1 DESCRI PTI ON PRI MARY CULTURED ADI POCYTES FOR GENE THERAPY Techni cal
Field The present invention relates to primary cultured adi pocytes for
gene therapy, to which a foreign gene(s) has been transferred. Background
Art Current gene therapies (Toyooka et al., Folia Pharnmacol. Jpn.

116: 158- 162, 2000) can be classified igto two groups: (1) nethods of
transferring therapeutic genes into patients by directly admnistering
viral vectors, naked pl asm ds, gég FE§P encode the gene-(in vivo), and
(2) nethods of tenmporarily renDV|Rg f Fom patients, transferring a
gene to these cells, and then returning these cells to the patient (ex

vivo). In the in ﬁﬁ t&&%&éf}a@%ﬁl grez d{er%lrﬁ’t tﬁ%@ol ved, such as

transfer eff|C|enc tinuo ect’ive gene “transfer to
target cells. Ex VIVO nethods on the other hand, can potentially overcone
t hese pL gg eO8q EE gajority of exanpl es of ex vivo nethods have been

perfor -systemcells (peripheral |ynphocytes and bone marrow

cells), sinceéh¢hereseot Iisntémcan(telta‘tamsmcamramam s ltelrad wdlipoggsgsand .

o PUEGETREREATILR, B RFUFY tly o SHATM Rk 0, 20

2001) regar systen1ce|
transfer genes to hepatocytes and then return these cells to the patient

have bgggkgggﬁﬁaegFeut (Raper, S.E. et al., Cell Transplant 2(5):381-400,

1993) t hese nethods focus on the recovery, mmintenance, and
enhancenent ©firrémet foens itdrerefpitse (Foanokecetdz £el 1B ki fd@irwesol. Jpn.
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gene t er apy, resent I nventors eve ope the i dea of usi ng I’I mary
cul tured ﬁm@%@ré@ngm@%@@#tw| A ®s e t Patientew Ry a vaﬁﬁbéés

(1)t hesi AE 6t BRMGARON el oI akebA0L Q6 SECTR! Sdchr OMAURORK Bhe

and adi pocytes conprlse the functions of hornone production and_can.
gene (in vivo), and (2) methods of temporarily removing cells from
patients, transferring a gene to these cells, and then returning these
cells to the patient {ex vivo).

| In the in vivo methods, major problems remain to be solved, such

as transfer efficiency, continuous expression, and selective gene
transfer to target cells. Ex vivo methods, on the other hand, can
potentially overcome these problems. The majority of examples of ex
vivomethods have been performed using blood-system cells (peripheral
lymphocytes and bone marrow cells), since their collection and
transplantation is relatively easy and the burden on patients 1is
.reduced (Tani et al., Saishin Igaku, 56:258-267, 2001). With regards
to cells other than blood-system cells, methods that transfer genes
to hepatocytes and then return these cells to the patient have been
carried out (Raper, S.E. et al., Cell Transplant 2(5):381-400, 1993},
buﬁ most of these methods focus on the recovery, maintenance, and

enhancement of the function of the transfected cells themselves.

Disclosure of the Invention

While searching for cells suitable for ex vivo gene therapy,
the present inventors developed the idea of using primary cultured
adipocytes. The use of adipocytes has the following advantages:

(1)therearenmnyxeportsofrumwralfactorssecretedframadipocytes,

‘and adipocytes comprise the functions of hormone production and can



act as secretary organs (Bradley R D., et al., Recent Prog. Horm Res.,
2001, 56, 329-358); (2) adipocytes can be easily collected since they al so
exi st subcutaneously, and techniques relating to their extirpation are
bei ng developed in the fields of plastic and cosnetic surgery;

furthernore, even when adi pocytes are grafted to subcutaneous tissue,
which all ows easy-inplantation, these cells are not-heterotropic since

t hey o®f§i Afl FchelBhgeargenshiBradyewnk-P3) €Fneé.; sBeéatet Progarform.

cul turedsadi pooyt esgactbyekygproliferate, even in vitro, they are
appropriate for procedures such as gene transfer; (4) since adipocytes
are- | fk&l PHPWYARRS ncan ibf t easatya edtlgctedpisanceat ivrey t Bd sgr adx bt

cel |'s s@chearsbis Py} ednal teEnhABLARE 3Li1QR 1 nigf 3P 1%%%'!3{ E‘&tﬁﬁﬁf—%&j&l&a&}é !
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irpation or inplantation has a sm

i npl ant.ation; .(6) adipocyte exti
on t hé”hh%aﬁlg}ei)&f%%@ éﬂg’iaflﬁ@twépg fihesie eals Gusarot hatgastqopdd singe
adul t sshepnstr {g)n£ull pasyt @sged -V el y F&§OGN zed as superfluous and

obstructive and consent for their collection may be obtained easily.
Al 't hou@H Fr’n‘?&&’rﬁ%f?‘b%‘g REYME L8 it Brr e astinarsd o activedntrse L difricify

usi ng deasrat inoeytes, (theGenge rf¥ilackane b8 bprdtddn2d s 3hucnHaat opdliem.
Cel I %(ﬂ.ségKU_Jan, 115(1):73-82), renoving thée biological barrier of the
skin i AHe 6Pocess of isolating the primary culture is problematic

confiddnimmﬂ¢éeadip@cyt§k.aPatﬂQ&b19Mﬂb %¥g§ruhe§tn&ﬁgtggnﬁggg after .
i mpl ant at-i .S predicte o be vere, .an rre-extirpation (4, nentioned:
above)ﬁ‘%&a&nﬁarﬁlr?g’tfegéﬁp?’é%iﬁ ‘?ticraiiﬁo?ané%%wtntawﬁ@fingﬁ%?rmmwon
ker at iifocya edepiradti fspebiichcaabypnivhenbargriafied:é wei dinfeaskoRak! Werlde
anoung¥%Ee% gigﬁaft can only be increased by increasing the graft surface
ar ea. erefore,” " adi pocytes, which allow three-di nensi onal
transgbansancemdipecytes themselves produce angiogenetic factors (Mick,

G.J., et al., Endocrinology 2002, 143(3):948-53), a high level of

éngraftment can be expected after implantation; .

(6) adipocyte extirpation or implantation has a smail impact on the

human body because the weight of this organ changes greatly in adults;

and

(7) adipocytes are widely recognized as superfluous and obstructive,
- and consent for their collection may be obtained easily.

Although investigations with similar objectives are currently
underway using keratinocy’fes (J. Gene. Med. 2001 Jan-Feb, 3(1):21-31;
Histochem. Cell Biol. 2001 Jan, 115(1):73-82) , removing the
biological barrier of the skin in the process of iscolating the primary
culture is problematic considering infection risk. Patient pain
during extirpation and implantation is predicted to be severe, and
re-exXtirpation (4, mentioned above) to eliminate expression is not
easy. E"urthermore, when using keratinocytes or skin, which can only
be grafted two-dimensionally, the amount of the graft can only be
increased by increasing the graft surface area. Therefore,
adipocytes, which allow three-dimensional transplantation, aﬁe
considered more useful.

The present inventors designed methods for efficiently



consi dered nore useful. The present inventors designed nethods for
efficiently - ----------- 3 transferring genes into .primary cul tured

adi pocytes. They also confirnmed that the transferred genes are functioning
after inplantation, and found that adi pocytes can be effectively utilized
in gene therapy. Furthernore, adipocytes Bhat stably express the
transferred foreign gene in vivo for a long period of tine can be obtained
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t hese cel | osi,t1 ons conprising these Cells he use of these
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foreign gﬂ}? ﬁnCOdl ng a%ﬁ rotein that ?]I secrete
the adi potyl 8ToFPIT M IuFAPHGT RN Gdndhies TorgignegpRe PBCPRES RINeCoREaEY
retrovi radaftlentmilpncyammmpaaaualtabﬁd ¥kpebs¥e6h dn [bd sttheprd BoCcYéfowing

[1], WhIC ?agﬁé%g ablllty to significantly express the protein in vivo
for at |eas ys; [4] the adipocyte of [1], which is used to rel ease

the protein i ntSpeditfidalagd thewreszhntt ihev@l@tmc!b@a@ias[ﬂ&: ﬁ&ﬁﬁﬁ;@ dultifred
br oduci nd RSk R R At ey HoPERRLY b o)lﬂe%ﬁofd»ar@&%??i’eéﬁé
st eps of :endodiprg aapyotaimus) ngh&o f@llmé&d ené slide) offr anéf@éllpgue@iws
then st a%fprQiiQEfgg AnkQLEL NG el cox%pos:.ta.ons comprising these cells,
the use of these cells, and the like, and more specifically to:
[1] a primary cultured adipocyte for gene therapy, wherein the
adipocyte stably maintains a foreign gene encoding a protein that
is secreted outside of a cell;
[2] the adipocyte of [1], wherein the gene is transferred to the cell
- by a retroviral vector or adeno-associated viral vector;
[3] the adipocyte of [1], which has the ability to significantly
express the protein in vivo for at least 20 days;
[4] the adipocyte of [1], which is used to release the protein into
the blood flow;
[3]1 the adipocyte of ([1], wherein the protein is insulin .
or glucagon-like peptide 1 (GLP-1); -
{6] a method of producing an adipocyte for gene therapy, wherein the
method comprises the steps of: |
(i) primary culturing an adipocyte; and
(i1) transferring, and then stably holding a foreign gene encoding
a protein that is secreted outside of the cell;
[7] the method of [6], wherein the foreign gene is transferred by
a retroviral vector or adeno-associated viral vector;
[8] an adipocyte for gene therapy, which is produced by the method
of [6] or [7]:
(9] an implant composition for gene therapy, wherein the composition



a protein that is secreted outside of the cell; [7] the nethod of [6],
wherein the foreign gene is transferred by a retroviral vector or

adeno- associ ated viral vector; [8] an adi pocyte for gene therapy, which is
produced by the nethod of (6] or [7]; [9) an inplant conposition for gene
t her apy, wherein the conposition 4 conpfises a primary cultured adi pocyte,
whi ch stably holds a foreign gene encoding a protein that is secreted
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for 20 days or nore; [15] a nethod ucose
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cell, cultured adlpocyte that stably holds a foreign gene encoding a protein
v that is secreted outside of the cell; _ |
[14] the method‘of {131, which is a method for releasing the protein
into the blood flow for 20 days or more; .
{f15] a method for lowering blood glucose, wherein the method
comprises the step of adrﬁinistering a body with a primary cultured
adipocyte,whichstablyholdseageneencodinginsulincn:glucagonulike
peptide 1 (GLP-1); and . A
-{16] ananimal, the body of which is implanted with a primary cultured
adipocyte that stably holds a foreign gene that encodes a.protein
secreted outside of a cell.

Another aspect provides a primary cultured adipocyte for '
gene therapy, wherein the adipocyte stably maintains a foreign
- gene encoding .a protein that is secreted outside of a cell,
- wherein the foreign gene is introduced into the adipocyte
- using a viral vector. and is stably maintained in the
chromosome.

Another aspect provides a method of producing an
adipocyte for gene therapy, wherein the method comprises the
steps of: (1) primary culturing an adipocyte; ‘and (2)

; transferring a foreign gene encoding a protein that is
- secreted outside of the cell into the adipocyte using a wviral
. vector, and then stably holding the forelgn gene maintained in
; the chromosome.- -

; Another aspect provides. an implant composition for gene

. therapy, wherein the composition comprises a primary cultured

. adipocyte, which stably holds a foreign gene encoding a

- protein that is secreted woutside of the «cell, and a

* pharmaceutically acceptable carrier, wherein the foreign gene
is introduced into the adipocyte using a viral vector and is
stably maintained in the chromosome. '



wherein the' foreign gene is introduced into the adi pocyte using a vital
vector. and is stably maintained in the chronosone. Another aspect.

provi des a nmethod of produci ng an adi pocyte for gene therapy, wherein the
met hod conprises the steps of: (1) primary culturing an adi pocyte; and (2)
transferring a foreign gene encoding a*Brotein that is secreted outside of
the cell into the adi pocyte using a viral vector, and then stably hol di ng
t he foreign geng@g&%g%ained in the chromobsone. ' Another aspect provides
an inplant co 1"6h f 8FP¢Yehe pProvédapy , usdersd N at he r6RRPESI i npri ses
a primry Caﬁg&cgae, adid6Glyt etalmhi chosdablay hHotesgm %@m@?ggn&éﬁgggggodi ng a
protein thal T SetPHUFISdCsPretain thetce |sedrdea oRPAIBCRUL Cah] Y
accept abl e CAr FPErPrSRAEAELAN (e & epmbowi igeme fot Sy raduggd. into the

adi pocyt e usi ng 2mo¢heal ygedQar ks st y maintained in the chronosone.
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that is segigted oytslde ;bf S.E telPrlddpr a heeme epacatiion afrsaligongosition
for_reIeasbgmbd%igngﬁe%ﬂfhﬁ?b £het bl{EBB ¥ oor Artdtcheprappectiopr ovEdes use of
a primary cul tilill‘ ed " adl poQEEI RGP ds gABESsehol ds a gene encoding i nsul i n
or gl ucagon-|ikeeprafter, LHORGL #Her parati.on of a conposition
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First, the present invention provides primary cultured

. adi ’
: .Jhpoc'ytes, for gene therapy, where the adipocytes stably maintain
~a foreign gene{s) encodi .

: ing a protein(s) that is secreted to the cell
. exterior.

Herei i :
reln, a foreign gene refers to a gene transferred into pPrimary

| cultured adipocytes from the outside,
proteins that are not produced by the
. Furthermore,

and comprises genes encoding
. primary cultured adipocytes.
. primary cultured cells refer to non—-established cells
that are cultured from tiss‘ues.;emov_ed from a 1iving body. Adipocytes
:refer to mature adipocytes and cells comprising the ability to



described. First, the present invention provides primary cultured

adi pocytes for gene therapy, where the adi pocytes stably maintain a_

forei gn gene(s) encoding a protein (s) that is secreted to the cel
.exterior. Herein, a foreign gene referg to a gene transferred into prinmary
cultured adlpocytes fromthe outside, and conprises genes encoding
proteins that are not produced by the primary cul tured adi pocytes.
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can}_p sol at as a result of the divisio mat ure adi dsi ng
the cei lcﬁﬂcty n%‘t“ﬁoch’ede%%‘ﬂ-%*éﬂdb@lYomﬁr?W%aﬁa{lP@ﬁealtlwtm)oWlRihnsho

1995, TRl lblenkd®, Sugidraba, ikbl i 045;
Zhang H. Endcrllnl o?gédz%éog, gﬁ%%Il@l&gB%%S?g@glog%f ﬂ%‘g%ﬁré

exi st eﬁggp@fcyz_’cﬁsﬁocwéngpe?ﬁ i ©eidiimioncEuAhbTrgeriethrd n&ewqgonbﬁlﬁﬁd
“hi gh |q\salgamfracoae aexmmrprmmosngshay@ bF%LiZW“dsdd%LHmté”% , et

di I’ Chem 1993 A
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usi ng g0ék, m‘MGécuILBS 128) marAdeftfouddy tHedeadiRe efickf 6Eeﬁahﬁbbgﬁea§pgé§§ibbed
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bel ow, ?.rfg%gl POCY. fes ca?1 di fferez1
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1989; &Epkessétnaknd Eﬂdhchaﬂélbgynlﬁﬁuné5§3 #888re 18984pocPEERR ¥bumrad

N.A., et al. J. Biol. Chem. 1993 Aug 25, 268(24):17665-8) . Therefore,
extremely pure adipocytes may be collected by using such molecules.
- as markers. By inducing differentiation as described below,
preadipocytes can differentiate into mature adipocytes within a few
days to few weeks (Hauner H., et al., J. Clin. Invest. 84, 1663-1670,
1989; Marko, et al., Endocrinology 136, 4582~4588, 1994). Primary
cultured adipocytes can be isolated from a desired tissue, for example,.
.subcutaneous adipose tissue or visceral adipose tissue such as tissue
surrounding the epididymis or mesenteric tissue. _

The phrase “for gene therapy” refers to using the in vivo
expression of a protein(s) encoded by a foreign gene(s) in
anticipation of a therapeutic effect. Furthermore, cells for gene
therapy refer to cells carrying a foreign.gene(é), in which the cells
are used for administering the foreign gene into a body by ex vivo
administration, and the cells comprise the ability to express the
protein in that body. Ex vivo administration refers to removing
adipose tissues or adipocytes from an individual, performing gene
transfer in vitro, and then implanting the cells to the same or a

~different individual.

