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Abstract
Objective: To compare single nucleotide polymorphisms (SNPs) in the 3′-untranslated region (3′UTR) of human
leukocyte antigen (HLA)-G in placentas between spontaneous preterm birth and preeclampsia pregnancies.
Results: Placental samples matched for gestational age were obtained from 20 cases of spontaneous preterm births
and 19 cases of preeclampsia. Genomic deoxyribonucleic acid was extracted from placenta tissue and the 3′UTR
region of HLA-G was amplified via polymerase chain reaction. Nine SNPs were analyzed by direct Sanger sequencing.
There was no significant difference in gestational age at delivery or birth weight between two groups. And there were
no significant differences in the allele and phenotype frequencies between two groups.
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Introduction
Preterm births and preeclampsia (PE) are the major complications that contribute to morbidities during pregnancy; however, its pathophysiology has not been clearly
identified. Immunological maladaptation in the maternal–fetal interface has accounted for the pathogenesis of
adverse pregnancy outcomes, including PE, intrauterine
growth restrictions, spontaneous preterm births, and
congenital infections [1]. The human leukocyte antigen
(HLA) system is a major histocompatibility complex
(MHC) protein in humans. Among the HLA antigens,
the human leukocyte antigen-G (HLA-G) antigen is
expressed only in humans and has a proposed role in
protecting the extravillous trophoblast from the maternal immune system [2, 3]. In addition, several researchers have reported that reduced expression of HLA-G
is linked to PE [4–8], and the HLA-G protein has been
reported to be linked to spontaneous preterm birth and
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intra-amniotic inflammation or infections [9, 10]. Single
nucleotide polymorphisms (SNPs) are the most common
type of genetic variations and are defined by at least two
variants, one of which is present at a frequency greater
than 1% [11, 12]. Recently, associations between preeclampsia and SNPs in the 3′ untranslated region (3′UTR)
of HLA-G have been observed [13]. However, these studies only compared placentas from cases of preeclampsia
and normal full term pregnancies without consideration
of gestational age at delivery. Therefore, the aim of the
present study was to compare SNPs in the 3′UTR of the
HLA-G between pregnancies complicated with spontaneous preterm births and those with preeclampsia in gestational age matched placentas.

Main text
Methods
Tissue collection

We collected placental samples from 20 cases with spontaneous preterm births and 19 cases of preeclampsia.
The placental samples 1 cm × 1 cm in size were aseptically obtained from the fetal side and kept in a frozen
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state (− 70 °C). In all cases of preeclampsia in this study,
the patients had blood pressures ≥ 140/90 mmHg, dipstick protein ≥ 1+/4+, or 24-h urine protein ≥ 300 mg/
dl. For gestational age matching, cases of spontaneous
preterm birth were selected with a similar gestational age
at delivery for each case of preeclampsia. The indications
for delivery in preterm birth group included preterm
labor and preterm premature rupture of the membranes
without other maternal or fetal indications. All pregnant women enrolled in this study gave written informed
consent before participation. This study was approved
by the Institutional Review Board (IRB) of Kyungpook
National University, Daegu, South Korea (IRB File No:
2016-07-005).
Deoxyribo nucleic acid (DNA) extraction

Genomic DNA was extracted from placenta tissue, using
the Qiagen QIAamp Fast DNA tissue Kit (Qiagen, Valencia, CA, USA). DNA concentration was determined
using a NanoDrop ND-1000 spectrophotometer(Thermo
Fisher Scientific, Wilmington, DE) and purity was
assessed based on the 260/280 nm absorbance ratio from
1.7 to 2.1.
Polymerase chain reaction (PCR) and PCR product
purification

