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Abstract

We generated the homozygous transgenic mice with expression of the active form @IT@Fthe glucagon promoter (homozygous
NOD-TGF{1). The homozygous NOD-TGB1 showed severe diabetes in 84.6%, impaired glucose tolerance, and low serum insulin levels.
The final size of endocrine and whole pancreas decreased, respectively, to 6 and 34%, compared to wild-type mice. The homozygous N
backcross to C57BL/6 (B6-TGB1) showed no diabetes, but impaired glucose tolerance and low serum insulin levels. In homozygous NOD-
TGF-31, the expression of p*%“* was induced by 3.4-fold in pancreatic islets than that in wild-type mice. Based on these, we conclude first
that excessive paracrine TG#-signaling in islets results in endocrine and exocrine pancreatic hypoplasia, second thgid&aFease the
final size of endocrine and exocrine pancreas presumably through regulating cell cycle'Vf&°pt3east in endocrine pancreas, and third
that hypoplastic action of TGB4 of pancreatic islets is independent of the genetic background.
© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: TGF31 signaling; Hypoplasia; Endocrine pancreas; Exocrine pancrea®<f45Glucagon promoter; Diabetes

1. Introduction must be at the right balance to maintain proper glucose home-
ostasis. TGH3 signaling components including TG¥:, ac-

The optimal organ function requires a match between the tivin, their respective receptors, secretary factors including
organ size and physiologic demands of the host. Islet size, theNotch, Hedgehog, FGF, and EGF likely regulate cell interac-
number of islets, the relative ratio of isfgtells to otherislet  tion necessary for proper histological development and func-
cells, and the balance between endocrine and exocrine cellgional maturation of the pancreakit and Hebrok, 2001;

Massague and Chen, 2000 GF{1, a multifunctional cy-

Abbreviations:NOD-TGF1, transgenic NOD mice expressing pTGF- tokine, regUIateS cell grow-th, dlﬁerentlatllon courses in ma”,y
B1in isleta cells; B6-TGFB1, backcrossed mice inM\yeneration which systems, and other functions such as immune suppression
are homozygous for pTGB1 and generated by crossing NOD-TGE- (Massague, 1990; Roberts and Sporn, 3990
with C57BL/6 mice; ETCL, end trimming and cassette ligation; MoMuLV, The final endocrine islet size or exocrine pancreas in vivo
Moloney murine leukemia virus; BG, blopd glucosg; ipGTT, intr_aperitoneal is decreased by the decreased TG5ignaling through de-
glucose tolerance test; HE, haematoxylin and eosin; Cdk, cyclin-dependent . - .

Kinase fective type Il TGFg, type I1A or IIB activin receptorsiim
* Corresponding author. Tel.: +81 88 633 9454; fax: +81 88 633 9455. €tal., 2000, or decreased receptor functions by transgenic ex-
E-mail addressitakura@genome.tokushima-u.ac.jp (M. Itakura). pression of adominant negative type | actiwlafhaokaetal.,

0303-7207/$ — see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.
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1998 or type Il TGF{ receptor Bottinger et al., 199) The
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hemizygous NOD-TGIRB1 were crossbred twice to female

final islet size or exocrine pancreas was also decreased by th€€57BL/6 mice. The resulting hemizygous Mice were then

increased TGH signaling through transgenic expression of
a constitutively active type | activin receptdfgmaoka et al.,
1998. Thus, TGFB signaling in vivo both in its excess and

deficiency may determine the relative amount of endocrine

intercrossed to obtain the homozygoustckcrosses (B6-
TGF-B1), which carry in average 75% genetic background
of C57BL/6 mice.

and exocrine pancreas, and decrease islet size. But the mech2.3. Copy number assessment of the transgene with
anisms to control the relative ratios of endocrine and exocrine Southern blot analysis

pancreas or the final islet size in vivo are not well understood.
Differentiation of pancreatic endocrine cells, especially

Genome DNA was extracted from the tail at 4 weeks

islet 3 and PP cells, but not pancreatic exocrine cells were of age by phenol-chloroform method. Seyeg of genome

promoted by TGH31 in vitro in embryonic mouse pancreas
(Sanvito et al., 1994 Transgenic TGH1 in vivo with the

