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Abstract

Chronic hepatitis B virus (HBV) infection is an important etiology for the develop-
ment of hepatocellular carcinoma (HCC). Tumor necrosis factor-a-induced protein
3-interacting protein 1 (TNIP]I) is linked to specific inflammatory diseases as a novel
type of endogenous inflammatory regulator. However, presently, rare information is
found about the association between TNIP1 polymorphisms and HBV-induced HCC
risk. In this case control study, we genotyped four single nucleotide polymorphisms
(SNPs) in TNIPI gene in 248 HCC patients and 242 chronic HBV carriers using
Sequenom Mass-ARRAY technology. Genetic model and haplotype analysis were
performed to evaluate the association between candidate SNPs polymorphisms and
HBV-induced HCC susceptibility using Pearson’s y* test and unconditional logistic
regression analysis. Overall, we found two risk alleles in TNIP1 for HBV-induced
HCC in patients: the allele “G” of rs7708392 by genotype model (“G/C” vs. “C/C”:
OR 1.88, 95% CI 1.17-3, P=0.009) and dominant model (“G/C-G/G” vs. “C/C”:
OR 1.69, 95% CI 1.08-2.65, P=0.023), and the allele “C” of rs10036748 by geno-
type model (“C/T” vs. “T/T”: OR 1.83, 95% CI 1.14-2.92, P=0.012) and domi-
nant model (“C/T-C/C” vs. “T/T”: OR 1.65, 95% CI 1.05-2.59, P=0.03). However,
rs3792792 and rs4958881 polymorphisms didn’t significantly correlate with the
risk of HBV-induced HCC. Haplotype analysis showed no significant association
between haplotypes and the HCC risk in HBV carriers. This study provides evidence
for HBV-induced HCC susceptibility gene TNIPI in the Chinese Han population.
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Abbreviations

ORs Odds ratios

CI Confidence interval

SNP Single nucleotide polymorphism
HWE  Hardy—Weinberg equilibrium
HBV Hepeatitis B virus

HCC Hepatocellular carcinoma
GWAS Genome-wide association studies
MAF  Minor allele frequency

Introduction

According to the registration data of China National Central Cancer Registry in
2013, liver cancer was the third most common cancers of incidence, accounting for
about 9.84% of all new cancers, and liver cancer also was the common cause of
death, accounting for about 14.17% of all cancer deaths (Chen et al. 2013). Hepa-
tocellular carcinoa (HCC) is the most frequency subtype of primary liver cancer
accounting for between 70 and 85%. Chronic hepatitis B virus (HBV) infection is
responsible for 60% of HCCs, especially in East, the middle zone of Eastern Asia
and in sub-Saharan Africa (Iavarone and Colombo 2013; Perz et al. 2006). It has
been widely accepted that multiple genetic factors play a crucial role in the develop-
ment of HBV-induced HCC.

Single nucleotide polymorphism (SNP) refers to a single-nucleotide substitution
of one base into another in DNA sequences (Madsen et al. 2007). In recent years,
several genome-wide association studies (GWAS) and Meta-analysis have linked
some variety of genetic abnormality in the risk of HBV-induced HCC (Li et al.
2018; Tian et al. 2017). Rs7574865 at STAT4 gene and rs9275319 at HLA-DQ gene
(Jiang et al. 2013), rs17401966 at KIFIB gene (Zhang et al. 2010), rs2288563 and
rs2562832 at TTN (Yang et al. 2017) loci polymorphisms were found significantly
associated with the susceptibility of HBV-induced HCC. Additionally, inflamma-
tory cytokines also have effect on the development of HCC in chronic HBV carriers.
Rs2275913 on IL-17A (Li et al. 2014), rs2596542 on MICA (Kumar et al. 2012), and
rs187238 on IL-18 (Dai et al. 2017) loci variants were identified associated with the
risk of HBV-related liver diseases. These findings remind us that polymorphisms
of genes involving inflammation may provide us a better understanding of HBV-
induced HCC.

