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ABSTRACT 
Infection with the hepatitis B virus (HBV) continues to be a hazard for public health across the 

globe. Chronic hepatitis, cirrhosis, and hepatocellular carcinoma (HCC) are all possible 

outcomes. It is obvious that certain patients with chronic hepatitis B (CHB) viral infection 

developed HCC, while other under almost similar circumstances do not.  The present study 

aimed to investigate the possible a link between three single nucleotide gene polymorphisms 

(SNPs) in GzmB genes with the development of HCC.  A total of 85 patients diagnosed with 

CHB participated in this research (40 patients with HCC and 45 patients without HCC). Three 

SNPs in GzmB gene (rs7144366, rs8192917 and rs2236338) were genotyped using restriction 

fragment length polymorphism (RFLP). The haplotype blocks derived from the three SNPs 

were assembled, and the linkage disequilibrium (LD) between the SNPs was determined 

using the SHEsis software. The homozygous mutant genotype (CC) was shown to be 

significantly more common in patients with HCC (27.5 %) than in those without HCC 

(11.11 %) (OR= 3.93, 95% CI=1.13-13.62, p=0.031). At allelic level, the mutant allele (C) was 

more frequent in patients with HCC than those without HCC (46.25% vs. 26.67%) with a 

significant deviation (OR=2.36, 95%CI= 1.25- 4.49, p= 0.008). The haplotype block CCG was 

more common among patients with HCC (26.25%) than those without HCC (12.22%) with a 

significant difference (OR= 2.56, 95%= 1.14-5.71, p= 0.022). The study indicated that 

individuals carrying the mutant homozygous (CC) of the SNP rs8192917 and allele C of this 

SNP may have a higher chance of developing HCC compared with those carrying other 

genotypes and T allele of the SNP. The haplotype block CCG (corresponding for C allele of 

rs7144366, C allele of rs8192917 and G allele of rs2236338) might be regarded as a risk factor 

for the emergence of HCC in patients with CHB.   

 

  

 

 

 

 

 

 

 

 INTRODUCTION 

Approximately 90% of all initial liver malignancies are triggered by hepatocellular 

carcinoma (HCC), prevalent in the world’s most populated areas. It accounts for 9.2 % 

of all new cancer cases and the third biggest cause of cancer-related death, and it is the 

fifth most prevalent cancer in men and the seventh most common cancer in women in 

the world, following only stomach and lung cancers [1]. The activation of various 

cellular receptors (such as toll-like receptors (TLR)-3, TLR-9, retinoic acid-inducible 

gene (RIG)-1) results in the rapid production of antiviral cytokines such as interferon 

(IFN), which, in cooperation with natural killer (NK) cells, limits the initial spread of 

the hepatitis B virus (HBV) [2]. The humeral arm of immune response may also 

participate in body defense against the virus through the maturation and proliferation 

of B-cells to create antibodies specific to hepatitis B antigen [3]. The granules of 

cytotoxic T lymphocyte (CTL) and NK cells are discharged into the immunological 

synapse that has been established with their target cells. Serine protease granzymes 

(Gzms) are the granules’ most potent contents, which are transported into the 

cytoplasm of the target cells by the pore-forming protein perforin and trigger 
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programmed cell death [4]. Granzyme B is the most important member of granzymes. It 

causes early DNA damage by causing the death of target cells through a mitochondria-

dependent mechanism [5]. CTL responds to viruses infected cells by producing Gzms. 

Those Gzms should work at maximum speed with lower Km and should be free of the 

inhibitors for the enzymes to initiate apoptosis successfully [3]. The objective of the 

current investigation was to investigate the possibility of a relationship between three 

single nucleotide gene polymorphisms in the GzmB gene and the development of HCC 

in patients with CHB. 

 

MATERIALS AND METHODS 

Study population  

This study was conducted from 1 January to 31 December 2021, in the Department of 

Chemistry and Biochemistry at Al-Nahrain University’s College of Medicine, in 

collaboration with the Department of Biochemistry Laboratory at Al-Imamain 

Alkadhimain Teaching Hospital and Medical Research Unit/College of Medicine/Al-

Nahrain University. The Institutional Review Board (IRB) of the College of Medicine at 

Al-Nahrain University gave its clearance to the research project (number 202012158 on 

19 January 2021). A total of 85 patients with CHB were included in the study. Those 

patients were split up into two different groups. Group 1 included 45 patients 

diagnosed with hepatocellular carcinoma, and group 2 included 45 patients without 

hepatocellular carcinoma. 

