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Background: TRIM32 is overexpressed in several human cancers. However, its expression
pattern, biological characteristics and mechanisms in human non-small cell lung cancer (NSCLC)
have not been reported.

Methods: We examined TRIM32 protein in 115 cases of NSCLC specimens. TRIM32 plasmid
transfection and siRNA knockdown was carried out in NSCLC cell lines. AnnexinV/PI and
JC-1 staining were performed to examine the change of apoptosis and mitochondrial membrane
potential. Western blot was used to detect change of downstream proteins.

Results: We found that TRIM32 protein was upregulated in 69 cases and positively corre-
lated with advanced TNM stage. TRIM32 overexpression also correlated with poor survival
of NSCLC patients. Biological assays demonstrated that TRIM32 overexpression promoted
while it depletion inhibited cell growth, colony formation and invasion. In addition, TRIM32
maintained NSCLC cell viability and reduced apoptosis when treated with cisplatin. JC-1 and
CellRox staining demonstrated that TRIM32 could maintain mitochondrial membrane potential
and reduce Reactive Oxygen Species (ROS) production after cisplatin treatment. Western blot
analysis showed that TRIM32 overexpression downregulated caspase 3 cleavage and cytochrome
c release. TRIM32 also positively regulated Bcl-2 protein expression and NF-xB signaling.
Inhibition of NF-xB abolished the effects of TRIM32 on Bcl-2.

Conclusion: Taken together, our results indicated that TRIM32 is overexpressed in NSCLC
and regulates cisplatin resistance, possibly through NF-kB and Bcl-2.

Keywords: NSCLC, TRIM32, NF-kB, apoptosis

Introduction
Lung cancer is one of the leading causes of all cancer-related deaths worldwide.
Majority of the diagnosed lung cancer cases are non-small-cell lung cancers
(NSCLCs).! Despite many new clinical therapies aiming to improve patients’ survival,
the prognosis of NSCLC remains poor. Growing evidence revealed that development
of drug resistance plays a pivotal role in NSCLC progression. Therefore, identification
of new biomarkers that can regulate chemoresistance is an important step toward the
rational design of novel and effective NSCLC treatment.>

TRIM32, a tripartite motif (TRIM) family protein,>* was originally reported to
regulate skeletal muscle stem cell differentiation and is necessary for normal adult
muscle regeneration.” TRIM32 was reported to be involved in carcinogenesis, with
TRIM32 mRNA found to be highly expressed in skin cancer and head and neck
cancer.*” TRIM32 is upregulated in hepatocellular carcinoma, gastric cancer, and
breast cancer, where it serves as a prognostic predictor.®!* Mechanistically, TRIM32
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has E3 ubiquitinase activity and downregulates Abi2 to exert
its oncogenic function.” TRIM32 also negatively regulates
tumor suppressor p53 to promote tumorigenesis.'' It was
reported that TRIM32 promotes cell proliferation and inva-
sion by activating beta-catenin signaling in gastric cancer.'?
To date, the involvement of TRIM32 in NSCLC has not been
reported. In the present study, we aimed to examine the clini-
cal significance of TRIM32 in NSCLC tissues using immu-
nohistochemistry. We further investigated the functions and
molecular mechanisms of TRIM32 in NSCLC cell lines.

Materials and methods

Tissue samples

The present study was performed with the approval of the
Ethics Committee of First Affiliated Hospital of Jinzhou
Medical University. Participants provided written informed
consent, and the study was performed according to the prin-
ciples of the Declaration of Helsinki.