Tumor necrosis factor-a-induced protein 3-interacting protein 1 (TNIPI),
located on chromosome 5q32-33.1, is known as A20 binding inhibitors of nuclear
factor-xf (NF-kp) (Fukushi et al. 1999). It has been demonstrated that TNIP1 as a
novel type of endogenous inflammatory regulator is linked to specific inflamma-
tory diseases (Ramirez et al. 2012), and involve in maintaining the homeostasis of
immune system (Ramirez et al. 2015; Zhang et al. 2012). It is fascinating to note
intracellular immune factors were relevant to the HCC risk in HBV carriers. Nev-
ertheless, the connection between polymorphisms of TNIPI gene and the suscep-
tibility of HBV-induced HCC is poorly understood. Herein, a case—control study
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was performed to explore the association between TNIP1 polymorphisms and the
susceptibility of HCC in chronic HBV carriers.

Materials and Methods
Study Participants

Totally, 490 Chinese Han subjects were recruited from the Haikou People’s Hos-
pital, among them the case group consisted of 248 HCC patients, and the control
group consisted of 242 chronic HBV carriers. HCC patients were diagnosed with
dynamic contrast enhanced nuclear magnetic resonance imaging and/or biopsy
test (Bruix and Sherman 2011). Cases and controls were all positive for Hepati-
tis B surface antigen and antibody to hepatitis B core antigen test. To reduce the
potential environmental and therapeutic factors impacting the variation of com-
plex human diseases, we have developed a detailed exclusion and screening crite-
ria. Each subject must be ethnic Han Chinese from Hainan provinces, where their
ancestors lived for at least three generations. All participates receiving radiother-
apy or chemotherapy were excluded, and patients with previous history of other
autoimmune disease, family history of genetic cancer, surgical contraindication,
pregnancy, active liver disease, or poor compliance were also excluded.

Clinical Data and Demographic/Ethics Statement

All data of individual subjects were obtained from case records including sex,
age, smoking status, and drinking status. All subjects have perceived and pro-
vided their written information and consent form for this study. Our experiment
strictly followed the principle of the declaration of Helsinki expressed. The
Human Research Committee for Approval of Research Involving Human Sub-
jects, first People’s Hospital of Yunnan Province and Haikou People’s Hospital,
approved the use of human blood samples in this study.

DNA Extraction

Peripheral blood was collected from both cases and controls for DNA extraction,
and the blood samples were stored in — 80 °C refrigerator until use. We followed
the manufacturer’s instructions using the GoldMag-mini full-blood genomic
DNA purification kit to extract genomic DNA from peripheral blood leukocytes
in all blood samples (GoldMag. Co. Ltd., Xi’an, China). Spectrophotometer
(NanoDrop 2000; Thermo Fisher Scientific, Waltham, MA, USA) was used to
measure the concentration and purity of DNA.
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SNP Selection and Genotyping

In this experiment, SNPs in the TNIP1 gene were selected from DbSNP database
(http://www.hapmap.org/index.html.en) and SNP Consortium database (http://snp.
cshl.org/). Moreover, candidate SNPs in TNIP1 gene were selected from previously
established polymorphisms associated with other diseases (Li et al. 2017; Song
et al. 2017). Validated SNPs were selected with a minor allele frequency > 5% in the
HapMap Chinese Han Beijing. Finally, a total of four SNPs (rs3792792, rs4958881,
rs7708392 ,and rs10036748) were selected for further genotyping.

Sequenom Mass-ARRAY Assay Design 3.0 Software was used to design a sin-
gle base extension primer, and according to the manufacturer’s protocol, Genotyp-
ing was performed on the Sequenom Mass-ARRAY RS1000 platform (Trembizki
et al. 2014). The PCR primers for each SNP are shown in Table 1. Data management
and analysis were performed using the Sequenom Typer 4.0 Software (Thomas et al.
2007).

Statistical Analysis

Microsoft Excel (Microsoft Corporation, Redmond, WA, USA) and the SPSS 18.0
statistical package (SPSS, Chicago, IL, USA) were used to perform statistical analy-
ses. Differences in the characteristics of the case and control study populations were
analyzed using y? tests for categorical variables and Welch’s 7 tests for continuous
variables. The control group needed to detect whether the Hardy—Weinberg equi-
librium (HWE) met, and exact test was used to determine the SNPs departed from
the HWE. In this study, the lower frequency allele was considered to be the ‘risk’
allele. Four genotype models (co-dominant, dominant, recessive, and additive)
were used to assess the association between each genotype and the susceptibility
of HBV-related HCC. SHEsis software platform and Haploview software package
(version 4.2) (Broad Institute, Cambridge, MA, USA) were used to construct the
linkage disequilibrium block (Barrett et al. 2005; Li et al. 2009). Pearson’s y° tests
and unconditional logistic regression analysis adjusted by age, sex, smoking, and
drinking status was used to evaluate odds ratio (OR) and 95% confidence interval
(CI). All statistical tests were two-sided, and P=0.05 was considered the threshold
of whether statistical significance was achieved or not.