DNA were digested wittEcoR and applied to 1% agarose
gel, and transferred to a nylon membrane (Hybond-N; Amer-

insulin promoter resulted in the accumulation of extracellular sham, Buckingamshire, England) by capillary transfer. The

matrix (Lee et al., 1995 normoglycemia with unchange
cell mass $anvito et al., 19956 or small islets to about 5%
(Grewal et al., 200R but the effect of excessive paracrine
TGF1 with the glucagon promoter on the final size of the
endocrine or exocrine pancreas remains unknown.

membrane was hybridized with thé?p]-labeled 1300 bp
pTGF$1 cDNA probe obtained from a plasmid of pRB 601
(Moritani et al., 1998with Sal andNot digestion. The hy-
bridization was performed according to the published method
(Sambrook et al., 19§9The copy number of the integrated

It was recently reported that increase in the final islet size transgene were semi-quantitated using the computer software
might be determined by the cell cycle factors. Mice with a of NIHimage with the intensity of each radioactive band com-
loss of cyclin-dependent kinase (Cdk) 4 expression developpared with the indication band of endogenous mouse TGF-

diabetes associated with hypoplastic isl&arfe et al., 1999;
Tsutsui et al., 1999 while Cdk 4 activation is associated
with islet hyperplasiaRane et al., 1999These observations

B1.

2.4. Genetic diagnosis of transgene

strongly suggest that the normal islet size requires regulated

entry into, passage through, and exit from cell cycles. TGF-

B1 induces the expression of gA%* a Cdk 4/6 inhibitor,
causing G arrest in many cell types including lung, thy-

Genotype of transgene in NOD-TG#% or B6-TGF-
B1 was determined by PCR. To discriminate the homozy-
gous or hemizygous transgene with PCR, we determined the

roid, and mammary epithelial cells, astrocytes, and humantransgene’s flanking sequence in the mouse genome with

keratinocytes Nlassague et al., 2000; Hannon and Beach,

1994 by increasing mRNA levels or protein stabilitggndhu
etal., 1997.

end trimming and cassette ligation (ETCL)-PCR method
(lwahana et al., 1994Genomic DNA (0.5-1.g) from hem-
izygous NOD-TGF81, NOD, or C57BL/6 mice was digested

We generated homozygous transgenic mice with the ex- with three different groups (C1-C3) of restriction enzymes

pression of the active form of porcine TGH:- (pTGF1)

(lwahana et al., 1994 The 3-ends of DNA after digestion

under the glucagon promoter to determine the effects of ex- with restriction enzymes was end-trimmed by filling with

cessive paracrine TGB1 in vivo first on the final size of
endocrinex or 3 cells, second on the size of exocrine pan-
creas, and third on the expression of P8P as the mediator
of the hypoplastic action of TGB4 on endocrine pancreas.
2. Material and methods

2.1. Production of homozygous NOD-TGE-

Two lines of hemizygous NOD-TGB4 (Moritani et al.,

one of four dNTPs using Klenow fragment. Three differ-
ent cassettes were ligated with a DNA ligation kit (Takara,
Kyoto, Japan). Ligated products were amplified with nested
PCR. The amplified fragments were subcloned to TA vec-
tors (Invitrogen Corp., Carlsbad, CA), and the DNA se-
guences were determined with the 3100 capillary sequencer
(ABI, Foster City, CA). Genomic DNA from homozygous
NOD-TGF1 was specifically amplified with a primer set
of A1 + B2 (Al: 5-ATGATATTGAATAGAGATAGAG-

3, and B2: 5GGTTTAGAGTTTGGCAACAT-3), and ge-
nomic DNA from hemizygous NOD-TGB1 was am-

1998 were intercrossed to generate homozygous NOD-TGF- plified with both primer sets of A1 + A2 (A2:'b
B1.Hemizygous orhomozygoustransgeneincorporationwasGCTCTTTGACAACCTCACAC-3) and Al + B2.

quantitated with Southern blot analysis after PCR-based di-

agnosis.

