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Abstract

BACKGROUND

Ubiquilins (UBQLNSs) are important factors for cell proteostasis maintenance.
UBQLNSs are involved in the modulation of the cell cycle, as well as in apoptosis,
membrane receptors regulation, DNA repair, epithelial-mesenchymal transition,
and miRNA activities. They also affect the selection of double-strand break repair
pathways. Abnormal UBQLNSs expression can lead to many diseases, including
cancer. Studies have found that the expression of Ubiquilin4 (UBQLN4) is
associated with the development of several tumor types. However, the association
between UBQLN4 and cervical cancer has not been examined yet.

AIM

To investigate the expression of UBQLN4 in cervical cancer and to evaluate its
correlation with disease prognosis.

METHODS

Immunohistochemistry was performed to examine the expression of UBQLN4 in
117 cervical cancer tissues and 32 matching pericervical tissues. Paired t-test (two-
tailed) was used to compare the differences between groups. We collected
patients’ clinical characteristics, including age, histological grade, pathologic type,
lymph node metastasis, and FIGO stage (2018) and compared them by chi-square
test. All patients were followed for 5.5 to 6.8 years. Kaplan-Meier method and log-
rank test were used to compare the differences in the overall survival (OS) and
progression-free survival (PFS) among the different groups.

RESULTS

Overexpression of UBQLN4 was observed in 70.9% (83/117) of all cervical cancer
tissues and in 15.6% (5/32) of the paired parauterine tissues. The expression of
UBQLN4 was associated with lymph node metastasis, poor differentiation, and
advanced stage, but the difference was not significant. Kaplan-Meier and log-rank
test results suggested the high expression of UBQLN4 was associated with short
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OS and PFS. Regardless of UBQLN4 expression, the patient age and FIGO stage were also
associated with disease prognosis. The statistically significant variables obtained from univariate
the Kaplan-Meier analysis were subjected to Cox multivariate survival regression analysis, which
showed that, in addition to the FIGO stage and age, UBQLN4 was also an independent prognostic
marker for OS and PFS (P = 0.011 and P = 0.024, respectively).

CONCLUSION

The overexpression of UBQLN4 was associated with poor prognosis in cervical cancer. Our study
proposed a novel prognostic factor and improved the existing understanding of the pathogenesis
of cervical cancer.

Key Words: Cervical cancer; Immunohistochemistry; Prognosis; Ubiquilin4; Overall survival; Progression-
free survival

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Cervical cancer is the most common malignant tumor in women. At present, the exact molecular
mechanism of its occurrence and development mainly focuses on the regulation of gene expression level,
while few researches on the regulation of protein level of translation products. Ubiquilin4 (UBQLN4)
regulates protein homeostasis in cells through interactions with different products and proteasomal
degradation. Studies have found that the expression of UBQLN4 was associated with several tumors.
However, the association between UBQLN4 and cervical cancer has not been examined. In this study, we
aimed to measure association between UBQLN4 expression and poor prognosis in cervical cancer.

Citation: Wang LN, Huang KJ, Wang L, Cheng HY. Overexpression of Ubiquilin4 is associated with poor
prognosis in patients with cervical cancer. World J Clin Cases 2022; 10(9): 2783-2791

URL: https://www.wjgnet.com/2307-8960/full/v10/i9/2783.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i19.2783

INTRODUCTION

Cervical cancer is one of the most common malignant tumors in gynecology and the fourth leading
cause of cancer death in women worldwide[l,2]. Human genome encodes five major ubiquilin
(UBQLN) proteins (UBQLN1, UBQLN2, UBQLN3, UBQLN4, and UBQLNL) belonging to the non-
proteasomal ubiquitin-like/ubiquitin-associated (UBL-UBA) family.They contain a domain similar to
ubiquitin at the N—terminus and an ubiquitin-associated domain at the C-terminus. UBQLN1, UBQLN?2,
and UBQLN#4 are ubiquitous, whereas UBQLN3 is exclusively expressed in the testes[3].

UBQLNSs are important factors for cells proteostasis maintenance; they function as adapters for the
delivery of poly-ubiquitinated proteins in the proteasome[4,5]. It is important to note that they
participate in autophagosome formation[6,7], as well as in the endoplasmic reticulum-associated protein
degradation pathway[8]. UBQLNSs are involved in the modulation of important players in the cell cycle,
apoptosis, membrane receptors, DNA repair, epithelial-mesenchymal transition, and miRNA activities.
Accumulating evidence has shown an association between UBQLNSs and neurodegenerative diseases,
such as Alzheimer¢s disease or other forms of dementia with locomotor dysfunction, and with other
proteinopathies, such as amyotrophic lateral sclerosis[9-11].

