CELL THERAPY: A METHOD AND A COVPOSI TI ON FOR TREATI NG DI ABETES
SPECI FI CATI ON BACKGROUND OF THE | NVENTI ON 1. FI ELD OF | NVENTI ON [ 0001] Thi s
invention relates to a cell therapy nethod and a conposition for
transplantation of beta-islet cells isolated and cultured from ani na
pancreases to pronote natural insulin production anong people with

di abet es. 2. DESCRI PTI ON OF RELATED ART [0002] Type | diabetes affects nore
t han one ntII|o| _ ! [ v formof the
di sease, in whreh 5 jiisis a8 it &l&ﬁégiggucing cells
required to keep bl ood sugar at nommnBETESels It is known that extrenely

| ow bl ood sugar can result in sei ired cognition, or

unconsci ousness. |In the nost sevé&gcﬁigétﬂﬂfhe conplications are not well
controlled by insulin. [(NEKﬂK@m@UNm(MTE@E@ﬁVEETknsuIin-producing cells in
t he pancreas can free di abetic éN l'ifelong insulin injections and
effectively cure thEEBPégaﬁgﬁﬁ%% transpl antation of these "islet" cells
can now begg@ne iThidiieniaVSiate 0k 6dOHerayWRelo8 aRBNGHRBS I e RpAAkiGr t hrough
a less invasive and | ess costly process of injecting just the islet cells.
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in S|gnlf%ggﬂ&é&a$£%%9&bﬁgw&n%mayal|ty of life of people with diabetes,
t he need for exogenous insulin and frequent dally

primarily by elimn

bl ood gl ucose ﬁeasdﬂ@ﬁé%?gkﬁﬁﬁﬁgﬁbésﬁﬁ splantation for Patients with Type
| Di abet eggo(f aberkgét (b des a%é&%&eha%ﬂt ion §té&can9&gs¢¢@&>em%99%}, iheHOVeVver,
pancr eas transpla s require lifelong I munosuppressi t herapy to prevent
rej ecti on nofst seirse tpraabf thadigeapi inerftighghe rody smmenne eysedm attacksanstioi-pdiisergpr ocess

t hat may of

bet a- |slegg%§ 'mfggﬁéﬁﬁ%ggu%aﬁ?&%%%ggé%aéQgeenﬁg eh&ﬁ&@@&?gﬁ%%% %atural
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required |nnunosuppr |on 0006] Abi | i ty. pre-cul tured beta-cells of
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anti - di abghdsglaff F@6ke Bliokd Qhh NSRS h&hpyOh ppikditEieSioRbr i ih§ LRl &l s as in
cases of admnistering into abdom nal cavity and spleen, and also i n cases
of admi ni EeERiRhgUenGet gerpiaiaEE PBosh dehnARiestpskangcatispddeelisxper i ment s,

hi st ol ogi gb4it estis mtﬁa&atagla%asimteh@éus%nt B50PpRERLE ndselPGRGHION Of
xenotranspl ants di scovered islet cells with preserved structure and w thout
si gns of pePMpgrabe] wiberadeden pome Paientsrathd e apd e 2 didbelgy(ses Spvkingof

r egener at 0 S were
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obt ai ned rom pancreatic frag ment s CHIT Y hod
requiringmadﬂnmnmmtﬂ&1manmnn@mmangumgumﬂnﬂ@duquKmpﬂ&@ﬁﬁﬁ@u&l desplte of
current slet ce sou woul d not
require ﬁﬁ#ﬁﬂ g%%?%%%s%”ﬁﬁggmﬁ&? ‘g'g%dﬁg§?ﬁrféﬁ@?é%@hgw§e W?éﬁmhereln are
i ncorporated herein by reference in their entireties. BRI EF SUWARY OF THE
| NVENTI ON [ 0010] Accordi ngly, one aspelct of the invention conprises a nethod
of obtaining beta-islet cells from pancreases of rabbits, the nethod
conprising: (a) harvesting said pancreases of newborn rabbits and pl aci ng
pancreases in a salt solution conprising an antibiotic at a tenperature of
4-10C, (b) obtaining mnced pancreatic mcro fragnments from said
pancreases; and (c) incubating said m nced pancreatic mcro fragnents in a
scrumfree nmediumat a first incubation tenperature 36.6C to 37C for a




conposition: General cell count: 1,500,000 100,000 Beta cells 828% (at
| east 509 Other islet cells +30 9+2% Fi brobl asts +30 2+1% Pr ogeni t or
(stem islet cells +30 7+3% Cultivation is perforned in serumfree growh
medi um 199. Period of storage of BCPMSC : at 4-10C for 72 hours at 11-24C
for 48 hours at 30-37C for 12 hours. The dose of islet cell cultures was
prepar ed frOamd&gaﬂd%o@ﬁ-h’sﬁareﬂmwoﬁhﬁﬂe%nt S pancreases. Term of
cultivation - 14-21 days Il viabilit 82% or nore is %referred At
control |ncd8‘£16ﬂonf*@fﬂwf§rﬁ'cw (prgd bede-pedlp @fpapast e of pevdy PAG M hagive and
producti on hag.NBdRNEHIGLZ00;:BLd W@%em?&!p’f@ﬁ @Q&Qmons’h@éﬁ)%%x Uikt h The

cul ture method of the invention exclud contam nation of” the cuI ture by
m cr oor gani s¥Eat{ witlexperpegatady induceg %FEES Wb@bl@éﬁﬁsﬁ%wxﬁﬂm@%)w% B022] Each
dose wi |l bg:3ccommaniede & Qe@(scggfehffnhrﬁ?etrﬁ) %S&ﬁuem é}ear&m@%@&w&mnaw ng
all necessary information on Criterra for the isolation or
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reci pient, essg.wereroDivglsd thasat Ml dldct aSinf®Vytiqpal kenvtrampiants riamprleéntet cells
(xenograft) ot %@erljéaleﬁ&tzdré’ SRR S AP HufE gﬂirﬁﬂm@ b 14 Q'ﬂx}% zﬁm{ 1
exanpl e, by |nject|on I nt o he PIVer (i-e. direct y into the e
parenchyna oignt bir ogrghr aiticbneofrm*rrt talta-aed$ M) pantmtses plhpmalf- rftCh:eenSptlvee |d¢teqtemit o the
spicule art Rertorned | ar n se of
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i nt roducti Omer@frar(spflantam& ﬂfSlS]t‘ntC@iSt hdruree oh udistabdhaniar soxmlsaﬂoe fofliabdea

reci pi ent. NATI CHNI QUE [ 00 (th t i Ny dl e
preferably no 9&7%—%"?” ei%eéﬁa‘{eﬁts i%llci’ygrt\%f*ydl (g‘glsar{yho {%rh%qﬁﬁ di amet er
the islet ceﬂ()m}s uspermilm toSSkeieisk}eznhedxséld}‘seeotﬁa}dmhg]gﬁa al?tdcdll@fremmed ot 0 t he
muscul us abd%Fr] nis rectus aft |.ocal h %t es é fe& bl the S|te of
an i nj ect i off°P's PSRBT 1§ 4ER° Iﬂg%f”. 8 Shah & és are GE3HE

| MMUNOGENI C}E‘Fj}ﬁeﬁfﬁ fldgnetSluTu bl n@kwow}aE&ng @@ﬂxﬁin cEwrdler&ﬁecumre\madma varl ous

hi st ol ogi ca perinments . includin nd ectrgni c m croscopy;

i mrunohi st oL‘Wgﬁl st FRyS- degpe Céﬂmgg’e}ﬂ@%ﬁfﬁs‘ﬁf’% e SqupEs BRIFVA ¢ ur e
there are n@ogs@ugain{rﬁd\og@pﬁmmta&smp@asengers (I ynphocyt es, macrophages and
etc.) capabl 2“93 initiating immune reaction after the procedure 9-12

mont h) . Evi #8fle iH! WW‘B’“%&%@?%?]?EF%WP%FPF@H“&‘P by RSP éit thelpntiredigs t ur e
into rats with an experi weﬂ;}t@bs@mgke@ﬁm@mvam ssion of the diabetic
status for at |east 30 days. 0027&1For t he purpose of studying of

i mmunogenec{®Plof %@Pfldglgbfowafm?’fﬁé F VEHED eampRsRse nesitedioheldining kstigiiet he
above- descr ided malRQthssr Fmihe tﬂ@ﬁ@ﬂh&ﬁéonﬂfnsﬁ Way nBO%:An {Jz{néreastf:sh&re vere
experinments conducted to determine fixation of immune-glo i ns of human
bl ood ser un¥sthorh@phits @afl |Pdacing nRpBEEEdinvi t3K SPAHIOB S mRLTEH albla@i@d?tfée’ff @ns were
stai ned by @BE@&L@B@# 10 i PQHiRSe ABRI PR OHEBR b ﬁzmﬁts%%&h ?Bﬁrc%g

anal yzed on the flow cytoneter. 1t appeared that cells contafning in the
cul ture ar emngdpabyubatiog Sfﬂﬁi mcehgmerﬁattcrfeﬂo fmgmerie 4 yerarn bed robiinn pis VB! but
there were gggqgﬁg oat,l

preparati ong%f htt he di ?@2%’%65@05% g?\@% oa?tﬂlS tg cgtsﬁ%g ua[‘g)gr%h{tq?]g’n%g%gﬁt ation

i s reconmmendesruBéfe medieant namsplamentpreeenegitoyed vdivabet ¢edls pampreimg has to
achi eve as t i rapy.
Pat ont s Hodre R ERMIGAhR R ABmRRST L ah G Y Gl Bl ARTA G DL RBIE 3P o)
to cell traelpirantiatsiconctisQd nlictiad:ubmegesaldcﬁneﬂdmah@cann@:rha;rdérdgromhtsaitii ons of
opht hal nol ogi st eur, ¢ l sur

der mat ol ogi g!tu§1 f§eg|n%§BF) ﬁ?ggﬁ%gfé §cm§”§(§%’ %ﬁ}%ur‘% imo}r@g g? %{Oﬁ%?m%gg%qug tJE|O§t S
regardi ng gecohdeil yi ldisabetde of caplriigatelloms beth G0 SRIA, pfatmmmmdeanmﬁe:e pr epar ed
L?r kletsl)g.ftl Cgeléjlguén Eg?&ornglg/ r{%n%{] 9 t1]'6Qe)r}/l)laced %n%%her%oy ogtramg%r%)‘{): a-l ttcell%'y Eli m nation
hospi t al i zd661dh, s‘mamhat;petth:éthpatveremh cmmistsmCﬁalbosﬁ:tmﬁdblﬁlng\Akﬂalis]&D&}is
conpensat ed as possible; 2. Mximal conpensation of diabetic status,
stabilization of blood sugar within normal or near normal |evels by
adequate insulin therapy under tight sélf-control of glycem a; 3.

Avoi dance of vaccinations or serumtherapy for 4 weeks prior to cell
transpl antation. The followi ng paraneters will be followed in patients
before and after the islet cell xenotransplanation, wth the frequency as
follows: CGeneral: 1. Level of MBA-Ic (clycosyl ated henogl obin) every 3
nonths; 2. Level of C-peptide (basal and stinulated) every 3 nonths; 3.
Detection of auto-antibodies; anti-GAD, anti-insulin, anti-1CA;, 4. Serum
chol esterol and triglycerides every 3 nonths; 5. Home bl ood gl ucose



D abetic nephropathy: |I. Proteinuria /24 hr once a nonth; 2.

M croal bum nuria every 3 nonths; 3. Serumcreatinine every 3 nonths; 4.
Creatinine clearance very 3 (60 nonths; 5. Blood pressure once a week.

Di abetic neuropathy: 1. EMG every 3 nonths; 2. Nerve Conduction studies of
tibi‘al . nerve; sural nerve; nedian nerve -every 3 (6) nonths 3. Pain anal og
scal e onc®tameAOREN iabBit p¥IDOS! dhérGinGRANUEScells QRCRoReNTRLdWinS a sBEGa I - 1
variation every 3 nonths. Diabetic vascul opathy: |. Doppler ultrasound
every 3 (‘BYPREHE R of pRfyBitisy op Fuised pacrepifpicss Irprakaes qhtaseed from witk| e/ ar m
4. Doppl lhraeaRRatAlan Pl AR Rl SSAH Bee Medibh BLRSIRALARN: vi@\a%%rd@;cg age.

[ 0030] As bi ochem cal and norphol ogi cal research has denonstrated, cultures
of pancr egthad of ¥s uiverrtiog ed whawipyoloed bisy-istdheclistamtabtiined inrodt cpusmasst hi gh
secretor b M4 e i ogeni i ngl ogi cal., pot ency).
A cer iR S R R Rl ST <
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XENOTRANSP 11 ON CF | SLET LTURE 031 | i.ndj tions:
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i ncl i nat iapdretauvaedsr hy pag) weemiGsehmtbs na@0r ket oaci dosis, (b) inability
of reachi(g}g sat i sfact orz conpensati on of |1DDM by usual nethods;

i nsul i n- 882k aderaip eybedipgrio dhs  ORBRPIICATIPEFS ableasy Porhef eda-islst ¢ells-us i n
patients s | %@H@m%%é,@%%é&r%coH]?BEHsfaPl@%sPYS% 'E}ﬁ?étaﬂgﬁ%ehx’

angi opathy of |ower extremties, etc.), excluding termnal studies, and (d)
| DDM (i néfith dépetheenpoct ainde NIvDDVIn(campsses nswt phithe epepsiion as veschimdt
detectio S ' i - t purpose. of prophyl axi s.
[0032] 5. e PESARGRINYAERTR bBhe R e e Bl B B R s PN s e, or
exacer bati dainoé cohpronmgohdbsease s¢lls@ndatdgidoal wisd S@asasbit poHidERs VinGON OF
RATIENTS(?L-.I.ER THE_TRANSQ%ANA | ON gF |.SLET gEHh.CQi%URF 0033]Wthin the
first yeAPUAFIEPE T SHESFLRE B HR O ¢ haPispdberg Phpelin RS EEororoatgr 3, 6, 9
and 12 msbfasinksin pegieammgnded. [ 0034] The nejority of recipients in 1-3

nont hs after xenotranspl antation denonstrate the follow ng changes: 1.

Current/prior to XT -PEFHMLER RESGRIETIENEEIEE NYENHEON i zed; 2. The bent of

pati ent sw‘o@ﬂk_et Ofd SulFSRAPBEALS ihe nveRab A (HRRLAE %he%et}ﬁrab%nxféa alfpeixgbange (it
is reduced daily average glycemi a - in 1-2 nonths, the decrease of

gl ycosy| Bewn i neybaisnnot owrceh pancratigyperp Sagivape obeined fropee radbitesd (f or

20- 309 . ailtufeg%é LAPAL: rk&{:mg)?%gg\pﬁuﬁlelngk? ld'o ihe%‘iveﬁt n?‘grgﬁrgrrse 'Q'BtiolnloPl d.

met abol i sm i nprove: 6. At recipienfs wth absence of 'resi HuBF "§&cr et i on of
i nsul i n bybloww dhatederedidt selfsiig obitaneg: pept maebenotcesiétlyrnmmspiad)jedappearis t he
product i Oa%e:?tf iﬁx%&tit enutg'es !ansul iun %C—lpe tide). 7. At patients with sensory
not or nelropat hy. ﬁarnosn“&‘ﬁ‘&]ré% YRBSTA i sappear; paraneters of sensitivity
and cond@01d}vi tpheetiufrt bedsd ofihqetdnibesalidagnveaid®RaNEhs fdihceRaid@nt S W t h

aut onom ¢ ne&lrglgfth ,  who er uggl_e with glycem c contral, postural

hy pot ensincelly a4 Fopbareiveraols fATdRms FopR Ky and drairosenssc clismedlet s of

pul se anghsRheodeIRy 885 W, Rorak SnO B ing @ddockdnar, bisHetib ong iiphst aBehe and gut
normal i zed too. 8. At 1 type diabetes patients with a stage ‘expressed

di abet i celifaptipn piliiiest prsgassrreibardveiss ganifcavpiederion Al theiovrwgswiciant

di sappeay,s .pf.aliehipuld. cBﬁr%l}bioqEQ cBhASPUIRY ify {?ﬁg'-‘r%‘}ﬁdcuﬂﬂg iIo@pl zed. At
patients wth a 314 stage of di abetic nephropathy; m croa Buni niri a

decr easesquied bElgomesa ssormalppleestso th arl n @0l dizyiy ven@r diftovgped thamitesisad t h
nonpr ol i f.er n reproli ted states of diabetic.retingpathy, the
clini ca|°f§?f@f§“§f§%%8@a§“§§@9 ”8% %?n‘: li"‘%enzl %Eai"?‘is @E&f‘”ﬁﬁg} ‘iﬁsﬁ%ﬁ%‘ddgg‘tceﬁ%rt of

reci pi ening dhavers ihk growipsfomennd pasitagirose b ageberéfoghades Viable Bypestasi s of a
retina decrease, &200356{?8{ abilization of a diabetes mellitus course and the
| over i NGBS IEIENR GRMBEE AN SEP R PR Pt SUFR e ae spianyall Istielquat e
functi oriniignied pdsicapspiept ed islet cells and a partial recovery or increased
function of islet cells of recipient's pancreas. [0036]It is believed that
the cur &¢MWE effidvrt isingsonmytddn e sarued theor. inreeigrsdalisvidhar ghedding afbet i ¢
conpl i CaLirRB%nE B ARRARER LlaYe §1HRL RleRSs B¥entNEMERSHOT:AL bhlne £ EHI! heni ng
of secretion by both transplanted and a patient's own beta cells of
C-peptide, which is produced together with insulin and has a marked _
angi oprotective effect. [0037] According to hypothesis the devel opment of

m croangi opat hy, which is the basis of all diabetic conplications, is due
to the lack of C- peptide and sone ot her hornone-|i ke substances produced by
the beta cells, which are absent at overwhelmng majority of 1-type

di abetes patients. [0038] C-Peptide injection in patients with conplicated
1-type diabetes nellitus results in the regress of secondary diabetic
conplications, such as nephropathy, retinopathy and neuropat hy.
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followi ng | CCXT (wel | -docunented 112 cases). Table 1 Index Before XT 3 M

After 6 Mo After 9 Mo After 12 Mo After Average Daily Yng/dl 198+41 158+52
129+23 133430 142+34 1-1bAlc,% 10.1+2.1 9.1+1.2 7.7+1.9 6.9+1.1 7.5+1.9

I nsul.in Dose, 113 56+11 38+15 25+12 32+9 40+8 [0036] Tabl e 2 denonstrates

insulin requirenent (IUWday) and mcroal bumnuria (ng/day) |evel after
repeated | CC XT in patient Ts.S (33 years old, 18 years of 1-type DM
durati on) Teiitethe absmce gewy EBB’éPbWémeP“S’PWW&f”f“‘é?PYG’@WFJﬁ&fP’@ﬁ’O@debdM%r 12 M
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the invention does not contain cells refating to donor vessels, so there is no rejection of xeno-
transplanted beta-cells. |

[0018] A synergistic combination of cells, solutions and conditions has been discovered by
the inventors. This is accomplished by changin g the environment, e.g., placement of the culture
in O, incubator vs. 3% CO; incubator, varying the temperature and time intervals in the
incubator over a period of 10 ~ 14 days. No genetic manipulations were used.