2.2. Genetic backcross

2.5. Detection of transgene and p%* expression in
islets

Mouse islets were isolated using collagenageritani

To examine whether diabetes in homozygous NOD-TGF- et al.,, 1996, and the total RNA was isolated with

Bl is limited only to the NOD genetic background, male

RNeasy 96 (QIAGEN GmbH, Hilden, Germany) and
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prepared with DNase treatment. The expression levels ofand stained with haematoxylin and eosin (HE). Insulin and
the transgene and pi%*" were determined with quan- glucagon were stained, respectively, with a guinea-pig poly-
titative real time RT-PCR using ABI 7900 sequence de- clonal antibody for porcine insulin and with a rat polyclonal
tection system (ABI, Foster City, CA). The sense primer antibody for human glucagon (Dako, Glostrup, Denmark).
was 3-GGATCCTGAGAACTTCAGGCTC-3 the anti-

sense primer was HTCTTTGCCAAAATGATGAGACA- 2.10. Statistical analysis

3, and the minor groove binder (MGB) TagMan

probe was 5FAM-TGGGCAACGTGCTGGTTGTTGTG- Results were expressed as meaS.D. P-value denotes
3-TAMURA for the transgene. For p“P the sense  the significance level in Student’s unpaitest;** P < 0.01,
primer was 5TGGATGTGTGTGACGCCTG-3 the an- *P<0.05.

tisense primer was’SAGATACCTCGCAATGTCACGG-

3, and the MGB probe was’ '®HAM-TGCCGGTAG-

ACTTGGCTGAAGAGCAG-3-TAMURA. The reaction 3. Results

mixture (TagMan One-Step reverse transcriptase-PCR Mas-

ter Mix Reagent Kit; ABI) contained the final concentra- 3.1. Detection of the copy numbers and transgene

tion of 1x PCR master buffer, 0.25 Wl of Moloney murine MRNA expression

leukemia virus (MoMuLV) reverse transcriptase, 0.4Usf

RNase inhibitor mix, 900 nM of each primer, and 250 nM The intensities of radioactive pTGBt bands in Southern
of probe. The RT-PCR conditions were based on the man-blot analysis of homozygous and hemizygous NOD-TGF-
ufacturer’s protocols. All measurements were normalized to 1 were 8.3- and 3.5-fold higher, respectively, than those
the transgene/GAPDH or p¥%“°/GAPDH ratio, and per-  of endogenous mTGB4 bands. The intensity of pTGE1
formed in three independent experiments using five mice in assessed by the band-density in homozygous NOD-BGF-

each group. was 2.3-fold higher than that in hemizygous NOD-T@GE-
(Fig. 1A). The level of transgene in homozygous NOD-TGF-
2.6. Incidence of diabetes B1 was 6.1-fold higher than hemizygous NOD-TGREAP <

0.005), using the GAPDH as an internal standard for normal-
Changes in blood glucose (BG) concentrations in time ization (Fig. 1B). The level of transgene expression correlated
course were monitored in homozygous NOD-T@F-and with their copy numbers both in homozygous and hemizy-
compared with those in hemizygous NOD-T@E-and their gous NOD-TGFB1. No transgene was detected in wild-type
wild-type mice. Mice were considered diabetic when non- mice. The similar results were observed in three independent
fasting BG concentrations were greater than 14 mM. experiments.

2.7. Intraperitoneal glucose tolerance test (ipGTT) 3.2. Incidence of diabetes in the natural course
After fasting for 16 h, 2mg/g body weight of glucose Eleven homozygous NOD-TGB1 in two lines including

in physiological saline were intraperitoneally injected at 8 six and five from each line developed overt diabetes with
weeks of age. BG concentrations were monitored at 0, 30,the mean BG concentrations of 16.9 mM at 15 weeks of age

60, and 120 min after glucose injection. (Fig. 2. The cumulative incidence of diabetes was 46.2%
(6/13) at 7 weeks, and 84.6% (11/13) at 9 or 15 weeks of age.
2.8. Insulin assay with ELISA In contrast, none of the hemizygous NOD-TBE-(n= 12,

