
Abstract. Background/Aim: Deubiquitinating enzyme 3
(DUB3) is a member of the ubiquitin-specific proteases family
involved in regulating cell proliferation, invasion, and
apoptosis. However, the biological role and clinicopathological
significance of DUB3 expression have not been elucidated in
non-small cell lung cancer (NSCLC). Patients and Methods: We
evaluated the expression of DUB3 by immunohistochemistry
using tissue microarrays and assessed the clinicopathologic
significance of DUB3 expression levels in 187 patients with
NSCLC, including its two major subtypes (93 cases of
adenocarcinoma and 72 cases of squamous cell carcinoma).
Results: In adenocarcinoma, we observed that DUB3 expression
had an effect on tumor size (p=0.030), vessel invasion
(p=0.038), T stage (p=0.014), and tumor recurrence (p=0.002).
Kaplan-Meier curves with log-rank test showed that high DUB3
expression was correlated with significantly more favorable
clinical outcomes compared to those of the low expression
group in adenocarcinoma (p=0.013). Multivariate analysis of
disease-free survival also demonstrated that DUB3 expression
is an independent prognostic factor in lung adenocarcinoma
(p=0.017). Additionally, we identified the correlation between
DUB3 and the expression of large tumor suppressor kinase 1
expression, a core protein of the Hippo pathway. Conclusion:
DUB3 could function as a tumor suppressor by regulating the

Hippo pathway in lung adenocarcinoma and can be considered
a powerful predictive factor and therapeutic target.

Ubiquitination is a biologically important mechanism for the
regulation of many intracellular processes by controlling
protein function (1). It plays crucial roles in regulating cell
cycle progression, transcription, apoptosis, receptor
localization, and vesicle trafficking (2, 3). Ubiquitination can
be reversed by deubiquitinating enzymes (DUBs) (1), which
are composed of a large group of proteases composed of up
to 90 members that remove ubiquitin from target proteins by
modifying or disassembling the polyubiquitin chain (3, 4).
DUBs are classified into five families: ubiquitin C-terminal
hydrolases, ubiquitin-specific proteases (USPs), ovarian-
tumor proteases, Machado-Joseph disease protein domain
proteases, and JAMM motif proteases (5-7).

Among the members of the USP family, DUB3, also
known as USP17, USP17L, or USP17L2, is involved in the
regulation of cell cycle progression (8), cell migration (9),
and apoptosis (10, 11). However, the biological properties of
DUB3 have not yet been clearly established. The oncogenic
properties of DUB3 have been reported in some studies.
DUB3 is strictly regulated during the cell cycle and is an
essential molecule for G1-S phase progression (12). In
another oncogenic aspect, DUB3 is associated with the
stabilization of SNAIL, a key factor of epithelial-
mesenchymal transition, inducing cancer cell invasion and
metastasis (13, 14). On the other hand, some research has
suggested that DUB3 acts as a tumor suppressor by blocking
growth factor-dependent proliferation (2) and regulating
Hippo signaling activity (15).

The Hippo pathway has emerged as a master regulator of
cell proliferation, division, apoptosis, and differentiation in
embryogenesis and tumor biology (16-20). The MST1/2-
SAV-MOB1-LATS1/2 signaling axis, which is the core
backbone of the Hippo pathway, suppresses the activity of
the downstream proto-oncogenic target proteins, yes-
associated protein (YAP) and tafazzin (TAZ) (21, 22).
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Dysregulations in the major components of the Hippo
signaling pathway have been described in tumor
development and progression in various organs, including
the lungs (23-26). We previously reported that the
downregulations of large tumor suppressor kinase 2 (LATS2)
expression might predict aggressive clinical course and poor
prognosis in non-small cell lung cancer (NSCLC) (17). 

Studies have reported the clinicopathological significance
of aberrant DUB3 expression in malignancies including
ovarian cancer (1), osteosarcoma (27), breast cancer (14),
and NSCLC (3, 28). In a study of a NSCLC cell line, DUB3
was shown to induce cell cycle progression and cell
proliferation by stabilizing cyclin A (28). Another study
involving immunohistochemical staining of clinical samples
demonstrated that high DUB3 expression is related to
NSCLC recurrence and metastasis (3). However, to date, no

specific research has been conducted on the subtypes of lung
cancer, and the number of subjects remains limited.
Furthermore, clinicopathological factors have not been
considered in detail. 