[0019] The cultore technique and techniques of intra-muscular transpiantation of islet cell
culture will now be described in detail. Rabbits are harvested by submerging in 40-96% ethanol,
preferably 70% ethanol until the death is registered, e.g., for vp to 10 min, preferably 7-8 min.
In sterile conditions, a pancreas is removed from the abdomen cavity of a newborn rabbit (the
term “newborn” as used herein inciudes rabbits from the time of birth to 5 days old rabbits
which were not exposed to breast milk, preferably newborn to 12 h old rabbits) and immediately
placed in a Petri dish with cold (e.g., 4-6°C) Hank’s salt solution or physiclogical solution
(NaCl) and antibiotics (e.g., penicillin 1000 units/ml and streptomycin 10000 mg/ml). With the
help of ophthalmic tweezers, a capsule of pancreas is removed; vessels and excretory ducts are
removed. Next, the pancreas is cut by an ophthalmic scissors into micro fragments in the size of
about 2-3 min and then transferred to a special watch glass. Continue processing 18-20
pancreases in the above described manner. Next, pancreatic micro fragments are cut with the
ophthalmic {corneal) scissors into smaller pieces, 1.e., minced pancreatic micro fragments. The
obtained minced pancreatic micro fragments are washed out with cold Hank’s solution and
placed in a culture flask or a bottle (e.g., space of 75 em’, Corning-Costar) distributing them on
a surface of the bottom of the flask. 5-7 mimutes later, during which there 1s an attachment of
micro fragments to plastic, a serum free growth medium 199 (Sigma Aldrich) without a serum
supplement is poured into the flask (e.g., 10% of a flask volume). The flask is then placed into
an incubator with submission 0-3% CQ, and pancreatic tissue is incubated at 36-37.5°C (the first
incubation temperature), preferably 36.6-37°C for 6-10 days, preferably 7-8 days (the first
incﬁbation period). Every 1-2 days, the flasks with cultivated cells were observed through the
inverted microscope and spontaneously destroyed exﬁcrine cells of pancreas, blood cells and
elements of connective tissue were removed; the growth medium 199 was replaced with a fresh
growth medium. As a result of the first incubation period, islet cell clusters formed at the

bottom of the flask and at least 78% of them (according to specific coloring) were pancreatic



I nsulin dose 52 38 24 26 38 M croal bumnur a 660 377 189 199 167 Insulin
dose 42 38 25 32 40 icroalbumnuria 330 145 99 112 88 4th Insulin dose 40
34 20 16 M croal bumi nuria 66 45 34 40 [ 0041] The mai n advant age of
transplantation of islet cells in conparison to the usual therapy of

D abetes Mellitus of the 1-type, are as follows: [0042]Due to regularly
performed transplantation, all recipients show decrease in progression of

di abeti c arglagpdt hy, and reversion of initial stages of |ate diabetic
conplicati rety , e hy, .and angi opat h whi ch
o T rposst G12 o feh B ARERE SRR Sy REHEERR M B0 ARBP RR

i nsul i n updagsehfocgionpasaingas), gliyceinsks arapdcairiadn inconalr at e@atmeRira0fing

angi opat hy).. Iy appens. nost.ly because _the transpl anted beta-cells

o er the Frahen Aoy kPR e e ko PR ARG dEh B ent <

body an angk@od)r bh@skinm®sdraddiies aGhdRpdndadeubaMh &inRrapat beRrC Wash-tepuiyved due
to the collapse of his own beta-cells §due to aut o-i mune assault). [0044]

Ability of AErbiErEandie panestlearee halet 4pouab] rassepsse el e Hirblg e

ori ginal nmebQndni LANCPARE EERYRAINEMDENB hABDidplabiBn SU ¥ihvg 3G URCt i on
inin-vivo environnent, ahs been denonstrated by us in experinments of
xenot r ans plé&haerateiidel colis, singhardireblsssrg Guethinibd @ittt dgip ekdremtady 1@ abet es
Mel I tus. LOQAR]VEd5! @lishi HendRh §idifhs ulh B8 R AER 0 S oul arly
fed, were used as e'xpersi rr%ntég% ani mal s, )[[)%84 n@%eré’i nent al 3’%& es’
Mel i tus wadichriay diegtniyype-Suty-dlemival cappizi(eal reoncddnaPbidtibrdes {HlosagereR00nml
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16021} One dose of islet cell culture preferably containing 1,400,000-1,600,000 cells in a

sterile suspension in Hank’s salt solution (10-15 ml volume, not cranial, all cells obtained) can

be placed to a plastic tube marked in an appropriate way.

Isiet celt culture made in accordance with the method of the invention (also referred herein as

Beta Cells of Philadelphia Medical Scientific Center or BCPMSC) has following cell

composition:

General cell count: 1,500,000 +100,000
Beta cells 82+8% {at least 50%)
Other islet cells +30  9+2%

Fibroblasts +30 2+1%

Progenitor (stem) islet cells +30 7+3%

Culiivation is performed in serum-free growth medium 199.

Period of storage of BCPMSC : at 4-10°C for 72 hours
at 11-24°C for 48 hours
at 30-37°C for 12 hours.

The dose of islet cell cultures was prepared from 80 1-2 day old newborn rabbit’s pancreases.
Term of cultivation — 14-21 days,

Cell viability —~82% or more is preferred.

At control incubation of the cultured islet cells, the insulin basal production has made
840021200 uU/ml/h, stimelated — 1650022700 pU/ml/h

The culture method of the invention excluded contamination of the culture by microorganisms
(e.g., bacteria, fungi, mycoplasma and viruses).

[00622] Each dose will be accompanied with a certificate describing preparation having all
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D abetes-type-1 patients. CLI NI CAL TRANSPLANTATI ON OF CULTURES OF P.1.C.
PRODUCED QUT OF PANCREASES OF NEWBORN RABBI TS. [0055] Total of 112 patients
with Type-1 Diabetes Mellitus (I DDUM were under well- docunented dynam c
supervision. [0056]OF total of 112 patients there were 58 nen, and 54
wonen. Patients' age at the nonent of transplantation varied from16 to 53
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di sease | DDM Supposedly, destruction of own (3-cells of the patient as a



[ 0067] Choice of initial glyeema of such range is not on a chance basis as
it is explained by the follow ng. As previous experinents denonstrated, in
glycem a of |evel of 16nmol and hi gher, as registered in not less than in 4
weeks. after adm nistering Streptozotocinal, such rats do not denonstrate a
spont aneous remi ssion in the future as well as a reversion of a diabetic
status. At the sane tinme even a very hig ycem a (sti under 30 mmpl/1)
lets the nﬂ]dB‘PfP19gﬂS‘o?“dé%ﬁélf‘fifﬁémfﬁheaiﬁ?%ﬁl%gf%afq’flng@BMﬂb%c@ﬁ‘W‘?a%mfor | ong
periods (2 (ﬁﬁﬂ{ MDIAG, AMBR LDk proM 6 1or Alek QUSRI YGEa R, ik %telﬂﬁfow%%@ﬁdnﬂéious
experiments wi hout any serious concerns for an untinely death of such

ani mal s. Thesle asﬁiJWﬁtdIl@h@va@FC@Cfé@#ﬁ ifraqeedt HypegyEmiaer giPBwerRclRE ®ont r ol
(no treatment) or Quilalla0e et cdbdien SRhAMLALAALANNGE BhpaRa@l fect of

i ntra-peritoneal ot ransplant at i Cultures of islet cells of newborn
rabbits on the copesileof Strept ozotocinal D abetes in 8 rats with

consi st ent StZr ept %%tn%? EXP qctd?a%e M%![ s?a%ihz%i@a%%?gigﬁlcsn a?tmihmn rmal

ani mal s-reci pients, "on fqn 7 ound ra- pe I toneal narcosis,
was adm ni st ered Bﬂﬁeﬁ(mrmai aé)ﬁjsOQOadlesbm igeld sheodpy pader iegs egi-amtmewbor n
rabbits by admnistration it through puncture in abdomnal wall by a big

di anet er needl e. F@%@T’Bel ow are findings regardi ng change in severity of

di abetic statius i Aveasiae &fva&isem&&rdrlﬁmaieraﬁﬂfdmma@bndrlﬁi @l gﬁ:ﬁplmat'ﬁhe
animals were divided in 3 f 8 rats each

hyper gl ycem’f’a%li"éi”%B?FW%tﬁr t ¥ ng"p it ’Bnp‘"‘BFm%LheJ["ﬂer @’gJ 8?3 @‘F é?le inl s into
abdoni nal gawvidypMasioadmimnhst-afesty s2fdllo@s:oup: 8 rats with hyperglycema, to
whom xenot ranspl antation of cultures of islet cells was adm nistered into
spl een pul pe"e8d group: 8 rats with hypergl ycenia, who were not subjected to
any treatment; (control LeveT@itxh@Aﬁc(@L@mcﬂfﬁnﬁgmﬁm@q@go&my mass after
application of Strept Oiwe@@@pégﬁhélba%n SHURTRHNE Mlery NLARE! | t Oneal

transpl antati;on (Tx) Obelsldalor G@basutblikl Un@s:05, HANEESASASICOf, newborn
rabbits in rgt #1. Ind@éﬁ%cﬁ&'&:ﬁ&of‘a‘ﬁd% ycérlfférs'e%ryg%o;[?ﬁsv\éeks weeks after
Stz 1 234 5 678 q%)éﬁx@@]o%d se ej ta n%ﬁwgh filxgry)zﬂeg'fgal(t’mgeg éaylz 5 12.2
11.9 14.8 149 Body MagSmeorgDnhlut rehlertel®s ik a2dd

Special:
Diabetic retinopathy:

1. Standard retinal fundal field evaluation by sterofundoscopic photography and fluorescent
technigque every 3 months;
2. Visual acuity every 3 months.

Diabetic nephropathy:

1. Proteinuria /24 hr once a month;

2. Micreaibuminuria every 3 months;

3. Serum creatinine every 3 months;

4. Creatinine clearance very 3 (60 months;
5. Blood pressure once a week.

Diabetic neuropathy:

EMG every 3 months;

Nerve Conduction studies of tibial nerve; sural nerve; median nerve —every 3 (6) months
Pain analog scale once a month;

Orthostatic changes — once a month;

EKG —r-r variation every 3 moaths.

W

Diabetic vasculopathy:

1. Doppler ultrasound every 3 (6} months;
2. Doppler probe;
3. Doppler Blood pressure ankle/arm;



250 290 330 340 Table 4. Change of glycem a and body mass after appl cation
of Streptozotocin (Stz) and subsequent intraperitoneal transplantation (Tx)
of islet cells cultures of pancreases of newborn rabbits in rat #2. |ndex
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transpl ant at T'oh F TRy ‘i”g\iegotrmé:g?rlgg' cul tures of pancreases of newborn
rabbits in rat #3. Index Prior to Stz

[0030] As biochemical and morphological research has demonsirated, cultures of pancreatic

insular cells produced by the stated methods possess high secretory activity and sharply reduced
immunogenic (immunological potency). A certificate of quality is preferably attached to each
portion of cells designed for cell-therapy.

INDICATIONS AND CONTRAINDICATIONS FOR XENOTRANSPLANTATION OF
ISLET CULTURES

[06031] Exemplary indications: (a) labile course of insulin dependent Diabetes Mellitus
(IDDM) with inclination towards hypoglycemic status and/or ketoacidosis, (b) inabiity of
reaching satisfactory compensation of IDDM by usual methods; insulin-resistance, (c) secondary
complications of diabetes mellitus in patients with IDDM and NIDDM (neuropathy,
nephropathy, retinopathy, angiopathy of lower extremities, etc.), excluding terminal studies, and
(d) IDDM (insulin dependent) and NIDDM (non- insulin-dependent) without detection of
secondary complications — for the purpose of prophylaxis.

16032) B. Contra-indications: Acute infections & inflammatory diseases, or exacerbation of
chronic diseases; Oncological Diseases.

SUPERVISON OF PATIENTS AFTER THE TRANSPLANATION OF ISLET CELL
CULTURE

[6033] Within the first year after transplantation, the above-stated inspection after 3,6, 9 and
12 months is recommended. |

[(034] The majority of recipients in 1-3 months afier xenotransplantation demonstrate the

following changes:

i Current/pnior to XT — labile 1 type diabetes is stabilized;
2. The bent of patients to ketosis disappears;
3. Parameters of carbohydrate exchange (it is reduced daily average glycemia

- i 1-2 months, the decrease of glycosylated hemoglobin content — 3
months) improve;

4, Decreases (for 20-30%}) of requirement for exogenous nsulin,

5. Parameters of lipid metabolism improve:

6. Atrecipients with absence of residual secretion of insulin by own beta cells
(it is C-peptide not determined) appears the production of patient’s insulin
(C-peptide).

7. Al patients with sensory motor neuropathy, pain and paresthesia disappear;

parameters of sensitivity and conductivity of fibres of peripheral nerve
improve. At patients with autonomic neuropathy, who struggle with
" glycemic control, postural hypotension, gastroparesis, and enteropathy
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(diarrhea), parameters of pulse and blood pressure are normalized, the

functions of stomach and gut normalized too.

8. At 1 type diabetes patients with a stage expressed diabetic nephropathy
{classification on C.Morgensen) decreases and disappears proteinuria, high
blood pressure is reduced and normalized. At patients with a 3™ stage of
diabetic nephropathy, microalbuminuria decreases or becomes normal {less

than 30mg/day).

9. At patients with nonproliferated and preproliferated states of diabetic
retinopathy, the clinical picture of a eye bottom is stabilized, the significant
part of recipients have its improvement: haemorrhages resolve, the

hypostasis of a retina decrease.

[0035] Stabilization of a diabetes meliitus course and the lowering of the exogenous insulin

requirement result form the adequate functioning of transplanted islet cells and a partial recovery

or increased function of isiet cells of recipient’s pancreas.

[0036) It is believed that the curative effect of transplanted cell cultures on the late diabetic

complications is apparently explained by the restoration or strengthening of secretion by both

transplanted and a patient’s own beta cells of C-peptide, which is produced together with insulin

and has a marked angioprotective effect.

[0037]  According to hypothesis the development of microangiopathy, which is the basis of

all diabetic complications, is due to the lack of C-peptide and some other hormone-like

substances produced by the beta celis, which are absent at overwhelming majority of 1-type

diabetes patients.

[0038]  C-Peptide injection in patients with complicated I-type diabetes mellitus results in

the regress of secondary diabetic complications, such as nephropathy, retinopathy and

neuropathy.

[0039]  Transplanted rabbit’s beta cells produce normal C-peptide, which has a physiological

influence on late diabetic complications.

[0040]  Table 1 demonstrates improved glycemic control and drop in insulin requirement

following ICCXT (wel-documented 112 cases).

Table 1
Index RBefore 3 Mo After 6 Mo Afier 9 Mo After 12 Mo After
- XT
Average Daily 198441 158+52 129423 133430 142+34
Glycenna, mg/dl
HbAlc, % 10.1+2.1 9.1+1.2 7.7+1.9 6.9+1.1 7.5+1.9
Insulin Dose, JU 56+11 38+15 25+12 3240 4048

{0036] Table 2 demonstrates insulin requirement (IU/day) and microalbuminuria (mg/day)

Body
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mass after

i ntraperitoneal transplantation (Tx) of islet cells cultures of pancreases

of newborn
weeks after

application of Streptozotocin (Stz) and subsequent
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level after repeated ICC XT in patient Ts.S (33 years old, [8 years of I-type DM duration)

Table 2
XT | Index Before 3 Mo After | 6 Mo After | 9 Mo After | 12 Mo After
XT
™ Insulin dose 64 33 38 40 48
Microalbuminuria { 936 680 348 330 496
2" | Insulin dose 52 38 24 26 38
Microalbuminuria | 660 377 189 199 167
3 ! Insulin dose 42 38 25 32 40
Microalbuminuria | 330 145 99 112 88
4th  ; Insulin dose 40 34 20 16 16
Microalbuminuria | 66 45 34 40 39

[6041] The main advantage of transplantation of islet cells in comparison to the usual
therapy of Diabetes Mellitus of the 1-type, are as follows:

[06042]  Due to regularly performed transplantation, all recipients show decrease in
progression of diabetic angiopathy, and reversijon of initial stages of late diabetic complications
{retinopathy, nephropathy, neuropathy, and angiopathy), which is impossible to achieve with the
help of usual therapy (injection of insulin wpon self-control of glycemia, and traditional
treatment of angiopathy). '

[0043]  This happens mostly because the transplanted beta-cells after the transplant taking
{acceptance) start to produce in a recipient’s body an angio-protective matter C-peptide, which a
patient was deprived due to the collapse of his own beta-cells (due to ayto-immune assault).
[6044] Ability of cultures of pancreatic insular cells, received through the original method
from 'pancreas of newborn rabbits, to survive and function in in-vivo environment, ahs been
demonstrated by us in experiments of xenotransplanatation of such cultures to animals with
experimental Diabetes Mellitus.

[6645] Vistar Line male rats of body mass of 180-220 gm, regularly fed, were used as
experirnental animals.

[0046] Experimental Diabetes Mellitus was provoked by sub-dermal application of Alloxan
(dosage 200mi for 1 kg of body weight} or by sub-dermal application of Swreptozotocini {dosage
60 miskg).

[0047] During experiments and conirol probes we used only rats with Alloxan or

10




210 250 260 270 310 320 350 Table 7. Change of glycem a and body nass
after apprcation of Streptozotocin (Stz) and subsequent intraperitoneal
transplantation (Tx) of islet cells cultures of pancreases of newborn
rabbi.ts in rat #5. Index Prior to Stz 4 weeks after Stz Prior to Tx Weks
2341 -) Adycema nM1l 4.9 18.9 17.9 15.5 15.9 14.0 15.9 15.0 15.2

16.8 14.6 %%Q&O%(:»Sc?d»inguc%g Bia%gtgs, t Z)(s)e W 80%6 %98 0 2}%0{; 4}17961‘.{32]&? ((J)n ezrx";?pct)y s%c?xgac Qv%s 20
mmol/l and higher. Earlier conducted tests indicated that such animals did not have spontaneous
reversion of experimental Diabetes Mellitus.
f0048] After transplantation of P.LC. cultures, 88 out of 104 rats with stable or sever
Alloxan-induced Diabetes Mellitus (almost 85%) displayed finn remission of diabetic status op-
to the end of experimental term (20 weeks). Firm decrease of blood sugar levels of almost-up-
to-normal levels was registered in blood of animals-recipients. At the same time, characteristics
clinical symptoms of diabetes were also vanishing (such as weight loss, polyvdipsia, polyuria).
Anti-Diabetic effect of Xenotransplantation was clearly demonstrated both in cases of
application of cultures into hiver (through portal vein or directly into liver’s parenchyma) and
also inio spleen (cultures were brought in intra-pulp), and also through the abdominal muscles.
Even after 8 weeks after xenotransplantation, P.1L.C. with preserved structure and with signs of
secretory activity was detected in places of implantation in rats with remission of experimental
Diabetes.

