f4&~ 1 DESCRI PTI ON PRI MARY CULTURED ADI POCYTES FOR GENE THERAPY 5 Techni cal
Field The present invention relates to primary cul tured adi pocytes for
gene therapy, to which a foreign gene(s) has been transferred. Background
Art 10 Current gene therapies (Toyooka et al., Folia Pharmacol. Jpn.

116: 158- 162, 2000) can be classified into two groups: (1) nethods of
transferring therapeutic genes into patients by directly admnistering
viral vectors, naked plasnids, or gHeh ?Qa?oﬁncode the gene (in vivo), and
(2) met hods of tenporarily renoving ceF rom15 patients, transferring a
gene to these cells, and then returning these cells to the patient (ex

vivo). In the in viyamw hadsud@) %Dﬁd??fﬁ@s ﬁ;g%égﬁ ?fv@epbgzégeved’ such as

transfer eff|C|ency, contlnuous expressi on, transfer to
target cells. Ex vivo nethods, on the other hand, can 20 potentially

overcomgl-Rgses0r ebkeps. The najority of exanples of ex vivo nethods have
been performed using bl ood-systemcells (peripheral [|ynphocytes and bone
marrow cel | s) Thej RERSeRki et ket il adivf tor RFdpeant gulonred adipotyeey
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nmet hods that transfer genes to hepatocytes and then return these cells to
the'patgg@k kavadbeen carried out (Raper, S.E et al., Cell Transplant 2
(5), . 381- ut nost of these nethods focus on the recover
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Secretegeggoqhgdbggc Eegﬂd {2) methods of temporarily removing cells from
15 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

20 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 is
reduced (Tani et al., Saishin Igaku, 56:258-267, 2001). With regards

25 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),
but most of these methods focus on the recovery, maintenance, and

enhancement of the function of the transfected cells themselves.

30
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:
35 (1) there are many reports of humoral factors secreted from adipocytes,

and adipocytes comprise the functions of hormone production and can



and adi pocytes conprise the functions of hormone production and can 2 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
subcut aneously, and techniques relating to their extirpation are 5 being

developed in the fields of plastic and €osnetic surgery; furthernore, even
when adi pocytes are grafted to subcutaneous tissue, which allows easy
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on the 20 human .bo ecause t he weight of this organ changes greatly in
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(5) since adipocytes themselves produce angiogenetic factors (Mick,
G.J., et al., Endocrinology 2002, 143(3):948-53), a high level of
engraftment can be expected after implantation:
(6) adipocyte extirpation or implantation has a small impact on the
20 human body because the weight of this organ changes greatly in adults;
and
{7) adipocytes are widely recognized as superflucus and obstructive,
and consent for their collection may be obtained easily.
Although investigations with similar objectives are currently
25 underway using keratinocytes (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 isolating the primary
culture is problematic considering infection risk. Patient pain
during extirpation and implantation is predicted to be severe, and
30 re-extirpation (4, mentioned above) to eliminate expression is not
easy. Furthermore, 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, are
35 considered more useful.

The present inventors designed methods for efficiently



I ncreased by increasing the graft surface area. Therefore, adi pocytes,

vwhi ch all ow t hree-di nensional transplantation, are 35 considered nore
useful. The present inventors designed nethods for efficiently 3
transferring genes into -primary cul tured adi pocytes. They also confirned
that the transferred genes are functiondng after inplantation, and found
t hat adi pocytes can be effectively utilized in gene therapy. Furthernore,
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15 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
20 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;
25 [5] themethodof [1], wherein the protein is insulin or glucagon-1like
peptide 1 (GLP-1);
[6] a method of producing an adipocyte for gene therapy, wherein the
method comprises the steps of:
(1) primary culturing an adipocyte; and
30 (ii) 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;
[B] an adipocyte for gene therapy, which is produced by the method
35 of [€6] or [7]:

[9] an implant composition for gene therapy, wherein the composition



30 (ii) transferring, and then stably holding a foreign gene encoding 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 35 of [6] or (7K; [9] an inplant conposition for
gene therapy, wherein the conposition 4 conprises a primary cultured
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15 that is secreted outside of the cell;
[14] the method of [13], which is a method for releasing the protein
into the blood flow for 20 days or more;
[15] a method for lowering blood glucose, wherein the method
comprises the step of administering a body with a primary cultured
20 adipocyte, which stably holds a gene encoding insulin or glucagon-like
peptide 1 (GLP-1); and
[16] an animal, 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.
25 Hereinafter, the mode for carrying out this invention will be
described.

First, the present invention provides primary cultured
adipocytes for gene therapy, where the adipocytes stably maintain
a foreign gene(s) encoding a protein(s) that is secreted to the cell

30 exterior.

Herein, a foreign gene refers to a gene transferred into primary
cultured adipocytes from the outside, and comprises genes encoding
proteins that are not produced by the primary cultured adipocytes.
Furthermore, primary cultured cells refer to non-established cells

35 that are cultured from tissues.removed froma living body. Adipocytes

refer to mature adipocytes and cells comprising the ability to



First, the present invention provides primary cultured adipocytes for gene
t'herapy, where the adi pocytes stably maintain a foreign gene(s) encoding a -
protein(s) that is secreted to the cell 30 exterior. Herein, a foreign
gene refers to a gene transferred into primary cultured adi pocytes from
the outside, and conprises genes encodi Bg proteins that are not produced
by the primary cultured adi pocytes. Furthernore, prinary cultured ceIIs
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extremely pure adipocytes may be collected by using such molecules

as markers. By inducing differentiation as described below,
20 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
25 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(s), in which the cells

30 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

35 different individual.

Cells for gene therapy preferably refer to cells used for



subcut aneous adi pose tissue or visceral adipose tissue such as tissue 25
surrounding the epididym s or nesenteric tissue. The phrase "for gene

t herapy" refers to using the in vivo expression of a protein(s) encoded by
a foreign gene(s) in anticipation of a therapeutic effect. Furthernore,

cells for gene therapy refer to cells earrying a foreign gene (s) , in
which the cells 30 are used for adninistering t he foreign gene into a body
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Replacement therapy includes supplementation against disorders

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

hormone 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,

25 obesity, 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

30 deficiency, hypertriglyceridemia; lecithin cholesterol
acyltransferase (LCAT) /LCAT~deficiency;
erythropoietin/erythropenia; apo A~TI/hypo-HDL

cholesterolemia; albumin/hypoproteinemia; atrial natriuretic
peptide (ANP)/hypertension, cardiac failure; luteinizing
35 hormone releasing hormone (LHRH)/breast cancer, prostate

cancer; angiostatin, endostatin/angiogenesis, metastasis



hor nrone or cytoki ne, supplenentation agai nst disorders due to a congenital
dgenetic defect, and supplenentation of a factor for pathol ogi cal

i mprovenent: insulin/diabetes; glucagon-like peptide-1 (G.P-1)/di abetes,

25 obesity, eating disorders; G.P-2/inflammatory enteropathy,

gastroi ntestinal disorders acconpanyi ng7cancer chenot herapy;

| eptin/obesity, |ipodystrophic diabetes; adiponectin/diabetes, angi opathy;
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angi opat hy; ang,crsuch. Neutralization therapies agai nst pathol ogic
formation factors or malignant transformation f actors include the
production of partial 15 peptides of solubilized receptors or neutralizing

anti bodi es, omeudesinaatipLGHd D IHPEGEABst! pEBHo IEET OFoTnfaGlor ractdNE- a)
sol ubi | io.zrergal{gr?ae é%&gkg%ggﬁggggn%a}chgggs! Js.ncigldgbtlflel éggd{lggion of partial
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dominant negative proteins.

tumor necrosis factor-a (TNF-) solubilized
receptor/rheumatoid arthritis; solubilized IgE
receptor/allergies; solubilized IgA receptor/food allergies;
20 solubilized cytotoxic T lymphocyte antigen-4
{(CTLA4) /autoimmune diseases; solubilized CcD40
ligand/immunological disorders; dominant negative blood
coagulation factor ViIa/thrombosis; fibroblast growth factor
(FGF) sclubilized receptor/vascular intimal thickening, and

25 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,

30 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

35 factors, these methods can be utilized as proof of working hypotheses

for novel drug discoveries in which a given factor improves a



receptor/ allergies; solubilized IgA receptor/food allergies; 20

sol ubilized cytotoxic. T |lynphocyte antigen-4 (CTLA4)/autoi mune di seases;
sol ubilized CD40 |I|igand/immunol ogi cal disorders; dom nant negative bl ood
coagul ation factor Vila/thronbosis; fibroblast growth factor (FGF)

sol ubilized receptor/vascular intiml tBickening, and 25 so on.
Furthernore, the adipocytes of the present I nvention are not limted to

t hose u el {opnt.he Yy de sed ,for in viv
express?%lq ?o§§8ES|rég'secretg§§ 576 é’n q%%#:exanp#gengn?%%gﬁe?ﬁgﬂgegf
t hi s i nvent-hymasnait inptaduenidorpfemadelly anpahsmby memasiser ( bnéluding

expresskg@eﬁgs aﬁﬁfgrﬁﬁhﬂé proteln Usi ng these nethods, disease nodel
animals wt osteriori expression of pathogenesis or aggravative

factors can b@hQrBﬁUb@EMC&ﬁéuﬂﬁébédaPOQHtsSd&WT5@6ugede tkesmwﬂﬁnoirugss
Furt;*nermvif%nt%nemmmaan%m% %'rglg?;p%&(@@mh%% éﬁl& QLS gISPSE& Ods

ran be utilized as proof eses ' for nove dru I SCOV es
i n whi ckhatgi§etegrtiast Ouﬁﬁﬁﬁl@e@fdi g&thol ofhe woralie |“@rtab1twemanmhaisst’ hat

are usedehng ¥8ardesir edrenghn- gfr@nl@nbgggéd aﬂdteraéﬁaﬁb{eif il 10UGRP 1
manmal s (incl uding rodents and prinates) grlnary cu ture adlpocy?es

for theC§éde H¥erEftes ad (e Le §P?ﬁ%5h€@thSt§ Ly Phinecs refeor digntigene
(s) that:.n%&@:?@%%tioﬂr drei pfs) foEQﬁEn' YeIRCI ey quiside a{rént&&ﬁ‘é' The

phrase "stab mai nt ai ns" neans that the foreign gene is passed on to
dautfht erad&QPFé’t&&r itRg 9EBPI tBPYRBYORL BRASnbRESRpéENfPEAfeyabLni gopprbse

refers ELOfbhélgh e PR3t is@analy thenépsLi8n tg,e@echabﬁogoﬁsLin@8£§89§9mg
The 10 adi for ene therapy of this invention preferably conprise a
forelgnvé§%g(§ 8t abl ﬁ?dﬁgﬁéﬁ§%§}1n/§¥ﬁz HOG RIS enfc dEpbFRRF AL rofr Ay
vector.aNhéerpw&Eeaabbwtokhe foreign gene is transferred by a retrOV|raI

vector. The rghrOV|raI vector is stabl% inteqrated into a _cel
chrompsome an8€orft i< e X6FFPEY 1 éﬁéﬁ énF?aﬁgF@?réﬂﬁﬁéné- fotla
| orih pechedmoEbeeveantordmpt t sasfiie efdikitenay @&@r@@@t andakhSferred gene

