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ABSTRACT
Background: Cytomegalovirus (CMV) reinfection in transplant 
patients has been associated with graft loss and decreased 
patient survival. In this regard, the HLA-G molecule has the 
immunomodulatory characteristic and its soluble isoforms have 
important roles in immunity to viruses. The 14bp insertion/deletion 
polymorphism impacts HLA-G mRNA stability. Regarding the 
HLA-E molecule, two nonsynonymous alleles, HLA-E*0101, and 
HLA-E*0103 are different in their functions including the affinity 
of the relative peptide.
Objective: To explore the possible link between HLA-G and 
HLA-E polymorphisms with CMV reinfection among liver 
transplant recipients (LTRs).
Methods: In this study, a total of 140 liver transplantations were 
performed; of which 70 CMV-reactivated LTRs and 70 CMV non-
reactivated ones were recruited. The cut-off value of CMV DNA 
was determined to be 100 copies/mL. PCR evaluated different 
genotypes for HLA-G and ARMS-PCR for HLA-E*0101 and 
*0103.
Results: Neither the HLA-G genotypes (-14 bp/-14bp and 
+14bp/+14 bp homozygous genotypes with the Ps=0.43, and 0.13, 
respectively, +14 bp⁄-14 bp heterozygous genotype with P=0.49) nor 
the HLA-E genotypes (HLA-E*0101/0103, HLA-E*0101⁄0101, and 
HLA-E*0103/0103 with the Ps=0.152, 0.249, and 0.391, respectively) 
had any association with CMV reinfection in the LTRs.
Conclusion: No difference was observed in the HLA-E and HLA-G 
genotype frequencies between our studied groups. Further studies 
are needed to explore other genetic variations and evaluate soluble 
HLA-G and HLA-E levels in the transplant population.
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INTRODUCTION 

Cytomegalovirus (CMV) is the leading 
infectious reason of complications in 
immunocompromised individuals [1, 2]. 
In this regard, patients needing organ 
transplants who take immunosuppressive 
drugs are at high risk of recurrent CMV 
infections [3, 4]. Like other herpesviruses, 
CMV elicits a cellular immune response 
and humoral immunity upon acute infection 
[5, 6]. CMV has several diverse immune 
escape mechanisms. For instance, the human 
leukocyte antigen-G (HLA-G) level can be 
upregulated through CMV infection on 
activated macrophages [7, 8] and monocytes 
[9, 10]. In trophoblast cells, in addition to 
classical HLA class I molecules, HLA-G a 
non-classic HLA-I antigen is downregulated. 
Upon CMV infection, natural killer (NK) 
cells response could be suppressed through 
the interaction of KIR2DL4 on NK cells with 
HLA‐G [11, 12]. HLA-G has an essential 
role in feto-maternal tolerance principally 
presented at the interface between the 
maternal and the placenta as the perfect 
model of a semi-allograft [13]. Notably, 
the fetus is maintained from the injury of 
maternal NK cells response through HLA-G 
[14, 15]. When there is no pathology, HLA-G 
is expressed in the cornea ,thymus, pancreas, 
and hematopoietic stem cells [14, 16]. Upon 
“non-physiological” states, HLA-G molecules 
are expressed ectopically during virus 
infection[12, 17] cancer [18], transplantation 
[19], inflammation, and autoimmune 
diseases [20, 21]. In pathological settings, 
HLA-G may display two opposite effects, it 
could play a protective role in inflammation 
and autoimmune diseases [22] or a risk 
factor, for instance, in cancers or microbial 
infection [23]. HLA‐G can comprehensively 
modulate host anti-graft immune responses in 
transplant immunology in multiple pathways. 
Expression of HLA‐G leads to impairment 
of immune cell function. In this regard, the 
expansion of immune regulatory cells, such 
as tolerogenic dendritic cells (DCs) and 