Cells for gene therapy preferably refer to cells used for
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cul tured adi pocytes can be isolated froma desired tissue, for exanple,
subcut aneous adi pose tissue or visceral adipose tissue such. as tissue
surroundi ng the epididym s or nesenteric tissue. The phrase "for gene

t herapy” refers to using the in vivo gpression of a protein(s) encoded by
a foreign gene(s) in anticipation of a“therapeutic effect. Furthernore,
cells for gene therapy refer to cells carrying a foreign gene (s) , in
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protein. Iace nt therapy is already being carried out, or is preglcted
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limited to these examples, and the use of similar factors for similar

purposes is included within the scope of this invention.
Replacementtherapyincludessupplementation@gainstdisorders

that develop or are exacerbated by a lack or reduced function of a

hoermone or cytokine, supplementation against disorders due to a

congenital genetic defect, and supplementation of a factor for

. pathological improvement:

' insulin/diabetes; glucagon-like peptide-1 (GLP-1)/diabetes,
cbesity, eating disorders; GLP-2/inflammatory enteropathy,
gastrointestinal disorders accompanying cancer.chemotherapy;
leptin/obesity, lipodystrophic diabetes;
adiponectin/diabetes, angiopathy; blood coagulation factors
VIII and IX/hemophilia; lipoprotein lipase (LPL)}/LPL
deficiency, hypertriglyceridemia; lecithin cholesterol
acyltransferase - (LCAT) /LCAT-deficiency;
erythropoietin/erythropenia; apo A-I/hypo-HDL
cholesterolemia; albumin/hypoproteinemia; atrial natriuretic

 peptide (ANP)/hypertension, cardiac failure; luteinizing
hormone releasing hormone (LHRH)/breast cancer, prostate

cancer; angiostatin, endostatin/angiogenesis, metastasis



that devel op or are exacerbated by a | ack or reduced function of a hornone
or cytokine, supplenentation against disorders due to a congenital genetic
defect, and supplenentation of a factor for pathol ogical inprovenent:

i nsul i n/ di abet es; gl ucagon-1ike peptideil (GP-1)/di abetes, obesity,
eating disorders; GP-2/inflammatory enteropathy, gastrointestinal

di sorders acconganyiﬁg cancer, chenotherapy; |eptin/obesity,

| i podyst rophi ¢P8iEbELeB; medphdnectieretitiet agonanyi peattiyle blautbgenous
coagul ation fggterg pdddignd L? henqgm 1a.4 4. 1\popr in.lipas PL)/.LPL
defi ci ency, hégertri§1fié?ideéi;? [ecit %éﬁ%:%))éstggggrpg%§rtF%ﬁébéLé§¥P
( LCAT) / LCAT- d&f1EfEncy; CadFyERRdBOI eBRA/ er omeopemcephamentliichy pdadilor
chol est er ol e gyp a) HsPL HLHYHOPL Ot & 18, . atrjal _natrhuretic _peptide
(ANP)/hypertensioﬁ car di ac €£%1u§é; u éﬁ%}f%n&n%hor%g%%i}%?%ggiﬁﬁmﬁﬁ?nnne
(LHRH) / br east 1 REpEEpropriysadtinasdncer : tangr pst at hepatitis, allergy;
endost at i n/ anghogeReshs-pIBLASIASIS 7 SLpRLpLL Lon; Lphi-ne, recept or

agoni st - pepti de }endpgeA%us oﬁ%%%d pe%%?%%g%%gb., gﬁﬁgﬁﬁgpﬁﬁ?, gyno?ﬁﬂ n,
etc.)/pain reth/@alignant onin andumers mor phogemeterd eedined /psoriasis;

( BMP) / ost eopairosd ST e kitrer T Bf Q0 G4 ndithe R MR 4 Ghant, ik in-12/ }i ant
interferon-y/malignant tunmor, hepatitis, allergy; inter er on? BT ngptlple
sclerosis; inBNPullaNgeaif seraaranygidvPsigminhibitor /pancreatitis;

i nterl euki n- ursardasies di shitatedykiche/AHELITWNSe J S €838y i opathy; and

interleukin-%&ﬂ: | ignant tunor; pancreatic secretory trypsin
i nhi bitor/pancredtitis; superoxide disnmutase/ischem c heart disease,

angi opat hy; and such. Neutrali'zation therapies against pathol ogic
formation faﬁégés loragali ant_transformation factors include the
production of - par tTaf 2= paptitePReS 6raprriA-retept oo matian farterag
anlt i Epd;mllcgnardnnraaafonﬁgaibnefaﬂzrmiﬂ PAclhdethdgebaste ibadOpadt {INF-a)
sol ubi '3 g
,ﬁéﬁ@gdes of solubilized receptors or neutralizing antibodies, or
dominant negative proteins.
tumor necrosis factor-o {(TNF-o) solubilized
receptor/rheumatoid arthritis; solubilized IgE
: receptor/allergies; solubilized IgA receptor/food allergies;
solubilized cytotoxic T lymphocyte antigen-4
(CTLA4) /autoimmune diseases; solubilized CD40
ligand/immunological disorders; dominant negative bloocd
coagulation factor ViIa/thrombosis; fibroblast growth factor
(FGF) sclubilized receptor/vascular intimal thickening, and
SO on.

Furthermore, the adipocytes of the present invention are not
limited to those used for so-called “therapy”, but include cells used
for in vivo expression of a desired secretory protein. For example,

- the methods of this invention enable production of model animals by
a posteriori expression of a particular protein. Using these methods,
disease model animals with a posteriori expression of pathogenesis

~Or aggravative factors can be produced, and these animals can be used
to screen drugs. Furthermore, by expressing pathologic improvement
factors, these methods can be utilized as proof of working hypotheses

for novel drug discoveries in which a given factor improves a



receptor/rheumatoid arthritis; solubilized IgE receptor/allergies;

sol ubilized I1gA receptor/food allergies; solubilized cytotoxic T

| ynphocyte antigen-4 (CTLA4)/ aut oi nmune di seases; sol ubilized CD40

| i gand/ i munol ogi cal disorders; domi narg negative bl ood coagulation factor
VIl al/thronbosis; fibroblast growh factor (FGF) solubilized
receptaor/vascul ar intipal thickening, and so on. Furthernore, the

adi poc RGO He PradEnton nydig s HRRLBoEhati AFeedsed timedaides stk sfigred
so- cal Irath ety inBUE, | A6kl ASr68bLALYFE o Auridh VRYAREXE SN P

desired _secretory, praotein. For exanple, “the nethods o 'S invention
enabl erf))r&(;ed'htcst iadﬁj T A5dES ani mal s by a posteriori expression of a '

particul ar ploteeppimblsy ML IhESR] BEPRLESt o sdE8BaSR: RAR! tﬁ@k?@kés%%ghﬁs

posteri.orj.  expressi of .pat hogenesis, "or aggravati've facto can b
pr oducé«%‘,"leélﬁtal%égaggﬁ i"}%”ga&&na FE RSl 9eped el demdengoderur preteand s )by

expr es$hag pat detogted ionusivenBRtthé ad1or s, TheesRr 8L hads 108N g nithii hiszed
di scoveries i'n which a given

as progQf _of rking hypotheses for. novel drug )
factor%Fﬁ%Fogg?Kat%e é&?ﬁ&EBgQSRSOﬁéiPﬁéﬁ?dTﬁé &Ri fargbtrat caldsusuging
i ncl udeeddsidiedi sinon- fambmaers NBbeci@ndapi ¢f erallsy JHaddINBd: SBIMRLS the

(i ncl udi r rimates). The pripary cul tured adi pocytes for the

gene tﬁg?gﬁngggggﬁhggg ?%%e ?FS%théﬁ?§3nh?E aPn G flor errreReet s) That

encodeadapprytesnfsy gehattherapgreredhgut shdenefiohhpreekkabIpecphpasse
assed on to daughter

" st abl ' I NS an t the forei ene js
cells %g%%iéﬂégﬁned({gji’s%%gfﬁn%r%? egﬁgai @aFiW?B‘PﬁP@eE)H‘ﬁ@éPPEF $89t 0
the ivesapovacton. ofMaree prefeignligsnenatfor@i¢el lgeakr 08DseARs fbeed by

adi pocyt escf9v;98ne L heLapy of this invention preferably conprise a
foreign gene?sf, sta%?y ?ransferred by a chronosone-incorporating viral
vector. Morelhe efigtaioivi ralhevéoter gnigeneabd vt r anségraeddbyino r et reviyal
and oot SolBhE ] Ronke e B L S BRPEASgonet fanstersed Gane
for a long period. The vector’s transfer efficiency and continuation
of expression of the transferred gene depends on the cell type. For
example, a gene transferred by a retroviral vector canvshow continued
expression while the cells are growing, but expression'may stop when
cell growth stops (Lund, A.H., et al., J. Biomed. Sci. 1996, 3:365-378;
Niwa, O. et al., 1983, Cell, 32:1105-1113). Foreign-gene expression
is often observed to be suppressed, particularly after introducing.
the gene into a body by in vivo or ex vivo methods. Such suppression
of expression is said to involve de novo methylation of the promoter
or coding sequence of the transferred gene (Jahner, D. and Jaenisch,
R., Nature 315:594-597, 1985; Challita, P.~-M. and Kohn, D.B., Proc.
Natl. Acad. Sci. USA 91:2567~2571, 1994; Hoeben, R.C. et al., J. Virol.
_65:904-912, 1991). Furthermore, deacetylation of histone is
involved in silencing the transferred gene (Chen, W.Y. et al. , Proc.
Natl. Acad. Sci. USA 97:377-382, 2000; Chen, W.Y. et al., Proc. Natl.
Acad. Sci. USsA 94:_5798-—5803, 1997). ‘However, when the present
-inventors transferred a foreign gene into primary cultured adipocytes
using a retroviral vector, surprisingly, expression of the
| transferred gene was found to persist extremely stably, both in vitro
and in vivo. Expression of transferred genes is stable in adipocytes

before differentiat_ion and also in mature adipocytes. Expression of



for a long period. The vector's transfer efficiency and continuation of
expression of the transferred gene depends on the cell type. For exanple,
a gene transferred by a retroviral vector can=show continued expression
while the cells are grow ng, but expression nmay stop when <cell growh
stops (Lund, A H, et al., J. Biomed. Scigq 1996, 3:365-378; Nwa, 0. et
al ., 1983, Cell, 32:1105-1113). Foreign géne expression is often observed

to be suppressed partlcul arly after introducing. the gene into a body by
in vivo ortR& tFPPSIREreR@SNesHaR cepbireed 6p POFS bifesstha entina duration

i nvol ve desmate Bykabhens e f
@? ner © .an%HJggﬁ?%ﬂtuﬂs l\gbure%aﬁgﬁg% 587 5?88§0r

transferr e_g_leqene
Chal lita, Bﬁﬁflensof BRecexpapinentasdien Saplagied triwstheshedy
1994; HoebE360 Rafs &{m@l‘e)r . J Thdrdore, 5pr M4 9 b1 th32H adEEbbE}%égDrtfb which

deacetgrl at en of hi stoze s Lnvolved in silencing the transferred,_ gene
( Chen, afeagn 9eBeie!) hagpeenghablydirangdgrapdy7oandie usgdms tpphants

WY. et a|thaﬂ°m¢abl§¢aékpreé§ad g8l (sYSRo84a5708g5883104997) - However,
when the presen I nyent or.s transferred a foreign gene into, prinmary

cul tured adi poc%f‘@? RAGYFes fodt eve e TARY 6F) tl%h? PR Ee i ‘“é’%\@rré@?l bhe

of the tabriifleyred mmﬁ@yp%i&@ﬁ% ProvelingEy| endRiddy bybat fot8i n_
nes is stable in adlpoc

it fot f d
bei ore ai PPEPARL 0T GAE ciRRar oa01 ARiar BF GhaER py PALEOEXBF CBeFBnPOFEGLaNhE

traniOerréd geéme.waBheophissed“sa rfilcahtflgr elxpereRid e sl At ﬁ@f‘ eRémp e,
the_entire

experi men LN vi.tr cul fures S, pr and, for

dur ati on %#; ?%%S’e%éﬁ %\ﬁgr‘?tr Eﬂ\?\gﬂt:’r% yt%lqggotsica(%(}eggﬁcgppared

Em; e)h : Tlr)iem e‘frbenbil:lpé i meflgul gened 1@d€mct&gﬁsf’é&r\@|&l CtEdx aeiaﬁ;ﬂ@,n wWiRHe a

S as been sta transter can, be used as | ant.s at sta

expr ess a§lg ‘%Js(ja G iﬁv?ﬁ)rfbt[ ggr?ﬁ(? hyghe ‘é&lﬁﬁ'&xfﬂgq‘%ﬁ 'gegn"é? %g?!fl‘)tfl%

this i nverrtre cad iprgyrtiese dfhechealhtédont Oisvatt forrarinen e%ﬁéﬂ§§l§nt@é@t Bty sa
nore in vitro

rGrg(r:e pbre er%ffr H ‘% 'ir}bé 3\%%1&?2?5@%&&@ g‘ﬁtllg{/ FHYEIZ 2 n%’é‘?r%e“;b?r)
exanpl e, ere:zqnieﬂsbycm foredetegene (a) n it bsliycedt )étSﬂ.ﬁalsftl serdayLvelmore,
compared o ME1 Y 18 312 U %, Tl Bl 50 ety S AP St M et
more preferably 60 days or more, still more pré&f&rably 80 days or
more, yet even more preferably 100 days or more, yet even more
20 preferably 150 days or more, yet even more prefierably 200 days or
more, yet even more preferably 250 days or -more, yet even more
preferably 300 days or more, and yet even more -preferably 350 days
or more. -
The adipocytes for gene therapy of this invention are
25 particularly useful as cells for releasing proteins, that are encoded
by foreign genes carried by the cells, into the blood flow. The
pProteins released into the blood flow include. desired secretory
protein_s that demonstrate activity in the blood stream or at the
surface of cells of target tissues, and examples include desired
30 humoral factors such as hormones and cytokines, and antibodies. More
specific examples are, as mentioned above, hypoglycemic hormones such
as insulin and/or glucagon-like peptide-1 (GLP-1) for treating
diabetes and such; blood coagulation factors for treating hemophilia

and such; and solubilized fragments of TNF-a receptor or.
35 anti-TNF-o antibedy (including antibody fragments that
comprise an antibody_ variable regi_on, such as Fab and scFv) in the



significance |level of 5%or a higher significance). Mre preferably, the
adi pocytes ‘of the present invention, when transplanted into a 15 body,
conprise the ability to significantly express a protein(s) encoded by a
foreign gene (s) in the body for at gﬁt 30 days or nore, preferably 40.
days or nore, nore preferably 50 days nore, even nore preferably 60
days or nore, still nore preferably 80 days or nore, yet even nore

pref er dbigati@htdays disedses xéahla\ieﬂnajoreelh&eld@rdefzmahi y1do01 slaysu@k Bure,

yet evendRiRJAreherably 400 98¥§a§5 %8 g§§8 angq%e referablggéggnre
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and si ) bstltuted with gdvage sequencé protedse
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An |nsylig gn nDdlfle to a S|n | e chain e used
& %? CERRRt REVL23Y, 2081 68443 : 5@&? - For GLP-1, a deS|red
peptlde t hat acts as a ligand for the GP-1 receptor may be used (NP

002053; Tho%ﬁps B. et al.
reésent invention also relates to methods of producing

adipocytes for gene therapy, where the methods comprise the steps
of:

(1) primary culturing adipocytes, and

(2) transferring cells with a foreign gene(s) that encodes a
protein(s) that is secreted to the cell exterior, preferably using
a retroviral vector or an adeno-associated viral vector, so that the
gene is stably maintained.

