
90

Cellular and Molecular Biology
E-ISSN : 1165-158X / P-ISSN : 0145-5680

www.cellmolbiol.org 
Original Research
Studying the C1772T polymorphism of Hif-1α  and TGF-β3 IVS5+104 A/G polymorphism 

in children with congenital non-syndromic neural tube defects and their mothers

İbrahim Halil Yildirim1*, Nadir Koçak2

1 Department of Genetics, Faculty of Veterinary, Dicle University, Diyarbakır, Türkiye
2 Department of Medical Genetics, Faculty of Medicine, Selçuk University, Konya, Türkiye

Correspondence to: ihyildirim@gmail.com

Received October 19, 2018; Accepted December 28, 2018; Published December 31, 2018

Doi: http://dx.doi.org/10.14715/cmb/2017.64.15.15

Copyright: © 2018 by the C.M.B. Association. All rights reserved.

Abstract: Prevalence of neural tube defect (NTD) has reduced after folic acid intake. However; which mechanisms are effective in NTD are not known exactly. 
In this study; due to the possible effects on hypoxic pathway and embryonic development, particularly on extracellular matrix components, Hif-1α Pro582Ser and 
TGF-β3 IVS5+104 A/G SfaN1 polymorphisms were studied by PCR-RFLP method both on children with NTDs and mothers. Statistical differences were seen 
for Hif-1α   and TGF-β3 IVS5+104 A/G SfaN1 polymorphisms in children with NTDs but no difference was seen in mothers. Both genes are effective on many 
pathways and our results suggest that regulation of extracellular matrix components of children during fetal life is important in neural tube defects formation. The 
results of this study show that Hif-1α Pro582Ser and TGF-β3 IVS5+104 A/G SfaN1 polymorphisms may play a role in NTDs.
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Introduction

NTDs seen in 3 of 1000 live births (1). After de-
termining the effect of folic acid in the prevention of 
NTD, folic acid use became widespread and therefore 
the incidence of NTD decreased (2). As folic acid use 
significantly reduced NTD cases, genes involved in fo-
lic acid metabolism and transport were targeted. These 
candidate genes include Folate Receptor (FR), Reduced 
Folate Carrier (RFC), Cystathionine B-Synthase (CBS), 
Methionine Synhtase (MTR), Methionine Synthase 
Reductase (MTRR), and Methylenetethrahydrofolate 
Dehidrogenase (MTHFR) (3,4). It has been identified 
that there was a relationship between NTD and a few 
of these genes and later these genes were presented as 
important risk factors (4,5).

While in some studies, a relationship between ox-
ygen pressure and neural tube closure (6-8) has been 
identified, in some other studies, the role of apoptosis 
in the neural tube closure has been identified (9,10). In 
these studies, it has been shown that hypoxia is essential 
in inducing the apoptotic processes for the neural tube 
closure. During the critical period of development, deg-
radation in the oxygen level regulation was observed 
to produce similar results as using caspases that block 
the neural tube closure (9). In mice, around forty genes 
have been identified to cause NTDs (11) and in studies, 
proto-oncogene ski (12), homeobox gene Cart1 (13) and 
tumor suppressor gene p53 (14) which were estimated 
to have a role in apoptosis and neural tube were found 
to be regulated by hypoxia. Studies have shown that 
hypoxia is effective in normal embryonic development 
by causing changes also in gene expression. Mouse 

embryos with homozygous Hif-1α mutations could not 
survive and were found to have NTDs and cardiovas-
cular anomalies (6,8). Studies have indicated that HIF 
activity should be induced by hypoxia for embryo and 
placental development (15,16). Moreover, antisense in-
hibition of Hif-1 in villus explants has been shown to 
downregulate TGF-β3 mRNA expression (17). A study 
carried out in the TGF-β3 knock out mice revealed that 
these mice had cleft lip/palate, NTD, and delayed lung 
development (18). TGF-β3 has also been shown to have 
effects on collagen, glycosaminoglycan and hyaluronan 
expression, which play an important role in neural tube 
closure (19).