The diagnosis of CHB was primarily based on positivity for HBsAg and anti-HBc-IgG 

antibodies accompanied by viral load beyond the reference range. The diagnosis of 

HCC depended on ultrasound (US) findings and Computed tomography (CT) scan. 

Patients with renal failure, connective tissue disease, acute and chronic infection, 

hepatitis C virus (HCV), and other malignancies were excluded from the study.  

 

Blood samples 

Venous blood (about 5 ml) was collected from all subjects, with 2 mL in an EDTA tube 

and 3 mL in a plan tube. The serum was extracted from the latter after centrifugation 

and stored at -20 ºC until used.  

 

HBV serological markers  

Ready commercial kits were used to detect HBsAg, anti-HBc IgG, HBeAg, and anti-HBe 

using the commercial ELISA technique (Bioelisa/biokit/Barcelona/Spain). 

 

DNA extraction and gene amplification 

Following the manufacturer’s instructions, a ready kit (gSYNCTM DNA Mini Kit 

Whole Blood Protocol/ Geneaid/ Korea) was used to extract DNA from blood samples. 

The GzmB gene fragments involving rs7144366, rs8192917, and rs2236338 gene 

polymorphisms were amplified using three sets of primers (Table 1). 

The final concentration of 100 pmole/L was achieved by dissolving the primers in 

DNase and RNase free water, which was used in the experiments. Mixing 10 μL of the 

stock solution with 90 μL of distilled water resulted in a working solution with a 

concentration of 10 pmol/L. Each master mix tube included 4 μL of template DNA and 
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2 μL of primers. The amplification of GzmB gene segments matching to the three SNPs 

was carried out under the circumstances of a flowing PCR reaction. The annealing 

temperature was the sole variable; it was 58, 60, and 61 oC for the rs7144366, rs8192917, 

and rs2236338 gene polymorphisms, respectively. The first denaturation was 

performed at 95oC for 5 minutes, followed by denaturation at 94oC for 30 seconds, 

annealing for 30 seconds, elongation at 72 oC for 1 minute, and final elongation at 72 oC 

for 7 minutes. 

 

Table 1. Primers and their corresponding single nucleotide polymorphisms. 

SNP Primers 3’→5’ length Reference 

rs7144366 F:GCGGTTCTATCACTGGGAACT 

R: GCAGGAACCCAAGCCTATG 

97bp [6] 

8192917 F: TCCCTAAGACAGGTATGCTC 

R: GTGTTTCCAGGAGGGTGT 

420bp [6] 

rs2236338 F: TCTCCCACATGTAGGCTGTG 

R: GATGTGGTGCCTGAGAATGA 

400bp [7] 

 

Restriction fragment length polymorphism 

The PCR product was digested with the restriction enzyme. The restriction enzymes 

and their cutting sequence are illustrated in Table 2. 

Five μL of PCR products were mixed with 0.1μL of the selected restriction enzyme 

(Sibenzyme, Russia). Restriction buffer (10X) 1.5 µL and bovine serum albumin (BSA) 

0.1µL were added to the mixture. The reaction mixture was then completed to 15µ l by 

molecular grad water. Mineral oil (20 µl) was added to each tube to prevent 

evaporation.   The reaction mixture was incubated in 60◦ C water bath for 3 hours. 

Restriction products were resolved on 2% agarose. 

 

Table 2. The restriction enzymes, their cutting sequence, and fragment length resulted from 

digestion. 

SNP Restriction enzyme  Cutting sequence Product size and genotypes 

rs7144366 Sfc I 5’-C▼TRYAG-3’ TT: 97bp 

TC: 97bp+66bp+31bp 

CC: 66bp+31bp 

rs8192917 BsmA I 

 

5’-GTCTCN▼...-3’ TT: 420bp 

TC: 420+328bp+92bp 

 CC: 328bp+92bp 

rs2236338 BsmF I 

 

5’-GGGAA(N)10
▼..-3’ AA: 400bp 

AG:400bp+272bp+128bp 

GG: 272bp+128bp 

 

PCR product sequencing 

Ten percent of the PCR products were sent to the Macrogen Company in South Korea 

to verify RFLP for direct sequencing. The generated nucleotide sequences were put 

through a BLAST alignment process, which compared them to the reference sequence. 

