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Abstract

Low nephron endowment secondary to intrauterine growth restriction (IUGR) results in 

compensatory hypertrophy of the remaining glomeruli, which in turn is associated with 

hypertension. However, gender differences exist in the response of the kidney to injury, and IUGR 

female offspring seems protected from an unfavorable outcome. We previously reported 

differences in gender-specific gene expression in the IUGR kidney as well as increased circulating 

corticosterone levels following uteroplacental insufficiency (UPI). Vascular endothelial growth 

factor (VEGF), which is critical for renal development, is an important candidate in the IUGR 

kidney since its expression can be regulated by sex-steroids and glucocorticoids. We hypothesize 

that IUGR leads to altered kidney VEGF expression in a gender-specific manner. Following 

uterine ligation in the pregnant rat, UPI decreases renal VEGF levels in male and female IUGR 

animals at birth and through postnatal day 21. However, by day 120 of life, IUGR females have 

increased kidney VEGF expression, not present in the IUGR males. In addition, IUGR males 

exhibit increased serum testosterone levels as well as proteinuria. These findings are intriguing in 

light of the difference in glomerular hypertrophy observed: IUGR males show increased 

glomerular area when compared to IUGR females. In this model characterized by decreased 

nephron number and adult onset hypertension, UPI decreases renal VEGF expression during 

nephrogenesis. Our most intriguing finding is the increased renal VEGF levels in adult IUGR 

females, associated with a more benign phenotype. We suggest that the mechanisms underlying 

renal disease in response to IUGR are most likely regulated in a gender specific manner.
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INTRODUCTION

Intrauterine growth restriction (IUGR) caused by uteroplacental insufficiency (UPI) is a 

morbidity associated with complications of pregnancy such as preeclampsia (1). A number 

of epidemiological studies show that IUGR neonates experience impaired renal function, 

with an increased risk of developing adult morbidities such as hypertension (2–4).

In both humans and several animal models, UPI results in decreased nephron number (5–8). 

Importantly, low nephron endowment can result in compensatory glomerular hypertrophy of 

the remaining glomeruli, which is in turn associated with an increased incidence of 

hypertension in humans (9–11). Similarly, nephron deficit in the rat following UPI also 

leads to impaired renal function as well as to compensatory hypertrophy (12, 13).

A large number of epidemiological and animal studies point to the fact that gender 

differences play a very important role in the development of cardiovascular and renal 

disease following UPI. In most reports, the female IUGR offspring appears to be protected 

from an unfavorable phenotypic outcome (such as severity of hypertension and renal injury) 

when compared to the IUGR male (14, 15). However, the molecular mechanisms mediating 

this particular phenotype are largely still unknown.

In recent years, our laboratory has used a well established animal model of IUGR -induced 

following bilateral uterine ligation in the pregnant rat dam- characterized by decreased 

nephron number and adult onset hypertension, in an attempt to unravel the molecular 

mechanisms involved in altered nephrogenesis and in the development of hypertension (8, 

16, 17). Among the molecular mechanisms studied, we have observed that the IUGR kidney 

exhibits an abnormal glucocorticoid (GC) pathway, with increased circulating corticosterone 

levels at birth associated with down regulation of key synthetic enzymes expression, 

including 11 β-hydroxysteroid dehydrogenase type 2 and cyclooxygenase-2. Moreover, 

these genes exhibited differences in expression that were gender-specific in the IUGR 

kidney (8, 16).

In this study we further characterize the effect that UPI and increased GC may have upon 

molecular mechanisms underlying abnormal nephrogenesis. Increased GC can affect 

vascular endothelial growth factor (VEGF) expression, which constitutes an important 

candidate in the IUGR kidney (18). VEGF is involved not only in nephrogenesis, where it 

plays a key role by inducing endothelial cell differentiation, capillary formation and 

proliferation of tubular epithelia, but also in the development of compensatory glomerular 

hypertrophy following several disorders including diabetes and nephrectomy (19–22).

