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Streptozotocin-Induced Diabetes Decreases Placenta Growth Factor (PIGF) Levels in
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ABSTRACT. The placenta produces several growth factors, including placenta growth factor (PIGF), which are essential for placenta growth
and fetal growth. Diabetic pregnancy induces the abnormal placental growth and fetal development. This study investigated whether
diabetes in pregnant rats induces changes in PIGF expression in the placenta. Diabetes was induced by a single intravenous injection of
streptozotocin (35 mg/kg body weight) on day 0 of pregnancy, blood and tissue samples were collected on day 20 of pregnancy. In the
diabetic group, maternal body weight and fetal weight significantly decreased compared to controls. RT-PCR and Western blot analyses
showed that expression of PIGF was significantly decreased in placenta by streptozotocin treatment. Immunohistochemical study showed
that the positive signal of PIGF in trophoblast cells was decreased in the diabetic group compared to controls. These findings demonstrate

the decline of PIGF in the placenta in diabetic pregnancy.
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The placenta is a critical organ for both fetal development
and the maintenance of pregnancy. Growth of the placenta
is regulated by several growth factors, including placental
growth factor (PIGF), vascular endothelial growth factor
(VEGEF), and fibroblast growth factor-2 [1, 14, 15]. These
growth factors are responsible for fetal development as well
as placenta growth [5, 9, 20, 22]. PIGF is a polypeptide
growth factor that shares a 53% amino acid sequence
homology with the platelet-derived growth factor domain of
VEGF [17]. Unlike VEGF, abundant expression of PIGF is
restricted to the placenta [18]. PIGF was formerly known as
a potent angiogenic growth factor capable of inducing the
proliferation, migration, and activation of endothelial cells
[17]. PIGF plays an important endocrinological and nutri-
tional role, and contributes to the regulation of placental
function.

Gestational diabetes is one of the most common compli-
cations of pregnancy, and is associated with both abnormal
placental growth and fetal development [3, 16, 19].
Severely diabetic pregnancy can induce abortion and prema-
turity [3, 19]. Recently, apoptotic cell death was increased
in the placenta of pregnant women with gestational diabetes
[21]. PIGF acts as an anti-apoptotic factor for trophoblast in
vitro [11]. Therefore, we propose that diabetic pregnancy
induces change in PIGF expression and this dysregulation
may affect placental development. However, little data is
available on the expression of PIGF in the placenta tissue in
diabetic pregnancy. Therefore, the present study was per-
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formed to provide this information.
MATERIALS AND METHODS

Experimental animals: Female Sprague-Dawley rats
(200220 g, n=30) were purchased from Samtako Co. (Lab-
oratory Animal Breeding Center, Korea), randomly divided
into 2 groups, control group and diabetic group (n=15 per
group). Animals were maintained under controlled temper-
ature (25°C) and lighting (14/10 light/dark cycle), and were
allowed to have free access to food and water. Animals
were treated in accordance with the Guide for Care and Use
of Laboratory Animals published by the National Institutes
of Health (U.S.A.). Diabetes was induced by a single intra-
venous injection of streptozotocin (STZ, Sigma, St. Louis,
MO, U.S.A.) in 0.1 M citrate buffer (pH 4.0) at a dose of 35
mg/kg body weight on day 0 of pregnancy. Control animals
received an equal volume of citrate buffer. Onset of preg-
nancy was determined by vaginal smear inspection after
overnight mating. The day when a positive smear was
found was designed day 0 of pregnancy. On day 3 of preg-
nancy, diabetes was confirmed by measurement of blood
glucose concentrations and defined as a blood glucose
above 350 mg/d/. Maternal blood glucose was also deter-
mined on day 20 of pregnancy to confirm the diabetic con-
dition. On day 20, animals were weighed and anesthetized
with ethyl ether, maternal blood was collected by heart
puncture between 0900—-1200 hr, after which a cesarean sec-
tion was performed. Placenta and fetus were removed and
rapidly weighed. And then, placentas were frozen in liquid
nitrogen or immersed in 4% paraformaldehyde in 0.1 M
phosphate-buffered saline (PBS, pH 7.4) for 12 hr.