9) became diabetic even at 15 weeks of age. In wild-type mice
After fasting for 16 h, blood samples were collected. (n=4, 4), 1 out 8 spontaneously started to develop diabetes
Serum insulin concentrations were assayed by an ELISA kit at 12 weeks of age, and cumulative incidence of diabetes
for insulin with a mouse insulin standard (Seikagaku Kogyo, was 12.5% (1/8) at 15 weeks of adéd. 2). Wild-type mice
Tokyo, Japan). Plasma insulin concentrations were assayedpontaneously started to develop diabetes at 12 and 26 weeks

at 0 and 30 min after glucose injection. of age, respectively, in female and male mice and cumulative
incidence of diabetes was 62% in female and 22% in male at
2.9. Histological analysis 35 weeks of age (data not shown). This incidence of diabetes

is comparable to that in our NOD mice colony of 63% in
At8 weeks of age, morphometric analysis using pancreatic female and 25% in male.
tissue obtained from homozygous{11including 6 females
and 5 males), and age-matched hemizygous NOD-BG 3.3. ipGTT in the NOD genetic background
=7), and their wild-type micen= 7) were performed. Histol-
ogy of homozygous B6-TGRB1 was examined at 8 weeks For non-diabetic homozygous NOD-TGH:, ipGTT
of age. Pancreata of mice were fixed with 4% formalin in were carried out. In homozygous NOD-T®H; ipGTT
phosphate-buffered saline, embedded in paraffin, sectionedshowed significant hyperglycemia in comparison with their
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Fig. 1. Detection of the copy numbers by Southern blot analysis and trans-
gene mRNA expression. (A) Southern blot analysis was performed with a
[32P]-labeled pTGHB1 probe (1.3 kbp). Lanes 1 and 2: hemizygous NOD-
TGF1, lanes 3-5: homozygous NOD-TG¥, and lane C; wild-type mice.
Arrow indicates the endogenous mouse T@&EAB) Total RNA (1.g) iso-

lated from islets of homozygous or hemizygous NOD-T@&E-and wild-

type mice were reverse-transcribed using random hexamer primers. A black
column denotes wild-type mice, a hatched column denotes hemizygous, and
a solid column denotes homozygous mice.

wild-type mice. BG concentrations in malgig. 3A) and fe-
male §ig. 3B) homozygous NOD-TGR1 (n =5, 7) were
significantly higher than those in their male and female hem-
izygous NOD-TGFB1 (n = 8, 8) or wild-type mice if =

6, 7) at 30 P < 0.0001 for both), 60K < 0.01 for both),
and 120min P < 0.01 andP < 0.05) after glucose injec-
tion, respectively. BG concentrations before glucose injection
were in the normal range (2.5-4.0 mM), respectively, in ho-
mozygous, hemizygous NOD-TGFL, and their wild-type
mice.

3.4. ipGTT in the C57BL/6 genetic background

None of homozygous mica € 3, 4) became diabetic with
the mean BG concentration in the upper normal range of 8.0
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Fig. 2. Incidence of diabetes. Time courses of the incidence of diabetes
are shown in homozygous NOD-TG@#% (a solid line with filled circles),
hemizygous NOD-TGR1 (a broken line with open boxes), and wild-type
mice (a broken line with open triangles). Numbers in parentheses denote the
final incidence of diabetes at 15 weeks of age.

B1 showed impaired glucose tolerance in comparison with
normal glucose tolerance in hemizygous B6-TEE(n =5,

7) or their wild-type micerf = 5, 4). BG concentrations in
male Fig. 4A) and femaleig. 4B) were significantly higher
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Fig. 3. ipGTT in non-diabetic NOD-TGB1. BG concentrations in ipGTT

. . after fasting for 16 h were shown before and at all time points after glucose
and 9.1mM at 15 weeks of age, rESpeCtlvely' in male and injection in homozygous (circles), hemizygous NOD-T@EF{boxes), and

female mice. None of homozygous B6-T@H-developed wild-type mice (triangles) in non-diabetic NOD-TG#2: (A) male and (B)
diabetes, and ipGTT were carried out. Homozygous B6-TGF- female.
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Fig. 4. ipGTT in B6-TGFB1. BG concentrations in ipGTT after fasting g nsylin levels were determined in ipGTT. Open columns denote wild-

for 16h were shown before and at all time points after glucose injection e mice, hatched columns denote hemizygous, and solid columns denote
in homozygous (circles), hemizygous NOD-T@E+{boxes), and wild-type homozygous in each generation: (A) male and (B) female.
mice (triangles) in B6-TGB1: (A) male and (B) female.