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 can show continued
expression while the cells are growing, but expression may stop when
20 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
25 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.
30 Natl. Acad. Sci. USA 97:377-382, 2000; Chen, W.Y. et al., Proc. Natl.
Acad. Sci. USA 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
35 and in vivo. Expression of transferred genes is stable in adipocytes

before differentiation and also in mature adipocytes. Expression of



of expression of the transferred gene depends on the cell type. For
exanpl e, a gene transferred by a retroviral vector can show conti nued
expression while the cells are growi ng, but expression may stop when 20
cell growth stops (Lund, A H, et al., J. Bioned. Sci. 1996, 3:365-378;
Niwa, 0. et al., 1983, Cell, 32:1105-11%3). Foreign gene expression 1is
of ten observed to be suppressed particularly after introducing the gene
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surprisingly, expressiogn of the” trans ene was toun ersis
ext renePPISE&N §O BEERLFHCINELY BB id MAAHE LENr esisiodiedobyt rafisteigad

genes i geslahkhe foh adl @esgteéo espererdm?a&ereﬂt Laki-gn éf'dm@l:égpbgfg?&ﬂigt

adlfOC ytes. Expressron of 9 the tfansferred gene was confirmed to persi
for Q@ he 180tV -dulRE Ghrage (1 BWderganinty fofPTess/| thernrtd t fpesex80PHays

nmor ebxg&@@ shioh i R teRiddadW athen sefi chhe yexperi Mnm%@e'lnﬁbﬂﬁé gdq
|nto t he &%160 days or nore) . Therefore, primary cultured

adi pocyté@s ¥ 61 ecﬁcg:e&ggb,g@r@n oot syranst et of BOF yoX3BRke er fEED 2an

be used sas;nulnmk:amca léhal oSt ey LXASS 81 gene{santoy. aMd&@J}gE@féQlej}'he
adi pocy rise th Ility to

s f thera of this invention co
si gni fi gﬁt l@% §§ § pEé?ePﬁeﬁgy ehBY8BEIBY aVPBPeFGRNSHLARESS %BFOaF
| eass fZBod@rys cRinprdse ithe \aulr1Qt5prtm.egrmﬁﬁra@1y é;eptésyla/oprabemhéase
"significant

LML LERALLN S BB RN [ PRSIy BRSNS Spcetected o
t r ansf epn:edfe@:hbﬂ.yeﬁanﬁlags wirt floae, Smglﬂef pealﬁeeabﬂiyeEOOﬁaﬁ.% 6f mohegheten
S| gnifignan%eiare%% bRr e%ﬁré yg’ or more, still more preferably 80 days or
more, yet even more preferably 100 days or more, yet even more
20 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 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, inte the blood flow. The
proteins released into the blood flow include desired secretory
proteins 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-l (GLP-1) for treating
diabetes and such; blood coagulation factors for treating hemophilia
and such; and solubilized fragments of TNF-& receptor or artificially
35 solubilized anti-TNF-a antibedy (including antibody fragments that
comprise an antibody variable region, such as Fab and scFv) in the



t he 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 |least 3 0 days or nore, preferably 40
days or nore, nore preferably 50 days or nore, even nore preferably 60
days or nore, still nore preferably 80 jdays or nore, yet even nore
preferably 100 days or nore, yet even nore 20 preferably 150 days or nore,

yet even nore prefera 200 days, or, . nore, yet even _nore preferably 250
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regtdn, Diabrtes Fab éﬁ685é58¥ i(A3PRe; 1Dlﬂleatnén5 oftdedeaskErdeghihiiony

enhanceQ3§NF1 TEVEL 6 (13 ; ?ra%QSHHHH@'Q %ﬁ?gl't'ﬁﬁ Hleé%?phgéd ﬁés

i nsulin, he ¢ eavage SlteS te 1 and site can e subst

t he cIe§@§@€nsedd€hcel4éflé6prdﬁ%ﬁ@e e&%@%ﬁ%bd Mn dﬂipééyte§uah?&qﬁu42

mat ure hpgylipigan 159 effi ﬁherét)JaYnéﬂreOdi@e@L@f—Qr (7e%85pl ﬁ)la%é%%%’ euiggg,
D.J., et _al. JBC, 269 (8) An i nsulin"anal ogue modified to

a singl 47¢RaPA6%eER Tl 9ed 200de, 1$?C 21t iafurrnRhaEt- Peeo -NeV0Ds,

40815 68%1) 3948318) GaEQE:o@hE’e%ol@ gespoed, pw!zhéglthms.acts as a ligand
for the G.P-1 receptor may be useg (NP 002053; Thorens, B. et al., 10

D abetes 42, 1678-1682 (1993); Dillon, J.S et al., Endocrinol ogy
The present invention also relates toc methods of producing

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

20 (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 adenco-associated viral vector, so that the
gene 1s stably maintained.

25 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

30 PCR using genomic DNA can molecular biclogically demonstrate that
the foreign gene has achieved stable expression by integrating into
a chromosome. Furthermore, to concentrate the stably transfected
cells, for example, a method using fluorescence activated cell sorting
(FACS), which concentrates cells by recognizing the GFP coexpressed

35 Dby the cells along with the target gene, may be used.



133, 1907-1910 (1993); G aziano, MP. et al., Biochem Biophys. Res.
Commun. 196, 141-146 (1993); Stoffel, M et al., Diabetes 42, 1215-1218
(1993)). An exanple is GP-1(7-37) (Diabetes, 1998, 47:159-69;

Endocri nol ogy, 2001, 142: 521-7; Curr. Pharm Des., 2001, 15 7:1399-412;
Gastroenterol ogy, 2002, 122:531-44). Theg present invention also relates to
nmet hods of producing adi pocytes for gene therapy, mhere t he net hods

conpri s te rlnar cul turing, ad tes, and (2)
Cranst otri netArHE of e bR Ering P IR D T HREERR ot el (o)t ha
i s secreted tBrimergeldulutmad oadlpbef,reeablqamsbeg cellettoyi bhal mef;lh@disor
an adeng-assQ | t ed raI vect or, t the ably
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produce@15¢ethn£1aﬁtbndSIQQZHﬂggmQBEImrﬂmfeBpansfncamiyemdﬂpasetbseugp
gene: (s u er t l, .

d v isee b Fhacttanly | hSERETaRE LRAIBHERLTS W SN S simogn
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genom ¢ 0. 6o 0! seulals dblialogl cali Ly, deronst 1t thaleq g Lor e gp, gppe

has achi | e expression by integrating in ronDs
Furt her ponditionsongedtfer examp s, ablferr vashiny e:stlfcéiHSs lfsomoexahba’eeda

met hod ugmgéga%eéf%g%sa%w@fa gﬁfge%apf%&'fgg 'fff‘ﬁ%ogc#l Qedt tissue

concentrates c y recognl zi n COEXpI‘ essed
al oHy wiehdigested dut S@élﬂféngnﬁ? &’ Gigada madium pmanpss igfg é@l apprmglate

pri mary sguliher € égll?9§¥£§§e Pri pery- o0 § ur gy adipomyt e§8&a9nb§pg%bf££§g by

nmet hods_ describ he report by Sudl hara et a
Di ff er eRENGEROAL BiMer PRELesEE)y fvr e0spectd imidiutes adnsosheni ssparasednd

preferabhyot BepirEBlghtateal PL8NHuE OWA BUBSHEIAREOHS-ROLPOSENL Li B8YE: Phn
vi sceral adi pose tlssue such as tissue surrounding the” epididyms or

mesenteric tis8gefl ?%F%ﬂﬁ|%ﬁﬁﬁ§ﬂiSuHH§?e§§€FYI%urEQ@EhWQ 1 Op§§ Pgrtwice
exanp| epbyatést r VReHAB%oM) tAnPBS thenBaeel! ebed culsiuie 1P £81581 $5ORS

or a Su&%hg%h kné&ﬁ%lgl”éién%g%gbggtegné}é%iy%lask is left to stand in a COs

incubator for culturing, such that the conventional culture surface

is a ceiling (ceiling culture). After culturing for an appropriate

period, preferably ten to 14 days, cells adhered to the ceiling surface

20 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.

25
2. Gene transfer to adipocytes

Gene transfer can be performed using gene transfer reagents
(Fugene 6, Roche; Lipofectamin, Invitrogen; Cellphect transfection
kit (calcium phosphate method), Amersham; etc.), electropbration

30 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. et al., J. Virol.,
1998, 72, ppllls5-21).