regulatory T cells (Tregs), can be induced and 
expanded by HLA‐G–receptor interactions 
[24]. Multiple polymorphisms control HLA-G 
expression, including those in the promoter 
and 3′ untranslated region (3′ UTR), altering 
transcriptional and posttranscriptional factor 
affinity of gene-targeted sequences [25]. In 
the HLA-G promoter region, twenty-nine 
single nucleotide polymorphisms (SNPs) play 
a role in regulating HLA-G expression [12]. In 
exon eight, an insertion/deletion (INS/DEL) 
polymorphism of fourteen base pairs affects 
mRNA production and stability [24]. Notably, 
the DEL allele results in an increased level 
of HLA-G through mRNA stabilization [26]. 
This INS/DEL variant impacts the HLA‐G 
production level. Besides, another non-classic 
HLA-I molecule is HLA-E, which has a key 
role in the interaction with CMV peptides, 
particularly UL40, through NK cells [27]. 
Two non-synonymous alleles of HLA-E 
including HLA-E*0103 and HLA-E*0101 
differ by a single amino acid (R107G) [28]. 
Each has a different expression level of 
HLA-E molecules, which might be caused 
by their different roles in the peptide affinity. 
Indeed, there is a difference between the two 
investigated HLA-E alleles in activity and 
expression. The evaluation of these two alleles 
of HLA-E with peptide has demonstrated a 
greater production of HLA-E*0103 compared 
with HLA-E*0101 [19], and the HLA-E*0101 
allele is less stable than the HLA-E*0103 
allele [30]. HLA‐E plays a considerable role 
in regulating immune response through 
the interaction with CD94/NKG2 receptors 
expressed on distinct NK cell subsets [31]. 
Only two receptors of the NKG2 family can 
interact with HLA‐E. It interacts mainly with 
NK cells through the inhibitory CD94/NKG2A 
and activating CD94/NKG2C receptors. Both 
receptors can bind competitively to the same 
HLA‐E epitopes; however, NKG2A/CD94 
has a higher affinity to HLA‐E than NKG2C/
CD94. The interaction between NK cells and 
their target cells bearing HLA-E depends 
on the HLA‐E and NKG2/CD94 binding. 
NK cells are the cornerstone of the human 
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immune response to CMV infections [32]. 
Since the modulation of NK cell’s function 
is done by the interactions of inhibitory or 
activating receptors with HLA-E, it indicates 
the necessity of HLA-E variant allele studies, 
which could be considered in the prediction 
of CMV reactivation. Notably, during CMV 
infection, the transition from viral latency to 
reactivation is an ability of the CMV genome 
under certain conditions [33]. For instance, 
the HLA-E/NKG2A axis has been highly 
jacked by CMV for immune evasion [32]. It 
drives the interaction between HLA-E and 
CD94-NKG2 receptors, specially NKG2A, 
via the expression of the CMV UL40-
encoded glycoprotein [34]. Considering the 
substantial role of HLA-G and HLA-E in the 
immunity to CMV activation, we aimed to 
investigate the HLA-G 14‐bp INS/DEL and 
HLA-E genetic variants in the context of liver 
transplantation.

MATERIALS AND METHODS

Study Population
The sample population included individuals 

who underwent liver transplantation at 
Shiraz University of Medical sciences. CMV 
DNAemia was checked in plasma samples 
of all the patients, and CMV-reactivated 
subgroups were selected through quantitative 
Real-Time PCR data (CMV-DNA>100 copies/
mL). Then, HLA-G polymorphism and HLA-
E*0101and*0103 genotypes were evaluated in 
the study population of 140 liver transplant 
recipients, including 70 CMV-reactivated 
LTRs and 70 CMV non- reactivated ones 
through PCR for HLA-G and PCR-ARMS. 
The Ethics Committee of Shiraz University 
of Medical Sciences confirmed the protocol, 
and we obtained written informed consent 
from all the participants. The clinical 
characteristics of the studied groups were 
collected from the electronic folder of the 
transplant center [14]. Based on Banff criteria, 
the clinical factors including the increase of 
bilirubin and transaminase levels and fever 
with lack of vascular complication, blockade 

in the biliary system, or tissue sample results, 
are the current tests for the acute rejection 
diagnosis.

Immunosuppressive Treatment and Anti-
viral Medication

The immunosuppressive medication plan 
included 1-2 mg of tacrolimus per day and 
500 mg of mycophenolate mofetil per day, and 
prednisone was received at a dose of 120 mg  
every 12 hrs. The CMV-infected patients took 
valganciclovir high doses with 900 mg PO 
q12hr for 21-42 days or until the signs and 
symptoms resolved [35].

HLA-G & HLA-E Genotypic Variations
The DNA was isolated from peripheral 

leukocytes by the commercial extraction kit 
(DNP Extraction Kit, Cinagene Company, 
Tehran, Iran). Besides, the PCR was used for 
the amplification of the HLA-G 14 bp INS/
DEL variant (rs16375) [36] with the following 
primers: forward HLAG1 5′-GTGATGG 
GCTGTTTAAAGTGTCACC-3′ and 
reverse HLAG2 5′-GGAAGGAATGC 
AGTTCAGCATGA-3. PCR reaction included 
25 μl, 100 ng DNA, 10 pM of each primer, 
1X Go Taq buffer including 1.5 mM MgCl2, 
1.25 U GoTaq DNA polymerase (Cinagene 
Company, Tehran, Iran), and 0.2 mM each 
dNTP (Cinagene Company, Tehran, Iran). 
Based on the insertion or deletion of 14 bp 
in exon 8 of the HLA-G gene, two fragment 
sizes were observed 224 or 210 bp (Figure 1).  
The PCR procedure was performed 
using the following conditions: primary 
denaturation (92 °C, 5 min) followed by 30 
cycles of denaturation (92 °C, 30 seconds), 
annealing (64 °C, 1 min), and synthesis (72 
°C, 2 min). The amplification products were 
evaluated by electrophoresis via 4% agarose 
gel and then observed under ultraviolet 
light. HLA-E genotyping was performed 
using an amplification-refractory mutation 
system (ARMS) PCR method. Twenty-five 
μl reaction mixture contained Genomic 
DNA (100 ng), with a 10 pM concentration 
of each primer set, including forward 
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5′-ATACCCGCGGAGGAAGCGCCT-3′ and 
reversed 5′-TCCCAGATTCACCCCAAG-3′ 
primers, 1×PCR buffer, 200 µl of dNTP 
mixture, MgCL2 with 1.5 mM concentration 
and 2.5 U of Taq DNA polymerase (Cinagene 
Company, Tehran, Iran). The PCR cycling 
was carried out by Eppendorf master cycler 
(Applied Biosystems, California, USA) 
as initial denaturation (95 °C, 2 min), and 

