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	 Background:	 Ubiquitin-specific peptidase 33 (USP33) is a deubiquitinase that balances the ubiquitin status of proteins. It 
has been reported to act as a tumor suppressor in colorectal cancer and lung cancer. However, the expression 
pattern and clinical significance of USP33 have not been investigated in gastric adenocarcinoma (GAC).

	 Material/Methods:	 We explored the USP33 protein and RNA levels by immunohistochemistry (IHC), Western blot analysis, and qRT-
PCR. The Pearson chi-square test was performed to evaluate the statistical associations between USP33 level 
and patient characteristics. Additionally, the relationship between USP33 expression and patient survival was 
investigated. Cellular studies, including proliferation assay, migration assay, and invasion assay, were conduct-
ed to demonstrate the underlying mechanisms of USP33 in GAC progression.

	 Results:	 This study included 121 patients with GAC. USP33 showed a decreased expression in GAC tissues compared 
to adjacent normal gastric tissues. Low expression of USP33 was correlated with invasion depth and advanced 
TNM stage. According to survival analysis, upper location of tumor (P=0.003), invasion depth (P=0.048), ad-
vanced TNM stage (P=0.001), and low USP33 level (P=0.001) were all associated with poor overall survival of 
GAC patients. Cox analysis confirmed the independent role of USP33 in predicting patient survival. Cell exper-
iments showed that USP33 overexpression significantly inhibited the proliferation, migration, and invasion of 
GAC cells.

	 Conclusions:	 USP33 was downregulated in GAC, and was an independent prognostic factor. In vitro results demonstrated 
the role of USP33 in suppressing tumor progression, suggesting that the developing an agonist of USP33 may 
be a novel direction for chemotherapy development.
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Background

Gastric cancer is a highly aggressive malignancy, and is the 
second leading cause of cancer-related deaths worldwide [1]. 
The most common pathological type of gastric cancer is gas-
tric adenocarcinoma (GAC). In the past decades, great achieve-
ments were obtained in diagnosis and management of GAC [2]. 
However, the overall prognosis varies among patients. For ex-
ample, patients with local GAC in mucosa or submucosa show 
an excellent prognosis, while patients with serous invasion 
depth are less predictable and have poorer clinical outcomes [3]. 
Besides invasion depth, other clinicopathologic factors are also 
considered in clinical decisions, such as tumor location, tumor 
size, and lymph node status. Nevertheless, these convention-
al parameters usually fail to differentiate patients with more 
aggressive tumor types, which is a major obstacle to devel-
oping targeted treatment and improved prognosis. As a re-
sult, identifying novel and clinically applicable molecular bio-
markers is of great importance, both for development of new 
treatments and for predicting prognosis of patients with GACs.

Ubiquitination is a reversible process. On one hand, ubiqui-
tin ligases add ubiquitin moieties onto proteins and induce 
protein degradation. On the other hand, deubiquitinating en-
zymes (deubiquitinases, DUBs) catalyze the release of ubiqui-
tin from ubiquitinated substrates [4]. At present, humans are 
estimated to have 500–1000 E3 ubiquitin ligases [5]. In con-
trast, there are 102 putative DUB genes in humans, and only 
79 of them are predicted to be functional [6]. Therefore, each 
DUB must have multiple unidentified substrates on average, 
which is now a focus of enzymatic studies. Among the DUBs, 
ubiquitin-specific proteases (USPs) is the largest family of cys-
teine proteases [7]. Since DUBs can modify protein function 
and degradation, we wondered if some of them have roles in 
tumor progression.

USP33 is a kind of USP, which has been reported to inhibit 
cellular migration in breast cancer and colorectal cancer [8,9]. 
However, its expression and function in GACs have not pre-
viously been investigated. Herein, we report our findings on 
the RNA and protein expression levels of USP33 in GAC tis-
sues. Statistical analysis revealed its significant correlation 
with tumor progression and patient prognosis. Furthermore, 
upon transfection with USP33 plasmids, the proliferation and 
metastatic abilities of GAC cells were remarkably attenuated. 
Our data not only identifies USP33 as a novel predictive bio-
marker for GAC, but also provides evidence of its potential in 
tumor therapy development.

