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Abstract
Background Hepatocellular carcinoma (HCC) is a global health concern. Due to late diagnosis and limited 
therapeutic strategies, HCC based mortality rate is exponentially increasing globally. Genetic predisposition is a 
non-avoidable intrinsic factor that could alter the genome sequence, ultimately leading to HCC. Protein kinase C 
eta (PKCη) is involved in key physiological roles, hence alteration in PKCη could aid in cancer progression. Research 
indicates association between non-synonymous (ns) SNPs and HCC onset. However, effect of nsSNP variants of PKCη 
on HCC development has not been explored yet. Hence, this study aimed to investigate the association between 
pathogenic nsSNPs of PKCη with HCC.

Methods Non-synonymous (missense) variants of PKCη were obtained from Ensembl genome browser. These 
variants were filtered out to obtain pathogenic nsSNPs of PKCη. Genotyping of nsSNPs was done through Tetra ARMS 
PCR. For that, blood samples of 348 HCC patients and 337 controls were collected. The clinical factors that influence 
HCC were studied. Relative risk (RR) and Odds Ratio (OR) with 95% confidence interval was calculated by Chi-square 
test and P-value < 0.05 was deemed significant.

Results Five nsSNP variants of PKCη including rs1162102190 (T/C), rs868127012 (G/T), rs750830348 (G/T), 
rs768619375 (T/C), and rs752329416 (T/C) were identified. The retrieved nsSNPs were frequently identified in HCC 
patients. However, rs752329416 T/C was significantly prevalent in patients having HCC family history. Moreover, all the 
variants were found in HCC patients manifesting the stage II than the advance stages of HCC.

Conclusion This study can be utilized to identify potential genetic markers for early screening of HCC. Moreover, 
consideration of further clinical factors, and mechanistic approach would enhance the understanding that how 
alteration in nsSNPs could impact the HCC onset.
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Background
Cancer is a multifactorial and heterogeneous disease, 
involving genetic, cellular, and immunological dysregu-
lation that makes its etiology unpredictable [1, 2]. HCC 
is a prevalent cancer type with a high recurrence rate. 
In 2022, 75–85% emerging cases of cancers belonged to 
HCC that made it ranked as the sixth prevalent cancer 
type in that year. High mortality rates in HCC patients 
are due to chemoresistance, metastasis, and the pro-
gressive nature of cancerous hepatic cells [3]. Risk fac-
tors for HCC include obesity, smoking, high BMI, viral 
infection, aflatoxin exposure, alcohol consumption, age, 
family history and a sedentary lifestyle [3, 4]. Genetic 
polymorphisms, particularly single nucleotide polymor-
phism cause deleterious impact to the normal physiology 
that contributes to HCC onset [5]. SNPs account for 90% 
of genomic variation and can bring deleterious effects 
by altering protein function [6]. Late diagnosis further 
increases HCC mortality rate as cancerous cells often 
remain asymptomatic [7].

The protein kinase C family, vital for cellular processes, 
is activated by transferring phosphate ions from ATP to 
serine/threonine domains [8, 9] PKCη is encoded by the 
PRKCH gene that is found on chromosome 14-q22-23. It 
is involved in drug resistance in various cancers, includ-
ing HCC and breast cancer (Chida et al., 1998; He et al., 
2022; Pal & Basu, 2017). PKCη is associated with cellular 
processes like proliferation and apoptosis and may con-
tribute to tumorigenic activities when altered [10]. PKCη 
and PKC θ are reported as protagonists, while PKCι 
and PKCζ are recognized as inhibitors in many cancers. 
Genotypic frequency of pathogenic non-synonymous 
SNPs was not investigated in HCC patients and no sig-
nificant biomarkers for early HCC diagnosis have been 
established in past studies [11, 12]. Hence, this study 
focused on finding the association of potential patho-
genic non-synonymous SNPs of PKCη gene with hepato-
cellular carcinoma.