35 cycles with denaturation (94 °C, 45 s), 
annealing 1 min in 61 °C, extension (72 °C, 
1 min), and final extension (72 °C, 5 min). 
Then the result was electrophoresed on 1.5% 
agarose gel (Figure 2).

Statistical Analysis
All analyses were conducted using the 

SPSS, v16.0 (SPSS Inc., Chicago, IL, USA), and 
Epi info 2000. The data were presented as the 
mean±SD. The normality test (Kolmogorov-
Smirnov test) was done to analyze the normal 
and non-normal distribution data. For the 
comparison of continuous variables, Student 
T-test and Mann-Whitney were done. In 
addition, Pearson’s χ2 test and Fisher’s exact 
test were used to study the differences among 
the studied patient groups in the clinical 
results and the frequency of alleles and 
genotypes in CMV-reactivated recipients and 
non-reactivated ones. The P<0.05 was defined 
as statistically significant.

RESULTS

Tables 1 and 2 indicate the demographic 
and clinical data of liver transplant donors/
recipients. No significant difference was found 
regarding gender, age, or rejection events 

Figure 1. PCR reactions for detection of HLA-G 
14 bp (INS/DEL) polymorphism (rs16375). Based 
on the insertion or deletion of 14 bp in the HLA-G 
exon 8, two fragment sizes were observed 224 
or 210 bp.

Figure 2. Sample of PCR-SSP reactions for finding of HLA-E*01:01 and HLA-E*01:03 (Lane N). The 
amplified PCR product is a fragment length of 280 bp. The resulting 280 bp fragment was assessed 
by electrophoresis on 1.5% agarose gel. Lane M: 2,000 ladder. ARMS-PCR, amplification refractory 
mutation system polymerase chain reaction.
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upon CMV infection, between the CMV-
reactivated LTRs and the non- reactivated 
ones. Our findings of different HLA-G 
genotypes analysis indicated that there was 
the homozygous−14/−14 bp genotype in 43 
recipients, and the heterozygous−14/+14 
bp genotype was found in 61 recipients, 
in addition, the non-deleted homozygous 
(+14/+14 bp genotype) was detected in 36 
recipients (Table 3). The frequencies of 
the homozygous genotypes (−14 bp/−14 bp 
(P=0.43) and +14bp/+14 bp (P=0.13), and the 
frequency of the +14 bp⁄−14 bp heterozygous 
genotype (P=0.49) were not different among 
the CMV-reactivated LTRs than those of the 
non-reactivated ones (Table 3). Furthermore, 
there were no differences in allele frequencies 
of 14-bp polymorphism between the two 
groups (allele +14 P=0.25, and allele -14  
P=0.3). Notably, the HLA-E*0101/0103 
alleles genotype was found to be the most 
frequent genotype and revealed to be of 

the highest frequency (100%), followed by 
the HLA-E*0101⁄0101 genotype (0%) and 
finally, HLA-E*0103⁄0103 genotype (0%) 
in each group (Table 4). The difference 
in the frequencies of HLA-E*0101/0103, 
HLA-E*0101⁄0101, and HLA-E*0103/0103 
in LTRs with CMV-reactivation were not 
statistically significant compared with those 
in the non-reactivated ones (Ps=0.152, 0.249, 
and 0.391, respectively).

DISCUSSION

Immunity regulation is affected by the 
HLA-G molecule [37]. The expression of 
this molecule has been studied in detail in 
pathological conditions such as cancers and 
infectious diseases. The relevance of studies 
lies in the inhibitory effect of this molecule 
and its increased expression in pathological 
conditions [38]. The 14‐bp polymorphism 

Table 1. Demographics of liver graft Donor /recipients

Parameters CMV reactivated group % CMV non-reactivated group%
Donor Recipient Donor Recipient 

Number of patients  (n=70)  (n=70)  (n=70)  (n=70)
Female 26 (37.1) 23 (32.9) 24 (34.3) 23 (32.9)
Male 44 (62.9) 47 (67.1) 46 (65.7) 47 (67.1)
Age 34.24±17.45  30±20.7 33.72±16.24 36.45±18.39

Rejection 29 (41.4) 20 (28.6)
Non-rejection 41 (58.6) 50 (71.4)

