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Abstract 
Background: Human leukocyte antigen-G (HLA-G) is a non-classical class I 
molecule highly expressed by extravillous cytotrophoblast cells. Due to a single base 
pair deletion, its function can be compensated by other isoforms. Investigating the 
frequency of null allele in Recurrent Miscarriage (RM) subjects could be useful in 
understanding the relationship between frequency of this allele and RM in a given 
population. 
Objective: This study aimed to determine the frequency of HLA-G*0105N null 
allele and its potential association with down-regulation of HLA-G in subjects with 
RM.  
Materials and Methods: Western blotting was used to assess the level of HLA-G 
protein expression. For investigating the frequency of HLA-G*0105N null allele in 
RM subjects, PCR-RFLP method was used. Exon 3 of HLA-G gene was amplified 
by polymerase chain reaction (PCR). Subsequently, PpuM-1 enzyme was employed 
to digest the PCR products and fragments were analyzed using gel electrophoresis. 
Results: Digestion using restriction enzyme showed the presence of heterozygous 
HLA-G*0105N null allele in 10% of the test population. Western blotting results 
confirmed the decrease in expression of HLA-G in the placental tissue of subjects 
with RM compared to subjects who could give normal birth. 
Conclusion: The frequency of heterozygous HLA-G*0105N null allele was high to 
some extent in subjects with RM. The mutation rate in subjects suggested that there 
is a significant association between RM and frequency of mutations in this allele. 
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Introduction 

 
uman leukocyte antigen-G (HLA-G) 
is known to have an essential role in 
protecting semi-allogeneic fetus 

against maternal immune responses and is a 
non-classical tissue specific class I molecule 
which is highly expressed on extra villous 
cytotrophoblast cells (1, 2). HLA-G is located 
in the major histocompatibility complex (MHC) 
at 6p21.3, which is one of the most 
polymorphic regions within human genome 
(3). Although classical HLA-G class I 
molecules polymorphism is centralized around 
the peptide binding groove, the HLA-G 
polymorphism is usually located between the 
α1, α2 and α3 domains (4).  

The HLA-G gene undergoes alternative 
splicing, resulting in production of four 
membrane-bound (HLA-G1_G4) and three 

soluble (HLA-G5_G7) proteins. Both 
membrane-bound and soluble isoforms of 
HLA-G have the capability to inhibit NK cell 
and antigen-specific T cell cytotoxicity and 
cells also to block the proliferation of 
allogeneic T cells, as shown by functional 
assays. Furthermore, soluble HLA-G isoforms 
can promote apoptosis of NK and activated 
CD8P

+
P T cells (5-11).  

Being mainly expressed on invasive 
trophoblastic cells, HLA-G is the most 
important factor in maternal-fetal immune 
tolerance. The HLA-G gene contains 15 
alleles, including the HLA-G*0105N null allele 
which presents a single base pair deletion in 
exon 3 (12). The deletion of cytosine at codon 
130 disrupts the open reading frame, and 
eventually inhibits the translation of HLA-G1 
and G5. However, this null allele retains its 
ability to translate both the membrane bound 
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HLA-G2 and HLA-G3 as well as the soluble 
HLA-G6 and HLA-G7 isoforms. The discovery 
of normal healthy individuals homozygous for 
HLA-G*0105N allele refers to the fact that the 
other HLA-G isoforms encoded by this allele 
have the ability to compensate for the lack of 
both HLA-G1 and HLA-G5 proteins and 
retaining the fetal-maternal immune tolerance 
(13, 14). Considering the results from studies 
on the frequency of HLA-G*0105N null allele 
in Iranian population and other populations by 
Rahimi et al, showed that the frequency of this 
allele is higher in Iranian healthy subjects than 
other ethnic groups (15). 

This study was designed to investigate the 
frequency of HLA-G*0105N null allele in 
subjects with recurrent miscarriage (RM) in 
East Azerbaijan, Iran. 
 