Nine SNPs in the 3′UTR of HLA-G that were previously
described [13] were evaluated in this study as follows;
rs371194629, rs1707, rs1710, rs17179101, rs17179108,
rs1063320, rs9380142, rs1610696, rs1233331. The DNA
sequences including the 3′UTR region of HLA-G were
amplified via PCR in a final reaction volume of 50 μl,
using the Multiplex PCR Master Mix (Qiagen, Valencia,
CA, USA) and 10 pmol of each primeralong with 100 ng
of genomic DNA using SimpliAmp™ Thermal Cycler(Life
Technologies, Carlsbad, CA, USA). Size of PCR amplicon
was 526 bp. The PCR parameters were as follows: initial
denaturation of 95 °C for 15 min, followed by 35 cycles
of 94 °C for 30 s, 60 °C for 90 s, 72 °C for 40 s, and a final
extension of 72 °C for 10 min. Amplified PCR products
were purified using the GeneAll expin Kit (GeneALL Biotechnology, Seoul, Korea.).
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Statistical analysis

The Hardy–Weinberg (HW) equilibrium and Chi square
test were used to verify the significance of differences in
the genotypic data and allelic frequencies between two
groups. Chi square test was two-sided test and statistical significance was defined when p value was lower than
0.05. The Haploview software (V 4.2) was employed to
perform the linkage disequilibrium (LD) and haplotype
analysis among nine of the genotyped SNPs. LD patterns
were constructed using an algorithm designed by Gabriel
et al. [14] with a minor allel frequency (MAF) of ≥ 1%.
Results

The clinical characteristics of women with spontaneous preterm subjects and PE are listed in Table 1. There
were no significant differences between the two groups
in terms of gestational age at delivery and birth weight
(32.8 ± 4.8 vs. 33.3 ± 4.4, p = 0.74, 2.19 ± 0.9 vs. 1.80 ± 0.8,
p = 0.17). Haploview showed the genotype distributions
were in HW equilibrium except rs17179101 in pregnancies without preeclampsia. The allele frequencies of all
the SNPs did not show any statistical differences between
the two groups (Table 2). Furthermore, there were no statistical differences between the control group and cases
of PE in terms of genotype frequencies for all nine SNPs
(Table 3).
Discussion

In this study, we compared nine SNPs in the 3′UTR
region of HLA-G between spontaneous preterm birth
and preeclampsia in gestational age matched placentas.
And we found that there were no differences in allelic
frequencies and genotypic distributions between the
two groups. HLA-G has been reported to contribute to
maternal immune tolerance at the maternal–fetal interface through natural killer cell receptors by blocking their
cytotoxic effect [1]. Previously, SNPs in the 3′UTR region
of HLA-G have been evaluated in terms of preeclampsia

Table 1 Clinical characteristics of the subjects included
in this study
Spontaneous
preterm birth
(n = 20)

Genotyping by Sanger sequencing

Sanger sequencing was performed using the BigDye Terminator V 3.1 Cycle Sequencing Kit (Applied Biosystems,
USA). Sequencing results were compared with reference
sequences
(HLA-G/NM_002127/ENSG00000204632/
ENST00000428701.5), using the alignment program
BLAST V2.5.0 of NCBI. The positions of nine SNP
were manually compared using CodonCode Aligner
V.5.1.5(CodonCode Corporation, Centerville, MA, USA).

Agea (year)
GADa (day)
Nulliparity (%)
Birth Weighta (kg)

32.9 ± 3.8

32.8 ± 4.8

PE (n = 19)

33.7 ± 4.4

33.3 ± 4.4

p value

0.53
0.74

11 (57.9)

6 (30.0)

0.08

2.19 ± 0.9

1.80 ± 0.8

0.17

T test and Chi square test, both two-sided, was used to analyze the data and
statistical significance was defined when p value was lower than 0.05
PE preeclampsia
a

Mean ± standard deviation; GAD, gestational age at delivery
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Table 2 Allele frequencies of the polymorphisms studied
Spontaneous preterm
birth

PE

n

n

%

p value

Table 3 Genotype frequencies of the polymorphisms
studied
Spontaneous PE
preterm birth