Methods
Sample collection
Blood samples of 348 HCC patients and 337 healthy 
individuals (controls) were collected from District Head-
quarter Hospital (DHQ) and Benazir Bhutto Hospital 
(BBH), which are situated in Rawalpindi, Pakistan. Prior 
to sample collection, patient consent and disease history 
information were taken. Ethical approval was granted 
by Institutional Review Board (IRB), Atta-ur-Rahman 
School of Applied Bioscience (ASAB), National Univer-
sity of Sciences and Technology (NUST). and was done 
keeping in view the Declaration of Helinski principles 
[13].

nsSNPs Data retrieval and primer designing
The five nsSNP variants of PKCη, including 
rs1162102190 (T/C), rs868127012 (G/T), rs750830348 
(G/T), rs768619375 (T/C), and rs752329416 (T/C) 
were retrieved from Ensembl genome browser [14]. For 
genotyping analysis, two set of primers (two outer and 
two inner primers) for each SNP variant were designed 
through utilizing an online tool, PRIMER1 (https://
primer1.soton.ac.uk/primer1.html). Primer set that ful-
filled optimal parameters was selected for genotyping 
analysis. Furthermore, primers were validated by using 
in-silico tools, OligoCalc (http://biotools.nubic.north-
western.edu/OligoCalc.html) and OligoAnalyser (https://
www.idtdna.com/pages/tools/oligoanalyzer).

Genotyping analysis
Genomic DNA was extracted from the blood samples 
of HCC patients and controls by utilizing phenol-chlo-
roform method. Designed tetra primers were utilized to 
identify mutant and wild genotypes in HCC patients and 
healthy individuals. Tetra ARMS PCR was performed by 
Applied Biosystems™ Veriti™ 96-Well Thermal Cycler for 
amplification of genotypes specific DNA fragments. 20ul 
of the reaction mixture was prepared by adding 1ul each 
primer, 2ul DNA, 12ul of a master mix (Solis bio), and 
2 ul of nuclease-free water. PCR product was examined 
on a 2% agarose gel using gel electrophoresis. DNA frag-
ments of varying length were visualized by UV illumina-
tor Gel-doc system.

Statistical analysis
Statistical association between PKCη variants and HCC 
risk was determined by Chi-square test. For analysis, 
GraphPad prism v10.3.2 software [15] was used. Mul-
tiple clinical factors were also assessed, and correlation 
was established with genotypic distribution. Moreover, 
Relative Risk (RR) and Odd Ratio (OR) were determined 
for each variant of PKCη with 95% confidence interval 
(95% CI). P value < 0.05 indicated significant statistical 
association.

Results
PKCη variants association with HCC
Prevalence of 5 pathogenic non-synonymous variants of 
PKCη was explored in HCC patients and healthy indi-
viduals (Supplementary File S Table S1). The prevalence 
of these nsSNPs was compared in HCC patients and con-
trols by studying the band lengths obtained through gel 
electrophoresis (Supplementary File S figure S1). It was 
revealed that variant’s rs1162102190, wildtype genotype 
TT was strongly prevalent in 69.5% of HCC patients 
with odd ratio (OR) of 4.023 and relative risk (RR) of 
2.013 (Fig.  1a). However, homozygous wildtype geno-
type GG of variant rs868127012 was found in 71.26% of 
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HCC patients with OR of 5.74 and RR of 2.37 (Fig. 1b). 
Homozygous mutant type genotype TT of another non-
synonymous variant rs750830348 was found in 65.23% of 
HCC patients, with OR of 4.34 and RR of 2.04 (Fig.  1c) 
that indicates a higher percentage and more risk of HCC 
in patients with this genotype. Variant rs768619375 with 
homozygous mutant genotype CC was also identified in 
73.27% of HCC patients with OR of 6.47 and RR of 2.54, 
suggesting higher risk of HCC onset in CC genotype car-
rying individuals (Fig. 1d). Variant rs752329416 with het-
erozygous TC genotype was also prevalent in 72.98% of 
HCC patients with OR of 6.59 and RR of 2.55 (Fig. 1e).

PKCη association with HCC associated clinical factors
It was revealed that wildtype genotype TT of non-synon-
ymous variant rs752329416 T/C was frequently identified 
in hereditary cases of HCC as compared to non-hered-
itary cases, with OR of 6.11 and RR of 1.62. However, 
other variants including rs1162102190 T/C, rs868127012 
G/T, rs750830348 G/T, rs768619375 T/C were not found 
to be significantly associated with both the categories 
(Table 1). Chi-square test with P value < 0.05 was utilized 
to assess statistical significance.