wild-type mice (1.29+ 0.33 or 1.20+ 0.24) P < 0.01 for
than those in hemizygous B6-TG#2 or their wild-type mice both).

at 30 P < 0.01 for both), 60R < 0.01 for both), and 12MA(<
0.05 forin male) min after glucose injection, respectively. BG 3.6. Area of whole pancreas or islet
concentrations before glucose injection were in the normal
range of 3.2—-3.5 mM in homozygous, hemizygous, and their

X . The percentage islet area relative to the whole pancreas
wild-type mice.

area (the mean percentage islet area relative to those in wild-
type mice) were 0.1% 0.10% (18%) in homozygou$(<
3.5. Serum insulin levels 0.001; compared to wild-type mice) or 0.420.37% (40%)
in hemizygous NOD-TGRB1 (P < 0.001; compared to wild-
The serum insulin concentrations (ng/ml) in response to type mice). While, the percentage islet area relative to the

glucose injection in maleéHig. 5A) or female Fig. 5B) NOD- whole pancreas area in wild-type mice was 1:0®.32%
TGF{1 at 30 min were, respectively, 1.6840.06 or 1.42+ (100%) Fig. 7A). In homozygous NOD-TGH1, the whole
0.1 in wild-type mice § = 4, 4), 1.174+ 0.35 or 1.10+ pancreas areawas decreased in the mean percentage to 34 and

0.41 in hemizygous NOD-TGB41 (n = 4, 4), and 0.3% 37% compared with those in their wild-type mice and hem-
0.12 or 0.16+ 0.10 in homozygous NOD-TGB4 (n = 5, izygous NOD-TGFg1 (P <0.0001 for both)Figs. 6 and B).

5). In homozygous NOD-TGRB4, the serum insulin con-  While, the percentage of whole pancreas area in hemizygous
centrations decreased to 19% compared with their wild-type NOD-TGF{1 was 93% of those in their wild-type mice with-
mice, which was significantly smaller than those in hemizy- out significant difference. The absolute percentage hypopla-
gous NOD-TGF1 (P < 0.01 for male,P < 0.05 for fe- sia of endocrine pancreas was as small as 6% 1834)
male) and their wild-type miceP(< 0.005 for both). The in homozygous and 37% (40 0.93) in hemizygous NOD-
serum insulin concentrations in hemizygous NOD-TERF-  TGFB1 compared with those in wild-type micEi§. 6). The

and their wild-type mice were comparable in both sexes. observation that most islets in homozygous NOD-Tf&lF-

In homozygous B6-TGIB1, the serum insulin concentra- exhibited almost no lymphocytic infiltration, strongly sup-
tions (0.56+ 0.19 or 0.45+ 0.20) were lower than those ports that the diabetes in homozygous NOD-Tg&Fis non-

in hemizygous B6-TGH1 (1.36 4+ 0.47 or 1.15+ 0.41) autoimmune. Immunohistochemistry of pancreas for insulin
(P < 0.01 for male and® < 0.05 for female), and their  and glucagon confirmed islet hypoplasia in homozygous and
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hemizygous NOD-TGI1, and homozygous B6-TGB1
(Fig. 8).

3.7. Expression levels of pi¥40

Expression levels of p1®<4? in pancreatic islets of ho-
mozygous NOD-TGH1 were 3.4-fold higher than that of
hemizygous NOD-TGR1 (P <0.01) or their wild-type mice
(P<0.01) Fig. 9. The similar results were obtained in three
independent experiments.
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Fig. 6. TGFB1-dependent decrease of whole pancreas area at 8 weeks of
age. Representative anti-insulin immunohistochemistry of the whole pan-
creas at 8 weeks of age is shown. (A) Section of the pancreas from a wild-
type mouse, (B) section of the pancreas from a hemizygous NODFGF-
and (C) section of the pancreas from a homozygous NOD-BGHA)—(C)

are at the same magnification.
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4. Discussion

