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Abstract 

Background: The incidence of obesity is accompanied by the risk of many disorders such as pregnancy 

complications that may lead to the fetus injury. On the other hand, obesity affects the gene expression in the placenta 

which is the vital organ for growth and development of fetus. So we investigated the expression of two significant 

genes, PPAR-γ and FOXM1 which are expressed in the placenta and their expression might be affected by obesity. 

Material and Methods: In this study we fed one groups of female rats with normal food and 4 groups with high fat 

diet food for eight weeks, in order to have normal (control) and obese rats. Then all groups were mated by male rats. 

18 days after the pregnancy, we remove the placenta of each rat. Then total RNA of placenta was extracted and 

cDNA was prepared. Then amplification of DNA was performed by TaqMan real-time PCR according to the 

mentioned protocol. We compare the expression of PPARγ and FOXM1 compared with GAPDH transcription.  

Results: The expression of both gene PPARγ and FOXM1was significantly induced in the placenta of obese rats 

related to nonobese rats (p value<0.05). 

Conclusion: Obesity makes an impression on the transcription of some genes like PPARγ and FOXM1 and in this 

way affects the growth and development of the fetus and even maybe lead to some disorders. So understanding this 

pathway might be the target for new treatment strategies for prevention and treatment of fetal disorders.  
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Introduction 

Obesity in pregnancy is associated to disadvantages both in the mother and the fetus. The incidence of gestational 

diabetes and preeclampsia is higher in obese women, increasing maternal and infant morbidity and mortality [1]. 

Maternal obesity often leads to increased levels of inflammatory state in adipose tissue that could disturb placental 

function and could mediate the opposing consequences [2]. 

The placenta is a unique organ for the proper implantation, having serious functions on developing the fetus. 

Changes in placental gene expression are physiologic reactions to fetal growth and developmental condition. Many 

other factors also contribute to gene expression in pregnancy pathologies like preeclampsia, gestational diabetes or 

maternal obesity [3] [4].  

Forkhead box protein M1 (FOXM1) is a transcription factor that regulate the expression of numerous cell cycle 

genes and is expressed in the cytotrophoblast during early pregnancy, and may have some effect on placental 

formation. FOXM1 also serves an important role in the development of preeclampsia [5]. It has been proved that 

obesity increases the risk of preeclampsia for several populations and even weight loss reduces preeclampsia risk 

[6]. Moreover another article showed that the expression of FoxM1 is increased by nondiabetic obesity and causes 

the beta-cell proliferation in adult humans, in order to compensate for insulin resistance. It confirms that the 

expression of FOXM in human islets is positively correlated with body mass index [7] So we hypothesized that 

maybe the expression of  FOXM1 in the placenta of rat may also be altered in obesity. 

Peroxisome proliferator-activated receptors (PPARs) are highly expressed in the placenta and they are essential for 

development of placenta [8]. PPARγ is a transcription factor which is also abundantly expressed in adipose tissue. 

Some evidence show that obesity causes a decrease in expression of PPARγ that is associated with the pathogenesis 

of obesity[9] whereas other studies have shown increased expression of PPAR-γ in adipose tissue of obese persons 

[10]. Thus according to the controversies, we investigate the relation between obesity and PPAR-γ expression in rat 

placenta.  

 

Material and Methods 

Five groups of adult Wistar female rats were maintained under 12 h light, 12 h dark condition and 22°C temperature. 

All animal experiments were conducted in accordance with the ethical standards of the Animal Care and Use 

Committee of Shiraz University of Medical Sciences, Shiraz, Iran. 