%

n

%

n

%

del/del

14

70

13

68.4

ATTT TGT TCATGCGT/ATT

1

5

1

5.3

del/ATTT TGT TCATGCGT

5

25

5

26.3

T/T

18

90

19

100

C/C

–

–

–

–

T/C

2

10

–

–

C/C

9

45

9

47.4

G/G

5

25

2

10.5

C/G

6

30

18

42.1

C/C

18

90

18

94.7

A/A

1

5

–

–

C/A

1

5

1

5.3

rs371194629
del

33

82.5

31

81.6

ATTT TGT TC
ATGCGT

7

17.5

7

18.4

0.916

rs1707
T

38

95.0

38

100

C

2

5.0

0

–

0.494

rs1710
C

24

60.0

26

68.4

G

16

40.0

12

31.6

C

37

92.5

36

94.7

A

3

7.5

2

5.3

0.438

p value

rs371194629
0.994

rs1707
0.487

rs1710

rs17179101
1.000

rs17179108

0.461

rs17179101

C

35

87.5

36

94.7

T

5

12.5

2

5.3

G

24

60.0

27

71.1

C

16

40.0

11

28.9

0.432

rs1063320
0.305

rs9380142
A

24

65.0

27

71.1

G

16

35.0

11

28.9

C

38

95.0

33

86.8

G

2

5.0

5

13.2

0.567

0.614

rs17179108
C/C

16

80

18

94.7

T/T

3

15

–

–

C/T

1

5

1

5.3

G/G

9

45

8

42.1

C/C

5

25

11

5.3

G/C

6

30

0

52.6

A/A

10

50

9

47.4

G/G

4

20

1

5.3

A/G

6

30

9

47.4

C/C

18

90

15

78.9

G/G

–

–

1

5.3

C/G

2

10

3

15.8

G/G

20

100

19

100

A/A

–

–

–

–

0.547

rs1063320

rs1610696
0.257

rs1233331

0.157

rs9380142

G

40

100

40

100

A

0

–

0

–

–

Chi square test, both two-sided, was used to analyze the data and statistical
significance was defined when p value was lower than 0.05
PE preeclampsia

pathophysiology, which showed diverse results [15–20].
Among the nine variations, no statistically significant differences have been shown in genotype distributions for
rs1610696, rs1707, rs1710, rs17179101, rs17179108, and
rs1233331 between the control subjects and cases of PE
[16]. In contrast, the distribution of the A or G allele of
rs9380142 and the C or G allele of rs1063320 was found
to be different between the control subjects and cases of
PE [16, 20]. In particular, rs1704 has been analyzed in
several studies [15–19, 21], which showed the presence
of a 14-bp insertion that was significantly higher in cases
of PE [16, 19, 21]. Recently, Quach et al. suggested that a
pair of alleles in the 3′UTR of HLA-G (rs17179101 C/C
allele and rs938021 G/G) may play a role in the pathophysiology of PE [13].

0.297

rs1610696
0.485

rs1233331
–

Chi square test, both two-sided, was used to analyze the data and statistical
significance was defined when p value was lower than 0.05
PE preeclampsia

Furthermore, HLA-G has been investigated with
regards to preterm birth or intraamniotic inflammations/
infections. Soluble HLA-G (sHLA-G) has been detected
in both the maternal serum/plasma and amniotic fluid,
and its concentrations are influenced by the gestational
age and several maternal or fetal complications, including fetal gender, fetal neural tube defect, intraamniotic
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inflammations/infections, and preeclampsia [7, 9, 22–24].
Kusanovic et al. investigated sHLA-G in amniotic fluid
and found that it was elevated in preterm parturition and
associated with intraamniotic inflammation/infection [9].
Additionally, higher vaginal and maternal serum concentration of sHLA-G in cases of preterm premature rupture
of membranes may be associated with local or systemic
inflammation [24]. Interestingly, the concentration of
maternally circulating sHLA-G are significantly lower
in patients with PE even before its manifestation [7, 23,
24]. Likewise, it is well known that HLA-G is involved in
the pathophysiology of spontaneous preterm labor and
PE; however, studies on HLA-G in spontaneous preterm
birth have mainly investigated sHLA-G only, not the
3′UTR in HLA-G. Therefore, our study was meaningful
because we analyzed and compared SNPs in the 3′UTR
of HLA-G between placentas with spontaneous preterm birth and those with preeclampsia. In addition, we
matched the gestational age at delivery, and the results
showed similar birth weights between the two groups.
Previous studies only compared HLA-G in the placentas
from cases of PE versus normal term pregnancy and PE.
In conclusion, we found that there were no significant
differences in the SNPs in the 3′UTR of HLA-G between
spontaneous preterm birth and PE. Further studies with a
larger cohort are warranted.