[0042] During special series of experiments the role of preliminary cultivation of P.1.C. into
vitro was demonstrated clearly in survival of cells in organisms of xenogeny recipient. For that
purpose, we performed comparative analysis of results of xenotransplantation of cultures of
P.1.C. of pancreas of human fetuses and xeno-transplantation of non-cuitivated fetal Island tissue
to rats with experimental Diabetes Mellitus. It was detected that sugar-reducing effect is more
expressed and long-lasting in cases of transplantation of pre-cultivated P.1.C. in comparison with
transplantation of non-cultivated tissue of Pancreas, which results only in short-lived remission
of Diabetic status. So, the immune-modulating result of cultivating in vitro was experimentally
proven to significantly increase the term of survivability in an organism of alien recipient.
{G050] Pancreases of 18 rats-recipients, on whom successful xenotransplantation of cultures
of Pancreas of newborn rabbits had been performed, were subjected to histological exam in 8
weeks after transplantation. For that purpose a fragment of pancreas was fixated in Buena
solution and was drown in paraffin. Slices (5-7 mkm thick) were colored by hematoxilin and
eosin, and also by Aldegid-Fuoxin for revealing of B-cells. At the same time, pancreases of 6
control animals who had untreated alloxan-induced Diabetes as well as pancreases of 6 healthy
rats (no Alloxan applied) were closely examined.

{00517 While examining pancreases of healithy intact rats, some 45 — 76% of B-cells, as
expected, were found in ‘Langerhans™ islands. Rats with untreated Alloxan-induced Diabetes

had sharply decreased amount of B-cells in Islands — in average 8.3+-1.1%.
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Tabl e 8. Change of glycem a and body nass after application of
Streptozotocin (Stz) and subsequent intraperitoneal transplantation (Tx) of
islet cells cultures of pancreases of newborn rabbits in rat #6. index
Prior to Stz 4 Prior to Tx Weeks weeks after Stz 12 3 456 7 8 dycem
an1\/!1‘59223219142111787000_817874BodyMass g 240
210 210 200 240 240 260 290 320 350 360 Table 9. ge of glycem a and
body masEP03th er Sigpicanty hichsi a@P“‘SP?%Tﬁ”éH‘d“H@F Wai‘éfcf)(er%ﬁdﬂfaéﬁffﬁ%‘&‘ﬂ%ﬁ?

i nt raper j4iQReathothh@RSR L—@H@h kPRt piftfiation beb 1 EuliSre el Ui 8 PaRfcagrancr eases
of newborn rabbits in rag I ndexFPH o0 4Pri or Weks 16 to Stz weeks
after displayed typical B-cells and 1 1ts share among “island” cells was from 10 to 35% (some from 7 to

21%) (average 23.5+8.8).

{0053] With regards to these experiments, we may assume that anti-diabetic effect of xeno-
transplantation of OK cultures on developments of experimental diabetes in rats is occurring 2
general ways: a) Functioning of transplanted 3-cells, confirmed in addition to expressed sugar-
reducing effect, also by revealing groups of transplanted P.1.C. in the pulp of spleen of animals-
recipients: b) Stimulating effect of transplantation of P.L.C. cultures on the Island apparatuses of
pancreas of rats-reciplents, which possibility is confirmed by data histological exams revealing
existence of significantly frequent of Islands with normal B-cells and bigger share of them in
Islands of pancreas of rats-recipients than of rats with untreated Alloxan-induced Diabetes.
10054] Successful experimental research became grounds for performing clinical
transplantation of cultures of pancreas of newborn rabbits to Diabetes-type-1 patients.
CLINICAL TRANSPLANTATION OF CULTURES OF PIC. PRODUCED OUT OF
PANCREASES OF NEWBORN RABBITS.

[6055] Total of 112 patients with Type-1 Diabetes Mellitus (IDDUM) were under well-
documented dynamic supervision.

[0056] Of total of 112 patients there were 58 men, and 54 women. Patients’ age at the
moment of transplantation varied from 16 to 53 — average 35 years old.

[0057] It is known that severity of manifestation of secondary diabetic complications
depends significantly on duration of the disease IDDM. Supposedly, destruction of own f-celis
of the patient as a result of autoimmune process approximately happens on the 5™ year after
manifestation of the disease. Secondary diabetic complications manifest itself usually in
patienis with duration of the disease of more than 10 years. Because of that, all IDDM patients
were divided in 3 groups in reference to duration of the disease: a) 1 to 3 years — 16 people; b)6
to 10 years — 43 people ¢) more than 10 years - 53 patients. All patients had been examined
with the aim to determine character of development of IDDM and establishing presence of
diabetic complications.

[0058] Usually cultures received through ihé above-described methods out of 50-60
pancreases of 1-2 day newborn rabbits were used for transplantation for one patient. Suspension

was usually delivered into transverse abdominal muscle under Jocal anesthesia. No immune

suppression was used.

i2



IN 8 Sz G@ycema 5.9 18.0 17.1 11.5 7.9 8.1
4 mV 1 Body 200 180 170 180 200 220 240 250

j0659] The most important fact confirming an anti-diabetic effect in islet cells
transplantation just because of functioning of transplanted beta-cells, is the fact of discovering
them at the place of administering the transpilantation. If after intra-peritoneal transplantation it
is almost unreal to locate applied cells in the abdominal cavity, then after administering into the
spleen it is possible, although very difficult.

[0060] A microphotograph of colored histological section through the spleen’s pulp was
obtained which clearly demonstrates a transplant represented by a group of epithelial cells in the
center of the photo. Assurance that these cells are indeed a transplant is based, partially on the
grounds that epithelial structures are absent in splenic tissue.

[0061] Accordingly, presence of epithelial cells in lineal pulp bears evidence to “incomer
from outside”, in this case — a transplant.

[0662] Based on the results of the scientific-experimental research, the several basic
conclusions can be made:

1. Streptozotocin {Stz) makes general destructing effect on beta-cells of islets of pancreas,
but at the same time, directly or indirectly leads to a loss of other isiet celis.

2. It appears that a regeneration process in affected Langerhants islets happen mainly on
account of recovery of beta-cells pool.

3. Islet cells cultures produced from pancreases of newborn rabbits through the original
method consist generally of beta-cells cleared of ballast cellular elements and have a very high
~ insulin-producing activity.

4. An intra-peritoneal, as well as intra-splenetic xenotransplantation of islet cells cultures
to rats with experimental Streptozotocin induced Diabetes Mellitus, provides, in majority of
cases, a stable remission of diabetic status for a duration of at least 8 week period.

5. Post-transplantation sugar-decreasing effect 1s secured as by functioning of transplanted
beta-cells, also by insulin-producing activities in, to some degree, restored pool of beta-cells in
islets of pancreases of rats-recipients. This is confirmed by findings (ﬁ' measuring
concentrations of exogenous (rabbit’s) and own (rat’s) insulin in the blood of experimental
animals.

6. Histological examinations of pancreases of experimental rats confirmed the expressed
stimulation of regenerative processes in islets of rats with Streptozotocinal Diabetes Mellitus
after administering them xenotransplantation of islet cells cultures.

It is possible that regeneration of beta-cells happens not only in the margins of localization of

Langerhants islets but also in some structures outside of isiet pancreatic tissue.
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270 280 300 Mass, ¢ Tabl e 10. Change of glycem a and body nass
after application of Streptozotocin (Stz) and subsequent intraperitoneal
transplantation (Tx) of islet cells cultures of pancreases of newborn
rabbits in rat #8. Index Prior to Stz 4 Prior to Tx Weks weeks after Stz
1234567 dyeema mvl/1l 6.3 24.0 25.6 17.7 18.8 20.0 21.8 18.6 17.8

18.8 20.9 [Boghy MBES invBni%nOwiiOR: H6Qral@0in208e detail with reference to the following
Examples, but it should be understood that the present invention is not deemed to be limited
thereto.

EXAMPLES

EXAMPLE 1
[0064] At the initial stage of a real scientific-research work we vused rats of Vistar line of
body mass 220-250 grams received from a special nursery of Jab animals as experimental
animals. In order to eliminate hormonal cyclic influences on alteration of parameters of
carbohydrate metabolism, we decided to carry on experiments on mature pubescent males.
[0065] In order to obtain objective results in conducting antidiabetic treatment in lab rates
there was designed a model of a stable diabetes mellitus.
[0866] Disease in animals was provoked by introduction of fractional intraperitoneal
administration of derivable ex-tempore solution of Streptozotocin - total dose of 80 mg per 1 kg
of body weight. Total of 90 animals were subjected to effect of streptozotocin.  Later majority
of animals developed characteristic signs of diabetic status: thirst, polyuria (excessive blood
glucose), polyfagia (excessive food intake), hair fallout, stowing of body mass gain or its
decline. At that, an expressed hyperglycemia was regis.tered in 58 rats, i.e. other 22 retained
normal glycemia or concentration of glucose rouse insignificantly. By the 4-week term after
inducing of diabetes 32 animals with more stable level of hyperglycemia were picked over.
Stability was confirmed by the fact that during abmost a month-long observation, the
concentration of blood sugar did not go lower than 16 mmol/L
[0067] Choice of initial glycemia of such range is not on a chance basis as it is explained by
the following. As previous experiments demonstrated, in glycemia of level of 16mmol and
higher, as registered in not less than in 4 weeks after administering Streptozotocinal, such rats
do not demonstrate a spontaneous remission in the future as well as a reversion of a diabetic
status. At the same time even a very high giycemia (still under 30 mmol/l) lets the majority of
experimental animals with diabetes to survive for long periods (2 and more months), which
allows conducting rather continuous experiments without any serious concerns for an untimely
death of such animals. These assumptions were confirmed by observation over the control (no
treatment) group of diabetic rats. Below are findings on an effect of intra-peritoneal
xenotransplantation  of cuoltures of islet cells of newborn rabbits on the course of
Streptozotocinal Diabetes in 8 rats with consistent Streptozotocinal Diabetes Mellitus,

j0068) Each of animals-recipients, on the background of Hexenal intra-peritoneal narcosis,
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220 250 260 270 290 300 EXAMPLE 2 [0070]Eight (8) rats with stable
Streptozotocinal Di abetes Mellitus were subjected to intra- splenetic
xenotranspl antation of islet cells cultures. Adm nistration of cultures of
islet cells of pancreases of newborn rabbits was conducted on the
background of Hexenal narcosis. After opening of an abdom nal wall and
bringing a spleen into an operative wound, a cellular suspension was
introduced directly into the organ's pulp through the syringe of 1.2 mmin
di anet er. Phacedofisicrnjdeti0ioon -wasD,@leske delisi tthpgpauases tampepnrn gbbdoibpg such
sl owi ng the_parench | b ding. and seal i 1 &0y f special nedica
gl ue. Abdoni na “%§P¥Ha%ﬂﬁ%%§%%“§?592”Eﬁ@ﬁﬁpﬁﬁigﬁgﬁﬁg%aﬁéﬁg BeFOM/are
general resiioty of Bswc hretfindimgplegntiag icloangs inecasity yf dytraosess of caclhdékes of

gl ycem a and bod¥]aass ni nal s-reci pients. Table 11. Change of glycem a

of
and body naS¥°4f %%%FP@%F#&ﬁpof Streptozotocin (Stz) and subsequent

i ntra-spl enefd £: ki aRSPLRAL A, 3Wubd %3 196 edchl €t cell's cultures of pancreases
of newborn q@bbits ig ratﬂﬁ17ullndex Prior‘tq_Sﬂﬁ 4.Pruprhto(§x Weeks

weeks af ter | SFQUP 1 28 rats With RipGldypmla. fonybpirenoagspaniaion ohuligesiof 5 710 2 10. 0
11.2 9.9 8.1 6.6 BodylenMsdsintogbdagng 0gyitp 39S AgEnisend:240 250 280 320 340 360

2" sroup: 8 rats with hyperglycemia, to whom xenotranspiantation of cultures of islet cells

was administered into spleen pulp;

3™ group: 8 rats with hyperglycemia, who were not subjected to any treatment (control).
Table 3. Change of glycemia and body mass after application of Streptozotocin (Stz) and
subsequent intraperitoneal transplantation (Tx) of islet cells cultures of pancreases of newborn

rabbits in rat #1.

Indexes | Prior | 4 Prior | Weeks R
to weeks | 0 I 2 3 4 5 6 7 8
Stz lafter | Tx
Stz
Glycernia | 6.7 | 20.0 (241 (122 120124125122 |11.9148] 149
mM/I
Body 220 175 170 | 180 | 200 | 230 250 | 290 | 330 | 340
Mass, g |

Table 4, Change of glycemia and body mass after application of Streptozotocin (Stz) and
subsequent intraperitoneal transplantation (Tx) of islet cells cultures of pancreases of

newbhorn rabbits in rat #2.

Index { Prior | 4 Prior | Wecks

to weeks | t0 1 2 3 4 5 6 7 8

Stz after | Tx

Stz

Glycemia | 6.4 18.7 166 {13.0 (68 167 |74 164 |55 (70 [6.0
mh/]
Body P 200 | 1RO 170 1 180 210 17230 1240 {250 | 270 1290 | 320
Mass, g

Table 5. Change of glycemia and body mass after application of Streptozotocin (Stz) and
subsequent intraperitoneal transplantation (Tx) of islet cells cuitures of pancreases of
newborn rabbits in rat #3.

Index Prior | 4 Prior | Weeks
1o weeks | to 1 2 F‘; 4 5 6 7 8
Stz after | Tx
Stz i {
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Tabl e 12. Change of glyeem a and body nmass after application of
Streptozotocin (Stz) and subsequent infra-splenetic transplantation (Tx) of
islet cells cultures of pancreases of newborn rabbits in rat #18. |ndex
Prior to Stz 4 Prior to Tx Weks weeks after Stz 1 2 3456 G ycem a
mV1l/'1l 6.6 24.0 22.1 19.5 18.0 12.6 7.4 6.5 5.7 7.0 10.2 Body Mass, g 220
180 170 170 180 200 240 290 320 330 360 Table 13. Change of glycem a and

body mass afEREe,aPPslCaisqn Plo ST TEpT @é.@.fzo%ﬁ 1254 )43N975U885GYSY

i ntra-spl engtig transplantatjon (Tx) I slet|cellis culturnes of pancreases

of newborn FUSTHRG TEko 1% 60! THEK “ﬁ(P 287 TSTF 42608 (2% [Sodeeks
Mass, g

Table 6. Change of glycemia and body mass after application of Streptozotocin {S1z) and
subsequent intraperitoneal transplantation (Tx) of islet cells cultures of pancreases of
newhorn rabbits in rat #4.

Index Prior { 4 Prior | Weeks

to weeks | to 1 2 3 4 5 G 7 8

Stz after | Tx

Stz

Glycermnia | 6.0 19.7 212 1 12.2 1301141192 |79 (90 [92 |83
mM/1
Body 240 | 210 200 | 190 210 1250 {260 {270 1310 {320 | 350
Mass, g

Table 7. Change of glycemia and body mass after application of Streptozotocin (Stz) and
subsequent intraperitoneal transplantation (Tx) of islet cells cultures of pancreases of

newborn rabbits in rat #5.

Index Prior | 4 Prior | Weeks

to weeks | to 1 2 3 4 5 6 7 8

Stz after | Tx

Stz

Glycemia { 4.9 18.9 179 1155 :i59:1401159 1501521168146
mM/1
Body 200 | 180 170 1 180 200 | 220 | 240 | 250 | 270 | 280 | 300
Mass, ¢

Table 8. Change of glycemia and body mass after application of Streptozotocin (Stz) and
subsequent intraperitoneal transplantation (Tx) of islet cells cultures of pancreases of
newborn rabbits in rat #6.

Index Prior | 4 Prior | Weeks

to weeks | to 1 2 3 4 5 6 7 8

Stz after | Tx

Stz

Glycemia [ 5.9 223 219 | 142 111178 170 184 181 178 |74
mM/l L
Body 240 ;210 210 1200 240 1240 1260 | 290 | 320 1350 | 360
Mass, g

Table 9. Change of glycemia and body mass after application of Streptozotocin (Stz) and
subseguent intraperitoneal transplantation (Tx) of islet cells cultures of pancreases of
newborm rabbits in rat #7.

[ Index 4[ Prior [ 4 f Prior | Weeks ] '
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weeks after Stz | 2te) 456 8 Gycema nMI| 5.3 21.2 21.2 17.6 14.4
10.5 11.2 11.4 9.1 10.5 7.4 Body Mass, g 250 220 210 190 200 210 250 270
300 310 350 Table 14. Change of glycem a and body nmass after application
of Streptozotocin (Stz) and subsequent intra-splenetic transplantation (Tx)
of islet cells cultures of pancreases of newborn rabbits in rat #20. |ndex
Prior to Stz 4 Prior to Tx Weks weeks after Stz 1 2 3 4

to weeks | to I 2 3 4 5 6 7 8
Stz after | Tx
Stz
Glycemia | 5.9 18.0 171 1115 179 (81 164 154 (61 (51 |64
mM/i
Body 200 | 180 170 | 180 200 1220 | 240 | 250 | 270 | 280 | 300
Mass, g

Table 10. Change of giycemia and body mass after application of Streptozotocin (Stz) and
subsequent intraperitoneal transplantation {Tx} of islet cells cultures of pancreases of
newborn rabbits in rat #8.

Index Prior t 4 Prior | Weeks

o weeks | to 1 2 3 4 5 6 7 8

Stz after | Tx

Stz
Glycemia | 6.3 240 1256 1177 1881200 218|186 1781188209
mi/l]
Body 230§ 190 170 | 190 200 | 220 | 250 | 260 | 270 | 280 | 300
Mass, g
EXAMPLE 2

[0070]  Eight (8) rats with stable Streptozotocinal Diabetes Mellitus were subjected to intra-
splenetic xenotransplantation of islet cells cultures. Administration of coltures of islet cells of
pancreases of newborn rabbits was conducted on the background of Hexenal narcosis. After
opening of an abdominal wali and bringing a spleen into an operative wound, a cellular
suspension was introduced directly into the organ’s pulp through the syringe of 1.2 mm in
diameter. Place of injection was pressed with gauze tampon, by doing soch slowing the
parenchymal bleeding and sealing it by drops of special medical glue. Abdominal wall wound
was stitched up layer by layer. Below are general results of such transplantations, exactly
dynamics of indexes of glycemia and body mass of animals-recipients.