Material and Methods

Patients

This study was approved by the Ethics Committee of Yidu 
Central Hospital of Weifang. Written informed consents were 
obtained from all 138 patients enrolled in this study. All patients 
underwent surgical resection of GAC in Yidu Central Hospital 
of Weifang between 2009 and 2013. All the diagnoses were 
based on histomorphology and pathology examinations by the 
Department of Pathology. None of the patients received any 
chemotherapy or radiotherapy before surgery. The samples in-
cluded 121 formalin-fixed paraffin-embedded samples, and 17 
fresh-frozen samples stored in –80°C. The paraffin-embedded 
samples were subjected to immunohistochemistry (IHC) analy-
sis, and the fresh-frozen tissues were subjected to quantitative 
PCR analysis. The corresponding patients matched with par-
affin-embedded samples were followed up for up to 7 years. 
The median follow-up period was 52.0 months.

IHC

The IHC experiments were performed as described by oth-
ers [10]. Formalin-fixed and paraffin-embedded samples were 
cut into 4-μm sections. Slides were first dewaxed and rehy-
drated using graded ethanol. Second, slides were incubated 
with 3% H2O2 for 10 min to block endogenous peroxidase, and 
then the antigen retrieval was achieved using 10 mM of sodi-
um citrate buffer (pH 6.0) in a microwave oven. Thirdly, slides 
were blocked in 10% nonimmunoreactive goat serum for 30 
min at room temperature. Fourth, slides were incubated with 
a mouse monoclonal primary antibody (sc-100632, Santa Cruz 
Biotechnology) at 4°C overnight. For negative control, PBS was 
used instead of primary antibody. Finally, the slides were sub-
jected to a horseradish-peroxidase detection system (Gene 
Tech) to visualize the immunoreactivities. IHC results were as-
sessed by 2 pathologists according to staining intensity (scored 
as 0, 1, 2, and 3) and percentage of positive cells (0. 1–10%; 
1, 11–25%; 2, 26–50%; 3, 51–75%; and 4, 76–100%). The final 
immunoreactivity score (IRS) was defined by multiplying the 
intensity score by the percentage score (range 0–12). For the 
statistical analysis, patients were categorized into 2 groups ac-
cording to the IRS: 0–4, low expression; 5–12, high expression.

qRT-PCR

The RNA from GAC tissues and adjacent tissues was extracted 
using Trizol reagent (Life Technologies) and quantified using a 
spectrophotometer. A total amount of 1 μg RNA was reverse-
ly transcribed into cDNA, as described before [11]. The quan-
titative of RNA was achieved by using the StepOnePlus real-
time PCR system (Applied Biosystems, CA, USA) according to 
the manufacturer’s instructions. Besides USP33, the level of 
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GAPDH was quantified as an internal control. The following 
primers were synthesized for PCR analysis: 
Human USP33 forward TGTGATGCTTAGGCAAGGAG.
Human USP33 reverse GGCCCTCCACCATAAATAGA.
Human GAPDH forward ATGGGGAAGGTGAAGGTCG.
Human GAPDH reverse GGGGTCATTGATGGCAACAATA.

Western blot analysis

Harvested cells were lysed in RIPA buffer supplemented with 
protease inhibitor cocktail (Roche). After being quantified by 
a spectrophotometer, 20 μg of proteins were separated on 
10% SDS-PAGE and blotted to nitrocellulose membranes (Bio-
Rad). The membranes were washed 3 times with TBS for 30 
min, blocked with 5% non-fat milk, and incubated with pri-
mary antibodies (USP33, sc-100632; GAPDH, sc-47724; Santa 
Cruz Biotechnology). After being washed again with TBS for 
30 min, membranes were then incubated with the second-
ary IgG-HRP mouse antibody. Immunoreactivity was detected 
by adding enhanced chemiluminescence (ECL) and developed 
with X-ray films. The results were semi-quantified using Image 
J software using GAPDH as the internal control.