Immunohistochemistry

Immunostaining was performed using the Elivision kit from
MaiXin (Fuzhou, China). After antigen retrieval in citrate
buffer (pH 6.0) for 2 minutes in an autoclave, 0.3% H,O,
was used for 20 minutes. Sections were incubated with goat
serum for 15 minutes. Then, the sections were incubated
with TRIM32 antibody at 4°C overnight (1:200 dilution;
Santa Cruz Biotechnology Inc., Dallas, TX, USA). Then,
HRP conjugated polymers were applied to the sections
for 30 minutes. 3,3’-Diaminobenzidine plus kit (MaiXin)
was used to develop brown stain. Nuclear and cytoplasmic
staining was considered as positive staining. For analysis
of staining intensity, five views were examined per slide.
The staining intensity was graded as 0 (none), 1 (weak), and
2 (moderate/strong). Percentage was graded as 1: 1%—25%,
2:26%—50%, 3: 51%—75%, and 4: 76%—100%. Intensity and
percentage scores were multiplied to give a final score of
0-8. TRIM32 was designated as low expression (score <4)
or high expression (overexpression; score =4).

Cell culture and transfection

HBE, A549, H1299, H460, H358, H3255, H1975, and
H2228 cell lines were obtained from American Type Culture
Collection (Manassas, VA, USA). HBE was cultured using
PRMI-1640 with 10% FBS and 5 ng/mL human recombinant
EGF. A549 was cultured using F12K medium with 10% FBS.
H1299, H460, H358, H3255, H1975, and H2228 cell lines
were cultured in PRMI-1640 with 10% FBS under a tempera-
ture of 37°C. TRIM32 plasmid and its control empty vector
(pCMV6-Entry) were obtained from Origene (Rockville, MD,

USA). Transfection of plasmid was performed with Attractene
transfection reagent (Qiagen, Hilden, Germany). Selection
was performed using G418 for 2 weeks. shRNA sequences for
TRIM32 and control shRNA were cloned into lentiviral vector
pLKO. The shRNA sequence was ATAACTCCCTCAAGG-
TATATA. Lentiviruses were produced by co-transfection of
293T cells with packaging vectors pMD2.G and pspax2 using
the calcium phosphate transfection method. After 48—72 hours
of transfection, lentiviral supernatant was collected and con-
centrated to infect the cells. The infected cells were selected
with 5 mg/mL puromycin for 2 weeks.

Quantitative reverse transcriptase-PCR
(qQRT-PCR)

qRT-PCR was performed using SYBR Green master mix kit
from Thermo Fisher Scientific (Waltham, MA, USA). PCR
was performed using 7500 Real-Time PCR System (Thermo
Fisher Scientific). GAPDH was used as the endogenous
control. The fold change of target gene was calculated using
the 2744 method.

Western blot

Proteins were separated by SDS-PAGE, transferred to
polyvinylidene difluoride membrane (EMD Millipore,
Billerica, MA, USA), and incubated overnight at 4°C with
antibody against TRIM32 (1:700; Santa Cruz Biotechnology
Inc.), p-IkB, IkB, p-AKT, p-ERK Bcl-2, cytochrome c,
caspase 3, cleaved caspase 3 (1:1,000; Cell Signaling Tech-
nology, Danvers, MA, USA), and GAPDH (1:2,000; Santa
Cruz Biotechnology Inc.). After incubation with HRP-linked
anti-mouse/rabbit IgG (1:2,000; Santa Cruz Biotechnology
Inc.) at 37°C for 2 hours, visualization was performed using
enhanced chemiluminescence (Thermo Fisher Scientific) and
DNR Biolmaging Systems (DNR, Neve Yamin, Israel).

MTT assay and colony formation

For MTT assay, cells were plated in 96-well plates in a
medium containing 10% FBS at ~5,000 cells per well. Then,
20 uL of 5 mg/mL MTT (thiazolyl blue) solution was added
to each well and incubated for 4 hours at 37°C. The MTT
formazan was dissolved in dimethyl sulfoxide. Then, the plate
was measured at 490 nm using a plate reader.

For colony formation assay, cells were seeded in 6 cm
culture plates and cultured in the incubator. After 2 weeks,
the plates with cell colonies were stained using Giemsa.
Colony number was counted.

Annexin V/propidium iodide analysis
Annexin V/propidium iodide staining kit from BD Biosci-
ences was used to determine the rate of apoptosis according
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to the manufacturer’s protocol. Flow cytometry was per-
formed using ACEA Flow Cytometer and NovoExpress
software.