However, the gender-specific effects of UPI and elevated corticosterone levels upon kidney 

VEGF expression in the IUGR rat at different stages of development are unknown. We 

therefore hypothesize that IUGR and resultant GC overexposure of the offspring leads to 

altered kidney VEGF expression and that this effect is developmentally regulated and 

gender-specific.

To test this hypothesis, bilateral uterine artery ligation was performed on day 19 of gestation 

in Sprague-Dawley rats (term, 21.5 days). UPI in this animal model results in offspring with 
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low birth weight and asymmetrical IUGR (23), with a 25% reduction in glomeruli number 

and adult onset hypertension (8, 16). In addition, we had previously reported increased 

serum corticosterone levels at birth in IUGR animals (24). We will now investigate if 

elevated serum corticosterone levels persist through day 21 of life, a time frame that 

includes the completion of nephrogenesis (postnatal day 8) through juvenile stages. VEGF is 

an endothelial cell-specific mitogen that exerts specific biological effects by binding to its 

respective tyrosine-kinase VEGF receptor 1 (VEGFR-1 or VEGFR-1) and VEGFR-2 (KDR/

VEGFR-2), both of which are also expressed in endothelial cells (25). Therefore, levels of 

VEGF, VEGFR-1 and VEGFR-2 mRNA and protein were quantified from whole kidneys at 

birth (P0), at 21 days of life (juvenile rat) (P21), and at 120 days of life (adult rat) (P120). 

Glomerular area was determined in both control and IUGR kidneys at P21 and P120 to 

assess the presence of glomerular hypertrophy in this animal model. To investigate the 

presence of glomerular pathology, protein/creatinine ratio was measured in urine at P120. 

Since sex differences play an important role in adult renal pathophysiology, both 

testosterone and estradiol levels were also measured in the adult rats. Gender differences 

were examined in all experiments.

METHODS

Animals

All procedures were approved by the University of Utah Animal Care Committee and are in 

accordance with the American Physiological Society’s guiding principles (26). These 

surgical methods have been previously described (8, 23). In this well-established model of 

asymmetrical growth restriction, IUGR pups are 20–25% lighter than the control animals at 

birth (IUGR: 4.00 ±.25 vs. control: 5.25 ±.22, p<0.05), with a normal distribution of birth 

weights within and among litters, and no difference in litter size between control and IUGR 

groups (27, 28). In brief, on day 19 of gestation, the maternal rats (Sprague-Dawley) were 

anesthetized with intraperitoneal xylazine (8 mg/kg) and ketamine (40 mg/kg), and both 

inferior uterine arteries were ligated (IUGR) (n = 12 litters). Control animals received 

anesthesia (control) (n = 12 litters). Maternal rats recovered within a few hours and had ad 

lib access to food and water. At term (21.5 days gestation), day 0 (P0) pups were delivered 

by caesarian section, weighed and decapitated (n= 6 litters IUGR and control, respectively). 

To minimize litter to litter variation, one pup from each litter was used for all day 0 studies. 

The selection of the pups was done randomly, without knowledge of size or position in the 

uterine horn. To study 21-day-old (P21) and 120-day-old (P120) rats, the remaining 

maternal rats were allowed to deliver spontaneously at term (n= 6 litters IUGR and control, 

respectively), and litters were randomly culled to 6 pups.

At P21 and P120, 1 male and 1 female pup from each litter was randomly selected, 

anesthetized and sacrificed. For all ages, both male and female rats were included in the 

study in equal numbers (n=6 male and 6 female animals, for IUGR and control groups, 

respectively). Pup gender was determined by dissection and visualization. For all dates, 

kidneys were quickly harvested and frozen in liquid nitrogen or placed in 10% Formalin for 

histologic studies.
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RNA isolation and Real-time RT-PCR

DNase I treated total RNA (Ambion Inc, Austin TX) was extracted from 30–100 mg of P0, 

P21 and P120 IUGR and control rat pup kidneys using the NucleoSpin RNA and Virus 

Purification Kit (BD Biosciences Clontech Palo Alto, CA). Total RNA was quantified using 

the NanoDrop Spectrometer ND-1000 (NanoDrop Technologies, Wilmington, DE). RNA 

integrity was confirmed by gel electrophoresis.