CD 70 (100) 70 (100)
LD 0 0

CD: Cadaver donor, LD: Living donor; CMV: Cytomegalovirus

Table 2. Liver transplantation by etiology of liver diseases in liver transplant recipients

Primary liver diagnosis CMV reactivated LTRs% CMV non-reactivated LTRs%
HBV/HCC/HCV 18 (25.7) 19 (27.1)

A. hepatitis     4 (5.7) 14 (20)
PFIC /BA 12 (17.1) 4 (5.7)

Cryptogenic 10 (14.3) 8 (11.4)
ALF 6 (8.6) 2 (2.9)

Cryptogenic 10 (14.3) 8 (11.4)
Wilson disease/ Tyrosinemia/ CNs 6 (8.6) 11 (15.8)

Alcoholism/ NAFLD 4 (5.7) 4 (5.7)
LTRs: liver transplant recipients, ALF: Acute Liver Failure, CNs: Crigler Najjar syndrome, NAFLD: Nonalcoholic 
fatty liver disease. A. hepatitis: Autoimmune hepatitis, BA: Biliary atresia; CMV: Cytomegalovirus
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in exon 8 of the HLA‐G gene has recently 
been studied with genetic variations. 
Studies reported that the deleted variant of 
14‐bp occurred more than the non-deleted 
homozygous (+14/+14 bp) genotype [39]. 
Literature data found an association between 
the high expression of HLA‐G and a low 
incidence of rejection episodes in transplanted 
patients [40]. In addition, HLA‐G has been 
assigned to be a good tolerance factor involved 
in better graft results [41]. Otherwise, there is 
a negative correlation between the expression 
of this molecule and protection against viral 
infections [38]. Several studies have indicated 
that the alteration of HLA expression shows 
an essential role in the CMV infection [39]. 
Consistent with this, Zheng Xq et al. [42] 
studied the role of HLA-G 14 bp INS/DEL 
variants in the reactivation of CMV .They 
observed that the occurrence of deleted 
homozygous -14 bp genotype among CMV-
reactivated individuals enhanced (P=0.00034), 

and a difference was found in the frequency 
of the -14 bp allele (P=0.0023) compared with 
the healthy control individuals. Moreover, the 
-14 bp/ -14 bp genotype in urine CMV DNA 
of patients was significantly greater than in 
the group with the non-deleted homozygous 
genotype of 14 bp (P=0.041). Myriam Onno et 
al. [7] based on their investigation, suggested 
that the stimulation of HLA-G molecules 
might be a helpful element that causes CMV 
to escape the host immune system . Another 
study by Guberina et al. [43] monitored the 
recipients with genotyping of HLA-G +3142 
CC and HLA-G level of plasma impacting the 
incidence of CMV activation after a kidney 
transplant procedure. Their result confirmed 
that HLA-G establishes CMV infection post-
kidney transplantation with a living donor. 
The genotype of HLA-G +3142 CC and serum 
HLA-G concentrations are considered risk 
factors for the prediction of CMV reinfection. 
In the present study, the frequency of 14‐

Table 3. Distribution of HLA-G 14 bp INS/DEL (rs16375) genotypes/alleles among LTRs with 
CMV reinfection and without CMV reinfection

CMV reactivated LTRs% 
 (n=70)

CMV non-reactivated LTRs%
 (n=70)

P value 

1) Genotype
-14/-14 17 (24.3) 26 (37.1) 0.430
-14/+14 36 (51.4) 25 (35.8) 0.496
+14/+14 17 (24.3) 19 (27.1) 0.139
2) Allele
+14 allele 70 (50) 77 (55) 0.259
-14 allele 70 (50) 63 (45) 0.321

LTRs: Liver transplant recipients; CMV: Cytomegalovirus

Table 4. Frequencies of HLA-E*0101/0103 genotypes/alleles in LTRs with CMV reinfection and 
without CMV reinfection

CMV reactivated LTRs% 
(n=70)

CMV non-reactivated LTRs% 
(n=70)

P value 

1) Genotype
0101/ 0101 0 (0) 0 (0) 0.249
0103/ 0103 0 (0) 0 (0) 0.391
0101/ 0103 70 (100) 70 (100) 0.152
2) Allele
0101allele 70 (50) 70 (55) 0.359
0103allele 70 (50) 70 (55) 0.431