Table 11. Change of glycemia and body mass after application of Streptozotocin (Stz) and
subsequent intra-splenetic transplantation (Tx) of islet cells cultures of pancreases of
newborn rabbits in rat #17. :

Index Prior | 4 Prior | Weeks

to weeks | to 1 2 3 4 ) 6 7 8

Stz |after |Tx

Stz

Glycemia | 5.3 16.7 17.1 | 16.8 122110211001 11.2199 81 {66
mM/]
Body 220 200 200 1190 200 [ 240 | 250 {280 | 320 {340 | 360
Mass, g
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7 GycemianmMM1 6.7 24.5 26.9 14.2 12.8 13.0 8.8 8.4 9.0 7.4 9.8 Body
Mass, g 210 170 170 180 180 200 220 240 270 290 330 Table 15. Change of

gl ycem a and body mass after application of Streptozotocin (Stz) and
subsequent intra-splenetic transplantation (Tx) of islet cells cultures of .
pancrieases of newborn rabbits in rat #21. Index Prior to Stz 4 Prior to Tx

Veeks Weef(a%leaﬁ i.et‘hz%[g% of éy&mﬁ ixnd%oﬁ{ngss a%er ap%ié’a(ﬁ%mo%t@ffp?oz%%tg (gtJZ) gnd

subsequent intra-splenetic fransplantation (Tx) of islet cells cultures of pancreases of
newborn rabbits in rat #18.

Index Prior | 4 Prior | Weeks

to weeks | (0 i 2 3 4 3 6 7 &

Stz | after |Tx

Stz

Glycemia | 6.6 240 {221 |19.5 180112674 (65 |57 |70 (102
mM/I
Body 220 | 180 170 | 170 180 | 200 [ 240 | 290 | 320 | 330 | 360
Mass, g

Table 13. Change of glycemia and body mass after application of Streptozotocin (Stz) and
subsequent intra-splenetic transplantation (Tx) of islet cells cultures of pancreases of
newborn rabbits in rat #19.

index Prior | 4 Prior | Weeks

10 weeks | (0 i 2 3 4 ) 6 7 8

Stz after | Tx

Stz

Glycemia | 5.3 21.2 212 1176 4410511121 114191 1105174
mM/1
Body 250 | 220 210 | 190 200 1210 | 250 | 270 {300 | 310 {350
Mass, g

Table 14. Change of glycemia and body mass after application of Streptozotocin {Siz) and
subsequent intra-splenetic transplantation (Tx} of islet cells cultures of pancreases of

newborn rabbits in rat #20,

Index Prior | 4 Prior | Weeks

to weeks | 10 1 2 3 4 5 6 7 8

Stz after | Tx

Stz

Glycemia | 6.7 245 1269 (142 1128113.0;88 |84 |90 |74 {98
hmI\/I/I
Body 210 170 170 1 180 180 1200 | 220 1240 | 270 | 290 | 330
Mass, g [ [

Table 15. Change of glycemia and body mass after application of Streptozotocin (Stz) and
subsequent intra-splenetic transplantation (Tx) of islet cells cultures of pancreases of
newborn rabbiis in rat #21.

Index Prior | 4 Prior | Weeks |
to weeks | o 1 2 3 4 5 6 7 8 !
Stz | after [Tx T J

Stz
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15.5115.9 14.0 13.5 15.1 13.8 17.0 15.5 nM | Body 250 180 170
170 180 200 220 230 230 240 270 Mass, g Tabl e 16. Change of

gl ycem a and body mass after application of Strcptozotocin (Stz) and
subsequent intra-splenetic transplantation (Tx) of islet cells cultures of

pancreases_of newhorn rabbits in rat #22 _lndex Prior to Stz 4 Prigr to Tx
Weeks Glycemia | 6.0 | 22.0 |[21.9 [15.5 159140135 15.1| 1381 17.0 | 155]

mM/1

Body 250 1180 170 | 170 IISO 200 1220 1230 1230 ;240 ;270

Mass, g ‘

Table 16. Change of glycemia and body mass after application of Streptozotocin (Stz) and
subsequent intra-splenetic transplantation (Tx) of islet cells cultures of pancreases of
newborn rabbits in rat #22.

Index Prior | 4 Prior | Weeks

to weeks | to ] 2 3 4 5 6 7 8

Stz after | Tx

Stz ‘

Glycemia | 7.1 314 1288 [24.2 2591227 1170|179 181167158
mM/}
Body 220 | 170 170 1160 ] 160 | 180 | 200 {220 | 230 | 250 | 270
Mass, g l

Table 17. Change of glycemia and body mass after application of Streptozotocin (Stz) and
subsequent intra-splenetic transplantation (Tx} of islet cells cultares of pancreases of
newborn rabbits in rat #23.

Index Prior | 4 Prior | Weeks

to weeks | 10 1 2 3 4 5 6 7 8

Stz | after | Tx

Stz

Glycemia | 5.6 16.0 1551115 |97 (66 |75 |56 (66 |59 [57
mM/]
Body 240 | 260 270 1290 300 ;320 1350 {370 370 ;400 | 410
Mass, g

Table 18. Change of glycemia and body mass after application of Streptozotocin (Stz) and
subsequent intra-splenetic transplantation (Tx} of islet cells cultures of pancreases of
newborn rabbits in rat #24.

Index Prior | 4 Prior | Weeks

to weeks | to 1 2 3 4 5 6 7 8

Stz after | Tx

Stz

Glycemia | 6.4 |[21.0 1226 ;171 138: 14212181 186:178119.1 197
md/]
Body 256G | 230 220 210 200 1220 | 230 | 240 | 270 | 280 | 360
Mass, g

These data were later confirmed by observations over the control (diabetes without

treatment) group of diabetic rats.
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weeks after Stz 1234 67 8 Gycemia nM1 7.1 31.4 28.8 24.2 25.9 22.7
17.0 17.9 18.1 16.7 15.8 Body Mass, g 220 170 170 160 160 180 200 220 230
250 270 Table 17. Change of glycem a and body mass after application of
Streptozotocin (Stz) and subsequent intra-splenetic transplantation (Tx) of
islet cells cultures of pancreases of newborn rabbits in rat #23. |ndex

Prior to Stz 4 Prior to Tx Weeks rweeksafter Stz 2 cr? 4 ? kr) 6
{0071} 26 anmimals were divided into 3 groups of 8 rats each: First group — 8 rats with

hyperglycemia subjected to xenotransplantation of isiet cells culture through intraperitoneal
administration. Second group -~ 8 rats with hyperglycemia, which were subjected to
xenotransplantation through intra-splenetic administration. Third group - 10 rats with
hyperglycemia, which were not treated at all (control). Greater number of such animals
explained by projection of their possible death in the course of an experiment.

{3072] Below is data about an effect of intraperitoneal xenotransplantarion of islet cells
culture of newborn rabbits on the course of Streptozotocinal diabetes in 8 rats with expressed
Streptozotocinal diabetes mellitus.

{06731  Each animal —recipient, on the background of Hexenal intraperitoneal narcosis, was
introduced 700,000-800,000 of islet pancreas cells of newborn rabbits through puncture of
peritoneum and release into abdominal cavity.

[0074] Below are findings on alterations of severity of diabetic status in each of the 8 rats of
this group. Unlike rats with stable Streptozotocinal diabetes that were administered either
intraperitoneal or intra-splenic transplantation of islet cells cultures of newborn rabbits, rats with
the same severity of diabetic status that were not subjected to any treatment (control), level of
glycemia remained stable high during the whole term of this experiment. In addition, no one
rat-recipient died, but in a control group. on the background of a severe diabetic status 2 animals
died, which makes 1t a 1/5 of animals of the group.

[0675) Below, are findings on alterations of glycemia level and body mass in rats with
untreated experimental diabetes mellitus.

Table 19. Change of glycemia and body mass after application of Streptozotocin in rat #9
not subjected to transplantation {control).

Index Prior | 4 weeks | Weeks

to Stz | after Stz | 1 2 3 4 5 6 7 8
Glycemia 6.4 258 2391234 1266|247 1233|244 722624.3
mM/1
Body Mass, g | 250 230 210 1200 | 200 | 180 | 170 | 170 | 180 | 180

Table 20. Change of glycemia and body mass after administering Streptozotocin in rat #10
not subjected to transplantation:

Index Prior | 4 weeks Weeks

to Stz | after Stz 1 2 3 4 5 6 7 &
Glycemia 7.1 28.7 2791533 1209284 1533 13120 el”
mM/1
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78 GycelamMl 5.6 16.0 15.5 11.5 9.7 6.6 7.5 5.6 6.6 5.9 5.7 Body Mass,
g 240 260 270 290 300 320 350 370 370 400 410 Table 18. Change of glycem a
and body mass after application of Streptozotocin (Stz) and subsequent
intra-splenetic transplantation (Tx) of islet cells cultures of pancreases
of newborn rabbits in rat #24. Index Prior to Stz 4 Prior to Tx Weks

weeks after : . ; -1 15.8
14. 2 Body Mass, g | 200 | 180 170 1160 | 160 1 150 | 150 | 130

*g . — exitus leialis

Table 21. Change in Glycemia and body mass after administering Streptozotocin to rat #11
not subjected to transplantation {control)

Index Prior | 4 weeks Weeks

to Stz | after Siz | 1 2 3 4 5 6 7 8
Glycemia 6.4 2638 2492341266 25712731249 255|237
mM/]
Body Mass, g | 220 220 1 210 1200 | 190 ;180 (170 1180 ! 180 | 180

Table 22. Change in Glycemia and body mass after administering Streptozotocin to rat #12
not suhjected to transplantation (control)

Index Prior | 4 weeks | Weeks

to Stz | after Stz | 1 2 3 4 5 6 7 8
Glycemia 6.4 22.8 2131234276 24.1(253 12472251237
mM/i
Body Mass, g | 220 200 210 1210 [ 190 | 180 | 190G {200 [ 210 | 210

Table 23. Change in Glycemia and body mass after administering Streptozotocin to rat #13
not subjected to transplantation (control)

Index Prior |4 weeks | Weeks

toStz jafterSz [1 (2 |3 14 |5 ‘6 |7 |8
Glycemia 6.4 21.8 23.0123.7124.6 1236 283248250 23.8
mM/1
Body Mass, g | 220 240 230 f220 210 | 200 [ 190 {180 | 190 200 |

Table 24. Change in Glycemia and body mass after administering Streptozotocin 1o rat #14
not subjected to transplantation (control)

Index Prior | 4 weeks Weeks

to Stz | after Stz | 1 2 3 4 5 6 7 8
Glycemia 4.9 26.6 2451256277 12361259(250{27.2 288
mM/l
Body Mass, g | 200 200 210 1200 1180 | 170 ; 180 | 170 | 160 | 160

Table 25. Change in Glycemia and body mass after administering Streptozotocin to rat #15
not stbiected to transplantation {control)

Index Prior |4 weeks | Weeks

to Stz | after Stz | 1 2 3 4 5 6 7 8
Glycemia 6.9 194 1951196 2001 1871 18.719.719.7 1 20.3
mM/A
Body Mass, g | 200 220 210 1200 1210 {210 | 210 {220 {220 1230

21
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Change of glyGeRtad ’NnRdy.itR&aSn@4S er appl ication of
#9 not subjected to transplantatlon (control)

| ndex Prior to Stz 4 weeks

after Stz

Wﬁ§§s Hmft& 44Pw&m§ a-w%%genla MV T 6.4 25.823.9234 26.6
Stz after Stz ] 2 3 4 5 ?) 7 8
Glycemia | 5.8 17.7 1731831229213 (1991831971177
mM/i
Body 230 250 260 1260 250 1270 | 280 | 280 | 280 | 300
Mass, g '
EXAMPLE 4
CULTURES OFISLET CELLS
[0076] Cultures of islet cells were obtained in accordance of our designed technigue from

pancreases of 1-2 day newbom rabbiis.

approximately 200,000-300,000 beta-cells was used.

For each transplantation, a culture containing

Immediately before transplantation,

culture was cleansed from previously added growth mediuvm embryonic serum and coflected it

into sterile plastic test-tubes, each of 5 ml of volume. The attached fraction of a culture was

removed with the help of special cellular scraper (firm Coming-Costar). The floating fraction

was separated by centrifuging of culture broth that covered the bottle bottom where the attached

fraction was located. Final volume of cellular suspension corresponded to the number of

xenotransplantation operations scheduled for the day, and each milliliter of suspension should

contain approximately 100,000 islet cells (generally beta-cells).

22



24.7 23.3 24.4 22.6 24.3 Body Mass, g 250 230 210 200 200 180 170 170 180
180 Table 20. Change of glycem a and body nmass after adm nistering
Streptozotocin in rat #10 not subjected to transplantation: Index Prior to
Stz 4 weeks after Stz Weeks | 234567 8 dycema rnM1 7.1°28.7 27.9
>33 29.9 28.4 >33 31.2 * 0 Body Mass, g 200180170 160 160 150 150 130

*e.l. - exitus letalis Table 21. Chagg% |E Cg ycem a and body nmass after
adm ni stering Streptozotocin to rat subj ected to transpl antation

(control) Index Prior to Stz 4 mm%b%hﬁﬁh%g/‘éeks

16077] For subcutaneous injection we used specific action insulin Akirapid HM that was
administered twice a day: 9:00 and 19:00. Dose was selected individually. Criteria of
successfuiness of applied insulinotherapy was decreasing of hyperglycemia for up to 10 mmol/l
and lower.

EXAMPLE 6

ADMINISTERING ISLET CELLS CULTURES
[0078] Cellular suspension was injected by syringe through injection needle of big diameter,

puncturing abdominal wall without anesthesia. To avoid injuries to internal organs and vessels
of a rat, a rat was turned upside down, by that assuring anti-displacement of abdominal organs
and formation of free space. After puncture of peritoneum the cellular transplant was injected
into this free space.

10079] Cavity operation is needed for infra-splenetic administration, so for narcosis by
means of intraperitoneal injection we used prepared ex-tempore Hexenal solution based on ratio
of 50-60 mg per 1 kg of body weight. Transplantation into spleen pulp was performed as
follows: median incision along abdominal white line opened abdominal cavity. Spleen was
drawn out into the operation wound surrounding it by sterile wipes. Cellular suspension
collected the day before was drawn into syringe (2ml volume) and through injection needle (0.5
mm diameter) administered into spleen pulp and into subeapsular zone. T o avoid bleeding the
injection mark was closed by medical glue MK-6.

EXAMPLE 7

LABORATORY EXAMINATION/INVESTIGATION
[00BG]  Capillary Blood Glucose was determined in experimental animals using Glucometr

Smart Scan 2-3 times a week. Serum insulin was detected through immunoenzyme method,
using sets for rabbit (human) insulin and custom-made sets for specific detection of rat insulin.

EXAMPLE &

HISTOLOGICAL RESEARCH
[0081] For studying dynamics of morphological alterations happening in islets under

influence of various types of treatment of experimental diabetes mellitus, pancreases of animals
killed at the specified times during the experiment was fixated in freshly-made Buena mixture.
After specific histological procedures {washing off fixative, dehydration, etc.} fragments of
pancreatic tissue were sealed into paraffin. Then, made by microtome microscopic sections (5-7

mkm thick) were dewaxed and colored by hematoxilin and eosin as well as by aldehyde-
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1r234567 8 dycemanM1l 6.4 26.8 24.9 23.4 26.6 217 27.3 24.9 25.5
23.7 1 Body Mass, g 220 220 210 200 190 180 170 180 180 180 Table 22.
Change in dycem a and body nmass after admi nistering Streptozotocin to rat
#12 not subjected to transplantation (control) Index Prior to Stz 4 weeks
afterStz Weeks 1 34 67 8 dycema nM| 6.4 22.8 21.3

fuchsine, for the purpose of 1solation of beta-cells.

{0082]

during specified times after transplantation, dead animals’ spleens and its fragments, which,

For detection of fate of beta-cells transplanted into spleen pulp of diabetic rats,

judging from the scheme of the operation and some external signs, could, supposedly contain
transplant, were exsected and immediately fixated in the Buena mixture. In succession as
described above, paraffin sections were prepared and colored in specified manner.

EXAMPLE ©

RESEARCH RESULTS: CHARACTERISTICS OF CULTURE
Islet Cells cultures obtained for subsequent transplantation conformed to the accepted

{0083]
functional criteria. As such, studying under inverted microscope demonstrated that by the 2-
week cultivation term the culture attained did not contain cells of exocrine tissue of pancreas
that bailast cellular clements are absent including leukocytes-“passengers” — initiators of
rejection of islet cells after its xenotransplantation. This data, and previous experience of
fransplantation treatment of experimental diabetes melitus, assured us that there was no need

for administering any type of immunosuppression. Controf tests of insulin content in cultural

broth demonstrated that existing beta-cells have high insulin-producing activity (Table 29).

Table 29. Indexes of basal and stimulated (25mmol/l glucose) insulin secretion
{concentration mkUNIT/ml) in islet cells culture produced from pancreases of newbom rabbits:
Sample # Basal Stimulated
) 2360 3330
2 11080 13450
3 7800 8760
4 5580 7650
5 7530 9500
6 8800 12300
7 5090 6850
EXAMPLE 10

RESULTS OF INSULIN THERAPY

{6084) As it was stated in previous works, selection of effective doses of insulin in treatment

rats with experimentally induced Streptozotocin induced diabetes mellitus is a difficuit, lengthy
(sometimes practically endless) and ungrateful work. Insulin-resistance often revealed in that.
However, in majority of animals of the 1% test group (5 out of 8) we succeeded by means of high
doses of msulin to lower hyperglycemia up to levels of less than 10 mmol/l and to maintain such

compensation of impairment of carbohydrate metabolism during the 8-week period (tab.30}.
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27.6 24.1 25.3 24.7 22.5 23.7 BodyMass, g 220 200 210 210 190 180 190 200
210 210 Table 23. Change in G ycem a and body mass after adm nistering
Streptozorocin o rat #13 not subjected to transplantation (control) |ndex
Prior to Stz 4 weeks after Stz Weks 12345678 dycema nmMl 6.4
21.8 23.0 23.7 24.6 23.6 28.3 24.8 25.0 23.8 1 Body Mass, g 220 240 230 220
210 200 190 :

Table 30. Changes in Glycemia in rats with experimentally induced diabetes rellitus (1% group)

under the influence of daily insulin therapy.

#Hi Length of insulin therapy (days)

RAT 0 7 13 21 28 35 4] 46 53 60
9 177 1155 (121 108 119 100 |79 8.5 6.7 6.4
1) 287 1290 1267 224 |278 1233 [228 |249 |155 184
11 18.6 189 1159 {11.0 (9.7 123 {115 |86 106 197
12 16.1 1120 '11.1 }87 6.7 54 6.6 8.1 6.3 6.3
13 297 1267 1228 1134 1145 1169 |185 (146 1203 1188
14 244 1222 180 | 22,1 1183 191 17.7 1148 |18.8 | 143
15 190 187 143 112 |86 9.9 10.8 8.6 9.9 7.7
16 242 1188 1138 99 120 1102 197 6.7 8.6 8.9

Aversge | g 4 8 12 |16 |141 |128 |176 |119 |[133

dose
(unit) of
insuiin

[0085]  Although we succeeded in towering level of glycemia in rats #10, 13 and 14, lack of

adequate reaction in response to introduction of immense doses of insulin (up to 20-30 units per
day) did not allow us to reveal tendency to normalization of glycemia and to admit presence in
these animals of high individual insulin-resistance; and possibility for significant regeneration of
own islet apparatus would be unlikely, all the more so that after stopping administration of
insulin all rats from the 1% group had quick recurrence of hyperglycemia close to initial level.