Kidney mRNA levels of VEGF, VEGFR-1 and VEGFR-2 were measured at P0, P21 and 

P120 with the real-time RT-PCR method as previously described (24). cDNA was 

synthesized using High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, 

Foster City, CA) from 1.0 μg of DNase treated total RNA. Primers and probes for VEGF 

exon 1–2, VEGFR-1, VEGFR-2 and GAPDH were designed using Primer Express 

Software™ (Applied Biosystems, Foster CA). The sequences for GAPDH were: Forward: 5′ 

CAAGATGGTGAAGGTCGGTGT ; Reverse: 5′ CAAGAGAAGACCTGGT; Probe: 5′ 

GTCCGATACGCAAATCCG. The sequences for VEGF were forward: 5′ 

TACCTCCACCATCAAGTG; reverse: 5′ CACTTCATGGTTTCTTC; probe: 5′ 

CCAGTACCCACGACAGAA. The sequences for VEGFR-2 were forward: 5′ 

TCTCCTTCCATGTGATCAGGG; reverse: 5′ CATACTCTCCCTCGGTTG; probe: 5′ 

CCTGAAATTACTGTCCACTTACCCAG. Assay-on-Demand ID# for VEGFR-1 was 

Rn00570815_m1. Target probes were labeled with fluorescent reporter dye FAM. Reporter 

dye emission is detected by an automated sequence detector combined with ABI Prism 7900 

Sequence Detection System® software (Applied Biosystem, Foster CA). GAPDH was used 

as an internal control. Relative quantification of PCR products are based upon value 

differences between the target and GAPDH control using the comparative CT method (29). 

Cycle parameters were 50°C × 2 minutes, 95°C×10 minutes, and then 40 cycles of 95°C×15 

seconds and 60°C×60 seconds. Each sample was run in quadruplicate.

Immunoblotting and Antibodies

Whole kidneys were obtained from P0, P21 and P120 IUGR and control rats. Total protein 

was isolated by homogenizing 50–100 mg of tissue in RIPA Buffer with EDTA protease 

inhibitor (Roche, Mannheim, Germany), centrifuged at 10,000 × g for 15 min at 4°C. The 

supernatants were collected and stored at −80°C until use. Total protein was detected by 

Western blotting as described previously (16). Antibodies included: VEGF (ab9544 Abcam 

Inc., Cambridge, MA) 1:500 in 3% BSA; VEGFR-1 (SC-316 Santa Cruz Biotechnology, 

Santa Cruz, CA) 1:200 in 3% BSA; VEGFR-2 (ab2349 Abcam Inc., Cambridge, MA) 1:500 

in 3% BSA; GAPDH (Abcam Inc., Cambridge, MA) 1:2000 in 3% BSA. Secondary 

antibody included HRP-conjugated anti-rabbit IgG antibody (2118 Cell Signaling 

Technology, Beverly, MA). Antibody signals were detected with Western Lighting™ ECL 

(Perkin Elmer Life Sciences, Boston, MA) and quantified using a Kodak Image Station 

2000R (Eastman Kodak/SIS, Rochester, NY). GAPDH signal was used as an internal 

control.

Histology

Formalin-fixed tissue was embedded in paraffin and sectioned at approximately 5 microns. 

One section was stained with periodic acid-Schiff (PAS), imaged at a final magnification of 
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100x, and glomerular profile areas measured using ScionImage Software (Scion 

Corporation, Frederick, MD). At least 15 profiles from each animal were averaged as an 

index of glomerular size. We have shown previously that this index of glomerular area 

correlates well with measures of glomerular volume determined through serial section 

analysis (30, 31).

Serum corticosterone levels

Blood samples were collected following decapitation of IUGR and control animals at day 21 

and used to determine serum corticosterone levels by chemiluminescent immunoassay 

(ARUP laboratories).

Testosterone and estradiol levels

Blood samples were collected following decapitation of IUGR and control rats at day 120 

and used to determine serum testosterone and estradiol levels by liquid chromatography/ 

tandem mass spectrometry (ARUP laboratories).