LTRs: Liver transplant recipients; CMV: Cytomegalovirus
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bp INS/DEL polymorphism in recipients 
of liver allografts with CMV reinfection 
and the recipients without reinfection of 
CMV were evaluated. Since no significant 
differences were detected between our studied 
groups, it should be noted, many factors may 
influence the reinfection of CMV. Patients 
with impaired immunological defense due to 
immune suppressive therapy are particularly 
prone to opportunistic infections such 
as CMV [3, 44]. CMV expresses several 
genes and microRNA to escape the immune 
response [45]. Therefore, many elements 
from the virus and the host interfere with the 
CMV reinfection. Furthermore, HLA-E could 
be another key in regulating the immune 
response to CMV infection. Previous studies 
of HLA-E gene polymorphism have reported 
that the two main HLA-E alleles, E*0101, and 
E*0103, may be conserved by natural selection 
in most populations, indicating a distinct 
functional difference between these alleles. 
There is a link between HLA-E gene variants 
and some diseases, including viral infections, 
malignant, and autoimmunity [46, 47]. In this 
regard, some studies reported that E*01:03 has 
a higher affinity to peptides, higher surface 
expression, and higher thermal stability 
compared with E*01:01 [48]. In addition, some 
other studies evaluated the association between 
HLA-E polymorphisms and transplantation 
consequences after HLA-matched allogeneic 
hematopoietic stem cell transplantation 
(HSCT). They found an association between 
HLA-E*0103 homozygosity and a better 
survival in their patients [49, 50]. On the 
other hand, the HLA-E*0101 allele, unlike 
HLAE*0103, might have a better affinity to 
CD94/NKG2A, an inhibitory receptor on 
NK cells and CD8+T cells causing higher 
cytotoxicity in the inflammatory environment, 
which mediates tissue damage in the context 
of transplantation [49]. Recently, Vietzen H. 
et al. [51] highlighted the association between 
heterozygous HLA-E*0101/0103 variants and 
high-level viremia in lung transplant patients. 
A recent investigation revealed that there are 
CMV-specific NK cells with memory features 

resulting in the limitation of CMV replication 
after transplantation. These memory-like NK 
cells (NKG2C+NK cells) could efficiently 
control the CMV replication in transplant 
patients, even under immunosuppressive 
therapy. NKG2C receptor, an activating 
receptor on NK cells, interacts with HLA-E 
molecules on the surface of CMV-infected 
cells inducing NK cell expansion. CMV 
also appears to specifically influence the 
interaction between HLA-E and two distinct 
CD94-NKG2 receptors (NKG2A, NKG2C) 
via the expression of the UL40 glycoprotein. 
Still, this study has shown that CMV-encoded 
UL40 peptides stabilize the interaction 
between HLA-E and NKG2C. Thus, the 
interaction between different UL40-derived 
HLA-E-binding peptides and NKG2C receptor 
regulate the NK-cell response against CMV 
infection [52, 53]. To characterize the effect of 
HLA-E alleles as a predictive factor on CMV 
active infection in our liver transplant cases, 
we compared the numbers of HLA-E alleles 
(E*0101, E*0103) between CMV-reactivated 
LTRs and CMV non- reactivated ones. Our 
finding demonstrated that HLA-E*0101/0101 
and HLA-E*0103/0103 frequencies were 
very low compared with the frequencies 
of HLA-E*0101/0103 (heterozygote) in the 
total liver transplant population, and no 
significant difference was found in HLA-E 
alleles (E*0101, E*0103) among the two 
groups. One reason for different HLA-E 
allele distributions could be related to the 
fact that different populations present varied 
immunogenetic profiles depending on race and 
ethnicity. In our region, the allele frequency 
of HLA-E*0101/0103 might be the highest. 
However, there is no adequate evidence to 
prove this hypothesis. In this line, future 
studies are necessary to determine HLA‐E 
genotyping in a larger sample size. To clarify 
the role of HLA‐E in liver transplantation 
results, immunophenotyping of patients’ 
peripheral blood lymphocyte subpopulations 
could be helpful. In addition, it is valuable to 
evaluate the influence of the donor HLA-C 
genotyping on transplantation consequences. 
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The present study’s findings revealed no 
significant association between HLA-E 
alleles and the insertion or deletion variants 
of HLA-G 14 bp with CMV reinfection post 
liver transplant. Although earlier studies found 
the key effect of 14 bp polymorphism in the 
post transcription regulation of the HLA-G 
gene, further studies are suggested to be 
assessed on other gene variants sites located 
at 5 ′ untranslated regions (5′UTR) or 3′UTR, 
around the transcription factor binding sites 
that impact HLA-G mRNA accessibility. 
Besides, the 3′UTR, the HLA-G polymorphic 
promoter region seems to have a substantial 
role in regulating its expression[54]. Hence, 
functional studies on immune regulation are 
also needed to clarify the role of HLA‐G in 
CMV infection in the context of transplantation. 
Ultimately, differential expression of HLA‐G 
might be affected by the variations of other 
genes. Altogether, this investigation indicates 
that the variants of HLA-G14‐bp and 
HLA-E*0103/0101 heterozygotes are not the 
predictive factors exclusively responsible for 
CMV reinfection in liver transplant patients.

ACKNOWLEDGMENT 

Hereby, the authors would like to thank the 
organ transplant research center for financially 
supporting the study [grants No.97/257]. The 
studies involving human participants were 
reviewed and approved by the local Ethics 
Committee of Shiraz University of Medical 
Sciences [IR.SUMS.REC. 1397. S257]. The 
participants provided their written informed 
consent to participate in this study. 

Conflicts of Interest: None declared.