The aim of this study was to investigate the biological
mechanism and clinicopathologic significance of DUB3 in
lung adenocarcinoma and squamous cell carcinoma, the
major subtypes of NSCLC, via immunohistochemical
analysis of clinical samples. We found that loss of DUB3
expression was related to aggressive clinicopathologic
parameters and unfavorable outcomes, and DUB expression
could be considered as an independent prognostic factor in
lung adenocarcinoma. Additionally, we found that DUB3
expression is closely related to the expression of LATS1, a
core protein of the Hippo Pathway, and acts as tumor
suppressor. 
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Figure 1. Representative deubiquitinating enzyme 3 (DUB3) staining (×400). (A) Negative staining, (B) weak staining, (C) moderate staining, and
(D) strong staining.



Patients and Methods
Patients and specimens. We enrolled a series of 187 patients with
NSCLC (93 cases of adenocarcinoma, 72 cases of squamous cell
carcinoma, 13 cases of large cell neuroendocrine carcinoma, 7 cases
of pleomorphic carcinoma, and 2 cases of adenosquamous
carcinoma) who underwent resection at the Soonchunhyang
University Cheonan Hospital (Cheonan, Republic of Korea)
between January 2001 and December 2012. All cases were
confirmed by histology and immunohistochemistry. Samples that
were subjected to hematoxylin-eosin (H&E) staining were reviewed,
and representative paraffin-embedded blocks were chosen for the
construction of tissue microarrays by two pathologists (MH Oh and
SH Jang). Medical records including pathological reports were
reviewed to collect clinicopathological information on the patients
including age, sex, smoking history, tumor size, pleural invasion,
lymphovascular invasion, lymph node metastasis, distant metastasis,
American Joint Committee on Cancer (AJCC) stage, recurrence, and

survival. Tumors were staged according to the 8th edition of the
AJCC cancer staging manual (stage I, 108; stage II, 48; stage III,
25; stage IV, 6). The enrolled patients included 127 men (67.9%)
and 60 women (32.1%), with ages ranging from 39 to 83 years
(mean of 63.4 years). All patients were monitored every six months
or one year after surgery, and the mean follow-up period was 40
months (range of 0-157 months). This study was approved by the
Institution Review Board of Soonchunhyang University Cheonan
Hospital, and informed consent was waived (Institution Review
Board no. 2017-10-014). This study conformed to the ethical
guidelines of the 1975 Declaration of Helsinki.

Tissue microarray construction and immunohistochemistry.
Representative, non-necrotic, and hypercellular tumor areas were
carefully selected and 2-mm single-tissue cores were obtained from
formalin-fixed, paraffin-embedded donor blocks using a tissue array
instrument and assembled into tissue microarray (TMA) blocks. For
immunohistochemical staining, 4-mm-thick sections were cut from

Jang et al: Prognostic Significance of DUB3 in Non-small Cell Lung Cancer

2298

Figure 2. Representative large tumor suppressor kinase 1 (LATS1) staining (×400). (A) Negative staining, (B) weak staining, (C) moderate staining,
and (D) strong staining.



the tissue microarray blocks and transferred onto adhesive-coated
slides. The slides were deparaffinized by heating at 60˚C for one
hour and washed three times for 5 min each with xylene.

Endogenous peroxidase activity was eliminated with 5% hydrogen
peroxide in methanol for 15 min at 37˚C. Antigen retrieval was
performed by microwave treatment in an epitope retrieval solution
(pH 6.0) for 20 min. The sections were incubated with primary
antibodies against DUB3 (1:100, ab188236, Abcam, Cambridge,
UK) or LATS1 antibody (1:200, ab111206, Abcam) in a humidified
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Table I. Correlation between deubiquitinating enzyme 3 (DUB3)
expression and clinicopathologic parameters in 187 non-small cell lung
cancer patients.