TGF1 is expressed in the pancreatic epithelium just af-
ter budding from the foregut endoderm and in the pancreas
throughout embryonic developmergnvito et al., 1994;
Christopher et al., 2000; Millan et al., 199TThe expres-
sion and activity of TGH31 increase at the end of gesta-
tion (Christopher et al., 2000; Crisera et al., 139¢rious
isoforms of TGFB are expressed in the pancreatic epithe-
lial cells, which will differentiate into both exocrine and
endocrine pancreas in adult mice. T@E-is strongly and
specifically expressed in the human exocrine pancreas com-
pared to other isoformsrémanaka et al., 1993and highly
regulated TGH3 signaling pathway exists in human pancre-
atic islets Ehalev et al., 2002 These expression patterns of
TGF-B1 in the embryonic mouse and human pancreas sug-
gest that TGH31 may regulate organogenesis of the devel-
oping pancreas. Hemizygous T@H- mice by the insulin
promoter did or did not decrease the organ size of exocrine
or endocrine pancrea&(ewal et al., 2002; Lee et al., 1995;
Sanvito et al., 1996 In this study, we generated homozygous
NOD-TGF1 to examine the role of excessive T@HE-by
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Fig. 7. Morphometric analysis of pancreas at 8 weeks of age. The percentage
islet area relative to the whole pancreas area (A) and the mean percentage
whole pancreas area (B) in NOD-TG#- are shown.
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Fig. 8. Histology of pancreas in NOD-TGE%: (A)—(C) sections of the pancreas from wild-type mouse at 8 weeks of age, (D)—(F) sections of the pancreas
from hemizygous NOD-TGIB1 at 8 weeks of age, (G)—(I) sections of the pancreas from homozygous NODBT@F8 weeks of age and (J)—(L) sections of
the pancreas from homozygous B6-T@E-at 8 weeks of age. (A), (D), (G), and (J) HE staining, (B), (E), (H), and (K) insulin staining and (C), (F), (I), and

(L) glucagon staining. (A)—(C), (D)—(F), (G)—(1), and (J)—(L) are at the same magpnification.
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to 93% in our hemizygous NOD-TGB1 by the glucagon

5T promoter. Hypoplastic islets of 5% were observed in another
- e transgenic mice by the insulin promoter with the small area
4t - of exocrine pancreas to 40-51%rewal et al., 200R Based

s on these, we hypothesized that the magnitude, timing, and
duration of local TGH31 might regulate not only the de-
velopment, but also the final size of endocrine and exocrine
pancreas.

In the in vitro study, TGH31 promotes the differentiation
toward pancreatic endocrine cells, and inhibits the develop-

1f = %, ment of exocrine pancreas in the embryonic mouse pancreas
7

(Sanvito et al., 1994 or the growth of adult mouse pan-
creatic acinar cellslLfogsdon et al., 1992 The apparently
Wild-type hemilygous-g homozngUS; paradoxical hypoplastic action of TG¥t signaling in vivo
NOD-TGF-f1  NOD-TGF-£1 on pancreatic islets was, however, observed after the expres-
Fig. 9. Expression levels of p¥4b in pancreatic islets. Total RNA (ig) sion of a constitutively active form of type | activin receptor

isolated from islets of homozygous or hemizygous NOD-T&F-and wild- (Yamaoka et al., 1998This is consistent with islet hypopla-
type mice were reverse-transcribed using random hexamer primers. The opersia and low insulin content with impaired glucose tolerance.