35 When gene transfer is performed using a plasmid, the plasmid

is transfected into adipocytes, and those adipocytes stably



10 is digested by shaking at 37C in a nedi um conprising an appropriate
anount of coll agenase, preferably 1 to 3 ng/nlL, for an appropriate |ength
of tinme, preferably for 20 to 60 m nutes, and then separated into a
precipitated residue and floating |ayer by centrifugation. The floating

| ayer is preferably further washed onceldr twice 15 by centrifugation, and
Is then added to a culture flask filled with nedium Bubbles are renoved,

and the fl. s | ef o] ' .l.pc or_for,_cu ' sugh t hat
t he con\?%r%?l ﬁ:iénléjl%n uI%hu% etéér??g%fefle?s@%wi :étg%%%‘cecl% n%e c%%gt%g%d Af E‘é‘Fh
cul t uri rgiffecyvaesagarope sedecped by, pref exabbyet erquippdndaybe pebhbmid
adher ed erdin r-f.ace ar. ol Le _ : int nent hese
cells aregl%gtggglggu{é%%l ?/Eoyséu cul ?%}r?%d wi%r;c(i’la %og’l{fg’%{ iq%)ér?ta SM:(I?%Ct%ur!r;’%g&éys%trem Y
Pri mar y rerformdadadippcyresshagtbenstogedhey fwisdri ag defsovisl carmfiregy gene
transfery | I I [ ' firar tpgl e
col 130t 1 5n0 23 FTEENY Gof PR ek Rt tins (he e L P e et us L

per f or M@ igsi HY GrenOthrenistss, riegenesls ( Fagehe @PRIgRs hy polerimgi hhe
Invitro ; e tyr ecih P o Ki G4 LU e

Aner sha%]%gtsc%.@)a, el g:%lrlosgcr)}f%_t %ﬂrllpg%)m?re?hgggi%f&hgﬁmamgtégaI .rr,ggg?g%?:%l?}.e’
Chem 19&ED 2yondoftragsfer31ds prerfermard ezt sa( Kalasmidy, | 2etmefihod Naf.

Med. 20@kanéied3140)expristisierai phRgetaeabl¥apehtagBdeUsiang Bd Mdded to
vectors, and nore  preferably using rfetroviral vectors ( Arai, T. et

rabnly . , €.g., .y
al (107 pcrgase theggd figsengy) pfschrpmoggmakehngensippantfPér FelpePietned
usi ng a2zploasmigh, the1phaswed-3i4s .transfected into adi pocytes, and those

adi pocytes stably 12 intaining the transferred foreign gene can be
sel ect ed. Suc%n %’@%g?gsg%tﬁén%?édt’@? BFIPPEY BRI eGP pV RGP Ke

pl asm d isenamsimngd itd rfOBai gie@enes ¥bd 1k ted MIG IS SABVANC AN reOti B ses
per o g hhe i phslection Soncihe MUl = PLas T ColVIng 3 2 g«
drugs Oszherohseactdel zed by claromesotd hinedghytibahghkhttransferred gene.
A recombinant 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 E1, E2A,

20 and E4 proteins (Muzyczka, N, (1992) Curr. Top. Microbiol. Immunol,
158, 97-29; Kaplitt, M. G. et al. (1994) Nat. Genet. 8, 148-54; Xiao,
X. etal. (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).

25 In the present invention, the 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.
1996, 70:217-222; Wu, M. et al., J. Virol. 1999, 73:4498-4501), and

30 lentiviruses (for example, HIV-1 (Naldini, L. et al., Science 1996,
272:263-2677; 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

35 immunodeficiency virus (Johnston, J.C. et al., J. Virol. 1998,
73:4991-5000; Johnston, J. and Power, C., J. Virol. 1999,



transfected cells by limting dilution techniques. Furthernore, when gene
fransfer is perfornmed using a plasmd, a nethod of transiently expressing
a phage-derived integrase can be used to 10 increase the efficiency of
chronosomal insertion (Mol. Cell Biol. 2001 Jun, 21(12):3926-34). An
exanpl e of gene transfer into adi pocytess using a viral vector is a nethod
usi ng an adeno-associated virus (AAV) . AAVs are viruses belonging to the

genus e i of _t he Parvoyiridae fam |l and 15 char erized by
Pt omosarar IeHr eae At BRESFRTRe. Er nsPlr Pad giAB: HATr eboabi nedS AP 16et of
I n whi ch prébHeesighe gerterovd riait egeavedforcase be Pricdunednbyonniegriadlageyhe
forei gn_gene between.twy. nve t er m nal peat 1 TRs), and._expressing
the ARV BEREOEREETat ey He Pl R e e D B af ok Re Bt cEHEEE o
adenovi eusl Hl., GE2But20i&nd, EdapnoeelAS, (M3yb4Ra, 1BB1{1992) Curr. Top.

M crobi ol . | 7-29. . Kaplitt I 994), Nat . .
8  148. 54, x{*?ﬁé?@%%r%fia%ﬁf’%scﬁ%%&é Beittin .t%‘?‘@%%‘gé?fé‘é;v‘?{% U3t s
et al. ¢&e86y cPrnobe Naepargdady SeletUss 83pof#082- 4087he XBacL.TRVdetiag.
(1998) AxoY! Lokal2ngl232s0220L 29 | 1B, DEESEntwLoYeriLon, Lbe fgcgl on
gene is nore preferably ransferred i nt 0 adl pocytés using a retrovira
vect or . BReBAAYI r Uk, Jef & totviadusesl$hat Bebeong Natt heARedr oEadi.dagSA

fam |y, gandqigAcl . I I.lS@s, ny Végalses , . d er
D EAGRLECT, ARERLIYSE3 ot QAT YOOUPR YRISREYY: 72, g gitdht) ¢
73:108Ths0ipreagy FeNe¢ cit ibthier ysdsoyiarseranphe, tHnsariled dMimLIRL, ostitl .

Sci enceph 99 cxpfFEes363 -2 aR0ERE Pl Frorfetr Bl 1AL ide RHRCy J:\'@t?ll: AAde x Sh1 e USA
1996, 93711395-11399; Srinivasakumar, N. et al., J. V?ro . 1997,
71: 5841a584R1s A flarwsy, erprestian . pRamotBrotarhinods CHY7 primcB2r, 87565 -1Ki m

V.N., ebrahoted, ¥l Ohc §98§0E8f§15r8&6ﬁe§Egeaehhaﬁc§§léngPQﬁQ@éfcﬁ§§CHe
virus (Johnston, J.C. et al., J. Virol. 1999, 73:4991-5000; Johnston, J.
and PowdfFede.  FUTrtRpFppre GhFhiferis PIPRoieAgy; mouddrba2 BOKFieR af LTRat.
Medis 1998, s4b354t3%8H) withA BhetREabhbeometeeyi naly Mechgeqfor use in this
invention is a Ml one murine | eukem a virus (MOMV) vectaor. (T. M .
Shi nnick, R RO tEg er genes usilng retroviruses, specifically, a plasmid
carrying a gene to be transferred, such as pBabe CL-SEAP-IRES-GFP,
is gene-transferred to packaging cells, such as 293-EBNA cells
(Invitrogen}, using a gene transfer reagent and such. This is then
20 cultured for an appropriate period of time, preferably one to three
days, and the produced recombinant wviruses in the supernatant are
collected. These viruses are then infected into the adipocytes to
be transfected.
The retroviral vectors preferably comprise an envelope protein
25 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 (9), 1730-1737 (1984}). In the
present invention the retrovirus is preferably pseudotyped (Emi, T.
30 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 virus G protein (VSV-G) (Rose, J.K. and Galliocne, C.J.,
J. Virol. 39 (2), 519-528 (1981)). Pseudotyping by VSV-G enables
35 highly efficient +transfer -of genes into adipocytes. VSV-G

pseudotyped vector can be produced by expressing VSV-G in packaging



and J. G Sutcliffe, Nature 293, 543-548, 1981). 5 The retroviruses my be
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; Yee, J. K et al., 1987, Proc. Natl.
Acad. Sci. USA 84:5197-5201; Zufferey,1f et al., 1998, J. Virology, 72,
9873-9880) 10 The foreign gene in the retrovirus can be transcribed by
LTR, or | ressed f.rom anot her ronDter i nsj de the vector For
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the present invention the retroviras IS preféra Seu
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G pr ot ei (€2EPSene) L(-RY¥seetIak- 4AQ98) Biekechaigues 36 9proP2438302),
5191628 (1981p)imReoudalMRidl byqVSV-Grenakles 35 hihghbyyethi %edH %%ﬁgif er

.-of genes |nto adi pocytes. VSV-G  pseudotyped vector can be produce
expr essiViv§ teEg. ]@quprﬁéa@@lgnehgyectors to the cells. For example, prlmary

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
20  to 8 pg/mL or so of polybrene. Multiplicity of infection (MOI) is
not particularly limited, but can be appropriately adjusted 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,
25 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
30 insulin. In such cases, since IBMX and dexamethasone are used mainly
to activate the adipocyte peroxisome proliferator-activated
receptor-y (PPAR-Y}, drugs that directly activate this receptor (for
example the thiazolidine derivatives, pioglitazone/Takeda
Pharmaceutical Company Limited and rosiglitazone/GlaxoSmithKline)
35 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
éxpress 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
determ ned by infecting 5 cells with virus solutions that have been
stepwi se diluted, and counting the num®er of colonies of infected cells
(for details, see Ausubel et al) . (Ausubel F.M et al. Eds. (1995)
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conpri sith§ ?tﬁ§b6@t?@m%nﬁéﬁﬁfﬁﬁgnFﬁﬁn@rGWBWN)cu&E%ﬁﬁQtﬁ %Bﬁ@ytﬁﬁdogothls
I nsybi n.iphikntUeh €a86Sa SddEL IU%M%gaﬁﬁe@éXﬁﬁﬁhB@§pnﬁ1@r;ﬁ:dﬁ&dl Ricalded be
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Lim ted 4%n%aryosSqu:I Iréoarze?n%/vgna)én%%rg thI*:IéI .erllfa)oly 50 days or more, still more
preferably 60 days or more, yet even more preferably 80 days or more,
20 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
25 by immuncassays 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.,
HSV-tk) to the graft cells, the graft cells can be eliminated by

administering ganciclovir, for example.