                                                               DUB3 expression

   Low High 
Variables N (%) expression expression p-Value

Sex
   Male 127 (100) 58 (45.7) 69 (54.3) 0.639
   Female 60 (100) 25 (41.7) 35 (58.3)
Age (years) 1.000
   <65 89 (100) 40 (44.9) 49 (55.1)
   ≥65 98 (100) 43 (43.9) 55 (56.1)
Tumor type 0.078
   Adenocarcinoma 93 (100) 34 (36.6) 59 (63.4)
   Squamous cell 72 (100) 39 (54.2) 33 (45.8)
   carcinoma 
   Other types 22 (100) 10 (45.5) 12 (54.5)
Tumor size 0.141
   ≤3 91 (100) 35 (38.5) 56 (61.5)
   >3 96 (100) 48 (50.0) 48 (50.0)
Pleural invasion 0.555
   Absent 102 (100) 43 (42.2) 59 (57.8)
   Present 85 (100) 40 (47.1) 45 (52.9)
Vascular invasion 0.306
   Absent 170 (100) 73 (42.9) 97 (57.1)
   Present 17 (100) 10 (58.8) 7 (41.2)
Lymphatic invasion 0.829
   Absent 163 (100) 73 (44.8) 90 (55.2)
   Present 24 (100) 10 (41.7) 14 (58.3)
Tumor status 0.121
   T1 64 (100) 23 (35.9) 41 (64.1)
   T2, T3 and T4 123 (100) 60 (48.8) 63 (51.2)
Lymph node 1.000
metastasis
   Absent 133 (100) 59 (44.4) 74 (55.6)
   Present 54 (100) 24 (44.4) 30 (55.6)
Metastasis 1.000
   Absent 181 (100) 80 (44.2) 101 (55.8)
   Present 6 (100) 3 (50.0) 3 (50.0)
Relapse 0.100
   No 112 (100) 44 (39.3) 68 (60.7)
   Yes 75 (100) 39 (52.0) 36 (48.0)
Pathological stage 0.655
   Stage I 108 (100) 46 (42.6) 62 (57.4)
   Stage II, III and IV 79 (100) 37 (46.8) 42 (53.2)
Smoking 0.259
   Non-smoker 72 (100) 37 (51.4) 35 (48.6)
   Smoker 111 (100) 45 (40.5) 66 (59.5)
   No response 4 (100) 1 (25.0) 3 (75.0)
EGFR mutation 0.616
   Absent 42 (100) 15 (35.7) 27 (64.3)
   Present 26 (100) 11 (42.3) 15 (57.7)

DUB3: Deubiquitinating enzyme 3; EGFR: epidermal growth factor
receptor.

Table II. Correlation between deubiquitinating enzyme 3 (DUB3)
expression and clinicopathologic parameters in 93 adenocarcinoma
patients. 

                                                               DUB3 expression

   Low High 
Variables N (%) expression expression p-Value

Sex 1.000
   Male 42 (100) 15 (35.7) 27 (64.3)
   Female 51 (100) 19 (37.3) 32 (62.7)
Age (years) 0.830
   <65 47 (100) 18 (38.3) 29 (61.7)
   ≥65 46 (100) 16 (34.8) 30 (65.2)
Tumor size 0.030
   ≤3 55 (100) 15 (27.3) 40 (72.7)
   >3 38 (100) 19 (50.0) 19 (50.0)
Pleural invasion 0.087
   Absent 47 (100) 13 (27.7) 34 (72.3)
   Present 46 (100) 21 (45.7) 45 (54.3)
Vascular invasion 0.038
   Absent 88 (100) 30 (34.1) 58 (65.9)
   Present 5 (100) 4 (80.0) 1 (20.0)
Lymphatic 0.250
invasion
   Absent 83 (100) 32 (38.6) 51 (61.4)
   Present 10 (100) 2 (20.0) 8 (80.0)
Tumor status 0.014
   T1 35 (100) 7 (20.0) 28 (80.0)
   T2, T3 and T4 58 (100) 27 (46.6) 31 (53.4)
Lymph node 0.809
metastasis
   Absent 68 (100) 24 (35.3) 44 (64.7)
   Present 25 (100) 10 (40.0) 15 (60.0)
Metastasis 0.568
   Absent 89 (100) 32 (36.0) 57 (64.0)
   Present 4 (100) 2 (50.0) 2 (50.0)
Relapse 0.002
   No 53 (100) 12 (22.6) 41 (77.4)
   Yes 40 (100) 22 (55.0) 18 (45.0)
Pathological stage 1.000
   Stage I 57 (100) 21 (36.8) 36 (63.2)
   Stage II, III and IV 36 (100) 13 (36.1) 23 (63.9)
Smoking 0.372
   Non-smoker 55 (100) 23 (41.8) 32 (58.2)
   Smoker 37 (100) 11 (29.7) 26 (70.3)
   No response 1 (100) 0 (0.0) 1 (100.0)
EGFR mutation 0.577
   Absent 27 (100) 9 (33.3) 18 (66.7)
   Present 26 (100) 11 (42.3) 15 (57.7)