column denotes wild-type mice, the hatched column denotes hemizygous, These results suggest that TGE-in vivo plays an important
and the solid column denotes homozygous NOD-TEF- role to decrease the final size of both endocrine and exocrine
pancreas, with the former more severe than the latter.
the glucagon promoter on the development or the final size Homozygous B6-TGH1 showed impaired glucose tol-
of endocrine and exocrine pancreas. erance Fig. 4 and small glucose-induced insulin secretion
The expression level of the transgene in homozygous (Fig. 5) in contrast to normal glucose tolerance in their wild-
NOD-TGF1 was 6.1-fold higher than that in hemizy- type mice. We observed small sized isletsin homozygous B6-
gous NOD-TGFB1 (Fig. 1B), although the copy nhumber TGF{81. The magnitude of hypoplasia is comparable with
of homozygous NOD-TGIB1 was exactly twice of that in  that in homozygous NOD-TGB4. The NOD genetic back-
hemizygous NOD-TGH1 (Fig. 1A). In contrast to nor- ground was shown not essential for impaired glucose toler-
moglycemia in hemizygous NOD-TGE1, all homozygous  ance, but the homozygous high-level expression of B&F-
NOD-TGFf1 showed overt diabetes (84.6% at 15 weeks was shown crucial for TGIB1-induced diabetes or impaired
of age) and they became diabetic even before 7 weeks ofglucose tolerance. Reduced incidence of diabetesin C57BL/6
age (46%). In female wild-type mice, the onset and the inci- genetic background is considered to be due to the presence
dence of overt diabetes increases as age advances, up to 65%f genetic modifier alleles in C57BL/6 to protect mice from
at the age of 30 weeks. The incidence and age of onset indiabetes and the disappearance of recessive diabetic genes in
homozygous NOD-TGRB1 are clearly different from these  wild-type mice. Because genetic background is the important
in wild-type mice. The comparable ratio of diabetes in two determinant of diabetic phenotypes under polygenic regula-
lines of NOD-TGFg1 suggests that not insertional mutage- tion, QTL analysis is under way in our laboratory to identify
nesis, but the transgene expression is the reason for diabeteshe responsible genetic differences between these strains.
Non-diabetic homozygous NOD-TGBt (both sexes) also The possible mechanisms of TGH-induced growth in-
showed impaired glucose toleranddd. 3) and had small hibition in vivo include down-regulation of cyclin and Cdk
glucose-induced insulin secretiofi§. 5) compared to their  expression, especially the decreased amount of Cdk4 either
wild-type mice or hemizygous NOD-TGB1. These results  through the suppressed protein syntheBiwdn and Sluss,
suggest that excess of paracrine T@Fsignaling induces 1993 or suppressed transcriptiocBéng and Weinberg, 1993;
the severe morphometric change of islets. Slingerland et al., 1994and increased inhibition of Cdk2 or
Morphometric analysis showed the decrease to 34% in the Cdk4 by p14¥K4 (Hannon and Beach, 1994; Sandhu et al.,
area of whole pancreas in homozygous NOD-Tf@Feom- 1997 or p21KP/siP (Polyak et al., 1994; Reynisdottir et al.,
pared to their wild-type miceMigs. 6 and B). The absolute  1995; Reynisdottir and Massague, 199515NK4P specifi-
islet area in all homozygous NOD-TGFE was aslowas 6%  cally inhibits the Cdk4 and Cdke6 by inactivating the catalytic
of that in their wild-type miceKigs. 6 and A). Many hy- activity through binding to a Cdk subuni@ssague et al.,
poplastic islets in homozygous NOD-TG#H- paralleled the 2000. Because the activation of Cdk4 in vivo by the consti-
decrease in the number of both ighetr « cells. These find-  tutively active form of Cdk4 in knock-in miceRane et al.,
ings support that paracrine overexpression of TgaH#n its 1999 or in transgenic mice expressing a constitutively ac-
active form equally inhibits the normal fetal development of tive form of Cdk4 in isletd cells Hino et al., in presslead
pancreatic precursor cells to both iseeainda cells leading to islet hyperplasia, cell cycle regulation is supposed to be a
to islet hypoplasia. The absolute islet area decreased to 37%strong determinant of the final islet organ size. Homozygous
without obvious decrease in the area of exocrine pancreasNOD-TGF{1 inour study demonstrated for the firsttime that

Relative expression levels of p15 VK4 GAPDH
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overexpressed paracrine T@HE-increases the expression of in the developing mouse pancreas: a potential regulator of exocrine

p19NK4b (3 4-fold) in pancreatic islets{g. 9) in associa- _differentiation. Differentiation 65, 255-259.

tion with the endocrine and exocrine hypoplaﬁ'tg(?).We Crisera, C:A., Rose, M., Connelly, P., Li, M., Colen, K.L., Longaker,
d the absence of difference ifN®P mRNA in islets M.T., Gittes, G.K., 1999. The ontogeny of TGs%, 2, 3, and TGF-

re%ar . i . o B receptor Il expression in the pancreas: implication for regulation of

of “hemizygous NOD-TGR31" and “wild-type mice” to be growth and differentiation. J. Pediatr. Surg. 34, 689—694.

possibly due to the assay limit of RT-PCR that is not sen- Ewen, M.E., Sluss, H.K., 1993. TGE-inhibition of Cdk4 synthesis is

sitive enough to detect a small change in 'Pf8° mRNA. linked to cell cycle arrest. Cell 74, 1009-1020.