Total protein/creatinine ratio in urine

Urine samples were collected using a rodent metabolic cage (Nalgene™ Metabolic Cage for 

Rats, Nalgene Company, Rochester, NY) in IUGR and control rats at P120 (n=6). Briefly, 

P120 rats were acclimatized in the metabolic cage starting 5 days prior to the collection of 

urine. We measured each animal weight daily to confirm no weight loss prior to the sample 

collection. Samples were collected every 24 hours for 5 days and stored at −80°C until 

processing. We determined urine the total protein/creatinine ratio by spectrophotometry 

(ARUP laboratories) in a 24 hour sample.

Statistics

All data presented are expressed as mean ± SEM. Western blotting, and real-time RT-PCR 

were analyzed using ANOVA (Fisher’s protected least significance difference), and 

Student’s unpaired t-test as applicable (p<0.05 used for statistical significance).

RESULTS

Uteroplacental insufficiency decreases kidney VEGF mRNA and protein levels in newborn 
and juvenile IUGR rats

UPI significantly decreased kidney VEGF mRNA expression in both male and female IUGR 

pups at P0 (81 ± 7* and 77 ± 5* % of control values, respectively). The decrease in kidney 

VEGF mRNA expression in IUGR pups persisted through P21 in both genders (75 ± 2* and 

72 ± 6* % of control values, in males and females, respectively). Consistent with the real-

time RT-PCR results, UPI significantly decreased kidney protein levels of VEGF at P0 in 

both males and females IUGR rats to 65 ± 3* and 72 ± 8* % of control values, respectively. 

By P21 protein levels of kidney VEGF were significantly decreased in IUGR males to 62 ± 

5 %* of control with no significant change observed in the IUGR females (112 ± 10 % of 

control) (*p<0.05) (fig.1-A, 1-B and 1-C).
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Uteroplacental insufficiency increases kidney VEGF mRNA and protein levels in adult 
female IUGR rats

Interestingly, in contrast to the newborn and juvenile results described above, at P120 there 

was a significant increase in VEGF mRNA expression in female IUGR kidneys to 169 ± 12 

%* of control that was not observed in IUGR males (males: 102 ± 5 % of control values). 

Western blot results measuring VEGF protein levels were consistent with these findings, 

with a significant increase in females to 453 ± 12 %** of control, and no significant 

difference in IUGR males (males: 89 ± 2 % of control) (*p<0.05, **p<0.01) (Fig. 2A–B).

Uteroplacental insufficiency similarly affects kidney VEGFR-2 mRNA and protein levels in 
IUGR rats in a gender-specific manner

At P0, kidney VEGFR-2 mRNA levels were significantly increased in IUGR males to 150 ± 

8 %* of control, with no significant difference in the IUGR females. In contrast, at P21, UPI 

significantly decreased VEGFR-2 mRNA levels in IUGR males to 57 ± 5 %** of control 

values, again with no significant difference noted for mRNA levels in females (*p<0.05; 

**p<0.01) (fig.3-A). Western blotting, however, demonstrated that UPI significantly 

decreased kidney VEGFR-2 protein levels in the IUGR females to 55 ± 7 %* of controls at 

P0 (*p<0.05) (fig.3A–B).

Interestingly, and parallel to the VEGF results, both kidney mRNA and protein levels of 

VEGFR-2 were significantly increased at P120 in IUGR females (133 ± 8 %* and 232 ± 11 

%**, respectively). Also similar to the VEGF results, there was no significant difference 

noted in mRNA and protein levels of renal VEGFR-2 in the males at that stage (*p<0.05; 

**p<0.01) (Fig. 4A–B).

In contrast to VEGFR-2 results, we found no significant difference in VEGFR-1 mRNA and 

protein levels at P0, P21 and at P120 in males and females (data not shown).

Uteroplacental insufficiency leads to increased glomerular area in adult IUGR rats

Differences in mean glomerular area were minimal at P21, with IUGR females showing a 

slight decrease in size compared to other groups (*p<0.05) (Fig. 5-A). However, by P120, 

glomerular enlargement was demonstrated in both males and females with IUGR when 

compared to gender-specific controls (§ p<0.001). Importantly, mean glomerular area 

remained greater in IUGR males than females (# p<0.001) (Figure 5-B).