30

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
35 acceptable carriers. Examples of the carriers are physiological

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



35 may be added at the sane tine. The primary cul tured adi pocytes of this
invention, which carry is a desired therapeutic gene, can be inplanted into
t he body of an inmunol ogically natched recipient, thus enabling gene
therapy by in vivo expression of the secretory protein encoded by the

t herapeutic gene. The primary cul tured adi pocytes to be inplanted are
preferably 5 cells fromthe sanme host as the recipient. The gene therapy

met hods_ . in which_the primary cultured adipocytes aof this invention are
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genes (e18mi telPValK)1dry tde gE alkase! bee bhe iy tocelhs S86vbensht fhRaged
by adm nistering ganciclovir, for exanple. 30 The present invention also
provide§omﬁﬁpgﬁgscaﬁﬁog@@pghge@Orbut preferably comprise at least type IV

collagen, laminin, 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).
20 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
25 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
30 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 blocod flow with higher efficiency.
The angiocgenesis factors are not particularly limited, as long as
35 they are factors that may induce angiogenesis in vivo, and examples

are vascular endothelial cell growth factor (VEGF), basic fibroblast



gene therapy, where the conpositions conprise primary cultured adipocytes
that stably hold a foreign gene(s) that encodes a protein(s) secreted to
the cell exterior, and pharmaceutically 35 acceptable carriers. Exanpl es of
t.he carriers are physiological sal i ne, phosphate buffer, culture
solutions, seruns, and body fluids. 16 iThese may al so be conbined with a
solid or gel support that becones a scaffold for cells. The inpl ant
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objective 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
20 of this invention. Therefore, when using a vector encoding a vascular
inducing factor to express that wvascular inducing factor from
adipocytes, the use of a transient expression vector (more
specifically, a vector that is not incorporated inte the chromosome)
is preferred. When the adipocytes express a vascular inducing factor
25 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
angiogenesis factor is not stably transferred to the primary cultured
adipocytes of this invention.
30
3. Implantation of adipocytes
Gene transferred adipocytes are prepared at an appropriate cell
concentration, preferably 0.2x 10’ to 2x 107 cells/mL, or 0.2x 10°
to 5x 10° cells/mL when transfected with a retrovirus. They are
35 infused as 1is into the subcutaneous tissue or adipose tissue,

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



Furthernore, the inplant conpositions of the present invention 30
preferably conprise an angi ogenesis factor. The inplant conpositions of
this invention that conprise an angi ogenesis factor cause bl ood vessels to
formaround themafter inplantation, and can secrete a foreign protein
into the blood flow with higher efficiermgcy. The angi ogenesis factors are
not particularly Iinited as Iong as 35 they are factors that may induce
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bl ood V%%%%g%efg£€éarqyggy%hof ceiling culture, (B) shows primary cultured

adipocytes grown in a normal culture, (C) shows mature adipocytes

20 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

25 (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
retroviral vector MLV (VSV) /pBabeCL (PLAP) IP is transduced to primary
cultured adipocytes derived from various adipose tissues.

30 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.

35 Fig. 5 shows the duration of AP expression in subcultures of

primary cultured adipocytes transduced with an AP-expressing viral



i npl ant ed adi pocytes, which may cause systemc side effects. Therefore, it
is preferable that the foreign gene encoding an angiogenesis factor is not
stably transferred to the primary cultured adipocytes of this invention.
30 3. Inplantation of adi pocytes Gene transferred adi pocytes are prepared
at an appropriate cell concentration, Jgeferably 0.2x 107 to 2x 107
cells/m, or 0.2x 106 to 5x 106 cells/nL when transfected wth a
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15 adipocytes {(derived 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.

20 Fig. B 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 s1s2B10

25 1insulin-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

30 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 expressiocn in the implantation of AP-expressing primary cultured

35 adipocytes.

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



obt ai ned by inplanting ICR nude mce with primary cultured adi pocytes 25
(derived from subcutaneous fat of ICR mce) that are transiently
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 (FLAP) IP is transduced to prizoary cultured adi pocytes derived
fromvarious adi pose tissues. 30 Fig. 4 is a set of m crophotographs
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of implanted cells when implanting AP-expressing adipocytes. The
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measurements of each individual.
Fig. 16 shows the effect of implanting sls2B10
20 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.

25 Best Mode 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 inte this
description.

30
[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
35 ether, and sacrificed by collection of whole blood from the heart.

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



adi pocytes (derived from C57BL/ 6 m ce subcutaneous fat) transfected wth
AP- expressing AAV. Fig. 9 shows insulin expression at the tinme of
differentiation induction in primary cultured adi pocytes transfected with
s1s2B10 25 insulin-expressing retroviral vector. (A) shows the results
usi ng an ElI A produced by Mrinaga and (B) shows the results using an EIA
produced by IBL. Fig. 10 shows the expression of GLP-1(7-37) in primary
cultured adi pocytes transfected with GP-1(7 ‘ﬁZfle reSS| retroviral 30
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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

20 {normal medium supplemented with 0.5 mM IBMX, 0.25 puM 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.

25 0il red O staining solution was prepared by mixing a stock
solution, prepared by mixing 0.3 g of 0il red O in 100 mL isopropanocl
(899%), 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

30 with oil 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

35 mice. After 14 days of ceiling culture, adhesion of adipocytes

carrying lipid droplets was observed on the ceiling-side culture



measur enments of each individual. Fig. 16 shows the effect of inplanting
s1s2B10 20 insul i n-expressing adi pocytes to STZ-induced di abetic mice. (A)
shows the effect on fasting plasm glucose |level, and (B) shows the effect
on body weight. The val ues indicated are the group average and standard ,
devi ation of the neasurenents of each i2@ividual. 25 Best Mdde for Carrying
out the Invention The present invention W Il be described in detail bel ow
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of ScCi 3@l RN tRsSbabtak ikl tae IBhiltWEgehh§E@geht§§%@ was di gested with
shaking at "37C for 20°to 60°5 mnutes ih normal nedium hi gh

gl ucose/ SIGVA, 10% FCS) conprising 1 ng/nL of coll agenase (SI
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| ayer by centrlfugatlon (300 g,, five mnutes). The floating layer was
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the ceibing surface i 59855, 695 FRLEH DNl ORS] o8] PE, A0 {Lapetered
15 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) Production of primary cultured adipocytes transiently transfected
20 with the SEAP gene
AP-expressing plasmid (pcDNA3.1-SEAPmh) was constructed by
inserting the SEAP sequence, obtained by double digestion of
pSEAPZ-basic vector (Clontech) with restriction enzymes HindIII-Xbal,
into the HindIII-Xbal site of pcDNA3.l1Myc-HisA {Invitrogen), which
25 is a vector for expression in mammalian cells.

For every gene transfer to a 10-cm dish, 500 UL of FCS-free DMEM

medium and 15 pHL of Fugene 6 reagent (Roche) were mixed, then 5 Mg
of pcDNA3.1~SEAPmh was added. This mixture was left to stand at room

temperature for 15 minutes. This mixture was added to primary
30 cultured cells (derived from ICR subcutaneous fat) cultured to 70
" to 80% confluency in a 10-cm dish. This was then cultured for 24 hours
in a CO; incubator.
(2) Implanting mice with alkaline phosphatase gene-transferred
primary cultured adipocytes
35 Gene-transferred cells were collected by trypsin treatment, and

washed twice with PBS by centrifugation. The cells were then



culturing system Subculturing was then perfornmed at a ratio of 1:3 to
1:10. To induce differentiation, the mediumof cells cultured to

confluency in a 6-well plate was transferred to an induction nmedium 20
(-normal rmedi um suppl enented with 0.5 nM I BMX, 0.25 LM dexanet hasone, and 10
g/mL insulin). This stinulation was corg3 nued for 48 hours. Next, the
cells were differentiated in a rraturation medi um (normal  nedi um
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modes  syelseifsahfgenedexntassuedicAP genainBorBeigpeskikeally, SEAP gene

(Contech) or %ég a?s %og_?gcted usfrtlg %l heparin-coated capillary (Dramond)
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

20 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 cultured cells, which have been transiently transfected

25 with alkaline phosphatase (AP)-expressing plasmid pcDNA3.1-SEAPmh.
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

30 that received an implant of cells holding transiently transferred
genes was confirmed to peak on the fourth day after 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,

35 although it was maintained longer than by injecting protein.



Phar macol . vol . 49860-873 (1996)) was transferred to primary cultured 15
adi pocytes, and changes in AP activity were exam ned. (Both AP gene
products are thernostable and can be easily distinguished from endogenous
al kal i ne phosphatases by thermal treatnent.) [Methods] (1) Production of
primary cul tured adi pocytes transiently24ransfected 20 with the SEAP gene
AP- expressi ng plasm d (pcDNA3. 1- SEAPm) was constructed by inserting the

SEAP [ .doub ' t] f 2- '
(G ont et Blar R AR L BRS 1 Lo BEPRE S R RO s
site of spcbNA3expresH &R (I nvitrogen), which 25 is a vector for expression

in ma l-ap cehl s. For every gene transfer to a 10-cmdish, 500 L of
ch-frggh%%ﬂ5ﬁ %ediun1and 15 L of Fugene 6 reagent (Roche) were m xed, then

5 g of (3éDNaBstruSkEAPRhoRadPaddad. cThicgoli KEErexpasskebn veckbaad at room
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in a 1026mMieRerPIhils tslikenatureuGedo,oi. 24 abuMel. iRharm@@li.nvabat B .