Materials and methods 
 
Population 

In this case-control study, the first step to 
find the relation of HLA-G*0105N null allele 
and RM was to determine the frequency of 
this allele with PCR-RFLP method. For this 
reason recurrent pregnancy loss (RPL) 
samples were collected. Sample collection 
was performed during February to March of 
2014 in Tabriz which is a major city in East 
Azerbaijan province. This study was approved 
by the ethical committee of Tabriz University 
of Medical Sciences and the written consent 
form was obtained from all participants. 

For this purpose, 60 whole blood samples 
of subjects with RM were collected. Also 
following previous studies to confirm down 
regulation of HLA-G protein with 
immunoblotting method, 20 placental tissue 
samples of RM patients and 20 placental 
tissue samples of normal pregnancies (as 
control) were randomly selected from 
maternity hospitals in Tabriz.  

Inclusion criteria for this study included 
women with history of RM (two or three times 
or more, continuously and under twenty 
weeks) and exclusion criteria included trauma, 
chromosomal abnormalities, induced abortion 
and infections.  
 
DNA extraction 

Genomic DNA was extracted from the 
whole blood samples collected in EDTA-
containing vacationer tubes using salting-out 
method (16). DNA concentrations and purity 

was determined by biophotometer and Gel 
electrophoresis (1.5% agarose). 
 
PCR-RFLP analysis 

HLA-G genotyping was performed using 
the polymerase chain reaction- restriction 
fragment length polymorphism (PCR-RFLP) 
analysis. PCR reaction was performed for 
HLA-G polymorphisms. Cycles were consisted 
of: initial denaturation at 95P

o
PC for 5 min, 35 

cycles 94P

o
PC for 30 sec, 63 P

o
PC for 45 sec, and 

72P

o
PC for 30 sec. The final cycle was followed 

by an extension step of 300 sec at 72P

o
PC. For 

the detection of the polymorphic HLA-G 
restriction enzyme site, 2 primers were used: 
F5´-CAC ACC CTC CAG TGG ATG AT-3´ and 
R5´-GGT ACC CGC GCG CTG CAG CA-3´. 
PCR products were checked by 
electrophoresis on 2% agarose gel.  

PCR products were digested with PpuM-1 
restriction enzymes at 37 P

o
PC for overnight 

according to manufacturer’s instructions 
(Fermentas M Medical Srl, MD, USA). The 
RFLP products were analyzed using 
electrophoresis on 1.5% agarose gel, then 
were stained with ethidium bromide and 
visualized under shortwave ultraviolet light, 
then genotype was determined. Lack of the 
restriction site for the PpuM-1 enzyme in the 
exon 3 of HLA-G was illustrated for the 
presence of HLA-G*0105N allele (17). 
 
Western blot analysis 

Expression of HLA-G protein was 
investigated by Western blotting. Equal 
amount (25 μg) of total protein from each 
tissue samples was heated for 5 min at 95 P

o
PC 

before loading and separated on 12.5% SDS 
polyacrylamide gels using a mingle apparatus 
(Bio-Rad Laboratories). Proteins were then 
transferred to polyvinyl denied fluoride (PVDF) 
membranes (Millipore; Billerica, MA).  

Following on, membranes were blocked 
with 5% nonfat dry milk in TBS/Tween-20 
(0.05%, v/v) for 1 hr at room temperature and 
then were incubated overnight at 4P

o
PC with the 

appropriate primary antibodies [anti-HLA-G 
and β-Actin (Abcam, Cambridge, MA, UK)] in 
TBS/T buffer (in a 5:1,000 dilution) followed by 
incubation with the appropriate HRP-
conjugated secondary antibody (1:1,000 
dilution; Abcam) for 2 hr at room temperature. 
After washing, protein bands visualized using 
enhanced chemiluminescence detection Kit 
(GE Healthcare) and autoradiography films 
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(Fuji Photo Film Co., Ltd., Tokyo, Japan) 
according to the manufacturer’s instruction.  
 