UBQLN4 as Bcl-2-associated athanogene 6 (BAG6)-binding factor is necessary for the elimination of
incorrectly localized proteins in the cytosolic transmembrane that has failed to reach their exact
destination on the endoplasmic reticulum membrane. UBQLN4 recognizes mislocalized transmembrane
proteins in the cytosol and targets them, performing their proteasomal degradation. Moreover, a
previous study suggested that UBQLN4 was located within the BAG6 complex, but not in other
members of the UBQLN family[12].

Apart from protein degradation, UBQLN4 is also associated with DNA double-strand break (DSB)
repair. A previous study indicated that the UBQLN4 protein was phosphorylated in an ataxia
telangiectasia mutant (ATM)-dependent manner and was recruited to DNA damage sites to shift DSB
repair to non-homologous end-ligation by functional inhibition of homologous reprogramming repair,
which further promoted genomic instability and oncogenic transformation[13].

Accumulating evidence has shown the involvement of UBQLNs in human cancer. UBQLN4
abnormality has been associated with many diseases, especially malignancies, such as liver, lung,
stomach, and ovarian cancers and other tumors[13-15]. However, to the best of our knowledge, the
association between UBQLN4 and cervical cancer has not been elucidated.
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In this study, we aimed to measure the expression of UBQLN4 in cervical cancer tissues and establish
its association with disease clinicopathological features as well as prognosis.

MATERIALS AND METHODS

Patients and tissues

A total number of 117 cervical cancer tissue and 32 matching pericervical tissue were obtained from the
cervical cancer cohort (HUTES154SU01 Outdo Biotech, Shanghai, China) from January 2010 to October
2011. All patients were diagnosed with stage IB1-IIA1 according to the FIGO 2009 staging criteria, and
were reclassified based on the FIGO 2018 staging criteria. All patients received radical surgery but not
radiotherapy and chemotherapy before and after surgery. None of the patients developed serious
medical complications. Patients’ clinical characteristics, including age, histological grade, pathologic
type, lymph node metastasis, and FIGO stage (2018) were collected and compared.

Immunohistochemical staining

Immunohistochemistry (IHC) analysis was performed as previously described[16-18]. Briefly, tissue
sections were deparaffinized, rehydrated, and blocked with goat serum. After incubation with an anti-
UBQLN4 antibody (1:500, PAB16793, Abnova) overnight at 4 °C, the slides were rinsed three times with
PBS and incubated with an HRP-conjugated secondary antibody (1:300, K8002, Dako) for 30 min at
room temperature. Following three 5-min rinses with PBS, the slides were incubated with 3,3'-
diaminobenzidine for 10 min and then counterstained with 0.1% hematoxylin.

Immunohistochemical analysis

Immunohistochemical results were evaluated by two independent pathologists without clinical
information. The expression of UBQLN4 was determined by the staining intensity and the percentage of
positive cells. The intensities were divided into four scores: ‘0’, no brown particles staining; ‘1", light-
brown particles; ‘2’, medium-brown particles; and ‘3", dark-brown particles. The percentage of the
positive cells in UBQLN4 was also divided into four scores: ‘0" referred to < 10% positive cells, ‘1" to
10%-40%; ‘2" to 40%-70%; and ‘3" to = 70%. The ratio between the ‘staining intensity score’ and the
‘staining positive rate” was employed for further grouping; a ratio value of 1 was considered the cutting
point.

Follow-up examinations

All patients were followed up for a period from 5.5 to 6.8 years. A number of 33 patients died during
that period. Progression-free survival (PFS) was defined as the time between the date of surgery and the
date of the confirmation of local recurrence or distant metastasis. Overall survival (OS) was defined as
the time between the dates of surgery and death due to any reason, or the date of the last contact with
the patient.

Statistical analysis
Chi-square test was applied to compare the clinicopathological features of different groups. Paired t-test
(two-tailed) was utilized to compare the differences between groups. Univariate and multivariate Cox
regression analysis were employed to determine the independent prognostic factors in patients with
cervical cancer. Kaplan-Meier and the log-rank tests were used for comparisons of the differences in the
OS among different groups. Data analysis was performed using SPSS V23.0 (IBM, Armonk, NY, United
States). All statistical tests were bilateral. P < 0.05 was considered to indicate statistically significant
differences.

The statistical methods of this study were reviewed by Huang K] and Wang L from Harbin Medical
University Cancer Hospital (Harbin, China).

RESULTS

The expression of UBQLN4 was increased in cervical cancer tissues

As can be seen in Figure 1, our data suggested that the UBQLN4 expression can be identified in the
cytoplasm and nucleus of cells in both cervical cancer and paracancerous tissue. However, the positive
rate of UBQLN4 in cervical cancer tissues was significantly higher than in parauterine tissues (70.9% vs
15.6%, P < 0.05) (Figure 2).

