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Featured Application: TRIM21 genetic variations may contribute to cancer susceptibility and
distant metastasis with HCC patients.

Abstract: Tripartite motif 21 (TRIM21) plays an important role in hepatocellular carcinoma (HCC).
However, the gene polymorphisms of TRIM21 in HCC is not as well known. In this study, two
single nucleotide polymorphisms (SNPs) in the TRIM21 gene, rs4144331, and re915956, were se-
lected to investigate correlations between these SNPs and susceptibility to HCC. Two SNPs of the
TRIM21 gene from 1196 controls without cancer and 394 HCC patients were analyzed using real-
time polymerase chain reaction. These results were further analyzed to expound the associations
between these TRIM21 polymorphisms and the risk of HCC as well as the impact of these SNPs
on clinicopathological characteristics of HCC. After adjustment for other covariants, we observed
that that younger patients (<65 years) with the TRIM21 rs915956 A allele had a probability of HCC
(AOR = 3.153, 95% CI: 1.315–7.516, p = 0.010). Moreover, patients with a smoking habit who carried
the T allele of rs4144331 had more probability of HCC (AOR = 2.940, 95% CI: 1.331–6.491, p = 0.008).
In addition, we observed that the polymorphic T allele of rs4144331 led to distant metastasis. Thus,
our findings suggest that genetic variations in TRIM21 may correlate to HCC and evaluate distant
metastasis in patients with HCC.
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1. Introduction

Owing to endemic hepatitis B and C virus infections, hepatocellular carcinoma (HCC)
happens commonly among Asian and African populations [1]. Furthermore, HCC is
one of the deadliest and most prevalent cancers worldwide. Similar to other cancers,
HCC develops when mutations in the cellular machinery cause the cells to replicate at
a higher rate or cause the cells to avoid undergoing apoptosis. In particular, chronic
hepatitis B or C virus infection can cause the immune system to attack liver cells repeatedly,
which contributes to the development of HCC [2]. A recent report demonstrated that the
RING domain of TRIM21 can promote HBV DNA polymerase degradation. Specifically,
Lys283 and Lys260 of HBV DNA Pol were identified as targets for ubiquitination mediated
by TRIM21 [3]. Moreover, TRIM21 silencing has also been demonstrated to promote
HCC cells [4].

Tripartite motif (TRIM) proteins are composed of multidomain ubiquitin E3 ligases
with an N-terminal tripartite motif that contains three zinc-binding domains, a RING
domain, a B-box type 1 and B-box type 2 domain, and a coiled coil region [5]. Consequently,
TRIM proteins are considered to be key regulators of cell biology [5]. Recent studies have
shown that TRIM proteins can affect cell proliferation, innate immunity, cell differentiation,
cell apoptosis, and cell migration [5–11].

Like other TRIM proteins, TRIM21, also called Ro52, SSA1, or RNF81, possesses E3
ligase activity and is involved in ubiquitination [12]. Studies on TRIM21 have typically fo-
cused on its role in immunity, such as neutralizing viral infections, regulating inflammatory
signaling pathways, and regulating cytokine and chemokine production [13–15]. TRIM21
was identified as an antibody-binding protein and has been shown to function as an Fc
receptor that recognizes antibodies bound by intracellular pathogens. TRIM21 catalyzes
the synthesis of K63 ubiquitin chains, thereby activating the innate immune system and
antiviral response during pathogen invasion [16,17]. Moreover, TRIM21 inhibits the process
of epithelial-mesenchymal transition (EMT) through the ubiquitination and degradation
of Snail [18].