Moreover, consideration of further clinical factors, and 
mechanistic approach would enhance the understand-
ing that how alteration in nsSNPs could impact the HCC 
onset.

The frequency of non-synonymous variants of PKCη 
were identified in HCC patients exhibiting fatty liver 
condition and non-fatty liver condition, meanwhile, no 

variants of PKCη (rs1162102190 T/C, rs868127012 G/T, 
rs750830348 G/T, rs768619375 T/C, and rs752329416 
T/C) was significantly associated with fatty liver and 
non-fatty liver condition when studied in HCC patients 
Chi-square test with P value < 0.05 was utilized to assess 
statistical significance (Table 2).

The genotypic frequency of non-synonymous vari-
ants of PKCη was also identified in HCC patients that 
have undergone treatment or have not received treat-
ment before. Moreover, none of the variants found were 
significantly relevant to either group (Table  3). Statisti-
cal analysis suggested the random distribution of variant 
genotypes in the treated and non-treated HCC patients. 
Chi-square test with P value < 0.05 was utilized to assess 
statistical significance.

The genotypic frequency of variants of PKCη was stud-
ied in HCC patients who were at different cancer stages 
(I-IV) (Supplementary File S Table S1). It was revealed 
that homozygous genotypes TT, GG of rs1162102190 
T/C and rs868127012 G/T, respectively were more preva-
lent in HCC patients, manifesting stage II and stage III 
of cancer. Although, homozygous mutant genotypes 
TT and CC of variants rs750830348 and rs768619375 
respectively were identified in HCC patients exhibiting 
stage II and stage III and heterozygous genotype TC of 
rs752329416 was more prevalent in HCC patients with 
stage II and Stage III (Fig.  2). Chi-square test with P 
value < 0.05 was utilized to assess statistical significance. 
Tukey’s multiple comparisons test and two way ANOVA 
was performed to identify the statistical differences in 

Fig. 1 Genotype frequency distribution of pathogenic PKCη nsSNP variants (a) rs1162102190 T/C (b) rs868127012 G/T (c) rs750830348 G/T d) rs768619375 
T/C (e) rs752329416 T/C in HCC patients and healthy individuals. Chi-square test with P value < 0.05 was utilized to assess statistical significance
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the frequency distribution of genotypes across different 
stages.

Discussion
HCC is a rising concern globally [5]. Diverse factors 
are responsible for HCC development and progression, 
including, genetic polymorphism that could potentially 
impact liver cancer progression [16]. The presence of 
SNPs, mainly non-synonymous, can modify the protein 
structure that can lead to improper folding and altered 
post translational modifications. Moreover, the protein 
function is directly impacted because of the variations. 
Also, the phenotype of the cell is changed. To add to this, 
the change in the protein structure and function directly 
affects the interaction of a protein with other proteins in 
the biochemical pathways that consequently causes the 
triggering on of oncogenes and switching off of tumor 
suppressor genes that makes the cancerous cells to grow 
uncontrollably [17, 18].

PKCη is expressed in epithelial cells and its abnormal 
expression is potentially associated with various cancers 
[19]. Defective PRKCH and its isoforms are reportedly 
involved in adenocarcinoma tumors and the promotion 
of the tumorigenic environment [20]. Few studies have 
been conducted regarding variants of PKCη. In one latest 
study, the variant rs3783782 of PKCη was found to be a 
potential risk factor of rheumatoid arthritis in the popu-
lation of China [21].

Moreover, each disease is associated with SNP involv-
ing two alleles. One allele may be pathogenic and risk-
associated while the other one may be tolerant and bring 
out a protective effect against the disease [22]. The SNP 
variations give rise to different genotypes. If the two 
alleles of a gene get mutated with the same SNP, the 
gene is said to be homozygous. Earlier studies have indi-
cated homozygous genotypes or loss of heterozygosity to 
increase the cancer risk if the SNP is deleterious [23, 24]. 
On the other hand, heterozygous genotypes that involve 
a mutant allele and a normal allele may also put one at a 