Associations between UBQLN4 protein expression and clinicopathological features
We then summarized the associations between UBQLN4 expression and clinicopathological features. As
presented in Table 1, the expression of UBQLN4 was associated with lymph node metastasis, poor
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Figure 1 Representative immunohistochemical staining for Ubiquilin4 expression in cervical cancer specimens. A and B: High expression of
Ubiquilind (UBQLN4) in cervical cancer, score: 3; C and D: Low expression of UBQLN4 in cervical cancer, score: 2; E and F: Low expression of UBQLN4 in
paracervical tissue, score: 1; G and H: Low expression of UBQLN4 in paracervical tissue, score: 0. (A, C, E, and G: Original magnification, 100 x; B, D, F, and G:
Original magpnification, 200 x).
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Figure 2 Expression of the Ubiquilind protein in cervical cancer tissue and pericervical tissue cells. The UBQLN4 protein was overexpressed in
cervical cancer tissues. IHC: Immunohistochemistry.
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differentiation and advanced stage, but the difference was not significant.

Associations between UBQLN4 expression and disease prognosis

To further investigate the potential clinical value of UBQLN4 expression in cervical cancer, we
examined its association with OS and PFS. Kaplan-Meier and log-rank test suggested high expression of
UBQLN4 was associated with short OS and PFS (Figure 3). Regardless of UBQLN4 expression, patient
age and FIGO stage were also associated with disease prognosis. Statistically significant variables
obtained from univariate Kaplan-Meier analysis were included in Cox multivariate survival regression
analysis which showed that in addition to FIGO stage and age, UBQLN4 was also an independent
prognostic marker for OS and PFS (P = 0.011 and P = 0.024, respectively) (Table 2).

DISCUSSION

UBQLN protein is a critical regulator of protein homeostasis by transferring ubiquilinated proteins to
proteasomes for protein degradation[5]. In addition, it also participates in the process of cell prolif-
eration and apoptosis. UBQLN4 is a member of the UBQLN protein family that not only participates in
protein degradation, but also promotes the activities of other UBQLN family members. The involvement
of UBQLNT1 has been identified in a variety of cancers, such as lungs[19] and breast cancers[20].
Additionally, they were found to participate in cell migration, invasion, and epithelial-mesenchymal-
transformation[19]. UBQLNT1 interacts with microtubule-associated protein light chain (LC3) to assist
autophagosome maturation only in the presence of UBQLN4[6,21]. Therefore, UBQLN4 might more
regulatory functions than those of the other members of this family.

In this study, we found that UBQLN4 was overexpressed in cervical cancer tissues, which was
consistent with previous results obtained for other solid tumors[14]. We established that UBQLN4 was
expressed in both the cytoplasm and the nucleus. An earlier investigation revealed that despite the main
localization of UBQLN4 activities in the nucleus, it does not contain a nuclear localization sequence and
could be detected in the cytoplasm[13]. These authors speculated that UBQLN4 was transferred to the
nucleus in an undetermined post-translational modification. We further analyzed the association
between UBQLN4 and the clinicopathological features of cervical cancer patients. Our data suggested
that the expression of UBQLN4 was associated with lymph node metastasis, poor differentiation, and
late stage, with clear but statistically insignificant trends. These inconclusive results might be associated
with the small number of the samples analyzed. Additionally, they might suggest that UBQLN4 is has a
stronger association with disease development rather than with cancer cell invasion and metastasis.
Moreover, UBQLN4 is associated with DNA damage repair, autophagy, and other mechanisms[21],
suggesting its involvement in radiotherapy sensitivity and chemotherapy resistance of cervical cancer
cells. Future studies focusing on these questions will be carried out with larger sample sizes.

Increasing results have shown that p53, a well-known tumor suppressor, is tightly associated with the
progression of cell cycle, and induces G2/M arrest in various types of tumors, including cervical cancer
[22,23]. Stabilization of p53 by UBQLN4 overexpression enables transcriptional regulation of p21 by p53.
In addition, the acetylated tumor protein p53 activates a cyclin-dependent kinase 1 inhibitor, a gene
encoding p21. p21 protein level can be controlled translationally and post-translationally, especially by
ubiquitination. Several E ubiquitin ligase complexes, including SC**?, MKRN1, CRL4"T, APC/C <2,
and RNF114 promote p21 ubiquitination and degradation. The overexpression of UBQLN4 induced cell
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Table 1 Relationship between Ubiquilin4 protein expression and clinicopathological features in 117 cases of cervical cancer

UBQLN4 expression
Variables Total X P value
Low High

Age (yr) 0713 0.398
<45 34 24 (41.4%) 58
> 45 30 29 (49.2%) 59
Null

Pathologic type 0.244 0.885
AD 2 1(33.3%) 3
ASC 3 2 (40.0%) 5
SCC 59 50 (45.9%) 109

Lymph node metastasis 0.242 0.623
No 53 42 (44.2%) 95
Yes 11 11 (50.0%) 2

Histological grade 1.518 0.279
/11 16 12 (42.9%) 28
I 39 50 (56.2%) 89

FIGO stage (2018) 0.242 0.623
1/11 53 42 (44.2%) 95
I 11 11 (50.0%) 2

AD: Adenocarcinoma; ASC: Adenosquamous carcinoma; SCC: Squamous cell carcinoma.