Several studies have reported on the possible involvement of genetic predisposing
factors for HCC. For example, single nucleotide polymorphisms (SNPs), which are the
most common type of DNA sequence variation, have shown potential for predicting
cancer risk [19,20]. Some studies have shown that the TRIM21 gene is also associated
with disease, but the number of studies is low. Recent studies have also demonstrated a
possible correlation between TRIM21 allele polymorphisms and disease susceptibility as
well as increased anti-TRIM21 antibodies in patients with systemic lupus erythematosus
(SLE) and Sjogren syndrome (SS). Among African Americans, the rs660 C/T SNP has been
shown to be related to SLE [21,22]. The rs5030767, rs5030768, rs915956, and rs4144331 SNPs
were demonstrated to be associated with anti-TRIM21 antibody-positive primary SS [23].
However, the effects of TRIM21 polymorphisms on HCC are still unknown. We therefore
investigated the association between TRIM21 polymorphisms and HCC. Specifically, we
analyzed two SNPs, rs4144331 and rs915956, which are located in intron 3 (9571) and
the 3′-untranslated region (3′-UTR) (12986) of the TRIM21 gene for associations among
etiological, demographic, and clinical characteristics to HCC.

2. Materials and Methods
2.1. Study Participants and Specimen Collection

In this study, 394 HCC patients were recruited from Chung Shan Medical Univer-
sity Hospital in Taichung, Taiwan. All participants provided informed written consent
during the registration process. HCC patients were clinically staged at the time of di-
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agnosis according to the tumor/node/metastasis staging system of the American Joint
Committee on Cancer (AJCC, 2002). The diagnosis of cirrhosis is based on liver biopsy
or abdominal ultrasound. Clinical features, including liver cirrhosis, aspartate amino-
transferase (AST), the levels of α-fetoprotein (AFP), alanine aminotransferase (ALT), tu-
mor staging, tumor size, lymph-node metastasis, distant metastasis, presence of HBV
surface antigen (HBsAg), and reactivity with antibody against HCV (anti-HCV), were
collected from the chart reviews. For the control group, 1196 individuals between 20 and
70 years of age and with no history of cancer were selected from the Taiwan Biobank
(https://www.twbiobank.org.tw/new_web_en/index.php, protocol code: TWBR10610-07;
date of approval: 19 September 2018).

A survey concerning gender, age, cigarette smoking, and alcohol drinking was col-
lected from each subject. An average of more than 2 drinks per day was considered as
alcohol consumption. Smoking of at least one cigarette per day during the latest three
months was considered a persistent smoking habit. The research was approved by the
Institutional Review Board of Chung Shan Medical University Hospital.

2.2. Selection of TRIM21 Polymorphisms

Two SNPs in TRIM21 (NM_003141.4) were selected from the International HapMap
Project data for this study. We included the SNPs rs4144331 and rs915956, which are located
in intron 3 (9571) and the 3′-UTR (12986) region of the TRIM21 gene.

2.3. TRIM21 Genotyping

Allelic discrimination of the TRIM21 polymorphisms rs4144331 and rs915956 was
assessed using an ABI StepOne real-time polymerase chain reaction system (Applied
Biosystems, Foster City, CA, USA), SDS v3.0 software (Applied Biosystems), and the
TaqMan assay [17–19].

2.4. Statistical Analyses

To evaluate the differences in age and demographic characteristics between the control
groups and HCC patients, the Mann–Whitney U test was used. Odds ratios with 95%
confidence intervals (CIs) were estimated using logistic regression models. p-values of
<0.05 were considered significant. The data were analyzed using SAS statistical software.

3. Results

A total of 1196 healthy controls and 394 patients with HCC were recruited for this
case–cohort study. According to our analysis of the age of HCC patients (Table 1), we
found significant differences in age (p < 0.001) between patients with HCC and healthy
groups. Moreover, based on our previous study, we also found significant differences with
alcohol consumption (p < 0.001), HBsAg (p < 0.001), and anti-HCV (p < 0.001) between
patients with HCC and healthy groups [24]. These factors may tend to increase the risk of
developing HCC.

Table 1. The distributions of age in 1196 controls and 394 patients with hepatocellular carcinoma (HCC).

