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Abstract 

Dysregulation of TRIM32 has been implicated in several human cancers, however, its clinical 
significance and biological function in breast cancer have not been investigated. Using 
immunohistochemistry, we found that TRIM32 expression is upregulated in breast cancer tissues 
and that it correlates with advanced stage and poor prognosis. TRIM32 is also overexpressed in 4/7 
breast cancer cell lines. CCK8 and colony formation assays showed that TRIM32 depletion inhibited 
proliferation and colony formation in the T47D cell line, while TRIM32 overexpression promoted 
MCF-7 cell growth and colony formation. Cell viability and Annexin V/PI staining demonstrated that 
TRIM32 maintained breast cancer cell survival and reduced apoptosis rate when cells were treated 
with cisplatin. Western blot analysis demonstrated that TRIM32 overexpression resulted in an 
upregulation of p-IκB, p-p65, cIAP1, and cIAP2 and a downregulation of p21 and p27 in MCF-7 cells. 
TRIM32 depletion in T47D cells demonstrated the opposite results, suggesting that TRIM32 may 
activate the NF-κB pathway. The NF-κB inhibitor BAY 11-7082 blocked the effects of TRIM32 on 
cisplatin resistance and cIAP1/2 protein regulation. 
Taken together, the present study demonstrates that TRIM32 downregulates p21/p27 and 
upregulates IAP family proteins to facilitate breast cancer cell growth and inhibit drug-induced 
apoptosis, possibly through the NF-κB signaling pathway. 
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Introduction 
Breast cancer is one of the leading causes of 

death in women worldwide (1, 2). In the last decades, 
the survival rate for breast cancer patients has 
improved significantly due to the development of 
conventional therapies. However, breast cancer still 
ranks second among cancer-related deaths for women 
(3). Thus, finding new biomarkers to predict tumor 
malignancy and resistance to conventional therapies 
is of great importance (4-7). 

TRIM32 is a member of the tripartite motif 
(TRIM) family proteins (8, 9). TRIM32 regulates 
skeletal muscle stem cell differentiation and is 
necessary for normal adult muscle regeneration 
(10). It was recently reported that TRIM32 is 
involved in carcinogenesis, with TRIM32 mRNA 
found to be highly expressed in skin cancer and head 
and neck cancer (11, 12). The function and 
mechanisms of TRIM32 are not well understood. 
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TRIM32 was reported to have E3 Ubiquitin ligase 
activity, which may contribute to cell differentiation 
and carcinogenesis. TRIM32 could ubiquitinate and 
downregulate tumor suppressor Abi2 to exert its 
function as an oncogene (12). 

To date, the clinical significance and biological 
functions of TRIM32 in breast cancer have not been 
well explored. Thus, in this study, we aim to examine 
TRIM32 expression in breast cancer tissues using 
immunohistochemistry. We further investigated the 
function and molecular mechanism of TRIM32 in 
cancer cell lines. 

Materials and Methods 
Patients and tissue samples 

This study was conducted with the approval of 
the Ethics Committee at the Institutional Review 
Board of the First Affiliated Hospital of China Medical 
University. All participants provided their written 
informed consent and the investigation was 
conducted according to the principles expressed in 
the Declaration of Helsinki. 

Cell culture and transfection 
MCF-7 and T47D cell lines were obtained from 

American Type Culture Collection (Manassas, USA). 
Cells were cultured in DMEM (Gibco, USA) with 10% 
fetal bovine serum (Invitrogen, Carlsbad, CA, USA). 
The pCMV6-TRIM32 plasmid and empty vector were 
purchased from Origene (Origene, USA). TRIM 
siRNA and negative control siRNA were purchased 
from Dharmacon (GE healthcare, USA). siRNA1 
sequence is GAUCAGGGGUGGUCAAAUA. siRNA2 
sequence is GCAUAGCCCUAACUCCUAA. Trans-
fection of miRNA and siRNA were performed with 
DharmaFECT transfection reagent (GE, USA). The 
pCMV6-TRIM32 plasmid was obtained from Origene 
(Origene, USA) 

Real-Time PCR 
RNA extraction was performed using RNAiso 

(TAKARA, China). Real-Time PCR was performed 
using SYBR Green Master Mix from ABI (Applied 
Biosystem, USA). Real-Time PCR was carried out 
using an ABI 7500 Real-Time PCR system (Applied 
Biosystems, USA). Relative quantification of target 
genes was calculated using the 2-ΔΔCt method. 

Western blot analysis 
Protein was extracted using cell lysis buffer 

(Thermo Fisher, USA). Protein quantification was 
performed using the Bradford method. 30 µg protein 
was transferred to PVDF membranes after separation 
via SDS-PAGE. The PVDF membrane was incubated 
at 4°Covernight with the following antibodies: p21, 

p27, p-p65,p-κB, pp65 or GAPDH (1:1000, Cell 
Signaling Technology, Boston, MA, USA). The 
TRIM32 antibody was purchased from Santa Cruz 
(USA). Membranes were then incubated with 
HRP-coupled anti-mouse/rabbit IgG (1:2000, Cell 
Signaling Technology, USA) at 37°C for 2 hours and 
the protein bands were visualized using an ECL kit 
(Thermo Fisher, IL, USA) with the DNR BioImaging 
System (DNR, Israel). 