Results

We are showing the characteristics of all the participants in Table 2. The experiment
involved 248 cases (192 males and 56 females) and 242 controls (188 males and 54
females), and the gender distribution between two groups was matched (P=0.944).
The average ages of cases and controls were 54.47 +12.05 and 50.04 +12.05 years
severally. The age distribution was found have an evident difference (P <0.001).
The smoking status and drinking status were also investigated, but some subjects
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Table 2 Distributions of select

. o . Variables Case Control P value
variables in liver cancer patients
and hepatitis B patients Gender 0.944%
Male (%) 192 (77.4%) 188 (77.7%)
Female (%) 56 (22.6%) 54 (22.3%)
Age (year)

Mean age + SD 54.47+12.05 50.04 +£12.05 <0.001°
Smoking status
Non-smoker (%) 156 (62.9%) 116 (47.9%) <0.001*
Smoker (%) 43 (17.3%) 126 (52.1%)
Missing (%) 49 (19.8%)
Drinking status
Non-drinker (%) 160 (64.5%) 152 (62.8%) <0.001%
Drinker (%) 26 (10.5%) 90 (37.2%)
Missing (%) 62 (25%)

P? value was calculated by Pearson’s y” test

PP value was calculated by Student’s ¢ test

were not clear. Therefore, the method of unconditional logistic regression analy-
sis adjusted by gender, age, smoking, and drinking was used for the following data
analysis.

The call rates of all SNP were above 95%. Chromosomal position, minor allele
and major allele, P""E value and minor allele frequency of every candidate SNPs
are presented in Table 3. There were four SNPs rs3792792, rs4958881, rs7708392,
and rs10036748, among them only rs4958881 had an obvious deviation from
HWE (P <0.001). As for the other three SNPs, they were in HWE in the controls
(P>0.05). Rs4958881 was excluded from subsequent analysis.

In Table 4, genotype model were constructed to assess the association between
SNP variants and HBV-induced HCC risk. Compared with the “C/C” genotype,
the “G/C” genotype frequency of rs7708392 polymorphisms among cases was
significantly different from controls (“G/C” vs. “C/C”: OR 1.88, 95% CI 1.17-3,

Table 3 Basic infromation of candidate SNPs and allele frequencies in case and control

SNP rs# Chromo-  Position Band  Alleles Gene Role P-'WE  Minor allele
some A/B frequency

Case Control

rs3792792 5 150440506 5q33.1 C/T TNIP1 Intron 1 0.091 0.066
rs4958881 5 150450236 5q33.1 C/T TNIP1 Intron <0.001 0.091 0.068
rs7708392 5 150457485 5q33.1 G/C TNIP1 Intron 0.8612 0.241 0.225
rs10036748 5 150458146 5q33.1 C/T TNIP1 Intron 0.8612 0.241 0.227

SNPs single nucleotide polymorphisms, A miner alleles, B major alleles, HWE Hardy—Weinberg equilib-
rium, OR odds ratio, CI confidence interval

P-"WE value was calculated by exact test

@ Springer



Biochemical Genetics (2019) 57:117-128 123

Table 4 Association between polymorphism of candidate SNPs and the HBV-related HCC risk under
genetic models

SNP rs# Allele A/B  Model Genotypes  Genotype fre- With adjustment
quency

Case Control  OR (95% CI) P?

1s3792792  C/T Co-dominant T/T 82.26% 86.89% 1 -
C/T 17.34% 13.11% - -
c/IC 0.4% 0% - -

Dominant T/T 82.26% 86.89% 0.88 (0.48-1.61) 0.678

C/T-C/C 17.74% 13.11%
Recessive T/T-C/T 99.6% 100% - -

C/C 0.4% 0%
Additive - - - 0.88 (0.48-1.61) 0.678
rs7708392  G/C Co-dominant C/C 5547% 60.66% 1 -
G/C 40.89% 33.61% 1.88 (1.17-3) 0.009%*
G/G 3.64% 5.74% 0.76 (0.26-2.22) 0.62
Dominant C/C 55.47% 60.66% 1.69 (1.08-2.65) 0.023*