Variable Controls (n = 1196) Patients (n = 394) p-Value

Age (yrs) p < 0.001 *
<65 857 (71.7%) 210 (53.3%)
=65 339 (28.3%) 184 (46.7%)

Mean ± S.D. 59.4 ± 7.1 63.1 ± 11.2 p < 0.001 *
Mann–Whitney U test or Chi-square test was used between healthy controls and patients with HCC.
* p-value < 0.05 as statistically significant.

The distribution frequency of TRIM21 genotypes in controls and patients with HCC
is shown in Table 2. No significant difference with respect to rs4144331 and rs915956
polymorphisms of TRIM21 were observed between healthy controls and patients with
HCC. We further subdivided the tested population by age and found that younger patients

https://www.twbiobank.org.tw/new_web_en/index.php
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(<65 years) with the TRIM21 rs915956 A allele t had an increased risk of HCC (AOR = 3.153,
95% CI: 1.315–7.516, p = 0.010; Table 3). We also subdivided the patients with HCC into
smoking and nonsmoking subgroups, and found that patients with a smoking habit who
carried the T allele of rs4144331 had an increased risk of HCC (AOR = 2.940, 95% CI:
1.331–6.491, p = 0.008; Table 4).

Table 2. Genotyping and allele frequency of TRIM-21 single nucleotide polymorphism (SNP) in HCC and normal controls.

Variable Controls (n = 1196)
n (%)

Patients (n = 394)
n (%) OR (95% CI) AOR (95% CI) a

rs4144331
GG 702 (58.7%) 231 (58.6%) 1.000 (reference) 1.000 (reference)
GT 431 (36%) 133 (33.8%) 0.938 (0.734–1.198) 0.966 (0.746–1.250)
TT 63 (5.3%) 30 (7.6%) 1.447 (0.914–2.291) 1.479 (0.914–2.395)

GT + TT 494 (41.3%) 163 (41.4%) 1.003 (0.796–1.264) 1.033 (0.809–1.318)
rs915956

GG 803 (67.1%) 273 (69.3%) 1.000 (reference) 1.000 (reference)
GA 366 (30.6%) 109 (27.7%) 0.876 (0.679–1.129) 0.854 (0.653–1.116)
AA 27 (2.3%) 12 (3%) 1.307 (0.653–2.616) 1.456 (0.697–3.044)

GA + AA 393 (32.9%) 121 (30.7%) 0.906 (0.708–1.158) 0.892 (0.688-1.155)

The odds ratios (ORs) analyzed by their 95% confidence intervals (CIs) were estimated by logistic regression models. a Adjusted for the
effects of age, gender, cigarette smoking, and alcohol drinking.

Table 3. Genotyping and allele frequency of TRIM-21 single nucleotide polymorphism (SNP) among age <65 years old
HCC and normal controls.

Variable Controls (n = 857)
n (%)

Patients (n = 210)
n (%) OR (95% CI) AOR (95% CI) a

rs4144331
GG 504 (58.8%) 120 (57.1%) 1.000 (reference) 1.000 (reference)
GT 308 (35.9%) 75 (35.7%) 1.023 (0.742–1.410) 0.961 (0.686–1.345)
TT 45 (5.3%) 15 (7.1%) 1.400 (0.755–2.596) 1.147 (0.596–2.208)

GT + TT 353 (41.2%) 90 (42.9%) 1.071 (0.789–1.453) 0.986 (0.716–1.358)
rs915956

GG 576 (67.2%) 139 (66.2%) 1.000 (reference) 1.000 (reference)
GA 265 (30.9%) 62 (29.5%) 0.970 (0.695–1.352) 0.997 (0.702–1.415)

AA 16 (1.9%) 9 (4.3%) 2.331 (1.009–5.385)
p = 0.048

3.153 (1.315–7.561)
p = 0.010

GA + AA 281 (32.8%) 71 (33.8%) 1.047 (0.761–1.441) 1.101 (0.786–1.541)

The ORs analyzed by their 95% CIs were estimated by logistic regression models. a Adjusted for the effects of age, gender, cigarette
smoking, and alcohol drinking.