(2) | nplgantigng m@eg%t.h Bl &S HHAIE GRS RAAL 3562 9808 %{&fb%f ag cBEL BB ¥ £
Ge S ol l'ected 9

cul tured adi paocytes ne-transferred cells were trypsin

t r eat nePCPNEnd - LnadER8aht Wi BB Hi RATPBSPBYI cerfhd fAFariens. wIkeeseliFedweren
t hen 23 pydspended singPRStat Mo%1107 cells/mL. The animals (I CR nude nice,
five-weeks old at the tine_of ogeration) wer e anest hetized by

i nt+%peri t onedPeRiA st r BBRBRCERL56. mpachier Wi ukepEAT siadiatdion, was
(Nenbut glrodideiedl BROE R RGN Al (Mo rfkhet edhsi Bf CténG 1 hQuanedoatoqle
?peraaﬁiggtthoﬂilgte Hbaééggg s%lu%aon SPW;EQWD Phagnacegtlgals , a 3 nmm
05 sdtndisi on dé1P3% he SKi RXChEARIt hESHA¥A0 OPTPHETRT ghR
hind | egeocaiydinheesnguhnak §eREHt @HNERYSSa fBtCHES, MROSAntInaStAbsef chhg
prepared.cell. suspension so I on .5x 106 cell s/ head), was | gaded into a
oy DL A ERRGRRRES 1 9T £ LAC RES TR BLt EORHGUR 1o, T LPAGTS. 22
G i 1§ ectrecRniegds te (IRES) of encephalomyocarditis virus (EMCV), which was
excised from pIRES2-EGFP by HincII~-HincII, 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 (Sspl-BamHI) of pCLXSN
20 (IMGENEX) . Furthermore, pBabeCLXIP, in which the IRES-GFP portion
of pBabeCLXI12G 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
25 pBabeCLXIP or pBabeCLXI2G vector cleaved with Hpa I, yielding
pBabeCL (PLAP) IP, pBabeCL {SEAPmMh) I2G, and pBabeCL (GFP}IP,
respectively.
{2} Preduction of viral wvectors
Each gene transfer to a 10-cm dish was performed as follows:
30 30 HL of plasmid transfection reagent TransIT (MIRUS) was mixed into
500 UL of FCS-free DMEM medium, and left to stand at room temperature
for five minutes {mixed DMEM/TransIT solution). In a separate tube,
3.3 ig of a vector encoding VSV-G (pCALG, modified according to Arai,
T. etal., d. Virel., 1998, 72, ppl115-21}, 3.3 ug of a vector encoding
35 Gag-Pol (pCLAmpho/RetroMax system (IMGENEX)), and 3.3 ug of a vector
comprising a packaging signal and the transferred gene



As a control, PBS was injected to the same site. To conpare this to the
protein supplenentation nmethod, 1 g of purified AP (Roche) was dissolved
in PBS under sterile conditions, and this was injected in a simlar
ranner. The incised skin was sutured and the operated site 15 was
disinfected wth surgical |sodine (Mijds Seika). Blood was col |l ected using
a heparin-coated capillary (Dranmond) fromthe postorbital venous plexus
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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
of ICR mice, and the subcutaneous fat of C57BL/6 mice) were prepared

20 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 egual
amounts of 4 pug/mL Polybrene (SIGMA) solution 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

25 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,

30 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

35 performed.

Differentiation was induced in 6é-well plates according to the



PEGFP-N2 using Notl-Ncol. 10 The pl asm d pBabeCLXl 2G used for viral
vector production, was produced based on pBabePuro (Mrgenstern, J.P. et
al. Nucleic Acids Res. vol.18, 3587-3596 (1990)), by excising its SV40

pronoter and neomnycin resistance genes using Sall-Cal, and blunting those
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(InVItrg%%ggtegukgg&egagKEéglégg géfggég(fgglues existing in the inguinal
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.

20 Fig. 4 is a set of microphotographs 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,

25 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

30 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

35 (&), and over the 63 days for which primary cultured adipocytes derived

from ICR mice subcutanecus fat were examined (B). These results

N 20

2)

at

ng



cells/10-cm di sh on the previous day. Medium was exchanged ei ght hours
after addition, and the culture supernatant was collected after culturing
for another two days. The collected culture supernatant was centrifuged
(300 g, five mnutes) 10 or filtered through a 0.45 msyringe filter
(Mllipore) to renove contaminants, argl this supernatant was used as the
virus solution (MV(VSV)/pBabeCL(PLAP)IP, MV(VSV)/pBabeCL( SEAPM) 12G and
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non-proliferative conditions oxr mature conditions.

[Example 4] Production, by using a plasmid vector, of adipocytes that
20 stably express insulin
Methods of gene transfer include methods that use plasmid
vectors.
[Methods]
(1) Isclation and modification of the human insulin gene
25 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.
30
Table 1

Primer sequences used for PCR

Primer Nucleotide sequence (57-)
Insulin Fw CATAAGCTTACCATGGCCCTGTGGATGCGC (SEQ ID NO: 1)




three days thereafter. The AP activity of the culture supernatant was
measured using the culture supernatant obtained every three days, 5 and the
x-axes in the figures show the day on which the supernatant was coll ected.
For the GFP-transfected cells, m crophotographs were taken under
appropriate GFP light (Figs. 4 and 6). 2d\on-differentiation-inducing

condi tions refer to conditions in which culturing is continued in a nornal
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observed in cells co D”‘hﬂi ng lipid droplets, 25 which showed that the viral
vector can transfer genes into preadi pocytes that possess the ability to
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cultured adipocytes deri ved from C57BL/ 6 m ce subcut aneous fat were
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adi pocytes derived rom |l m ce subcut aneous Tat were exam ne
resudt sgenetic modlflcatlon 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
10 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 sl1s2 mutant. Performing the
reaction on sitel, site2, and Bl0 yielded s1s2B10 mutant insulin.
After confirming the nucleotide sequence of the cobtained modified
15 human insulin gene, the gene was incorporated into pcDNA3.1l vector,
and then used for gene transfer.
(2) Gene transfer into primary cultured adipocytes
After mixing 500 UL of FCS-free DMEM medium and 15 pL of Fugene
6 reagent (Roche), 5 Mg of transfection plasmid was added, and then
20 this was left to stand at room temperature for 15 minutes. The mixed
solution was added to primary cultured adipocytes (derived from
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

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



27 showed that transduction of the viral vector to primary cul tured
adlpocytes can produce stable expression cells that maintain the foreign
genes in the daughter cells produced after division. Fig. 6 is a set of
phot ographs and a graph show ng changes of 5 expression in
differentiation-induced gene-transferred adi pocytes. GFP-expressing

adi pocytes derived from | CR subcutaneous fat showed strong G-P expression
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thhods[aésgéne]transfer include methods that use plasmd vectors.

[ Met hods]  ( 1%*3}% o} alyl QI & g:n oqq_qnsfd Gt ?%&d%ﬁﬁk%ﬁ E?ngfaglﬁgf arggf@?glozECR

was performed on a human creas- erl t3gene
usi ¥y tmatpranmsrsh@mhtmrﬁd%&ﬂxpdCXﬂmguIEﬁcﬁwoénchN$3 lMﬁcthanveQE@¢$n

f b t
OEh v RAIROL LS 0°% L 0edTuen ook aeUsRicsn Ly LT gl Mipeliey )
1TO°O véatiothfé Ismﬁalr/cﬁglé}ﬁN&,l%deﬁefnawb lilom (80s28b0 &, 1omannemptgqmt:@s

used ngC§ PVQQEVN%%EQQQbQ%EEE¥1 Qf%é%%g?tjé“ﬁgff¥ed from the adipose

FWCATAA TGGECCCTGIGCGA
tlssue surrounding the C57BL/ mice epi

idymis Human (pro)insulin
15 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, using an adeno-associated virus, of
20 adipocytes that stably express AP
Metheds of gene transfer include methods that use
adeno-associated viruses (AAV).
[Methods]
The study was carried out using AAV Helper-Free System
25 (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.
ARV vector production was carried out as follows: 1.75 mL of
OPTI-MEM ({Invitrogen) was mixed with 220 KL of the plasmid
30 transfection reagent Fugene, then 25 pug each of pAAV-PLAP, pAAV-RC,
and pHelper were mixed in, and these were left to stand at room
temperature for 15 minutes (Fugene/plasmid solutions). Meanwhile,
293-EBNA cells grown to 60 to 70% confluency in a 15-cm dish were
prepared. The culture sclution was changed to FCS-free DMEM, then
35 Fugene/plasmid solution was instilled evenly, and this was cultured

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



28 Insulin Rv CATTCTAGACTAGITGCAGTAGITCTCCAG (SEQ ID NO 2) sitel
CTTCTACACACCCAGGACCAAGCGGGAGGCAGAGGAC (SEQ ID NO 3)  site2
CCCTGGAGGGATCCCGGECAGAAGCGTIGG (SEQ ID NGO 4) B1O
CACCTGTGCGGATCCGACCTGGTGGAACC (SEQ I D NO 5) sPL-GLP-| Fw
TTCCACCATGCTGCTGCTGCTGCTGCTGCT GEECCTGAGECTACAGCTCT -

- CCCTGGGCCATGCTGAAGGGACCTTTACCAGTG (SEQ I D NO 6) sPL-GLP--1Rv

AATTAT TT \GCCAA 1 GAACT T CCTTG

f CCTT AR AR PRCAT (AT GG G TR BB 5aY B NGDe) RS svere
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and 15 L naf; FMaeneut§rieagent (bBeRN®om B1EMAT . t ransdeebihghi Rh AN In¥8sum,
added, and then 20 this was left to stand roomtenperatuie 15
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had been cultured to 70 tq 80% confluency in a 10-cmdish. This was
cul t ure®as added to a final concentration of 10%, and this was cultured
overnight. Thereafter, normal medlium exchanges were performed, and
subculturing was performed on the 24th day.
Medium was exchanged on the first, seventh, and 25th day of
20 transfer, and the culture supernatant collected two days after each
exchange were used for the AP assays. 10 MWL of the supernatant, which
was diluted as necessary, was warmed at 65°C for 20 minutes, then
50 yL of assay buffer (16 mM NaHCO;, 12 mM Na,CO3, 0.8 mM MgSQOs), and
50 UL of luminescent stain reagent (CDP-Star Ready to Use with Sapphire
25 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
30 with AP-expressing AAV. AP activity was detected in the culture
supernatant over the entire examination period. This showed that
stable gene +transfer to primary cultured adipocytes can be

accomplished using an AAV vector.

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

vector, and transducticn thereof into adipocytes



for 24 hours in a CO2 incubator. Four days after gene transfer, the 25
cells were subcultured in a T225 flask, and cultured overnight. 'The 29
medi um was t hen exchanged for a medi um conprising 0.2 nmgU nL of G418
(SI1aGwA), and culture was continued for three weeks, whereupon
gene-transferred cells were sel ected. Hie obtained (A18-resistant cells
were plated onto a 10-cmdish, and the anmount of insulinin 5 the culture
supernatant s.measured using an ultrasensitive insulin ETA kit
(Nbrlna hw%ﬁ s ETA kit detects both proi nsulin, which has not yet been

progessed anﬂh%Wd%ﬂl@@U|I%Ma1{ R@ﬁghmh geing. c?oﬁmlﬁéﬁolhn?ﬂain@le 4

producti o transfection ry culture cytes.

