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Abstract Natural killer group 2D (NKG2D), as an acti-

vating receptor, plays pivotal role in viral infectious dis-

eases. Several single nucleotide polymorphisms (SNPs) in

the NKG2D gene have characterized that the rs1049174G/

C SNP of NKG2D is in the spotlight of notice because of

its role in activating of human T cells. This study aimed to

investigate rs1049174G/C genetic polymorphism in

Chronic Hepatitis C (CHC) patients. The study compro-

mised 107 CHC patients with genotype 1a and 1b. All

recruited patients were under treatment with Peginterferon

Alfa-2a/Ribavirin according to standard protocol. After

completing treatment, 67 patients showed sustained viro-

logic response (SVR) and the rest of patients did not

respond to the treatment and considered as non-responder

(NR). Genotyping of NKG2D rs1049174G/C SNP was

performed using PCR–RFLP method in SVR and NR

patients. The NKG2D rs1049174 genotypes frequency for

GG, GC and CC were 45, 41 and 14 % respectively.

Genotypes distribution were significantly different between

SVR and NR groups (p = 0.005). So that the patients with

the homozygous GG genotype demonstrated a higher

response to Peginterferon Alfa-2a/Ribavirin therapy

against HCV infection (OR = 6.0, 95 %CI 1.71–21.08,

p = 0.005). In conclusion, the rs1049174 GG genotype of

NKG2D receptor is an effective factor in successfully

treatment of CHC patients by Peginterferon Alfa-2a/

Ribavirin.
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Introduction

Chronic Hepatitis C virus (CHCV) infection is one of the

major causes of chronic liver disease and has affected

approximately 170–200 million people worldwide, com-

prising *3 % of the global population [26]. About 80 % of

patients with early acute HCV infection fail to clear the

virus and will develop persistent infection which often

cause chronic hepatitis, cirrhosis and hepatocellular carci-

noma [23]. Despite this high burden of disease there is still

no vaccine available for clinical use against HCV. In

addition, there are several challenges associated with cur-

rent and future treatment of chronic hepatitis C [3, 30]. A

number of studies suggested that immune response has a

crucial role in pathogenesis and outcome of hepatitis C

virus infection [6, 22, 33, 39, 40]. A combined treatment

including Peginterferon Alfa-2a/Ribavirin with or without

protease inhibitor has become the standard course for the

treatment of CHCV infection [10]. The efficacy of treat-

ment depends on several factors such as baseline viral load,

severity of liver disease, body weight, ethnicity and viral

genotype with type 1 appearing to be less responsive to

treatment than other types [44]. However, only about half

of treated patients achieve a sustained virology response

(SVR) in which serum HCV RNA become undetectable for
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at least 6 months after cessation of therapy. In this condi-

tion, completion of treatment course may not occur due to

the cost and major side effects [25, 41]. Therefore, it is

necessary to search for surrogate predictors as a guide to

evaluate response to antiviral therapy.

NK cells include 30–50 % of lymphocytes population in

the liver. They recognize and kill infected and tumorigenic

cells and their function is controlled by net balance of

inhibitory and activating receptor signals expressed on

their surface. The activating receptors include NKG2D,

CD94:NKG2C/E, NKp44, NKp30, NKp46, and CD16 (FC-

c-RIII) molecules [6]. NKG2D is one of the most important

human NK cell activating receptor expressed on NKT cells,

cd cells, macrophages and a small number of

CD4 ? regulatory T cells and some CD8 ? T lympho-

cytes. The ligands of NKG2D receptor are MHC class I

chain-related A and B (MICA, MICB), and ULBP (UL-16-

binding protein) which are expressed on tumor and virus

infected cells. In early innate immune responses against

tumor and virally infected cells, NKG2D signals can acti-

vate NK cells and CD8? T cells by interaction with its

ligands expressed on target cells [4, 17, 20, 32, 38, 45].

Molecular mechanisms used by viruses and tumor cells to

escape from NKG2D recognition system highlight the

importance of NKG2D receptor signaling against infection

and tumorigenesis [1, 7, 29].

The NKG2D gene is located on the short (p) arm of

human chromosome 12 in the region of natural killer

complex (NKC). Studies show a single nucleotide poly-

morphism (SNP: rs1049174) located in 30-untranslated

regions (30UTR) of the NKG2D gene that its haplotypes are

associated with high activity of NK cells (HNK) or low

activity (LNK). HNK phenotype (high NK cytotoxicity) is

observed in rs1049174 G allele carriers, whereas the LNK

(low NK cytotoxicity) is seen in C allele carriers

[12, 13, 19].