G/C-/IGIG  44.53% 39.34%
Recessive C/C-G/C 96.36% 94.26% 0.6 (0.21-1.7) 0.334

G/G 3.64%  5.74%
Additive - - - 1.35(0.92-1.96) 0.121
rs10036748 C/T Co-dominant  T/T 5547% 60.25% 1 -
C/T 40.89% 34.02% 1.83(1.14-2.92) 0.012*
C/IC 3.64% 5.74%  0.76 (0.26-2.2)  0.608
Dominant T/T 55.47% 60.66% 1.65(1.05-2.59) 0.03*

C/T-C/C 44.53%  39.34%

Recessive T/T-C/T 96.36% 94.26% 0.6 (0.21-1.7) 0.334
C/IC 3.64%  5.74%

Additive - - - 1.32(0.91-1.93) 0.142

SNPs single nucleotide polymorphisms, A miner alleles, B major alleles, HWE Hardy—Weinberg equilib-
rium, OR odds ratio, CI confidence interval

P? value was calculated by Wald’ test with adjustment for gender, age, drinking and smoking status

P=0.009). And, based on the dominant model, rs7708392 was found correlat-
ing with a 1.69-fold higher risk of HCC in chronic HBV carriers (“G/C-G/G”
vs. “C/C”: OR 1.69, 95% CI 1.08-2.65, P=0.023). Additionally, we observed
the genotype “C/T” of rs10036748 was more prevalent in case than controls
compared with genotype “T/T” (“C/T” vs. “T/T”: OR 1.83, 95% CI 1.14-2.92,
P=0.012). Similarly, rs10036748 was associated with an increased risk of HBV-
induced HCC based on dominant model (“C/T-C/C” vs. “T/T”: OR 1.65, 95% CI
1.05-2.59, P=0.03). These results indicated that rs7708392 and rs10036748 pol-
ymorphisms played a dangerous role for the susceptibility of HBV-induced HCC.
As for 1s3792792, no difference genotype distribution was found between cases
and controls.
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Fig. 1 LD analysis of candidate
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Finally, in the haplotype analysis, we used the allele frequency data from all
the subjects to do an LD analysis. From the Fig. 1, rs7708302 and rs10036748 in
TNIP1 was detected to tend co-inherit, and the D’ value was 1. Unfortunately, we
didn’t find a significant association between haplotypes and HBV-induced HCC
risk in Table 5.

Table5 The haplotypes of two SNPs (rs7708392 and rs10036748) in TNIP1 and the HBV-related HCC
risk

Genes  SNPs Haplotype Haplotype fre- P? With adjustment
quency
Case Control 95% CI1 PP
TNIP1 1rs7708392Irs10036748 GC 0.2409 0.2254 0.5662 1.35(0.92-1.96) 0.121
CT 0.7591 0.7725 0.6192 0.76 (0.52-1.1)  0.141

SNPs single nucleotide polymorphisms, OR odds ratio. CI confidence interval
P? value was calculated by Pearson’s y? test

PP value was calculated by Wald’ test with adjustment for gender, age, drinking and smoking status
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Discussion

In this present study, we investigated the association between four selected TNIP1
SNPs and the risk of HBV-induced HCC in the Chinese Han population. We
found that both rs7708392 and rs10036748 were associated with an increased risk
of HBV-induced HCC. Our finds suggested that polymorphisms of TNIP1 may
play an important role in the process of HBV-induced HCC.

TNIP1 gene is comprised of 18 exons, and encodes the protein TNIP1 which
is wide distribution in tissue (Flores et al. 2011; Gurevich et al. 2011). TNIP1
has been regarded as an inhibitor of TNF-a receptor and toll receptor induced
NF-kf activation. Evidences have revealed that TNIP1 not only interacted with
TNFa-induced protein 3 (A20) to inhibit the ubiquitination of NF-kf essential
modulator IKKy (Mauro et al. 2006), but also decreased the activation of NF-kf3
subunits pS0 (Cohen et al. 2009), resulting in the NF-xf signal transduction
blocking. NF-xf factor has been considered the central mediator in the inflam-
matory process and to be linked with the development of multiple malignancies
(DiDonato et al. 2012; Li et al. 2015). Recent studies have reported that TNIP1
can interact with other proteins, especially down-signal pathway transduction fac-
tors, to inhibit its function, and plays a crucial role in inflammatory response and
cell apoptosis (Khanolkar et al. 2016; Oshima et al. 2009). The interaction of
protein—protein induced by TNIP1 involved in multiple receptor mediated signal
pathway, containing membrane bound tumor necrosis factor-o receptor (Oshima
et al. 2009), epidermal growth factor receptor (Zhang et al. 2002) and toll-like
receptor (Nanda et al. 2011) signaling cascades, and nuclear peroxisome prolifer-
ator activated receptor (Gurevich et al. 2012) and retinoic acid receptor pathways
(Gurevich and Aneskievich 2009). These pathways may likely contribute to the
etiologies of diseases.