41TStatistical analysis 

Statistical analysis was conducted using 
SPSS 15.0 software (Statistical Package for 
the Social Sciences, version 15.0, SPSS Inc, 
Chicago, Illinois, USA) and allele frequencies 
were determined. The differences in allelic 
and genotypic frequencies between case and 
control groups were evaluated by χP

2
P test with 

odds ratio (OR). P<0.05 was considered 
significant. 
 

Results 
 

In this study, investigating the frequency of 
this allele in RM patients, first the 276 bp 
fragment containing the desired mutation 
(HLA-G*0105N), was amplified. Then PCR 
reaction was optimized (Figure 1). PCR-RFLP 

results are shown in Figure 2. The HLA-
G*0105N null allele was distinguished 
according to the absence of the restriction 
enzyme product.  

The mutation of HLA-G*0105N null allele 
was investigated in 60 individuals with RM. 
This mutation was recognized on several 
chromosomes and the frequencies have been 
presented in Table I. The difference in 
expression levels between subjects having 
HLA-G with null mutation and those without 
null mutation is presented in Table II. The 
results of western blotting confirmed a 
decrease in expression of HLA-G in the 
placental tissue of subjects with RM compared 
to subjects who could give normal birth 
(Figure 3). Overall, PCR method combined 
with RFLP analysis for a specific restriction 
site of HLA-G gene in exon 3. Six subjects out 
of sixty were found to be heterozygous for this 
gene. 

 
 
Table I. The frequency of mutations in the two groups with and without null allele 

Haplotype Frequency SE Frequency 
χ P

2
P value p-value Controls RPL* 

CC 0.891 0.026 0.531 0.32 21.452 0.831 
- / C 0.109 0.019 0.369 0.68 0.001 0.034 

*RPL= Recurrent pregnancy loss     SE: standard Error 
 
 
Table II. Comparison of HLA-G gene expression in presence and absence of null allele mutation 

Group Reaction Efficiency Expression Standard Error 95% confidence interval Result 
HLA-G with null mutation 0.97 0.099 0.056 - 0.197 0.024 - 0.286 DOWN 
HLA-G without null mutation 0.97 1.171 0.845 - 1.921 0.573 - 2.366 UP 

 
 

 
Figure 1. 276 bp HLA-G exon 3 PCR products: lanes 1 to 14 are PCR products and lane 15 shows the 50 bp DNA ladder. 
 
 

 
Figure 2. PCR-RFLP analysis of HLA-G ⃰ 0105N null allele in subjects with RM. The PCR products were digested overnight with 
PpuM-1 restriction enzyme. The lane MW represents the 100 bp DNA ladder. Lanes 1 – 7 show products after restriction digestion 
with normal pattern (108 and 168 bp). Lane 8 shows the product after digestion with heterozygous pattern (108, 168 and 276 bp). 
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Figure 3. HLA-G protein western blotting shows a specific reduction of the protein levels in the RM group compared with the 
control group. HLA-G protein is 39 kDa and β actin is 42 kDa. (Number 1 and 2 show control group, while number 3 and 4 show the 
group with RM). 

 
Discussion 

 
HLA-G gene which plays an important role 

in normal pregnancy is consisted of 15 alleles. 
This gene includes HLA-G*0105 N null allele. 
HLA-G gene function has been implicated in a 
number of diseases such as cancer and in 
pregnancy outcome (18-20). HLA-G consists 
of 15 alleles, including the HLA-G*0105N null 
allele which is characterized by a single 
nucleotide deletion and subsequent frame 
shift mutation in exon 3. Since some healthy 
women with normal pregnancies 
heterozygous for the null allele have been 
observed, HLA-G*0105N null allele is believed 
to be capable of producing the other HLA-G 
isoforms such as HLA-G2, HLA-G3, HLA-G6 
and G7, which can hypothetically compensate 
for the lack of HLA-G1 and G5 isoforms. 
Therefore, the immune tolerogenic role of 
HLA-G could be accepted as true. Although 
this allele is shortened, it can still perform 
some functions like providing a leader peptide 
for expression of HLA-E (21).  