Limitations
The presented data is limited by sample size. For gestational age matching, we did not compare preeclampsia with normal pregnancy, but compared spontaneous
preterm birth with preeclampsia due to gestational age
matching.
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HLA-G: human leukocyte antigen-G; SNP: single nucleotide polymorphisms;
3′UTR: 3′-untranslated region; PCR: polymerase chain reaction; PE: preeclamp‑
sia; MHC: major histocompatibility complex.
Authors’ contributions
CHH, LJY, KHM, KMJ, and SWJ participated in the patient’s enrollment. CHH
was responsible for the design of the study, the acquisition, analysis, and inter‑
pretation of data; and drafting and revising the study. JYL was responsible for
the drafting and revising the manuscript. WJS contributed to study concept
and design. All authors read and approved the final manuscript.
Acknowledgements
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Availability of data and materials
All data generated or analyzed in this study are included in this published.
Consent for publication
Not applicable.

Page 4 of 5

Ethical approval and consent to participate
This study was approved by the Institutional Review Board (IRB) of Kyung‑
pook National University, Daegu, South Korea (IRB File No: 2016-07-005). We
obtained written informed consent from all participants. The biospecimens for
this study were provided by National Biobank of Korea-Kyungpook National
University Hospital (KNUH), which is supported by the Ministry of Health, Wel‑
fare and affairs. All materials derived from the National Biobank of Korea-KNUH
were obtained (with informed consent) under institutional review board
(IRB)-approved protocols.
Funding
This research was supported by Kyungpook National University research fund,
2013.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.
Received: 27 December 2017 Accepted: 7 March 2018

References
1. Erlebacher A. Immunology of the maternal-fetal interface. Annu Rev
Immunol. 2013;31:387–411.
2. Amodio G, Mugione A, Sanchez AM, Vigano Candiani M, Somigliana E,
et al. HLA-G expressing DC-10 and CD4(+) T cells accumulate in human
decidua during pregnancy. Hum Immunol. 2013;74:406–11.
3. Apps R, Sharkey A, Gardner L, Male V, Kennedy P, Masters L, et al. Ex vivo
functional responses to HLA-G differ between blood and decidual NK
cells. Mol Hum Reprod. 2011;17:577–86.
4. Goldman-Wohl DS, Ariel I, Greenfield C, Hanoch J, Yagel S. HLA-G expres‑
sion in extravillous trophoblasts is an intrinsic property of cell differen‑
tiation: a lession learned from ectopic pregnancies. Mol Hum Reprod.
2000;6:535–40.
5. Colbern GT, Chiang MH, Main EK. Expression of the nonclassic histocom‑
patibility antigen HLA-G by preeclamptic placenta. Am J Obstet Gynecol.
1994;170:1244–50.
6. Goldman-Wohl DS, Ariel I, Greenfield C, Hochner-Celnikier D, Cross J,
Fisher S, et al. Lack of human leukocyte antigen-G expression in extravil‑
lous trophoblasts is associated with pre-eclampsia. Mol Hum Reprod.
2000;6:88–95.
7. Yie SM, Li LH, Li YM, Librach C. HLA-G protein concentrations in maternal
serum and placental tissue are decreased in preeclampsia. Am J Obstet
Gynecol. 2004;191:525–9.
8. Rizzo R, Andersen AS, Lassen MR, Sorensen HC, Bergholt T, Larsen MH,
et al. Soluble human leukocyte antigen-G isoforms in maternal plasma in
early and late pregnancy. Am J Reprod Immunol. 2009;62:320–8.
9. Kusanovic JP, Romero R, Jodicke C, Mazaki-Tovi S, Vaisbuch E, Erez O, et al.
Amniotic fluid soluble human leukocyte antigen-G in term and preterm
parturition, and intra-amniotic infection/inflammation. J Matern Fetal
Neonatal Med. 2009;22:1151–66.
10. Datema G, van Meir CA, Kanhai HH, van den Elsen PJ. Pre-term birth and
severe pre-eclampsia are not associated with altered expression of HLA
on Human trophoblast. Am J Reprod Immunol. 2003;49:193–201.
11. Ahmadian A, Gharizadeh B, Gustafsson AC, Sterky F, Nyren P, Uhlen M,
et al. Single-nucleotide polymorphism analysis by pyrosequencing. Anal
Biochem. 2000;280:103–10.
12. Wang DG, Fan JB, Berno A, Young P, Sapolsky R, Ghandour G, et al. Largescale identification, mapping, and genotyping of single-nucleotide
polymorphisms in the human genome. Science. 1998;280:1077–82.
13. Quach K, Grover SA, Kenigsberg S, Librach CL. A combination of single
nucleotide polymorphisms in the 3′untranslated region of HLA-G is
associated with preeclampsia. Hum Immunol. 2014;75:1163–70.
14. Gabriel SB, Schaffner SF, Nguyen H, Moore JM, Roy J, Blumenstiel B,
et al. The structure of haplotype blocks in the human genome. Science.
2002;296:2225–9.

