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Introduction
 CMV infection occurs worldwide and is usually asymptomatic 
in healthy individuals. The CMV is also associated with direct and 
indirect effects in kidney transplant recipients [1]. Both innate and 
adaptive immunity are necessary for resistance to CMV infection [2]. 
Data accumulated in regard to HLA-G expression in chronic viral dis-
ease has pointed out a potential role ofHLA-G in virus evasion against 
immune surveillance [3]. 

 HLA-G molecules act as negative regulators of the immune re-
sponse and their expression in virus-infected cells may enable them 
to escape immunosurveillance [4]. HLA-G gene is characterized by 
low allelic polymorphisms when compared to the classic HLA class-I 
genes. However, an (ins/del) of 14-bp (rs66554220) in the 3’ untrans-
lated region of the gene was associated with the stability of HLA-G 
Messenger RNA (mRNA) as well as protein levels [5]. On the other 
hand, a fraction of HLA-G mRNA transcripts presenting the 14-base 
insertion can be further processed (alternatively spliced) by the re-
moval of 92 bases from the mature HLA-G mRNA[6], yielding small-
er HLA-G transcripts, reported to be more stable than the complete 
mRNA forms [7]. 
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Abstract
 Human leukocyte antigen (HLA)-G molecule acts as a potential 
factor in the regulation of immune responses and its expression in 
virus-infected cells may enable the virus to escape immunosurveil-
lance. The HLA-G 14-base pairs (14-bp) insertion/deletion (ins/del) 
polymorphism has been associated with the magnitude of HLA-G 
production. Here, we have studied the association of 14-bp ins/del 
polymorphism with the risk of cytomegalovirus (CMV) infection in 
renal transplant patients. One hundred and six kidney-transplant-
ed patients were included in this study. The genotype of the HLA-G 
14-bp ins/del of patients was determined by polymerase chain re-
action (PCR). In particular, the insertion/insertion (ins/ins) genotype 
was significantly associated with low CMV infection (OR= 0.22, 95% 
CI: 0.06 - 0.85; P = 0.02). The deletion/deletion (del/del) and ins/del 
genotypes were not associated with a lower risk of contracting CMV. 
Renal transplant recipients with ins/ins genotype have a lower risk of 
being infected with CMV. 

Keywords: CMV; HLA-G polymorphism; Kidney transplantation  The importance of HLA-G in the immune system is denoted by its 
capacity to inhibit immune responses at several levels, acting in differ-
ent immune cell types. The immunosuppressive HLA-G activity is of 
interest to some pathogens, since they might use these same mecha-
nisms to escape immune surveillance [8]. In the context of CMV in-
fection in humans, the HLA-G 14-bp ins/del polymorphism may play 
a role in the natural history of CMV infection and in its complications. 
A sectional study was performed evaluating the polymorphism of 14-
bp of HLA-G gene in renal transplant recipients infected or not by 
CMVwith the aim of verifying if the genetic polymorphism of this 
gene is associated with a lower risk of CMV infection in transplanted 
patients. 

Materials and Methods 
Study population and clinical samples

 To be eligible for the extension study, 106 kidney transplant pa-
tients were selected from a university outpatient clinic of nephrology 
in Brazil. Written informed consent was obtained from all patients 
and the institutional board approved the protocol. Blood samples 
were collected and were centrifuged to separate the serum and whole 
blood. Clinical and laboratory data were obtained by examination of 
the patient records. 
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HLA-G genotyping 

 The HLA-G region containing the polymorphism was amplified 
by PCR using the forward (5’ - GTGATGGGCTGTTTAAAGTGT-
CACC -3’) and reverse (5’ - GGAAGGAATGCAGTTCAGCATGA 
-3’) primers as described previously [9]. Genotypes were determined 
by electrophoresis in 4.0% Nusieveagarose gel. 

Viral DNA extraction

 DNA was extracted from 200μl of serum samples using the 
QIAamp DNA kit (Qiagen, California, USA) according to the manu-
facturer’s recommendations. The DNA samples were resuspended in 
100μl of buffer AE. 