EXAMPLE 11

RESULTS OF XENOTRANSPLANTATION OF CULTURES OF ISLET CELLS
[0086] Expressed anti-diabetic effect of xenotransplantation of cultures of islet cells was

noted both in cases of injec{ibn of transplant into peritonewm (2™ group of experimental rats),
and in its introduction into spleen pulp (3™ group). Effect is seen in decreasing of clinical
manifestation of diabetic status and also in expressed depletion of level of hyperglycemia. As
data presented in tables shows, character of depletion of glycemia in the course of both methods
of administering of Xenotransplant is, to some exient, different from each other. These
differences comprise as in term of manifest of sugar-lowering effect, its severity, and in its
persistence (stability).

Table 31. Changes of glycemia in rats with experimental diabetes mellitus after intraperitoneal

xenotransplantation of cultures of islet cells (2" group)
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180 190 200 Table 24. Change in G ycem a and body mass after adm nistering

Streptozotocin to rat #14 not subjected to transplantation (control)
1234567 8 dycemanMl 4.9

Prior to Stz 4 weeks after

Stz Weeks
25.9 25.0 27.2 28.8 Body Mass,

26.6. 24.5 25.6 27.7 23.6

180 170 180,170 160,160 |Table 25. Cha@g& k&zg%%ﬁﬁﬁﬁﬁa and body mass
adm ni sterjng Streptozototimtio Tat up] eut;u tofranspranta
(control) kndex | Bpkpaiy St 2 7meekcmafteﬂ“Qf7 Veek 1P 3. .22
1 24.1 187 1122 11585 1120 119 145 [124 1438
2 16.6 150 1130 188 6.8 9.0 7.7 6.7 9.1
3 29.0 279 116.] 17.7 1222 1184 |155 141 |16.5
4 21.2 18.8 12.2 13.0 13.0 11.0 12.2 10.5 8.9
5 17.9 14.8 15.5 16.8 15.9 16.0 159 14.0 137
6 21.9 19.1 14.2 12.8 i1 8.5 9.0 7.8 7.1
7 17.1 16.6 114 9.8 7.0 7.9 6.4 3.1 8.6
8 25.6 21.1 17.7 | 17.1 i8.8 207 18.6 21.2 20.0
M 217 19.0 14.1 { 13.9 [3.3 12.9 12.3 11.9 12.3

Table 32. Changes of glycemia in rais with experimental diabetes mellitus after intraperitoneal

xenotransplantation of cultures of islet cells (2"d roup) — continued
p group

Rat ¥ Days after transplantation

' 24 26 28 30 32 35 37 40 4
1 13.2 13.9 12.5 14.4 16.8 12.2 15.5 12.0 1i.9
2 7.8 7.0 74 6.7 3.5 6.4 6.4 5.9 5.5
3 172 1148 12.5 14.7 156 4.1 16.5 16.1 177
4 10 10.1 9.2 18.5 8.4 7.9 11.1 8.7 9.0
3 13.9 14 15.9 124 147 15.0 14.3 13.8 15.2
6 8.1 8.0 7.0 6.7 7.1 8.4 9.0 7.8 8.1
7 8.7 7.4 6.4 5.1 6.5 5.6 4.9 5.8 0.1
8 18.8 20.6 21.8 222 19.2 18.6 21.2 20.0 17.8
M 11.9 12.0 1.6 11.6 1.7 11.0 12.4 11.3 11.4

Table 33. Changes of glycemia in rats with experimental diabetes mellitus after intraperitoneal

xenotransplantation of cultures of islet cells (2™ group)

Rat # Days after transplantation
44 46 49 51 53 55 57 60

1 125 1144 1168 182 (175 1167 l156 |149
2 67 |55 70 |74 67 |68 60 |57

3 155 141|165 [168 1159 1177 159 {160
4 100 110 92 105 {89 1709 8.3 94
5 148 155 [168 159 |60 [146 [157 170
6 8.5 80 |78 |71 67 |74 64 |51

7 7.1 6.6 |51 68 170 |79 6.4 5.1

8 177 [17.1 188 1219 [191 (210 [209 1178
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4567 8 dycemia mMl 6.9 19.4 19.5 19.6 20.0 18.7 18.7 19.7 19.7 20.3
Body Mass, g 200 220 210 200 210 210 210 220 220 230 Table 26. Change in
G ycem a and body nass after admi nistering Streptozotocin to rat 16 not
subj ected to transplantation (control) Index Prior to Stz 4 weeks after Stz
Weks ° 1234567 8 dycemianM1 6.7 25.1 25.5 27.6 27.6 25.6 22.9

25.0 -
Rar # Days after transplantation
44 |46 49 51 53 55 57 ‘ 60
M 11.6 11.5 12.3 13.1 12.2 12.5 11.9 l 11.4

[0087] After analyzing the obtained results of measuring glycemia in rats with experimental
diabetes mellitus in which an intraperitoneal xenotransplantation of cultures of islet cells was
performed, it is possible to made a conclusion of achieving expressed anti-diabetic effect in
majority of animals-recipients.

[0088] Assuch, rats #2, 4, 6, and 7 had remission of the diseases manifested in stabilization
of blood sugar at a normal or almost normal level.

10089] Rats #1 and 3 demonstrated not so intensive decrease in glycemia level, although
statistical data is very reliable. In such cases we may only talk about fractional remission of
hypoglycemic status, all the more so that rat #1 during the last weeks of observation revealed a
tendency of growing of previously moderate hyperglycemia.

[06090] In other animals (rats ## 5 and 8) decline of glycemia was not significant and ﬁot
stable, which fact bears evidence of a failure of these two transplantations of cultures of islet

cells.

Table 34. Changes of glycemia in rats with experimental diabetes mellitus after intra-splenetic

xenotransplantation of cultures of islet cells (3™ group)

Rat # | Before Days after transplantation

fransplantation | 2 7 10 i3 15 17 20 22
17 17.1 15.5 16.8 [ 135 12.2 9.9 12.4 102 194
i8 22.1 210 {195 17.8 1180 15.6 17.1 12.6 12.1
19 21.2 219 176 8.7 16.2 144 1118 12.2  ]10.5
20 26.9 218 142 13.0 12.8 11.8 12.2 10.5 13.0
21 21.9 148 71155 141 159 13.6 1155 140 (133
22 28.8 29.1 242 1308 1259 1218 (252 271 227
23 15.5 136 J111.5 |88 9.0 9.7 7.4 8.0 6.6
24 22.6 23.1 17.1 14.7 15.8 12.2 15.5 120 1142
M 19.3 20.1 17.1 16.2 15.2 13.6 ] 14.0 13.3 12.5

Table 35. Changes of glycemia in rats with experimental diabetes mellitus after intra-splenetic

xenotransplantation of cultures of isiet cells (3rd group) — continned

Rar # Days after transplantation
24 26 28 30 32 35 37 40 42
17 10.2 10.9 10.0 9.4 8.7 11.2 10.5 9.8 9.9
P18 11.8 | 8.7 7.4 6.4 5.1 6.5 6.6 7.9 5.7
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22.2 24.1 Body Mass g 230 220 210 200 190 200 190 180 180 180 Table 27.
Change in dycem a and body nass after adm nistering Streptozotoc n to rat
25 not subjected to transplantation (control) Index Prior to Stz 4 weeks
aftcr..Stz Weeks 12345678 dycemianmMl 6.4 27.3 24.5 22.6 27.7
26.1-27.9 e.i. Body Mass, g 210 220 200 190 190 180 180 Tabl e 28.
Change in Aycenmia and body mass.after admnjstering Streptozgtoein,to rat

#26 not subject gd7io tnagspl ant atli@w (¢aqokrol Y14 10.6 11.1 9.1
20 8.4 9.0 8.8 8.7 7.5 8.4 9.0 0.7 9.0
21 150 1124 135 1124 |140 1151 134 138 1128
22 18.1 180 - 1 17.0 | 181 8.4 17.9 | 18.1 17.8 | 18.1
23 9.7 7.4 7.5 6.5 5.4 5.6 5.4 5.8 6.6

24 18.8 20.6 21.8 22.2 19.2 18.6 21.2 20.0 17.8
M 13.8 12.1 12.2 12.2 1.1 11.8 11.9 12.0 11.1
Table 35 continued:

Rat # Days after transplantation

44 46 49 51 |53 55 57 60
17 115 |104 181 182 |87 |67 166 |49
18 67 |55 170 |74 92 105 (89 |79
19 105 (94 105 |88 (99 174 |89 |9
20 o1 167 |74 |71 110 |78 |98 |75
21 148 1157 (170 [159 {136 |140 |155 1168
2 175 (178 1167 1168 |160 [157 1149 |158
23 87 |60 159 83 |76 167 |46 |57
24 215|211 1191 210 188 210 1189 197

M 12.5 10.3 11.5 11.7 11.9 11.2 11.0 10.9
[6091]  After xenotransplantation of islet cells culture into pulp of a spleen, expressed

digression of hyperglycernia was noted in majority of animals (7 out of 8). At that, practical
normalization of glycemia happened in 5 rats with experimental diabetes mellitus (##17-20, 23).
Also, in one additional recipicnt (rat #21) level of blood glucose depleted significantly, but its
level remained at average hyperglycemic level, and in the second half of the term of observation
gradual increase of glycemia was noted, which may be even evaluated as a definite recurrence of
high hyperglycemia. In two of the group’s animals (#22 and 24) there was no ample anti-
diabetic effect achieved, although rat #22 reached statistically reliable decrease of glycemia, but
it cannot be classified as a remission of diabetes.
{0092] As it was previously noted, we expect divergence in glycemia changes in comparison
between intraperitoneal and intra-splenetic methods of xenotransplantation, but it appeared not
be very fundamental. For the purpose of simplicity of comparison, we combined glycemia
indicators in 2™ and 3™ group of animals in dynamics into one table (#34).
Table 36. Dynamics of changes in glycemia (average, M) in rats of the 2™ group

(intraperitoneal xenotransplantation) and in 3" group (intra-splenetic transplantation) in rats ~

recipients:
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Index Prior to Stz 4 weeks after
mM1 5.8 17.7 17.3 18.3 22.9 21.3 19.9 18.3 19.7 17.7 Body Mass,
260 260 250 270 280 280 280 300 EXAMPLE 4 CULTURES OF | S!
[0076JCul tures of islet cells were obtained in accordance of our designed
t echni que from pancreases of 1-2 day newborn rabbits.
a culture containing approxi mately 200, 000- 300, 000
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uncturim mmal - wat
injuries to internal organs and vessels of a rat, a rat was turned upside
down, by t HEP9HssuiPiguantabuiogpictes Mt sidpeigh aorPhal e srgang k¢ s mt i on
of free spagey;s AlfimeRURCIUFR ©OTeR HhihRABUM AR, 08bd Wndiest h AN EREAR WS
injected into this free space. [0078]CaV|ty operation i's needed for

i ntra-spl erfepéroncatiriariinglsr 2] RHecesssd s¢rom WwrakesEdifar vgulinfalgp sbpi s, and rat’s).

intraperit Rl i ] -t er At don
based on  aran ook Ee I e SR ERALEE, E e TR e S B e o
spl een pul pesgisntydidod seren, alich alalysvwsvernpdioared widizio g vmicab angalabdothiablal white
l'ine openedj5 bdom nal cavity. Spleen was drawn out into the operation wound
surrounding it by sterile w pes. Cellular suspension collected the day

before was gEawn 1 NtGHok bR deddtlk (MOLY TR0 R iR O sLDin@ELisQfhdrgd| €

EXAVPLE 7 |Rat# Rabbit Insulin; Rat Insulin Total insulin
1 16 7 23
2 16 52 68
3 45 1 56
4 23 50 73
5% - - -

6 57 53 110
7 21 48 69
8 9 20 29
17 23 60 83
1R¥ - - -

19 17 134 151
20% - - -

21 4 24 28
22 6 27 33
23 5 74 79
24 0 7 7

* no verifiable result due to intensive hemolysis (mass erythrocyte lysis) of serum.

in addition, we analyzed blood samples obtained after completion of experiments from rats with
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LABORATORY EXAM NATI OV | NVESTI GATI ON [ 0080] Capi |l l ary Bl ood G ucose was
determ ned in experinental animals using A uconetr Smart Scan 2-3 tines a
week. Seruminsulin was detected through i mmunoenzyne nethod, using sets
for rabbit (human) insulin and custom made sets for specific detection of
rat insulin. EXAMPLE 8 H STOLOG CAL RESEARCH

[ 0081] For studyi ng dynam cs of norphol ogical alterations happening in

islets undesruewa&hest%@%idgé{esvarwo%a Hcé’rp@'lﬁu&ted te; e&&m%x@g EXRES kIR RS
di abet es nel ifjed tines

FIORRIC E g o Gty I Ll RO L g MU R A

specific hu@mwhmgﬁﬂ@ﬂmwhssedures (washing off fixative, dehydration, etc.)

fragnents qfabE@BC@&Eﬂn%fEdrﬁa%léﬂdY&?fr@uiﬁﬁ@bi@ﬁh deRtiR ofdak afthdcRd WG EBGe by
m cr ot one SOpIC sections (5-7 nkmthick) were demaxed and col ored by

hemat oxi | i |u eostn—as—welH—as by’ al Jchydc fuehsin 1€, for—t-he ptr pose of

i sol ation |dfatfiet a- cel | s . Hygodequlior det Betinsahn of f at ¢ Tofl ipetia- cel | 3
transpl antijed i nto spleen pyl p of diabetixt rats, duringispecified tiimes
after trariB}antatlon ead ani mal's™ spleens and 1tS|fragments, whilch,

j udgi ng f rremthe—sehere—ef—t-he—eperatiph—and-sene-—-external—si-gnss—¢oul d,
supposed| y ldontai n_transplS8nt ., were exs&cted and imeddZately fixated in the
Buena m xtiyre. | n successjgon. as describgd above, parafdin sectionsiwere

prepared ang colored in|Specified nannqi. EXAVPCE 9 1EEtAHUH RESULTS:
CHARACTER! URE?[-0083} -sl-et|-Cel-+-s—cul-tures- Sbt-ai-ned—for _
subsequent| Ittr anspl ant atild@iconforned tptthe accepted| 8inctional criteria.

As such, stgdying under .inverted m croscope denonstrated that by the 2-
week cul tifvation termttje culture attarped dirdnot conraincelts—o
exocrine ti -of-—panct! <t ent

i ncl udi ng | euk eaifiabls r¢spassemngebsined diatb intakioe beroflysie] ection of islet cells
after its ﬂ@ﬂ@;rahsghan&a@ﬂ@mauﬁhpﬁtd&tﬁnmﬁﬁdmpﬁeviOuﬁwemgeﬁiﬁmg@soi
transplantatlon t qé of experi ntal ab es nellitus, assured us
that there® é“OHB égéﬂ? Pé}ﬁ’rf?‘ﬁ ?ﬂjtraé & e RSN G SaREY @ &1 on.

Control t esdsslimfrofuegidliindt Tk ettrahsplasiod fabli zaieza%mstdﬂd eRRpRsieialcpe Th@L

exi sting beta-cells have hjigh insulin- Srodu0|n activity (Table 29). Table
29. Indexegf@?m8§§§wﬂgﬁﬁmg@?ﬁﬁﬁﬁ?@ﬂ“?%‘Hﬁ%@ﬁﬁ VGHB%@TmPH§GFFWﬂ§€ﬁPEt|on
(concent r atu@ig: 'ekmllﬁ%fr@mé;ﬁﬁ I 15 lvBli1a 8 bies: 16 HhieUlag aesﬁégx%dcsfdfeaﬂtaﬁeﬁr eases
of newborn rabblts nmple # éasal Stinmulated 2360 33 2 11080 13450 3
7800 8760 aa@sss@e%mm@ 7 53Ago e dugBolr cxp3perntss 90 xEgBodi IR AMPIERIND
RESULTS O:ncle %Lall)ueg ﬂggﬁ TI 3411 LHQ@J%L A\%rﬂaﬁ immﬁe@tzx@éauétgfop fg%}sﬁérgtﬁ oméelﬁéi
selection of effective doses of insulin in treatnment wth
exper|nentaMbWeph@u@@wﬂﬁmfew@mgémuw$ﬁﬁmnd@@@@Wﬂaé@@mes&WEﬁhmkasnwgia
ool L bAoA RRIELL ARSI REATAI ALY STk 659k 1MW ALALEL U HOT K
I nsul i n-resi stance oft revea However ani mal s
of the 11'ddtedtt wrloupa(@Badut of 8) we succeeded by neans of hlgh doses of

insulin to,] r er cem a . lLess than 10 mml/,.1 and to
mai ntain sﬁﬁﬁﬁﬁoﬁgéﬁﬁagh%H“SF“FﬁEEFFﬁ%ﬁYO%Pfgéfﬁﬁﬁyﬁwgvﬁﬁﬁ%Fﬁ%BT@@%ﬁduring
t he 8- weekofpgredthidntsatohidiks an udabibed g30le eCidantg 8SprésandeliryH@nale biddd bAkSH WM t h
experi ment etes nellitus roup) . under the influence of

II i nduced
daily ins u%ie TREPY “teﬂéﬁ“}_%ﬂﬁﬁﬁf%fﬂgﬁ%‘f’ nnet("h‘é‘?’“aﬁg dableyd gaipsigingeleypt to a

donor. Its concentration fluctuates significanily from 4 to 57 pmol/i.

Segment of rat-recipients in which their own species insulin was detected is even more (12 out
of 13). Fluctuations of its content are very large — from 7 to 134 pmol/l. Distinctive from
interprefation of presence of xenogeneic insulin in animals subjected to xenotransplantation of
islet cells, it is impossible to give a single-value estimate to the detection of one or the other
concentrations of insulin secreted by beta-cells of lab rats with experimental diabetes. It is
possible to evaluate more or less objectively to obtained data, when considering proportion of

several interrelated quantitative data, namely: interconnection of glycemia level and of total
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insulinernia, ratio of rat and rabbit insulin (in rats-recipients) or human insulin (in rats subjected
to injection of its preparation), and also to try to correlate dynamics of glycemia from start to
finish of observation with different (in species (specific) origin) insulinernia.

An analysis was conducted in selective, but characterizing for common consistent
patterns, order, various correlations of glycemia indicators and concentration of insulin in lab
animals’ blood serum were reviewed. From each group 3 rats were selected with more
representative resuits of lab exams, and will tabulate all data in one table (Tab. #37).

Table 39. Indicators of glycemia and insulinemia in some rats of the 2%, 3" and 1% group of

experimental rats with experimental diabetes mellitus.