UPI increases serum corticosterone levels at P21 in IUGR animals

Serum corticosterone levels were significantly increased in both male and female IUGR 

juvenile rats at P21 (Male: 93 ± 3 ng/ml* in IUGR, vs. 69 ± 2 ng/ml in control; Female: 104 

± 11 ng/ml* in IUGR vs.73 ± 10 ng/ml in control, *p<0.05) (Figure 6-A).

UPI increases serum testosterone levels in the IUGR adult male

Serum estradiol levels were not significantly affected in the adult IUGR rat (Males: 0.5 ± 0.2 

pg/ml in IUGR vs.1.1 ± 0.5 pg/ml in control; Female: 40.8 ± 13 pg/ml in IUGR vs. 40.75 ± 

16 pg/ml in control) (data not shown as a graph). However, serum testosterone levels were 

significantly increased in the male IUGR adult rat at P120 when compared to control 
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animals, with no significant difference in females (Male: 437 ± 81 ng/ml* in IUGR vs. 211 

± 54 ng/ml in control; Female: 7 ± 2 ng/ml in IUGR vs.10 ± 3 ng/ml in control, *p<0.05) 

(Figure 6-B).

UPI significantly increases total protein/creatinine ratio in urine of IUGR rat males

Urine protein/creatinine ratio was significantly increased in adult IUGR males when 

compared to the control group (0.20 ± 0.02* in IUGR vs. 0.07 ± 0.01 in control group, 

*p<0.05). This phenomenon was not observed in the IUGR female group (0.11 ± 0.03 in 

IUGR vs. 0.08 ± 0.02 in control group) (Figure 7).

DISCUSSION

This study demonstrates for the first time that UPI and resultant glucocorticoid overexposure 

of the offspring is associated with (1) altered perinatal and postnatal kidney VEGF 

expression, and that (2) this phenomenon is developmentally regulated and gender-specific. 

In the present report, UPI decreased renal VEGF levels during a period of active 

nephrogenesis in the IUGR rat in both males and females. Although this observation is being 

reported for the first time, our most intriguing and novel finding is the significant up 

regulation of renal VEGF and VEGFR-2 in the adult IUGR female. This observation is 

important since an increasing body of literature is pointing to the impact of gender on 

progression of cardiovascular and renal disease. Despite the increasing evidence for a 

protective role of female gender in the progression of renal disease following IUGR, this 

study is unique in that it investigates a potential molecular mechanism that can be 

responsible for this phenotype.

VEGF is a potent angiogenic factor that exerts its function through induction of endothelial 

cell proliferation and increased vascular permeability (25). The role of the VEGF receptors, 

especially of VEGFR-1 is still conflicting: much of the evidence suggests that VEGFR-2 is 

the major mediator for developmental angiogenesis, as well as mitogenetic and 

permeability-enhancement effects of VEGF, whereas VEGFR-1 may perform an inhibitory 

role during early development, acting as a negative regulator of VEGF (25). However, 

targeted mutations of VEGF and both receptors, have shown all three proteins are crucial for 

embryonic blood vessel development (32). Furthermore, the role of VEGF and its receptors 

in nephrogenesis has been fairly well established.

These regulators of vascular development have been localized to the developing 

metanephros (33), with expression of VEGF as well as VEGFR-1 and VEGFR-2 in 

glomerular epithelial cells of fetal kidney. Likewise, VEGF and its receptors colocalized in 

the peritubular capillary endothelial cells in fetal cortex and medulla. Kitamoto et al. 