Lee et al. BMC Res Notes (2018) 11:176

15. Hylenius A, Andersen AM, Melvye M, Hviid TV. Association between
HLA-G genotype and risk of pre-eclampsia: a case-control study using
family triads. Mol Hum Reprod. 2004;10:237–46.
16. Larsen MH, Hylenius S, Andersern AM. HViid TV. The 3′-untranslated
region of the HLA-G gene in relation to pre-eclampsia: revisted. Tissue
Antigens. 2010;75:253–61.
17. Humphrey KE, Harrison GA, Cooper DW, Wilton AN, Brennecke SP,
Trudinger BJ. HLA-G deletion polymorphism and pre-eclampsia/eclamp‑
sia. Br J Obstet Gynaecol. 1995;102:707–10.
18. Iversen AC, Nguyen OT, Tommerdal LF, Eide IP, Landsem VM, Acar N, et al.
The HLA-G 14 bp gene polymorphism and decidual HLA-G 14 bp gene
expression in pre-eclamptic and normal pregnancies. J Reprod Immunol.
2008;78:158–65.
19. O’Brien M, McCarthy T, Jenkins D, Paul P, Dausset J, Carosella ED, et al.
Altered HLA-G transcription in pre-eclampsia is associated with allele
specific inheritance: possible role of the HLA-G gene in susceptiblity to
the disease. Cell Mol Life Sci. 2001;58:1943–9.

Page 5 of 5

20. Yie SM, Li LH, Xia R, Librach CL. A single base-pair mutation in the
3′-untranslated region of HLA-G mRNA is associated with preeclampsia.
Mol Hum Reprod. 2008;14:649–53.
21. Moreau P, Contu L, Alba F, Lai S, Simoes R, Orru S, et al. HLA-G gene poly‑
morphism in human placentas: possible association of G*0106 allele with
preeclampsi and miscarriage. Biol Reprod. 2008;79:459–67.
22. Beneventi F, Locatelli E, De Amici M, et al. Soluble HLA-G concentra‑
tions in maternal blood and cervical vaginal fluid of pregnant women
with preterm premature rupture of membranes. J Reprod Immunol.
2016;116:76–80.
23. Hackmon R, Koifman A, Hyodo H, Glickman H, Sheiner E, Geraghty DE.
Reduced third-trimester levels of soluble human leukocyte antigen G
protein in severe preeclampsia. Am J Obstet Gynecol. 2007;197(255):e1–5.
24. Yie SM, Taylor RN, Librach C. Low plasma HLA-G protein concentrations
in early gestation indicate the development of preeclampsia later in
pregnancy. Am J Obstet Gynecol. 2005;193:204–8.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