Table 1 Genotype frequency distribution of pathogenic PKCη nsSNP variants, rs1162102190 T/C, rs868127012 G/T, rs750830348 G/T, 
rs768619375 T/C and rs752329416 T/C in patients with hereditary and non-hereditary history of HCC
Variants Genotypes Family History

n = 202
No Family History
n = 146

OR 95% CI
Odds Ratio

Relative
Risk

95% CI
Relative risk

P value

n (%) n (%)
rs1162102190
T/C

TT 70.79% 67.12% 1.187 0.7571 to 1.891 1.076 0.8894 to 1.330 0.4818
NS

CC 21.29% 24.14% 0.8500 0.5149 to 1.426 0.9327 0.7325 to 1.146 0.6022
NS

TC 7.92% 8.22% 0.9606 0.4358 to 2.108 0.9831 0.6657 to 1.293 > 0.9999
NS

rs868127012
G/T

GG 73.27% 23% 1.107 0.6862 to 1.764 1.044 0.8610–1.298 0.0703
NS

TT 43% 70% 0.5053 0.2512 to 1.027 0.7173 0.4644 to 1.006 0.0703
NS

GT 30% 06% 1.349 0.0.7603 to 2.342 1.126 0.8878 to 1.366 0.3212
NS

rs750830348
G/T

GG 27% 29% 0.9989 0.6129 to 1.668 0.9995 0.7956 to 1.216 0.9999
NS

TT 33% 70% 1.148 0.7347 to 1.783 1.060 0.8814 to 1.297 0.5689
NS

GT 90% 01% 0.7345 0.3835 to 1.422 0.8707 0.6080 to 1.147 0.3922
NS

rs768619375
T/C

TT 86% 81% 0.7427 0.4163 to 1.339 0.8761 0.6477 to 1.118 0.3684
NS

CC 25% 86% 1.311 0.8122 to 2.104 1.125 0.9198 to 1.414 0.2733
NS

TC 89% 33% 0.8691 0.4570 to 1.691 0.9411 0.6735 to 1.214 0.7345
NS

rs752329416
T/C

TT 82% 42% 6.116 2.475 to 14.70 1.624 1.347 to 1.867 < 0.0001
****

CC 84% 86% 0.7594 0.4319 to 1.307 0.8856 0.6680 to 1.117 0.3915
NS

TC 34% 71% 0.5982 0.3717 to 0.9555 0.8171 0.6877 to 0.9860 0.0424
*

* NS = Non-Significant
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high risk of developing cancer, if the mutant allele domi-
nates the effect of normal allele [25]. These homozygous 
and heterozygous genotypes are essential in under-
standing the course of the disease, and how the disease 
responds to the treatment.

In the current study, 69.5% of the HCC patients were 
found to carry the wildtype TT genotype belonging to 
PKCη variant rs1162102190. Another wildtype geno-
type GG of the variant rs868127012 was found preva-
lent in 71.26% of HCC patients in comparison to the 
controls. Conversely, the mutant homozygous genotype 
TT and heterozygous genotype GT showed a protective 
effect. Moreover, the homozygous wildtype genotype 
GG and heterozygous mutant genotype GT of variant 
rs750830348 were not found to be significantly associ-
ated with HCC. However, the homozygous mutant gen-
otype, TT of variant rs750830348 was more prevalent 
in 65.23% HCC patients, suggesting significant asso-
ciation of TT genotype with HCC risk. Moreover, the 

HCC onset was almost twice likely in patients carrying 
this genotype. Wildtype homozygous genotype TT of 
variant rs768619375 was also not correlated with HCC, 
while mutant homozygous genotype CC frequency was 
significantly more prevalent in 73.27% of HCC patients. 
Also, frequency of homozygous wildtype genotype TT of 
rs752329416 variant was significantly higher in healthy 
individuals, however, the mutant heterozygous genotype 
TC was identified in 72.98% HCC patients that eventually 
enhanced the HCC risk to about 2.55 times.

This is primarily the first study that has looked upon 
the genotypes of PKCη with reference to breast cancer. 
Other isoforms of PKC have been analyzed with respect 
to different cancer types. The results of this study cor-
relate with past studies. In a study, the wildtype geno-
type AA corresponding to PKC γ nsSNP rs1331262028 
was found to be more prevalent in HCC patients in 
comparison to controls [26]. In another study centered 
on HCC, mutant genotype AA belonging to nsSNP, 

Table 2 Genotype frequency distribution of pathogenic PKCη nsSNP variants rs1162102190 T/C, rs868127012 G/T, rs750830348 G/T, 
rs768619375 T/C and rs752329416 T/C in HCC patients with fatty and non-fatty liver condition
Variants Genotypes Frequency Distribution OR 95% CI