D on- o BlerRabitel M SRS nin e nBrPelLkIBE sty THa G, cha man

|nsul|nmgened(natﬂxampland tbaasetflé&sge?DBﬁeﬁmndotleﬂniﬁrﬁliﬁﬁﬁfBiﬂan%or
ctor transf ecte erive romthe

adl %g‘p i ¥ ssfe s %%)r%ﬁ?gds ééef%ﬁ% rrl&g%%fﬂ‘?%@'ﬁgt%%% Foro) 2

i nsul i nGab—Rkad -detedtied wacthe ¢mbumf£eduﬁeemapuhacb%ngStsaam@enejI@ere

obtalned b c owed th t_stabl gene tr e

ol ury ingabeliatd 15EECobATenNR! 2pR 19 EE AR Y PRI REREATSE il

[ Exanpl 8, 5thiPs quhustuicimg maen@odnfad@nm&&u&mnﬁangntsainqsremtovzaaadV@@nqres

Lhat st aBLY (G601 98BaABChLIQdE B pgpRoct r ans! efyd nclude (78! Nods L hal  se

adeno- associ a I'ruses The st udy was CarrTed-ou usi ng
AAL Hel feppErséngyelgrd 0R8L() bF a03gERYR ceThe fROAP Wemgero 4 Exadpéie? (a

f Hi Bgl d
Featr o Pen engorpickRendor PRO Ll plrdoe s | NoRECT  RRBokER e Ry
vect or pﬁaamtfugntwag/éaitréulonttwmﬂtomsnd LIER hle glona@mbiraven virus
|
( nv'trggga)cl\%%am g %H%&@??a%&n&%ﬁ@ﬁ%@%ﬂ (130 5toroaP§1‘EeCfo'oC’iﬂlﬁ&E’@§Pt

Fugene, en 25 | per- were m xed
and t heZ8igeras| fffin§56§tfaﬁdt9t prémﬁrYt @niaéﬁﬂa@@r@dimcrigem faessved from
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onn 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

20 three days before induction to the day of induction initiation
{pre-inducticn), and for three days from the 14th to 17th day of
induction (peost-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,

25 measurements were made using insulin EIA kit (IBL), which only
recognizes mature insulin. The culture  supernatant of
non-gene-transferred cells, which were simultaneocusly subjected to
differentiation induction, was used as a control.

[Results]

30 Fig. 9 shows insulin expression at the time of differentiation
induction in primary cultured adipocytes transducted with s1s2B10
insulin-expressing retroviral vector. (A) shows the results of using
EIA produced by Morinaga, and (BY shows the results of using EIA
produced by IBL. These results show that insulin is stably secreted

35 both before and after differentiation induction, and that transfer

of mutant insulin gene may cause the production of mature insulin



293-EBNA cells grown to 60 to 70% confluency in a 15-cmdish were
prepared. The culture solution was changed to FCS-free DVEM then 35
Fugene/ pl asm d solution was instilled evenly, and this was cultured for
two to three hours. FCS was then added to a final concentration 30 of 10%
and this was cultured for two nore dayszs The cells were collected by
trypsin treatnment and centrifugation, and then suspended in 50 mM Tris-HC
and 150 nmM NaCl, solution so that the final volume was 3 nL. Cells were

di srupt éﬁoﬂyagéppﬁﬁ’ fig three cycles of dry 5 ice-ethanol/37C

freeze-thawi ng on this suspension solution. Furthernore, after degrading

t he host _genoni c usi ng ,Benzonase SIGVA). , the virus solution was
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and 1 of .but yri cid th fromSIGVA) . After r ving_ this diu
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AP in primary cultured adipocytes (derived from C57BL/6 m ce subcut aneous
fat) t r AREPedilpgtissue-specific processing of the polypeptide produced from
the preproglucagon gene, and is known to comprise the main
pharmacological activity (Drucker, D.J. et al. Proc. Natl. Acad. Sci.
USA. 1987 May; B84(10):3434-3438; Kreymann, B. et al. Lancet. 1987,
20 5; 2(8571):1300~-1304; Mojsov, S. et al. J. Clin. Invest. 1987 Feb;
79(2):616~619). The focllowing examination was carried cut in order
to produce this factor from adipocytes.
[Methods]
A nucleotide sequence with a total of 156 base pairs was designed,
25 comprising a sequence (SEQ ID NC: 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-1Fw and sPL-GLP-1Rv in Table 1}). These were
30 annealed and a double strand was formed using Pfu polymerase
(Stratagene). The target fragment was then amplified by PCR using
5’ -end and 3’-end primers (GLP-5’ and GLP-3’ in Table 1). This
fragment was subcleoned into pCR2.1 vector, then excised using
restriction enzymes, and subsequently inserted into pBabeCLXI2G
35 wvector, as in Example 3 (pBabeCL (sPL-GLP1)I2G). This was transfected
into 293-EBNA cells by a method similar to that of Example 6, producing



30 with AP-expressing AAV. AP activity was detected in the culture
supernat ant over the entire exam nation period. This showed that stable
gene transfer to primary cultured adi pocytes can be acconplished using an
AAV vector. 35 [Exanple 6] Construction of .a human insulin-expressing
retroviral vector, and transduction tigyeof into adi pocytes 31 [ Met hods]
The nodi fied human i nsulin gene constructed in Exanple 4 (s1s2B10l ns) was
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desired sites at mature insulin was produced, 25 neasurenents were
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SiHU|tag%%gEk o%wmé¥§§ﬁééféed 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-differentiation-induced and
differentiation-induced adipocytes. This showed that even when a

25 factor is produced as the prepro-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 (V3V) /pBabeCL(PLAP) IP; derived from C57BL/6 subcutaneous fat)
produced by the method of Example 3 to coﬁfluency, the cells were
collected by trypsin treatment, washed with PBS, and suspended at
35 5 10’ cells/mL in ice-cold Matrigel (Becton Dickinson).

Implantation was performed by injecting this to the dorsal



differentiation induction, was used as a control. [Results] 30 Fig. 9
shows insulin expression at the time of differentiation induction in
primary cultured adipocytes transducted with s1s2B10 insulin-expressing
retroviral vector. (A) shows the results of using EIA produced by
Morinaga, and (B) shows the results of asing EIA produced by IBL. These
(rjesults show that insulin is stably secreted 35 both before and after
ifferentiation induction nd r ansf.er t ant
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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 {transducted with

MLV (VSV) /pBabeCL {PLAP)IP; derived from ICR subcutaneocus fat)
produced in Example 3 were cultured to confluency. The cells were
collected by trypsin treatment, washed with PBS, and suspended at
5x 107 cells/mL in an ice-cold Matrigel (Becton Dickinson) to which
30 1 pg/mL of DFGF (Genzyme Techne) was added. Implantation was
performed by injecting this at a dose of 0.2 mL per mouse (1lx 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 As a control, GFP-expressing.adipocytes were treated similarly and

implanted into the subcutaneous tissue.



whi ch human GLP-1 (7-37) and a stop codon are linked to the signal peptide
(17 am no acids) of the PLAP gene used in Exanple 3. Nucleotides were

synt hesi zed so that a 22mer overlap was conprised at the center
(SPL-GP-1 Fw and sPL-G.P-1Rv in Table 1). These were 30 anneal ed and a
doubl e strand was forned using Pfu poly3grise (Stratagene). The target
fragnment was then anplified by PCR using 5'-end and 3'-end priners (GLP-F

and GLP-3' in_Table ],E)eté is fragment S subclonginto CRE tor
then exci sed BEFRGOT (e ARITRF CO e Vet GHAGHEPY FREFRERS | 0%
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GP-1(7-37) wa nmeasur ed usi n ELI SA (LINCO. [Results] 20 Fig. 10 shows
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GLP-1(7-37) was Qbserve t he
implantation (day 0) and after implantation, according to the method
of Example 2. |
(2) Extirpation
In the group implanted after differentiation induction (Dif/Sc),

20 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

25 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]

30 Fig. 12 (A) shows the result of examining the change in plasma
AP activity over 50 days, when AP-expressing 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.

35 This showed that bFGF addition-at the time of implantation can further

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



cul ture supernatant of both non-differentiation-induced and
differentiation-induced adi pocytes. This showed that even when a 25 factor
is produced as the prepro-type and then cut out by processing, this nethod
al l ows production of only that factor from adi pocytes. [Exanple 8]
Implanting mce wth cells that stably3gxpress AP (Test 1) 30 [ Met hods]
After culturing the AP-expressing adi pocytes (transducted with

M.V(VSV),/. pBabeCL( PLAP) LP; . deri v from Co7BL/ 6 subcut aneous f.at oduced
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by pr o®PddFelal Y dnehbe dMrdntrdleiag &k Fadr at4 G, 2pd 1n mice recelving
15 an implant by a variety of other methods. In the group implanted with

PLAP-transfected cells, a clear increase of blood AP activity was
confirmed for all implantation sites and implantationmethods. Blood
AP activitywasmaintained for a long period, and in particular, stable
AP expression was observed for one year during the Dif/Sc group testing
20 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
25 observed within one week of implantation was highest in the ip group.
The highest values were then in the order of
Sc>fat>Dif/SceEpf-dif>pf-gr=Mat/Sc. The range of variation after
implantation was observed as a ratio between the activity after 13
weeks and the peak activity, which can be compared in all groups.
30 Variance was smallest, approximately three-fold, in the two pre-fix
groups, approximately 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
35 methods can thus be used according to the characteristics of the gene

product used, the pathologic characteristics, and the simplicity of



[Exanple 91 Inplanting mce with cells that stably express AP (Test 2)
(Methods] (1) Inplantation 25 The AP-expressing adi pocytes (transducted
with MV(VSV)/pBabeCL(PLAP)IP; derived fromI| CR subcutaneous fat)
produced in Exanple 3 were cultured to confluency. The cells were
collected by trypsin treatnent, washed aith PBS, and suspended at 5x 107
cells/nL in an ice-cold Matrigel (Becton Dickinson) to which 30 1 g/nL of

bFGF ( zynme Techne) s, added. | antation was, perforned by injecting
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(dorsal aambauy?aeousoawaachsgéneispgair:]@ajlstéaRsupcghaﬂ@@u@eaaéx(fzﬁw, ,clzé\azﬁl%e .
i ntraperitaneal ,region (i of .t e ce (six weeks 0 at the
e e BEEPERr Y G drdBt ok e thimton SR, BHAF fors-foum sBB1e o
GFP- expyeaei sgpadsphoyt és peseibieabétesi impashyatbdn.i nplanted into the
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15 timing.