Colony formation and CCK8 assay 
For colony formation assays, cells were seeded in 

culture dishes and cultured for 2 weeks. The plates 
were then stained using Giemsa. 

We perform CCK8assays using the Cell 
Counting Kit-8 kit (Dojindo) with a plate reader. 96 
well cell plates were examined at 490 nm. 

Apoptosis detection 
Cell apoptosis was detected using the Annexin 

V/PI double staining Kit (BD bioscience, USA). After 
treatment, cells were harvested with 0.25% trypsin, 
washed with PBS and resuspended in binding buffer. 
Staining solution containing Annexin V/FITC and 
propidium iodide (PI) was added to the cell 
suspension. After incubation in the dark for 30 
minutes, the rate of apoptosis was analyzed via ACEA 
flow cytometer. 

Statistical analysis 
SPSS version 17 for Windows was used for all 

statistical analyses. The Chi-Square test was used to 
evaluate possible correlations between TRIM32 
overexpression and clinicopathologic factors. A 
Student’s t-test was used to compare data between 
control and transfected cells. All p values were based 
on the two-sided statistical analysis and a difference 
with p<0.05 was considered to be statistically 
significant. 

Results 
TRIM32 is overexpressed in breast cancers 

We examined the protein expression of TRIM32 
in normal breast tissues, intraductalpapillomas of the 
breast, ductal carcinoma in situ, and 96 cases of 
invasive ductal carcinoma (IDC). TRIM32 protein was 
mainly localized in the cytoplasmic compartment of 
cancer cells. Negative TRIM32 expression was 
detected in normal breast tissues (Figure 1A), and 
weak expression of TRIM32 was found in 11 cases of 
intraductalpapillomas (Figure 1B) and 8 cases of 
ductal carcinoma in situ (DCIS) (Figure 1C). We found 
high expression/overexpression of TRIM32 in 49 of 96 
(51%) invasive ductal carcinoma specimens (Figure 
1D). 
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Figure 1. Expression pattern of TRIM32 in breast cancer tissue samples. A. Negative TRIM32 staining is seen in the majority of normal breast tissue. B. Negative 
TRIM32 staining in a case of intraductal papilloma of the breast. C. Weak TRIM32 staining in a case of ductal carcinoma in situ. D. Strong nuclear staining of TRIM32 in invasive 
ductal carcinoma. (Magnification, 400X). E. Kaplan-Meier analysis showing that patients with high TRIM32 have worse overall survival than patients with low TRIM32 protein 
(Log-Rank test, p=0.0055). 

 
As shown in Table 1, no difference was observed 

between TRIM32 expression level and patient age 
(p=0.2887), tumor size (p=0.0605), estrogen receptor 
(ER) status (p=0.7728), progesterone receptor (PR) 
status (p=0.6918), or HER2 status (p=0.3137). High 
TRIM32 expression positively associated with 
advanced TNM stage (p=0.0129) and positive lymph 
node metastasis (p=0.0416). A Kaplan-Meier analysis 
showed that patients with high TRIM32 expression 
had shorter overall survival than those with low 
TRIM32 expression (Figure 1E) (Log-Rank test, 
p=0.0055). 

TRIM32 expression is up-regulated in breast 
cancer cells 

We used western blotting and Real-Time PCR to 
qualify TRIM32 protein and mRNA in the 
non-tumorigenic breast epithelial cell line MCF-10A 
and 7 breast cancer cell lines (Figure 2A&B). The 
results showed that TRIM32 was significantly 
elevated in 4 of the 7 cell lines (MDA-MB-453, BT594, 
T47D and SK-BR-3). Due to their relatively low and 
high levels of TRIM32 mRNA expression, we selected 
MCF-7 for TRIM32 overexpression via plasmid 
transfection and T47D for TRIM32 siRNA 
transfection. Transfection efficiency was examined 
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and confirmed via PCR and western blot (Figure 2C). 
In addition, we used a second siRNA sequence to 
avoid off-target effects. The knockdown efficiency of 
siRNA2 was shown in Supplementary Figure 1A. 

 

Table 1. Distribution of TRIM32 status in breast cancer according 
to clinicopathological characteristics. 

Characteristics Number of 
patients 

TRIM32 low 
expression 

TRIM32 
overexpression 

P 

Age     
<60  72 33 39 0.2887 
≥60  24 14 10  
TNM stage     
Ⅰ  35 23 12 0.0129 
Ⅱ-Ⅳ 61 24 37  
Tumor size     
<2cm 32 20 12 0.0605 
≥2cm 64 27 37  
Lymph node 
metastasis 

    

Absent 47 28 19 0.0416 
Present 49 19 30  
Estrogen receptor     
Absent 32 15 17 0.7728 
Present 64 32 32  
Progesterone receptor     
Absent 45 23 22 0.6918 
Present 51 24 27  
HER-2     
Absent 69 36 33 0.3137 
Present 27 11 16  
Triple-negative     
Absent 78 37 41 0.5345 
Present 18 10 8  

 

TRIM32 promotes breast cancer cell 
proliferation and colony formation 

By use of CCK8 and colony formation assays, we 
found that TRIM32 overexpression significantly 
upregulated cancer cell growth rate and colony 
formation ability (empty vector vs. TRIM32: 78.3±6.5 
vs. 211±16.7, respectively) in the MCF-7 cell line. 
Conversely, TRIM32 depletion in T47D cells blocked 
cell growth and downregulated colony formation 
ability (control siRNA vs. TRIM32 siRNA: 285±17.9 
vs. 112±11.1) (Figure 3A&B). Use of siRNA2 also 
inhibited colony formation ability in T47D cell line 
(Supplementary Figure 1B). 