The present invention also relates to the adipocytes for gene therapy
produced by this method. “Stably maintained” means transfer of a
foreign gene(s) such that it is passed on to daughter cells when the
cell divides, and more specifically, it refers to integration of the
foreign gene into the chromosome of the cells. Southern blotting or
PCR using genomic DNA can molecular biologically demonstrate that
the foreign gene has achieved stable expression by integrating into
a chromosome. Furthermore, to concentrate the stably transfected
cells,forexample,eamethodusingfluorescenceactivatedcellsprting
(FACS}, which concentrates cells by recognizing the GFP coexpressed

by the cells along with the target gene,'may be used.



D abetes 42, 1678-1682 (1993); Dillon, J.S. et al., Endocrinology 133,
1907-1910 (1993); Gaziano, MP. et al., Biochem Biophys. Res. Comrun.
196, 141-146 (1993); Stoffel, M et al., Diabetes 42, 1215-1218 (1993)).
An exanmple is GP-1(7-37) (D abetes, 1338, 47:159-6.9; Endocri nol ogy,
2001, 142: 521-7; Curr. Pharm Des., 7:1399-412; Gastroenterol ogy,
2002, 122:531-44). -The present invention also relates to nethods of
produci hg Mafi tes dorlegmned eriapyy wherte rete ankiploeys esonpri se t he

steps of: ( r i ngy e a (2 transf rrin

with a forei ?rﬂﬁé %u?lﬁg%géncod?é‘gyggér ot%ginn( 533 %J’tle eckr?%t grbe%t%o cfﬁwe

cel | ex@%ﬁ@*be(grélﬂet Bl yegsrhgbyaSnguhavar &t \adct drSu(gahamaadeIno-eassmk:.l ated .

viral veekfireseilhabnlhg. 46en9 e bl yopRl ALNAG.C T BLESEOL Jyen i on
pro et hod.

also relates to the adi ocytes f or g éra
" St abl VARG REafAsablyedhs timpisgr mcanélmteﬂsgnwgeﬂeb(:s):asaohst huilpcise s

passed ©fsd e ASHORE §ke ££1 | Vk%ﬁ’ét |1 i |f Iy
it refers to int egrat? on o&%‘?mf f%fsesltgéiaf gselgde%%osmt%&c%%?gﬁg (gfctt%n
cel |'s. SOAHEMM I Gt | RgSERtePER uUsisrRpgends ceBNArpahedol weldar sterile

01 O 00icd t RPNk 1 BRinp 100 S 90 B30 W2PHAEHS LR G aceg

exXpr essi on by I nt egratl ng 1 nt o ronosone. er m)re t o concen
the st abiyrd paRskeet e%Fl%?é?lTSs Orf%ﬁUé%aﬁﬁllekmaf&ret H@dsuwrrgeil@umém@@

act i vatied dsgblstser by%aﬁaﬁﬁf%)t 3phECHy, PReen hhaé&ﬁ?fféiﬁg% f;g;% 'ﬂg@% the

G-P coex ressed béth he cells along wth target gene;
1. Met EORGA5 nﬁF?fQGPP&YeH *é‘éh%d@g/»ff@& Fﬁan@wa@mrpmre@te

adi pOC)Me@ﬁgt@ﬁ@fbem@ |§§é§é‘r$&¥l§mﬁcﬁo% t@eﬁérxhﬂ%@téé‘ thes rt‘%;%‘?{fse%ér%&%hara
et al. &% gi hara, H. et ferentiation, 31742-49, 1986 re

al
speci f F&HA ¢ PEAGIEEE atiess fes 1dugd apFefdrabipat HéYﬁﬁppﬁn?eﬂ§éF§P§ﬁt"—1§nevm

subcut aneous Tadi ﬁmsetlhgsmzerlsz%%%laba?' PASEhELSPMEhe S UGTEAD ! kRTHE
surrou idyms or nmesenteric fissue, is extirpated under

d| n
steri | %H%F%Fblﬁgtlaﬂd 7 5 diisine 2dseceFowasHiHg AR tH amBs fiflded with
nnrcelkmﬂd&dm, Bubbles are removed, and the flask is left to stand in a CO;

incubator for culturing, such that the conventional culture surface

is a deiling {ceiling culture). After culturing for an appropriate

period,preferablytentx)14days,cellsadheredix)theceilingsurface

are collected by trypsin treatment. These cells are subsequently
- subcultured in a conventional culturing system.

- Primary cultured adipocytes may be stored by freezing before

or after gene transfer. This procedure allows multiple use of

adipocytes after a single collection.

2. Gene transfer to adipocytes

Gene transfer can be performed using gene transfer reagents
(Fugene 6, Roche; Lipofectamin, Invitrogen; Cellphect transfection
kit (calcium phosphaté method), Amersham; etc.), electropbration
methods (Chen, H. et al., J. Biol. Chem. 1997, 272(12), 8026~31),
or viral vectors (Kay, M.A., et al., Nat. Med. 2001, 7, 33-40).
Transfer is preferably performed using viral vectors, and more
preferably using retroviral vectors (e.g., Arai, T. etal., J. Virol.,
1998, 72, pplils5-21).

When gene transfer is performed using a plasmid, the plasmid
is transfected into adipocytes, and those adipocytes stably



using a pair of scissors or a surgical knife. This norcellated tissue 1is
di gested by shaking at 37C in a nedium conprising an appropriate anount of
col | agenase, preferably 1 to 3 ng/nlL, for an appropriate |ength of tine,
preferably for 20 to 60 minutes, and thgn separated into a precipitated
resi due and floating | ayer by centrifugation The floating layer is
preferably further- washed once or twice by centrifugation, and is then
added tf&aéﬂwqm% FraskTePprearaft FonvddirurdeBubbiesbar selembedd, Sught he

flask igdd@idyties &ia&lﬂdaé bl LX%d LU0 e f i 16! t dipi rgl%@xe :;B%SEH%
conventi onal, cuI 5 ﬁﬁéface is a ceiling eécelllng uIreur
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cul turiif? §4 IPBEi Jithhr &f efEpyyreshstanae dsps, oot | by
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subcul tured in_a conventional” culturing syst

cells are subse en
Pri marj{ é%%dﬁ%@??@s Inf Chenst ot eat byd fiie iragshersed coklafisénggene
transfmmléﬂdﬁngucxmmhéﬁwféé0“§h@“bél@bed$#353 ol POGY S éi&ﬁin& $hagl e

col | ecti _an. e tran er_to, adlpocytes Gene transfer can be pefforned
usi ng &gﬁgﬁﬁ%ﬁ¥ 3$¥ Linkeheds L URdBRe toghpdaBEFani AUTLRGFIPEGen:

Cel | phettert r geusé ed:tnam felrl tig cgb@fu;mn@@oa@@ﬁt@ et P& mi ATELS hA h & Cok:

el ectr %E%EE%QI n%ghods (.Chen Fk 3 ) Blol Chem 1997, 272(12),
8026- 3%% o Vi al SRR 1hyP ﬂﬁﬁf eE%Vﬁﬂ inggEraged coREe ysed3tao) .
Tr ansf éncireapeetéeaklfyf ipéeheymed u&tﬁ@oﬁbﬁéh gangtaonamﬂomoreelmrgigmably,

oot 115200 Wien2534e e PEREF Y 1 perfor med using a pl asm d, the pl asmi d
i s transfect2d amr@]ajoﬁ@ayteesraﬁﬂﬁeﬂi@ﬁﬁ) adipeeytes \ﬁél&bj ¥ vhiZalmakatakni ng
oy SEL AT Gt e e S ] S g O S5 oo

with abdigggmeg|s¢aﬁceg@@me DapehyovmeubooﬂiﬁmbtﬂutﬁdvﬂﬂﬂaaéiEamluggeéﬂ@r
{rans 26F el e A 2 e kR O REF R dE S Eor st e shisFfied by
cl oni ng§ tg¢rombinant AVV vector, in which a foreign gene is integrated, can :
be produced by integrating the foreign gene between two inverted
terminal repeats (ITRs), and expressing the AAV packaging proteins
(rep and cap gene products) in the presence of adenovirus El, EZ2A,
and E4 proteins (Muzyczka, N. (1992) Curr. Top. Microbiol. Immunol.
158, 97-29; Kaplitt, M. G. et al. (1994) Nat. Genet. 8, 148-54; ¥iao,
X. et al. (1996) J. Virol. 70, 8098-108; Kessler, P. D. et al. (1996)
Proc. Natl. Acad. Sci. USA 93, 14082-4087; Xiao, W. et al. {1998)

J. Virol. 72, 10222-0226). |

In the present invention, th_é foreign gene is more preferably
‘transferred into adipocytes using a retroviral vector. Retroviruses
refer to viruses that belong to the Retroviridae family, and include
oncoviruses, foamy viruses (Russell, D.W. and Miller, A.D., J. Virol.
1986, 70:217-222; Wu, M. et al., J. Virol. 1999, 73:4498-4501), and
lentiviruses {for example, HIV-1 (Naldini, L. et al., Science 1996,
272:263~267; Poeschla, E. et al., Proc. Natl. Acad. Sci. USA 1996,
93:11395-11399; Srinivasakumar, N. et al., J. Virol. 1997,
- 71:5841-5848; Zufferey, R., et al. Nat. Biotechnol. 1997, 15:871-875;
Kim, V.N., et al., J. Virol. 1998,72:811-816) and feline
immunodeficiency virus (Johnston, J.C. et al., J. Virol. 1999,
73:4851-5000; Johnston, J. and Power, C., J. Virol. 1999,



transfected cells by limting dilution techniques. Furthernore, when gene
transfer is perfornmed using a plasmd, a nethod of transiently expressing
a phage-derived integrase can be used to increase the efficiency of
chronosomal insertion (M. Cell Biol 2001 Jun, 21(12):3926-34). An
exanpl e of gene transfer into adlpocytég using a viral vector is a method
usi ng an adeno-associated virus (AAV). AAVs are viruses belonging to the
genus DBSserffdvizdds jofPoeisehar vBuiM.i de Hlani INat .addd . ane96hanacterBses) by
chr onogopgk i p Bfrah S re A Lecanbi nant ,
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Shi nn'&a{%rylng a I?gene to be transferred, such as pBabe CL-SEAP~IRES-GFP,
is gene-transferred to packaging cells, such as 293-EBNA celis
{Invitrogen), using a gene transfer reagent and such. This is then

- cultured for an appropriate period of time, preferably one to three
days, and the produced recombinant viruses in the supernatant are
collected. These viruses are then infected into the adipocytes to
be transfected.

The retroviral vectors preferably comprise an envelope protein
with broad tropism, so that they can infect a wide range of mammalian
'adipocytes, including those of humans. For example, amphotropic
envelope protein may be used (for example 4070A) (Accession K02729;

- Sorge, J. et al., Mol. Cell. Biol,. 4 (2), 1730-1737 (1984)). 1In the

~present invention the retrovirus is preferably pseudotyped (Emi, T.

.Friedmann and J. K. Yee, J. Virol., 65 (3), 1202-1207 (1991); Yee,
J.~K. et al'. {1994) Methods Cell Biol. 43 43:99-112; Burns, J. C.
et al. (1993) Proc. Natl. Acad. Sci. USA 90 90:8033-8037) by vesicular

stomatitis vir_*us G protein (VSV-G) (Rose, J.K. and Gallione, C.J.,
J. Virol. 39 (2), 519-528 (1981)). Pseudotyping by VSV-G enables
highly efficient transfer -of genes into adipocjtes. V8vV-G
pseudotyped vector can be produced by expressing VSV-G in packaging




and J. G Sutcliffe, Nature 293, 543-548, 1981). The retroviruses maybe
self-inactivating (SIN) vectors. A SIN vector can be prepared by del eting
a portion of the 3" LTR during viral packaging (Yu S.F. et al. (1986)
Proc. Natl. Acad. Sci. USA 83:3194; ﬁ% K. et al., 1987, Proc. Natl.
Acad. Sci. USA 84:5197-5201; Zufferey,” R et al ., 1998, J. Virology, 72,
9873- 9880 The foreign gene in the retrovirus can be transcri bed by LTR
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14 .cultured adipocytes are incubated in a culture solution comprising
viral vectors. Adipocytes are preferably infected in the form of
preadipocytes. Infection efficiency can be increased by adding 0.5
to 8 ug/mL or so of polybrene. Multiplicity of infection (MOI)} is
nqt particularly limited, but can be appropriately adjuéted within
the range of 0.1 to 100. Gene transferred cells can be selected using
a marker gene, for example. However, if infection is carried out at
an MOI of approximately 2 or more, or preferably approximately 3,
4, 5, or more, the gene can be transferred to most cells, even without
selection. The gene-transferred adipocytes can be used for
_implantation without further treatment, or in certain cases, they
can be converted to mature adipocytes by culturing in a medium
comprising 3-isobutyl-l-methylxanthine (IBMX), dexamethasone, and
insulin. In such cases, since IBMX and dexamethasone are used mainly
to activate the adipocyte peroxisome proliferator-activated

| receptor-yY (PPAR-Y), drugs that directly activate this receptor (for
example the thiazolidine derivatives, piocglitazone/Takeda
Pharmaceutical Company Limited and rosiglitazone/GlaxoSmithKline)
may be added at the same time.

The primary cultured adipocytes of this invention, which carry



cells. Mre specifically, for exanple, packaging cells that can inducibly
express VSV-G may be used favorably (for exanple, Arai T. et al., J.
Virol., 1998: 72, pplll5-21). The titer of the produced viruses can be
determned by infecting cells with viyais solutions that have been stepw se
diluted, and counting the nunber of colonies of infected cells (for
details, see Ausubel et al) . (Ausubel, F.M _ et al.” Eds. (1995) Current
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pi ogli tazonej: (?gseéhar%)rggé [ ca n%%onsﬁ 5 %flgfored more preferably

rosigl4® R/ HoSHi tenén mejre preferably 50 days or more, still more
preferably 60 days or more, yet even more preferably 80 days or more,

yet even more preferably 100 days or more, yet even more preferably
150 days or more, yet even more preferably 200 days or more, yet even
‘more preferably 250 days or more, yet even more preferably 300 days
or more, and yet even more preferably 350 days or more. The foreign
gene expressed in a body can be detected and/or quantified, for example
+ by immunoassays such as EIA. Removal of the transplanted cells can
stop the expression of the administered foreign gene at any time.
In certain cases, by transferring an inducible suicide gene (e.g.,
H8V-tk) to the graft cells, the graft cells can be eliminated by

administering ganciclovir, for example.

The present invention also provides implant compositions for
gene therapy, where the compositions comprise primary cultured
adipocytes_ that stably hold a foreign gene(s) that encodes a
protein(s) secreted to the cell exterior, and pharmaceutically

) acceptable carriers. Examples of the carriers aré physiological

saline, phosphate buffer, culture solutions, serums, and body fluids.



may be added at the sane tine. The primary cul tured adi pocytes of this

I nvention, which carry 15 a desired therapeutic gene, can be inplanted
into the body of an inmunol ogically nmatched recipient, thus enabling gene
therapy by in vivo expression of the s%gretory protei n encoded by the

t herapeutic gene. The primary cul turedt di pocytes to be inplanted are
preferably cells fromthe sane host as the recipient. The gene t her apy
met hodsThEAeviRrE e t#e s iowmbi ned witedaash PGV £ eaf stpbsrkWEAE I BeLGHeEs

i npl ant gdsgaprBeqappLi & l?% expressing a desired secretory protein in a
body, in anticipation o at protein's effects. For exanple, a disorder
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e conposrtl ons

provid Iant OS|t|ons for gene ther
Conprlgé %g@ i ”f ilyy and heparan sulfate Such ECMs include a

substrate extracted from Engelbreth-Holm-Swarm mouse tumor
(Matrigel®) (Becton Dickinson Labware) (US Patent No. 4,829,000).
The structure of the compositions comprising the ECM component and
adipocytes used in the present invention is not particularly limited,

- and may be, for example, a gel or paste network structure, a fibrous
structure, flat (disc) structure, honeycomb structure, and
sponge-like structure. ECM components can be gelated according to
conventional methods. For example, gelation can be performed by.
incubating an aqueous solution comprising approximately 0.3 to 0.5%
collagen at 37°C for ten to 30 minutes. Otherwise, ECM components
can be gelated using a gelation agent.