A growing number of publications have implicated TNIPI through genome-
wide analysis studies in chronic inflammatory diseases, for example, systemic
lupus erythematosus (SLE) (Alarcon-Riquelme et al. 2016; Han et al. 2009),
psoriasis (Munir et al. 2015), and systemic sclerosis (Allanore et al. 2011). Fur-
thermore, TNIPI polymorphisms were found related with the cancers risk. Minor
allele “G” of rs7708392 and minor allele “C” of rs10036748 in TNIPI were cor-
related with an increased the risk of colorectal (Li et al. 2017) and gastric (Liu
et al. 2016), but not esophageal (Yue et al. 2017) carcinomas. But, little informa-
tion is found about the polymorphisms of rs3792792 and rs4958881 with cancer
risk.

Depending on where the abnormal forms of SNPs presented, they may result
in different effects, for example SNPs on coding region may induce the malforma-
tion of proteins structure and affect its function, and SNPs on regulatory or intron
regions may lead to translation dysregulation. TNIPI rs7708392 and rs10036748
are located in intron which is a sequence that doesn’t code protein but can regu-
late mRNA splicing. Thus, it is possible that the polymorphisms of these two
SNPs may be associated with the selection of splicing variants, resulting in trans-
lating differ proteins. Our present study showed that polymorphisms of rs7708392
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and rs10036748 polymorphisms in TNIP1 gene were significantly related with the
risk of HCC in chronic HBV carriers. Further analysis on the molecular mecha-
nism involving these SNPs is required.

There are several limitations in this study. Firstly, our sample size is relatively
small, so we hope to collect more samples in the future. Secondly, the subjects in
present study were all Han Chinese who lived in Hainan province. The results found
here need the support of other ethnic population data. Thirdly, the biological mech-
anism of genetic polymorphisms in 7NIPI was not investigated in present study.
It will be important to confirm our findings based on cell and molecular biology
methods.

Conclusion

In summary, our results indicate a likelihood association between TNIPI and the
risk of HBV-induced HCC, and TNIP1 polymorphisms may be a harmful factor for
the development of HCC in HBV carriers. Furthermore, the association of TNIP]
polymorphisms with HBV-induced HCC susceptibility is indeed studied in bigger
sample size and other ethnic populations.

Acknowledgements We wish to thank the Haikou People’s Hospital for providing blood samples.

Funding This work was supported by General Program of Applied Basic Research Projects-Joint Special
Foundation from the Yunnan Provincial Science and Technology Department and the Kunming Medical
University (Grant: 2017FE468(-125)).

Compliance with Ethical Standards

Conflict of interest The authors declare that there are no conflicts of interest.

References

Alarcon-Riquelme ME et al (2016) Genome-wide association study in an Amerindian ancestry popu-
lation reveals novel systemic lupus erythematosus risk loci and the role of European admixture.
Arthritis Rheumatol (Hoboken, NJ) 68:932-943. https://doi.org/10.1002/art.39504

Allanore Y et al (2011) Genome-wide scan identifies TNIP1, PSORS1C1, and RHOB as novel risk loci
for systemic sclerosis. PLoS Genet 7:e1002091. https://doi.org/10.1371/journal.pgen.1002091

Barrett JC, Fry B, Maller J, Daly MJ (2005) Haploview: analysis and visualization of LD and haplotype
maps. Bioinformatics (Oxford, England) 21:263-265. https://doi.org/10.1093/bioinformatics/bth457

Bruix J, Sherman M (2011) Management of hepatocellular carcinoma: an update. Hepatology (Baltimore,
MD) 53:1020-1022. https://doi.org/10.1002/hep.24199