Previous studies have shown an association between

NKG2D polymorphism and cellular immune response

against virus-infected and tumor cells [9, 24, 45]. Addi-

tionally, NKG2D and tumor necrosis factor-related apop-

tosis-inducing ligand (TRAIL) mediated signaling induce

both apoptosis of fibrogenic hepatic satellite cell (HSC)

and production of anti-fibrogenic cytokine, IFN-c by NK

cells, which can ameliorate liver fibrosis [14, 31]. The

study by Chu et al. shows that decreased expression of

NKG2D receptor on CD56? CD3? lymphocytes in HCV

genotype 1 infected patients predicts poorer response to

Peginterferon Alfa-2a/Ribavirin therapy compared to

genotype 2 carriers (30). Therefore, in the current study we

aimed to evaluate possible impact of NKG2D rs1049174

polymorphism on efficacy Peginterferon Alfa-2a/Ribavirin

treatment in the patients with CHCV infection.

Materials and methods

Human subjects

The study was approved by ethics committee of Shahid

Sadoughi University of Medical Sciences, Yazd, Iran and

all patients gave informed consent to take part in the study.

107 Iranian patients with CHCV infection recruited of

Shahid Sadoughi hospital and Bou-Ali Pathobiology lab-

oratory during March 2010–June 2013 in Yazd, Iran.

Clinical characteristics of the patients are summarized in

Table 1.

Patients with human immunodeficiency virus (HIV) or

hepatitis B virus (HBV) coinfection, or having any evi-

dence of clinically relevant liver disease such as apparent

auto-immune hepatitis-primary biliary cirrhosis (AIH-

PBC), hepatocellular carcinoma, sclerosing cholangitis,

Wilson’s disease, a1-antitrypsin deficiency, former history

of alcohol abuse or previous liver transplantation excluded

of the study. Peripheral blood samples obtained from

patients. Anti-HCV antibodies were assessed using a

commercially available enzyme-linked immunosorbent

assay kit (Diapro, Diaplus, Italy). Viral load assessment

was performed by real-time polymerase chain reaction

(Rotor-Gene 6000, Australia) method applying HCV RNA

Quantification Kit (AJ Roboscreen, GmbH). Analytical

sensitivity of the kit was 200 copies/ml and HCV-RNA-

positive samples were genotyped using HCV genotyping

kit (Sacace Biotechnologies Srl, Italy). Patients with HCV

genotype 1 (1a, 1b) were selected.

All patients with detectable virus received a standard

dose of Peginterferon a-2a (180 lg/week) subcutaneously

plus weight-based ribavirin (1000 mg/days for

weight\80 kg and 1200 mg/days for weight[80 kg). The

patients were under treatment for 48 weeks as standard

protocol for treatment of genotype 1 HCV infection. At

least 6 months after treatment completion, 5 ml blood

sample was taken from all patients of which 2 ml was used

for DNA extraction, and the remaining 3 ml was cen-

trifuged to separate serum. Serum viral load of all treated

patients with genotype 1 were monitored using qPCR.

According to presence or absence of HCV RNA in their

blood, the patients with no detectable virus and

detectable were considered as responder and non-responder

respectively. NKG2D polymorphisms in the patients

determined by qPCR.

DNA extraction and RFLP-PCR

Genomic DNA was isolated from whole blood by a com-

mercial DNA purification kit (Bioneer Co., Korea).

NKG2D gene rs1049174 SNP was genotyped using
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polymerase chain reaction-restriction fragment length

polymorphism (RFLP) method. Primers were designed by

the Primer3 program. The forward and reverse primers

were 50-TTAAGGCTGGAGAATAATGC-30 and 50-
TCAGTGAAGGAAGAGAAGG-30, respectively, produc-

ing a 230 bp band. All PCR amplification reactions were

performed in 25 ll volume, including 3 ll DNA (100 ng),

12.5 ll Taq Mastermix (Ampliqon, Denmark), 8.5 ll dis-

tilled water and 1 ll of each primer (forward and reverse).