[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 1in the induction medium indicated in Example 1, and then collected
by trypsin treatment. After washing with PBS, the cells were
suspended at 5x 107 cells/mlL into Matrigel. A five-fold stepwise
dilution was carried out on the AP cell suspension solution using
Matrigel, and 1x 10’ cells/mL and 2x 10° cells/mL solutions were

30 respectively prepared. DbFGF was added to these solutions at a final
concentration of 1 pg/mL, and they were then implanted to the dorsal
subcutanecus 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, GFP-expressing adipocytes were

35 similarly treated, and were implanted into the subcutaneocus tissue

under the same conditions as for high-dose conditions (lx 10°



(2) Extirpation In the group inplanted after differentiation induction
(Dif/sSc), 20 the inplanted cell nmasses were extirpated, along wth the
Matrigel, fromindividuals A and B, five and 43 weeks after inplantation,
rLespectively. Extirpation was perforned on the control sanple in the fifth
week since inplantation. Each individuag was intraperitoneally
adm ni stered with 50 ng/ kg of Nenbutal, as 25 anesthesia. Their skin was
then in gfg ﬁegd? visually confirnmed inplanted Matrigel section was
extirpa g + fe of the surgery was sutured and disinfected with

| sodi ne{RdbBUjlEE]. The animals were then raised in the sane nanner and
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of thenmydppphayed.1l0 a vacuole image (C) simlar to that shown in Fig. 6
(B) . This showed that primary cul tured adi pocytes inplanted by this

nmet hod may be engrafted as mature adi pose tissue in vivo. Fig. 13 shows
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[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 (STZ, SIGMA). Fastingblood 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 (s1ls2B1l0Ins)I2G-transfected adipocytes
produced in Example 6 were subjected to differentiation induction
stimulation using the same method as in Example 10, and then suspended
at 5x 107 cells/mL in Matrigel to which 1 pg/mL of bFGF had been added.

30 This suspension solution was implanted in the dorsal subcutaneocus
area of each diabetic mouse, at 0.2 mL per site, to a total of four
sites (four x 10%/head). For the control group, non-gene-transferred
adipocytes were implanted by the same method. Implantation was
performed 19 days after STZ treatment, and thereafter, FBG level was

35 measured over time. Statistical analysis was carried out by

comparison with the control group (unpaired t test).



15 an inplant by a variety of other methods. In the group inplanted with
PLAP-transfected cells, a clear increase of blood AP activity was
confirmed for all inplantation sites and inplantation nethods. Blood AP
activity was. maintained f or a long period, and in particular, stable AP
expressi on was observed for one year dugng the Dif/Sc group testing 20
period (the group described in Fig. 12 (A ) . Continuous AP production
was al sq_con d for the other inplantation nmethods, all during the
exani natFgRY EEF od (316 days for the ip group, 54 days for the fat group,
225 days for the. Sc gGoupahcaag daye f o fifetMat b$C gigpPantand 3141 62ys0f or
ser ed withi.n one week

the two . pre-fix 0 of activit 50
I S T A e S AR XL 8 b EP L o
in the obdegeakb-tBankatzbell/ SexP§- vdef@pimlglaatb@d /&€ .a Tatrange Dhevial oadi on

ft t b d h tivit ft 13
heekd aldCERBSpLRRSAeoT Vit ONMIEL EaR S Lty SBoPh AT PepFaapLad spelLs
Varl anceemledsrtml chasctz;eaaqmrﬁxbmaﬂ:hley dehrearect odiaiy bl U.Irr@ltammrienf,i Xand a

groups, e -f ol h nd t/ gr oyp. and
appr oxi ﬁaggllylf:enE WH §?%I§lgce€%%| 1?a"f’ép%rlonuplscaﬁileh BedR® viﬁﬁg ald"Z1st

i medi atdelyyo Afimgrl sl taimtrat{Ron, Hnel bdvy wangbto? O \day=atifaeraitetantation

i npl ant ati.on ea antatio th ny 35 ods
can thug%l be uggéggégg? Qi %Jf%gg%harg%t EIr}:IhrSEFI cg&ofléth %BEQS]S’SOI HEEH
usetl thGSpéthoEagn:cschaga@eblas sthiars mahdet bensiopl goiuny, @rfndsveetagbt loss
techni g Thi s th r ul t uf yt

to whi cﬁ%geen{;% v%%?@g%abléglsn{@%g ex \%Iegfleggny%f: orma%llﬁ%% 3
vari et y esRrgBekaas, uahdgtﬂn%tsmm@sit grhra s ttdllse hyqunl\menge:nefégptewslbnbes
possi bl t at 1 e p r

N1 1 el e eaper hon o L e A S hopraoneng BRa%al

| at er sPageused iﬁﬁmaﬁbat LBRlaBEegdPAPMAEYi vpﬂ-puaeﬂeadeswcybg@lmsméown

confi rnmed 60 ik ¢d }éoﬁtﬁeeearto Nale %Idxfll%alta%vaa@t@é ddt il of the
extirpation was perfornmed in the early sta Glges of 1 nplantation (1'ndi vidual

A), but reG1RLEH T ntRMHFAT RACS TNt R dietdad PRtk ALRESEDérratnedabatefe
| ater stages of inplantation (individual B) . This showed that adi pocytes

Industrial Applicability

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

maintain a foreign gene.



i_nmpl anted by this nethod are localized at the inplanted site for a 1ong
period after inplantation, and their extirpation, when appropriate, can
elimnate the gene expression regardl ess of the 15 timng. [Exanple 10]
Transplanting mce with cells that stably express AP (Test 3) The

foll owi ng exan nati ons were carried out4qgo confirm dose' 20 dependence on
the nunber of inplanted cells [Methods] The AP-expressing adi pocytes
produced in Exanple 3 (transfected W%ﬁ V(VSV) / pBabeCL(PLAP) | P; derived
from | CR subcutaneous fat) were cult o confluency. The cells were
cultured for three days 25 in the induction nmediumindicated in Exanple I,
and then col]ected by t sin treatnent. After washing with PBS, the cells
tere sdsperfictt ipa57 FUPCREEP AEHAR Swtot gaPHEA Ldatisl IR ag SERe
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concentration of 1 g/nlL, and they were then inplanted to the dorsal

subcut aneou rea. 1] C f Rer e i.0
dose: |%'1o§h§é§f¥%%95§$°%g§?8%bdgg3&“%¥9§€§h%bﬁg§%hg% ; rgﬁ£30§%£Qo4§h?04
cel | s/ he#d)l byAs aetonviobl E@ERPtexpre&ssadrpoadspocyabedweisalsvehblcarly
treated, and were inplanted into the subcutaneous tissue under the sane

conditions as for high-dose conditions (I x 106 38 cells/head). [Results]
Fi g1015 3shoRbet adiriegiciriofcelatmpl oothisgh hesi vhealpint e toumbenifofantly
| mp! ant edeldles cpfaeR LERlANLing 4B eXr a8shadsedbROgyles. S Dose- dependent
bl ood AP activity s observed on changi ng the nunber-of inplanted cells,
and this was not influenced by duration. More specifically, the nedium or

| ow dosg gr eHRS 81 HobPte SOV Ba BRAK, Glnidie LA thage18hskMhanbabiein
whi ch was observed in the high dose group, and the range of fluctuation

was nar févker thenipd ooRokd@vt hat
15

5. The methed 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
20 method comprises the steps of:

(1) primary culturing an adipocyte; and

(2) transferring, and then stably holding a foreign gene encoding

a protein that is secreted outside of the cell.

25 7. The method of claim 6, wherein the foreign gene is transferred

by a retroviral vector or adeno~assoclated viral vector.

8. An adipocyte for gene therapy, which is produced by the method

of claim 6 or 7.

30
9. 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 outside of the cell, and
a pharmaceutically acceptable carrier.

35

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



10 in vivo expression |evel can be easily adjusted using the nunber of
inplanted cells, and that by.adjusting the optiml nunber of cells, the
post-i npl antati on bl ood concentration (expression |level) can be

stabilized. 15 [Exanple 11] Hypogl ycem c effect on di abetes nodel mce due
to inplantation of insulin-expressing4adi pocytes [ Methods] Diabetic mce
were produced by intravenously adm nistering eight-week old male C57BL/6
mce with,_10 /k% of 1go.ng/ kg 20 sgrept ozotocin (STZ, SIGVA). Fasting

bl ood gPEESEESEFBERTI BFEFS*wEPEPORER ur ed i ndividual |y at one and two weeks
after STZ adm nistration, and individuals with an FBG of 300 ng/dl or nore
wer e delifirn‘i eé:l 19 Eih},&vecodi %%ett%% ‘CI)' ecJt_)I 09d, sugar ﬂ%\ﬁ%l was neasured b¥
performng a perc%ll orate Ereatmen niredi Gt &1 y arter cécllllegcf:fjglﬁrﬂfeﬁh% e
bl ood, aBfiagdnthem dschgrd ucose Test-11 (WAKO) . The
IVLV(%/SV)/pBabeCL(slsZBlOI ns)l 2G -transfected adi pocytes produced in
Exanple 6 were subjected to differentiation induction stinulation using

t he sanmédZnethgenasthar&Examstdoioconpdl ¢ hey thespeeped adnidkstieriveld ddy in
Mat ri gel,. [.C. / FCE- e Thi Is

sol uti ohl&gs%n%%aﬁﬁggglhﬁg%ﬁg %Jfégﬁqyg%bgﬁﬁgﬁggﬁsaﬁggr@%f%;gL%%?%%&%gb% 78
nmouse, &ncodingi apdesired therapewtit wfoteyr theitt ds chogetrdlosthédd)of
For the,cepthol group, non-gene-transferred adipocytes were inplanted by
the sane nethod. Inplantation was perforned 19 days after STZ treatnent,
andlQ hereafter, FBG |level was 35 neasured over tinme. Statistical analysis

was carfired fufethbd BQnP@Iééé)Ihq"iat Fr%@@iﬁ%ﬁ&!th%@%@oéufm,r Ghhelrli®Sthe 39
[Results] Fig. 16 shows the effect of inplanting s1s2B10

i nsul i nr'é%pPes SCAFragesodcestiar &f SENIHEAII W dhedY nitleh a primary

Non- geneyl kaRstedd Ssb&pld Shwers- A0} ARl 8 A8o2e¢8RgRe eAB8dPhEpratein
gl ucose | evel of the dgroup inplanted with_insulin-expressing cells tended

g ]
to decr é88& fPoRPCRETEEYBHEALIHEY O6f thRpFahtati on, and a significant
hyppogl ycem c effect was indicated on the 13th and 21st

14. Themethodof claiml13, which is a method for releasing the protein

into the blood flow for 20 days or more.