Chen W et al (2013) Cancer incidence and mortality in China, 2013. Cancer Lett 401:63-71. https://doi.
org/10.1016/j.canlet.2017.04.024

Cohen S, Ciechanover A, Kravtsova-Ivantsiv Y, Lapid D, Lahav-Baratz S (2009) ABIN-1 negatively reg-
ulates NF-kappaB by inhibiting processing of the p105 precursor. Biochem Biophys Res Commun
389:205-210. https://doi.org/10.1016/j.bbrc.2009.08.074

Dai ZJ et al (2017) IL-18 polymorphisms contribute to hepatitis B virus-related cirrhosis and hepato-
cellular carcinoma susceptibility in Chinese population: a case-control study. Oncotarget 8:81350-
81360. https://doi.org/10.18632/oncotarget. 18531

@ Springer


https://doi.org/10.1002/art.39504
https://doi.org/10.1371/journal.pgen.1002091
https://doi.org/10.1093/bioinformatics/bth457
https://doi.org/10.1002/hep.24199
https://doi.org/10.1016/j.canlet.2017.04.024
https://doi.org/10.1016/j.canlet.2017.04.024
https://doi.org/10.1016/j.bbrc.2009.08.074
https://doi.org/10.18632/oncotarget.18531

Biochemical Genetics (2019) 57:117-128 127

DiDonato JA, Mercurio F, Karin M (2012) NF-kappaB and the link between inflammation and cancer.
Immunol Rev 246:379-400. https://doi.org/10.1111/j.1600-065X.2012.01099.x

Flores AM, Gurevich I, Zhang C, Ramirez VP, Devens TR, Aneskievich BJ (2011) TNIPI is a core-
pressor of agonist-bound PPARs. Arch Biochem Biophys 516:58—66. https://doi.org/10.1016/j.
abb.2011.08.014

Fukushi M, Dixon J, Kimura T, Tsurutani N, Dixon MJ, Yamamoto N (1999) Identification and clon-
ing of a novel cellular protein Nafl, Nef-associated factor 1, that increases cell surface CD4
expression. FEBS Lett 442:83-88

Gurevich I, Aneskievich BJ (2009) Liganded RARalpha and RARgamma interact with but are
repressed by TNIP1. Biochem Biophys Res Commun 389:409-414. https://doi.org/10.1016/].
bbrc.2009.08.159

Gurevich I, Zhang C, Francis N, Aneskievich BJ (2011) TNIP1, a retinoic acid receptor corepressor
and A20-binding inhibitor of NF-kappaB, distributes to both nuclear and cytoplasmic locations.
J Histochem Cytochem 59:1101-1112. https://doi.org/10.1369/0022155411427728

Gurevich I, Zhang C, Encarnacao PC, Struzynski CP, Livings SE, Aneskievich BJ (2012) PPAR-
gamma and NF-kappaB regulate the gene promoter activity of their shared repressor, TNIP1.
Biochem Biophys Acta 1819:1-15. https://doi.org/10.1016/j.bbagrm.2011.09.006

Han JW et al (2009) Genome-wide association study in a Chinese Han population identifies nine
new susceptibility loci for systemic lupus erythematosus. Nat Genet 41:1234—1237. https://doi.
org/10.1038/ng.472

Tavarone M, Colombo M (2013) HBV infection and hepatocellular carcinoma. Clin Liver Dis 17:375—
397. https://doi.org/10.1016/j.c1d.2013.05.002

Jiang DK et al (2013) Genetic variants in STAT4 and HLA-DQ genes confer risk of hepatitis B virus-
related hepatocellular carcinoma. Nat Genet 45:72-75. https://doi.org/10.1038/ng.2483

Khanolkar RC, Kalogeropoulos M, Lawrie A, Roghanian A, Vickers MA, Young NT (2016) Leu-
kocyte Ig-Like receptor BI restrains dendritic cell function through increased expression of
the NF-kappaB regulator ABIN1/TNIP1. J Leukoc Biol 100:737-746. https://doi.org/10.1189/
jlb.1A0915-420RRR

Kumar V et al (2012) Soluble MICA and a MICA variation as possible prognostic biomarkers for
HBV-induced hepatocellular carcinoma. PLoS ONE 7:e44743. https://doi.org/10.1371/journ
al.pone.0044743

Li Z et al (2009) A partition-ligation-combination-subdivision EM algorithm for haplotype inference
with multiallelic markers: update of the SHEsis (http://analysis.bio-x.cn). Cell Res 19:519-523.
https://doi.org/10.1038/cr.2009.33