Cell culture

Human normal gastric epithelial cells (HGaEpC) was purchased 
from Cell Applications (San Diego, CA, USA). Human gastric 
adenocarcinoma cell lines AGS and MKN45 were both ob-
tained from the Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). Both cell lines were cultured in DMEM 
(Dulbecco’s modified Eagle’s medium) supplemented with 
10% fetal bovine serum (FBS, Invitrogen, Carlsbad, CA, USA), 
100 U penicillin G, and 100 μg/ml streptomycin sulfate. Cells 
were maintained in a 37°C humidified incubator with 5% CO2.

Plasmid and transfection

Flag-HA-USP33 was a gift from Wade Harper (Addgene plasmid 
# 22601) [12]. Transfection was performed by using Lipo2000 
transfection reagent (Invitrogen) and Opti-DMEM, following 
the manufacturer’s instructions.

Proliferation assay

Transfected cells were seeded into 96-well plates with 2×103 
cells/well and cultured in 37°C with complete DMEM. At dif-
ferent time points (24 h, 48 h, 72 h, and 96 h), 100 μl of 0.5 
mg/ml MTT was added into the wells and cultured for anoth-
er 4 h. Then, the medium was removed and 150 μl of DMSO 
was added into wells to dissolve the staining crystals. After 
15-min incubation, the absorbance was measured at 570 nm 
wavelength using a microplate spectrometer.

Migration and invasion assay

The migration assay was performed by using a Boyden cham-
ber (Corning Costar, Rochester, NY, USA). Briefly, 3×103 cells 
were seeded in the upper compartment and allowed to migrate 
for 24 h at 37°C. After culturing, cells on the upper surface of 
the membrane were removed with a cotton swab. Cells that 
invaded through the membrane were fixed with ethanol and 
stained with crystal violet. Cells were counted under a micro-
scope from 5 random fields. The invasion assay was performed 
as described before [13]. In the migration assay, the chamber 
was pre-coated with 20 μl 0.3 mg/ml Matrigel (BD Biosciences), 
and the number of seeded cells was 1×104 cells/well instead of 
3×103 cells/well. All experiments were performed in triplicate.

Statistics

IBM SPSS 18.0 software (SPSS Inc., Chicago, IL, USA) was used 
for statistical analysis. Associations between USP33 expression 
and pathological characteristics were subjected to crosstab-
ulation and evaluated with the chi-square test. Kaplan-Meier 
method was used to perform univariate survival analysis, and 
these were subsequently estimated by log-rank tests. The vari-
ables with statistical significance by univariate analysis were 
further subjected to Cox’s proportional hazards regression anal-
ysis. The statistical differences between 2 groups in cell exper-
iments were all compared by Student’s t-test. P<0.05 by two-
sided test was considered statistical significance.

Results

Patients’ characteristics

We enrolled 121 GAC patients in our follow-up cohort. Most 
of the cases (74/121, 61.2%) were older than 55 years old. 
Similarly, 76 patients (62.8%) were males, while 45 patients 
(37.2%) were females. The tumor locations in 26 patients were 
in the upper third gastric (21.5%, UTG), 50 patients in the mid-
dle third gastric (41.3%, MTG), and the other 45 patients in the 
lower third gastric (37.2%, LTG). Most of the patients had mod-
erate or poor differentiation (108/121, 89.3%). Nearly half of 
the cases (51/121, 42.1%) presented a large tumor size, with 
diameter larger than 5.0 cm. The tumor invasion depth was 
evaluated as T1 (invades mucosa or submucosa), T2 (invades 
muscularis propria), T3 (penetrates subserosal connective tis-
sue), or T4 (invades serosa or adjacent tissues). Accordingly, 
41 patients (33.9%) were diagnosed with T1-T2, and the oth-
er 80 patients (66.1%) were diagnosed with T3-T4. In addition, 
the TNM stages of all patients were classified by the WHO cri-
teria [14], and 46 cases (38.0%) were grouped as TNM stage 
I–II, while 75 cases were grouped as TNM stage III–IV (62.0%). 
Details are presented in Table 1.
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USP33 presented a lower expression in GACs

