pigs.
LMW~DS', dissolved in saline, was tested at 0, 0.01, 0.1, and 1 mg/ml (final concentration).
For each experiment, one loop containing fresh human blood and saline without APl was
included as a control. In two experiments, one loop containing fresh human blood and 1
mg/ml of LMW-DS without APT was inctuded. Concurrently, pre-incubation of human blood
with 1 mg/ml of LMW-dextran, which was not sulfated, was tested in five experiments. Tn
each experiment, 7 ml of fresh human blood from the same donor was added to each loop.
The loops were then placed on the rocking device for 5 min with either LMW-DS or saline.
Thereafter, the loops were opened, and 100 ul of saline with or without 5 ul of API
(approximately 5,000 IEQ) was added to the loops and followed by another 60-min incubation
ont the rocking device at 37 °C. Blood glucose levels were measured with a glucometer

(Glucometer Elite; Bayer Diagnostics, Leverkusen, Germany) before the perfusion.
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20 Greenwich, USA). FXIa-AT, FXIIa-AT, FXIa-C1 INH, and FXTa-Cl1 INH were analyzed
according to the method of Sanchez et al. [24]. C3a was analyzed as previously described by
Nilsson Ekdahl et al. {25], and sC5b-9 was analyzed using a modification of the EIA

described by Mollnes et al. [25, 26].

25 In tubing loops containing fresh human blood without API, blood cell counts and coagulation
and complement parameters altered only slightly, as can be seen in Table 3 below. All these
~ alterations are considered to be normal background changes resulting from interaction of the

blood with the tubing surface and the fluid-air interface.

30 LMW-DS prevented macroscopic clotting, inhibited blood cell consumption, and reduced
both coagulation and complement activation in a dose-dependent fashion (see Table 3). A
significant increase in platelets in the LMW-DS treated blood could be seen at a concentration

of 0.0{ mg/ml of LMW-DS, demonstrating an restoration of blood cell counts to nearly
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FXIa-C1 INH was generated in none of the tubing loops tested during 60 min of perfusion

20 (data not shown). FXIa-C1 INH did not change either in the presence or in the absence of
LMW-DS.

PAP was increased in the absence of LMW-DS, while significantly suppressed at 0.01 mg/mi
of LMW-DS.
25



menbr ane attack conplex sC5b-9, whereas the | ower concentration of LMWV DS
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generated in none of the tubing |oops tested during 60 mn of perfusion 20
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2004/ 047848 PCT/ SE2003/ 001830 23 Table 3 Before perfusion After perfusion
No APl APl with LMAMDS (ng/m) 0 0.01 0.1 1 (n=7) (n=7) (n=7) (n=7) (n=7)
(n=7) Platelets (x10 9 /1) 252.79.9 Tahle$11.8 6.45.6 108.212.9 146.18. 1*
162. 38. 9 T LYyNMPNOEY Esukifont 097 12 156-09—2-64016-1-660-211-900- 11

1.910. 12 1.890. 10 NbnoCyTes (x_109/1) 0.390 38 68 02 0.150. 03 0. 480. 10

0.400.07 0.310.05' G anul odlgt8s (x 109/ 1) 2.AP0QiiSBIR.I66@sa 1. 170. 34 2. 20

0.40 2.800.50 2.920.37 TAT 9.03. 0 : & . . 1.0
8.6 15.05.6 (g/m), EXla-AT (11nol/ I? 0. 030.01 0. 100.03 3.000.60 0.130.01
0.080.01 1.170.41' TEXI | a- AT*0) 050. 01"87060. 01 @02 0. 68=0). 080. 0@=7)

(mol /1) Platelets

. 2527499 1418+ 11.8 6.4 +5.6 10824129  1461+81 1623+89"
(x10°/) o
Lymphocytes

\ 2.15£009 2.04+0.10 1.66 + 0.21 1.90 + 0.11 191012 1.89+0.10
(x10°71) - R
Monocytes
. 0394006 031002  0.15+0.03 048+0.10  040+007  031+005
Granulocytes '

10 290+035 2.66+036 1.17 £ 0.34 220+040  280+050° 2924037
TAT
9.0+37 1440+ 638 70425413141 645341774 ’ !