Matrigel invasion assay

Cell invasion assay was performed using a 24-well Tran-
swell chamber coated with 20 uL. Matrigel. Cell suspen-
sion with serum-free medium was transferred to the upper
Matrigel chamber. Medium supplemented with 10% FBS
was added to the lower chamber. After 18 hours, cells that
invaded through the membrane were fixed and stained with
hematoxylin.

JC-1 staining

The mitochondrial membrane potential (MMP) was detected
by using JC-1 staining. Cells were harvested, washed
with PBS, and incubated with 5 uM JC-1 (Cell Signaling
Technology) for 30 minutes in the incubator. Then, the cells
were washed and analyzed using ACEA flow cytometer, and
data were analyzed using NovoExpress software (ACEA,
San Diego, CA, USA).

Detection of ROS

ROS measurement was conducted using live cells with
CellROX Deep Red reagent (Thermo Fisher Scientific)

according to the manufacturer’s protocol. Cells were
analyzed using ACEA flow cytometer (ACEA). Data were
analyzed using NovoExpress software (ACEA).

Statistical analyses

SPSS version 17 for Windows was used for all statistical
analyses. Chi-squared test was used to evaluate possible
correlations between TRIM32 overexpression and clinico-
pathologic factors. The Kaplan—-Meier method was used to
estimate the probability of patient survival, and differences
in the survival of subgroups of patients were compared by
Mantel’s log-rank test. The Cox regression model was used
for multivariate analysis. Student’s #-test was used to com-
pare data between control and transfected cells. P<<0.05 was
considered to be statistically significant difference.

Results
TRIM32 is upregulated in NSCLC and

correlated with poor prognosis

To explore the clinical significance of TRIM32 in human
NSCLCs, we checked its protein expression in 115 cases
of specimens using immunohistochemistry. Negative/weak
staining was observed in normal bronchial epithelial tissues
(Figure 1A). In lung cancer tissues, TRIM32 showed high
cytoplasmic and nuclear expression in 69 out of 115 NSCLC
specimens (Figure 1B-D). We analyzed the correlation of

Figure | Expression pattern of TRIM32 in NSCLC.

Notes: (A) Negative TRIM32 staining in normal bronchial epithelial tissues. (B) Strong TRIM32 staining in a case of squamous cell carcinoma. (C) Positive TRIM32 staining
in a case of adenocarcinoma. (D) Negative TRIM32 staining in a case of adenocarcinoma. Magnification, 400x.

Abbreviation: NSCLC, non-small-cell lung cancer.
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Table I Distribution of TRIM32 status in NSCLC according to clinicopathologic characteristics

Characteristics Number of patients TRIM32 low TRIM32 high P-value
expression expression

Age, years 0.1954
<60 59 27 32
=60 56 19 37

Gender 0.6272
Male 77 32 45
Female 38 14 24

Differentiation 0.8094
Well 39 15 24
Moderate—poor 76 31 45

Histology 0.5934
Adenocarcinoma 54 23 31
Squamous cell carcinoma | 61 23 38

TNM stage 0.0193
| 47 26 21
Il 35 I 24
1] 33 9 24

Tumor status 0.3845
TI 42 19 23
T2-T4 73 27 46

Nodal metastasis 0.0212
Negative 65 32 33
Positive 50 14 36

Abbreviation: NSCLC, non-small-cell lung cancer.

TRIM32 expression and clinical characteristics. Our results
demonstrated that TRIM32 overexpression was significantly
associated with advanced TNM stage (P=0.0193), as well as
nodal metastasis (P=0.0212), as shown in Table 1.

The Kaplan—Meier analysis showed that patients with
elevated TRIM32 expression had shorter overall survival
than those with low TRIM32 expression (log-rank test,
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Figure 2 TRIM32 overexpression correlates with poor prognosis.