Total RNA extration and Reverse transcription PCR
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analysis: Total RNA from tissues was extracted by the acid
guanidium thiocyanate phenol choroform method [6].
Complemantary DNAs were prepared from 500 ng of total
RNA using oligo(dT) primers and Moloney murine leuke-
mia virus reverse transcriptase (Promega, Madison, WI,
U.S.A.). The reaction components were incubated at 22°C
for 10 min and at 37°C for 70 min, heated to 95°C for 5 min,
and flash cooled to 4°C. The oligonucleotide primers used
for the amplification of PIGF cDNA were 5’-ATGCCGCT-
CATGAGGGCTG-3’ and 5’-CTTCATCTTCTCCCACA-
GAG-3’. The RT product samples were subjected to 30
cycles of amplification in a Perkin-Elmer PCR Thermal
Cycler (Perkin Elmer, Boston, MA, U.S.A.) with denatur-
ation at 94°C for 30 sec, primer annealy at 63°C for 30 sec,
and primer extension at 72°C for 15 min. PCR products
were electrophoresed in a 1.2% agarose gel and were stained
with ethidium bromide and photographed. S-actin was used
as an internal control for procedual variation. For quantifi-
cation, the intensity of PCR bands was measured densito-
metrically and analyzed using SigmaGel 1.0 (Jandel
Scientific, San Rafael, CA, U.S.A.) and SigmaPlot 4.0
(SPSS Inc., Chicago, IL, U.S.A.).

Western blot analysis: The placenta samples were snap
frozen and lysed in buffer. The protein concentration of
each lysate was determined using the bicinchoninic acid
(BCA) kit (Pierce, Rockford, IL, U.S.A.) according to the
manufacturer’s protocol. Total protein (30 xg) was applied
to each lane on to 10% SDS-polyacrylamide gels. After
electrophoresis, the poly-vinylidene fluoride (PVDF) mem-
branes (Millipore, Billerica, MA, U.S.A.) were washed in
Tris-buffered saline containing 0.1% Tween-20 and then
incubated with anti-PIGF rabbit IgG (diluted 1:1,000, Santa
Cruz Biotechnology, Santa Cruz, CA, U.S.A) as primary
antibody. And the membrane was incubated with secondary
antibody (1:5,000, Pierce, U.S.A.) and the ECL Western
blot analysis system (Amersham Pharmacia Biotech, Pis-
caataway, NJ, U.S.A.) according to the manufacturer’s pro-
tocol was used for detection. The intensity analysis was
carried out using SigmaGel 1.0.

Immunohistochemistry: For the immunohistochemical
study, sections were blocked with 1% normal goat serum in
PBS for 1 hr and then incubated with anti-P1GF rabbit IgG
(1:100 in PBS) at 4°C for 18 hr in a humidified chamber. As
a negative control, normal goat serum was used instead of
anti-PIGF antiserum for antibody reaction. After washing
with PBS, sections were incubated with biotin-conjugated
goat anti-rabbit IgG (1:200 in PBS) for 1 hr, followed by
avidin-biotin-peroxidase complex for 1 hr from a Vector
ABC Elite kit (Vector Laboratories Inc., Burlingame, CA,
U.S.A.). Sections were washed with PBS, and incubated
with diaminobenzidine tetrahydrochloride (DAB, Sigma
chemical Co., St. Louis, MO, U.S.A.) solution with 0.03%
hydrogen peroxidase for 3 min. Slides were counterstained
with hematoxylin and observed under microscope, and then
photographed.

Data analysis: All data are expressed as mean £ S.E.M.
The results in each group were compared by Unpaired Stu-

dent’s ¢-test. The difference for comparison was considered
significant at * P<0.05.