demonstrated that anti-VEGF neutralizing antibodies in newborn mice, in which kidneys are 

still developing, disrupted vessel formation in the superficial renal cortex as well as 

decreased nephrogenic areas and total nephron number. The authors also observed several 

abnormal glomeruli lacking capillary tufts, suggesting that VEGF is an essential molecule 

for glomerulogenesis (34).
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In the present study, both VEGF and VEGFR-2 were significantly affected following UPI in 

the IUGR kidney at all study ages, whereas VEGFR-1 levels remained unaffected. The 

effect of UPI upon renal VEGFR-2 was gender specific, with significant changes in mRNA 

levels at P0 and P21 noted in the male but not in the females. However, kidney VEGFR-2 

protein levels did not correlate with mRNA results, and IUGR females were found to have 

decreased VEGFR-2 protein at birth. An explanation of these findings is that VEGFR-2 

protein expression heavily relies on posttranscriptional regulation such as glycosylation of 

the co-receptor Neuropilin-1, and phosphorylation (35). Interestingly, in the IUGR adult 

female rats, both mRNA and protein levels of kidney VEGFR-2 were dramatically 

increased, whereas we did not observe any change in the IUGR males. These findings are 

important since they confirm our previous observations of significantly different gender-

specific gene expression in the IUGR kidney that can be long-lasting.

Significant to the present study, VEGF expression can be affected by GC levels, which are 

in turn highly affected by the IUGR fetal milieu (24, 36, 37). For instance, VEGF expression 

is down-regulated by GC in various tissues such as airway smooth muscle cells, and growth 

plate chondrocytes (18, 38). Similarly, dexamethasone administration inhibited placental 

VEGF expression and led to reduction in placental vascularization with subsequent IUGR of 

the fetus (39). The mechanism by which GC affect VEGF expression is still not fully 

understood. Most reports regarding this topic are found in the cancer literature, since the use 

of dexamethasone has a potential role in antiangiogenic therapy, by inhibiting VEGF 

production (40). In regards to possible mechanisms by which GC can affect VEGF, the 5′ 

promoter region of the VEGF gene does not contain a GC-response element. Alternatively, 

Gille et al. showed that GC significantly decreased VEGF mRNA stability in cultured 

keratinocytes, suggesting that enhanced VEGF mRNA turnover may in part explain the 

down regulation of this gene by GC (41).

Altogether, our results of decreased kidney VEGF and altered VEGF receptor message 

expression and protein levels during nephrogenesis, in association with the persistent 

increased circulating corticosterone levels following UPI, suggest that this molecular 

mechanism may contribute to the aberrant nephrogenesis observed in the perinatal IUGR rat.

In the adult rat, we confirmed that UPI and subsequent IUGR in our animal model is indeed 

associated with adult glomerular hypertrophy, both in male and female rats. Furthermore, 

and consistent with several reports that analyzed experimental nephron reduction, mean 

glomerular area was higher in IUGR males when compared to IUGR females (42). Although 

we describe that both IUGR male and females exhibit increased glomerular area, our data 

and the literature strongly suggest that the molecular mechanisms leading to compensatory 

glomerular hypertrophy are most likely not common to both genders.

Gender differences in compensatory glomerular hypertrophy have been mainly addressed in 

rat animal models. Mulroney et al. observed that there are important gender differences in 

renal growth and function following uninephrectomy in rats, with a significantly increased 

kidney growth associated with glomerular and tubular damage noted in males and a much 

smaller impact in the female kidney (42). The authors suggested that testosterone could play 

a key role in glomerular hypertrophy by driving the growth-hormone mechanism occurring 
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after uninephrectomy. A rat model of renin mediated hypertension supports these findings, 

since hypertensive male rats treated with flutamide (androgen receptor antagonist) showed 

decreased blood pressures as well as a reversal of hypertension mediated renal damage (43). 

Importantly, in this study we confirmed that adult IUGR males have significant increase in 

serum testosterone levels when compared to control rats, in association to increased 

glomerular area. Elevated testosterone levels in IUGR males were also described in a 

previous report by Alexander et al. that uses a similar model of UPI and IUGR (15). 

Therefore, we suggest that high testosterone levels could stimulate growth hormone 

mediated molecular mechanisms and have a significant contribution to the glomerular 

hypertrophy observed in the IUGR males in our animal model.