In addition, the effect of the polymorphic genotypes of TRIM21 rs4144331 on the
clinical status of HCC was examined (Table 5). As shown in Table 5, patients with at least
one polymorphic T allele at the rs4144331 SNP (GT + TT genotype) had a higher risk of
distant metastasis (AOR = 2.773, 95% CI: 1.081–7.113, p = 0.034) and a lower risk of being
infected with HCV (p = 0.048) compared to WT patients. Moreover, in routine blood tests
conducted in conjunction with HCC diagnosis, including ALT and AST, no significant
difference with respect to rs4144331 and rs915956 polymorphisms of TRIM21 was observed
in patients with HCC (Table 6).
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Table 4. Genotyping and allele frequency of TRIM-21 single nucleotide polymorphism (SNP) in HCC and normal
controls smokers.

Variable Controls (n = 470)
n (%)

Patients (n = 155)
n (%) OR (95% CI) AOR (95% CI) a

rs4144331
GG 292 (62.1%) 92 (59.4%) 1.000 (reference) 1.000 (reference)
GT 158 (33.6%) 48 (31%) 0.964 (0.647–1.437) 0.927 (0.596–1.444)

TT 20 (4.3%) 15 (9.7%) 2.380 (1.171–4.838)
p = 0.017

2.940 (1.331–6.491)
p = 0.008

GT + TT 178 (37.9%) 63 (40.6%) 1.123 (0.775–1.628) 1.127 (0.747–1.699)
rs915956

GG 306 (65.1%) 106 (68.4%) 1.000 (reference) 1.000 (reference)
GA 153 (32.6%) 43 (27.7%) 0.811 (0.542–1.215) 0.805 (0.516–1.254)
AA 11 (2.3%) 6 (3.9%) 1.575 (0.568–4.362) 2.076 (0.653–6.604)

GA + AA 164 (34.9%) 49 (31.6%) 0.863 (0.585–1.271) 0.873 (0.570–1.338)

The ORs analyzed by their 95% CIs were estimated by logistic regression models. a Adjusted for the effects of age, gender, cigarette
smoking, and alcohol drinking.

Table 5. Odds ratio (OR) and 95% confidence interval (CI) of clinical status and TRIM21 rs4144331 genotypic frequencies in
HCC patients.

Genotypic Frequencies

Variable GG (%) (n = 231) GT + TT (%) (n = 163) OR (95% CI) p Value

Clinical Stage
Stage I/II 165 (71.4%) 110 (67.5%) 1.000 (reference)

Stage III/IV 66 (28.6%) 53 (32.5%) 1.205 (0.780–1.860) p = 0.401
Tumor size

5T2 168 (72.7%) 112 (68.7%) 1.000 (reference)
>T2 63 (27.3%) 51 (31.3%) 1.214 (0.782–1.885) p = 0.387

Lymph node metastasis
No 224 (97%) 158 (96.9%) 1.000 (reference)
Yes 7 (3%) 5 (3.1%) 1.013 (0.316–3.248) p = 0.983

Distant metastasis
No 224 (97%) 150 (92%) 1.000 (reference)
Yes 7 (3%) 13 (8%) 2.773 (1.081–7.113) p = 0.034 *

Vascular invasion
No 200 (86.6%) 130 (79.8%) 1.000 (reference)
Yes 31 (13.4%) 33 (20.2%) 1.638 (0.957–2.804) p = 0.072

Child–Pugh grade
A 195 (84.4%) 126 (77.3%) 1.000 (reference)

B or C 36 (15.6%) 37 (22.7%) 1.591 (0.955–2.650) p = 0.075
HBsAg

Negative 138 (59.7%) 88 (54%) 1.000 (reference)
Positive 93 (40.3%) 75 (46%) 1.265 (0.844–1.896) p = 0.256

Anti–HCV
Negative 117 (50.6%) 99 (60.7%) 1.000 (reference)
Positive 114 (49.4%) 64 (39.3%) 0.663 (0.442–0.996) p = 0.048 *