Rat ## Initial Final Rabbit (human) | Rat insulin | Total
glycemia glycemia insulin pmol/l pmol/l insulin
mmol/] mmol/l pmol/i

2 16.6 5.7 16 52 68
21.2 9.4 23 50 73

8 25.6 17.8 9 20 29

17 17.1 4.9 23 60 83

19 212 9.1 17 134 151

24 22.6 19.7 0 7 7

9 17.7 6.4 194 17 211

14 24.4 14.3 331 4 335

16 24.2 8.9 261 0 261

[00%6] The analysis of results drawn in the 2 experimental group (xenotransplantation of

cultures of islet cells into peritoneam) was done. In both successful cases (rats #2 and #4),
remission of diabetic status was accompanied by significant decrease of glycemia— from 16.6 &
21.2 mmol/l to 5.7 & 9.4 mmol/i respectively. At that, at the very end of 2-month observation
normalization of levels of insulinemia (respectively up to 68 and 73 pmol/l) mainly on account
of restoration of insulin-producing activities of own beta-cells of rats-recipients (52 & 50 pmol/l
respectively), although share of ipsulin secreted by xenotransplanted beta-cells of newly-born
rabbits appears to be refatively sufficient (16 & 23 pmol/l respectively). The third animal of that
group {rat #8) with initially higher level of hyperglycemia (25.6 pmol/l), demonstrated
functioning of transplanted beta-cells (rabbit insulin concentration 9 pmol/l) along with own
beta-cells (concentration of rat insulin — 20 pmol/l). Total (bastcally on account of own efforts
of islets of recipient’s pancreas) insulin production secured statistically meaningful drop in

hyperglycemia (up to 17.8 pmol/), however, it was not enough for achieving remission of
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diabetic status,

[6697] In the 3 experimental group (intra-splenetic xenotransplantation of islet cells) rats
## 17 and 19 were chosen as examples, they had initial and final glycermia very similar to same
in rats ## 2and 4 from the 2™ group. However, if data on glycemia and insulinemia in rats #2
and 17 appeared to be very close (respectively: initial glycemia 16.6 & 17.1 mmoel/l, ending
glycemia — 5.7 & 4.9 mmol/l, rat insulin ~ 52 & 60 p/mol/l), then in rats #4 and #19 upon
identity of initial glycemia (21.2 & 21.2 mmol/l} and similarity of ending glycermia (9.4 & 9.1
mmol/l}, the total insulinemia happened to be very distinctive (more than 2 time — respectively
73 and 151 pmol/l). At such, this distinction was, in general, due to differences in
concentration of rat insulin (respectively 50 & 134 pmol/l).

{0098} In rats of the first group, due to super-intensive insulinotherapy, it was possible to
achieve normal or close to normal content of glucose in blood. Apparently, due to restoration of
applicable disturbed metabolism, conditions for partial restoration of pool of own beta-cells of
experimental animals emerged. However, the degree of achieved regeneration appeared to be
deficient for this amount of regenerated beta-cells to produce quantities of insulin sufficient to
affect significantly the development of experimental diabetes mellitus,

[0099] In some rats that were subjected to xenotransplantation of islet cells cultures and that
demnonstrated remission of diabetic status, only partial regeneration of beta-cells was noted
(picture 6). However, anti-diabetic effect was, probably, provided by insulin-producing activity
of beta-cells of newborn rabbits successfuily transplanted into rats-recipients. This is indicated
by findings of research of content of xenogenous (rabbit’s) and own (rat’s) insulin in blood.
(table 8).

[00100] Research of pancreases of rats with experimental Diabetes Mellitus, in which
significant anti-diabetic effect after xenotransplantation of istet cell cultures of newborn rabbits
was noted, revealed regeneration of beta-cells. In such, the stated restorative process was noted,
as a rule, exactly in Langerhants islets, precisely in places of their localization.

{00101]  Special coloring of tissue of pancreas of rats-recipients subjected to a successful
xenotransplantation of islet cells cultores demonstrated that regeneration of structures of
Langerhanis islets happened, generally, on account of beta-cells, At the same time the
appearance of single point beta-cells {colored by Aldehyde-fuchsin) is noted cutside of islet
Jocalization, which can indirectly indicate a possibility of generation of beta-cells out of out-of-
islet structures, probably, duct epithelinm.

[001062] Accordingly, based on results of conducted scientific experiments, it is possible to
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{00107]  Both intra-peritoneal and intra-splenetic xenotransplantation of islet cells cultnres to
rats with experimental Streptozotocinal Diabetes Mellitus, in majority of cases, secures stable
remission of diabetic status during at least 8 weeks.
[00108] Post-transplantation sugar-reducing effect 1s assured both, by functioning of
transplanted beta-cells and by insulin-producing activity of to some degree restored pool of beta-
cells in islets of pancreases of rats-recipienis. This is supported by findings on fluctuations of
concentrations of exogenous {rabbits™) and own (rats’} insulin in blood of experimental animals.
[G0209] Histological examinations of pancreases of experimental rats confirmed insignificant
role of intensive insulin-therapy and expressed stimulation of regenerative processes in islets of
rats with Streptozotocinal Diabetes Mellitus after xenotransplantation of islet cells cultures.
[00210] Possibly, regeneration of beta-cells happens not only in the borders of localization of
Langerhants islets, but also in certain structures of ont-of islet pancreatic tissue.
[00111} Itisdifficult to give interpretation of these results. Only one working version can be
advanced — presence of decreased sensitivity of insuiin receptors in rat #19 towards own insulin.
Insignificant decrease of hyperglycemia in rat #24 can be explained by lack, apparently, of
unsettled (or rejected due to immunologic incompatibility, or disposed of its insulin-producing
activity as a result of phenomenon of apoptosis) xenotransplanted beta-cells (rabbit insulin — 0)
and weak hormonal activity of own beta-cells of the animal {rat insulin — 7 pmol/I).
[60112] Exactly the above stated reduced sensitivity of insulin receptors (but exactly towards
introduced from outside (synthesized human insulin} can explain very high levels ingulinemia
(respectively 194, 331 and 261 pmoi/l) in rats of the 1™ group (##9, 14 & 16) who had been

subjected to daily insulin therapy. At that, concentration of own insulin in these animals was
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low (in rats 9 and 14) or even not detected at all, (rat #16),
[00113] Itis a possibility, that presence in the blood of large amounts of exogenous insulin
prevented more significant activity of own beta-cells of islets of pancreas of rats of the 1 group.

High concentration of exogenous insulin, due to feedback rule, facilitated peculiar atrophy of
islets apparatus “disuse atrophy”. Not excluding that on the background of super-intensive
insulin therapy, whose regime cannot compete with normal secretion of insulin by healthy
endocrine pancreas, rats demonstrated expressed hypoglycemic episodes, which were curtailed
by excessive food intake (feeding was uniimited), which in itself increased requirements in
administered insulin. We shall consider, natorally, pro-diabetic impact of whole group of
hormones which concentration is sharply increased in the process of development of
hypoglycemic status, and an impact of variety of stress-inducing situations, such as blood taking,
operative inierventions, and glc,
[60114] In contrast with intensive insulin therapy, more exact — hyper-insuiin-therapy, anti-
diabetic effect of xenotrasplantation of cultures of islet cells rides by secretion into animals-
recipients’ blood of amounts of insulin being secreted by transplanted beta-cells more or Jess
adeqguate to level of glycemia. In addition, secretion of insulin happens in abdominal cavity or
in the spleen, resulting in hormone getting into system of portal vein, which can be considered
as practically physiological, i.e. natural way for organism.
{00115] Successful experimental researches that demonstrated high anti-diabetic effect of
grafting of islet cells obtained from pancreases of newborn rabbits, allowed to use such cultures
in clinical practice.

EXAMPLE 12

INTRAMUSCULAR XENOTRANSPLANTATIONS OF CULTURES OF ISLET CELLS
[60116] Total of 112 patients with diabetes meilitus of type 1 were under well-documented
dynanuc observation. Of 112 patients, there were 58 men, and 54 women. Patients’ age at the
moment of transplantation was from 16 to 53 — average 33.5 years old.
[00117] 1t is konown that severity of mantfestation of secondary diabetic complications
depends significantly on longevity of the disease. Supposedly, destruction of own beta-cells of
the patient as a result of autoimmune process approximately happens on the 5™ year after
manifestation of the disease. Secondary diabetic complications manifest itsell usually in patients
with longevity of disease of more than 10 years. Because of that, all patients were divided in 3
groups in reference to longevity of the disease: a.) 1 10 5 years ~ 16 people; b.) 6 to 10 years -

43 people, c.) more than 10 years — 53 patients. All patients had been examined to determine
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character of development of Diabetes ’mellims and establishing presence of diabetic
complications.

[00118] Usually, Islet Cells culrures received through the above-described methods out of 50-
60 pancreases of 1-2 day newborn rabbits were used for transplantation dose for 1 patient. .
[00119] Each dose of the culture contained 1.5 2.0 min of beta-cells. Collected immediately
prior to transplantation islet cells cultures were injected through the syringe into muscles recti
abdominis under local anesthesia. No immune suppression was used.

[00120] Below is the description of technique of transplantation of cultures of islet cells.
[00121] One dose of cultures of islet cells represents a sterile suspension in Hank’s salt
solution (10-15 ml volume) placed in a plastic tube marked in an appropriate way. Using an
injection needle of not less than 7cm in length and more than Imm in diameter, the islet cell
suspension is collected into a syringe of 20ml in volume.

[00122]  On the right side of the patients’ umbilicus in the projection zone of musculus
abdominis rectus utilizing separate syringe and corresponding injection needle the local
infiltration anesthesia of frontal abdominal wall (by Novocain or other anesthetic) is performed.
[00123]  After anesthesia we use injection needle to perform puncture of sub-aponeurosis
space of the musculus abdominis rectus, and suspension of cultures of islet cells The place of
injection is to be closed by a sterile bandage.

[60124] In addition to traditional administering of Isiet cells cultures into transverse
abdominal muscle, a more complex but more physiological method of transplantation has found
its application — transplantation through the portal vein, access to which is actualized through
bougienage of obliterated umbilical vein. There are some grounds to consider (almost 20 of
such transplantations were fully analyzed) that due to this method of administration, the quicker
and more expressed sugar-reducing action of transplantation is achieved, as well as significant
reduction of requirements in exogenous msulin. {Shumakovetal., 1993 {16}.) However, the
degree of therapéutic effect of intra-portal transplantation of cultures of islet cells of pancreases
of newborn rabbits on secondary diabetic complications is practically indistinctive from effects
of intramuscular transplantation. Because of specific technical complexities and possible
surgical risks of this method, it has been abandoned, and almost all transplantations are
performed utilizing a safe and simple method of injection cell suspension under the aponeurosis
of transverse abdominal muscle,

[00125] At the same time, while performing series of intraportal transplantations, we

examined an ability of beta-cells containing in cultures of islet celis of newborn rabbits 1o
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respond to correspending stimulus by secretton in-vivo - 1.e. in an organism of a type-1 diabetes
patient. Five male patients were subjected 10 this research, their age varied from 25 to 45 years,
history of disease — from 12 to 25 years. Along the guide, control of X-ray screen televisual
apparatus, through the left subclavicular vein the catheter was placed in the right hepatic vein.
Blood intake (Sml) was performed instantaneously out of hepatic and portal veins (through
trans-umbilical catheter that had been placed during the prior transplantation of islet cells
culture. After that, for the purpose of focal stimulation of intraportally transplanted islet cells
cultures of pancreases of newborn rabbits, some 20ml of 20%-glucose solution was injected into
portal vein, in analogue with a rate of 1 gram of glucose per 1 kilogram of patient’s body weight,
which had been used in intravenous load test.  Blood draft from portal and hepatic veins was
done in 1 min, in 5 min, in 15 min, in 30 min, and in 60 minutes after administration of glucose.
As blood exam for insulin content showed, prior to stimulation, there was atready a difference
between insulin concentrations in portal vein and in hepatic vein (respectively 4.9:40.6 and
6.121.0 mkUNIT/mi). In I minute after ghucose administration insulin concentration was noted

to increase 1.5 times in hepatic vein (from 6.1£1.0 to 9.1+1.3 mkUNIT/mi; p<0.05), which is

" minute

twice as large than its concentration in portal vein (4.220.5 mkUNIT/ml}). By the 3
after stimulation, concentration of insulin in hepatic vein was returning to the initial level, and
from the 15" minute it was decreasing significantly, which, presumably, indicates post-
stimulation depletion of insulin-producing function of newborn rabbits islet cells cultures
implanted fe the portal system of Liver,

[00126] These results demonstrate a substantial insulin-producing ability (in response to
stimulation by glucose) of beta-cells of islet cells cultures xenotransplanted into recipient’s liver

and its possible ability to function on the principle of “feed-back reaction”.

[00127]  Proof of functioning of transplanted beta-ceils of pancreases of newborn rabbits was
demonstrated by this original (unigue) method because it is yet impossible to detect production
of insulin by transplant based on secretion of C-peptide, due to lack of existence in the world of

sets for immune-radiological or immune-ferment identification of C-peptide of rabbits.

EXAMPLE 13
GENERAL RESULTS OF XENOTRANSPLANTATION OF CULTURES OF
PANCREATIC INSULAR CELLS TO RATS WITH EXPERIMENTAL DIABETES
MELLITUS
[06328]  Ability of cultures of pancreatic insular cells, received through the criginal method

from pancreases of newborn rabbits, to survive and function in in-vivo environment, has been
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demonstrated by us in experiments of xenotransplantation of such cultures to animals with
experimental Diabetes Mellitus.
[00129]  Vistar Line male rats of body mass of 180-220 gm, regularly fed, were used as
experimental animals. Experimental Diabetes Mellitus was provoked by sub-dermal application
of Alloxan (desage 200 ml for | kg of body weight) or by sub-dermal application of
Streptozotocini {dosage 60 ml/kg). During experiments and control probes we used only rats
with Alloxan or Streptozotocin- induced Diabetes, those whose level of hypoglycemia on empty
stomach was 20 mmol/ and higher. Earlier conducted tests indicated that such animais did not
have spontaneous reversion of experimental Diabetes Mellitus,
[00130}  After transplantation of pancreatic islet cells cultures, 88 out of 104 rats with stable
or severe Alloxan-induoced Diabetes Mellitus (almost 85 %) displayed firm remission of diabetic

 status up-to the end of experimental term (20 weeks). Firm decrease of blood sugar levels of
almost-up-to-normal levels was registered in blood of animals-recipients. At the same time,
characteristic clinical symptoms of diabetes were also vanishing (such as weight loss,
polydipsia, polyuria). Anti-Diabetic effect of Xenotransplantation was clearly demonstrated
both in cases of application of cultures into liver (through portal vein or directly into liver’s
parenchyma) and also into spleen {cultures were brought in ntra-puip..}, and also through the
abdominal muscles. Even after 8 weeks after Xeno-transplantation, pancreatic islet cells with
preserved structure and with signs of secretory activity was detected in places of implantation in
rats with remission of experimental Diabetes.
{00131] During special series of expeniments the role of preliminary cultivation of pancreatic
islet cells in virro was demonstrated clearly in survival of cells in organisms of xenogeny
recipient. For that purpose, we performed comparative analyses of results of
xenotransplantation of culiures of pancreatic islet cells of pancreas of human fetuses and xeno-
transplantation of non-cultivated fetal Island tissue to rats with experimental Diabetes Mellitus.
It was detected that sugar-reducing effect is more expressed and long-lasting in cases of
transplantation of pre-cultivated pancreatic islet cells in comparison with transplantation of non-
cultivated tissue of Pancreas, which results only in short-lived remission of Diabetic status. So,
the immune-modulating result of cultivating in vitro was experimentally proven to significantly
increase the term of survivability in an organism of alien recipient.
[00132] Pancreases of 18 rats-recipients, on whom successful xenotransplantation of cultures
of Pancreases of newborn rabbits had been performed, were subjected to histological exam in 8

weeks after transplantation. For that purpose a {ragment of pancreas was fixated in Buena
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solution and was drown in paraffin. Slices (5-7 mkm thick) were colored by hematoxilin and
eosin, and also by Aldehyde-fuchsine for revealing of B-celis. At the same time, pancreases of
6 control animals who had untreated alloxan-induced Diabetes as well as pancreases of 6 healthy
rats (no Alloxan applied) were closely examined.
[00133] While examining pancreases of healthy intact rats, some 45 {0 76% of beta —cells, as
expected, were found in “Langerhans” islands. Rats with untreated AHloxan-induced Diabetes
had sharply decreased amount of § -cells in Islands — in average 8.3 +1.1%.
Sigmficantly higher amount of beta-cells in islands was discovered in rats-recipients. In animals,
who had been subjected to xenotransplantation of pancreatic islet cells cultures, their own
Pancreases displaved typical p -cells and its share among “island” cells was from 10 to 55%
(some from 7 to 21 %) (average 23.5 £8.8%).
With regards to these experiments, we may assume that anti-diabetic effect of xeno-
transplantation of OK cultures on developments of experimental diabetes in rats is occurring 2
general ways: a.} Functioning of transplanted § -cells, confirmed, in addition to expressed sugar-
reducing effect, also by revealing groups of transplanted pancreatic islet cells in the pulp of
spleen of animals-recipients; b.)Stimulating effeci of transplaniation of Pancreatic islet cclls
cultures on the Island apparatuses of pancreas of rats-recipients, which possibility is confirmed
by data of histological exams revealing existence of significantly frequent of Islands with
normal B -cells and bigger share of them in Islands of pancreas of rats-recipients than of rats
with untreated Alloxan-induced Diabetes.Successful experimental research became grounds for
performing clinical transplantation of islet cells of pancreas of newborn rabbits o Diabetes-type-
1 patienzs.

EXAMPLE 14
CLINICAL TRANSPLANTATION OF CULTURES OF PANCREATIC ISLET CELLS

PRODUCED FROM OF PANCREASES OF NEWBORN RABBITS.
[00134] Total of 112 patients with Type-1Diabetes Mellitus {Insulin-dependent diabetes

meilitus - IDDM) were under well-documented dynamic supervision. Of total of 112 patients
there were 58 men, and 54 women. Patients’ age at the moment of fransplantation varied from
16 10 53 - average 35 years old.

(061351 It is known that sevenity of manifestation of secondary diabetic complications
depends significantly on duration of the msulin-dependent diabetes mellitus. Supposedly,
destruction of own § -cells of the patient as a result of autoimmune process approximately
happens on the 5 vear after manifestation of the disease. Secondary diabetic complications
manifest itself usually in patients with duration of disease of more than 10 years. Because of
that, all insulin-dependent diabetes mellitus patients were divided in 3 groups in reference to

duration of the disease: a.) 1 10 5 years — 16 people; b.) 6 to 10 years - 43 people, c.) more than
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course of development of insulin-dependent diabetes mellitus, on expression of its

complications in patients of different duration of the disease.

TRANSPLANTATION OF CULTURES OF PANCREATIC ISLET CELLS OF NEWBORN
RABBITS TO PATIENTS WITH INSULIN-DEPENDENT DIABETES MELLITUS FROM 1 7O 5

YEARS
[00138] 5 out of 16 patients of this group had insulin-dependent diabetes mellitus with

sharply labile character. 2 of them had frequent (several a week) spontaneous (without known
provoking reasons) hypoglycemic conditions, which caused numerous inpatient treatment
attempits, but al} attempts to stabilize course of disease or to determine insulin dosage were 10 no
avail. 3 patients had labile insulin-dependent diabetes mellitus with possibility of development
hardly-eliminating ketoses; attempts to reach metabolic compensation yield only short-fived
effect.