Furthermore, the implant compositions of the present invention
preferably comprise an angiogenesis factor. The implant
compositions of this invention that comprise an angiogenesis factor
cause blood vessels to form around them after implantation, and can
secrete a foreign protein into the blood flow with higher efficiency.
The angiogenesis factors are not particuiarly limited, as long as
they are factors that may induce angiogenesis in vivo, and examples
are vascular endothelial cell growth factor (VEGF), basic fibroblast



adi pocytes that stably hold a foreign gene(s) that encodes a protein(s)
secreted to the cell exterior, and pharmaceutically acceptable carriers.
Exanpl es of the carriers are physiological saline, phosphate buffer,
culture solutions, seruns, and body fluyi-ds. 16 These may al so be conbi ned
with a solid or gel support that beconmes a scaffold for cells. The inplant

cConposi t | ons, of . t ent i nvention preferably conprise an extracellul ar
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.0b7j ec_tlve of angiogenesis factors used in this manner is to form blood
vessels around the transplanted cells, so that the foreign protein

- can be efficiently secreted into the blood flow from the adipocytes -
of this invention. Therefore, when using a vector encoding a vascular
inducing factor to express that vascular inducing factor from
adipocytes, the use of a transient expression wvector (more
specifically, a vector that is not incorporated into the chromosome)
is preferred. When the adipocytes express a vascular inducing factor
for a long period, excess amounts of blood vessels form around the
implanted adipocytes, which may cause systemic side effects..
Therefore, it is preferable that the foreign gene encoding an
anglogeneSJ.S factor is not stably transferred to the primary cultured

adlpocytes of this invention.

3. Implantation of adipocytes

Gene transferred adipocytes are prepared at an appropriate cell
concentration, preferably 0.2x 107 to 2x 107 cells/mlL, or 0.2x 10°f
to 5x 10° cells/ml when transfected with a retrovirus. They are
infused as is into the subcutanecus tissue or adipose tissue,

preferably subcutaneous tissue, or by mixing with an effective media,



preferably conprise an angi ogenesis factor. The inplant conpositions of
this invention that conprise an angi ogenesis factor cause blood vessels to
formaround them after inplantation, and can secrete a foreign protein
into the blood flow with higher efficiggcy. The angiogenesis factors are
not particularly limted, as long as they are factors that may induce

angi ogenesis in vivo, and exanples are vascul ar endothelial cell growth
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Lo, BBiL0c. micane, aRILsoo DR USRRELR {1 RRIN0 e, LR AEL A
sSurface after 14 days of ceiling culture, (B) shows primary cultured
.adipocytes grown in a normal culture, (C) shows mature adipocytes
that have stored lipid droplets due to differentiation induction,
and (D) shows an oil red O-stained image of differentiation-induced

cells.

Fig. 2 shows the plasma alkaline phosphatase (AP) activity
obtained by implanting ICR nude mice with primary cultured adipocytes

| (derived from subcutaneous fat of ICR mice} that are transiently
transfected with AP-expressing plasmid PCDNA3.1-SEAPmh.

Fig. 3 shows a comparison of gene transfer efficiency when
;etroviral vector MLV (VSV) /pBabeCL (PLAP) IP is transduced to primary
cultured adipocytes derived from various adipose tissues.

Fig. 4 is a set of microphotographs showing images of the

- differentiation induction of primary cultured adipocytes transduced
with MLV (VSV)/pBabeCL (GFP) IP. (A) and (B} respectively show a
light—microphotograph, and a GFP fluorescence photograph of the same

- visual field.
Fig. 5 shows the duration of AP expression in subcultures of

primary cultured adipeocytes transduced with an AP-expressing viral



Therefore, it is preferable that the foreign gene encoding an angi ogenesis
factor is not stably transferred to the primary cultured adipocytes of
this invention. 3. Inplantation of adi pocytes Gene transferred adi pocytes
are prepared at an appropriate cell concentration, preferably 0.2x 107 to
2x 107 cells/nL, or 0.2x 106 to 5x 10b°cells/nL when transfected with a
retrovirus. They are- infused as is into the subcutaneous tissue or adi pose
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receives. an i ant is praoportional _to the nunber of inplanted cells.

Ther ef GF&° ﬁﬁg%OSQ&FgrﬁFﬁdggﬁ ﬁﬁﬁpaﬁF%tF&ﬁ?'a desired expression |evel can
be mai nt ai ne#ifor6ais anggiewifoghbRograbadyanacei yidith athdwil@rtheb¥hange

adj usti.ng the_amunt _of adipo% %%s th;t are Lnﬁjanted to al%%n wi_th a

pre- meadur ed FAVILrS fordign é ETeRLRELSNGATPECER.  BBFBFPEERPLFEFSA of
t he DraviipgsyEeg. 1 (%8 askevsoh rBREF ophohbgmaphesebppr iim@ige coft predary

adi poc iL.sal fromthe,subcut a s fat. of. three-week old LCR mce:
(% PohShd i A PR T R it B s oy SR BoRFrgedy o
after Shedayshef adépbryggecsuktranefetBpdshank HLVAHSY) ¢pBibeed (GaR) iocytres
grown | r tune .sho mat yur e adi pocytes. _t have stored
ot HBsd R R T et R R PSR E KR 1 R YRR B6PPE o
O st ai Amdgenagkenfurdidy didifeirantdatindedaducdiely sondigiofsshts sthiversphaasma

o o PECENER ARG, ARty BEAR R DAL ERL L B LS udR. e
m ce) @ﬁép0§y§e5ran§ﬁ@mﬂW¢d from ICR subcutaneous fat) under
' non-differentiation-inducing conditions (non—differentiation) and
differentiation~inducing conditions (differentiation).

Fig. 7 shows (pro)insulin production by plasmid transfection
into primary cultured adipocytes.

Fig. 8 shows the stable expression of AP in primary cultured
adipocytes (derived from C57BL/6 mice subcutaneous fat) transfected

"~ with AP-expressing AAV.

Fig. 9 shows insulin expression at the time of differentiation
-induction in primary cultured adipocytes transfected with sl1s2B10
insulin-expressing retroviral vector. (A) shows the results using
an EIA produced by Morinaga and (B} shows the results using an EIA-
produced by IBL. |

Fig. 10 shows the expression of GLP-1(7-37) in primary cultured
adipocytes transfected with GLP-1(7-37)-expressing retroviral
vector. Measurements were made in triplicate, and their average
values and standard deviations are shown.

Fig. 11 shows the effect of the presence or absence of
pre-implantation stimulation of differentiation induction on in vivo
AP expression in the implantation of AP-expressing primary cultured
adipocytes.

Fig. 12 is a set of graphs and a photograph. (A) shows the change



transfected with AP-expressing plasm d pcDNA3. 1- SEAPnh. Fig. 3 shows a
conpari son of gene transfer efficiency when retroviral vector MV (VSV)

/ pBabeCL (PLAP) IPis transduced to primary cultured adi pocytes derived
fromvarious adi pose tissues. Fig. 4 is a set of mcrophotographs show ng -
images of the differentiation inductid® of primary cul tured adi pocytes
transduced wth MV(VSV)/pBabeCL(GFP)IP. (A) and (B) respectively show a

l'i ght - ircHORBAL QOF ARk vARY dh&hRAH-UQIASEENee pRhahey 3Rt @fcd RRLITH R tes
visual field. Fi % 5.shows the duration of AP expression in subcultures of
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.pBabe ) or gene /) | pBabe _ o]
ol |5 GO TR COomAESTBERE e T S SRS T Mt RIS s HOREIHE s e o
transf gqoni rGORISAR game 1 i ghl Wi e ¥y qeBabaGl{fd A |the MatFRgenr&tirpated
(IVLV(V(S;p/ EﬁbeCL GFP)IPA i nto adi poc&t SS' derived rom(iCR gice. Fig:. 6 is
a set OHE oo iar Lapgowp SRoREHG tcﬁr%P'c%%ﬁb%ge%e Kpréssi ofio¥ irhe
di f f er gninFatingantddc ed cggneHoanskerzed tagi pegyieas . sHon shenah GrRdg ght
m croscope i mage of prjma cul tured. adi pocyt es under e '
non- di FREFETE 267 SHARMRIE! NG” LORUPE| Und 2L MRRaP A T RES L oBoRg PR e et ed
wi th MY ¥8V)iheBakzed @GHR) | Phar eemdéniivgdvhiassl EResubenthgneouiukat. (B)
shows a simlLar  Croscope i e taken der differentiati.on-i j ng
condt trons. | E&F-showslAE EPBGERTTENS iyE NAP (V- e A 195 Aaner
ect ed pitdany yctiht thedladd pof wties: (eedivdathd poaminftRaatbloyt Eine eestHad o f
under gnon-Qizf Eﬁrentnida ion- ivnduci ? ndi.tions N n%{l-di fferentiation) and
di f er &nbiratPdhinGiS By Con@itticons OCditFsFeMaAESn . Fig. 7 shows
(pro)insulinFpgodlét sbowby thkasesdltsanst eetrifonrmingt anpraxtaEmpatuldrurtecst
adi pocyt.es. .Fi g, 0 he e.expression of AP in_ primar l,.t.ur ed
adi pocé%lgél(a egf)vglag?r%%g@? Bﬁ? g@r)n ce géﬁcu?ﬁ%e%%%g? aqr;] ttrraélrrlé?)fl é&%é&tl%vr\ﬁ th
AP- expr essi n§igAVL5 shows the dependence of blood AP activity on the number
- of implanted cells when implanting AP-expressing adipocytes. The
values indicated are the group average and standard deviation of the
measurements of each individual.

Fig. 16 shows the effect of implanting s1s2B10
insulin-expressing adipocytes to STZ-induced diabetic mice. (A)
shows the effect on fasting plasma glucose level, and (B) shows the

 effect on body weight. The values indicated are the group average

and standard deviation of the measurements of each individual.

Best Mede for Carrving out the Invention

The present invention will be described in detail below with
reference to Examples, but it is not to be construed as being limited
thereto. All references cited herein are incorporated into this

description.

[Example 1] Primary culture of murine adipocytes
[Methods]

Three-week old male ICR mice or four- to five-week old male
C57BL/6 mice (both from Charles River) were anesthetized with diethyl
ether, and sacrificed by collection of whole blood from the heart.

Next, inguinal subcutaneous fat, or fat surrounding the epididymis,



Fig. 9 shows insulin expression at the tinme of differentiation induction
in primary cul tured adi pocytes transfected with sl s2Bl O insulin-expressing
retroviral vector. (A shows the results using an ElIA produced by Morinaga
and (B) shows the results using an EIA produced by IBL. Fig. 10 shows the
expression of @P-I (7-37) in primary ltured adipocytes transfected with
GLP-1(7-37)-expressing retroviral vector. Measurenents were nade in
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of inphaméim@kihﬁﬂﬁﬂDby trypsin treatment and transferred to a normal
culturing system. Subculturing was then performed at a ratio of 1:3
to 1:10.

To induce differentiation, the medium of cells cultured to
confluency in a 6~well plate was transferred to an induction medium
“{normal medium supplemented with 0.5 mM IBMX, 0.25 pM dexamethasone,
and 10 pg/mL insulin). This stimulation was continued for 48 hours.
Next, the cells were differentiated in a maturation medium (normal
medium supplemented with 10 pg/mL insulin). The maturation medium
was'exchanged every three days.

0il red O staining solution was prepared by mixing a stock
solution, prepared by mixing 0.3 g of 0il red 0 in 100 mL isopropanol
(99%), with distilled water in a 3:2 ratio at the time of use. The
cells were washed with PBS and then fixed with 10% neutral formalin
solution (WAKO). After washingagain with PBS, the cells were stained
with 0il red O staining solution at room temperature for ten minutes.
The cells were washed with PBS again, and then examined by microscope.

'{Results]

Fig. 1 is a set of microphotographs of primary cultured
'adipocytes isolated from the subcutaneous fat of three-week old ICR
mice. After 14 days of ceiling culture, adhesion of adipocytes

carrying lipid droplets was observed on the ceiling-side culture



i nsul i n-expressi ng adi pocytes to STZ-induced diabetic mce. (A) shows the
effect on fasting plasma glucose |evel, and (B) shows the effect on body
wei ght. The val ues indicated are the group average and standard devi ation
of the measurenments of each individual. Best Mdde for Carrying out the

| nvention The present invention wll bé&Z2described in detail below with
reference to Exanples, but it is not to be construed as being limted
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of sci géseﬁs o"‘rs%f%\er%i Byl hries @t VTSt cRRPHR ebOt PSS BE 1RAS YdicyddtiE@dni t h
shaki ngditp@AE dorcdiprtios 6y tHenutleisl ity noy el £ meadidan (HIVEM hi gh
gl ucose/ SIGWA, 10% FCS) conprising 1 ng/nL of coll agenase (Si
fraction/Nitta gelatin), and then separated into precipitate and suspended
| ayer byExsamld fAigdticorsidnt( 30rgsfdn weE rilurtmescabllke sdcaitdoly laaxan iwas
further j.fuged e gr. twice . to renove the coll agenase by dilutiaon,
h%%:j?} AJJ T g ’
and thén & é‘(ra a}.o a (‘%@5 g[eé‘%k PP AR TPREY e W T SR didrhP Sas WeFe
r enovedmpaidd i iomas  tourntsfieedt auh deli pa SAeEOR ratomespkere in a CO2
i ncubat or at ,37C_s %ﬁn@ canventiqgnal culture_surface was, upside (ceiling -
A a L - Nl ;
“culture) Ten to 1?[m ay’s a%]setr&%cul Cur i HG et h‘éxejé?ﬁl%‘aher%#g 4G he™@&FI i ng-
sur f acépardifd cedliyec8BAP lyerte (Fdonteckat oaeriLamdeheansdesf ed o a1 ngenal
cul turippg %qmv?%_bgglletstér_igqg n_perforned at ratio of 1: t
1:10. To jﬁuce differentiati ony@?%éepfrgﬁsu%%?s Bired %fﬂ Rty ¥ 8“1§ureg
_ adipocytes, and changes in AP activity were examined. (Both AP gene
products are thermostable and can be easily distinguished from
endogenous alkaline phosphatases by thermal treatment.)
[Methods]
(1)Productionofprimaryculturedadipocytestransientlytransfected
with the SEAP gene '

AP-expressing plasmid (pcDNA3.1-SEAPmh) was constructed by
inserting the SEAP sequence, obtained by double digestion of
_pSEAPZ—basicvector(Clontech)withrestrictionenzymesHindIII~XbaI,
into the HindIII-Xbal site of PcDNA3. IMyc-HisA (Invitrogen), which
is a vector for expression in mammalian cells.