Undesirable conditions that lead to hypoxia on pla-
centa and embryo may be caused by the maternal side of 
the placenta or the fetal side of the placenta. There are 
very limited publications about the hypoxic complica-
tions that can be considered as negative, if they caused 
by the fetus along with maternal factors. Theoretically, 
both maternal and fetal hypoxia and thrombophilia may 
be thought to increase complications. In this study, we 
aimed to understand the role of polymorphic structures 
of TGF-β3 and Hif-1α in the development of NTD by 
studying the polymorphism of TGF-β3 IVS5+104 A/G 
SfaN1 polymorphism and Hif-1α Pro582Ser polymor-
phism. TGF-β3 IVS5+104 A/G SfaN1 polymorphism 
plays an important role in the degradation of Hif-1α 
which has importance in hypoxia.

Materials and Methods

A total of 68 patients with NTDs and their mothers 
were included in the study. This study was approved by 
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the Ethics Committee of the Dicle University Medical 
Faculty, Diyarbakır, Turkey. All parents provided in-
formed consent before the blood test was performed. 
Control group consisted of 78 healthy individuals and 
mothers with no family history of NTD or other con-
genital disorders.

All subjects underwent peripheral blood sampling 
for genotype analyses. Genomic DNA was extracted 
from peripheral blood by DNA isolation kit (Bio Baisc 
Inc., EZ-10 Spin Column Genomic DNA Kit for Blood 
Samples; Ontario, Canada). The oligonucleotide prim-
ers for SNPs were selected from a previous study 
(20,21) and optimized for appropriate PCR conditions 
in our laboratory. Genotyping was performed by the 
restriction enzyme digestion of amplicons according 
to protocols provided by the supplier of the enzymes. 
SNPs, oligonucleotide primers and restriction enzymes 
are given in Table 1. Fragments digested by restriction 
enzymes were monitored in agarose gels in concentra-
tions between of 2% to 3%.

Statistical Analysis
Descriptive statistics were expressed as count and 

percent. Chi-square test was used to test the significance 
of the distribution of mutations between patients and 
control groups. Statistical significance levels were con-
sidered as 0,05 and SPSS (ver. 13) statistical program 
was used for all statistical computations.

Results

In this study, we investigated the polymorphism of 
the Hif-1α which substitutes the Proline amino acid 
to Serine amino acid and SfaN site polymorphism of 
TGF-β3 in children with NTDs. We also decided to 
assess the effects of these polymorphisms in the intra-
uterine stage and we included mothers in the study. For 

this purpose, allele frequencies obtained from cases 
and mothers compared with healthy control individu-
als and their mothers. According to the results obtained 
from Hif-1α, there was a statistical difference between 
the comparison of allele frequencies of children with 
NTD and healthy control. In genotype comparisons, 
the p-value was found to be slightly higher than 0.05. 
We have not found any difference in the comparison be-
tween mothers of children with NTD and mothers of 
healthy controls both in genotype and allele frequen-
cies. The results are shown in Table 2.

In this study, we also evaluate the SfaN site 
(IVS5+104 A/G) polymorphism of TGF-β3 which is 
thought to be related to the HIF1 pathway in NTDs. We 
found statistical differences in genotype and allele com-
parisons of children with NTDs and healthy controls. 
We have not found any difference between comparisons 
of mothers. Results are shown in Table 3.

Discussion

The response to changes in oxygen concentration 
may either be to adapt to the reduced oxygen concentra-
tion or to prefer less reliable alternative pathways. In 
hypoxia adaptation; changes in gene expression, meta-
bolic function and ion channel activation are realized. 
All these are necessary for the survival of the cell. The 
ability of the cell to respond to changes in oxygen pres-
sure depends on the activation of a transcription family 
known as Hypoxia-Inducible Factors (HIFs) (22).

HIF protein is first identified as the hypoxically re-
sponsive element (HRE) on the enhancer 3 of the eryth-
ropoietin gene (23). Subsequent studies have shown that 
the HIF protein is regulated by cell oxygen concentra-
tion and these proteins bind to DNA under hypoxic con-
ditions (24). HIF proteins are continuously synthesized 
in the cell but rapidly degraded by von Hippel Lindau 

SNPs Primer Pairs Restriction endonuclease

Hif-1α rs11549465
1772 C/T

F 5’-TGTGGCCATTGTAAAAACTCA
Bsl1

R 5’-CTTGCGGAACTGCcTTCTAA

TGF-β3 IVS5+104A/G
F 5’TGTCACTTTCCTTCCCTTCTTC

SfaN1
R 5’TTCTTCCTGGAGATGTTTG

Table 1. Studied SNPs, primer pairs and restriction enzymes.