Table 2 Univariate and multivariate analyses of the factors correlated with overall survival and disease-free survival

Clinical variables

Univariate analysis (PFS)  Multivariate analysis (PFS) Univariate analysis (0S)  Multivariate analysis (OS)
HR  95%ClI Pvalue' HR  95%CI Pvalue' HR 95%CI Pvalue HR 95%ClI P value'

UBQLN4 (low vs high) 3.026 1.524-6.006  0.002 2261 1.115-4.583 0.024 4.357 1.962-9.679 0 293 1.284-6.683 0.011
Age (<45 vs > 45) 4944 2261-10.809 0 4331 1.953-9.605 0 7171 2.763-18.611 0 5927 2241-15.678 0
Grade (I/11 vs 11I) 1.819 0.805-4.108 0.15 2444 0913-6.542 0.075

FIGO stage (I/IIvsIII)  2.869 1.983-4.151 0 2.659 1.807-3.911 0 3.372 2.234-5.089 0 3.048 1.968-4.72 0

IStatistically significant (P < 0.05).
UBQLN4: Ubiquilin4; OS: Overall survival; PFS: Progression-free survival.
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aging and arrest at the G1-S phase of the cell cycle via the p53/p21 axis in a gastric cancer cell line[15].
Thus, the overexpression of UBQLN4 may play a role in cervical cancer via p53-associated activities.
The increased expression of UBQLN4 was found to be associated with poor OS in neuroblastoma,
ovarian cancer, melanoma, lung cancer, and breast cancer[13].

Our findings also suggest that the overexpression of UBQLN4 is associated with poor prognosis in
cervical cancer. Our multivariate COX analysis showed that UBQLN4, AGE, and the FIGO stage were
independent prognostic markers, which is consistent with the results of other studies.

CONCLUSION

In conclusion, the findings of our study indicated that the expression of UBQLN4 was increased in
cervical cancer, and was associated with poor prognosis. Here, we not only propose a novel prognostic
factor, but also improve the existing understanding of cervical cancer pathogenesis.
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Figure 3 Results of the Kaplan-Meier analysis of the association between Ubiquilin4 expression and survival. The overall and the progression-
free survival of cervical cancer patients with high and low expression. Log-rank test results showed that the patients with low UBQLN4 staining had a significantly
better overall and progression-free survival than the patients with high expression. A: Overall survival; B: Progression-free survival.
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ARTICLE HIGHLIGHTS

Research background

Ubiquilins (UBQLNSs) are important factors for cell proteostasis maintenance. Abnormal UBQLNs
expression can lead to many diseases, including cancer. Studies have found that the expression of
Ubiquilin4 (UBQLN4) is associated with the development of several tumor types.

Research motivation
The association between UBQLN4 and cervical cancer has not been examined yet.

Research objectives
To investigate the expression of UBQLN4 in cervical cancer and to evaluate its correlation with disease
prognosis.

Research methods

Immunohistochemistry was performed to examine the expression of UBQLN4 in 117 cervical cancer
tissues and 32 matching pericervical tissues. Paired t-test (two-tailed) was used to compare the
differences between groups. We collected patients’ clinical characteristics, including age, histological
grade, pathologic type, lymph node metastasis, and FIGO stage (2018) and compared them by chi-
square test. All patients were followed for 5.5 to 6.8 years. Kaplan-Meier method and log-rank test were
used to compare the differences in the overall survival (OS) and progression-free survival (PFS) among
the different groups.

Research results

Overexpression of UBQLN4 was observed in 70.9% (83/117) of all cervical cancer tissues and in 15.6%
(5/32) of the paired parauterine tissues. The expression of UBQLN4 was associated with lymph node
metastasis, poor differentiation, and advanced stage, but the difference was not significant. Kaplan-
Meier and log-rank test results suggested the high expression of UBQLN4 was associated with short OS
and PFS. UBQLN4 was also an independent prognostic marker for OS and PFS (P = 0.011 and P = 0.024,
respectively).

Research conclusions
The expression of UBQLN4 was increased in cervical cancer, and was associated with poor prognosis.

Research perspectives
We not only propose a novel prognostic factor, but also improve the existing understanding of cervical
cancer pathogenesis.
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