We first tested the RNA levels of USP33 in 17 pairs of fresh-
frozen GACs and adjacent tissues. qRT-PCR results demon-
strated that USP33 mRNA level was significantly lower in GACs 
than in adjacent tissues (Figure 1A). Therefore, we enlarged 
our study cohort by enrolling 121 GAC patients with available 
paraffin-embedded samples. The IHC results (Figure 1B, 1C) 
showed a predominantly cytoplasmic localization of USP33 in 
the normal gastric epithelial cells and GAC cells. By classify-
ing patients into a low USP33 expression group (n=63) and a 
high USP33 expression group (n=58), we evaluated the corre-
lations between USP33 expression level and patient patholog-
ical characteristics (Table 1). Pearson chi-square tests showed 
that USP33 expression was negatively correlated with tu-
mor invasion depth (P=0.001). Additionally, patients with ad-
vanced TNM stages were more likely to have a lower USP33 

level (P<0.001), indicating the possible participation of USP33 
in GAC progression.

Low USP33 expression was an unfavorable prognostic 
factor for GACs

By the end of follow-up, 46 patients (38.0%) died, the median sur-
vival time was 69.0 months, and the 5-year overall survival was 
62.8%. To better investigate the clinical significance of USP33 in 
GACs, we plotted the overall survival curve of different variables 
with Kaplan-Meier method (Figure 2). Accordingly, patients with an 
upper tumor location, for example the upper third gastric (UTG), 
presented a poor overall survival (estimated OS 46.7±4.3 months, 
5-year OS 36.2%) compared with GACs with tumor location in 
the middle third gastric (MTG) or lower third gastric (LTG). The 
tumor invasion depth and TNM stage were another 2 prognos-
tic factors, and consistent with conventional opinions, our data 

Clinicopathologic features
Cases

(n=121)

USP33 expression level Chi-square 
P valueLow (n=63) High (n=58)

Age P=0.583

	 £55 yrs 47 23 24

	 >55 yrs 74 40 34

Gender P=0.095

	 Female 45 19 26

	 Male 76 44 32

Location P=0.548

	 UTG 26 16 10

	 MTG 50 25 25

	 LTG 45 22 23

Differentiation P=0.353

	 Well 13 6 7

	 Moderate 56 26 30

	 Poor 52 31 21

Tumor size P=0.101

	 £5.0 cm 70 32 38

	 >5.0 cm 51 31 20

Invasion depth P=0.001*

	 T1–T2 41 13 28

	 T3–T4 80 50 30

TNM stage P<0.001*

	 I–II 46 12 34

	 III–IV 75 51 24

Table 1. Correlations between clinicopathological parameters and USP33 expression level.

USP33 – ubiquitin specific peptidase 33; UTG – upper third gastric; MTG – middle third gastric; LTG – lower third gastric.
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revealed that a serous tumor invasion depth or an advanced TNM 
stage indicated poorer overall survival (P=0.048 and P=0.001, re-
spectively). Of note, we found that USP33 expression level can 
also affect patient clinical outcome (Table 2). Compared to pa-
tients with a high USP33 level, GACs with low USP33 showed a 
more unfavorable prognosis (estimated OS 51.3±2.6 vs. 69.1±2.3 
months, 5-year OS 49.1% vs. 76.0%). We then evaluated the in-
dependent role of each predicative factor by using the Cox re-
gression model (Table 3). According to the multivariate analysis 
results, both tumor location and TNM stage were verified as in-
dependent prognostic factors (P<0.001 and P=0.432, respective-
ly). Moreover, data showed that high USP33 can help indepen-
dently predict a better overall survival in GACs (HR=0.432, 95% 
confidence interval 0.223–0.839, P=0.013).