For every gene transfer to a 10-cm dish, 500 puL of FCS-free DMEM
medium and 15 UL of Fugene 6 reagent (Roche) were mixed, then 5 g
of pcDNA3.1-SEAPmh was added. This mixture was left to stand at room
‘temperature for 15 minutes. This mixture was added to primary
cultured cells (derived from ICR subcutaneous fat) cultured to 70
to 80% confluency in a 10-cmdish. This was then cultured for 24 hours
ina CO; incubator. |
(2) Implanting mice with alkaline phosphatase gene-transferred
primary cultured adipocytes

Gene~transferredcellswerecollectedbytrypsintreatment,and

washed twice with PBS by centrifugation. The cells were then



confluency in a 6-well plate was transferred to an induction nedi um
(normal medi um suppl enented with 0.5 nm I BMX, 0.25 M dexanet hasone, and 10
g/mL insulin). This stinmulation was continued for 48 hours. Next, the
cells were differentiated in a maturati on medium (normal nmedi um

suppl emented with 10 g/ nL insulin). Thé&3mat urati on nmedi um was exchanged
every three days. O F red O staining solution was prepared by mxing a
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from the postorbital venous plexus before implantation {day 0) and
after implantation over time. Plasma was obtained from the whole
blood by centrifugation at 2000 g for 15 minutes. AP activity in this
plasma was measured using an assay kit (SEAP reporter gene assay kit,
" Roche) by following the attached instructions.
" [Results]
Fig. 2 shows the plasma AP activity achieved by implanting mice
with primary cu_ltured cells, which have been transiently transfected -
‘with alkaline phosphatase (AP)-expressing plasmid pcDNAB.l—SE:Ath.
‘For purposes of comparison, mice were administered with 1 pg of
purified AP protein (Roche) by injection. Seven days after
| administration the blood AP activity in these mice decreased to the
level of the control. On the other hand, blood AP activity in mice
that received an implant of cells holding transiently transferred
genes was confirmed to peak on the fourth day_éfter implantation,
and the duration of expression was 14 days. The duration of in vivo
expression by implanting cells carrying transiently transferred gene
was short, and the concentration in the blood was found to vary greatly,

although it was maintained lenger than by injecting protein.



endogenous al kal i ne phosphat ases by thermal treatnent.) [Methods] (1)
Production of primary cul tured adi pocytes transiently transfected wth the
SEAP gene AP-expressing plasm d (pcDNA3. 1- SEAPnh) was constructed by
inserting the SEAP sequence, obtained by double di gestion of pSEAP2-basic
vector (Clontech) with restriction enzyfes Hindlll-Xbal, into the

Hi ndl 1| - Xbal site of -pcDNA3. | Myc-H sA (I nvitrogen), whi ch is a vector for

expr essimgangl sBMabLaaueeh bs, tﬁgrusq\f@;rx PEPL] tyansder otfoaéla_}%g c$FR ditghy e 500
L of FCS-free DVEM rredl um and 15 L of Fugene 6 reagent (Roche)” were m xed,
then 5 F2RFY FEBNRSS ABEAPTh was added. This mixture was left to stand at
room tpmsiadidre for 15 m nutes. This m xture was added to primary
culture&lcc(}ls (deriyved fraom I CR ubcutaneous fat) cultured to 70 to 80%
confl ue W TR ERYISh AFrhian et GRR RS SBHoY WWolhrs in a cop
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primary Cene-transferred cells were collected
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operat ed windlL i o bLhaRe QLU 1. (BU B, Bl mesUll el o), 0.8
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i nj ect exp-iemtry site (IRES) of encephalomyocardltls virus (EMCV), which was
excised from pIRES2-EGFP by HincII-HinclI, and the green fluorescent
protein (GFP); then replacing the portion from the long terminal
"repeat (LTR) to the foreign gene insertion site (multicloning site)
(SspI-BamHI) with a sequence corresponding (SspI-BamHI) of pCLXSN
(IMGENEX) . Furthermore, pBabeCLXIP, in which the IRES-GFP portion
of pBabeCLXI2G had been replaced with IRES-puromycin resistance gene,
was also used.

Each of the DNA fragments of the above-mentioned PLAP, SEAP,
and GFP were blunted with Klenow fragments, then inserted into
pBabeCLXIP or pBabeCLXI2G vector cleaved with Hpa I, vyielding
pBabeCL (PLAP) IP, pBabeCL (SEAPmh) I2G, and pBabeCL (GFP) 1P,
respectively.

(2} Production of wviral vectors

Each gene‘transfer to a 10-cm dish was performed as follows:
30 UL of plasmié transfection reagent TransIT (MIRUS) was mixed into
500 ML of FCS-free DMEMlnedium, and left to stand at room temperature

for five minutes (mixed DMEM/TransIT solution). 1In a separate tube, .
3.3 ug of a vector encoding VSV-G (pCALG, modified according to Arai,
T.etal., J. Virol., 1998, 72, ppl115-21), 3.3 pug of a vector encoding
Gag-Pol (pCLAmpho/RetroMax system (IMGENEX)), and 3.3 ug of a vector
comprising a packaging . signal and the transferred gene



a simlar manner. The incised skin was sutured and the operated site was
disinfected with surgical Isodine (Meiji Seika). Blood was coll ected using
a heparin-coated capillary (Dranmond) fromthe postorbital venous pl exus
before inplantation (day 0) and after inplantation over tinme. Plasm was
obtained fromthe whole blood by cent2$fugation at 2000 g for 15 m nutes.
AP activity in this -plasma was neasured using an assay kit (SEAP reporter
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(3) Gene transfer to and culturing of primary cultured adipocytes
Adipocytes to be used for gene transfer (derived from
subcutaneous fat, fat surrounding the epididymis, and mesenteric fat
: df ICR mice, and the subcutaneous fat of C57BL/6 mice) were prepared
in 6-well or 96-well plates so that they were 50 to 80% confluent
by the day before transfection. The medium was discarded, and equal
amounts of 4 pg/mlL Polybrene (SIGMA) sclution and virus solution were
added to the cells to transduct the viral vector. Eight hours after
~ transduction, the medium was changed to a normal medium, and further
culturing and subculturing were performed. The AP activity of a
portion of the cells was measured by collecting the 24-hour culture
supernatant on day four after transfection (Fig. 3).
Subculturing was performed according to the method of Example
1 on a 10-cm-dish scale. Cells were cultured for four to seven days,
and medium was exchanged on reaching confluence. AP activity was
measured in the culture supernatant 17 hours later. These cells were
continuously subcultured and by appropriately performing similar
manipulations, maintenance of expression was examined (Figs. 5 and
6). AP activity was not measured every time subculturing was
performed.

Differentiation was induced in 6-well plates according to the
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subcutaneous tissue, area around the epididymis, and mesentery of
ICR mice. This showed that retroviral vectors can transfer genes
regardless of the site of cell origin.

Fig. 4 is a set of microphotogréphs showing images of the
differentiation induction of cells transducted with a GFP-expressing
retroviral vector. Differentiation induction was initiated 13 days
after gene transfer, and the photographs were taken three weeks later.
GFP fluorescence was observed in cells containing lipid droplets,
which showed that the wviral vector can transfer genes into
preadipocytes that possess the ability to differentiate, and that
gene transfer by the vector does not affect their ability to
differentiate.

Fig. 5 shows the continuity of expression in the subcultures
of primary cultured adipocytes transfected with an AP-expressing
viral vector. AP activity was measured in culture supernatant taken
17 hours after cells reached confluency in a 10-cm dish. - Continuous
AP production was confirmed over the 87 days for which primary cultured
adipocytes derived from C57BL/6 mice subcutaneous fat were examined
(A), and over the 63 days for which primary cultured adipocytes derived

from ICR mice subcutaneous fat were examined (B). These results
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[Example 4] Production, by using a plasmid vector, of adipocytes that
stably express insulin
Methods o©of gene transfér include methods that use plasmid

vectors.
[Methods]
(1) Isclation and modification of the human insulin gene

| PCR was performed on a human pancreas-derived cDNA library
{Stratagene), using the primers shown in Table 1 (Insulin Fw and Rv).
A human insulin gene fragment was obtained. The nucleotide sequence

~of this obtained 354-bp fragment was determined, and the fragment

was subcloned into pCR2.1TOPO vector {(Invitrogen) as native insulin.

Table 1

Primer sequences used for PCR

Primer Nucleotide sequence (57-)

Insulin Fw  CATAAGCTTACCATGGCCCTGTGGATGCGC (SEQ ID NO: 1)




was col |-ected. For the GFP-transfected cells, mcrophotographs were  taken
under appropriate GFP light (Figs. 4 and 6). Non-differentiation-inducing
conditions refer to conditions in which <culturing is continued in a nornmal
medi um i nstead of an induction nmediumor mature nedium [Results] Fig. 3
is a conparison of the gene transfer ef8iciency for each Kkind of '
ti ssue-derived cell when using retroviral vectors. AP activity was
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ability to differentpa§s. ﬂ g. 5 shows the continuity of expression in the-
subcul tures of primary cultured adi pocytes transfected with an

AP- expl@dsixg i raITV{%‘kWTW@éEGGﬂIG@ VRO masifed)in culture

super ngfignt«t aken  IhReaFScRidRiceRidacdRachat cgifigiengy in a 10-cm di sh.
~Cont i ryeus—AP—proedueti-en—na OF ed--0\ve He—87-days—for.which prinmary
cul t ur ddhegep pd hrtde nfedepetie fahemi Cb 7Bt 6oni celaguboufwnendst fatniesense
exam ned + L&) stodRbREL ntRe. 6 - Whi I ul.t ur i.pocytes:
derived fr-on?lo m ce sﬂbcut a?ggéﬁgégﬁﬁeﬂgefﬂag%%ﬁ%%téﬁlégg%ggggl' s 27
showed that transduction of the viral vector to primary cul tured

adi pocytes cRBxPlOodUCe rgkabke @&BE@§§iﬁQtE§El§n%ﬂ§&n”§hnkﬁgnaBQSocytes,

genetic modification was performed based on literature (JBC, 1994,

269(8), 6241-). More specifically, primers of both directions were
individually synthesized to contain mutations at each of the junction
sites between the_human insulin B chain and the C peptide (sitel),
between the same C peptide and A chain (site2) , and the 10th histidine
residue of the B chain (B10) (Table 1). The mutants were obtained
using a Quikchange mutagenesis kit (Stratagene). Performing this
reaction on sitel and site2 yielded the sls2 mutant. Performing the
reaction on sitel, siteZ,.and B10 yielded s1s2B10 mutant insulin.
After confirming the nucleotide séquence of the obtained modified
~human insulin gene, the gene was incorporated into pcDNA3.1 vector,
and then used for gene transfer. |
(2) Gene transfer into primary cultured adipocytes

After mixing 500 pL of FCS-free DMEM medium and 15 pL of Fugene
6 reagent (Roche), 5 pug of transfection plasmid was added, and then
this was left to stand at room temperature for 15 minutes. The mixed.
solution was added to primary cultured adipocytes (derived Ffrom
adipose tissue around the C57BL/6 mice epididymis), which had been
cultured to 70 to 80% confluency in a 10-cm dish. This was cultured
for 24 hours in a CO; incubator. Four days after gene transfer, the

cells were subcultured in a T225 flask, and cultured overnight. The



foreign genes in the daughter cells produced after division. Fig. 6 is a
set of photographs and a graph show ng changes of expression in
differentiation-induced gene-transferred adi pocytes. GFP-expressing

adi pocytes derived from | CR subcutaneous fat showed strong GFP expression
under both normal culture conditions (A, and differentiation-inducing
conditions (B). Furthernore, AP-expressing adi pocytes derived fromICR.

subcut gnepys, Ak §I|?@M\Pé1< W&@@%Sa%ﬁ%l%ﬁ 1 AR @dgrmwﬁr& of G418
non-differentiation-inducing conditions (non- fferentlatlon

di f f er ti¥)on- PRGUEHE UTE€oneR S i @ﬁ@t(ﬂmlheﬁerwu &bireg) Yks, Tﬁéeﬁlei—lﬁ’@ﬂy

cul tur efbrRditpeeRS rdd@k 198l Re B8NS | EaPshCr ek Ribtne W Gah s eekoseaper €
found to stably express genes at any phase, not only under the

prol i f &edtlifoneTSoRditieshS7d8s ér ilBegm Alimly. and ke éF‘@@n@néér insulin in

non- di fefer enl takk odadliaiaig: GaBdhdd Snsed s MY 8nSPEGdd Gl s 4 dekulin
non- prollferatlve condltlons or_mature conditions, [Exanple 41 Production,

by usi fgPakpFafP iR lor , 1o saBiPJEYt slehands b@FQbﬂ";'IOJe&WJe‘S%r isih has

Met hods,oef y@Qn%eterna@JS:fo@reslsl&@ﬂ udadmekhegde thatyse plasmd vectors.
[thhoﬂs! (%) | sol ation and nodification of the human insulin gene PCR was
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was detected in the culture supernatant of resistant cells obtained

by G418 selection. This showed that stable gene transfer to primary

cultured adipocytes is also possible using a plasmid vector.

[Example 5] Production, wusing an adeno-associated virus, of
adipocytes that stably express AP

Methods of gene transfer include methods that |use
"adenc—associated viruses (AAV).

[Methods]

_ The study was carried out using AAV Helper-Free System
(Stratagene). The PLAP fragment of Example 2 (a fragment excised by
using HindIII and BglII) was inserted into the same restriction enzyme
site of the pAAV-MCS vector, yielding pAAV-PLAP.

AAV vector production was carried out as follows: 1.75 mL of
OPTI-MEM (Invitrogen) was mixed with 220 ML of. the plasnmid
transfection reagent Fugene, then 25 pg each of pAAV-PLAP, pAAV-RC,
and pHelper were mixed in, and these were'left to stand at reoom
temperature for 15 minutes (Fugene/plasmid solutions). -Meanwhile,
293-EBNA cells grown to &0 to 70% confluency in a 15-cm dish were
prepared. The culture solution was changed to FCS-free DMEM, then
Fugene/plasmid solution was instilled evenly, and this was cultured

for two to three hours. FCS was then added to a final concentration



B10 CACCTGTGCGGATCCGACCTGGTGGAAGC (SEQ ID NO 5)  sPL- GLP- 1Fw
TTCCACCATGCTGCTGCTGCTGCTGCTGCTGGGCCT GAGGCTACAGCTCT -
CCCTGGGCCATGCTGAAGGGACCTTTACCAGTG (SEQ I D NO. 6) sPL-GLP-1Rv:
AATTATCCTCGGCCT TTCACCAGCCAAGCAATGAACTCCTTGGCAGCTTG |

- GCCTTCCAAATAAGAACTTACATCACTGGTAAAGGTOUDTTCAGC (SEQ ID NO. 7) GLP-5'
TTCCACCATGCTGCTGCTGC- (SEQ 1D NO. 8)  GLP-3' AATTATCCTCGGCCTTTCACCAG ( SEQ | D
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overnight. Thereafter, normal medium exchanges were performed, and
subculﬁuring was performed on the 24th day. '

Medium was exchanged on the first, seventh, and 25th day of
transfer, and the culture supernatant collected two days after each
exchange were used for the AP assays. 10 UL of the supernatant, which
was diluted as necessary, was warmed at 65°C for 20 minutes, then
50 pL of assay buffer (16 mM NaHCOa, 12 mM NapCO3, 0.8 mM MgS0Q4), and

50 UL of luminescent stain reagent (CDP-Star Ready to Use with Sapphire
II, TROPIX), were mixed, reacted in the dark for 30 minutes, and then

measured with a luminometer.
[Results]

- Fig. 8 shows stable expression of AP in primary cultured
‘adipocytes (derived from C57BL/6 mice subcutaneous fat) transfected
with AP-expressing BAAV. AP activity was detected in the culture
supernatant over the entire examination period. This showed that
stable gene transfer to primary cultured adipocytes c¢an be

accomplished using an AAV vector.