Genotypes Case 
n=68

Controls 
n=78

Genotype frequencies of 
case %

Genotype frequencies of 
control % χ2 p

Hif-1α 

C1772T

Children

CC 44 64 64.7 82.0
7.323 0.063CT 24 13 35.3 16.7

TT 0 1 0.0 1.2
Alleles

C 112 141 OR (95% CI)
4.05 0.044

T 24 15 2,0143 (1,0091-4,0206)
Genotypes 

Hif-1α 

C1772T

Mothers

CC 48 64 70.6 82.0
1.105 0.128CT 20 13 29.4 16.7

TT 0 1 0.0 1.2
Alleles

C 116 141 OR (95% CI)
1.78 0.182

T 20 15 1,6207 (0,7943-3,3068)

Table 2. Results of Hif-1α C1772T (Pro582Ser) polymorphism in children and mothers.
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clearly. In this study, we found statistical differences in 
the substitution of TGF-β3 IVS5+104 A/G in both gen-
otype and allele distribution in comparisons of children 
with NTDs to healthy individuals. This situation which 
we have identified in children has not been determined 
in mothers' comparisons.

Various studies have suggested that TGF-β3 is im-
portant in controlling the expressions of glycosami-
noglycan, hyaluronan, and collagen, which have been 
shown to play an important role in the development of 
the extracellular matrix. It is not clear how the TGF-β3 
IVS5+104 A/G polymorphism affects the expression 
of TGF-β3, the life-span of the protein, or other func-
tions of TGF-β3. The result obtained from children with 
NTDs suggests that this polymorphism may play an im-
portant role in the function of TGF-β3.

In conclusion, in this study we conducted in chil-
dren with NTDs and mothers; we observed that Hif-1α 
Pro582Ser and TGF-β3 IVS5+104 A/G polymorphisms 
are important in children with NTD. We have not seen 
any statistical difference in mothers for both polymor-
phisms. Studying with a larger group of subjects and 
identifying how TGF-β3 IVS5+104 A/G affects TGF-β3 
and its functions will contribute to the role of these poly-
morphic structures in neural tube development.

Acknowledgments
The authors would like to thank the Dicle University 
Medical Sciences Application and Research Center; 
DUSAM for their kind contributions.

Conflicts of Interest
There is no any conflict of interest.

Author’s contribution
İbrahim Halil Yıldırım and Nadir Koçak conceived of 
the presented idea together and carried out all the stage 
of this study together. Both authors discussed the results 
and contributed to the final manuscript.

References 

1. Zaganjor I, Sekkarie A, Tsang BL, Williams J, Razzaghi H, 
Mulinare J, et al. Describing the prevalence of neural tube defects 
worldwide: a systematic literatüre review. PLoS One. 2016; 11(4): 

protein (pVHL) via the ubiquitin-proteasome system in 
the presence of high oxygen concentration (25,26). The 
pVHL protein carries out this function by binding to the 
amino acids in the N-terminal Transactivation Domain 
(NTAD) region of the Hif-1α (27). In this study, we tried 
to reveal the frequency of Pro582Ser polymorphism, 
which causes the change of Serine amino acid to Proline 
in the NTAD region of Hif-1α protein. A statistical dif-
ference in the allele comparison of children with NTDs 
and healthy children was observed. However, in geno-
type comparisons, the p value was found to be slightly 
higher than 0.05. When the results from the allele com-
parison and the genotypes are evaluated together, it may 
be thought that if the number of subjects increased, 
statistical differences can be seen in the comparison 
of genotypes. In this study, Pro582Ser polymorphism 
of Hif-1α was also studied in mothers of children with 
NTDs. Unlike the results obtained from children, we 
observed that there was no statistical difference in al-
lelic comparison and genotype comparisons of mothers.