(gl + 61.0+8.6 150456
FXla-AT

0.03+001  0.10+0.03 ) . * *
(ol + 3.00 + 0.60 0.13 + 0.01 0.08+001 1.17+041
FXIa-AT

0054001  0.06+0.01 2.02 +0.63 0.08 + 0.02°
{(umol/1) B

Cla(ng/ml) 63.0+£7.8 590211053 1122541320 630.6+1034 19174366 215.6+52.2°

sC5b-9

24.0+27  104.7 + 20, . } il )
AU 7 182.1+334 1514+£279  619+65 539+ 7.1
FXI[a-C! inh

0.07+001 0.09+0.03 0.06 + 0.
(ol +0.01 0.10+0.03
PAP

585.7+240.9 443.6+1794 10125+2240 3982+607

(ng/mi) T

) Significant difference compared to the API loops without LMW-DS by use of Student’s ¢

test.

The effect of LMW-dextran on blood cell counts, coagulation and complement parameters
after 60 min of API perfusion with fresh human blood was investigated by means of the
tubing loop model similar to LMW-DS, as discussed above. A comparison between LMW-D
and LMW-DS on the symptoms of IBMIR 1s found in table 4. LMW-dextran, which is not
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IBMRis found in table 4. LMMdextran, which is not 8 March 2007 WO
2004/ 047848 PCT/ SE2003/ 001830 24 sulf éj had only a nmargi nal effect on
IBM R These data indicate that sulfation Seens crucial for dextran's
inhibitory effect on | BM R tri ggered-y(1Alimi, n¥bl € 4 LMMDS (o8], N=5)
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TAT (ug/ml) 12.8+4.9° 4429.2 +2002.5
FXIa-AT (pmol/l) 1.56 +0.82 ‘ 1.09 +0.08
C3a (ng/ml) 171.5+72.4" 14903 + 406.4
sC5b-9 (AU/ml) 41.6+11.5 1573 + 191
5 " Significant difference comparted to the APT loops with LMW-D by use of Wilcoxon signed
rank test,

Direct effect of LMW-DS on the complement system in human serum

The direct effect of LMW-DS on the complement cascade was investigated by incubating
10 human serum in the polypropylene tube. Serum (I mi) was added to each tube together with

LMW-DS at a final concentration of 0, 0.01, 0.1, or I mg/ml. At 5, 10, 15, 30, 45, and 60 min

after serum incubation at 37 °C, 100 pl of serum was transferred to tubes containing 10 mM

EDTA. These samples were stored at ~70 °C before analysis of the complement components

C3a and sC5b-9.

15
Fig. 3 illustrates the effect of LMW-DS on the presence of C3a and sC5b-9 of the complement
system in human serum. The values are expressed as percentage of the amount of C3a and
sC5b-9 in control samples (without LMW-DS). Filled bars represent generation of C3a and
unfilled correspond to sC5b-9. At 0.01 mg/ml LMW-DS, an increased complement activation
20 was reﬂectéd in an increased generation of both C3a and sC5b-9, but at 1 mg/ml an inhibitory

effect was seen. Although the effects on whole blood and serum cannot be directly compared,
LMW-DS by itself probably induces complement activation at the lowest doses of LMW-DS
applied. At a higher concentration the inhibitory effect prevails.
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B- gl uc_osgﬁ? e@@t! 2 \%)Fe aﬁ?d&@ﬁi?@ﬁ@&i o &Py Rft OF X aHepTst é’t”l‘;‘&n&‘? rFOngpst,
digbetic Ifoﬁﬁ%@y&ﬁ{ﬁ WaSRhAMNhEA fdrt §iAROI 1bYeepintRo AR mié@&@éﬁ@c{)witﬂrﬂmﬁﬁd

m ce remai ned nornoglycenmic for only a I|mtgd time, see Table 5.

B- gl ucosdhiremaingeitead meeess@B adall daydomsi hf+ 1.2 days, p=0.045, Table 5). All API used in

the present study were shown to cure diabetic athymic mice when equivalent amounts were
transplanted under the renal subcapsular space (removal of the grafi-bearing kidney resulted

promptly in an elevated blood glucose level).

20
Table 5
Implantation site - Treatment n Individual graft survival (days) Mean graft survival (days)
. Saline 6 ,1,2,3,6,8 35£12
Liver
LMW-DS 5 4,6,8,12, 14 88+19
Kidney subcapsule - 5 >56 {x5) >36°
" Significant among all groups.
Immunohistochemical experiments
25 Islets and macroscopic clots were recovered on filters after 60 min of perfusion with blood

and with LMW-DS (0.1 mg/ml and 1 mg/ml) or without LMW-DS (control), then collected in
embedding medium (Tissue-Tek; Miles, Eckhart, IN, USA) and snap-frozen in isopentane.
Islets were sectioned and subsequently stained with horseradish peroxidase (HRP) conjugated

mouse anti-human CD41a (R&D Systems, Abigdon, UK) and anti-CD11b" (Clone 21LPM 19¢,
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observed in the LMW-DS treated samples, illustrated in Fig. 7. Control islets not exposed to

blood were negative in all staining used.