This tool is accessible online at http://www.ncbi.nlm.nih.gov. 
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Statistical analysis 

Statistical analysis was performed using SPSS 25.0 (SPSS, Chicago). The student t-test 

was used. The genotype divergence from Hardy-Weinberg Equilibrium (HWE) was 

assessed using Chi-square. The OR and 95% confidence interval (CI) were calculated 

using binary logistic regression (CI). SHEsis software was used to create haplotypes 

and calculate LD between the GzmB gene polymorphisms rs7144366, rs8192917, and 

rs2236338. A statistically significant difference was defined as a p-value less than 0.05. 

 

RESULTS 

Demographic and laboratory data of the study population 

Although patients with HCC demonstrated higher mean age than those without HCC 

(42.7±14.18 years vs. 37.8±13.46 years), the difference was not significant. Both groups 

were similar in their characteristics in terms of gender distribution and HBeAg 

positivity, with no significant differences. However, patients without HCC had far 

more frequent positivity for hepatitis B antigen and antibody (HBeAb) than those with 

HCC (46.67% vs. 7.5%), with a highly significant difference (Table 3-5). Interestingly, all 

patients in both groups were positive for HBsAg and HBcAb-IgG. 

 

Table 3. Characteristics of the participants, both demographic and laboratory-based. 

 

 

 

 

 

 

 

 

 

Molecular assays 

Three SNPs were investigated in the present study for their association with HCC. The 

genotyping was performed by RFLP. The different genotypes in all included SNPs were 

in good accordance with HWE in both groups (with and without HCC). 

 

rs7144366 

Gel electrophoresis of the PCR product of rs7144366 polymorphism is shown in    

Figure 1. The fragment length was 97bp.  

Variables 

(Mean±SD) 

            Without HCC 

                  (n= 45)   

                   With HCC 

         (n=40) 

  P- value 

Age, years  

Range 

37.8±13.46 

22.0-71.0 

42.7±14.18 

25.0-75.0 

 

0.116 

Gender 

Male 

Female 

 

26(57.78%) 

19(42.22%) 

 

29(72.5%) 

11(27.5%) 

 

0.156 

HBeAg 

Positive 

Negative 

 

27(60%) 

18(40%) 

 

29(72.5%) 

11(27.5%) 

 

0.225 

HBeAb 

Positive 

Negative 

 

21(46.67%) 

24(53.33%) 

 

3(7.5%) 

37(92.5%) 

 

<0.001 
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Figure 1. Gel electrophoresis (1% agarose) of rs7144366 gene polymorphism amplified with specific pair of 

primers using conventional PCR run for 45 min at 129 V. The PCR product was stained with ethidium bromide. 

The fragment length was 97bp. 

 

Digestion with SfcI restriction enzyme revealed three genotypes: TT, CT, and CC as 

shown in Figure 2 and 3. 

 
Figure 2. Genotyping of rs7144366 gene polymorphism after digestion with SfcI and stained with ethidium 

bromide. Lanes 1,3,6,7,8, and 11: TT; lanes 2,5, and 10: CT, lanes 4 and 9: CC genotype; M: DNA 50 bp DNA 

marker. 

 

 
Figure 3. Sequence analysis of the rs7144366, the reverse strand. The R in the upper frame represents the 

heterozygous genotype (TC), the G in the middle frame represents the mutant genotype (CC), and the A in the 

bottom frame represents the homozygous wild type of genotype (TT). 

 

Although the homozygous mutant genotype (CC) was more frequent in patients with 

HCC than those without HCC (27.5% vs. 13.33%), the difference was not significant. 