REFERENCES

1. Karadkhele G, Hogan J, Magua W, Zhang W, 
Badell IR, Mehta A, et al. CMV high‐risk status 
and posttransplant outcomes in kidney transplant 

recipients treated with belatacept. American 
Journal of Transplantation. 2021;21 (1):208-21.

2. Soleimanian S, Yaghobi R, Karimi MH, 
Geramizadeh B, Roozbeh J. Altered Signatures 
of Plasma Inflammatory Proteins and Phonotypic 
Markers of NK Cells in Kidney Transplant Patients 
upon CMV Reactivation. Current Microbiology. 
2023;80 (1):1-11.

3. Contreras G, Ho D. Human cytomegalovirus: 
a survey of end-organ diseases and diagnostic 
challenges in solid organ transplant recipients. 
Current Opinion in Organ Transplantation. 
2022;27 (4):243-9.

4. Soleimanian S, Yaghobi R, Karimi MH, 
Geramizadeh B, Roozbeh J, Aghdaie MH, et al. 
Circulating NKG2C+ NK cell expressing CD107a/
LAMP-1 subsets at the onset of CMV reactivation 
in seropositive kidney transplant recipients. 
Transplant Immunology. 2021;69:101460.

5. Nikolich-Žugich J, van Lier RA. Cytomegalovirus 
(CMV) research in immune senescence comes of 
age: overview of the 6th International Workshop 
on CMV and Immunosenescence. Geroscience. 
2017;39 (3):245-9.

6. Higdon LE, Schaffert S, Huang H, Montez-
Rath ME, Lucia M, Jha A, et al. Evolution of 
cytomegalovirus-responsive T cell clonality 
following solid organ transplantation. The Journal 
of Immunology. 2021;207 (8):2077-85.

7. Onno M, Pangault C, Le Friec G, Guilloux V, 
André P, Fauchet R. Modulation of HLA-G 
antigens expression by human cytomegalovirus: 
specific induction in activated macrophages 
harboring human cytomegalovirus infection. The 
Journal of Immunology. 2000;164 (12):6426-34.

8. Albayati Z, Alyami A, Alomar S, Middleton 
D, Bonnett L, Aleem S, et al. The Influence of 
Cytomegalovirus on Expression of HLA‐G and 
its Ligand KIR 2 DL 4 by Human Peripheral 
Blood Leucocyte Subsets. Scandinavian journal 
of immunology. 2017;86 (5):396-407.

9. Yan W-H, Lin A, Chen B-G, Chen S-Y. Induction 
of both membrane-bound and soluble HLA-G 
expression in active human cytomegalovirus 
infection. The Journal of infectious diseases. 
2009;200 (5):820-6.

10. Albayati Z, Alyami A, Alomar S, Middleton 
D, Bonnett L, Aleem S, et al. The Influence of 
Cytomegalovirus on Expression of HLA‐G and 
its Ligand KIR 2 DL 4 by Human Peripheral 
Blood Leucocyte Subsets. Scandinavian journal 
of immunology. 2017;86 (5):396-407.

11. Soleimanian S, Yaghobi R, Karimi MH, 
Geramizadeh B, Roozbeh J. The Direct Influence 
of Cytomegalovirus Lysate on the Natural Killer 
Cell Receptor Repertoire. Iranian Journal of 
Allergy, Asthma and Immunology. 2021;20 



Darai M et al. 

Iran J Immunol Vol. 19, No. 4, December 2022412 

(6):721.
12. Alegre E, Rizzo R, Bortolotti D, Fernandez-

Landázuri S, Fainardi E, González A. Some 
basic aspects of HLA-G biology. Journal of 
immunology research. 2014;2014.

13. Castelli EC, Mendes-Junior CT, Veiga-Castelli 
LC, Roger M, Moreau P, Donadi EA. A 
comprehensive study of polymorphic sites along 
the HLA-G gene: implication for gene regulation 
and evolution. Molecular Biology and Evolution. 
2011;28 (11):3069-86.

14. Azarpira N, Aghdaie MH, Kazemi K, 
Geramizadeh B, Darai M. HLA-G polymorphism 
(rs16375) and acute rejection in liver transplant 
recipients. Disease Markers. 2014;2014.

15. Berger DS, Hogge WA, Barmada MM, Ferrell RE. 
Comprehensive analysis of HLA-G: implications 
for recurrent spontaneous abortion. Reproductive 
Sciences. 2010;17 (4):331-8.

16. Hviid TVF, Hylenius S, Rørbye C, Nielsen LG. 
HLA-G allelic variants are associated with 
differences in the HLA-G mRNA isoform profile 
and HLA-G mRNA levels. Immunogenetics. 
2003;55 (2):63-79.

17. Jasinski-Bergner S, Schmiedel D, Mandelboim 
O, Seliger B. Role of HLA-G in Viral Infections. 
Frontiers in immunology. 2022;13:826074.