Most of the islets retrieved from untreated mice were entrapped in clots, as is ilfustrated in
Fig. 8. In this Fig. 8, the arrow represents thrombus formation with entrapped porcine islets.
However, only a few islets from LMW-DS treated mice were entrapped, which is illustrated in
Fig. 9. Immunohistochemical staining showed an infiltration of CD11b" (MAC-1") leukocytes

into the islets retrieved from untreated mice, as is seen in Fig. 10. In contrast, there were

" markedly fewer infiltrating CD11b" (MAC-1") cells in LMW-DS treated mice, illustrated in

25

30

Fig. 11. The frequency of clot formation and intensity of leukocyte infiltration were
significantly lower in LMW-DS treated recipients than in untreated recipients (p=0.034). Figs.
4 to 9 are at 200x magnification and Figs. 10 and 11 at 100x magnification.

It will be understood a person skilled in the art that various modifications and changes may be
made fo the present invention without departure from the scope thereof, which is defined by

the appended claims.
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characteri ze{j i.n that sg %’ nor phol ogi cal 15 di sruption of cell transpl ant
i s due t B hIOTHEn LFP19al B Medi at ed | nfl ammatory Reaction (IBMR) 5. Use
of dextran sulfate, or a pharnaceutically acceptable derivate thereof, for
manuf acturi ng of a medi canent for treatnment of graft-rejection of ceII

ifanspl aht . Q@ &f dtrdrans esulfhted eort raalphamiaf:artﬁalayccambqjtmddbrﬁzh&l MeReof, for
of cell transplant is due to an-

characterlz -rejection

| nstant BMY ﬁ’“ﬁé’él ‘gaaeﬂleﬁﬁﬁﬁng%’{?f tPoRhplogkipdisruptionpfeiranselanied erdkt r an./
sul f at e @gggleei ng to any of the clalms 2 to 6, characterized in that said

25 cell transplant is transplanted into a recipient human body.

4. The use of dextran sulfate according to claim 3, characterized in that said motphological

15 disruption of cell transplant is due to an [nstant Blood-Mediated Inflammatory Reaction

(IBMIR).

5.  Use of dextran sulfate, or a pharmaceutically acceptable derivate thereof, for

manufacturing of a medicament for treatment of graft-rejection of cell transplant.

20
6.  The use of dextran sulfate according to claim 5, characterized in that said graft-rejection
of cell transplant is due to an Instant Blood-Mediated Inflammatory Reaction (IBMIR).
7. The use of dextran sulfate according to any of the claims 2 to 6, characterized in that said
25 cell transplant is transplanted into a recipient human body.
8. The use of dextran sulfate according to any of the claims 2 to 7, characterized in that said
cell transplant is selected from a list of:
- allogeneic cell transplant; or
30 - xenogeneic cell transplant.

9. The use of dextran sulfate according to any of the claims 2 to 8, characterized in that said

cell transplant is selected from a list of:



8. The use of dextran sulfate according to any of the clains 2 to 7,
characterized in that said cell transplant is selected from a |3 kearchpoQ7

al l ogeneic cell transplant; or 30 - xenogeneic cell transplant. 9. The use
of dextran_sulfate according to any of the clains 2 to 8, characterized in
that said “EbEIMP478Hspl ant is selected froma |ist of 8 NKIEH208¢P183)0
20041047848 PCT/ SE2003/ 001830 31 - intfividual cell; - cluster of cells; or
- non-vascul ar4 zedndivigsaleell> 10. The use of dextran sulfate according to
any of the clains 2 to 9, characterized in that said cell transplant is

i sl ets of Langer h&isier picePiedTfuse of dextran sulfate according to any of the
pr ecedi ng C|aLﬂB1:BH§%&ﬁh§%&¥§&u£n that said dextran sulfate has a

nol ecul ar wei ght of |less than 20 000 Da, preferably |l ess than 10 000 10
Da_ 12. The use of dextran sulfate according to any of the preceding
clagns, chagracterized in tﬁ;%’ sai%‘dextran ﬁulfate has a sul fur content of
10 ? 25 % ﬂ{)r ke uspp e%gar_l S te%tccor ing to any of the claims 2 to 9, characterized in that said

cell transplant is islets of Langerhans.

11. The use of dextran sulfate according to any of the preceding claims, characterized in that
said dextran sulfate has a molecular weight of less than 20 000 Da, preferably less than 10 000
10 Da |

12. - The use of dextran suifate according to any of the preceding claims, characterized in that

said dextran sulfate has a suifur content of 10 — 25 %, preferably 15 — 20 %.