RESULTS

The blood glucose levels of streptozotocin-induced dia-
betic rats were markedly increased compared to that of con-
trol rats. The blood glucose levels were 101 £ 5 mg/d/ and
476 £ 17 mg/d/ in control and diabetic rats, respectively (Fig.
1A). Maternal body weights in the diabetic rats were signif-
icantly lower than those of the controls. The body weights
were 379 £ 18 g and 304 + 15 g in control and diabetic rats,
respectively (Fig. 1B). The fetal weight of diabetic rats was
markedly decreased compared to that of the controls, with
values 0f 4.25 £ 0.35 g and 2.93 £ 0.41 g in control and dia-
betic rats, respectively (Fig. 1C). However, the placental
weight did not significantly different between the control
and diabetic groups, with values of 0.63 + 0.09 g and 0.61
0.08 g in control and diabetic rats, respectively (Fig. 1D).

RT-PCR analysis showed a decrease in PIGF mRNA
expression in the placenta of streptozotocin-induced dia-
betic rats, with PIGF mRNA levels of 1.28 + 0.04 and 0.86
+ 0.09 in control rats and diabetic rats, respectively (Fig. 2).
Figure 3 showed a corresponding decrease in PIGF protein
in the diabetic rats by Western blot analysis, with levels of
0.95+0.03 and 0.75 = 0.05 in control rats and diabetic rats,
respectively (Fig. 3). Immunohistochemical examination
showed the PIGF being expressed in trophoblast and stroma
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Fig. 1. Blood glucose levels (A), maternal body weight (B), fetal
weight (C), and placental weight (D) of control group and strep-
tozotocin (STZ)-induced diabetic group at the day 20 of preg-
nancy. All results represent the mean = S.E.M. from 5 separate
data. * P<0.05.
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Fig. 2. RT-PCR analysis of PIGF in placenta tissues

of control group and streptozotocin (STZ)-induced
diabetic group at the day 20 of pregnancy. The prod-
uct signals at 412 bp represent mRNA of PIGF.
Each lane represents an individual experimental ani-
mal. Densitometric analysis of PIGF levels is repre-
sented as an arbitrary unit (A.U.) that was
normalized to f-actin. All results represent the mean
+ S.E.M. from five separate data. * P<0.05.
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Fig.3. Western blot analysis of PIGF in placenta
tissues of control group and streptozotocin
(STZ)-induced diabetic group at the day 20 of
pregnancy. Each lane represents an individual
experimental animal. Densitometric analysis is
represented as an arbitrary unit (A.U.), normal-
ized by a-tubulin. All results represent the mean
+ S.E.M. from five separate data. ¥ P<0.05.

Fig. 4.

cells of villi within the labyrinth zone (Fig. 4A-C). PIGF
signals were detected in the cytoplasm and nuclei. The
PIGF signal was diminished in the diabetic group compared
to the controls (Fig. 4A-B). There were no detectable sig-
nals in the negative control (Fig. 4C).

DISCUSSION

Diabetic pregnancy induces hyperglycemia and growth
retardation in the fetus, and previous study showed that the
body weight of fetues from diabetic rats was significantly
lower than that of normal rats [12]. In this study, the body
weights of these diabetic mothers were also less than normal.
The present study confirmed that the body weight of fetuses

Expression of PIGF in placenta tissues of control group (A, C) and streptozotocin (STZ)-induced diabetic group
(B) at the day 20 of pregnancy. Positive cells were observed in trophoblast cells (close arrows) and stroma cells (open
arrows) of villi within the labyrinth zone. No positive cells were detected in a negative control (C). V indicates the ves-
sel within villi. Scale bar: 50 ym.

was significantly decreased in diabetic pregnancy and fetal
growth was retarded in streptozotocin-induced diabetic rats.
However, the placental weight was only slightly decreased
and not significantly different between control and diabetic
groups. Although the change in the placental weight was not
significant, we propose that diabetic condition decreases the
PIGF level in placenta. This study focused the decreases of
PIGF expression in rat placenta with diabetic condition.
Angiogenesis and vascular transformation are important
processes for normal development of the placenta and fetus
[10]. Tt is well accepted that the angiogenic growth factors
VEGF and PIGF exist in placenta and act as important fac-
tors for placental development and fetal growth [8, 23].
PIGF is abundantly expressed in the trophoblast cells of pla-
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centa [4, 13, 23]. We previously reported the expression
and distribution of PIGF mRNA in the rat placenta at vari-
ous gestational phases [7]. PIGF mRNA was expressed in
the trophoblast cells and its levels significantly increased as
gestation advanced [7]. Vuorela ef al. [23] has showed that
PIGF was expressed in the trophoblast cells of the human
placenta, while this study focused on the expression of PIGF
in placenta tissue of the streptozotocin-induced diabetic rat,
where this study showed significant decreases in the expres-
sion levels of PIGF mRNA and protein.