Odds Ratio
RR 95% CI

Relative risk
P-Value

Fatty liver
n = 237

Non fatty liver
n = 111

n (%) n (%)
rs1162102190
T/C

TT 71.31% 64.86% 1.346 0.8196 to 2.161 1.103 0.9445 to 1.318 0.2620
NS

CC 21.10% 25.23% 0.7926 0.4659 to 1.361 0.9255 0.7553 to 1.094 0.4096
NS

TC 7.93% 9.91% 0.7829 0.3612 to 1.744 0.9177 0.6459 to 1.164 0.5407
NS

rs868127012
G/T

GG 71.73% 70.27% 1.073 0.6495 to 1.763 1.023 0.8794 to 1.218 0.8001
NS

TT 9.70% 8.11% 1.218 0.5711 to 2.798 1.061 0.7998 to 1.276 0.6952
NS

GT 18.57% 21.62% 0.8264 0.4787 to 1.452 0.9387 0.7570 to 1.115 0.5621
NS

rs750830348
G/T

GG 24.89% 22.52% 1.140 0.6720 to 1.912 1.042 0.8711 to 1.210 0.6879
NS

TT 64.98% 66.67% 0.9277 0.5795 to 1.474 0.9765 0.8454 to 1.144 0.8093
NS

GT 10.13% 10.81% 0.9296 0.4536 to 1.903 0.9765 0.7311 to 1.193 0.8516
NS

rs768619375
T/C

TT 13.92% 16.22% 0.8358 0.4457 to 1.534 0.9420 0.7347 to 1.136 0.6262
NS

CC 73.42% 72.97% 1.023 0.6229 to 1.719 1.007 0.8651 to 1.203 > 0.9999
NS

TC 12.66% 10.81% 1.196 0.5842 to 2.368 1.056 0.8257 to 1.256 0.7252
NS

rs752329416
T/C

TT 11.39% 13.51% 0.8229 0.4178 to 1.585 0.9367 0.7101 to 1.145 0.5982
NS

CC 17.72% 18.02% 0.9800 0.5406 to 1.768 0.9935 0.8019 to 1.175 > 0.9999
NS

TC 70.89% 68.47% 1.121 0.6903 to 1.821 1.038 0.8920 to 1.234 0.7065
NS

* NS = Non-Significant
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rs386134171 had higher frequency in patients than 
healthy individuals [27]. Genotype GG of PKCε variant 
rs1553369874 also exhibited an association with cervi-
cal cancer patients [28]. Another study reported that the 
TPMT gene exhibited mutant homozygous genotype 
CC of variant rs1142345, significantly associated with 
a higher mortality rate in treating Acute Lymphoblastic 
Leukemia patients [29]. These findings are supported by 
the fact that in PKCε, genotypes AA and CC of variant 
rs1553369874 and rs1345511001 respectively exhibited 
protective role, and no significant disease association was 
observed [28]. In gene MSMB, wildtype genotype and 
variant rs10993994 heterozygous genotype TC were sig-
nificantly associated with prostate cancer patients [30].

Having the family history of HCC is considered as a 
risk factor that can surge HCC development [31]. This 
study explored the genotypic distribution of non-synon-
ymous variants of PKCη in HCC patients with hereditary 
and non-hereditary history of HCC. Variant rs752329416 
expressing TT genotype frequency was found signifi-
cantly higher in HCC patients with family history of 
HCC that suggested SNP variant could be inherited that 

could likely increase the risk of developing HCC. Stud-
ies also point towards the germline genotypes to increase 
HCC risk [32]. The deleterious mutations and SNPs are 
causative agent behind cancer progression [33]. Apart 
from family history, fatty liver condition is also one of 
the major risk factors of HCC [34]. Genotyping of genes 
with SNPs or mutations increases the likelihood of HCC 
development in patients with fatty liver condition [35]. 
However, in this study, no association was established 
between five pathogenic non-synonymous SNP vari-
ants and fatty liver and non-fatty liver condition in HCC 
patients, indicating the need for wide research on these 
nsSNPs in a large cohort. Moreover, therapeutic out-
comes for HCC vary based on disease severity and nature 
[36]. The past study specify towards the genotypes to 
influence treatment responses [37]. Conversely, when 
studying the genotypic distribution in treated and non-
treated HCC patients, variant rs752329416 (T/C) showed 
the significant value when comparing five pathogenic 
PKCη nsSNPs data.