Since HLA-G*0105N null allele could retain 
the expression of HLA-G functional proteins, 
the privilege of the selection of this allele must 
be investigated more in different populations. 
The frequency of exon 3 deletion has been 
already studied in different ethnic groups: 11% 
in the Shona ethnic group of Zimbabwe, 7.4-
8% in African-Americans, 4.8% in Ghanaians, 
3% in Spaniards, 2.3% in mixed German-
Croatians and 0.6% in Danish populations. 

Beside, although the existence of HLA-
G*0105N allele has been reported in different 
populations, in Japanese or American 
Caucasian populations, there has not been 
found any HLA-G*0105N allele. Furthermore, 
the HLA-G*0105N allele is relatively frequent 
allele in African-Americans (7.4%), meanwhile 
it has lower frequency in Northern (0.6%) and 
Middle Europeans (2.3%). In Amerindians, 

from the Brazilian Amazon region there was 
not any copy of this allele by exon 3 
sequencing (22-28). Above all, the frequency 
of this allele in Iranian populations was higher 
than those of other ethnic groups (20%) (15).  

Mendes-Junior et al have reported that the 
frequency of HLA-G*0105N was higher in the 
areas with high pathogenesis. Due to the 
proposed function of HLA-G in placenta 
development, there must be an inverse 
association between HLA-G1 expression and 
uteri infection, such that, when HLA-G1 is 
down regulated in a HLA-G*0105N 
heterozygous placenta, this may enhance the 
intrauterine defense against infections (28). 
Statistical researches which are performed in 
different races with various genotypes, could 
represent genetic diversity and appearance of 
different polymorphic features affecting 
pathogenesis of distinct illnesses. Decrement 
of mutation of HLA-G gene in perused 
statistical society, could mean relation of 
present mutation and down regulation of this 
gene.  

The current study aimed to investigate the 
frequency of null allele and possible 
association of this mutation with RM. 
Researches presented that abundance of this 
allele among Iranian populations is more in 
comparison with other races which has been 
studied before (15). HLA-G*0105N null allele 
which exists in East Azerbaijan population like 
other parts of Iran. Results demonstrated that 
HLA-G*0105N null allele occurs at a rate of 
10% in subjects with RM in East Azerbaijan 
population. Also the findings of Naghavian 
and colleagues in Mazandaran confirmed this 
study’s findings which showed 59% of women 
with RM in Mazandaran have had HLA-
G*0105N heterozygous allele (29).  

The mutation rate in female subjects also 
suggested that there is a significant 
association between RM and frequency of this 
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mutation. So far, different studies have 
revealed that the frequency of HLA-G*0105N 
null allele differs among different geographic 
regions. 

However, the variety of heterozygous 
mutations of this allele in RM subjects in 
different populations is still unknown. As a 
suggestion, importance of this allele in 
different populations and its potential link to 
normal or pathological pregnancies could be 
studied further. The present research team 
had futuristic insight goal, which means if the 
clinical findings performs as expected, it could 
be an applicable justification for Iranian female 
society. 
 

Acknowledgments 
 

The authors would like to express their 
appreciation to the Plasma laboratory for 
technical support. 
 

Conflict of interest 
 

None.  
 

References 
 
1. Kovats S, Main EK, Librach C, Stubblebine M, Fisher 

SJ, DeMars R. A class I antigen, HLA-G, expressed 
in human trophoblasts. Science 1990; 248: 220-223. 

2. Blaschitz A, Lenfant F, Mallet V, Hartmann M, 
Bensussan A, Geraghty DE, et al. Endothelial cells in 
chorionic fetalvessels of first trimester placenta 
express HLA-G. Eur J Immunol 1997; 27: 3380-
3388. 