DUB3: Deubiquitinating enzyme 3; EGFR: epidermal growth factor
receptor. Significant p-values are shown in bold.



chamber at 4˚C for 16 h. Subsequently, the sections were treated
with secondary antibodies in Bond Polymer Refine Detection kit
(Leica Biosystems, Wetzlar, Germany). Diaminobenzidine was used
as the chromogen. 

Immunohistochemical analysis of DUB3 and LATS1.
Immunoreactivity of DUB3 and LAT1 was evaluated by two
independent pathologists (SH Jang and MH Oh) using a light

microscope in a blinded fashion. In the case of disagreement,
consensus was obtained through reassessment and discussion by two
pathologists with the use of a multi-head microscope. DUB3
expression level was graded by assessing the intensity of
cytoplasmic and nuclear staining as follows (28): 0 (negative), 1
(weak staining), 2 (moderate staining in more than half of the tumor
cells), and 3 (strong staining in most tumor cells) (Figure 1). We
then classified the patients into two groups: low DUB3 expression
(grade 0 and 1) and high DUB3 expression (grade 2 and 3). LATS1
immunoreactivity was evaluated semi-quantitatively by a grading
system based on tumor cytoplasmic/nuclear staining intensity and
proportion, as previously described (26). The intensity score was
graded as follows: 0 (negative), 1 (weak staining), 2 (moderate
staining), and 3 (strong staining) (Figure 2). The proportion score
was graded as 0 (negative), 1 (lower than 10%), 2 (11% to 50%), 3
(51% to 80%), and 4 (higher than 80%). The immunoreactive score
of LATS1 was calculated by multiplying the intensity score with the
proportion score. A score of 0 to 3 was defined as low LATS1
expression and a score of higher than 4 (including 4) was defined
as high LATS1/2 expression.

Statistical analysis. All statistical analyses were performed using the
SPSS software (SPSS Inc., version 18.0, Chicago, IL, USA). The
relationship between DUB3 expression and clinicopathologic
variables was evaluated using Fisher’s exact test and Pearson’s chi-
square test. A Kaplan-Meier analysis with a log-rank test was
performed to analyze survival data. Multivariate analysis was
conducted using the Cox proportional hazards regression method to
evaluate the independent prognostic significance of DUB3
expression. To analyze the correlation between DUB3 and LATS1,
Pearson’s Chi-square test and Spearman correlation coefficient were
used. p-Value <0.05 was considered statistically significant.

Results

Clinicopathological significance of DUB3 expression in
NSCLC. Out of the 187 NSCLC specimens, 104 (55.6%)
showed high DUB3 expression. To explore the impact of
DUB3 expression, we examined its relationship with
clinicopathologic factors. There was no significant
difference between DUB3 and all variables among the 187
patients with NSCLC (Table I). Next, we selected patients
grouped in two major NSCLC subtypes, adenocarcinoma
(93 cases) and squamous cell carcinoma (72 cases), and
evaluated the clinicopathologic significance of DUB3
expression in each subtype. In lung adenocarcinoma, 59
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Table III. Correlations between deubiquitinating enzyme 3 (DUB3)
expression and clinicopathologic parameters in 72 squamous cell
carcinoma patients.