The PCR amplification was performed in the thermal

cycler (Applied Biosystems, ABI, Foster City, CA, USA)

with initial denaturation at 94 �C for 5-min, followed by 30

cycles of 30-s denaturation at 94 �C, 30-s annealing at

59 �C and 30-s elongation at 72 �C with the final extension

at 72 �C for 5-min. Then, the 230 bp PCR product was

digested with restriction enzyme Dde 1, according to kit

instructions (New England Biolabs, Hitchin, UK). Digested

fragments were separated by electrophoresis on a 3 %

agarose gel, stained with green viewer. Gel images were

visualized and captured by means of an E-gel imager (Life

Technologies) instrument. Dde 1 digestion generated two

fragments 191 and 39 bp (this band is not detectable in the

agarose gel) for the C allele, whereas the undigested G

allele was observed as a 230 bp fragment (Fig. 1).

Statistical analysis

All statistical analyses were performed using the SPSS

software for Windows, version 15.0 (SPSS Inc., Chicago,

IL, USA). The association between genotypes and SVR

were examined by computing the odds ratio (OR) and

95 % confidence intervals (95 % CI) from logistic regres-

sion analyses. p values below 0.05 were considered sta-

tistically significant. Hardy–Weinberg equilibrium (HWE)

was tested with the v2 test for the SNP under consideration.

Results and discussion

Patients characteristics

Host immune system genetic diversity is one of the vital

factor in inducing of effective immune response to HCV

infection. Although genotype of the virus, treatment

methods and different kinds drug are important too [27].

Genetic variation in IL28B is the most important pre-

treatment predictor of achieving SVR with Peginterferon

Alfa-2a/Ribavirin therapy in genotype 1 infected patients

[15]. The HLA-ER/HLA-ER genotype has been shown to

Table 1 Characteristics of recruited chronic hepatitis C patients

Patients SVR NR patients Pv

Patients number 67 43 –

Mean ± SD of age (year) 45.8 ± 1.88 42.1 ± 2.22 0.239

Sex (male/female) 60/7 35/8 –

HCV RNA (copy number/ml) before treatment 8,454,434 ± 220,801 871,704 ± 292,996 0.154

HCV genotype 1a and 1b 1a and 1b

Length of treatment by Peginterferon/Ribavirin (weeks) 48 48

ALT (IU/L) 70 ± 68 66 ± 64 0.256

ALP (IU/L) 250 ± 124 264 ± 139 0.176

SVR Sustained virologic response, NR nonresponder, ALT alanine aminotransferase, ALP alkaline phosphatase

Fig. 1 RFLP genotyping for NKG2D rs1049174 polymorphism.

Extracted DNA of patients and donors digested by Dde1 enzyme and

the products ran on 3 % agarose gel. M: 50 bp DNA ladder, Samples

1, 2 and 3 correspond to GG; Samples of 4 and 7 show CC genotype

and bands of 5 and 6 approve GC genotype
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be protective against HCV genotypes 2 and 3 infection

[36]. In the present study to exclude the genotype of HCV

virus diversity as effective agent in immune system effi-

cacy we only considered the patients who was infected by

HCV genotype 1a and 1b. CHCV patients who has taken

part in the present study were from central and south of east

of Iran. All the patients who recruited to this study had not

received any medication for HCV infection. According to

HCV genotyping, the most patients showed genotype 1 and

3 and the prevalence of genotype of 1 and 3 were 73.3 and

26.7 % respectively. However, the patients with genotype

1 selected for this survey because this genotype is more

resistant to usual treatments. On the other hand, concen-

tration of ALT and ALP and serum albumin in the patients

before starting treatment did not show significant differ-

ences (Table 1). The ALT and ALP enzymes in patient’s

serum did not show significant relation with rs1049174

NKG2D polymorphism.

NKG2D polymorphism effects on Peginterferon

Alfa-2a/Ribavirin treatment

In the infected patients with HCV genotype 1, rs1049174

determined according to methods section. Results are

shown in Table 2. The frequency of GG genotype in the

SVR patients were significantly higher than those in

comparing to non-responder patients. The patients with the

homozygous GG genotype showed a higher response to

interferon therapy against HCV infection (OR = 6.0,

95 %CI 1.71–21.08, p = 0.005). Furthermore, carriers of

G allele represented an increased level of response to HCV

therapy compared to C allele carriers (OR = 2.46, 95 %CI

1.37–4.41, p = 0.003) as shown in Table 2.

According to other studies, high load of HCV virus

needs to longer treatment. Immune system efficacy cer-

tainly has affected HCV viral load. The NKG2D as an

important activator receptor has substantial role in control

of vial load. In the current study to investigate rs1049174

NKG2D polymorphism and the viral load of HCV, the

patients before starting treatment divided into two groups.