Moreover, cancer progression is assessed by the staging 
system. Each stage provides estimation of cancer severity 

Table 3 Genotype frequency distribution of pathogenic PKCη nsSNP variants, rs1162102190 T/C, rs868127012 G/T, rs750830348 G/T, 
rs768619375 T/C and rs752329416 T/C in treated and non-treated HCC patients
Variants Genotype Treated

n = 218
Non-Treated
n = 130

OR 95% CI
Odds Ratio

Relative
Risk

95% CI
Relative risk

P value

n (%) n (%)
rs1162102190T/C TT 69.72% 68.46% 1.061 0.6617 to 1.714 1.023 0.8634 to 1.235 0.8113

NS
CC 21.10% 23.85% 0.8541 0.5107 to 1.420 0.9413 0.7529 to 1.135 0.5941

NS
TC 9.17% 7.69% 1.212 0.5674 to 2.577 1.071 0.7759 to 1.329 0.6969

NS
rs868127012
G/T

GG 71.10% 76.92% 0.7381 0.4545 to 1.223 0.8973 0.7629 to 1.079 0.2610
NS

TT 8.25% 9.23% 0.8850 0.4218 to 1.899 0.9540 0.6671 to 1.223 0.8439
NS

GT 20.64% 13.85% 1.618 0.8885 to 2.920 1.177 0.9589 to 1.388 0.1112
NS

rs750830348
G/T

GG 24.77% 20.77% 1.256 0.7516 to 2.142 1.085 0.8909 to 1.284 0.4329
NS

TT 65.14% 63.85% 1.058 0.6646 to 1.659 1.021 0.8659 to 1.222 0.8176
NS

GT 10.09% 15.38 0.6173 0.3167 to 1.153 0.8178 0.5835 to 1.059 0.1734
NS

rs768619375
T/C

TT 14.22% 15.38% 0.9118 0.4953 to 1.703 0.9654 0.7385 to 1.188 0.7567
NS

CC 74.77% 70.77% 1.224 0.7623 to 1.989 1.081 0.9031 to 1.329 0.4531
NS

TC 11.01% 13.85% 0.7698 0.3978 to 1.478 0.9013 0.6590 to 1.141 0.4968
NS

rs752329416
T/C

TT 14.22% 19.23% 0.6963 0.3967 to 1.256 0.8644 0.6545 to 1.079 0.2303
CC 14.22% 20.00% 0.6138 0.3458 to 1.105 0.8174 0.6101 to 1.033 0.1281
TC 72.48% 60.77% 1.7 1.059 to 2.722 1.233 1.027 to 1.515 0.0246

*
* NS = Non-Significant
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and extent of tumour progression. In this study, homozy-
gous genotypes TT and GG of variants of rs1162102190 
T/C and rs868127012 G/T respectively, homozygous 
mutant genotypes TT and CC of rs750830348 and 
rs768619375 respectively, and heterozygous genotype TC 
were more prevalent in HCC patients who were at stage 
II and stage III. Previous study also highlights the role of 
genotypes rs2010963 and rs4604006 related to VEGF to 
influence patients’ survival rate at different cancer stages 
[37].

Conclusion
In this study, PKCη variants rs1162102190 T/C, 
rs868127012 G/T, rs750830348 G/T, rs768619375 T/C, 
and rs752329416 T/C showed significant association with 
HCC development and progression in Pakistani popu-
lation. Moreover, genotype TT of variant rs752329416 
was identified in those HCC patients having familial 
HCC condition. Conversely, genotypic variants were 
not found different in HCC patients with fatty or non-
fatty liver condition and only one nsSNP rs752329416 
T/C appeared as significant (P = 0.02) when comparing 
data of individuals who have undergone or not received 
prior treatment. Although, identified pathogenic non-
synonymous SNP variants of PKCη were found to impact 
HCC development, but large data set, including indi-
viduals with multiple demographic background could 
help in understanding HCC pathogenesis. Moreover, 
consideration of further clinical factors, and mechanistic 

approach would enhance the understanding that how 
alteration in nsSNPs could impact the HCC onset.
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