[09139} Three patients (2 of them with labile Diabetes Mellitus) revealed symptoms of
sensori-motor neuropathy - paresthesia and pulling pain in calf - muscles. After intramuscular
xenotransplantation of pancreatic islet cells cultures, majority of patients noticed reduction in
usually elevated day-average glycemia levels during 2-4 weeks. Retention of its value within the
range corresponding to good compensation of carbohydrate metabolism (average 7.8 to 9.9
mmole/kg ) was noted further during at least 12 months of post-transplantation supervision. On
this, in all 5 patients with labile IDDM the course of the disease acquired stable nature:
predisposition to hypoglycemic conditions and ketosis disappeared. Improvement of glycogenic
control after transplantation of cultures of pancreatic islet cells of newborn rabbits confirms the
information on determination of glycozylated hemoglobin in recipients’ blood (reduction from
pre-transplantation 12.4% to 9.6%, 8.3 and 10.1% relatively to 6, 9 — and 12 months after
transplantation. Elevation of insulin-dependent diabetes mellitus compensation and clear

tendency to reduction of average daily level of glycemia allowed us by the end of the 1° month
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to somewhat reduce dosage of administered insulin (average 12%), which remained to some
degree reduced in 3, 6, 9 and 12 months after transplantation — relatively for 31.5%, 36.2%,
25.5%, and 18.4%. On this, 3 patients’ requirements in exogenous insulin decreased between 4"
and the months after transplantation for more than 50% (from 54% to 86%), at the same time for
2 patients the doze of administered insulin by the 1-3 month of post-transplantation period was
temporarily (for 2-4 week term) somewhat increased for 13% and 12%.

[00149] Because in patients with history of the insulin-dependent diabetes mellitus of less
than 5 years possibility of presence of own  -cells exists, we would expect evaluation of
residual secretion of C-peptide prior to transplantation (analyses were performed automatically
with the help of immune-ferment method, which usual parameters of content of C-peptide in
blood serum is 0.5-3.5 ng/ml). It turned up that prior to transplantation only 3 out of 6 patients
(19%} had no secretion of C-peptide neither basal { on empty stomach) no stimulated (by
standard breakfast). Duration of their insulin-dependent diabetes mellitus history was longer
than 3 years. Average level of basal and stimulated C-peptide in patients with disease duration
from 1 to 5 years {(including zero exponents in 4 of them) accounted for relatively 0.12 and 0.36
ng/ml. After transplantation in 2 out of 3 “C-peptide-negative recipients” concentration was
registered - first stimulated, then (by the 3™ month) - a basal secretion of C-peptide, which
indicated a restoration of insulin secretion by own f -cells of the patient, “C-peptide-positive
recipients” demonstrated substantial increase of C-peptide content in blood serum, which in 5
patients even reached the normal factor. It is important to point that by the end of the 1¥ year of
observation there was no expressed tendency to depletion of C-peptide in recipients’ blood.
Such were the changes noted during the 12 months after the first transplantation to insulin-
dependent diabetes mellitus patients with history of disease duration of 1 to 5 years.

[00141] Nine patients from this group with average interval of 13.3 = 1.8 months were
subjected to repeated intramuscular transplantations of pancreatic islet cells cultures of newbomn
rabbits: 1 patent three times, 3 patients — twice, and 5 patients — one time. No one of these
patients displayed neither local nor general signs of rejection / disengagement of a transplant,
nor any allergic reactions.

[00142}  Eight out of S patients, who had been subjected to repeated transplantation revealed
therapeutic effect of no lesser value than in initial transplantation. In 3 of out of 4 patients, who
were subjected to xenotransplantation of pancreatic islet cells cultures thrice (i.e. + 2 repeated
times) increment of clinical effect was noted, such as increase in muscle mass and significant

improvement of life tonus. In this, stable course of insulin-dependent diabetes melljtus
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preserved, and symptoms of secondary diabetic complications were absent. The only one patient
in this group who sustained 4 transplantations (by the end of this experiment history of his
disease was longer than 9 years) during the 5.5, years of observation demonstrated no signs of
destabilization of the course of disease (prior to 1 transplantation it was sharply labile), and still
no signs of diabetic angiopathy. It seems like accrued effect of repeated transplantations is
governed by increase in secretory activity of own Island Apparatus of recipients confirmed by

increase of concentration of both basal and stimulated human C-peptide with each

transplantation.

TRANSPLANTATION OF CULTURES OF PANCREATIC INSULAR CEILLS OF NEWBORN

RABBITS TO PATIENTS WITH DISEASE HISTORY OF 6 TO 10 YEARS.
[60143] Total of 43 insulin-dependent diabetes mellitus patients with duration of disease

from 6 to years were under supervision (average duration 7.8 years); 24 men and 19 women.
Age of patients at the moment of first transplantation was in the range from 15 to 43 years
(average 28.3). 12 patients had a sharply expressed labile character of the disease, which had not
been stabilized during several attempts of inpatient ireatment. 16 patients had secondary
symptoms of insulin-dependent diabetes mellitus complications; 9 of them bad only sensori-
motor neuropathy and developing nephropathy (Mogensen stage 3), 2 patients — had
autonomous neuropathy (predisposition to tachycardia), and 2 recipients — developed non-
proliferating retinopathy.

[60144] In 1-2 months after xenotransplaniation all 12 patients with prior labile insulin-
dependent diabetes mellitns status changed to more controlled and manageable status. Usually,
stabilization of indexes of carbohydrate metabolism occurred also.  As such, pricr to
transplantation, recipients’ daily average blood glucose was fluctuating between 9.6 to 14.1
mmol/l, but in T month after transplantation the daily glycemia was 6.6, to 11.2 (average 8.6
mmol/}). Maximal reduction of this index was noted by the 3-month term (7.8 mmoi/l), but by
the end of the 1 year term it still remained satisfactory ~ at a level of 8.8 mmol/i).

[00145] Improvement in compensation of carbohydrate metabolism was confirmed by change
of amount of glucozylated hemoglobin in patients” blood from 12% prior to fransplantation
(average) its level in 3 months was already 10.8%, in 6 months ~ 9.4%, in 9 months - somewhat
increased (to 10.9 %), but by the year’s end reduced again to 9.8%.

[06146]  Also, in majority of patients in this group a forced decrease of daily administered
msulin doze in comparison with the pre-transplantation level: in 3 months after the

transplantation it decreased in average for 15.22%, in 6 months —for 30.1%, in 9 months ~
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27.0%, in 12 months — 25.1%.

[060147] Despite significant insulin-dependent diabetes mellitus history in this patients’ group
(from 6 to 10 years — in average 7.8), only approximately 75% (32 patients) prior {0
transplantation had had no own insulin secretion (C-peptide completely absent). Because other
patients in this group had basal level of C-peptide varied from 0.05 to 0.2 ng/mi, and stimulated
—from 0.1 to 0.3 pg/ml, its average concentration in the group before transplantation was on
empty stomach - 0.07 and after stimulation - 0.08 ng/ml. After transplantation, steady increase
of C-peptide concentraiion in blood was occurring - in 3 months basal Jevel was in average
same (.07 and stimulated level — already 0.11 ng/ml; in 6 months - more than 3-time Increase —
relatively up to 0.38 and 0.43 ng/ml, but by the 9” month - decrease up 10 0.09 and 0.13 ng/ml.
[00148] During post-transplantation period, there were signs of more positive course of
secondary complications in this group’s recipients. Symptoms of both — sensori-motor and
autonomous neuropathy started to weaken already by the end of 1-1.5 month after xeno-
transplantation, and almost stopped bothering patients by the 3’ month. Also, in both patients
with diabetic nephropathy a protein-urea disappeared completely by 2-4" month after
transplantation, and it did not reoccur for almost a year after the transplantation. Patients with
diabetic retinopathy did not register increase in pathological changes in fundus of the eye.
[60149] Repeated transplantations (in 7-13 months after the 1¥ transplantation) were
performed on 14 patients: | time on 3 patients, twice on 5 patients, three times on 4 patients, and
4 repeated transplantations — on 1 patient. In majority of cases repeated fransplantations of
pancreas insular cells, in minimum, contributed to preservation of positive changes in patients’
status that had occusred after the 1¥ transplantation. Specifically noted shall be the result of
successive (interval 7-9 months) 5 transplantations in patient with severe sensori-motor
neuropathy, which had led 48-year-old man (with Insulin-dependent diabetes mellitus history of
8 years) to severe deconditioning (incapacitation/inability to wok) due to severe pain in
extremities and expressed muscular atrophy, especially in lower extremities. After 1%
transplantation pain in extremities lessened, and then after the 2™ transplantation it completely
vanished, and then muscular tonus and volumne began to regenerate. As a result of performed
transplantation, during the 4.5 years of observation the patient’s muscular volume expanded for
23 kg, his muscular tonus normalized, as well as conductance of nerve impulse through motor
nerves. Also, Diabetes acquired stable course; doze of introduced insulin decreased for 50%. It
is possible, that reduction of exogenous insulin was significant]y stipulated by significant revival

of own B-cells of the patient, as human C-Peptide content in recipient’s blood - (.1 ng/mi
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(empty stomach) and 0.1 ng/mli (stimulated) prior to that became refatively 0.36 and 0.55 ng/ml
by the end of the 4-year period of post-transplantation observation.

TRANSPLANTATION OF PANCREATIC INSULAR CELLS CULTURES OF NEWBORN
RABBITS TQ PATIENTS WITH DISEASE HISTORY OF MORE THAN 10 YEARS.

This group consisted of 53 persons — 32 women and 21 men. Patients’ age at the moment of the
first transplantation varied from 21 to 53 — average 33.4. Duration of disease varied from 11 to
27 years (average 14.8).

9 patients had troe Iabile course diabetes: spontaneous hypoglycemic conditions often
alternated with ketone-acidosis episodes.

There were secondary diabetic complications discovered in 38 patients: 11 had only
sensori-motor nevropathy; 1 patient had sensori-motor neuropathy and diabetic cataract, 5
patients — sensori-motor neuropathy, initial nephropathy (in Mogensen) and non-proliferating '
diabetic retinopathy; 8 patients — arising nephropathy and non-proliferating retinopathy; 6
patients — expressed nephropathy and pre-proliferating retinopathy; 2 patients - arising
nephropathy and proliferating retinopathy; 2 patients — expressed nephropathy and prohiferating
retinopathy; 2 patients — sensori-motor and autonomous neuropathy, expressed nephropathy and
pre-proliferating retinopathy, and 1 patient — sensori-motor and autonomous neuropathy,
uremic stage of diabetic nephropathy and preliferating retinopathy.

As such, diabetic neuropathy was revealed in 23 patients, including 20 with sensori-
motor and 3 - with antonomous. Diabetic nephropathy was revealed in 24 patients, including
arising nephropathy in I35 patients, expressed — in 8 patients, and uremic stage in [ recipient.
Diabetic retinopathy was revealed in 26 patients, including non-proliferating stage — in 13
patients; pre-proliferating stage — in 8 patients, and proliferating stage — in 5 recipients.

With the purpose of diminishing of danger of development of hypoglycemic conditions,
patients with expressed stages of diabetic retinopathy and nephropathy were transplanted a dose
of pancreatic isiet cells cultures received from no more than 40 pancreases of newborn rabbits.
All recipients with initially labile IDDM course had relatively quick {(during 1-3 months)
stabilization of level of glycemia, and more adequate regime of insulin-therapy was chosen.

There was a substantial reduction of average level of daily glycemia in patients of this
group: from 12.8 mmol/f prior to transplantation to 9.8 mmol/l in 3 months after transplantation,
and 10.1 mmol/l in 9 months after transplantation. In correspondence 1o changes in glycemia
ghucozylated hemoglobin' concentration also reduced in recipients’ bleod from 13.1 to 10.0%.

Significant increase of degree of compensation of IDDM was accompanied by decrease
in requirements of recipients in exogenous insulin. By the 3 months after xeno-transplantation,
doze of administered insulin was reduced for patients of this group in average for 12.5%, in 6
months - for 26.6%, in 9 months ~ for 25.0%, in 12 months — only for 9.8%, which
demonstrated that requirement for exogenous insufin to pre-transplantation level. Maxumum
reduction was noted in Patient C. {(female} (26 years old, duration of IDDM - 20 vears;
secondary complications — sensori-motor neuvropathy, expressed nephropathy, pre-proliferating
retinopathy). Already in 2 weeks after intra-muscular transplantation of pancreatic islet cells
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cultures received out of 40 pancreases of newborn rabbits, reduction in need for administered
insulin was as such — it dropped from 36 to 24 units/day, in 6 weeks ~ to 16 units/day, in 10
weeks to 4 units/day (1.e. 90% reduction). At the same time on the background of stable
condition, the level of daily average glycemia did not exceed 9 mmol/l. HbAlc content in 4
months after transplantation reduced to 8.7% and did not exceed 9% during the period of at least
1.5 years. At the same time, substantial reduction of expressiveness of secondary diabetic
complications also occurred.

4 patients, despite their long history of IDDM (from 10.2 to 13.5 years, average 11.1 years),
revealed residval secretion of C-peptide (in average 0.05 ng/ml on empty stomach, non-
stimulated. However, after transplantation by the 3™ month the amount of C-peptide-positive
patients doubled up — and these 8 patients (average duration of diabetes — 12.6 years)
concentration of C-peptide on empty stomach was in average of 0.09 ng/ml, and stimuiated -
0.12.ng/ml.

Effect / influence of transplantation on degree of manifestation of diabetic complications
depended in majority of cases on its types and clinical stages (advancement). So, if all patients
with sensor-moior neuropathy had substantial improvement of the course of this complication
already after the first transplantation of pancreatic isiet cells cultures, but 2 out of 3 patients with
autonomous neuropathy only second transplantation made any positive effect.

12 out of 15 patients with initial stage of diabetic nephropathy had firm disappearance of
micro-protein-urea and elimination of tendency to arterial hypertension. Positive post-
transplantation effect was observed in patients with expressed nephropathy almost in 63% of
cases — in 5 of 8 recipients. At the same time, extraction of protein with urine significantly
reduced: macro-pretein-urea interchanged to micro-protein-urea (less than 0.3 g/day) and a
tendency to reduction and normalization of elevated blood pressure, which allowed to
significantly reduce doses of hypotensive remedies or even to terminate administering it. 2 out
of 3 other recipients during the period of observation (relativefy 2 and 2.5 years) there were no
signs of progressive diabetic nephropathy.

A the same time a patient with the final stage of diabetic nephropathy had only a
short-lived pesitive effect: for 4-5 weeks after xenotransplantation of cultures of pancreatic
islet cells his moderately elevated level of blood creatinine and urea approached the upper
border of normal indexes, after which relatively slow but firm progression of chronic kidney

insufficiency tock place.

10 recipients with initial and expressed stages of diabetic nephropathy were subjected to
repeated transplantations of péﬁcré:atic islet cells cultures, and 4 of patients with expressed
nephropathy became 3-time recipients during the 3-4 year period. 9 out of 10 patients subjected
to re-transplantation were noted for at least no further progression of kidney function problems.

A patient with diabetic cataract (age 22 years cld, IDDM) duration — 11 years) by the 5™
month after transplantation was examined by oculists who stopped noticing spots of clouding of
the crystalline lens, they evaluated this change in clinical picture as «cataract resorption”.

In 10 out of 13 patients (i.e. with non-proliferating retinopathy there were no progression
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picture of the eyeground with moderate increase of visual funciions (probably, due to active
resorption of hemorrhages), and further progression of proliferating process was noted, herewith
1 patient (female) had repeated hemorrhage into vitreous body with substantial worsening of
visual functions.

Using transplantation of cultured islet cells produced from pancreases of newborn
rabbits appeared to be very effective in children’s diabetic practice. Late results of
xenotransplantation of cultures of islet cells in children with type-1 diabetes mellitus were
researched through observation of 20 patients prior to transplantation and in 5 years after the
first transplantation (Volkov, 2005 {1}). Comparative group {coatrol without
transplantation) consisted of 20 children selected on principle “occurrence-control” with an
allowance for age, sex, longevity of the disease, level of compensation, requirement in
insulin and development of complications.

Catamnesis analysis demonstrated that xenotransplantation of cultures of islet cellshas a
positive affect on insulin requirements. Thus, already by the 3" month after transplantation dose
of administered insulin decreased in half of recipients, in comparison with the initial level, and
by the end of the 1% year - 43% of patients had lesser requirement in insulin. There were no
such changes in the comparison group. Dose-response effect was noted: the most decrease in
insulin requirements was noted after administration of the culture containing approximately 5
min of beta ceils. At that, in post-transplantation period more persistent and expressed
compensation of carbohydrate metabolism, which 1s confirmed by dynamics of daily average
glycermia in comparison to the control group. Already in 3 months after xenotransplantation,
level of daily giycemia reduced from 10.78+0.55 mmol/ to 8.6 0.4 mmol/l against 9.15x0.72
mmol/l (initially 10.6520.79 mmol/I). In 1-year period after transplantation these distinctions
became more meaningful: in observation group daily average glycemia 1s 8.5+0.39 mmol/i
against 10.14+0.6 mmol/l in control group. Similar tendencies remained in cases of repeated

transpliantations.
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Therapeutic effect of transplantation of cultures of islet cells on the course of diabetic
complications proved to be extremely important. Long-term clinical observations demonstrated
that, in comparison with the control group, there were less frequent occurrences of diabetic
nephropathy, retinopathy, and growth disorders (as manifestation of Mornak syndrome) in
children with diabetes mellitus type-1 after transplantation treatment. Thus, decrease in
occurrence of retinopathy from 25% to 11% (increase in this indicator from 23% to 25% in
control group). Loss of albumin with urine significantly decreased — from 207 4 to 78.7 mg/day
in patients with diabetic nephropathy after xenotransplantation, whereas in comparison group
this indicator kept growing- from 220.67 to 273.1 mg/day.

Such complication as Moriak Syndrome is one of the features of children’s and
adolescent diabetology, growth disorders included in its structure.  Usage of anabolic
preparaiions for treatment of stated pathology Ieads to a short-lived effect, to advancement of
closing of growth zones and in reduction of final body height (growth). In the course of
xenogeneic transplantation of cultures of islet cells, rapidity of growth was revealed but without
change of speed in closing of growth zones. As such, share of patients having height lower than
5% (authentic nanism), decrcased from 18% to 14% during the 1% vear of observation. In 5-
year catamnesis, not one patient with height lower than 5 percentili among chiidren of
observation group was found. In comparison group share of undersized children increased from
20% to 22% during the 1™ year of observation. In 5-year observation, share of patients with

height under 5 percentili reduced to 10% due to application of intensified insulinotherapy.
[00150] Immunological research demonstrated that xenogenous transplantation of cultures of

islet cells does not cause substantial and long-term activation of autoimmune process, which is
very important in application of this type of therapy in patients with partially preserved insulin-
producing function. Careful observation of patients from observation group (with annual
inpatient examination} did not reveal contamination of zoonosal infections, not even one.