                                                               DUB3 expression

   Low High 
Variables N (%) expression expression p-Value

Sex 0.390
   Male 68 (100) 36 (52.9) 32 (47.1)
   Female 4 3 (75.0) 1 (25.0)
Age (years) 1.000
   <65 31 17 (54.8) 14 (45.2)
   ≥65 41 22 (53.7) 19 (46.3)
Tumor size 0.812
   ≤3 30 17 (56.7) 13 (43.3)
   >3 42 22 (52.4) 20 (47.6)
Pleural invasion 0.474
   Absent 43 25 (58.1) 18 (41.9)
   Present 29 14 (48.3) 15 (51.7)
Vascular invasion 0.531
   Absent 63 35 (55.6) 28 (44.4)
   Present 9 4 (44.4) 5 (55.6)
Lymphatic invasion 0.762
   Absent 60 33 (55.0) 27 (45.0)
   Present 12 6 (50.0) 6 (50.0)
Tumor status 0.802
   T1 24 14 (58.3) 10 (41.7)
   T2, T3 and T4 48 25 (52.1) 23 (47.9)
Lymph node metastasis 0.225
   Absent 47 28 (59.6) 19 (40.4)
   Present 25 11 (44.0) 14 (56.0)
Metastasis
   Absent 72 39 (54.2) 33 (45.8)
   Present 0 0 (0.0) 0 (0.0)
Relapse 0.430
   No 52 30 (57.7) 22 (42.3)
   Yes 20 9 (45.0) 11 (55.0)
Pathological stage 1.000
   Stage I 38 21 (55.3) 17 (44.7)
   Stage II, III and IV 34 18 (52.9) 16 (47.1)
Smoking 0.007
   Non-smoker 12 11 (91.7) 1 (8.3)
   Smoker 58 28 (48.3) 30 (51.7)
   No response 2 0 (0.0) 2 (100.0)
EGFR mutation
   Absent 9 4 (44.4) 5 (55.6)
   Present 0 0 (0.0) 0 (0.0)

DUB3: Deubiquitinating enzyme 3; EGFR: epidermal growth factor
receptor. Significant p-values are shown in bold.

Table IV. Univariate analyses of disease-free survival and overall
survival in 187 patients with non-small cell lung cancer.

                                                        Univariate analyses (p-Value)

   Disease-free survival Overall survival

Low DUB3 expression 0.307 0.235

DUB3: Deubiquitinating enzyme 3.
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Figure 3. Kaplan-Meier curves for disease-free survival (DFS) and overall survival (OS) of patients with non-small cell lung cancer (NSCLC) (A,
B), adenocarcinoma (C, D) and squamous cell carcinoma (E, F) with low and high deubiquitinating enzyme 3 (DUB3) expression.



(63.4%) out of 93 cases showed high DUB3 expression.
Increased DUB3 expression was significantly correlated
with favorable prognostic parameters including small tumor
size (≤3 cm) (p=0.030), absence of vascular invasion
(p=0.038), low tumor status (p=0.014), and no disease
recurrence (p=0.002). Although the difference was not
significant, high DUB3 expression tended to be associated
with the absence of pleural invasion (p=0.087) (Table II). In
lung squamous cell carcinoma, high DUB3 expression was
more frequently observed in tumors of patients with
smoking history (p=0.007). However, there was no
correlation between DUB3 expression and the other
clinicopathologic factors (Table III).

Correlation between DUB3 expression and disease-free
survival (DFS) or overall survival (OS). The impact of DUB3
expression on patient survival was evaluated. In total, for
NSCLC patients and squamous cell carcinoma patients,
Kaplan-Meier curves with log-rank test revealed that there
was no correlation between DUB3 expression level and either
DFS or OS (Figure 3A, B, E, and F). In adenocarcinoma
patients, the high DUB3 expression group exhibited
significantly longer DFS than that of the low DUB3
expression group (Figure 3C) (p=0.013, log-rank test).
However, there were no statistical differences in OS between
the groups (Figure 3D). 