In the case of Hif-1α protein cannot be degraded by 
pVHL protein due to the change of Proline amino acids 
in the NTAD domain of Hif-1α, collagen synthesis is 
downregulated. In a study conducted by Hosper et al., it 
was shown that collagen synthesis decreased in amniotic 
cells obtained from the NTD embryos (28). Hif-1α pro-
tein may cause to the reduce of collagen synthesis, when 
undegraded by binding pVHL. As mentioned above, the 
pVHL protein binds to the amino acids Proline in the 
NTAD domain of the Hif-1α, delivering the Hif-1α to 
the ubiquitin pathway, thus may be affecting collagen 
synthesis. Collagen is one of the most important com-
ponents of the extracellular matrix, and the decrease in 
its expression leads to a lack of healthy development in 
many tissues, including the neural tube closure.

In this study, TGF-β3 IVS5+104 A/G polymorphism 
was also studied in children with NTDs and mothers. 
It has been shown that TGF-β3 plays a vital role in tro-
phoblastic differentiation due to the effect of hypoxia 
and it was overexpressed in preeclamptic placenta (29). 
Besides, antisense inhibition of HIF-1 has been shown 
to downregulate TGF-β3 mRNA expression in villus 
explants (17). Although TGF-β3 is important in tro-
phoblastic differentiation, the molecular mechanism of 
activating TGF-β3 via hypoxia/HIF-1 is not indicated 

Genotypes Case 
n=65

Controls 
n=68

Genotype frequen-
cies of case %

Genotype frequen-
cies of control % χ2 p

TGF-β3 
IVS5+104 
A/G Children

AA 33 48 50.7 70.6
7.367 0.025AG 29 20 44.6 29.4

GG 3 0 4.7 0.0
Alleles

A 95 116 OR (95% CI)
6.049 0.0139

G 35 20 2.1368 (1.1579-3.9433)
Genotypes 

TGF-β3 
IVS5+104 
A/G Mothers

AA 42 42 64.6 61.8
2.466 0.291AG 21 26 32.3 38.2

GG 2 0 3.1 0.0
Alleles

A 105 110 OR (95% CI)
0.001 0.975

G 25 26 1.0073 (0.547-1.8552)

Table 3. Results of TGF-β3 IVS5+104 A/G SfaN site polymorphism in children and mothers.



93

Polymorphisms of Hif-1α and TGF-β3 in NTDs.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 15 

İbrahim Halil Yildirim and Nadir Koçak

e0151586.
2. Imbard A, Benoist JF and Blom HJ. Neural tube defects, folic acid 
and methylation, Int J Environ Public Health. 2013; 10(9):4352-89.
3. Finell RH, Greer KA. Barber RC, Piedrahita JA, Shaw GM, Lam-
mer EJ. Neural tube and craniofacial defects with special emphasis 
on folate pathway genes. Crit Rev Oral Biol med 1998; 9:38-53.
4. Harris Mj. Why are the genes that cause risk of human neural tube 
defects so hard to find ? Teratology 2001; 63:165-166.
5. Shaw GM, Lammer EJ, Zhu H, Baker MW, Neri E, Finell RH. 
Maternal periconceptional vitamine use, genetic variation of infant 
reduced folate carrier (A80G), and risk of spina bifida. Am J Med 
Genet 2002: 108:1-6.
6. Iyer NV, Kotch LE, Agani F, Leung SW, Laughner E, Wenger 
RH, et al. Cellular and developmental control of O2 homeostasis 
by hypoxia- inducible factor 1lphaa. Genes Dev 1998; 12:149–162.
7. Morriss GM, New DA. Effect of oxygen concentration on mor-
phogenesis of cranial neural folds and neural crest in cultured rat 
embryos. J Embryol Exp Morphol 1979; 54:17–35.
8. Ryan HE, Lo J, Johnson RS. HIF-1a is required for solid tumor 
formation and embryonic vascularization. EMBO J 1998; 17:3005–
15.
9. Weil M, Jacobson MD, Raff MC. Is programmed cell death requi-
red for neural tube closure? Curr Biol 1997; 7:281–284.
10. Phelan SA, Ito M, Loeken MR. Neural tube defets in embryos of 
diabetic mice: role of the Pax-3 gene and apoptosis. Diabetes 1997; 
46:1189–97.
11. Harris MJ, Juriloff DM. Genetic landmarks for defects in Mouse 
neural tube closure. Teratology 1997; 56:177–187.
12. Berk M, Desai SY, Heyman HC, Colmenares C. Mice lacking 
the ski proto-oncogene have defects in neurulation, craniofacial, 
patterning, and skeletal muscle development. Genes Dev 1997; 
11:2029–39.
13. Zhao Q, Behringer RR, de Crombrugghe B. Prenatal folic acid 
treatment suppresses acrania and meroanencephaly in mice mutant 
for the Cart1 homeobox gene. Nat Genet 1996; 13:275–283.
14. Sah VP, Attardi LD, Mulligan GJ, Williams BO, Bronson RT, 
Jacks T. A subset of p53-deficient embryos exhibits exencephaly. 
Nat Genet 1995; 10:175–180.
15. Kozak KR, Abbott B, Hankinson O. ARNT-deficient mice and 
placental differentiation. Dev Biol 1997; 191:297–305.
16. Wenger RH, Gassmann M. Oxygen(es) and the hypoxiainducible 
factor-1. Biol Chem 1997; 378:609–616.
17. Caniggia I, Mostachfi H, Winter J, Gassmann M, Lye SJ, Ku-
liszewski M, et al.. Hypoxia-inducible factor-1 mediates the biolo-