It is another possibility that pil‘g;<4b causes endocrine pan- Geng, Y., Weinberg, R.A., 1993. Transforming growth fagiceffects on

. . . expression of G1 cyclin and cyclin-dependent protein kinases. Proc.
creatic hypoplasia at the level of precursor cells during the (1" Acad sci. 90, 10315-10319.

fetal life without obviously changing the p¥“° mRNA at Grewal, I.S., Grewal, K.D., Wong, F.S., Wang, H., Picarella, D.E.,

adult stage. Based on our results, itis interpreted that BGF- Janeway, C.A., Flavell, R.A., 2002. Expression of transgene encoded
induced growth arrest of endocrine islet cells via increased =~ TGF#$ in islets prevents autoimmune diabetes in NOD mice by a
p15NK4b expression in the Gphase. The hypoplastic role local mechanism. J. Autoimmun. 19, 9-22.

NKAD & . .~ Hannon, G.J., Beach, D., 1994. fi8'B is a potential effector of TGF-
of p18 in isletsp cells, however, has to be confirmed in B-induced cell cycle arrest. Nature 371, 257-261.

the separate experiment by its transgenic expression in isletyino, s., Yomaoka, T., Yamashita, Y., Yamada, T., Hata, J., Itakura, M.,

B cells. 2004. In vivo proliferation of differentiated pancreatic islet beta cells
Few apoptoticB cells were observed in homozygous in transgenic m_ice expressing ml_Jtated CDKA4. piabetologia (in press).

NOD-TGF-Bl (data not shown). TGB-]. induces apoptosis Iwahana, H., Tsujisawa, T., Katashima, R., Yoshimoto, K., Itakura, M.,

. . . . . 1994. PCR with end trimming and cassette ligation: a rapid method to
Invarious eplthe“al cell typeeMassague etal., 2000; Rotello clone exon-intron boundaries and‘aupstream sequence of genomic

etal., 199}, but apoptosis o cells may be playing the mini- DNA based on a cDNA sequence. PCR Meth. Appl. 4, 19-25.
mum role for the decrease in the number of hypoplastic islets Kim, S.K., Hebrok, M., Li, E., Oh, S.O., Schrewe, H., Harmon, E.B.,
and it may simply represent the result of glucose toxicity in Lee, J.S., Melton, D.A., 2000. Activin receptor patterning of foregut
overt diabetes in homozygous NOD-TCBE—. ' organogenesis. Gene Develop. 14, 1866—'1871. '
Based on these. we conclude first that excessive paracrineK'm’ S.K., Hebrok, M., 2901. Intercellular signals regulating pancreas
: U e - ) development and function. Gene Develop. 15, 111-127.
TGF1 signaling in islet compartment in vivo leads t0 |ee, m.S., Gu, D., Feng, L., Curriden, S., Armush, M., Krahi, T., Gu-
endocrine and exocrine pancreatic hypoplasia presumably rushanthaiah, D., Wilson, C., Loskutoff, D.L., Fox, H., Sarvetnick, N.,

through its action at the level of precursor cells for both 1995. Accumulation of extracellular matrix and developmental dys-

endocrine and exocrine pancreas, second that [IGEe- regulation in the pancreas by transgenic production of transforming
the final size of endocrine and exocrine pancreas, pre- growth factorBl. Am. J. Pathol. 147, 42-562.
CIEASES p P %_ogsdon, C.D., Keyes, L., Beauchamp, R.D., 1992. Transforming growth

?Umably t_hrOUgh regulating Ce!l cycle via g5 ?-t |ea$t factorf8 (TGF-B1) inhibits pancreatic acinar cell growth. Am. J. Phys-
in endocrine pancreas, and third that hypoplastic action of iol. 262, 364-368.
TGF1 on pancreatic islets is independent of the genetic Massague, J., 1990. The transforming growth fagtéamily. Annu. Rev.

background Cell. Biol. 6, 597-641.
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