15. Anmethod for lowering blood glucose, wherein the method comprises

20 the step of administering a body with a primary cultured adipocyte,
which stably holds a gene encoding insulin or glucagon-like peptide
1 (GLP-1).

16. An animal, the body of which is implanted with a primary cultured
25 adipocyte that stably holds a foreign gene that encodes a protein

secreted outside of a cell.



day of inplantation (A) . The body weight 20 days after inplantation was
significantly higher in the group inplanted with 10 insulin-expressing
cells than in the control group, and weight |oss due to diabetes was
t-herefore inproved (B). The results of 1/@8xam nation using AP suggest that
this hypoglycemc effect will be maintained for a |long period. Therefore,
the foreign gene product produced fromthe inplanted primry cultured

adi pocytes was shown 15 to be able to contribute to the nodification of the
pat hol ogy of the recipient, indicating that this nmethod may be able to
treat diabetes. Industrial ApplSERBNCE LySTING present invention established
met hods of ex vivo transfer 20 of a foreign gene into primary cultured

adi pocytes suitable for gene therapy, and established prinmary cul tured

adi pocytes that stably maintain a foreign gene. 40 CLAIMNS 1 . A primary
cul tured adiip@eyEESAT 00.,g&Tie t herapy, wherein the adipocyte stably

mai ntains a foreign gene encoding a protein that 5 is secreted outside of
a cell. 2. The adi pocyte of claiml, wherein the gene is transferred to the
cell by a retroviral vector or adeno-associated viral vector. 10 3. The

adi pocyt e Qqfi26} aPRIMARYWULCUREIREDITOEY IS [FOR YGEND BiERAPY i cantly express the
protein in vivo for at |east 20 days. 4. The adi pocyte of claiml, which is
used to release the protein into the blood flow is 5. The nethod of claim
1, wherein the proteinis insulin or glucagon-Ilike peptide 1 (GLP-1). 6. A
met hod of pregyCiENh@osag pocyte for gene therapy, wherein the 20 nethod
conprises the steps of: (1) primary culturing an adi pocyte; and (2)
transferring, and then stably holding a foreign gene encoding a protein
that is secreted outside of the cell. 25 7. The nethod of claim®6, wherein

the foreigngghe ps bhanskesdLd

151> 2002-06-18

150> JP  2002-237974

151> 2002-08-19

<160> 11

{170> PatentlIn version 3.1

210> 1
211> 30
<212> DNA

213> Artificial

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

insulin gene



hy a retroviral vector or adeno-associated viral vector. 8. An adi pocyte
for gene therapy, which is produced by the method of claim6 or 7. 30 9.
An i nplant conposition for gene therapy, wherein the conposition conprises
a primary cul tured adi pocyte, which st#bly holds a foreign gene encoding a
protein that is secreted outside of the cell, and a pharmaceutically
acceptable carrier. 35 10. The inplant conposition of claim9, which
further conprises an 41 extracellular matrix conponent. 11. The inpl ant
conposition of claim9, which further conprises an angiogenesis factor. 5
12. A gene therapy nmethod conprising the step of admnistering a body wth
a primary cultured adi pocyte, which stably holds a foreign gene encoding a
desired t Kéd@pelitic protein that is secreted outside of a cell. 10 13. A
met hod of releasing a protein into the blood flow, wherein the nethod
conpri ses chbmmgst e cohitgpdmehigspeatignge a body with a primary cul tured3g

adi pocyte that stably holds a foreign gene encoding a protein that is
secreted outside of the cell. 15 14. The nethod of claim 13, which is a

met hod for releasing the protein into the blood flow for 20 days or nore.
15. A method for | owering blood glucose, wherein the nethod conprises 20
the step of admnistering a body with a primary cul tured adi pocyte, which
stably hokdsgya gene encoding insulin or glucagon-like peptide 1 (G.P-1)

16. An animal, the body of which is inplanted with a primary cultured 25
adi pocyte<phpt stably holds a foreign gene that encodes a protein secreted
outside of a cell

<212> DNA

213> Artificial

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

insulin gene

<400> 2

cattctagac tagttgcagt agttctcecag 30

210> 3
211> 37
<212> DNA

<213> Artificial

<220>

223> an artificially synthesized oligonucleotide for mutagenesis



1/ 7 SEQUENCE LI STI NG <110> EI SAI CO., LTD. <120> PRI MARY CULTURED

ADI POCYTES FOR GENE THERAPY <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> BMA <213> Artificial <220> <223> an
artificially synthesized oligonucleotide for anplifying human insulin gene
2/ 7 <400> 1 cataagctta ccatggccct gtggatgcgc 30 <210> 2 <211> 30 <212>
DNA <213> Artificial <220> <223> an artificially synthesized

ol i gonucl eotide for anplifying human insulin gene <400> 2 cattctagac
tagttgcagk4@yt t &t ccag 30 <210> 3 <211> 37 <212> DNA <213> Artificial

cttctacaca cccaggacca agegggagge agaggac 37

<210> 4
<211> 28
<212> DNA

{213> Artificial

<2202

223> an artificially synthesized oligonucleotide for mutagenesis

400> 4

ccctggagge atcccggeag aagegtgg 28

210> 5
211> 29
<212> DNA

<213> Artificial

220>

223> an artificially synthesized oligonucleotide for mutagenesis

400> 5 -

cacctgtgeg gatccgacct ggtggaage 29



220> <223> an artificially synthesized oligonucl eotide for nutagenesis 14
3/ 7 <400> 3 cttctacaca cccaggacca agcgggaggc agaggac 37 <210> 4 <211> 28
#212> DNA <213> Artificial <220> <223> an artificially synthesized
el i gonucl eoti de for mutagenesis <400> 447 ccct ggaggg atcccggcag aagcgtgg 28
<210> 5 <211> 29 <212> DNA <213> Artificial <220> <223> an artificially
synt hesi zed ol i gonucl eoti de for nutagenesis <400> 5 cacctgtgcg gatccgacct
ggtggaagc 29 | <210> 6 <211> 83 <212> DNA <213> Artificial <220> <223>
an artificially synthesized oligonucleotide for constructing a gene
encodi ng a secretory human G.P-1 <400> 6 ttccaccatg ctgctgctgc tgctgctgct
gggcct gagg ctacagctct ccctgggcca 60 tgctgaaggg acctttacca gtg 83 <210> 7

210> 6

211> 88

<212> DNA

213> Artificial

<220>
223> an artificially synthesized oligonucleotide for constructing a

gene encoding a secretory human GLP-1

<400> 6

ttccaccatg ctgetgetge tgetgetget gggectgagg ctacagetet ceetgggeca 60

tgctgaaggg 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



<211> 95 <212> DNA <213> Artificial <220> <223> an artificially

synt hesi zed ol i gonucl eotide for constructing a gene encoding a secretory
Buman GLP-1 31 5/7 <400> 7 aattatcctc ggcctttcac cagccaagca atgaactcct
trggcagcttg gccttccaaa 60 taagaactta c@m/Tactggt aaaggtccct tcagc 95 <210> 8
<211> 20 <212> DNA <213> Artificial <220> <223> an artificially

synt hesi zed ol i gonucl eotide for PCR <400> 8 ttccaccatg ctgctgctgc 20 <210>
9 <211> 23 <212> DNA <213> Artificial <220> <223> an artificially

synt hesi zed ol i gonucl eotide for PCR 3 <400> 9 6/7 aattatcctc ggcctttcac cag
23 <210> 1600><211> 144 <212> DNA <213> Artificial <220>

aattatcctc ggectticac cagccaageca atgaactcct tggeagettg gecttecaaa 60
taagaactta catcactggt aaaggtccct tcage 95
210> 8

<211> 20

212> DNA

213> Artificial

<2207

<223> an artificially synthesized oligonucleotide for PCR

<400> 8

ttccaccatg ctgetgetge 20

210> 9
<211> 23
<212> DNA

213> Artificial

<220>

<223> an artificially synthesized oligonucleotide for PCR



<223> a gene encoding a secretory human G.P-1 <220> <221> CDS <222> (1)..
(144) <223> <400> 10 atg ctg ctg ctg ctg ctg ctg ctg ggc ctg agg eta cag
tc tcc ctg 48 Met Leu Leu Leu Leu Leu Leu Leu Ay Leu Arg Leu G n Leu Ser
*eu 1 5 10 15 ggc cat get gaa ggg ace®&fft ace agt gat gta agt tct tat ttg
gaa 96 dy Hs Ala Gu @y Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Gu 20
- 25 30 ggc caa get gcc aag gag tte att get tgg ctg gtg aaa ggc cga gga 144
Gy @n 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<400><490> 11 Met Leu Leu Leu Leu Leu Leu Leu Gy Leu Arg Leu G n
Leu Ser Leu 1 5 10 15 dy Hs Ala Qu Ay Thr Phe Thr Ser Asp Val Ser Ser
Tyr Leu Ghati20c@® 88calitycad nagl a Ala Lys Gu Phe Ile Ala Trp Leu Vad3 Lys
Gy Arg Ay 35 40 45

210> 10
211> 144
<212> DNA

213> Artificial

220>

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

220>
<221> CDS

222> (1).. (144)

<223>
400> 10
atg ctg ctg ctg ctg ctg ctg ctg ggc ctg agg cta cag ctc tce ctig 48

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

1 5 10 15

gge cat get gaa ggg acc ttt 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



(i

ggc caa get gec aag gag tte att get tgg ctg gtg aaa gge cga gga 144
Gly Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly

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 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