One group of rat had free access to pelleted food and tap water as control group and 4 groups of animals received 

high fat diet food for 8 weeks to become fat, based on the Lee obesity index. Obese group weighing 300-350 g and 

control group was 200-250 g. Then 2 male rats added to each group for mating. On the 18th days of gestation, rats 

were anesthetized by Ketamine (100 mg/kg ip) and after dissection, the placental tissue were taken. The placenta of 

each rat was grinding. Then total RNA was extracted from the placenta by RNA kit II (Invitek, Germany) according 

to the manufacturer’s instructions. The extracted RNA was quantitated by OD260/280 measurement. Then, the total 

RNA (10 μg) of tissue extracts was reverse transcribed in a 20-μl volume using random hexamer primers with 

enzyme and buffers supplied in the cDNA First Strand Synthesis kit (Fermentas, Life Science, EU Germany).     
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The expression of two genes was evaluated by TaqMan Real Time PCR. For Quantitative real time PCR, 5 µg 

cDNA was added to Taq man master mix (TaKaRa, Takara Shuzo, Otsu, Japan). The final volume of the PCR was 

20 μl: 10 μl Master Mix, 0.6 μl of each primer, 0.6 μl prob, 0.4 μl reference dye, and 2.8 μl dH2O. Amplification of 

DNA was performed under the following conditions: 10 min at 95⁰C, 10s at 95⁰C, and 30s at 60⁰ for 40 cycles. 

Primers and probe used for real-time PCR were selected using rat genomic sequences as templates and NCBI 

(http://www.ncbi.nlm.nih.gov/pubmed) and Allele ID programs. GAPDH was selected as endogenous control and 

the transcription of PPAR-γ, and foxm1 was checked in relation to GAPDH. Each experiment was repeated 3 times 

(Table 1). 

  

Table1. The sequence of primers and probes 

Gene Forward primer Reverse primer Probe 

GAPDH GGCTCTCTGCTCCTCCCTGTTC CGGCCAAATCCGTTCACACCGA GCCGCATCTTCTTGTGCAGTGCCA

GCC 

PPARγ CAGAGGGACAAGGATTCATG

ACC 

TTCACAGCAAACTCAAACTTAG

GC 

AGTCACCAAAGGGCTTCCGCAGGC 

FOXM1 CAAGGTAAAAGCCACGTCTA

AGC 

GGAGCAGCAGGTGACTAATGG TGGGCATTTCCTGGTCCTCACGGC 

 

Statistical analysis 

The data are shown as mean ± SE. For evaluation of each gene transcription, 6 test groups were compared to the 

controls and each experiment was repeated 3 times. Different groups were compared through one-way ANOVA. P 

value<0.05 was considered as statistically significant. The statistical analyses were performed using SPSS 27 and 

design of the graphs by Microsoft Excel. 

 

Results 

In order to evaluate the effect of obesity on gene expression, we assess the transcription of PPARγ, and foxm1 in the 

placenta of normal and obese rats. 

1- The result shows that PPARγ expression significantly increased in all test groups (obese) versus control 

(nonobese) (P<0.05) (Figure 1). 

2- The result demonstrate significant increase in FOXM1 expression in all test groups (obese) versus control one 

(nonobese) (P<0.05) (Figure 2). 
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Figure 1. The effect of obesity on PPARγ gene expression in rat. Obese groups weighing 300-350 g and control 

group was 200-250 g. The data are shown as mean ± SD. * p<0.05 for each group versus control; analysis by one-

way ANOVA followed by Tukey’s test, (n=5). 

  

 

Figure 2. The effect of obesity on FOXM1 gene expression. Obese groups weighing 300-350 g and control group 

was 200-250 g. The data are shown as mean ± SD. * p<0.05 for each group versus control; analysis by one-way 

ANOVA followed by Tukey’s test, (n=5). 
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Discussion 

The numerous functions of PPARs in implantation, trophoblast differentiation and placental function, as well as in 

embryonic and fetal development, approve their critical role during gestation. So variations made in this signaling 

pathway may accompanying with the pathogenesis of gestational diseases [11].  

Obesity is one of the most probable risk factors of gestational diabets and we investigate maternal obesity on the 

activation of this pathway. Our results clearly show that PPARγ transcription increases in placenta of obese rats. 