P=0.002; Figure 2A). Univariate analysis revealed that TNM
stage and TRIM32 expression were statistically correlated
with patients’ survival, which were further subjected to a
multivariate Cox proportional hazards model. The results
indicated that TNM stage and TRIM32 were independent
and significant factors for prognosis (Table 2). The clinical
relevance of TRIM32 was further validated using external
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Notes: (A) Kaplan—Meier plot of patients with NSCLC demonstrated that TRIM32 overexpression correlated with poor patient prognosis. (B) TCGA data showed that

higher TRIM32 mRNA expression correlated with poor NSCLC patient prognosis.

Abbreviations: NSCLC, non-small-cell lung cancer; TCGA, The Cancer Genome Atlas.
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Table 2 Univariate and multivariate analyses for predictive factors in patients with NSCLC

Factors Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value
Gender 1.280 (0.768-2.135) 0.3439
Histology 1.418 (0.864-2.326) 0.1671
Differentiation 1.658 (0.960-2.860) 0.0699
TNM stage 2.065 (1.486-2.871) 0.0001 1.896 (1.349-2.666) 0.0002
TRIM32 I.515 (1.158-1.984) 0.0025 1.348 (1.023-1.777) 0.0341

Abbreviation: NSCLC, non-small-cell lung cancer.

datasets from The Cancer Genome Atlas. The 488 cases
of NSCLC data were split into high-expression and low-
expression groups (upper 65% was defined as high expression
and lower 35% as low expression). We found a negative
correlation between overall patient survival and TRIM32
expression using the Kaplan—Meier plot, and the log-rank
test P-value was 0.032 (Figure 2B). Taken together, these
data suggest that TRIM32 overexpression is an indicator of
malignant phenotype and poor prognosis of NSCLC patients
after curative resection.

A

TRIM32 L -

TRIM32 is increased in NSCLC cell lines

Next we used Western blot and qRT-PCR to check TRIM32
protein and mRNA in normal bronchial epithelial HBE cell
line and seven cancer cell lines including A549, H1299,
H460, H358, H3255, H1975, and H2228 (Figure 3A). The
results showed that TRIM32 expression was higher in lung
cancer cell lines (especially H1299 and H2228) than in HBE.
We chose A549 cells for TRIM32 plasmid transfection and
H1299 cells for shRNA infection. Selection was performed
by G418 (A549) and puromycin (H1299). Plasmid and
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Figure 3 Expression of TRIM32 in NSCLC cell lines.
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Notes: (A) Western blot of TRIM32 expression in normal cell line HBE and seven NSCLC cell lines (A549, H1299, H460, H358, H3255, H1975, H2228). (B) Western blot
and PCR analysis demonstrated that TRIM32 shRNA showed a marked decrease in its mMRNA and protein levels in H1299 cells. Transfection of TRIM32 plasmid significantly

upregulated its mMRNA and protein expression in A549 cell line. *P<<0.05.
Abbreviation: NSCLC, non-small-cell lung cancer.
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shRNA efficiency was confirmed by PCR and Western blot
(Figure 3B).

TRIM32 regulates cell proliferation,

colony formation, and invasion

MTT and colony formation assay showed that TRIM32 over-
expression increased A549 cell proliferation, while TRIM32
shRNA decreased H1299 cell proliferation (Figure 4A).
As shown in Figure S1, TRIM32 also promoted H460 cell
proliferation, while TRIM32 shRNA decreased H1975
cell proliferation. Colony formation ability demonstrated
that TRIM32 upregulated the colony formation ability of
A549 cells, while TRIM32 depletion downregulated the
colony formation ability of H1299 cells (Figure 4B). Since
TRIM32 overexpression correlated with positive nodal status,
we evaluated if TRIM32 could influence cancer invasion.
As shown in Figure 4C, TRIM32 overexpression signifi-
cantly increased invading cell number, while its depletion
downregulated H1299 cell invasion.