3. Eduardo ADEC, Antonio A-V, Michel R, Diego R, 
Philippe M. Implications of the polymorphism of HLA-
G on its function, regulation, evolution and disease 
association. Cell Mol Life Sci 2011; 68: 369-395. 

4. Apps R, Gardner L, Moffett A. A critical look at HLA-
G. Trends in Immunol 2008; 29: 313-321. 

5. Farzad FAS, Abediankenari S, Rahmani Z, Hashemi-
Soteh M, Hosseinikhah Z, Naghavian E. The Role of 
HLA-G4 and G5 in Threatened-Abortion Women. J 
Mazandaran Univ Med Sci 2013; 23: 2-10. 

6. Donad EA, Castelli EC, Arnaiz-Villena A, Roger M, 
Rey D, Moreau P. Implications of the polymorphism 
of HLA-G on its function, regulation, evolution and 
disease association. Cell Mol Life Sci 2011; 68: 369-
395. 

7. Bainbridge DR, Ellis SA, Sargent IL. HLA-G 
suppresses proliferationof CD4(1) T-lymphocytes. J 
Reprod Immunol 2000; 48: 17-26. 

8. Lila N, Rouas-Freiss N, Dausset J, Carpentier A, 
Carosella ED. Soluble HLA-G protein secreted by 
allo-specific CD41 T cells suppressesthe allo-
proliferative response: a CD41 T cell regulatory 
mechanism. Proc Natl Acad Sci USA 2001; 98: 
12150-12155. 

9. LeMaoult J, Krawice-Radanne I, Dausset J, 
Carosella ED. HLA-G1-expressing antigen-
presenting cells induce immunosuppressive CD41T 
cells. Proc Natl Acad Sci USA 2004; 101: 7064- 
7069. 

10. Fournel S, Aguerre-Girr M, Huc X, Lenfant F, Alam 
A, Toubert A, et al. Cutting edge: soluble HLA-G1 
triggersCD95/CD95 ligand-mediated apoptosis in 
activated CD81 cells byinteracting with CD8. J 
Immunol 2000; 164: 6100-6104. 

11. Contini P, Ghio M, Poggi A, Filaci G, Indiveri F, 
Ferrone S, et al. Soluble HLA-A, -B, -C, and -G 
molecules induce apoptosis in T andNK CD81 cells 
and inhibit cytotoxic T cell activity through 
CD8ligation. Eur J Immunol 2003; 33: 125-134. 

12. Alizadeh N, Majidi J, Movassaghpoor A, Farzadi L, 
Mohammadian M, Baradaran B. Relation between 
HLA-G gene null allele (HLA-G*0105N) and RM. 
Shiraz E Med J 2015; 16: e26471. 

13. Castro MJ, Morales P, Rojo-Amigo R, Martinez-Laso 
J, Allende L, Varela P, et al. Homozygous HLA-
G*0105N healthy individuals indicate that 
membrane-anchored HLA-G1 molecule is not 
necessary for survival. Tissue Antigens 2001; 56: 
232-239. 

14. Ober C, Aldrich C, Rosinsky B, Robertson A, Walker 
MA, Willadsen S, et al. HLA-G1 protein expression is 
not essential for fetal survival. Placenta 1998; 19: 
127-132. 

15. Rahimi R, Hosseini A, Yari F. Null Allele Frequencies 
at HLA-G Locus in Iranian Healthy Subjects. Iran J 
Immunol 2008; 5: 207-211. 

16. Miller SA, Dykes DD, Polesky HF. A simple salting 
out procedure for extracting DNA from human 
nucleated cells. Nucleic Acids Res 1988; 16: 12-15.  

17. Gazit E, Slomov Y, Goldberg I, Brenner S, 
Loewenthal R. HLA-G is associated with pemphigus 
vulgaris in Jewish pa-tients. Hum Immunol 2004; 65: 
39-46. 