Other researches also proved that maternal disorders, like intrauterine inflammatory environment caused by 

maternal obesity or diabetes activate PPARγ transcription and this activation of different PPARs controls lipid 

metabolism and anti-inflammatory pathways that could prevent damages in intrauterine injuries induced by maternal 

diabetes or obesity [11].  

FOXM1 has been considered an important transcription factor for development of diabetes and its complications 

[12]. Also other studies associated FOXM1 to other pregnancy complications such as preeclampsia [5].  

Moreover another study proved that obesity alters FOXM1 expression in human islets. They found that the 

expression of FOXM1 and its target genes is associated with body mass index and β-cell proliferation to compensate 

for insulin resistance [7].  

So we investigated other probable role of FOXM1 expression during obesity and the results clearly indicate that 

maternal obesity lead to placental up regulation of this factor and by this way affect the growth and development of 

the fetus. Of course more researches should be done to clarify the details of these pathways, but our study would be 

useful in this approach.    

 

Conclusion 

Obesity makes an impression on the transcription of some genes like PPARγ and FOXM1 in the placenta and in this 

way affect the growth and development of the fetus and even might be lead to some serious disorders like 

preeclampsia, diabetes mellitus and obesity. So understanding this pathway may help us to prevent the disorders or 

supposing the new managements.   

 

 

 

 

 

 

 



6 
 

 

References 

[1] Beneventi, F., Bellingeri C., De MaggioI., Cavagnoli C., Fumanelli S., Ligari E., Placental pathologic 

features in obesity, 2023. 144: p. 1-7. 

 

[2] Ehlers E., Schust TDJ. and Schulz L et al., Placental structural abnormalities in gestational diabetes and 

when they develop: a scoping review, 2021. 116: p. 58-66. 

 

[3] Sõber, S., Reiman M., Kikas T., Rull R., Inno P., Vaas  P., et al., Extensive shift in placental transcriptome 

profile in preeclampsia and placental origin of adverse pregnancy outcomes, 2015. 5(1): p. 13336. 

[4] Gale, C., Logan S., Jeffries JR., Parkinson S., Santhakumaran S., Uthaya G., et al., Sexual dimorphism in 

relation to adipose tissue and intrahepatocellular lipid deposition in early infancy, 2015. p. 629-632. 

 

[5] Cui, X., Xu J., Song J., Wang  L., Zhang S. and Yang Y, Effects of forkhead box protein M1 on trophoblast 

invasion and its role in preeclampsia development, 2018. 16(1): p. 197-203. 

 

[6] Roberts, J.M., Bodnar L., Patrick T. and Powers R, The role of obesity in preeclampsia, 2011. 1(1): p. 6-16. 

[7] Davis, D.B., Lavine J., Suhonen I., Krautkramer  M., Rabaglia JM., Sperger L. A., et al., FoxM1 is up-

regulated by obesity and stimulates β-cell proliferation, 2010. 24(9): p. 1822-1834. 

 

[8] Wang, Q., H. Fujii, and G.J.P. Knipp, Expression of PPAR and RXR isoforms in the developing rat and 

human term placentas, 2002, 23(8-9): p. 661-671. 

 

[9] Diradourian, C., J. Girard, and J.-P.J.B. Pégorier, Phosphorylation of PPARs: from molecular 

characterization to physiological relevance, 2005, 87(1): p. 33-38. 

 

[10] Berhouma, R., Kouidhi M,. Ammar H., Ennafaa Abid H. and  Benammar A , Correlation of peroxisome 

proliferator-activated receptor (PPAR-γ) mRNA expression with Pro12Ala polymorphism in obesity, 2013, 

p. 256-263. 

 

[11] Jawerbaum, A. and E. Capobianco, Review: Effects of PPAR activation in the placenta and the fetus: 

implications in maternal diabetes,2011, Placenta, 32, S212–S217.  

 

[12] Zhao, B., Li M., Su Y., Shan S., Qian W. Zhu D., Role of transcription factor FOXM1 in diabetes and its 

complications, 2023, 52(5): p. 1-11. 

 