USP33 knockdown significantly upregulated tumor cell 
proliferation and metastasis

Our clinical results and analyses revealed a possible tumor-sup-
pressing role of USP33 in GACs; therefore, we next wanted to 

confirm its molecular effect in the GAC cells. Western blot anal-
ysis showed that USP33 was downregulated in 2 GAC cell lines, 
AGS and MKN45, compared with that in human normal gastric 
epithelial cells (HGaEpC, Figure 3A). We ectopically expressed 
USP33 in the AGS and MKN45 cells by transiently transfecting 
the Flag-HA-USP33 plasmids (Figure 3B). MTT results showed 
that USP33 can inhibit cellular growth (Figure 3C). Consistently, 
the effects of USP33 on cell migration (Figure 4A) and invasion 
(Figure 4B) were tested by Transwell assays, which showed an 
anti-metastasis role of USP33 in both GAC cell lines.

Discussion

Recently, molecular biomarkers have attracted more and 
more attention due to their possible roles in improving prog-
nostic prediction for cancer patients. In GACs, several bio-
markers have been reported as prognostic predictors, such 
as the well-known EGFR [15], HIF-1a [16], and p53 [17]. 
Besides basial protein levels, the modification of proteins 
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Figure 1. �USP33 was downregulated in GAC tumor tissues. (A) qRT-PCR results showed a decreased USP33 transcripts in GACs compared 
with that in adjacent gastric tissues. (B) IHC identified a high positive protein expression of USP33 in adjacent gastric tissues 
(IRS=12). (C) Representative low expression of USP33 in GAC tumor tissues (IRS=0). * P<0.05, magnification: ×400.
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Figure 2. �Overall survival curve of GAC patients plotted by Kaplan-Meier method. All data were compared by log-rank test, and 
* indicated P<0.05 by two-tail test.
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Clinicopathologic features
OS months

(Mean ±S.D.)
5-year OS

(%)
Univariate

P value

Age P=0.674

	 £55 yrs 61.7±2.9 61.2%

	 >55 yrs 60.8±2.9 64.7%

Gender P=0.734

	 Female 62.1±3.4 72.3%

	 Male 59.6±2.4 57.0%

Location P=0.003*

	 UTG 46.7±4.3 36.2%

	 MTG 62.2±2.2 67.9%

	  LTG 64.0±3.3 69.7%

Differentiation P=0.150

	 Well 67.8±4.2 84.6%

	 Moderate 60.6±2.2 62.4%

	 Poor 57.5±3.5 55.9%

Tumor size P=0.124

	 £5.0 cm 62.7±2.2 65.3%

	 >5.0 cm 58.4±3.5 58.6%

Invasion depth P=0.048*

	 T1–T2 65.7±2.6 73.6%

	 T3–T4 58.7±2.8 57.5%

TNM stage P=0.001*

	 I–II 70.4±2.5 82.1%

	 III–IV 53.1±2.3 49.6%

USP33 expression P=0.001*

	 Low 51.3±2.6 49.1%

	 High 69.1±2.3 76.0%

Table 2. Kaplan-Meier univariate survival analysis.

OS – overall survival; USP33 – ubiquitin specific peptidase 33; UTG – upper third gastric; MTG – middle third gastric; LTG – lower third 
gastric.

Clinicopathologic features HR 95% CI P value

Location (vs. UTG) 0.282 0.146–0.544 P<0.001*

Invasion depth (vs. T1–T2) 0.955 0.382–2.389 P=0.922

TNM stage (vs. I–II) 2.726 1.052–7.066 P=0.039*

USP33 expression (vs. low) 0.432 0.223–0.839 P=0.013*

Table 3. Multivariate Cox regression analysis.