[Example 6] Construction of a human insulin-expressing retroviral

. vector, and transduction thereof into adipocytes



(SIGWA), and culture was continued for three weeks, whereupon
gene-transferred cells were selected. The obtained 418-resistant cells
were plated onto a 10-cmdish, and the anmount of insulin in the culture
supernat ant was neasured using an ultrasensitive insulin EIA kit
(Morinaga) . This EIA kit detects both3proinsulin, which has not yet been
processed, and mature insulin. [Results] Fig. 7 shaws (pro) insulin
produE&X%Q Iasnld transfection into primary cultured adi pocytes. Each
INyc His vectors individually incorporating the native hunman
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(AAV). [Methods] The study was carried out usin ree fem
(Strat ageﬁlél)ls PR Ui thgghedd éedawml@*zemcwmmemls@i Wctgm ng

Hi ndl 1 | M@W\rﬁgll/b)aawa@y(@i@&h@dzh@t gothe samepggst rd£id, 0, eNgyaR nSkLEOf
t he pAAV—NCS vect or V- PLAP. AAV vector production was carried
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the pl asgid béﬁﬂéé@@&ll on reggeninTdlgene {dien 25 g.gach of, RARNPLAPy
pAAV- RC, r_were mxed in, and these were left to stand at room
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pr epar The culturggsolutlon was changed to FCS-free

Fugene?’gilasw?a SbROEF BRT RRs P nBEHRREY E%EWEdaﬁﬁlPﬁPé’t@és é@rrtlaﬁédfrom
C57BL/6 subcutaneous fat), which had been plated onto a 6-well plate

on the previous day. _
The gene-transferred cells were re-plated onto a 6-well plate,
and differentiation was induced according to the method of Example
1. Culture supernatants were each collected for three days, from
 three days before induction te the day of induction initiation
{pre-induction), and for three days from the 14th to 17th day of
induction (post-induction). The amount of insulin was assayed by the
same method as in Example 4. Furthermore, to confirm that processing
occurred at the desired sites, and that mature insulin was produced,
measurements. were made using insulin EIA kit (IBL), which only
"recognizes mature insulin. The culture supernatant 6f
non-gene~transferred cells, which were simultaneously subjected to
differentiation induction, was used as a control.
[Results]

Fig. 9 shows insulin expression at the time of differentiation
induction in primary cultured adipocytes transducted with sl1s2B10
insulin-expressing retroviral vector. (A} shows the results of using
EIA produced by Morinaga, and (B) shows the results of using EIA
produced by IBL. These results show that insulin is stably secreted
both before and after differentiation induction, and that transfer

- of mutant insulin gene may cause the production of mature insulin



for two to three hours. FCS was then added to a final concentration 30 of

~10% and this was cultured for two nore days. The cells were collected by

trypsin treatnment and centrifugation, and then suspended in 50 nM Tris-HC1
and 150 mM NaCl solution so that the final volume was 3 nL. Cells were

di srupted by performing three cycles of2dry ice-ethanol/37C freeze-thaw ng
on this suspension selution. Furthernore, after degrading the host genom c

DNA usicRgrBapiepasees(SI GVW), the virus solution was produced by
centrifugation at 9,000 rpmfor 30 mnutes, followed by filtration of the
supernatant. Primary cul tured adi pocytes (derived from C57BL/6 m ce

subcut apeanp16at) MBI RIGH R QL9 Addovibldl Rk, Atnhy difoaldshifbh

t he day before gene transfer, and were cul tured. y wer en treated
for si91HE8E8T ALikenRBRIF AV ailFREg1A0 nMnedf thipasehapiiea bnergofiviieto
butyri gqagbeytbath from SIGW) . After removing this nedium 0.5 ni/well
of the virus_solution, diluted to 1/100 with FCS-free DVEM was added.
After cul turFh§forSofe BRREFIAECE@ENES murfuasH ubromasmaddedntesainpaal

concentraki 908 @hriRGoradd itrakdvasneUbbi §QSe@V€ﬁ@ié$¥ecghﬂf%%Ehﬁﬁat@ﬁg”a
medi um exchanges were performed, and subculturing was performed on th

24t h dapsSubesi GRFRES 1eRcRInged 1o e Fananeatsiay dtdellend S5Fhldag efiso

transf ghowangb hiae eCallvas i tSuper fot &ntarndald iegiead d Waqdaysi i £t Pa¢hect s
exchange were used for the AP assays. 10 L of the supernatant, which was

di | ut e8Y88 néGesshr yredpRelRt fed aefésctf oo pameEeatieheR-c8dle, of 2assay

buf f er appet e NatioPBe s32ngMeiE20E3, B M MISHItoppderBBct 8h LHBLRESCENt
stain reagent ( - Star Ready t.o Use with Sapphire I, TROPI X), "were
m'xed,'ert“Bg&Eg i Ehe  dark-for 96 r-hut U7 and t hdRa s Sir-ed 20 al2s

| umi nongoep-3f ResakUsl  Fi gru8kebows sbalbl.e ?Xgééﬁ%b@ﬁt@&o&Bgifyn pr2oBRY

cul tur g gil: 9cyL )(d Lved f rom Co7BLL6 m ce subcutahequs fathz ino

transfg ?ég %%h gﬁ’ exﬁ BERHG AP RES BT RA T VRS detRcteatitis AB

cul t ur ecidupequateatoD\EIP-tIhe Nt € cepaBi BabhoBE pEf i1tk alide Thawed that

st abI. efg%ggdtbryagifsglr.lelgpgcr:ii%E%rcoucletsusriergg % iﬁ?é:zgtcaﬁfzp%%@i%% preduced from
the preproglucagon gene, and 1is known to comprise the main.
pharmacological activity (Drucker, B.J. et al. Proc. Natl. Acad. Sci.
USA. 1987 May; 84(10):3434-3438; Kreymann, B. et al. Lancet. 1987,
5; 2(8571):1300~1304; Mojsov, S. et al. J. Clin. Invest. 1987 Feb;
-79(2):616-619). The following examination was carried out in order
to produce this factor from adipocytes.
{Methods]

Anucleotide sequence with a total of 156 base pairs was designed,
comprising a sequence (SEQ ID NO: 10 shows the coding sequence) in
which human GLP-1 (7~37) and a stop codon are linked to the signal
peptide (17 amino acids) of the PLAP gene used in Example 3.
Nucleotides were synthesized so that a 22mer overlap was comprised
at the center (sPL—GLP?le and sPL~GLP~1Rv in Table 1). These were
annealed and a double strand was formed using Pfu polymerase
(Stratagene). The target fragment was then amplified by PCR using
5" —-end énd 3’ -end primers (GLP-5’ and GLP-3’ in Table 1). This
fragment was subcloned into pCR2.1 vector, then excised using
restriction enzymes, and subsequently inserted into pBabeCLXI2G
vector, as in Example 3 (pBabeCL (sPL-GLP1)I2G). This was transfected
into 293-EBNA gells by a method similar to that of Example 6, producing



acconpl i shed using an AAV vector. [Exanple 6] Construction of a human
I nsul i n-expressing retroviral vector, and transduction thereof into

adi pocytes 31 [Methods] The nodified human i nsulin gene constructed in
Exanple 4 (sl1s2B1O ns) was inserted into pBabeCLXl 2G vector follow ng the

met hod of Exanple 3 (pBabeCL(sls2Bl A ns)l2G@B. This plasmd along wth a
VSV- G encodi ng vector (pVPack-VSV-d Strat agene), and Gag- Pol - encodi ng

vect or (m)daifled f rom mfRack-Gp/iraktq gene) wer e troduc d into 293- EBNA
o h duetiy the nodi fiRFtor

cells accorﬁjl t?e nmet hod of Exa . thus® p :
i nsul i n-exp essf e??%’i’/‘?gafs%&l@r'l)(lﬁ@\)( VSV)ApBadrelthAtsd 152 BOOI nal. | 2&5}3 the

The cul turellslmarmasapérnéaﬂpﬁ Qxf rﬁﬁ%’&goﬁ%fohg 3n§§NA eI{I[ZﬂI}{? pypas

twenty-two 18 q_;fg hes was col lected, 1ns eri
centri Lﬁygat | or';|7 Tation tredffeHibland t metertialconcens at edramousd by
sol uti on weenfirdlfirrh thiony 100wt bif Hséhtfﬁ 19, es

Thi s was t;ﬁ@?f enq:%ntﬁrgp%g? y cuI tured a P%ocy?lggtr e”uéggng} E‘%ﬁBEFﬁ‘—H
subcut aneous fat Beaf0 oremedl OR eirntesk| to ptizle aoaohbentrated

pr evi ous dgyru$hesgéneibnansf ehisd w4 | %M@%ﬁ@té’batiﬁ%oonégﬁglargf E;g&,i;bqrgd

I nduced according to

| ate, an tiatian
E Cul t ur ng gtgz%nt(s e\ﬁP’S\aa?EHmcGﬁ'?@w &d FuhrcutansoumyEat)f ridmt t hadebeen

oy, bl e o Bt b S, (T SRR
20 cﬁf‘%&@ ﬁ%%%r&wlwygg%%ppﬁ%ggag@gﬂeglgye; laad disfte nen tibdt 86n

(post-induct]
i n Exanpl dng uqﬁjrqrhewasrearkmeaoaﬁtrﬁbbﬁ%ﬁgo‘:@ésgﬂg mBERYG" 6% iﬁxw e 1.
S

desired SI“'N% ,__ ure_insulin was produc nmeasur enén
in ‘%Lg Iﬁ%?ft rlsBE? avﬂ’ﬁW%ﬁP? 1ne\ibgﬂhz@slmmnas rmxittnued

made using i ns Ul
ium
di ffé{5ent‘i3‘ampl;11181ng 1 mM Valine-pyrrolidine (GLP-1 degradation enzyme
inhibitor; synthesized at Eisai). The culture supernatant was
collected 18 hours later, and the amount of active GLP-1(7-37) was
measured using ELISA (LINCO) .
[{Results]

20 Fig. 10 shows the level of expression in primary cultured
adipocytes transfected with GLP-1(7- -37) -expressing retroviral
vector. Expression of active form GLP-1(7-37) was observed in the
culture supernatant of both non- dlfferentlatlon-lnduced and

| differentiation-induced adipocytes. This showed that even when a
25 factor is produced as the brepro-type and then cut out by processing,

this method allows Production of only that factor from adipocytes.

[Example 8] Implanting mice with cells that stably express AP (Test
1}
30 [Methods]

After culturing the AP-expressing adipocytes (transducted with
MLV (VSV) /pBabeCL (PLAP) IP; derived from C57BL/6 subcutaneous fat)
produced by the method of Example 3 to confluency, the cells were
| collected by trypsin treatment, washed with PBS, _and suspended at

35 5x 10°¢ cells/mL in ice-cold Matrlgel (Becton D:Lcklnson)
Implantat:u.on was performed by injecting  this to the dorsal



I nduction in primary cul tured adi pocytes transducted with sls2BI 0O

I nsul i n-expressing retroviral vector. (A) shows the results of using EIA
produced by Mrinaga, and (B) shows the results of using EIA produced by

I BL. These results show that insulin is stably secreted both before and
after differentiation induction, and that gyansfer of nmutant insulin gene
may cause the production of mature insulin 32 from adi pocytes. [Exanple 7]

Constructi o k%fz i8L roviral tor that_ expresses human | ucagon-1i ke
pepti de- 1 (%E %aa EN ﬁra%ﬁef.% thERR0P iR (%?cﬂlﬁ‘o@y’?g -3t jhe time
pegt i de t haef jepgrajdimed ChayhesmRlilveirt gt |an@:05é_-dggelol %@g ,ﬁgggel i‘iﬁk?o‘
and conpri s&s tin i nsulin secretion actin
pancreatic R'ce %&qué_&bigpgug ng:]fa%ﬁf%'}aﬁ)l%\}é‘dé’W&PPéty ¢t thenet or hand
ant i di abet itheasdmentiedbesveye &ftflﬁﬁiz?ed T boaF1aerRGgNehahi O € EGIFON three
pancr eag i c cﬁg&eih%heaf?dﬁgfr?% 3 POE 5l £ Sty RO san, Dl bgoumilar

ef fect on gast
12; 440( 2mgthpes mltb)rducﬁmreﬂzhtwswrﬁm&ﬁm{pgy BiQ04; was collected over

;2332%023;,:%%) bP,Az:B%p;neq_ O&o%?#§é£g§203| hons &rﬁ to 37 of tggtgg&r%g‘ed%g;t%e
tissue- speEﬂ-ﬁF@%Wéée@gaﬁgreﬂ t he pol ypepti de produced from t he

pr epr ogl uc&gggugggf and is known to conprise the nmain pharmacol ogi cal
activi ty ucker et al. Proc. Natl. Acad. Sci. USA. 1987 My;

84(10}93434- 343Figq é;mdmws Bheed:hahgehaﬂpehsmkgﬁﬁ,act&,v1%@8ﬁ?lﬂj}cb3$ liaﬁ&ed
e (0] oW n

exam nat | e it g BATary Ol EPee, e PRy tRaC: ol 99 BRguaLs “Fha

adi pocyt eFeqentarh @] impland! oft cdmlsegun@eetwt hoadi@f@i:e@tfléﬁﬁohaiﬁdﬁéiﬁé

sequence) AT FoB e BT B o ta tmel anbatdang, vatY 1 RgEeUbihion

si gnal  pdpduetion? )aﬂhmieelcle@ ffudthe o i getRe Usdtt idudik aipresdion than

Nucl gof | dep & QUMY PRSEZES. S0, 488, %.m%%.r;%rt %\%eéleigsm@hsatc Vere ?1%9: induced.
However, both methods of implantation showed continued expression
over the entire 50 or so days of examination. "This shows that the
post-transplantation survival rate of cells may be improved by
providing differentiation-inducing stimulation.

20
[Example 9) Implanting mice with cells that stably express AP (Test
2)
[Methods]
(1) Implantation
25 The AP-expressing adipocytes {txansducted with

MLV{(VSV) /pBabeCL(PLAP)IP; derived from ICR subcutanecus fat)
‘produced in Example 3 were cultured to confluency. The cells were
collected by trypsin treatment, washed with PBS and suspended at
. 5x 10° cells/mL in ice-cold Matrigel (Becton chklnson) to which
30 1 pg/mL of bFGF (Genzyme Techne) was added. Implantation was
performed by injecting this at a dose of 0.2 mL per mouse (lx 10°
cells/head) to each site (dorsal subcutaneous area (Sc), inguinal
subcutaneous fat (fat), and intraperitoneal region (ip)), of the ICR
nude mice (six weeks old at the time of operation, Charles River).
35 BAs a control, GFP-expressing.adipocytes were treated similarly and
implanted into the subcutaneous tissue.



at the center (SPL-G.P-IFw and sPL-G.P-IRv in Table 1) . These were

anneal ed and a doubl e strand was.fornmed using Pfu pol ynerase (Stratagene).
The target fragnent was then anplified by PCR using 5'-end and 3'-end
prinmers (GP-5 and GP-3 in Table 1). This fragnment was subcl oned into
pCR2.1 vector, then excised using resi®iction enzynes, and subsequently
inserted into pBabeCLXl 2G vector, as in Exanple 3 (pBabeCL(sPL-GLP1)I2G.

Thls was trapsheestethe i b0 §§$%§C@éif%[%éf%’Hﬁﬂﬂﬂ%éﬂ Eb&a%hE@etB§§SOf

nple 6, producing 33 a G.P-1l-expressing retroviral vector
( NLV( VQ\Y) pRdpEactdon T dl g |ofc§X¢t5@l%>érrrﬁtl@mbegt)cmtl@ﬁt?ﬁean% dmpgpated

super nahafhe 0 ardd rleBlMA Gk ks | f rom & nes kY ¢Medi 8RSt Y88 md® hifClRbhe of
I nsol ubl e material was renoved by 5 centri ugation/filtrati on treat ment_,

and t héhggSeFRat dnt SRt Hehr edifaradents ﬁﬁuaean(agnaamfartplrﬁn lr%uﬁ@gl) to.

yield @h@@n@@uure@h:@d avidl Wap3ahkoAn Thees swas hhansdugied)into primry
cultured adi derived from C57BL/ 6 subgut anepus fat) t hat had been

plated onto & Gt Fwofgﬁat%orﬁ%é’fpﬂ:@\‘?i BH5SHRY SSTRBIt FRRST Sta 1S PLE T8G PBEGL es
wer e agal B-—Wém_eﬂabﬂé@kac}ilﬁnw|(N31rﬁi)eun@@(i dhéf espatdaidian oddueld eprwas

carried oyt accordin thrge nmet hod_ of anpl e "Non-induced" refers to
o CondLIPIATER CHRTCALE I o 2Bl KA HIRAR Mot 5y o P oSt Baa o
in an ispddetifaedmegi a0 gty e3 gl UfI[mpﬁﬁ:Vt&![‘tmySwiﬁt gtcohpei SREH UBYyWAS
exchanged t .FCS-fr.ee m1l corrprl n L ne-p rrolidine
(G P 1 J086 R 4R i ian AMe Ot FiAh 46T . L87R be Fahdh $RRarsaRYheS caf i e
super naba@ttn\NaSelmldtelztttejdadlﬁrhaumrmatemedmd atﬁtmmmuritjlctttca@:tﬂowewere
GP-1 %7% W%S measured_us )g% LI@%(}_I NCO) Resul.t s] j% Ei g]t 191 shows
he | of8F 5P oxpFesaton P pHY Vb 40 pearce, PEARSRERL el O
GLP- 1( @i¥Tkprexpiasibngindtcouyr ainedyemt OWerEXplf:efsrf)BdOf tact age poHydif.
GLP- 1(5'3 én‘é’a% gpsgLyed in;l ﬁeouﬁu' %gre 3eben’ Lout ogf 89@@ in
non- di fierehtfatron fRduded ghd i Preréntradton®Rdliced"a |5009t'es. Thi s
showed t hat BRemottienty in the plasma was measured over time, before
implantation (day 0) and after implantation, according to the method
of Example 2.
(2) Extirpation
In the group implanted after differentiation induction (Pif/Sc),
the implanted cell masses were extirpated, along with the Matrigel,
from individuals A and B, five and 43 weeks after implantation,
respectively. Extirpation was performed on the control sample in the
fifth week since implantation. Each individual was
intraperitoneally administered with 50 mg/kg of Nembutal, as
~anesthesia. Their skin was then incised and a visually confirmed
implanted Matrigel section was extirpated. The site of the surgery
was sutured and disinfected with Isodine (Meiji}. The animals were
then raised in the same manner, and blood was collected over time.
[Results]
Fig. 12 (A) shows the result of examining the change in plasma
AP activity over 50 days, when AP—éxpressing primary cultured
adipocytes were implanted using basic FGF-added Matrigel, in the
presence of differentiation stimulation (Dif/Sc group). Change in
blood AP activity was stable for 49 days over an about 5-fold range.
This showed that bFGF addition-at the time of implantation can further

improve the post-implantation engraftment rate. . (B) shows the



25 factor is produced as the prepro-type and then cut out by processing,
this nethod all ows production of only that factor from adi pocytes.