PIGF is an angiogenic growth factor that is expressed in
the trophoblast cells of the placenta [4, 13, 17]. This study
confirmed by immunohistochemical method that PIGF was
expressed in trophoblast cells of villi within the labyrinth
zone. The PIGF signal was decreased in diabetic group com-
pared to the control. PIGF acts as an anti-apoptotic factor for
trophoblasts in vitro and stimulates proliferation of tropho-
blasts [2, 11]. PIGF contributes to successful placentation by
regulating trophoblast apoptosis and function. As such, aber-
rant production of PIGF during pregnancy could contribute
to compromised placental function. In conclusion, this find-
ing demonstrates that streptozotocin-induced diabetic preg-
nancy causes a decrease of PIGF expression in the placenta.

ACKNOWLEDGMENTS. This work was supported by the
Korea Research Foundation Grant funded by the Korean
Government(MOEHRD) (KRF-2005-041-E00411) and par-
tially supported from the Brain Korea 21 Project, the Minis-
try of Education and Human Resources Development.

REFERENCES

1.  Ahmed, A., Dunk, C., Ahmad, S. and Khalig, A. 2000. Regula-
tion of placental vascular endothelial growth factor (VEGF) and
placenta growth factor (PIGF) and soluble Flt-1 by oxygen-a
review. Placenta 21: 16-24.

2. Athanassiades, A. and Lala, P.K. 1998. Role of placenta growth
factor (PIGF) in human extravillous trophoblast proliferation,
migration and invasiveness. Placenta 19: 465-473.

3. Burleigh, D.W., Stewart, K., Grindle, K.M., Kay, H.H. and
Golos, T.G. 2004. Influence of maternal diabetes on placental
fibroblast growth factor-2 expression, proliferation, and apopto-
sis. J. Soc. Gynecol. Investig. 11: 36-41.

4. Cao, Y., Ji, W.R,, Qi, P, Rosin, A. and Cao, Y. 1997. Placenta
growth factor: identification and characterization of a novel iso-
form generated by RNA alternative splicing. Biochem. Biophys.
Res. Commun. 235: 493-498.

5. Cerro, J.A. and Pintar, J.E. 1997. Insulin-like growth factor
binding protein gene expression in the pregnant rat uterus and
placenta. Dev. Biol. 15: 278-295.

6. Chomczynski, P. and Sacchi, N. 1987. Single-step method of
RNA isolation by acid guanidinium thiocyanate-phenol-chloro-
form extraction. Anal. Biochem. 162: 156—159.

7. Choi, W.S., Cho, G.J., Won, C.K. and Koh, P.O. 2005. Expres-
sion of placenta growth factor mRNA in the rat placenta during
mid-late pregnancy. J. Vet. Sci. 6: 179—183.

8. Clark, D.E., Smith, S.K., He, Y., Day, K.A., Licence, D.R.,
Corps, A.N., Lammoglia, R. and Charnock-Jones, D.S. 1998. A
vascular endothelial growth factor antagonist is produced by the
human placenta and released into the maternal circulation. Biol.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Reprod. 59: 1540-1548.

Correia-da-Silva, G., Bell, S.C., Pringle, J.H. and Teixeira, N.
1999. Expression of mRNA encoding insulin-like growth fac-
tors I and II by uterine tissues and placenta during pregnancy in
the rat. Mol. Reprod. Dev. 53: 294-305.