In group one HCV particles was higher than 800,000 copy

number/ml and the group two included the patients with

\800,000. NKG2D rs1049174 genotypes were compared

in the two groups. Although C allele frequency in the SVR

patients with \800,000 copy/ml was higher than the

patients with more than 800,000, statistical analysis did not

show significant difference (p = 0.056). The results shown

in the Table 3.

In the present study, we have found that patients who

carried the G allele or GG genotype of NKG2D polymor-

phism rs1049174 were more likely to achieve SVR than

patients with C allele or CC genotype. Our findings suggest

that inheritance of NKG2D GG genotype/G allele has an

important detrimental effect on SVR rates in CHC patients

treated with Peginterferon Alfa-2a/Ribavirin. Several

studies have demonstrated considerable role for NKG2D in

protective function against virus infected or transformed

cells [5, 37, 45]. The liver lymphocyte population is enri-

ched with NK cells and these cells are one of the main cell

populations, expressing NKG2D [11, 42]. The major NK

cell functions include direct killing of target cells as well as

cytokine production such as IFN-c [11]. NKG2D ligation

induces calcium flux, cytokine release, and cytotoxicity in

NK cells. In addition, NKG2D can have costimulatory

roles in CD8? T cell activation, against viral infection

[17, 43]. Earlier studies approved a connection between

NKG2D haplotypes and natural cytotoxic activity of

peripheral lymphocytes against cancer cells. In human

NKG2D haplotype block-1(hb-1) has five tightly linked

SNPs in hb-1. Furthermore, it has been shown that among

these SNPs, G allele in the NKG2D polymorphism

rs1049174, can be a good predictor of the high NK activity

genotype, associated with cancer surveillance [12, 19].

However, there are few studies investigating NKG2D

polymorphism and its impact on natural cytotoxic activity

against viral infection. Juan Ma et al. [24], investigated a

number of NK cell receptors gene polymorphism in Han

Chinese chronic hepatitis B patients and proposed some

NKG2D polymorphism and susceptibility to chronic hep-

atitis B virus infection. Additionally, there are many

studies that have investigated immunological function of

NKG2D in viral infection especially viral hepatitis. Ama-

dei et al. [2] analyzed the expression of NKG2D on the

surface of NK cells. In HCV infected patients compared

Table 2 NKG2D rs1049174

genotype and alleles frequencies

in the patients infected by HCV

genotype 1

rs1049174 genotype Number SVR Non-responder Odds ratio (95 % CI) Pv

CC 15 (14 %) 5 (7.5 %) 10 (25 %) Ref –

CG 44 (41 %) 26 (38.8 %) 18 (45 %) 2.88 (0.84–9.88) 0.134

GG 48 (45 %) 36 (53.7 %) 12 (30 %) 6.00 (1.71–21.08) 0.005

Allele frequency

C 36 (26.9) 38 (47.5) Ref –

G 98 (73.1) 42 (52.5) 2.46 (1.37–4.41) 0.003

p values below 0.05 were considered significant
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with controls, NKG2D is more highly expressed in the

acute phase of infection, but in chronic phase of infection

there is conflicting evidence with regard to NKG2D

expression, which has been described as being downregu-

lated, upregulated or unchanged [8, 18, 21].

Immunomodulation patterns to helpful immune reac-

tion in order to clearance of HCV infection or detri-

mental role of immune system in liver injury and fibrosis

have not clear completely so far [28, 34, 35]. According

to literature [16], NKG2D may also function as a cos-

timulatory receptor on CD4? regulatory T cells, sug-

gesting that NKG2D signaling may induce dual

tolerogenic and immunogenic response in hepatitis C

infection. Nevertheless, it is unclear whether the NKG2D

functions actually help to improve hepatitis C outcomes

or may play pathological role in fibrosis and liver injury,

however it is not surprising that NKG2D may play an

important role in maintaining a balanced immune

response that has significant influence on achieving

SVR.

In conclusion, this study indicated a relation between

NKG2D rs1049174 polymorphism and Peginterferon Alfa-

2a/Ribavirin treatment method in central region of Iranian

HCV patients. More studies in different populations and a

larger number of subjects will be required to elucidate the

association between this polymorphism and SVR. Because

of great importance of NKG2D and other inhibitory and

activating NK cell receptors and direct involvement of

these receptors and due to the contradictory reports

regarding the effect of immune response in liver disease

severity and SVR, further genetic and biochemical studies

of these receptors will provide further evidence for the

clinical practice and the appropriate use of currently

available therapy.
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