We also performed univariate and multivariate analyses
for all NSCLC patients (Table IV) and for those with
adenocarcinoma (Table V) and squamous cell carcinoma
(Table VI). DUB3 expression, sex, age, tumor size, pleural
invasion, vascular invasion, lymphatic invasion, stage,
smoking history, and epidermal growth factor receptor
mutation status were evaluated. Consistent with the
aforementioned results of the Kaplan-Meier curve with log-

rank test, univariate analysis showed that DUB3 expression
was not correlated with DFS among all NSCLC patients and
the squamous cell carcinoma subtype. However, in
adenocarcinoma patients, pleural invasion (p=0.011),
lymphatic invasion (p=0.010), high pathologic stage
(p<0.001), and DUB3 expression (p=0.017) were
significantly correlated with worse DFS based on univariate
analysis. We conducted a multivariate analysis using a Cox
regression hazard model to test whether DUB3 expression
could be an independent prognostic factor of disease
recurrence in lung adenocarcinoma. We demonstrated that
high DUB3 expression is an independent predictive factor
for DFS (p=0.048, HR=0.502) (Table V).

Correlation between DUB3 and LATS1 expression in lung
cancer tissues. Immunohistochemical staining of LATS1 was
performed to investigate the correlation between the protein
expression of LATS1 and DUB3 (Figure 2). LATS1
expression showed a statistically significant positive
correlation with DUB3 expression in 163 NSCLC patients
(r=0.268, p=0.001) and in 88 patients with lung
adenocarcinoma (r=0.235, p=0.037) (Table VII). 
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Table V. Univariate analyses of disease-free survival and overall survival in 93 patients with adenocarcinoma.

                                                                     Univariate analyses                       Multivariate analyses HR 95%CI
                                                                             (p-Value)                                         (p-Value)

Disease-free survival                                                                                                           
   Low DUB3 expression                                       0.017                                                0.048 0.502 0.253-0.995
   Sex (female vs. male)                                         0.394                                                    
   Age (≥65 vs. <65)                                               0.735                                                    
   Pleural invasion                                                   0.011                                                0.051 2.046 0.997-4.198
   Vascular invasion                                                0.364                                                    
   Lymphatic invasion                                              0.01                                                 0.032 2.538 1.085-5.937
   Stage (II, III, IV vs. I)                                       <0.001                                             <0.001 3.389 1.764-6.509
   Smoking                                                               0.621                                                    
   EGFR mutation status                                          0.97                                                     
Overall survival                                                                                                                   
   Low DUB3 expression                                       0.177                                                    

DUB3: Deubiquitinating enzyme 3; EGFR: epidermal growth factor receptor. Significant p-values are shown in bold; HR: hazard ratio; CI:
confidence interval. 

Table VI. Univariate analyses of disease-free survival and overall
survival in 72 patients with squamous cell carcinoma.

                                                        Univariate analyses (p-Value)

   Disease-free survival Overall survival

Low DUB3 expression 0.129 0.486

DUB3: Deubiquitinating enzyme 3.



Discussion

The ubiquitin-proteasome system (UPS) is an attractive
therapeutic target for the treatment of various types of
malignancies (29, 30). Some UPS-active agents (bortezomib
and lenalidomide) have been developed and are especially
effective against hematologic malignancies (31). Moreover, a
study was published, demonstrating the effectiveness of UPS
targeted therapy in bladder cancer cells that have developed
resistance to conventional chemotherapy (32). USPs, which
are a main component of the UPS, control the ubiquitination
of target proteins and more than 30 USPs linked to cancer
have been identified (30). Studies using breast cancer cell
lines demonstrated that the oncogenic trait of DUB3 promotes
cell cycle progression and regulates cancer metastasis and
invasion via SNAIL1. In a lung cancer cell line study, Hu et
al. found that DUB3 acts as a tumor promoter that regulates
cell cycle promotion through cyclin A stabilization. On the
other hand, experiments with lymphocytes and HeLa cells
have revealed the antitumor activity of DUB3 (2, 15). We
investigated the role of DUB3 in NSCLC in this study. Since
the carcinogenesis of lung adenocarcinoma and squamous cell
carcinoma is distinctly distinguished, we separately evaluated
and compared the correlation between DUB3 expression and
clinicopathological factors in two subtypes of NSCLC.
Notably, high DUB3 expression was associated with
favorable prognosis in terms of several parameters, including
tumor size (p=0.030), vascular invasion (p=0.038), tumor
status (p=0.014), and recurrence (p=0.002) in lung
adenocarcinoma (Table II). Small tumor size and low T stage
might indicate low proliferative capacity, whereas low
vascular invasion, low T stage, low recurrence, and low
frequency of pleural invasion could reflect reduced
invasiveness. However, there was no significant difference
between DUB3 expression and clinicopathologic factors
when evaluated among all NSCLS cases and among only
squamous cell carcinoma patients, except for smoking history
(p=0.007) in squamous cell carcinoma.