18. Yan WH, Lin A, Chen BG, Luo WD, Dai MZ, Chen 
XJ, et al. Unfavourable clinical implications for HLA-
G expression in acute myeloid leukaemia. J Cell Mol 
Med 2008; 12: 889-898. 

19. Bukur J, Rebmann V, Grosse-Wilde H, Luboldt H, 
Ruebben H, Drexler I, et al. Functional role of human 
leukocyte anti-gen-G up-regulation in renal cell 
carcinoma. Cancer Res 2003; 63: 4107-4111. 

20. Fuzzi B, Rizzo R, Criscuoli L, Noci I, Melchiorri L, 
Scarselli B, et al. HLA-G expression in early embryos 
is a funda-mental prerequisite for the obtainment of 
pregnancy. Eur J Immunol 2002; 32: 311-315. 

21. Sala FG, Del Moral PM, Pizzato N, Legrand-
Abravanel F, Le Bouteiller P, Lenfant F. The HLA-
G*0105N null allele in-duces cell surface expression 
of HLA-E molecule and promotes CD94/NKG2A-
mediated recognition in JAR choriocar-cinoma cell 
line. Immunogenetics 2004; 56: 617-624. 

22. Ober C, Aldrich C, Rosinsky B, Robertson A, Walker 
MA, WilladsenS, et al. HLA-G1 protein expression 
isnot essential for fetal survival. Placenta 1998; 19: 
127-132. 

23. Ishitani A, Kishida M, Sageshima N, Yashiki S, 
Sonoda S, HayamiM, et al. Re-examination of HLA-G 
polymorphismin African Americans. Immunogenetics 
1999; 49: 808-811. 

24. Suarez MB, Morales P, Castro MJ, Fernandez V, 
Varela P, Alvarez M, et al. A new HLA-G allele 



Alizadeh et al 

464                                         International Journal of Reproductive BioMedicine Vol. 14. No. 7. pp: 459-464, July 2016 

(HLAG*0105N) and its distribution in the Spanish 
population. Immunogenetics 1997; 45: 464-465. 

25. Van der Ven K, Skrablin S, Engels G, Krebs D. HLA-
G polymorphismsand allele frequencies in 
Caucasians. Hum Immunol 1998; 59: 302-312. 

26. Hviid TV, Meldgaard M, Sorensen S, Morling N. 
Polymorphism of exon 3 of the HLA-G gene. J 
Reprod Immunol 1997; 35: 31-42. 

27. Matte C, Lacaille J, Zijenah L, Ward B, Roger M. 
HLA-G and HLAE polymorphisms in an indigenous 
African  population.   The  ZVITAMBO  Study  Group.  

Hum Immunol 2000; 61: 1150-1156. 
28. Mendes-Junior CT, Casetelli EC, Simoes AL, Donadi 

EA. Absence of the HLA-G*0105N allele in 
Amerindian popula-tion from the Brazilian Amazon 
region: a possible role of natural selection. Tissue 
Antigens 2007; 70: 330-334. 

29. Naghavian E, Abediankenari S, Rahmani Z, Nazari 
Z, Chabaki M, Alizadeh A, et al. Association of HLA-
G Null Allele Polymorphism in Women with 
Threatened Abortion in Comparison with Control. J 
Mazandaran Univ Med Sci 2014; 24: 2-7. 

 

http://jmums.mazums.ac.ir/search.php?slc_lang=en&sid=1&auth=Naghavian
http://jmums.mazums.ac.ir/search.php?slc_lang=en&sid=1&auth=Abediankenari
http://jmums.mazums.ac.ir/search.php?slc_lang=en&sid=1&auth=Rahmani
http://jmums.mazums.ac.ir/search.php?slc_lang=en&sid=1&auth=Nazari
http://jmums.mazums.ac.ir/search.php?slc_lang=en&sid=1&auth=Chabaki
http://jmums.mazums.ac.ir/search.php?slc_lang=en&sid=1&auth=Alizadeh