Likewise, a higher percentage of HCC patients had the allele C (45%) than those without 

HCC (35.56%), with no significant difference (Table 4). 
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Table 4. The frequency of different genotypes and allele of rs7144366 in hepatitis patients with and 

without HCC.  

rs7144366 Without HCC 

(n=45) 

With HCC 

(n=40) 

P-value OR (95%CI) 

Genotypes 

TT 

CT 

CC 

HWE 

 

19(42.22%) 

20(44.44%) 

6(13.33%) 

0.839 

 

15(37.5%) 

14(35%) 

11(27.5%) 

0.064 

 

0.270 

0.806 

0.170 

 

1.0 

0.89(0.34-2.32) 

2.32(0.7-7.73) 

Dominant models 

TT+CT 

CC 

 

Recessive model 

TT 

CT+CC 

 

39(86.67%) 

6(13.33%) 

 

 

19(42.22%) 

26(57.78%) 

 

29(72.5%) 

11(27.5%) 

 

 

15(37.5%) 

25(62.5%) 

 

0.109 

 

 

 

0.576 

 

1.0 
2.47(0.82-7.44) 

 

 

1.0 

1.22(0.51-2.91) 

Alleles 

T 

C 

 

58(64.44%) 

32(35.56%) 

 

44(55%) 

36(45%) 

 

0.210 

 

1.0 

1.48(0.8-2.75) 

 

rs8192917 

Gel electrophoresis of the PCR product of rs8192917 polymorphism is shown in    Figure 

4. The fragment length was 420bp. 

 
Figure 4. Gel electrophoresis (1% agarose) of rs 8192917 gene polymorphism amplified with specific pair of 

primers using conventional PCR run for 45 min at 129 V. The PCR product was stained with ethidium bromide. 

The fragment length was 420 bp. 

 

Digestion with BsmA I restriction enzyme revealed three genotypes: TT, CT, and CC, as 

shown in Figure 5 and 6. 

 
Figure 5. Genotyping of rs7144366 gene polymorphism after digestion with BsmA I and stained with ethidium 

bromide. Lanes 1,2,4,7,8,10,11, 13 and 14: TT; lanes 5,6 and 12: CT, lanes 4 and 9: CC genotype; M: 100 bp DNA 

maker. 
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Figure 6. Sequence analysis of the rs8192917, the reverse strand. The homozygous wild type is represented by 

the letter A in the top frame (TT), the G in the second line of the frame represents the mutant genotype (CC), 

while the R in the lower line represents the heterozygous genotype (TC). 

 

The homozygous mutant genotype (CC) was far more frequent in patients with HCC 

(27.5%) than those without HCC (11.11%) with a significant difference (OR= 3.93, 

95%CI=1.13-13.62, p=0.031). This polymorphism seems to have recessive inheritance as 

the CC+CT genotypes were more common in patients with HCC than those without 

HCC (65% vs. 42.22%) with a significant difference (OR= 2.54, 95%CI= 1.06-6.12). At 

allelic level, the mutant allele (C) was more frequent in patients with than those without 

HCC (46.25% vs. 26.67%) with a notable distinction (OR=2.36, 95%CI= 1.25- 4.49, p= 

0.008) as shown in Table 5.  

 

Table 5. The prevalence of various genotypes and alleles of rs8192917 in hepatitis patients with 

and without HCC.  

rs8192917 Without HCC 

(n=45) 

With HCC 

(n=40) 

P-value OR (95%CI) 

Genotypes 

TT 

CT 

CC 

HWE 

 

26(57.78%) 

14(31.11%) 

5(11.11%) 

0.170 

 

14(35%) 

15(37.5%) 

11(27.5%) 

0.120 

 

0.089 

0.241 

0.031 

 

1.0 

1.78(0.68-4.71) 

3.93(1.13-13.62) 

Dominant models 

TT+CT 

CC 

 

Recessive model 

TT 

CT+CC 

 

40(88.89%) 

5(11.11%) 

 

 

26(57.78%) 

19(42.22%) 

 

29(72.5%) 

11(27.5%) 

 

 

14(35%) 

26(65%) 

 

0.061 

 

 

 

0.037 

 

1.0 

3.03(0.95-9.68) 

 

 

1.0 

2.54(1.06-6.12) 

Alleles 

T 

C 

 

66(73.33%) 

24(26.67%) 

 

43(53.75%) 

37(46.25%) 

 

0.008 

 

1.0 

2.36(1.25-4.49) 

 

rs2236338 

Gel electrophoresis of the PCR product of rs2236338 polymorphism is shown in    

Figure 7. The fragment length was 400bp.  
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Figure 7. Gel electrophoresis of rs2236338 gene polymorphism amplified with specific pair of primers using 

conventional PCR. The PCR product was stained with ethidium bromide. The fragment length was 400 bp. 