18. Pistoia V, Morandi F, Wang X, Ferrone S. Soluble 
HLA-G: Are they clinically relevant? Seminars 
in cancer biology. 2007;17 (6):469-79.

19. Ajith A, Portik-Dobos V, Horuzsko DD, Kapoor R, 
Mulloy LL, Horuzsko A. HLA-G and humanized 
mouse models as a novel therapeutic approach in 
transplantation. Human immunology. 2020;81 
(4):178-85.

20. Zhao L, Purandare B, Zhang J, Hantash BM. 
beta2-Microglobulin-free HLA-G activates 
natural killer cells by increasing cytotoxicity 
and proinflammatory cytokine production. Hum 
Immunol. 2013;74 (4):417-24.

21. Rizzo R, Farina I, Bortolotti D, Galuppi E, Rotola 
A, Melchiorri L, et al. HLA-G may predict the 
disease course in patients with early rheumatoid 
arthritis. Hum Immunol. 2013;74 (4):425-32.

22. Zaborek-Łyczba M, Łyczba J, Mertowska P, 
Mertowski S, Hymos A, Podgajna M, et al. The 
HLA-G immune checkpoint plays a pivotal role in 
the regulation of immune response in autoimmune 
diseases. International journal of molecular 
sciences. 2021;22 (24):13348.

23. Loustau M, Anna F, Dréan R, Lecomte M, 
Langlade-Demoyen P, Caumartin J. HLA-G neo-
expression on tumors. Frontiers in immunology. 
2020;11:1685.

24. Amodio G, Sales de Albuquerque R, Gregori S. 
New insights into HLA‐G mediated tolerance. 
Tissue Antigens. 2014;84 (3):255-63.

25. Solier C, Mallet V, Lenfant F, Bertrand A, 
Huchenq A, Le Bouteiller P. HLA-G unique 
promoter region: functional implications. 
Immunogenetics. 2001;53 (8):617-25.

26. Adolf IC, Almars A, Dharsee N, Mselle T, Akan 
G, Nguma IJ, et al. HLA-G and single nucleotide 
polymorphism (SNP) associations with cancer 
in African populations: Implications in personal 
medicine. Genes & Diseases. 2021.

27. Ramalho J, Veiga-Castelli LC, Donadi EA, 
Mendes-Junior CT, Castelli EC. HLA-E 
regulatory and coding region variability and 
haplotypes in a Brazilian population sample. 
Molecular immunology. 2017;91:173-84.

28. Hosseini E, Schwarer AP, Ghasemzadeh M. The 
impact of HLA-E polymorphisms in graft-versus-
host disease following HLA-E matched allogeneic 
hematopoietic stem cell transplantation. Iranian 
Journal of Allergy, Asthma and Immunology. 
2012:15-21.

29. Park K, Park J, Nam J, Bang D, Sohn S, Lee E. 
HLA‐E* 0101 and HLA‐G* 010101 reduce the 
risk of Behcet’s disease. Tissue antigens. 2007;69 
(2):139-44.

30. de Miranda BL, Gelmini GF, Risti M, Hauer V, da 
Silva JS, Roxo VM, et al. HLA‐E genotyping and 
its relevance in kidney transplantation outcome. 
Hla. 2020;95 (5):457-64.

31. Iwaszko M, Bogunia-Kubik K. Clinical 
significance of the HLA-E and CD94/NKG2 
interaction. Archivum immunologiae et therapiae 
experimentalis. 2011;59 (5):353-67.

32. Lam VC, Lanier LL. NK cells in host responses to 
viral infections. Current opinion in immunology. 
2017;44:43-51.

33. Berry R, Watson GM, Jonjic S, Degli-Esposti MA, 
Rossjohn J. Modulation of innate and adaptive 
immunity by cytomegaloviruses. Nature reviews 
immunology. 2020;20 (2):113-27.

34. Vietzen H, Jaksch P, Puchhammer-Stöckl 
E. The human cytomegalovirus-specific and 
UL40-mediated imprint in the natural killer cell 
repertoire is associated with antibody-mediated 
rejection in lung transplant recipients. The Journal 
of Heart and Lung Transplantation. 2022.

35. Bhat V, McIntyre M, Meyers T. Efficacy and safety 
of a lower-dose valganciclovir (valcyte) regimen 
for cytomegalovirus prophylaxis in kidney and 
pancreas transplant recipients. Pharmacy and 
Therapeutics. 2010;35 (12):676.

36. Aghdaie MH, Azarpira N, Kazemi K, 
Geramizadeh B, Darai M, Malekhoseini SA. 
Frequency of HLA-G exon 8 polymorphisms and 
kidney allograft outcome in Iranian population. 
Molecular biology reports. 2011;38 (5):3593-7.

37. Xu X, Zhou Y, Wei H. Roles of HLA-G in the 
maternal-fetal immune microenvironment. 



HLA-G and HLA-E on CMV reactivation

Iran J Immunol Vol. 19, No. 4, December 2022 413 

Frontiers in immunology. 2020;11:592010.
38. Amiot L, Vu N, Samson M. Immunomodulatory 

properties of HLA-G in infectious diseases. 
Journal of immunology research. 2014;2014.