Molecular detection of CMV infection by nested-PCR 

 For detection of viral DNA in serum sample, a nested-PCR for 
amplification of a conserved region of CMV of the major immediate 
early gene was carried out [10]. For the first reaction the primers used 
were MIE4 (5’- CCAAGCGGCCTCTGATAACCAAGCC-3’) and 
MIE5 (5’- CAGCACCATCCTCCTCTTCCTCTGG-3’) to amplify 
one fragment of 435 bp and for the second reaction IE1 (5’-CCAC-
CCGTGGTGCCAGCTCC-3’) and IE2 (5’- CCCGCTCCTCCTGAG-
CACCC-3’) primers were used to amplify one fragment of 159bp [10]. 
Positive and negative controls were included in all assays. As a posi-
tive control we used the DNA extracted from a stock of CMV AD169 
strain and as negative control we used ultra-pure water. The amplified 
products were detected by direct analysis on 2% agarose gel to visual-
ize the fragment of 159bp. 

Statistical analysis 

 Statistical analysis was conducted using the SPSS version 20.0 soft-
ware for Windows (SPSS, Inc., Chicago, IL, USA), using a significance 
level of P = 0.05. For comparison between groups, the Mann-Whitney 
test and chi-square test were used for continuous nonparametricvari-
ables and categorical variables, respectively. In addition, a polytomous 
logistic regression model was used to estimate the genetic effect on 
infection risk (OR≥1.0 was associated with susceptibility and an 
OR≤1.0 conferred protection). Genotype and allele distributions be-
tween groups (CMV+ vs CMV-) were compared by Fisher’s exact test. 
In order to estimate the effect of the insertion homozygote genotype 
on CMV infection risk, we performed a logistic regression under the 
recessive genetic model assumption (Deletion/Deletion=0; Deletion/
Insertion=0; Insertion/Insertion=1). Receptor’s age, sex, ethnicity, as 
well as ganciclovir and valganciclovir usage was all included as covari-
ates in the regression model.

Results

Characteristics of study subjects 

 The demographic characteristics and basic laboratory data are 
listed in Table 1. We found among kidney transplant recipients 35% 
(37/106) infected with CMV (CMV+) and 65% (69/106) uninfected 
(CMV-). The average age for CMV+ group was 42.9 and CMV- was 
41.2, showing no significant difference (P = 0.59). The CMV+ group 
was 65% male and CMV -, 57% (P = 0.4). Other factors such as an-
cestry, symptomatic profile and type of treatment were analyzed in the 
infection profile of CMV. No significant differences were observed. 

Impact of HLA-G 14-bp polymorphism on CMV infection 

 Data distribution of genotypes and alleles of the HLA-G 14pb in 
CMV + kidney transplant patients is shown in Table 2. The total pop-
ulation (P = 0.0769) and CMV+ patients (P = 0.3205) were in Har-
dy-Weinberg equilibrium, however, CMV- patients deviated from 
equilibrium (P = 0.0034). A decrease was observed in the frequency of 
genotype 14-bp ins/ins in positive CMV patients compared to nega-
tive CMV patients, so this genotype showed a protective effect (OR = 
0.22, 95% CI: 0.06 - 0.85; P = 0.02). 

Table 1: Demographic profiles and clinical features.
Comparisons for variables, percentages were compared by Chi-square tests.
Comparisons for creatinine were performed by the Mann–Whitney test.

CMV+
(n = 37)

CMV-
(n= 69)

p-value

Receptors

Age, mean (SD) 42.9 (±16.2) 41.3 (±13.9) 0.59

Ethnicity, n (%) 
   White
   Brown 
   African ancestry

7 (19)
24 (65)
6 (16)

23 (33)
33 (48)
13 (19)

0.20

Male, n (%) 24 (65) 39 (57) 0.40

Symptomatology, n (%) 18 (49) 30 (43) 0.61

Antiviral therapy, n (%)
   Ganciclovir
   Valganciclovir
Creatinine
01 month
03 months
06 months

13 (35)
5 (14)

1.55 ± 3.00
1.10 ± 0.73
1.10 ± 0.40

31 (45)
13 (19)

1.50 ± 4.02
1.10 ± 0.70
1.10 ± 0.52

0.61
0.48

0.96
0.52
0.40

Table 2: Genotypic and allelic distribution for HLA-G 14-bp polymorphism 
among CMV+ and CMV- renal transplant patients.
Notes: Comparison was performed by Fisher´s exact test.