Demir, R., Kaufmann, P., Castellucci, M., Erbengi, T. and
Kotowski, A. 1989. Fetal vasculogenesis and angiogenesis in
human placental villi. Acta Anat.(Basel) 136: 190-203.

Desali, J., Holt-Shore, V., Torry, R.J., Caudle, M.R. and Torry,
D.S. 1999. Signal transduction and biological function of pla-
centa growth factor in primary human trophoblast. Biol. Reprod.
60: 887-892.

Fujisawa, Y., Nakagawa, Y., Ren-Shan, L. and Ohzeki, T. 2004.
Streptozotocin-induced diabetes in the pregnant rat reduces 11
beta-hydroxysteroid dehydrogenase type 2 expression in pla-
centa and fetal kidney. Life Sci. 75: 2797-2805.

Hauser, S. and Weich, H.A. 1993. A heparin-binding form of
placenta growth factor (PIGF-2) is expressed in human umbili-
cal vein endothelial cells and in placenta. Growth Factors 9:
259-268.

Hildebrandt, V.A., Babischkin, J.S., Koos, R.D., Pepe, G.J. and
Albrecht, E.D. 2001. Developmental regulation of vascular
endothelial growth/permeability factor messenger ribonucleic
acid levels in and vascularization of the villous placenta during
baboon pregnancy. Endocrinology 142: 2050-2057.

Hill, O.J., Tevaarwerk, G.J., Caddell, C., Arany, E., Kilkenny,
D. and Gregory, 1995. M. Fibroblast growth factor 2 is elevated
in term maternal and cord serum and amniotic fluid in pregnan-
cies complicated by diabetes: relationship to fetal and placental
size. J. Clin. Endocrinol. Metab. 80: 2626-2632.

Leushner, J.R., Tevaarwerk, G.J., Clarson, C.L., Harding, P.G.,
Chance, G.W. and Haust, M.D. 1986. Analysis of the collagens
of diabetic placental villi. Cell. Mol. Biol. 32: 27-35.
Maglione, D., Guerriero, V., Viglietto, G., Delli-Bovi, P. and
Persico, M.G. 1991. Isolation of a human placenta cDNA coding
for a protein related to the vascular permeability factor. Proc.
Natl. Acad. Sci. 15: 9267-9271.

Maglione, D., Guerriero, V., Viglietto, G., Ferraro, M.G., Apre-
likova, O., Alitalo, K., Del Vecchio, S., Lei, K.J. and Chou, J.Y.
1993. Persico MG. Two alternative mRNAs coding for the
angiogenic factor, placenta growth factor (PIGF), are tran-
scribed from a single gene of chromosome 14. Oncogene 8:
925-931.

Moley, K.H. 2001. Hyperglycemia and apoptosis: mechanisms
for congenital malformations and pregnancy loss in diabetic
women. Trends Endocrinol. Metab. 12: 78-82.

Ogilvie, S., Buhi, W.C., Olson, J.A. and Shiverick, K.T. 1990.
Identification of a novel family of growth hormone-related pro-
teins secreted by rat placenta. Endocrinology 126: 3271-3273.
Sgarbosa, F., Barbisan, L.F., Brasil, M.A., Costa, E., Calderon,
.M., Goncalves, C.R., Bevilacqua, E. and Rudge, M.V. 2006.
Changes in apoptosis and Bcl-2 expression in human hypergly-
cemic, term placental trophoblast. Diabetes Res. Clin. Pract. 73:
143-149.

Srivastava, R.K., Gu, Y., Ayloo, S., Zilberstein, M. and Gibori,
G. 1998. Developmental expression and regulation of basic
fibroblast growth factor and vascular endothelial growth factor
in rat decidua and in a decidual cell line. J. Mol. Endocrinol. 21:
355-362.

Vuorela, P., Hatva, E., Lymboussaki, A., Kaipainen, A., Joukov,
V., Persico, M.G., Alitalo, K. and Halmesmaki, E. 1997. Expres-
sion of vascular endothelial growth factor and placenta growth
factor in human placenta. Biol. Reprod. 56: 489-494.