The Hippo signaling pathway and its downstream
effectors, including YAP and TAZ, play important roles in
lung cancer development and progression (16, 20, 33, 34).
Our previous studies have shown that LATS2 and AMOT
p130, which are components of Hippo signaling, are
potentially independent prognostic indicators in lung
adenocarcinoma and NSCLC (17, 19). Furthermore, Nguyen
et al. (15) reported that DUB3 regulates the Hippo pathway
by stabilizing the protein expression of ITCH, LATS, and
AMOT. In this study, we examined the relationship between
DUB3 expression and LATS1 expression in NSCLC via
immunohistochemistry. The results revealed that DUB3
expression exhibited a significant positive correlation with
LATS1 expression in both total NSCLC and adenocarcinoma
cases. Although the precise mechanism and interaction
between DUB3 and the Hippo pathway need to be clarified
in follow-up in vitro studies, the present study suggests the
relevance of these molecules in clinical tissue samples of
lung cancer. 

Depending on the subtype and cancer type, USPs
perform diverse biological functions. Only one report has
described the prognostic significance of DUB3 in NSCLC
(3). McFarlane et al. investigated 100 NSCLC patients (29
adenocarcinoma and 71 squamous cell carcinoma) in their
study and reported that high DUB3 expression is associated
with unfavorable prognosis, as indicated by increased local
recurrence and distant metastasis in NSCLC and
adenocarcinoma patients. For our research, we included
more cases than those in previous studies to evaluate
prognosis (93 adenocarcinoma and 72 squamous cell
carcinoma). Through univariate and multivariate analyses,
the possibility of DUB3 as an independent prognostic
factor was delicately evaluated in lung adenocarcinoma,
squamous cell carcinoma, and NSCLC in general. The
results indicated that high DUB3 expression is associated
with good prognosis in lung adenocarcinoma. The study of
McFarlane et al. included a limited number of samples with
squamous cell carcinoma being the predominant subtype
(3). In our study, squamous cell carcinoma demonstrated a
similar outcome to McFarlane et al.’s study, indicating a
tendency towards a poor prognosis associated with
increased DUB3 expression, albeit not statistically
significant (Figure 3E and F). Conversely, increased DUB3
expression in adenocarcinoma was associated with a
favorable prognosis (Figure 3C and D). In our study, more
cases of adenocarcinoma were examined compared to the
study of McFarlane et al., enabling a more comprehensive
and precise evaluation of clinical, pathological, and
prognostic factors.

Considering the relationship between DUB3 expression and
clinicopathological factors, and between DUB3 and LATS1
expression, we propose that high DUB3 expression correlates
with better clinical outcomes in lung adenocarcinoma. 
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Table VII. Correlation between deubiquitinating enzyme 3 (DUB3) and
large tumor suppressor kinase 1 (LATS1) expression in 158 non-small
cell lung cancer (NSCLC) and 88 adenocarcinoma patients.

                                        LATS1-low           LATS1-high            Total

NSCLC*                                                                                            
   DUB3-low                          50                           21                       71
   DUB3-high                         38                           49                       87
Adenocarcinoma#                                                                              
   DUB3-low                          16                           17                       33
   DUB3-high                         14                           41                       55

*p=0.001, r=0.268; #p=0.037, r=0.235.



Conclusion

In conclusion, we investigated the expression and
clinicopathological significance of DUB3 in 187 NSCLC
patients. High DUB3 expression is closely related to
favorable clinicopathologic phenotypes and better prognosis
in lung adenocarcinoma. In addition, we showed by
immunohistochemical analysis that DUB3 expression is
positively correlated with LATS1 expression. These findings
indicate that DUB3 is a reliable predictor of disease
recurrence and a potential therapeutic target for treatment of
lung adenocarcinoma. 
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