TRIM32 mediates chemoresistance in
NSCLC cells

To explore the role of TRIM32 in chemoresistance, we
treated NSCLC cells with cisplatin and then performed MTT
assay to examine cell viability. As shown in Figure 5A,
TRIM32 overexpression upregulated A549 viability after
treatment with different concentrations of cisplatin (0, 2.5, 5,
10 ug/mL). Cell viability was lower in H1299 cells infected
with TRIM32 shRNA than in control cells after cisplatin
treatment. As shown in Figure 5B, TRIM32 overexpres-
sion slightly downregulated the apoptosis rate in A549 cells
without cisplatin treatment. The apoptosis rate was much
lower in A549-TRIM32 cells than in control A549 cells after
24 hours of cisplatin (5 pug/mL) treatment. As for H1299
cells, the apoptosis percentage in H1299-shTRIM32 cells was
significantly increased compared with the control cells after
treatment with cisplatin. This was confirmed by the Western
blot analysis (Figure 5C). These data indicate that TRIM32
mediated cisplatin resistance in NSCLC cells.

TRIM32 regulates MMP and ROS

production

Chemoresistance is closely related to mitochondrial function.
Platinum-based chemotherapy has been shown to reduce the
MMP in cancer cells, and cisplatin-resistant cell lines have
elevated MMPs. Here, we determined if TRIM32 could
regulate the MMP in NSCLC cells. JC-1 staining showed that

TRIM32 overexpression downregulated the percentage of
cells with green fluorescence, suggesting TRIM32 was able
to maintain MMP in cisplatin-treated A549 cells. TRIM32
depletion showed the opposite effect in H1299-shTRIM32
cells (Figure 6A).

ROS induced by chemotherapeutic agents is closely
associated with mitochondrial function, cytochrome c release,
and apoptosis. Using CellROX Deep Red staining, we were
able to demonstrate that TRIM32 overexpression reduced the
level of cisplatin-induced ROS accumulation in A549 cells.
Accordingly, TRIM32 depletion increased cisplatin-induced
ROS accumulation in H1299-shTRIM32 cells (Figure 6B).

TRIM32 regulates NF-xB and Bcl-2 in
NSCLC cells

To elucidate the mechanism of TRIM32 on chemoresistance,
we screened a panel of apoptosis-related proteins. As shown
in Figure 5C, TRIM32 overexpression downregulated cyto-
chrome ¢ and cleaved caspase 3 levels in A549 cells. TRIM32
also upregulated Bcl-2 expression, which was reported to sup-
press mitochondrial apoptosis pathway (Figure 7A). On the
other hand, H1299-shTRIM32 showed increased level of
caspase 3 cleavage and cytochrome c release, with downregu-
lation of Bel-2 expression (Figures 5C and 7A). Bcl-2 has been
reported as a downstream target of many signaling pathways.
Additional screening revealed that TRIM32 could upregulate
IkB phosphorylation status (Figure 7A). NF-xB inhibition with
QNZ (300 nM) blocked IkB phosphorylation and attenuated
TRIM32-induced Bcl-2 upregulation (Figure 7B).

Discussion

TRIM32 overexpression has been implicated in various
cancers. However, its expression pattern in NSCLC remains
unexplored. Our study demonstrated that TRIM32 was upreg-
ulated in NSCLC tissues compared with normal bronchial
epithelium. Clinically, TRIM32 overexpression correlated
with advanced TNM stage and nodal metastasis. Importantly,
TRIM32 overexpression correlated with poor prognosis and
serves as an independent predicting factor. To our knowl-
edge, this is the first study showing the clinical significance
of TRIM32 in NSCLC. Our result was also supported by
The Cancer Genome Atlas data, analysis of which showed
that high TRIM32 levels correlated with poor prognosis in
488 cases of NSCLC patients. The clinical significance of
TRIM32 has also been implicated in other cancer types.
TRIM32 upregulation has been originally indicated in skin
carcinogenesis.® TRIM32 overexpression correlated with
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the opposite effect in HI1299-shTRIM32 cells. (B) CellROX Deep Red staining demonstrated that TRIM32 overexpression reduced the level of cisplatin-induced ROS
accumulation in A549 cells. TRIM32 depletion increased cisplatin-induced ROS accumulation in H1299-shTRIM32 cells.