[ Exanple 8] Inplanting mice with cells that stably express AP (Test 1) 30
[ Met hods] After culturing the AP-expressing adi pocytes (transducted with
M.V(VSV) / pBabeCL( PLAP) | P; derived from&57BL/6 subcutaneous fat) produced
by the nethod of Exanple 3 to con fluency, the cells were collected by

t | 0 h h,BB d |
P ARERLEEShor B Bk n OR300 S SORTUET AL 28 Beatoy gy ket 1
i nj ect mglahtgdtbéatmsdbrsaﬂdlsrzidualbémcamblxd’l@aSéae(&I)lm C@fPBﬁﬁ*él?ﬁLéE

(el ght ; peeks % 1?_%%{ CRI P@%{a@iou{&n&gfl@an%ﬁ \é%ﬁ:)aa@%dacgﬁ§§r8cfi 0. 2.

nmL per nouse ferentiation 1 nduction
t he ot hertrrﬁaﬁaeragﬁevm f@é’l irlfse \Béﬂé’ erhnsdeeted geon-ueBbys shmtedt @br ed

for thieg,q daysikn ddieJduei-pg rml umngiaﬁ%aaplc?ellls angnahedhaﬂmbéafgd by

simlar nethods (with differentiation 1nduction). was col | eCted over
ti me bgxthePabiABJCRRJHBACKYYI ALlERARDILE HenénGXRPe§§ﬂ9@|tyAFntbhé tHrasna

vwas neagyr e atﬁ%suhgsklséopgkgorﬂaédsBawg LBetghange tRePLBaFRAPqashpYItY
in mce | anted wth AP-expressing prinmary cul tured adi pocytes:

| ndi vi dbaFE Yhatirplesdiafed1sh FhPranenefecbriscalb) ecGEFPesitive cells

di ffer gat-bakbonai mﬁughegexﬁugytéal gati%e&hr §ﬁddﬁ¥§ bgkorgeiMakapt atban
("with differentiation induction”) showed [ess ¥uat|on in . the

cont i nBeR &Pt @ SHasIe t(ﬁanswllarnﬁ@ \ﬁftﬁfaﬁéwﬁﬂr@af—nr%h%r Vel lan fTI%ISaﬁ]POB?d
cel I's that PRLAaRY cunduced. adhiperMAls ot JRidNDds, ofhi spharhad | Ray shewed

conti nued exEreSS|on over the entire 50 gr sq days of examination. '''his
shows eRarafhed BBsPeEREAsPHARCAE bASEURVPaliV&te of cells may be inproved

by providingigi fferendwatian-daduc ng s i1dhlgaticen 28 EXaiphec®1blood
' mpl ang IPnagctnixflet;mla:[rlhtlgeelllm%)ltarrllattedsl}nggle yofe)é‘gr eslsz AZ\I&D) ,( -al;nd in nklce rece1v1ng
an implant by a variety of other methods. In the group implantedwith
PLAP-transfected cells, a clear increase of blood AP activity was
confirmed for all implantation sites and implantationmethods. Blood
AP activitywas maintained for a'long period, and in particular, stable
AP expression was observed for one year durir_lg the Dif/Sc group testing
'period (the group described in Fig. 12 (A)). Continuous AP production
_was also confirmed for the other implantation methods, all during
the examination period (316 days for the ip group, 54 days for the
fat group, 225 days for the Sc group, 317 days for the Mat/Sc group,
and 314 days for the two pre-fix groups). The peak of activity
observed within one week of implantation was highest in the ip group.
The highest values were then in-: the order of
Sc>fat>Dif/Sczpf-dif>pf-gr=Mat/Sc. The range of wvariation after
implantation was observed as a ratio between the activity after 13
weeks and the peak activity, which can be compared in all groups.‘
Variance was smallest, approximately three-fold, in the two pre-fix
groups, approximéltely five-fold in the ip, Dif/Sc, and Mat/Sc groups,
and approximately ten-fold in the Sc and fat groups. The peak value
immediately after implantation, and the range of variation after
implantation differed for each implantation method. Any of these
methods can thus be used according to the characteristics of the gene

product used, the pathologic characteristics, and the simplicity of



[ Methods) (1) Inplantation 25 The AP-expressing adi pocytes (transducted
wth MV(VSV)/pBabeCL(PLAP)IP; derived from I CR subcutaneous fat)
produced in Exanple 3 were cultured to confluency. The cells were
collected by trypsin treatnent, washed with PBS, and suspen .dJat 5x 106
cells/nL in ice-cold Matrigel (Becton Dickihson) to which 307 1°FPYFRL 105
bFG- (Genzg{gle ‘I‘;g(f:cgge) was added. Inplantation was perforned by injecting
this at a d&€e i8ueal Mo gTsSrdd X : ad) to each site

i nguéii n%%%sﬁ@%lg'{n%gi@sr} f%11[p RFHAFLY qrgltured
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[Example 10] Transplanting mice with cells that stably express Ap
(Test 3)
The following examinations were carried out to confirm ‘dose’

20 dependence on the number of implanted cells
[Methods])

‘ The AP-expressing adipocytes produced in Example 3 (transfected
with MLV (VsV) /pBabeCL (PLAP) IP; derived from ICR subcutaneous fat)
were cultured to confluency. The cells were cultured for three days

25 in the induction medium indicated in Example 1, and then collected
by trypsin treatment. After washing with PBS, the cells vere

: _.s.uspex'lded at 5x 10°¢ cells/mL into Matrigel. A five-fold stepwise |
f;i:.tlon was c?rri;aq out on the AP_ cell suspension solution using

igel, and 1x" 10 . cells/mL and 2x: 10° cells/mL solutions. were

30 respectively prépared. bFGF was added to these solutions at a final
concentration of 1 pg/mlL, and they were then implanted to the dorsal
subcutaneous area of ICR nude mice at a dose of 0.2 mL per mouse (high
dose: 1x 10° cells/head; medium dose: 2x 10° cells/head; low dose:
4x 10 cells/head). As a control, GFPrexpressing adipocytes wert;
5 similarly treated, and were implanted into the subcutaneous tissue
under the same conditions as for high-dose conditions (1x 10°



the inplanted cell nasses were extirpated, along with the Matrigel, from
I ndividuals A and B, five and 43 weeks after inplantation, respectively.
Extirpation was perforned on the control sanple in the fifth week since
i npl antation. Each individual was intraperitoneally adm nistered with 50
ng/ kg of Nenbutal, as anesthesia. Their glgin was then incised and a* -
visually confirmed inplanted Matrigel section was extirpated. The site of

the surgergel¥@shsagpred and disinfected with Isodine (Meiji) . The aninmals
n the same manner, and bl ood was col |l ected over tine.

wer e thenHiai sgd i

[Results] FirgY t_2’5](A) shows the result of exam ning the change in plasma
AP activity overrieQ dgysh - sSsin ri mary_cultured adi pocytes
were i npl a&% ed uiﬁ%&basi%%@igﬁéégﬁg???ﬁ ,%lloﬁ' %B agrigddiic engfhe number
di fferentiati SNPsAPTECat FEALED ¥her gimpiyntikharys-dxprdd oo Algdg_%ic\bgjt%
was stabl &dse-dptehto¥eh ..B-fold range. his showed that bFG-"
addi tion-at: the time of i m?é%@?&%&%&g ?’%F‘-tcﬂ%gerY‘ﬁ%%\/‘éh?ﬂglng the number
post - i npl &nt AFPSARERGr SPLAENt apdt bhig Byashoos hel Béncel P RARFANGH O More

pl asma APsgetifityldye tReth irpajion,of the inplapted Matri gel

(i ndi vi dtheﬁgarver ?ﬁe samf:8(|1:)L'g‘;ﬁihoisj.P %Ilypa% TP URS ‘%*fg%& iShoat egpeak at
i ndi vi dual's“was" oY §itid9% aht Iypleetabien, cdnimh edis bbseheedves age %@bﬁedaﬁg
t he PLAP grempduaicedhgy dapgel BiFS t l.ood AP is rived froamthe
i mpl pgt edilgq}dltt; and t hat gr af t fgg‘???%% ?%nwac%nnﬁE%ﬁ? e&?‘&isnﬁ gvgdnkhat
expressi on. ? RrOTEST-on” dgiel pash doe wees il y adRIStsdTes 10 @hBOALKSSLOf ¢
t he cont ridiplgmigel cellisGh awasth 8R! Btk Yt + -transfected cells

GFP- posi 'h\éepggkl_s Wersg fqundhigﬁ ]tgﬂe q%élglﬁ&ﬁvgp%l%& n‘a‘ﬂﬁeﬁaﬂfl SHllinem
di spl ayed” a" vacudl8' PH&gé 108) biead |conaen titett i st ok predsidn 06BE1) THAS be
showed ®Shabigdizedry cul tured adi pocytes inplanted by this nethod may be
engrafted as nmature adi pose tissue in vivo. Fig. 13 shows the result of a
Iong-termexam’ nation of blood AP activity in the inplanted mce of Fig.

12 &AR) , [Bmdmphenilqg r bl ' t .variety of qther nethods.
In the -g{ﬁg@ai Fg]glant edﬁg\fdt)% ?I%?_%%et Fg%%?gctogﬁ @é?gg,‘:eﬁ iMtFeadueofto
bl ood AP attivrty*RBsCf insulin-expressing adipocytes

[Methods]

- _ Diabetic mice were produced by intravenously administering
eight-week old male C57BL/6 mice with 10 mL/kg of 170 mg/kg
. 20 streptozotocin (STzZ, SIGMA) . Fasting blood glucose [FBG) levels were
measured individually at one and two weeks after STZ-administration,
and individuals with an FBG of 300 mg/dl or more were determined to
have diabetes. The blood sugar level was measured-by performing a
| perchlorate treatment immediately after collection of whole blood
.25 and then using Glucose Test-II (WAKO). ,
The MLV (VSV)/pBabeCL (s1s2B10Ins) I2G~-transfected adipocytes
| produced in Example 6 were subjected to differentiation induction
stimulation using the same method as in Example 10, and then suspended
| 'a}t: 5% 10% cells/mL in Matrigel to which 1 pg/mL of bFGF had been added
0 This suspension solution was implanted in the dorsal st;lbcutaneou.é
area of each diabetic mouse, at 0.2 mL per site, to a total of four
sit_:es (four x 106/head} . For the cohtrol group, non—-gene-transferred
adipocytes were implanted by the same method. Implantation was
performed 19 days after STy treatment, and thereafter, FBG level was
5 measured over time. Statistical analysis was carried out by
comparison with the control group (unpaired t test). |



confirmed for all inplantation sites and inplantation nmethods. Blood AP
activity was maintained for a long period, and in particular, stable AP
expressi on was observed for one year during the Dif/Sc group testing
period (the group described in Fig. 12(A)). Continuous AP production  was
al so confirmed for the other inplantatBsn nethods, all during the

exam nation period (316 days for the ip group, 54 days for the fat group,
225 daﬁﬁzfQ{ Eﬂe Sc group, 317 days for the Mat/Sc group, and 314 days for
the two pre- f I'’x groups). The peak of activity observed wthin one week of
|nplantat|onEEﬁ5 hi gkest shawshe thpegr ozpfectThe mighesmim%HUuﬂg mesésﬂﬁéﬁ in
the orderg - £ S >pf -.ar =Mat / n n
after q"?lnp ant gﬁr%sisgg%bgggé gyéesga l?lat?/g t%?m@e%%gi g% IVI ?‘%LC% :
weeks deddsaepdaienadisnriad) cedlisceran ippleonpdr ed arantr@kouﬁ@e bWaDdance
was s X Y, f el
approglﬁl%glg?se 2RREAX bFBLAL %Qu?enﬁ%%?%é@ 4% ﬁﬁ%@ﬁg% A ce11s
approxﬁﬁ@@@ﬂg1¥énd¢@F€a$ﬁ ﬁﬁ@msdﬁéhds¢ﬁ@nghod§§ Oﬁuﬂmnﬁﬂmhﬁﬂlﬁnr and a

| mmed! Bt [alher hiplbanlRkian oaR0cLNGALaAE; Ok XATERIAN HikPhng 21

i npl antation differéd for each iInplantation net of these ﬁods
can t hdgvybef uswel aicledr g Alo t Reedpadrnctaldhst 20sdays tarfetez}en@plpn@d@wn
used, the pats*ﬂ@hQ%%aﬁ'&@&aCtI%E!;EE!:CS’1ﬁ‘nd the sidmlie Itxm%ga%% el Jafigﬁry
2005 the technique. ThiS showed that | nplantation of ry culture

adi pocyP&¥lingeikirers sdefesehd pet Banpiy tha coatced @;zovpvoanctaf@l@élt loss

perforugd byca dsadaias Olvalet fRdse R tihalr-dRNO- {85 M staRl e Jdk Vi Ogene
expression is possible after inplantation. 5 Fig. 14 shows the result of

per f or RFAGLRA RN HFaPPORP eXPeFEFRNENATL Sild § drvrew hvranise s&fiesdd vild LFbs.