UTG – upper third gastric; USP33 – ubiquitin specific peptidase 33.
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Figure 3. �USP33 inhibited tumor growth of GAC. (A) Immunoblotting showed a lower USP33 level in 2 GAC cell lines, AGS and MKN45, 
compared to that in human normal gastric epithelial cells (HGaEpC). (B) Transfection efficiency of USP33 was tested by 
Western blot in both AGS and MKN45 cells. (C) MTT experiments found that USP33 ectopic expression significantly inhibited 
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Figure 4. �USP33 suppressed tumor migration and invasion of GAC cells. (A) Migration capacities of AGS and MKN45 cells were 
evaluated by Transwell method, which revealed a suppressing role of USP33 in the tumor cell migration. (B) Similarly, by 
using Matrigel pre-coated Transwell chambers, we confirmed the independent effect of USP33 in inhibiting GAC invasion. 
Data acquired from 3 independent experiments. * P<0.05 compared to control (CTL) group.
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and corresponding enzymes are also showing evidence in 
tumor progression [18].

Deubiquitinases are enzymes catalyzing the deubiquitinate 
process and balancing the ubiquitin status of proteins. Several 
USPs have been recognized to participate in regulating tu-
mor development [19]. For example, USP7 is overexpressed 
in colorectal cancer [20], ovarian cancer [21], and lymphocytic 
leukemia [22]. USP11 is upregulated in female breast cancer 
and indicates a poor overall survival [23]. USP33 is also a mem-
ber of the USP family, which can deubiquitinate the centriolar 
protein CP110 [24], b-arrestins [25], and Robo1 [26]. Recently, 
several groups demonstrated the tumor-suppressing role of 
USP33 in various malignancies, including breast cancer [8], 
colorectal cancer [27], and lung cancer [26]. However, it is com-
pletely unknown whether USP33 functions in gastric cancers.

We therefore performed this retrospective study to investi-
gate the expression pattern of USP33 in GACs, and elucidate 
whether it is associated with tumor progression. According 
to our data, USP33 was decreased on both RNA and protein 
levels in GAC tissues compared to normal gastric tissues. Of 
note, lower USP33 indicates a more aggressive characteristic 
of gastric cancer, such as severe invasion depth and advanced 
TNM stage. Therefore, we suspected USP33 functions as a tu-
mor suppressor in the development of GACs. To verify our hy-
pothesis, AGS and MKN45 cell lines were subjected to USP33 
silencing by RNAi strategy. As expected, the proliferation, mi-
gration, and invasion processes of tumor cells were all signif-
icantly suppressed upon USP33-siRNA. Our data revealed the 
cellular functions of USP33 in the development of GACs, sug-
gesting that activation of USP33 has potential in developing 
novel GAC therapies.

Moreover, we conducted survival analyses with Kaplan-Meier 
method and found that the tumor location, tumor invasion 
depth, TNM stage, and USP33 expression were all prognostic 
factors for the overall survival of GAC patients. Multivariate 
regression also verified the independent role of lower USP33 
level in predicting a poorer clinical outcome of GACs. Therefore, 
our data also provide evidence that USP33 functions as a pre-
dictor for evaluating patient prognosis.

There are some limitations in this study despite the encour-
aging results we obtained. Firstly, the cohort in our study only 
included 121 cases of GACs from 1 hospital, leading to a pos-
sible bias in evaluating the patients’ prognosis. It is crucial to 
confirm the clinical role of USP33 with a larger multi-center 
sample in the future. Secondly, the details of mechanisms by 
which USP33 promotes GAC growth and metastasis are still 
unclear; for example, the effects of USP33 on cell viability 
may be caused by either suppressing proliferation or enhanc-
ing apoptosis. Further studies should focus on identifying the 
underlying molecular signaling pathways.

Conclusions

USP33 is downregulated in GACs, which indicates more ag-
gressive tumor properties and poor prognosis.
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