EFFECT OF XENOTRANSPLANTATION OF CULTURES OF ISLET CFELLS OF
PANCREASES OF NEWBORN RABBITS ON IMMUNITY INDICATORS IN PATIENTS WITH

TYPE-1 DIABETES MELLITUS.
[00151] Complex immunologic research in 20 patients with type-1 diabetes was performed

after compietion of primary intramuscular transplantation of cultures of islet cells of pancreases
of newly-born rabbits, and in 12 patients with type-1 diabetes after repeated
xenotransplamations of cultures of islet cells. 17 standard tests of cellular and humoral
immunity were used in immunologic research, systems of phagocytes and complement,
inciuding titer of complement-fixing antibodies towards 1slet cells of pancreases of newly-born

rabbits.
[00152]  Itis proventhat In patients with type-1 diabetes prior to transplantation of Islet Cells
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patients (50%) showed moderate increase of B-lymphocytes count at 2-3" month, with its

successive reduction.

[001533] In determining subpopulations of T Ilymphocytes in dynamics after
xenotransplantation, there was a tendency to normalization of content of T lymphocytes by the
7-10" day. Amount of CD4-celis continued to decline, amount of CD3-cells continues to
increase. By 14-20™ day the number of helper T-cells measured up to normal. By the 2-3
month after transplantation, the on-going normalization of indexes of cellular immunity was
conjugated with achieving of good compensation of the disease.

[00154] Examinations of immune status in patients subjected to repeated transplantations of
cultures of islet cells of newborn rabbits did not reveal any signs of immune response to
xenotransplant. Quantitative and functional indexes of immunity were comparable 1o such in
primary xenotransplantations.

XENOTRANSPLANTATION OF CULTURES OF ISLET CELLS OF PANCREASES OF

NEWBORN RABBITS TO PATIENTS WITH RECENTLY DIAGNOSED INSULIN-

DEPENDANT DIABETES MELLITUS.

Type-1 diabetes mellitus patients with history of disease of longer than 5 years usually
become recipients of OK cultures; they practically lack insulin-producing activity of own islet
apparatus of pancreas, and in majority of cases secondary diabetic complications are advanced in

different stages.
However, hopeful results were achieved also after intramuscular transplantation of

cultures of islet cells of pancreases of newbom rabbits to patients with recently diagnosed

diabetes mellitus type- 1.
[06155] 10 young people (average age 18+02 vears) with average history of diagnosed

diabetes (620.2 month). Positive resuits in glycemia control were noted in all patients during
the 6-8 months after xenogenous transplantation (fasting glycemia 5.2 +0.2 mmol/l, after food
intake — 7.0+0.15 mmol/l, daily glucosunia — 0.25+0.03 grams, HbA 1 - 5.8+0.2 mmol/i). Daily
dose of exogenous insulin was reduced from 0.6220.11 1o 0.28 +00.2 units at 1 kilogram of
body weight. 7 patients (i.e. 70% cases) during the post-transplantation period had partial and 2
recipients (i.e. 20% cases) — full remission of diabetic status (induces by transpiantation

“honeymoon” of diabetes mellitus type-1), which continued for 4-8 months. At that, increased
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growth hormone -~ from 8.920.04 to 5.6+0.02 ng/ml, p<0.05) with successive normalization of
daily profile of growth hormone. Human C-peptide concentration in patients’ serurm increased
from 0.3+0.01 to 1.26+0.02 ng/ml; p<5; which attests to significant decrease of secretion of own
insulin in recipients under the influence of performed transplantation of xenogenous islet cells.
At that, patients displayed normalization of indexes of cellular and humoral immunity, which
had been pathologically altered prior to transplantation (table 40)

Table 40. Indexes of immune status in patients with recently diagnosed IDDM after

xenotransplantation of cultures of islet cells

Mnths Tx OKT3 OKT4 OKTE | OKB7 | OKla IpA 1zM 1eG
% % % % % Mz % Mg % me%

Rec 0 80x5* 03 30£3 ) [8x2% ; 14£2% 250x13== | 221x]8%F ¢ 15008+£22%

n=10
1 BO+3* Slx2* 2944 | 163 | 1222 212+0% 212x10% 1472+14%%
3 6632 364 30x4 | 11+3 | §+3 17412 16910 937+13
8 TH24* 4842% 2643 | 1423 | 1242* 217+13 224219 1461 £12%*

Cont | Heah | 684 3843 304 | 1022 | 742 162+16 1518 1 910+12

rol hy
OKT3 -T cells; OKT4 - T helpers; OKT8 - T suppressors, OKB7 — B lymphocytes, OKla—

anti-HLA-DR; Ig - immuno-globulins; *p<0.05; ** p<0.001 — in comparison with control
Following general changes are observed after xenotransplantation of cultures of islet

cells to patients of diabetes meliitus type- 1.
- Stabilization of course of labile forms of disease, which results in successful

selection of adequate insulinotherapy, and to significantly increase the degree of
compensation of impaired carbohydrate metabolism;

- Decrease in requirements for exogenous insulin for 20-30% in 2/3 of recipients;

- Progressing of late diabetic complications suspends neuropathy, nephropathy,
retinopathy); involution of initial stages in more than 80% cases.

It is rational to give explanations regarding possible mechanisms of anti-diabetic effect
of transplantation of cultures of islet cells of newborn rabbits. In spite of wide adaptation into
practice of educating patients with type-1 diabetes mellitus to methodology of self-control of
glycemia and of technigue of selection of adequate doses of administered insulin, a severe labile
course of disease is noted in some patients. An onset of frequent spontaneous {i.e. occurring
without visible reasons) of hypoglycemic conditions often interchange by development of
ketosis; and all attempts fo reach metabolic compensation in these inpatients render only short-

time relief. However, in 2-3 months after xenotransplantation of culures of islet cells,
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Total insulin 194 17 211 10* - - 11 258 24 282 12 79 23 102 13 144 0 144
14 331 4 335 15* 16 261 0 261 * verifiable resul was not obtained due
to intensive henolysis [0094]1t is not sinple to interpret the obtained
resul.ts. Conplexity of analysis is conditioned, first of all, by the fact
t hat denonstrated in tables data reflects, in particular, an

i nsul i n-produci ng function of xenotranspl anted rabbit beta-cells and own
(rat) betqwaekﬂ@;@ﬁaba&$dmamuaéofnﬁﬂeﬁe&mhuﬂﬂnmkm&mhémxaﬂdmeMQﬂamminsulin
(Tab. 9) Onﬁmé(na@éabfeh% E@@P”tmofhe%‘a | Gt Q:Eua(?% ﬂ%;%édé Qa?cb{hz%é&xefof Telkes of
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causi ng serl nt | it W thout

(0] S NoO a ow
e AR TN M N R AN R
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to give agl j at

concent r at ‘?%n e%%ﬁf ﬁ?‘?fggl‘s{%grcgmégteyﬁﬁgﬁgﬁg% nﬂp‘ gq?agﬁd%({rtegore%

exper i ment-als sHPspEicEse ’“F‘thnH%Slb’ég%risB‘ihéfet?lycﬁvlalaﬂﬁ?@h?ﬁ#‘@l dpseitesemghj bct i vel y
t 0 obt ai negpedat @ar swhinara s ieddrof glgmam;@ piodr triaiplaafatisrevaibbred oltigercelist ed

quanti t at iyglal fo, RANELY; o BRELS n@%@@%ﬁ%ﬁd&&eh%'ofgﬁgeé@f total

i nsulinem a, rat|oo rat_ an i nsu n rats-reci or human
i nsul in (|‘*P|d PeRECHOLRfHpRER e"@“‘t‘i’bfe?drl?ﬁ‘é%‘f’?sc?ﬁseﬁf’“lpﬁge“&%‘ﬁhihélﬁf%r*i‘)en“ésn‘élp%i so to
try to cobe@hatod cdyhamicasedby ghoimenhapbeooninstlard of guntieml sh of observation

with differenty(i nss Q@&lb@és tl(é’? REGE fr!)l@)m Q{ab@kﬂ%n'd?%bwgﬂa ‘3} decreaszng of‘n
anal ySl S Was. Condu te in.selective, Cb aracterizin

consi st enfSIBEEPEHY reeGPGLn 3’\95’?’108%@“8&’?8& StAGRECHP @F@@@F?ﬁ“aof ”?féﬁ“&: ators

and concerdceaet orpeophdara sisdueafienisieabelbrivliet shnsplagedorser um wer e revi ewed.

IFr gm each gr om@ecause ag@e w&) §§rl1ﬁ%€ﬂ:d¥ﬂnbﬂ oﬁ%q%r&ﬁé%(s‘%%%ﬁég’&hbdﬁ‘%ﬂ{uﬁﬁlﬁl ts of
ap exans

e
| ndi cat or so%lﬁeraw y & r?lmém G|‘:‘r§’§mls W@"rﬁ ﬁmvﬁ @%Cr‘rﬁ?PﬁFgl(‘l%tf‘mt"h(g iﬁgtcfeﬁ%@rﬂ and |'s’
group of é%mﬁwérw rm@rss hlictr¢ugtqper ddvemstaied tisuisdpwsamet heicouidereRag  ##
Initial ghyeeNka PRkl aEk@@LIgﬂbﬂ&'&Bﬁ@nm/rallsmmoh oeRHRIRN) IriWesuid N prol/ 1

Rat i nsul I o &”‘89 én%levzgé %l} ihdIBs llﬂldfipe%HDﬂCE as an ena@ in itself, this approach can be fraught
w;th risk of development of chnical situations dangerous for patient. As our experience
demonstrates, a single-stage administration of significantly enlarged portions of xenogenous
cultures of islet cells consisting practically only from beta-cells, can provoke development of
grave hypoglycemic status; but frequent (every 1-1.5 month) repeated transplantations of
“regular” portions into liver (through permanent catheter to portal vein) can, at the end, lead to
hardly predictable overdose of amount of transplanted beta-cells.

No adeguate insulin production by beta-cells that happens, likely, because of its inability
to secrete insulin on strict principle of feedback, may lead to development of serious

hypoglycemic conditions, even upon withdrawal of insulin injections. As a result, emaciation of
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5.7 16 52 68 4 21.2 9.4 23 50 73 8 25.6 17.8 9 20 29 17 17.1 4.9 23 60 83
19 21.2 9.1 17 134 151 24 22.6 19.7 0 7 7 9 173 6.4 194 17 211 14 24.4 14.3
331 4 335 16 24.2 8.9 261 0 261 [0096] The analysis of results drawn in the
2"d experinental group (xenotransplantation of

glycogenic depots in recipients and genesis of glucose by the way of ghicose-neo-genesis leads
to accumulation of ketonic bodies and keto-acidosis.
Stay and regress of late diabetic complications shall be considered as practically more

meaningful, of greater prognostic importance, and as more achievable in reality resuit of

transplantation of cultures of islet cels.
[00156] Of special importance is an effect of xenotransplantation of cultures of islet cells on

specific for diabetes mellitus impairment of vessels — angiopathy — as they namely are the main
reason of loss of sight (diabetic retinopathy).

EFFECT MECHANISM OF ISLET CELLS TRANSPLANTATION ON LATE DIABETIC

COMPLICATIONS.
[06157] Tt is known that formation of diabetic angiopathies is very possible even in cases of

ideal compensation of carbohydrate metabolism {(norm-glycemia, a-glucosuria, normal
concentration of glycozylated hemoglobin) achieved with the help of intensified insulinotherapy.
At the same time, after transplantation of islet cells cultures, in spite of retention of elevated
concentration of glycozylated hemoglobin in biood of significant numbers of patients, in
majority of cases we see slowing-down of progress and partial regress of late diabetic
complications. That’s why positive effect of islet cells transplantation cannot be explained,
namely, by improving of indexes of carbohydrate metabolism.

[00158] In patients with insulin-dependent diabetes mellitus complicated by retinopathy the
severity of changes on eye fundus is growing as secretion of insulin by patient’s own pancreas
decreases. Excretion of endogen insulin was judged, certainly, on concentration of C-pepiide
secreted into patient’s blood in equimolar to insulin amounts. We suggested that progression of
retinopathy was governed not only by reduction in secretion of insulin, but also by decrease in
concentration of C-peptide. After allogenous or xenogenous islet cells cultures transplantation
in recipient with insulin-dependency caused by death of beta-cells of own pancreas, transplanted
beta-cells started to emit into patient’s blood C-peptide (sure, simuhaneouslj with insulin)
which he had been deprived of during several years, when, as in the capacity of so-called
subsiitution therapy he was getting injections of insulin preparations only.  In addition, it
majority of patients in post-transplantation period partial regeneration of pool of the recipient’s
own beta-cells takes place {(Skaletskyy N.N., and others, 1994 {6}.), which, naturally, start
secreting insulin and C-peptide. As a result, years-lasting deficit of C-peptide in the body is
corrected, and that deficit might have been responsible for development of late specific
impairment of vessels and nerves.

[00159] - Assumption of physiological role of C-peptide is at odds with widely-accepted

50



cultures of islet cells into peritoneun) was done. In both successful cases
(rats #2 and #4), rem ssion of diabetic status was acconpani ed by
significant decrease of glycema- from16.6 & 21.2 mmol/1 to 5.7 & 9.4

mol /.}. respectively. At that, at the very end of 2-nonth observation
normal i zati on of levels of insulinema (respectively up to 68 and 73
pnol/1) mainly on account of restoration of insulin-producing activities of
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out-ofislet structures, probably, duct epithelium [00102]Accordingly,

based on r¥EUFYEUF conducted scientific experinments, it is possible to
make sever flgig@nepaly e@gma i85 bpaﬁaure{dqelw&austtfaﬁm@za%;om PorgAdS@fiegaRGT al
destructing effect on beta-cells of pancreatic islet cells, but at the sanme
time, directly or indirectly, leads to the | oss of other ceIIs [00104] 1t
appears that regenerative process in atf ect ed Langer hants islets happens,
mai nly, due to restoration of beta-cells pool. [00105]Intensive insul in
therapy is not capable only due to normalization of glycemc status to
provi de decently expressed rehabilitation process in pancreatic islets of
rats with Streptozotocinal Diabetes Mellitus. [00106] Islet cells cultures
produced from pancreases of newborn rabbits utilizing an original mnethod,
consi st, principally, of beta ceI I S pur| f| ed from bal | ast ceI | ul ar el enents
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respond to corresponding stinulus by secretion in-vivo - i.e. in an
organismof a type-1 diabetes patient. Five male patients were subjected to
this research, their age varied from25 to 45 years, history of disease -
from.12 to 25 years. Along the guide, control of X-ray screen televisual
apparatus, through the |left subclavicular vein the catheter was placed in
the right hepatic vein. Blood intake (5nml) was perforned instantaneously
out of hepéatitwerind tpesri @lhb%iﬂwﬁm{ﬂtmcmwﬁwlmfmﬁﬁﬁﬂlpgﬂaws@feﬁﬂheﬂd dhresshat had
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Vel |itus. [ESOL2e] onpdiugs. 406 et st Foyesslay- Bewy PRRaRuYr argrpanped Yip
regul arly ffu@fisceﬂ@rﬁf%rdé&%@ R m%ﬁyﬂ&f)grﬁiﬁﬂﬁﬁ# d@fhIRh&a. Experimental Diabetes
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in bl ood re ients. At th racteristic clinical
syt ons. oPCHFR8b B aS oy St g Choch e SEPURETOUE Pyt pe a,
polyuria). Anti-Diabetic effect of Xenotransplantation was clearly
denonstrated both in cases of application of cultures into |iver (through
portal vein or directly into liver's Bérenchyna) and al so into spleen
(cultures were brought in intra-pulp..), and al so through the abdom nal
nmuscl es. Even after 8 weeks after Xeno-transplantation, pancreatic islet
cells with preserved structure and with signs of secretory activity was
detected in places of inplantation in rats with rem ssion of experinental
Di abetes. [00131] During special series of experiments the role of
prelimnary cultivation of pancreatic islet cells in vitro was denonstrated



[00146] Also, in mpjority of patients in this group a forced decrease of
daily adm nistered insulin doze in conparison with the pre-transplantation
level: in 3 nonths after the transplantation it decreased in average for
15.22% in 6 nonths -for 30.1% in 9 nonths - 27.0% in 12 nonths - 25.1%
[ 00147] Despite significant i nsul i n-dependent diabetes nmellitus history in
this patle 0, .
appr owi ragcery s BB e AR S IR B B APl loreBRitectn o
insulin seetﬂhmnmamEé@mnﬁudﬁngﬂnﬁbabb@yﬁab&en@hmaBebahBemmtmemdpa&éents in
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bef ore transphant abtpaapm;asgimaemtm;estmngerham&sQstand after stimulation -
0.08 ng/nm . After transgﬁantatlon steady increase of C-peptide
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nore than 3-tinme increasé - atively up to 38 and 43 n , but by
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secondary conplications in this group's reci Pents

sensori - nmmmnmandwémﬁﬁhoﬁ@ﬁ@On@uwﬂpéwhygsﬂﬁﬂﬁé@)KmedEﬁhéhkdkﬁeﬁdymby the
end of 1-1.5 n r._.Xeno antatlon and ed .bot heri ng
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examples thercof, it will be apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the spirit and scope thereof.
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1. A nmethod of obtaining about 78-90% beta-islet cells out of total cells
from pancreases of rabbits, the nethod conprising: harvesting said
pancreases of newborn rabbits and placing pancreases in a salt solution
conprising an antibiotic at a tenperature of 4-10C, renoving vessels and
excretory ducts fromthe harvested pancreases; obtaining m nced pancreatic
mcro fragments from sai d pancreases; i ncubating said m nced
pancreatic fragments in a serumfree nmediumat a first incubation
tenperature 36.6C to 37C for 6 to 10 days at 0% to 5% CO2 for a first

i ncubation period and periodically replacing the serumfree nmediumwth
fresh serum free nedi um and renovi ng spont aneously destroyed unwanted cells
conprising exocrine cells and bl ood cells and el enents of connective tissue
until at |east 80% of remaining cells are beta-islet cells; and

i ncubating said mnced pancreatic mcro fragnents in said serumfree nedi um
at a second incubation tenperature 22C to 29C for 4 to 5 days for a second
i ncubation period until about 78-90% of remaining cells are beta-islet
cells, wherein said serumfree nmediumis optionally periodically replaced
with fresh serumfree nmedium and thereby obtaining beta-islet cells.. 2.
The nethod of claiml, wherein the second incubation tenperature is 24C.

3. A conposition conprising about 78-90% beta-islet cells out of total
cells obtained fromrabbit pancreasesg wherein beta-islet cells are

i solated by a nethod conpri sing: harvesting said pancreases of
newborn rabbits and placi ng pancreases in a salt solution conprising an
antibiotic at a tenperature of 4 - 10C, renovi ng vessel s and excretory
ducts fromthe harvested pancreases; obtaining m nced pancreatic fragnents
from sai d pancreases; i ncubating said mnced pancreatic fragnents in
a serumfree nmediumat a first incubation tenperature 36.6Cto 37C for 6 to
10 days at 0% to 5% CO2 for a first incubation period and periodically
replacing the serumfree nediumwi th fresh serumfree MCSLLP nedi um and