 

Digestion with BsmF I restriction enzyme revealed three genotypes: AA, AG and GG as 

shown in Figure 8 and 9. 

 
Figure 8. Genotyping of rs2236338 gene polymorphism after digestion with BsmF I and stained with ethidium 

bromide. Lanes 1 and 4: GG genotype lanes 2,5,6,8,10, and 11: AA, lanes 3,7,9, and 12: AG genotype; M: 100 

bp DNA marker. 

    

 
Figure 9. Sequence analysis of the rs2236338, the forward strand. The A in the upper frame represents 

homozygous wild type (AA), the G in the second line of the frame represent the mutant genotype (GG), while 

the R in lower line represents the heterozygous genotype (AG). 

 

There were no significant differences in the frequency of various genotypes and alleles 

of this polymorphism between individuals who had HCC and those who did not have 

the condition (Table 6). 
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Table 6. The occurrence of various genotypes and alleles of rs2236338 in hepatitis patients with 

and without HCC.  

rs2236338 

 

Without HCC 

(n=45) 

With HCC 

(n=40) 

P-value OR (95%CI) 

Genotypes 

AA 

AG 

GG 

HWE 

 

21(46.67%) 

19(42.22%) 

5(11.11%) 

0.823 

 

17(42.5%) 

14(35%) 

9(22.5%) 

0.088 

 

0.374 

0.845 

0.216 

 

1.0 

0.91(0.35-2.33) 

2.22(0.63-7.89) 

 

Dominant models 

AA+AG 

GG 

 

Recessive model 

AA 

AG+GG 

 

 

40(88.89%) 

5(11.11%) 

 

 

21(46.67%) 

24(53.33%) 

 

 

31(77.5%) 

9(22.5%) 

 

 

17(42.5%) 

23(57.5%) 

 

 

0.165 

 

 

 

0.700 

 

 

1.0 

2.32(0.71-7.63) 

 

 

1.0 

1.18(0.50-2.79) 

 

Alleles 

A 

G 

 

 

61(67.78%) 

29(32.22%) 

 

 

48(60%) 

32(40%) 

 

 

0.292 

 

 

1.0 

1.4(0.75-2.63) 

 

Haplotype analysis 

The SHEsis program was used to build haplotype blocks since the three 

polymorphisms are situated on the same gene. Table 7 shows the most frequent 

haplotypes in patients with and without HCC. The haplotype block TTA (T allele of 

rs7144366, T allele of rs8192917, and A allele of rs2236338) among patients without 

HCC had a higher prevalence than in HCC patients. (43.33% vs. 22.5%) with highly 

significant difference (OR= 0.38, 95%CI= 0.19-0.74, p= 0.005). in contrast, the haplotype 

block CCG was more common among patients with HCC (26.25%) than those without 

HCC (12.22%) with a significant difference (OR= 2.56, 95%= 1.14-5.71, p= 0.022). 

Although the haplotype block TTG was more common in patients with HCC (22.5%) 

than those without HCC (12.22%), the difference was not significant. 

 

Table 7. The most frequent haplotype blocks. 

Haplotype 

blocks  

Without HCC 

(n=90) 

With HCC 

(n=80) 

p-value OR (95%CI) 

TTA 39(43.33%) 18(22.5%) 0.005 0.38(0.19-0.74) 

TTG 11(12.22%) 18(22.5%) 0.079 2.08(0.92-4.73) 

CCG 11(12.22%) 21(26.25%) 0.022 2.56(1.14-5.71) 

CCA 6(6.67%) 8(10%) 0.433 1.56(0.52-4.69) 

CTA 9(10%) 3(3.75%) 0.126 0.35(0.09-1.34) 

 

Linkage disequilibrium 

The results of LD analysis are presented in Figure 10. LD plot was constructed using 

combined genotype data from all patients. The SNP rs8192917 is in tight link with 

rs2236338 and rs8192917 (the measure D’ was 0.86). Furthermore, there was weak LD 

between rs8192917 and rs7144366 (the measure D’ was 0.57). 
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Figure 10. Linkage disequilibrium pattern between different SNPs in GzmB gene. The red region shows 

strong linkage disequilibrium. D’ has a maximum value of 1. 