Li N et al (2014) IL17A gene polymorphisms, serum IL-17A and IgE levels, and hepatocellular carci-
noma risk in patients with chronic hepatitis B virus infection. Mol Carcinog 53:447-457. https://
doi.org/10.1002/mc.21992

Li F et al (2015) NF-kappaB in cancer therapy. Arch Toxicol 89:711-731. https://doi.org/10.1007/
$00204-015-1470-4

Li C, Zhao Z, Zhou J, Liu Y, Wang H, Zhao X (2017) Relationship between the TERT, TNIP1 and
OBFCI1 genetic polymorphisms and susceptibility to colorectal cancer in Chinese Han popula-
tion. Oncotarget 8:56932-56941. https://doi.org/10.18632/oncotarget.18378

Li Y et al (2018) Genome-wide association study identifies a new locus at 7q21.13 associated with
hepatitis B virus-related hepatocellular carcinoma. Clin Cancer Res 24:906-915. https://doi.
org/10.1158/1078-0432.ccr-17-2537

Liu Z et al (2016) Genetic polymorphisms in TNIP1 increase the risk of gastric carcinoma. Onco-
target 7:40500-40507. https://doi.org/10.18632/oncotarget.9637

Madsen BE, Villesen P, Wiuf C (2007) A periodic pattern of SNPs in the human genome. Genome
Res 17:1414-1419. https://doi.org/10.1101/gr.6223207

Mauro C et al (2006) ABIN-1 binds to NEMO/IKKgamma and co-operates with A20 in inhibiting
NF-kappaB. J Biol Chem 281:18482—-18488. https://doi.org/10.1074/jbc.M601502200

Munir S et al (2015) Association analysis of GWAS and candidate gene loci in a Pakistani population
with psoriasis. Mol Immunol 64:190-194. https://doi.org/10.1016/j.molimm.2014.11.015

Nanda SK et al (2011) Polyubiquitin binding to ABIN1 is required to prevent autoimmunity. J Exp
Med 208:1215-1228. https://doi.org/10.1084/jem.20102177

Oshima S et al (2009) ABIN-1 is a ubiquitin sensor that restricts cell death and sustains embryonic
development. Nature 457:906-909. https://doi.org/10.1038/nature07575

@ Springer


https://doi.org/10.1111/j.1600-065X.2012.01099.x
https://doi.org/10.1016/j.abb.2011.08.014
https://doi.org/10.1016/j.abb.2011.08.014
https://doi.org/10.1016/j.bbrc.2009.08.159
https://doi.org/10.1016/j.bbrc.2009.08.159
https://doi.org/10.1369/0022155411427728
https://doi.org/10.1016/j.bbagrm.2011.09.006
https://doi.org/10.1038/ng.472
https://doi.org/10.1038/ng.472
https://doi.org/10.1016/j.cld.2013.05.002
https://doi.org/10.1038/ng.2483
https://doi.org/10.1189/jlb.1A0915-420RRR
https://doi.org/10.1189/jlb.1A0915-420RRR
https://doi.org/10.1371/journal.pone.0044743
https://doi.org/10.1371/journal.pone.0044743
https://doi.org/10.1038/cr.2009.33
https://doi.org/10.1002/mc.21992
https://doi.org/10.1002/mc.21992
https://doi.org/10.1007/s00204-015-1470-4
https://doi.org/10.1007/s00204-015-1470-4
https://doi.org/10.18632/oncotarget.18378
https://doi.org/10.1158/1078-0432.ccr-17-2537
https://doi.org/10.1158/1078-0432.ccr-17-2537
https://doi.org/10.18632/oncotarget.9637
https://doi.org/10.1101/gr.6223207
https://doi.org/10.1074/jbc.M601502200
https://doi.org/10.1016/j.molimm.2014.11.015
https://doi.org/10.1084/jem.20102177
https://doi.org/10.1038/nature07575

128 Biochemical Genetics (2019) 57:117-128

Perz JF, Armstrong GL, Farrington LA, Hutin YJ, Bell BP (2006) The contributions of hepatitis B virus
and hepatitis C virus infections to cirrhosis and primary liver cancer worldwide. J Hepatol 45:529—
538. https://doi.org/10.1016/j.jhep.2006.05.013