39. Jin Z-K, Xu C-X, Tian P-X, Xue W-J, Ding 
X-M, Zheng J, et al. Impact of HLA-G 
14-bp polymorphism on acute rejection and 
cytomegalovirus infection in kidney transplant 
recipients from northwestern China. Transplant 
immunology. 2012;27 (2-3):69-74.

40. Luque J, Torres M, Aumente M, Marın J, Garcıa-
Jurado G, Gonzalez R, et al. Soluble HLA-G in 
heart transplantation: their relationship to rejection 
episodes and immunosuppressive therapy. Human 
immunology. 2006;67 (4-5):257-63.

41. Crispim J, Duarte R, Soares CP, Costa R, Silva 
J, Mendes-Junior C, et al. Human leukocyte 
antigen-G expression after kidney transplantation 
is associated with a reduced incidence of rejection. 
Transplant immunology. 2008;18 (4):361-7.

42. Zheng X-Q, Li C-C, Xu D-P, Lin A, Bao W-G, 
Yang G-S, et al. Analysis of the plasma soluble 
human leukocyte antigen–G and interleukin-10 
levels in childhood atopic asthma. Human 
immunology. 2010;71 (10):982-7.

43. Guberina H, Tomoya Michita R, Dolff S, 
Bienholz A, Trilling M, Heinemann FM, et 
al. Recipient HLA-G+ 3142 CC genotype and 
concentrations of soluble HLA-G impact on 
occurrence of CMV infection after living-donor 
kidney transplantation. International Journal of 
Molecular Sciences. 2017;18 (11):2338.

44. Onpoaree N, Sanpavat A, Sintusek P. 
Cytomegalovirus infection in liver-transplanted 
children. World Journal of Hepatology. 2022;14 
(2):338.

45. Herb S, Zeleznjak J, Hennig T, L’Hernault 
A, Lodha M, Jürges C, et al. Two murine 
cytomegalovirus microRNAs target the major 
viral immediate early 3 gene. Journal of General 
Virology. 2022;103 (11):001804.

46. Ferguson R, Ramanakumar AV, Richardson 
H, Tellier P-P, Coutlée F, Franco EL, et al. 
Human leukocyte antigen (HLA)-E and HLA-G 
polymorphisms in human papillomavirus 
infection susceptibility and persistence. Human 
immunology. 2011;72 (4):337-41.

47. Fotoohi M, Ghasemi N, Mirghanizadeh SA, 

Vakili M, Samadi M. Association between 
HLA-E gene polymorphism and unexplained 
recurrent spontaneous abortion (RSA) in Iranian 
women. International journal of reproductive 
biomedicine. 2016;14 (7):477.

48. Hosseini E, Kazerooni ES, Azarkeivan A, Sharifi 
Z, Shahabi M, Ghasemzadeh M. HLA-E* 01: 
01 allele is associated with better response to 
anti-HCV therapy while homozygous status for 
HLA-E* 01: 03 allele increases the resistance to 
anti-HCV treatments in frequently transfused 
thalassemia patients. Human Immunology. 2022.

49. Danzer M, Polin H, Pröll J, Haunschmid 
R, Hofer K, Stabentheiner S, et al. Clinical 
significance of HLA-E* 0103 homozygosity on 
survival after allogeneic hematopoietic stem-
cell transplantation. Transplantation. 2009;88 
(4):528-32.

50. Boukouaci W, Lansiaux P, Lambert NC, Picard 
C, Clave E, Cras A, et al. Non-Classical HLA 
Determinants of the Clinical Response after 
Autologous Stem Cell Transplantation for 
Systemic Sclerosis. International journal of 
molecular sciences. 2022;23 (13):7223.

51. Vietzen H, Rückert T, Hartenberger S, 
Honsig C, Jaksch P, Geleff S, et al. Extent of 
Cytomegalovirus Replication in the Human Host 
Depends on Variations of the HLA-E/UL40 Axis. 
Mbio. 2021;12 (2):e02996-20.

52. Vietzen H, Hartenberger S, Jaksch P, Honsig C, 
Geleff S, Segura-Wang M, et al. Impact of Human 
HLA-E and NKG2C Variants and of HCMV Ul40 
Genotype Populations on HCMV Replication in 
Lung Transplant Recipients. The Journal of Heart 
and Lung Transplantation. 2020;39 (4):S82-S3.

53. Soleimanian S, Yaghobi R, Karimi MH, 
Geramizadeh B, Roozbeh J. Loss of CCR7 
Expression on CD57+ CD56/CD16+ NK Cells 
Correlates with Viral Load in CMV Reactivated 
Kidney Transplant Recipients. Iranian Journal of 
Kidney Diseases. 2022;1 (1):52.

54. Donadi 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. 
Cellular and molecular life sciences. 2011;68 
(3):369-95.