 

DISCUSSION 

According to the result of the present study, the CC genotype of the SNP rs8192917 was 

significantly correlated with the development of HCC in patients with hepatitis B viral 

infection (OR= 3.93, 95%CI=1.13-13.62, p=0.031). This indicates that HBV patients with 

the CC genotype of this polymorphism are approximately four times more likely to 

develop HCC than individuals with the TT genotype. Furthermore, patients carrying 

the C allele of this polymorphism are at a 2.36-time higher risk than those with the T 

allele. On the other hand, the other two SNPs demonstrated no significant connection 

with the development of HCC in patients with HBV infection. Among available 

literature, there was no previous study that evaluated GzmB gene polymorphisms with 

the development of HCC. Alternatively, several studies have explored this association 

of these polymorphisms with other disorders and malignancies. In a recent Chinese 

study, Xu et al. [8] recruited 973 patients with vitiligo and 2,147 age- and gender-

matched family-unrelated controls. It was discovered that having the rs8192917 C allele 

increased the likelihood of having vitiligo by around 40 %. The significant relationship 

of this SNP was identified in all three genetic models (co-dominance, dominance, and 

recessive).  

In another study, Gaafar et al. investigated the role of GzmB gene polymorphism 

among 30 women with breast cancer and 38 other healthy Saudi Arabian women [9]. 

The study indicated that women carrying the C allele of rs8192917 polymorphism are 

more susceptible to the disease compared with those carrying the T allele. In a Dutch 

study, Hurkmans et al. investigated the role of rs8192917 in 347 patients with stage IV 

lung cancer under anti-programmed cell death (PD-1) therapy [10]. Patients with 

homozygous and heterozygous genotypes (TC and CC) had worse overall survival (OR: 

1.60; 95%CI: 1.01 -2.52; p=0.044) and worse progression free survival (hazard ratio: 1.38; 

95%CI:1.02 to 1.87; p=0.036) than those with wild types. In individuals infected with 

measles, rs8192917 was linked to subacute sclerosing panencephalitis, according to 

Yentur and his colleagues [11]. Corrales's working team suggested that rs8192917 
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homozygous TT has linkage with improved kidney allograft outcomes [12]. In contrast, 

Espinoza et al. found that the CC genotype of rs8192917 in the patients who underwent 

bone marrow transplant was significantly associated with increased overall survival 

and reduced transplant-related mortality [13]. Several mechanisms have been 

postulated to explain this effect of rs8192917 as a risk for many diseases. This 

polymorphism is located in exon 2 of the gene. It involves a substitution of thymine 

with cytosine with a subsequent substitution of glutamine with arginine at amino acid 

number 55 of the polypeptide chain.  

The most plausible explanation was proposed by McIlory et al. [14], who transfected 

primary glioblastoma cells with a mutant allele of this polymorphism and used x-ray 

crystallography to study the interaction between different amino acids in the GzmB 

structure. The study revealed that the presence of glutamine 55 in this peptide forms a 

hydrogen bond with the amino acid methionine 242. This interaction anchors the C-

terminal α-helix to the surface of the protein, which seems to have a functional role in 

the catalytic properties of the enzyme. However, this interaction is disrupted when 

glutamine is substituted by arginine, and the protein loses some of its activity. In the 

same context, Oboshi et al. [15] have shown that rs8192917 can affect NK cell 

cytotoxicity. However, the authors did not explain the mechanism by which this 

polymorphism affects NK cells. These findings suggest that this polymorphism 

influences cytotoxic T cell function by altering the protein binding capacity with its 

substrate. In the present study, the haplotype CCG (C allele of rs7144366, C allele of 

rs8192917, and G allele of rs2236338) was significantly associated with an increased risk 

of HCC in patients with CHB. These alleles correspond to alanine, arginine, and 

histidine amino acid, respectively. This is in accordance with several previous reports 