Ramirez VP, Gurevich I, Aneskievich BJ (2012) Emerging roles for TNIP1 in regulating post-receptor
signaling. Cytokine Growth Factor Rev 23:109-118. https://doi.org/10.1016/j.cytogfr.2012.04.002

Ramirez VP, Krueger W, Aneskievich BJ (2015) TNIP1 reduction of HSPA6 gene expression occurs
in promoter regions lacking binding sites for known TNIP1-repressed transcription factors. Gene
555:430-437. https://doi.org/10.1016/j.gene.2014.11.012

Song Y, Yan M, Li J, LiJ, Jin T, Chen C (2017) Association between TNIP1, MPHOSPH6 and ZNF208
genetic polymorphisms and the coronary artery disease risk in Chinese Han population. Oncotarget
8:77233-77240. https://doi.org/10.18632/oncotarget.20432

Thomas RK et al (2007) High-throughput oncogene mutation profiling in human cancer. Nat Genet
39:347-351. https://doi.org/10.1038/ng1975

Tian T et al (2017) MiR-146a and miR-196a-2 polymorphisms are associated with hepatitis virus-related
hepatocellular cancer risk: a meta-analysis. Aging 9:381-392. https://doi.org/10.18632/aging.101160

Trembizki E et al (2014) High-throughput informative single nucleotide polymorphism-based typing of
Neisseria gonorrhoeae using the sequenom MassARRAY iPLEX platform. J Antimicrob Chemother
69:1526-1532. https://doi.org/10.1093/jac/dkt544

Yang CK et al (2017) Genome-wide association study of MKI67 expression and its clinical implications
in HBV-related hepatocellular carcinoma in Southern China. Cell Physiol Biochem 42:1342-1357.
https://doi.org/10.1159/000478963

Yue C,Li M, Da C, Meng H, Lv S, Zhao X (2017) Association between genetic variants and esophageal
cancer risk. Oncotarget 8:47167—47174. https://doi.org/10.18632/oncotarget.17006

Zhang S et al (2002) A new ERK2 binding protein, Nafl, attenuates the EGF/ERK2 nuclear signaling.
Biochem Biophys Res Commun 297:17-23. https://doi.org/10.1016/S0006-291X(02),02086-7

Zhang H et al (2010) Genome-wide association study identifies 1p36.22 as a new susceptibility locus for
hepatocellular carcinoma in chronic hepatitis B virus carriers. Nat Genet 42:755-758. https://doi.
org/10.1038/ng.638

Zhang J et al (2012) Identification of TNIP1 polymorphisms by high resolution melting analysis with
unlabelled probe: association with systemic lupus erythematosus. Autoimmun Dis 2012:265823.
https://doi.org/10.1155/2012/265823

Affiliations

Yujing Cheng' - Xiaochun Jiang? - Jieqgiong Jin® - Xiongjian Luo® - Wanlu Chen' -
Qi Li' - Chan Zhang'

! Department of Blood Transfusion, The First People’s Hospital of Yunnan Province, The

Affiliated Hospital of Kunming University of Science and Technology, #157 Jinbi Road,
Kunming 650032, Yunnan, China

Department of Blood Transfusion, The Third People’s Hospital of Yunnan Province,
Kunming 650000, Yunnan, China

Kunming Institute of Zoology, Chinese Academy of Science, Kunming 650000, Yunnan, China

@ Springer


https://doi.org/10.1016/j.jhep.2006.05.013
https://doi.org/10.1016/j.cytogfr.2012.04.002
https://doi.org/10.1016/j.gene.2014.11.012
https://doi.org/10.18632/oncotarget.20432
https://doi.org/10.1038/ng1975
https://doi.org/10.18632/aging.101160
https://doi.org/10.1093/jac/dkt544
https://doi.org/10.1159/000478963
https://doi.org/10.18632/oncotarget.17006
https://doi.org/10.1016/S0006-291X(02),02086-7
https://doi.org/10.1038/ng.638
https://doi.org/10.1038/ng.638
https://doi.org/10.1155/2012/265823

	TNIP1 Polymorphisms with the Risk of Hepatocellular Carcinoma Based on Chronic Hepatitis B Infection in Chinese Han Population
	Abstract
	Introduction
	Materials and Methods
	Study Participants
	Clinical Data and DemographicEthics Statement
	DNA Extraction
	SNP Selection and Genotyping
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