Relevant to the present study, Kang and collaborators used the remnant kidney (RK) model 

to induce progressive renal disease and then studied the pattern and molecular mechanisms 

of different intrarenal vascular changes in males and females. The authors demonstrated that 

female RK rats developed less renal failure and glomerulosclerosis, with greater 

preservation of peritubular capillaries as well as increased expression of renal VEGF and 

VEGFR-2 when compared to the RK males. Supporting this in vivo studies, estrogens 

stimulated basal VEGF expression in cultured renal tubular cells in vitro (44).

These observations correlate well with the present study. In our animal model IUGR males 

demonstrate increased glomerular area, and exhibit increased protein/creatinine ratio in urine 

when compared to control rats, indicating possible glomerular injury. In contrast, we report 

up regulation of mRNA and protein levels of kidney VEGF and VEGFR-2, in association 

with a less significant increase in glomerular area and no proteinuria in the adult IUGR 

female when compared to IUGR males at that age. These results are intriguing in light of 

normal estradiol levels in adult IUGR females.

Altogether, this data suggests that the increase in VEGF in the female rat in different animal 

models with progressive renal disease may contribute to maintain a less affected intrarenal 

environment. We speculate that VEGF signaling is most likely involved in compensatory 

renal growth in the female, whereas high testosterone levels in the IUGR male probably 

underlie a different molecular mechanism in this group.

In summary, in the present study we observed a significant down regulation of kidney 

VEGF during nephrogenesis, a period of time that in our animal model is associated with 

increased serum corticosterone levels. In addition, we observed up regulation of kidney 

VEGF and kidney VEGFR-2 receptor in the adult IUGR female but not in the IUGR male 

offspring. Alternatively, the adult IUGR male exhibits increased serum testosterone levels, 

suggesting that mechanisms underlying renal disease are most likely regulated in a gender 

specific manner.
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Figure 1. 
Figure 1. A- Quantification of P0 and P21 renal VEGF mRNA levels in males and females. 

Results are expressed as mean ± SE % relative to controls (n= 6 litters) (* p< 0.05). Figure 

1. B- Quantification of P0 and P21 renal VEGF protein levels. Results are expressed as 

mean ± SE % relative to controls (n= 6 litters) (*p<0.05). Figure 1. C-The bottom panels are 

representative Western blots. GAPDH is used as internal control. C, Control; I, IUGR.
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Figure 2. 
Figure 2. A- Quantification of P120 renal VEGF mRNA and protein levels in males and 

females. Results are expressed as mean ± SE % relative to controls (n= 6 litters) (* p< 0.05, 

**p<0.01). Figure 2. B- -Theses panels are representative Western blots. GAPDH is used as 

internal control. C, Control; I, IUGR.
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Figure 3. 
Figure 3. A- Quantification of P0 and P21 renal VEGFR-2 mRNA and protein levels in 

males and females. Results are expressed as mean ± SE % relative to controls (n= 6 litters) 

(* p< 0.05, **p<0.01). Figure 3. B-To the right, panels are representative Western blots. 

GAPDH is used as internal control. C, Control; I, IUGR.
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Figure 4. 
Figure 4. A- Quantification of P120 renal VEGFR-2 mRNA and protein levels in males and 

females. Results are expressed as mean ± SE % relative to controls (n= 6 litters) (* p< 0.05, 

**p<0.01). Figure 4. B- This panel is a representative Western blot. GAPDH is used as 

internal control. C, Control; I, IUGR.
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Figure 5. 
Effect of UPI on mean glomerular area at P21 (*p<0.05 vs all other groups) and P120 (§ 

p<0.001 vs. sex-matched control group, # p<0.001 vs. IUGR males). Error bars represent 

1SD. Control area is mean ± 1SE (n=5)
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Figure 6. 
Figure 6-A. Effect of UPI on serum corticosterone levels at P21 in males and females, 

measured in IUGR and control offspring (n=6). Figure 6-B. Effect of UPI on serum 

testosterone levels at P120 in males and females, measured in IUGR and control offspring 

(n=6). Results are expressed as mean ± SE (*p<0.05).
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Figure 7. 
Effect of UPI on urine total protein/creatinine ratio at P120 in males and females, measured 

in IUGR and control offspring (n=6). Results are expressed as mean ± SE (*p<0.05).
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