14bp polymorphism
CMV+
(n = 37)

CMV-
(n= 69)

p-value

14-pb Deletion/Deletion 12 (32%) 27 (39%)

0.0214-pb Deletion/Insertion 21 (57%) 22 (32%)

14-pb Insertion/Insertion 4 (11%) 20 (29%)

14-pb Deletion 45 (61%) 76 (55%)
0.46

14-pb Insertion 29 (39%) 62 (45%)

Discussion 
 In the context of viral infections, some studies have been conduct-
ed reporting HLA-G up regulation associated with HIV [11] HCV 
[12], HBV [13] HPV [14] and H. pylori [15] infections. Important-
ly, the reduced immune responses have been associated with soluble 
HLA-G molecules, which may contribute to the ability of these mi-
croorganisms to establish persistent infection in the host. In regard 
to the overall incidence of CMV infection and disease, there are few 
studies that address directly this infection in renal transplant patients 
with HLA-G [16]. Overall, studies have shown that the course of 
transplant is affected by two HLA-G-mediated mechanisms inhibiting 
both NK cell and CD8+ T cell-mediated cytolysis as well as suppres-
sion of CD4+ T cells all proliferative response [17]. Both mechanisms 
demonstrate that HLA-G molecules affect main effector cells involved 
in graft rejection.

 The 14-bp insertion / insertion genotype is related to the protec-
tion against CMV infection, i.e., patients with 14-bp ins/ins genotype  
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who underwent kidney transplant had a 78% decreased risk of be-
coming infected by the CMV virus, strengthening the hypothesis that 
the presence of 14-bp insertion allele favors the reduction of HLA-G 
expression, thus providing an effective immune response against 
CMV. HLA-G can modulate the immune response through different 
mechanisms and favor the viral evasion by subverting host defenses, 
resulting in the spread of the virus [18]. In many studies, the 14-bp 
insertion/insertion genotype was related to the low production of the 
HLA-G molecule [19]. 

 In the same context of kidney allograft recipients infected with 
CMV [16], the increase of 14-bp deletion/deletion genotype associ-
ated with high level of CMV infection was observed. This association 
was also observed by Zheng et al. [18], suggesting that the 14-bp dele-
tion/deletion genotype and the 14-bp deletion allele can be suscepti-
bility markers to CMV infection in renal allograft recipients. Likewise, 
it was demonstrated that the 14-bp deletion/deletion polymorphism 
of HLA-G influences the expression of sHLA-G, in that it is associat-
ed with fewer episodes of rejection [20]. Thus, the presence of 14-bp 
deletion allele provides the graft acceptance by the host since it favors 
HLA-G expression and inhibits the immune response in the microen-
vironment, consequently supporting the infection and spread of the 
virus. 

 Although the HLA-G 14-bp deletion/insertion polymorphism is 
associated with the expression level of HLA-G [21] modulation of 
messenger RNA (mRNA) of HLA-G [15], the mechanisms involved 
in the modulation have not yet been elucidated. The 14-bp deletion 
allele is associated with the highest magnitude of HLA-G expression 
because it is associated with the highest stability of the mRNA [19]. 
On the other hand, the mRNA from the 14-bp insertion allele can 
undergo an alternative editing process in which 92b are removed, 
making the mature mRNA less stable, reducing the soluble isoform of 
HLA-G [18]. 

 In the context of infectious diseases, few studies have been con-
ducted which report on the polymorphism of HLA-G. Considering 
14-bp insertion allele specifically, the 14-bp insertion/insertion geno-
type was associated with increased susceptibility to the virus of human 
hepatitis B (HBV), since it presents a higher rate of viral replication 
compared to individuals with the 14-bp deletion/deletion genotype 
and 14-bp deletion/insertion genotype [13]. Another study related 
a higher frequency of 14-bp insertion/insertion genotype in Afri-
can HIV positive patients co-infected with human hepatitis C virus 
(HCV), suggesting a key role of HLA-G in HIV and HCV co-infection 
susceptibility [12]. 

 In conclusion, we can assign a less tolerogenic profile to 14-bp 
insertion/insertion genotype, which directly affects CMV infection 
in this group of kidney allograft recipients, suggesting the polymor-
phism of HLA-G 14 bp as a genetic marker of susceptibility to viral 
infections.
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