Abbreviation: FITC-H, fluorescein.

poor prognosis of hepatocellular carcinoma, gastric cancer,
and breast cancer.®'? These reports were in accordance with
our results, supporting TRIM32 as an oncoprotein and a
predictor of malignant cancer progression.

Next we validated its biological roles in NSCLC cell
lines. MTT and colony formation assays showed that
TRIM32 promoted cell growth rate and colony formation
ability. Matrigel invasion assay demonstrated that TRIM32
facilitated cell invasion. Accordingly, several reports showed
that TRIM32 functioned as an oncoprotein by promoting
cell proliferation and invasion in hepatocellular carcinoma,

gastric and breast cancer cell lines.®'® Furthermore, our
data first demonstrated that TRIM32 could reduce cisplatin
sensitivity and maintain MMP in NSCLC cells. NSCLC
often exhibits resistance to platinum-based drugs, limiting
their efficacy.!® Our results indicated that TRIM32 might be a
promising target to circumvent resistance to platinum-based
chemotherapy in NSCLC.

Mitochondria play a pivotal role during the process
of apoptosis.'* Chemotherapeutic drugs, such as cisplatin,
induce apoptosis partly through mitochondrial pathway.'>"7
Downregulation of MMP could trigger apoptosis through
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Figure 7 TRIM32 regulates NF-kB/Bcl-2 signaling.
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Notes: (A) Western blot demonstrated that TRIM32 overexpression upregulated the protein expression of Bcl-2 and p-IkB. TRIM32 depletion downregulated Bcl-2
and p-IxB in H1299 cells. TRIM32 did not influence the expression of p-AKT and p-ERK. (B) QNZ (300 nM) was used to block NF-kB activation in A549 cells. QNZ
downregulated Bcl-2 expression. In A549 cells treated with QNZ, the effect of TRIM32 on Bcl-2 was not significant.

mitochondria-dependent pathway, which releases cytochrome
¢ with increased membrane permeability.'® Our data dem-
onstrated that TRIM32 upregulated MMP compared with
control. Platinum-based drugs could induce the formation of
ROS."” Normally ROS are a by-product of cell metabolism.
However, excessive ROS could trigger apoptosis by altering
the MMP and damaging the respiratory chain.®*' Our data
demonstrated that TRIM32 had a protective role in cisplatin-
induced ROS formation. To our knowledge, this is the first
study to show the protective roles of TRIM32 on MMP and
ROS in cisplatin-treated NSCLC cells.

Mechanistically, TRIM32 was reported to mediate the
ubiquitination and degradation of Abl-interactor 2, a tumor
suppressor and a cell migration inhibitor.” TRIM32 also
interacts with p53 and promotes p53 degradation through
ubiquitination.!! Our results indicated that TRIM32 upregu-
lated Bcl-2, an important antiapoptosis protein, blocking
mitochondrial apoptosis pathway, reducing ROS and
maintaining MMP.?>?3 Further analysis demonstrated that
TRIM32 also activated NF-xB signaling pathway. Bcl-2 was
reported as a downstream target of NF-xB. Their relationship
has been reported in various cancer cells including NSCLC
cells.?** QOur data confirmed the link between NF-kB/Bcl-2
and TRIM32 using NF-kB inhibitor QNZ, suggesting the
involvement of NF-kB/Bcl-2/mitochondiral function in
TRIM32-induced chemoresistance.

In conclusion, the present study demonstrates that TRIM32
is overexpressed in human NSCLC and serves as a predic-
tor for poor prognosis. TRIM32 mediates chemoresistance
through regulation of mitochondrial function and NF-xB/
Bcl-2 signaling pathway. Blockage of TRIM32 expression and
function may potentiate cisplatin responsiveness in NSCLC.
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Figure S1 TRIM32 regulates cell proliferation in H460 and HI975 cell lines.
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Notes: (A) MTT assay showed that TRIM32 transfection facilitated cell growth rate in H460 cells, whereas (B) TRIM32 shRNA downregulated the growth rate in HI1975

cells. *P<<0.05 at day 5.
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