that have investigated the three SNPs in different diseases. In a Korean study, Jeong et 

al. [16] investigated a total of 249 patients with non-segmented vitiligo (NSV) and 455 

healthy controls to determine the impact of 5 SNPs (rs2236337, rs2236338, rs11539752, 

rs10909625, and rs8192917) in GzmB gene on patients’ susceptibility to this 

autoimmune disease. The haplotypes CGCCC consisting of rs2236337, rs2236338, 

rs11539752, rs10909625, and rs8192917 demonstrated a significant association with the 

disease. In another study, individuals presenting mutant haplotype of the three SNPs 

(rs7144366, rs8192917, and rs2236338) were 16 times more likely to have breast cancer 

as compared with those with wild type haplotype [9].  

The mechanism by which the CCG haplotype increases the risk of HCC is not fully 

understood. Both mutant and wild type haplotypes of the alternative GzmB 

polypeptide isoforms are thought to have equal expression, stability, and proteolytic 

activity [14]. However, Gaafar et al. [9] found that CCG induced less apoptosis than 

TAA GzmB, while Sun et al. [17] found no difference. Other studies reported that the 

triple-mutated granzyme B variant encodes three amino acid changes with altered 

biological functions [18]. Alternatively, McIlory et al. [14] claimed that the three altered 

amino acids did not affect the active site or the substrate-binding cleft configuration. 

Furthermore, none of the three locations are involved in the active site or substrate-

binding pocket. Additionally, the location of the triple mutant's side chains revealed no 

steric incompatibility between the mutant side chains and the wild-type conformation. 

Apoptosis induction, in contrast, differed significantly between RAH and QPY GzmB. 

GzmB QPY (for glutamine, proline, and tyrosine, respectively) triggered apoptosis, as 

shown by the fact that caspase-3 is active in cell lysates and that dead cells let out LDH. 

But RAH GzmB (RAH stands for arginine, alanine, and histidine) did not cause caspase 

activity or cell death more than what was seen in control transfected cells. Three 

separate cell lines from different patients all showed the same results [14]. 
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In the present study, The SNP rs8192917 is in tight link with rs2236338 (the measure D’ 

was 0.86). Furthermore, there was weak LD between rs2236338 and rs7144366 (the 

measure D’ was 0.57). Most previous studies indicated the presence of such a link, 

although with different degrees. 

There is a significant degree of linkage disequilibrium between these mutations, as 

shown by many lines of evidence. Patients who are heterozygous for the Y245H 

variation are invariably heterozygous for the Q48R and P88A variants, while patients 

who were homozygous for the H245 variant were also homozygous for the R48 and 

A88 variants. Furthermore, cloning and sequencing of PCR products spanning exons 1–

5 of the GzmB gene from a single heterozygous at all three sites confirmed that one 

chromosome coded for Q48 P88 Y245, whereas the other coded for R48 A88 H245 [14]. 

A study in Europe discovered a high level of LD among the three non-synonymous 

SNPs (rs8192917, rs11539752, and rs2236338) among European populations, resulting in 

different proteins [19,20]. Jin et al. [21] showed that rs8192917C was in a very strong LD 

with two other common non-synonymous SNPs, rs11539752 (r2 = 0.99) and rs2236338 (r2 

= 0.93). In another study, the three SNPs had strong LD. In particular, rs8192917 had a 

stronger LD with rs11539752 (D′ = 0.951, r2 = 0.861) and rs2236338 (D′ = 0.942, r2 = 0.464,). 

A strong LD was also observed between rs8192917 and rs11539752 (D′ = 1.000, r2 = 0.549) 

[15]. 

  

CONCLUSIONS 

Collectively, these data indicate that allele C of this SNP could be considered a risk 

factor for developing HCC. Furthermore, the haplotype block CCG (corresponding to 

the TC allele of rs7144366, the C allele of rs8192917, and the G allele of rs2236338) could 

also be considered a risk factor for the development of HCC in patients with CHB. In 

contrast, the haplotype block TAA of these SNPs has a protective role. There is a 

linkage disequilibrium between the three SNPs, especially between rs2236338 and 

rs8192917. 
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