12(5),mhﬂntﬁ@nb@tQbrsbagén@fpetﬂ@ﬁanbﬁﬁéééfofﬂ(ﬂ¥%eA%d%@ﬂdﬂ b&n@fbﬁbduct
extirpatiaon s confirmed tQ quickly disappear, not only in individuals in

whi ch -BXPARGS 55%@%@»@?&@%&@ ﬁrﬂﬁ@réaﬁwt§tr§6e§dépopﬁﬁ?ﬁn’t"aﬁ| ghown

(i ndi thusé a‘Ble g cbBtaliBatientbnehy inheal 5 dat WH e @Kélﬁep@}{dl%gly\@ﬁ the
performed,in the | +?éﬁ%ﬁﬁ5ta s of inplantation (|nd|V|duaI B) hi s showed

t hat adFf 689?8% B By athF B RSt HAP AFe Y o Aleebe diradte di AP AREed

site for a long period after inplantation, and their extirpation, when
Industrial Applicability

The present invention established methods of ex vivo transfer
of a foreign gene into primary cultured adipocytes suitable for gene
therapy, and established primary cultured adipocytes that stably

maintain a foreign gene.



appropriate, can elimnate the gene expression regardless of the 15
timng. [Exanple 101 Transplanting mce with cells that stably express AP
(Test 3) The follow ng exam nations were carried out to confirm dose' 20
dependence on the nunber of inplanted cells [Methods] The AP-expressing
adi pocytes produced in Exanple 3 (transfegted wth MV (VSV) /pBabeCL
(PLAP) IP; derived fromICR subcutaneous fat) were cultured to confluency.
The cells were cultured for three days 25 in the induction nediumindicated
in Exanple 1, and then collected by tEpgdiMEtreatnent. After washing with
PBS, the cells were suspended at 5x 106 cells/nL into Matrigel. A

five-fol d st epwhsprindidyUtiDru\vas 20856484 QUL P gell, suspension

sol uti on uslipgcyblatsiagal, maiidalXs Jegigﬁfoﬁ%%' éﬁnégﬁéig%&i?ﬂ?%ﬁiﬁ@ *

sol uti ons.iswerecBttedespectitveloy pr epared. JAEGES Wag,a gﬁeiqql t}@ﬁe sol utions
at a finalintcordgesd riatticonhof adipgbpts @ithgt ey i ver ,d-hep 44Plantedypip the
dorsal sulcatapedtisnarea dffoh@Rueude mice at a dose of 0.2 nlL per nouse
(high dose: Ix 106 cells/head; nmedium dose: 2x 105 cell s/ head; | ow dose:
4x 10 cel?s/h&hd) . addpomytent dl , GRBexpIessivAgrasgdhpoeytes were 5 .
simlarly treated, and were inplanted into the subcutaneous tissue under
the sanme conditions as for high-dose ¥oRditi BASEET x 1F06238 etV isyalead) .
[ Resul t s]vedliqr 5 whouws askecdependoneg1ofcblgpd AP activity on the nunber
of inplanted cells when inplanting AP-expressing adi pocytes. 5

Dose- deendette hldas A6 ¥4 VS «APSES changk e !, 0f

i npl anted cell s, aggﬁ S.was not V!?'nfl uenc\ggadsbylgurgg??(!ggg ‘}\}grsel&ﬁjﬂcantly
speci fi EAPY ST H GrelaFabe bR {8 EB8efgroads leiasthdl0 strgw-a peak at the
early stage of inplantation, which was observed in the high dose group,
and the4ra e of df.I uctyatign was narrower. This showed that 10 in vivo
expressiion T e9ePdRYNECLL| FY2aR dst Bl il g turethiibarelshse milanetein
cells, antot ke WA asj ustdwng the opti mal nunber of cells,

© 5. The adipocyte of claim 1, wherein the protein is insulin or

glucagon—-like peptide 1 (GLP-1}

6. A method of producing an adipocyte for gene therapy, wherein
- the method comprises the steps of:

ey primary culturing an adipocyte; and

- (2) transfer;ing .2 foreign gene encoding a protein that is
secreted outside of the cell into the adipocyte using a viral
vector, and then stably holding - the foreign gene maintained in
the chromosome ' - : : :

7. The method of claim 6, wherein the

~viral vector is a retroviral vector or adeno-

associated viral vector.

8. An adipocyte for gene therapy, which is ptoduced by the method
of claim 6 or 7. ‘ | '

-9, %n; implant composition. for gene therapy, wherein the .
composition comprises a primary cultured adipocyte, which stably
© holds a foreign gene encoding a protein that is secreted outside -

of the pgll, and a pharmaceutically acceptable carrier, wherein ,
the fore;gn.gene_is introduced into the adipocyte using a viral
. vector and is stably naintained in the chromosome. T )

10. The implant composition of claim 9, which further comprises an




the post-inplantation blood concentration (expression |evel) can be
stabilized. 15 [Exanple 11] Hypogl ycem c effect on. di abetes nodel m ce due
to inplantation of insulin-expressing adi pocytes [ Methods] Diabetic mce
were produced by intravenously adm nistering eight-week old nale C57BL/6
mce with 10 nL/kg of 170 ng/ kg 20 streptozotocin (STZ, SIGVA). Fasting

bl ood gl ucose (FBG |levels were neasured individually at one and two weeks
after STZadmi nistration, and individuals with an FBG of 300 ng/dl or nore
were determined to have diabetes. The bl ood sugar |evel was neastvned -by
performing a perchlorate treatnment i megdiyately after collection of whole
bl ood, 25 and then using d ucose Test-I1I (WAKO . The

MLV/( VS\/)/QBabeCigslsZBlol ns) |2Gtransfected adi pocytes produced in

Exanpl e S*WEFeCsuBlast BatEd dicrreasfititat i on i nduction stinul ation using
the sane nethod as in Exanple 10, and then suspended at 5x 106 cells/nL in
Mat ri gel t\’g which 1 g/ M of bFG- had. been added. 10 This suspension

sol ut i onttas TR ARG Fompesdidrian oy Kd@ishSouwhighe fustheac kogipatierisc an
nmouse, aindicgdhepPes Shkeorto a total of four sites (four x 106/ head). For
the control group, non-gene-transferred adipocytes were inplanted by the
sane nethod. Inplantation was perfornmed 19 days after STZ treatnent, and
thereafter, FBG |l evel was 5 neasured over tinme. Statistical analysis was
carried ddgt WFe cofpar iRFofFawt Futkerebnefdpoyitgup Whinpai vtedly theddy. 239

[ Resul t sleolrk ggn enshensodihg &f §&eitredf chdP i 808184 Bl Ghat is secreted

i nsul i n-expressi ng adi pocytes in to STZ-induced di abetic_mce._ i
Non-gene-ofigﬁ T eft el ng stRer EPF nBramted 88 25 contTBPSTHE I Td 99 ucose
| evel ™ of thleamyr.oup i npl anted with insulin-expressing cells tended to
decrease fromthe seventh day of inplantation, and a significant

hypogl ycem ¢ effect was indicated on the 13th and 21st day of inplantation
(A). ThelBodsanmgitght PROvaNmy sudtpeed jafilpanrte i ot wasbly gmldscanfpyeisingher
in-the ghesMp domBhand ed jMokBin that is secreted outside of the cell for the

preparation of a composition for releasing a protein into the blood
£low.

14. The "use of claim 13, wherein the protein is released into the

blood flow for 20 days or more.

15. . Use of a primary cultured adipocyte, which stably holds a gene:
encoding insulin - or glucagon-like peptide 1 (GLP-1}) for the

prepaxation:of a composition for lowering blood glucose.



i nsul i n-expressing cells than in the control group, and weight |oss  due to
di abetes was therefore inproved (B) The results of exam nation using AP
suggest that this hypoglycemc effect will be maintained for a |ong

period. Therefore, the foreign gene prdduct produced fromthe inplanted
primary cul tured adi pocytes was showmn to be able to contribute to the
nodi fi cation of the pathology of the recipient, indicating that this

met hod may be able to treat diabetes. Industrial Applicability The present

i nvention established nmethods of ex, vivo transfer of a foreign gene into
prinmary cul tured adi pocytes subEHBNEE 1d8THd€ne therapy, and established
primary cul tured adi pocytes that stably maintain a foreign gene. 40

CLAIMS 1. A primary cultured adi pocyte for gene therapy, wherein the

adi pocyte stably maintains a foreign gene encoding a protein that is
secreted dui®i dBISHI @0.ceLTD). wherein the foreign gene is introduced into

t he adi pocyte using a viral vector and is stably naintained in the
chronmosone. 2. The adi pocyte of claim1l, wherein the viral vector IS a
retroviral vector or adeno-associated viral vector. 3. The adi pocyte of .
claiml1, whiegh PRRMARNECUADURED YDIROCETEFNFOR GENE | BHERARpr ess the protein in
vivo for at |east 20 days. 4. The adi pocyte of claiml, which is used to

rel ease the protein into the blood flow 5. The adi pocyte of claim1,
wherein the protein is insulin or glucagon-like peptide 1 (GP-1) 6. A

met hod of «ps@dugi-n@zesyi@di pocyte for gene therapy, wherein the nethod
conprises the steps of: (1) primary culturing an adi pocyte; and (2) _
transferring a foreign gene encoding a protein that is secreted outside of
the cell into the adi pocyte using a viral vector, and then stably hol ding

- the foreigs ggpe pRdRhaveRd in

<151> 2002-06-18

150> JP  2002-237974

<151> 2002-08-19
<160> 11
<170> PatentIn version 3.1

210> 1
<211> 30
(212) DNA

213> Artificial

<2207

1<223> an artificially synthesized oligonucleotide for amplifying human

insulin gene



t he chronosone 7. The nethod of claim®6, wherein the viral vector is a
retroviral vector or adeno- associated viral vector. 8. An adipocyte for
gene therapy, which is produced by the method of claim6 or 7. 9. An.

i mpl-ant conposition for gene t her apy,2/fherein the. conposition conprises a
primary cul tured adi pocyte, which stably holds a foreign gene encoding a
protein that is secreted outside of the cell, and a pharnmaceutically -
acceptable carrier, wherein, the foreign gene is introduced into the

adi pocyte using a viral vector and is stably maintained in the chronosone.
10. The inplant conposition of claim9, which further conprises an 41
extracellular matrix conponent. 11. The inplant conposition of claim?9,

whi ch fuféd®®r tonprises an angi ogenesis factor. 12. Use of a primary

cul tured adi pocyte, which stably holds a foreign gene encoding a desired

t her apeutitaggebteicnatdggect gteeaigeged outside of a cell for the préParation
of a conposition for gene therapy. 13. Use of a primary cul tured adi pocyte
~that stably holds a foreign gene encoding a protein that is secreted
outside of the cell for the preparation of a conposition for releasing a
protein into the blood flow 14. The use of claim 13, wherein the protein
is released into the blood flow for 20 days or nore. 15. Use of a primary
cul tured<atipoyte, which stably holds a gene encoding insulin or

‘gl ucagon-1li ke peptide 1 (GP-1) for the preparation of a conposition for

| ower i ng<ptod3@l ucose. 1/7 SEQUENCE LI STING <110> EISAI'CI), LTD.. <120>
PRI MARY CULTURED ADI POCYTES FOR GENE THERAPY

<212> DNA

213> Artificial

220>
| <223> an artificially synthesized oligonucleotide for amplifying human

insulin gene

<400> 2

cattctagac tagttgcagt agtictccag 30

<216> 3
211> 37
212> DNA

213> Artificial

<2207

<223> an artificially synthesized oligonucleotide for mutagenesis



<130> E1- A0305YI P <150> JP 2002- 177648 . <151> 2002-06-18 <150> JP

2002- 237974

<151> 2002-08-19 <160> 11 <170> Patentln version 3.1 <210> 1

<211> 30 <212> DNA <213> Artificial <220> <223> an artificially

synt hesi zed ol i gonucl eotide for anpl ¥¢ing human insulin gene 2/7 <400> 1
cataagctta ccatggccct gtggatgcgec 30 <210> 2 <211> 30 <212> DNA <213>
Artificial <220> <223> an artificially synthesized_oligonucleotide for
anplifying human "insulin gene <400> 2 cattctagac tagttgcagt agttctccag 30
<210> 3 <211> 37 <212> DNA <213> Artificial <220> <223> an artificially
synt hesi #98” 0143 gonucl eotide for nutagenesis 3/7 <400> 3

cttctacaca cccaggacca agegggagge agaggac 37

210>

211>

212>

L2135

<220>

<223>

<400>

4
28
DNA

Artificial

an artificially synthesized oligonucleotide for mutagenesis

4

ccctggaggg atcccggeag aagegtgg ' 28

210>
211>
<212>

213>

220>

<223>

<400>

5
29
DNA

Artificial

an artificially synthesized 6ligonucleotide for mutagenesis

-cacctgtgeg gatcecgacct ggtggaage : ' 29



cttctacaca cccaggacca agcgggaggc agaggac 37 <210> 4 <211> 28 <212> DNA
<213> Artificial - <220> <223> an artificially synthesized oligonucl eotide
for mutagenesis <400> 4 ccctggaggg atcccggcag aagcgtgg 28 <210> 5 <211> .
29 <212> DNA <213> Artificial <220x4/7<223> an artificially synthesized:
ol i gonucl eotide for nutagenesis '<400> 5 cacctgtgcg gatccgacct ggtggaagc
29 4/7 <210> 6 <211> 83 <212> DNA <213> Artificial <220> <223> an .
artificially synthesized oligonucleotide for constructing a gene encoding
a secretory human G.P-1 <400> 6 ttccaccatg ctgctgctgc tgctgctgct gggect gagg
ctacagctct ccctgggcca 60 tgctgaaggg acctttacca gtg 83 <210> 7 <211> 95
<212> DNA <213> Artificial <220> <223> an artificially synthesized
ol i gonucl eotide for constructing a

210> 6

211> 83

<212> DNA

<213> Artificial

{2207
<223> an artificially synthesized oligonucleotide fqr constructing a

gene encoding a secretory human GLP-1

<400> 6

ttccaccatg ctgetgetge tgetgetget gggectgagg ctacagetcet cectgggeea 60

tgetgaaggg acctitacca gtg 83

210> 7
<211> 95
<212> DNA

<213> Artificial

220>
223> an artificially synthesized oligonucleotide for constructing a

gene encoding a secretory human GLP-1



gene encodi ng a secretory human G.P-1 5/7 <400> 7 aattatcctc ggcctttcac
cagccaagca atgaactcct tggcagcttg gccttccaaa 60 taagaactta catcactggt:
aaaggtccct tcagc 95 <210> 8 <211> 20 <212> DNA <213> Artificial <220>
<223> an artificially synthesized ol iénucl eotide for PCR <400> 8
ttccaccatg ctgctgectge 20 <210> 9 <211> 23 <212> DNA <213> Artificial -~ -
<220> <223> an artiticially synthesized oligonucleotide for PCR 6/7 <400>
9 aattatcctc ggcctttcac cag 23 <210> 10 <211> 144 <212> DNA <213>
Artificial - <220> <223> a gene encoding a secretory human GLP-1 <220>
<221> CDSA0G22%> (1).. (144) <223> <400> 10 atg ctg ctg ctg ctg ctg ctg
ctg ggc ctg agg cta cag etc tcc ctg 48 :

aattatecte ggectticac cagecaagea atgaactect tggeagetig gecttccaaa 60

taagaactta catcaciggt aaaggtccct tcage 95
- £210> 8

<211> 20

<212> DNA

- <213> Artificial

<220>

223> an artificially synthesized oligonucleotide for PCR

<400> 8

ttecaccatg ctgetgetge 20

<210> 9
211> 23
<212> DNA

<213> Artificial

220>

£223> an artificially synthesized oligonucleotide for PCR



Met Leu Leu Leu Leu Lou Leu Leu Gy Leu Arg Leu A n Leu Ser Leu 1 5 10 15
ggc cat get gaa ggg acc ttt acc agt gat gta agt tct tat ttg gaa 96 dy H's
Ala Gu Ay Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Qu 20 - 25 30 -------
--- - -- 717 ggc caa get gee aag gag6fte att get tgg ctg gtg aaa ggc cga :
gga 144 dy Gn Ala Ala Lys Qu Phe Ile Ala Trp Leu Val Lys Ay Arg Ay 35
40 45 <210> 11 <211> 48 <212> PRT <213> Artificial <220> <223> a
secretory human GLP-1 <400> 11 Met Leu Leu Leu Leu Leu Leu Leu Gy Leu Arg
Leu Gn Leu Ser Leu 1 510 15 Gy His Ala Qu Gy Thr Phe Thr Ser Asp Val
Ser Ser I00>Le Au 20 25 30 Ay Gn Ala Ala Lys Qu Phe Ile Ala Trp Leu
Val Lys Ay Arg Ay 35 40 45 _ ,

aattatcete ggecttteac cag . 23

<2i0> 10
211> 144
<212> DNA

213> Artificial

- L2200

<{223> a gene encoding a secretory human GLP-1

220>
221> (DS~

<222> (1)..(144)

223>
<400> 10
. atg ctg ctg ctg ctg ctg ctg ctg ggc cig agg cta cag ctc tcec ctg 48

Met Leu Leu Leu Leu Leu Leu Leu Gly Leu Arg Leu Gln Leu Ser Leu

1 5 - 10 15

ggc cat get gaa ggg acc tit acc agt gat gta agt tct tat ttg gaa 96
Gly His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu

20 - —25 30



"

ggc caa get gee aag gag tte att get tgg ctg gtg'aaa gge cga gga

Gly Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly

35 0 45

210> 11

- <211> 48

212> PRT

<213> Artificial

<2202

{223> a secretory human GLP-1
400> 11

Met Leu Leu Leu Leu Leu Leu Leu Gly Leu Arg Leu Gln Leu Ser Leu

1 5 - 10 15

Gly His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu

20 25 ' 30

Gly Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly

35 40 45

144