gical effects of oxygen on human trophoblast differentiation through 
TGF- β3. J Clin Invest 2000; 105:577–587.
18. Kaartien V, Voncken JW, Shuler C, Warburton D, Bu D, Heister-
kamp N,  et al. Abnormal lung development and cleft palate in mice 
lacking TGF-beta3 indicates defects of epithelial-mesenchymal inte-
raction. Nat gen 1995; 11:415-421.
19. Nikitovic D, Zafiropoulos A, Katonis P, Tsatsakis A, Theocha-
ris AD, Karamanos NK, et al. Transforming growth factor- β3 as a 
key molecule triggering the expression of versican isoforms V0 and 
V1, hyaluronan synthase-2 and synthesis of hyaluronan in malignant 
osteosarcoma cells. IUBMB Life 2006; 58:47-53.
20. Fransen K, Fenech M, Fredrikson M, Dabrosin C, Söderkvist P. 
Association between ulcerative growth and hypoxia inducible fac-
tor-1alpha polymorphisms in colorectal cancer patients. Mol Carci-
nog. 2006; 45:833-840.
21. Kim MH, Kim HJ, Choi JY, Nahm DS, Transforming frowth 
factor- β3 gene SfaN1 polymorphism in Korean nonsyndromic cleft 
lip and palate patients. J Biochem Mol Biol. 2003; 36:533-537.
22. Semenza GL. Expression of hypoxia-inducible factor 1: mecha-
nisms and consequences. Biochem. Pharmacol. 2000; 59:47–53.
23. Semenza GL, Wang GL. A nuclear factor induced by hypoxia via 
de novo protein synthesis binds to the human erythropoietin gene at 
a site required for transcriptional activation. Mol. Cell. Biol. 1992; 
12:5447–54.
24. Wang GL, Semenza GL, Characterization of hypoxia-inducible 
factor 1 and regulation of DNA binding activity by hypoxia. J Biol 
Chem. 1993; 268(29):21513-18.
25. Bruick RK, McKnight SL,  A conserved family of prolyl-4-hy-
droxylases that modify HIF. Science 2001; 294:1337–40.
26. Lando D, Peet DJ, Whelan DA, Gorman JJ, Whitelaw ML. Aspa-
ragine hydroxylation of the HIF transactivation domain: a hypoxic 
switch. Science 2002; 295; 858–861.
27. Tanimoto K, Yoshiga K, Eguchi H, Kaneyasu M, Ukon K, 
Kumazaki T, et al. Hypoxia-inducible factor-1α polymorphisms 
associated with enhanced transactivation capacity, implying clinical 
significance. Carcinogenesis, 2003; 24:1779-83.
28. Hosper NA, Bank R, van den Berg P, Human amniotic fluid-
derived mesenchymal cells from fetuses with a NTD do not depo-
sit collagen type I protein after TGF-beta stimulation in vitro, Stem 
Cells Dev. 2014; 23:555-562.
29. Caniggia I, Grisaru-Gravnosky S, Kuliszewsky M, Post M, Lye 
SJ. Inhibition of TGF-β3 restores the invasive capability of extravil-
lous trophoblasts in preeclamptic pregnancies. J Clin Invest 1999; 
103):1641–50.