Liver cirrhosis
Negative 38 (16.5%) 30 (18.4%) 1.000 (reference)
Positive 193 (83.5%) 133 (81.6%) 0.873 (0.515–1.479) p = 0.613

The ORs analyzed by their 95% CIs were estimated by logistic regression models. >T2: multiple tumor more than 5 cm or tumor involving
a major branch of the portal or hepatic vein(s). * p-value < 0.05 as statistically significant.
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Table 6. Association of TRIM21 genotypic frequencies with the HCC laboratory findings.

Characteristic α-Fetoprotein a

(ng/mL) AST a (IU/L) ALT a (IU/L) AST/ALT a Ratio

rs4144331
GG 2601.3 ± 843.8 106.4 ± 16.3 98.9 ± 15.0 1.4 ± 0.1

GT + TT 3834.6 ± 1416.9 126.7 ± 22.3 325.6 ± 224.8 1.4 ± 0.1
p value 0.422 0.979 0.968 0.123

rs915956
GG 2830.0 ± 864.6 126.3 ± 18.1 109.0 ± 14.2 1.5 ± 0.1

GA + AA 3746.6 ± 1561.6 88.9 ± 14.0 381.4 ± 302.6 1.4 ± 0.1
p value 0.332 0.467 0.707 0.973

Mann–Whitney U test was used between two groups. a Mean ± S.E.

4. Discussion

SNPs are nucleotide variations that occur at the DNA level in every human cell.
Related to environmental factors, SNPs can mimic human phenotypic diversity, but they
can also indicate susceptibility to various diseases, including cancer [25]. The association
between SNPs and HCC has been tested in case-controlled and prospective cohort studies
based on hypothesis-driven hypothetical genetic studies. For example, many changes in
hepatitis patients that affect inflammation pathways, oxidative stress, iron metabolism, or
DNA repair mechanisms are related to the occurrence of liver cancer [26].

Although the relationship between TRIM21 alleles and disease susceptibility has been
studied, the correlation between TRIM21 polymorphisms and risk factors in HCC has not
yet been clarified. The findings of this study clarified the role of TRIM21 SNPs in HCC
susceptibility and other clinicopathological conditions. The population size of rs915956
(C/C) in anti-TRIM21 antibody-positive patients with SS was approximately half of that in
healthy controls [27]. From a bioinformatic analysis, it was predicted that rs4144331 may
affect the binding of miRNA hsa-miR-1300. However, the detailed mechanisms of TRIM21
rs4144331 SNPs and hsa-miR-1300 in HCC cancers require future study to elucidate it.

In our previous study, we revealed that alcohol consumption was related to HCC [24].
Approximately 90% of HCC cases occur in patients with chronic liver inflammation and
fibrosis due to alcohol damage [28]. According to previous studies, the results have sug-
gested that TRIM21 acts as a tumor suppresser and is correlated with malignant potential
and poor prognosis in HCC [4]. Therefore, in this study, we included the SNPs rs4144331
and rs915956 as candidate SNPs for investigating their association with HCC development.
The findings showed that the presence of at least one polymorphic T allele of rs4144331
was strongly associated with distant metastasis (Table 5). TRIM21 can promote HBV DNA
polymerase degradation with its RING domain [3]. As shown in Table 5, the associa-
tion between the anti-HCV polymorphic T allele of rs4144331 was statistically significant.
Consequently, associated with somatic genetic alterations of HCC, it is considered that
constitutional SNPs may be important biomarkers for predicting response to targeted
therapies, drug toxicity, and tumor recurrence after curative procedures in the future.

5. Conclusions

In conclusion, our findings suggest that genetic variations in TRIM21 may help to
predict cancer susceptibility and distant metastasis in HCC. This study provides new infor-
mation about the relationship between TRIM21 polymorphisms and the clinical pathology
of HCC in the Taiwanese population.
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