TRIM32 confers cisplatin resistance to breast 
cancer cells 

To investigate the effect of TRIM32 on 
chemoresistance in breast cancer cells, we treated 
cancer cells with cisplatin and performed the CCK8 
viability assay to examine survival rates (Figure 4A). 
TRIM32 overexpression increased cell viability in 
MCF-7 cells after 24 and 48 hours of treatment with 
cisplatin at 0.5μg/ml and 1μg/ml concentrations, 
while TRIM32 depletion reduced cisplatin resistance, 
resulting in decreased T47D cell viability. 

 
Figure 2. Expression of TRIM32 in breast cancer cell lines. A. Western blot 
and B. PCR analysis of TRIM32 expression in normal cell line MCF-10A and 7 breast 
cancer cell lines (MDA-MB-453, MDA-MB-468, BT474, BT594, T47D, MCF-7 and 
SK-BR-3). TRIM32 protein and mRNA levels are significantly upregulated in 
MDA-MB-453, BT594, T47D and SK-BR-3 cell lines. C. Western blot and PCR 
analysis demonstrating that TRIM32 siRNA treatment markedly decreases its mRNA 
and protein levels in T47D cells. Transfection of the TRIM32 plasmid significantly 
upregulates its mRNA and protein expression in the MCF-7 cell line. * p<0.05. 

 
Annexin V/PI staining was employed to 

examine the rate of apoptosis. As shown in Figure 4B, 
TRIM32 overexpression significantly downregulated 
apoptosis rate in MCF-7 cells following 24 hours of 
cisplatin (0.5μg/ml and 1μg/ml) treatment, while 
TRIM32 siRNA upregulated apoptosis rate in T47D 
cells treated with 24 hours of cisplatin (0.5μg/ml and 
1μg/ml). In addition, treatment with siRNA2 in T47D 
cells yields similar results (Supplementary Figure 1C). 
The combined results demonstrate that TRIM32 
supports cisplatin resistance in breast cancer cells. 

TRIM32 regulates cIAP1, cIAP2, p21, and p27 
protein expression and NF-κB signaling 

Since TRIM32 inhibits apoptosis and facilitates 
cell growth, we monitored related proteins to identify 
affected pathways. We found that TRIM32 
overexpression caused upregulated protein expres-
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sion of cIAP1 and cIAP2, both of which are inhibitors 
of apoptosis. TRIM32 also downregulated cell cycle 
inhibitors p21 and p27 (Figure 5). 

Involvement of TRIM32 in NF-κB signaling has 
been implicated in previous studies. We tested 
whether this was the case in breast cancer cells, and 
found that TRIM32 overexpression activated NF-κB 
signaling by upregulating p-κB and p-p65 levels, 
while its depletion downregulated NF- κB signaling 
via the same proteins. Treatment of T47D cells 
siRNA2 also downregulated p-κB, p-p65, cIAP1 and 
cIAP2 levels with upregulated p21 and p27 
(Supplementary Figure 1D). 

TRIM32 regulates cisplatin resistance through 
NF-κB signaling 

To validate the involvement of NF-κB in 
TRIM32-regulated cisplatin resistance, we employed 
BAY 11-7082 (5μM, 12 hours) to inhibit NF-κB 
signaling in MCF-7 cells overexpressingTRIM32. As 
shown in Figure 6A, blockage of NF-κB signaling 
downregulated cell viability and abolished the effect 
of TRIM32. The rate of inhibition (decreased cell 
viability/cell viability before treatment) by NF-κB 
inhibitor was higher in TRIM32 overexpressing cells 
than control cells (Figure 6B). NF-κB inhibition also 
blocked the expression of cIAP1 and cIAP2 induced 
by TRIM32 (Figure 6C). 

 
Figure 3. Effects of TRIM32 on cell proliferation in breast cancer cells. A. CCK8 assay demonstrating that TRIM32 plasmid transfection facilitates increased cell growth 
in MCF-7 cells while TRIM32 siRNA decreases growth rate in T47D cells. B. TRIM32 plasmid transfection increases colony forming number in MCF-7 cells. TRIM32 siRNA 
decreases colony number in T47D cells. * p<0.05. 
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Figure 4. TRIM32reduces chemosensitivity to cisplatin in breast cancer cells. A. CCK8 assay showing that TRIM32 significantly upregulates MCF-7 cell viability after 
24 and 48 hours of cisplatin treatment (0.5μg/ml and 1μg/ml). TRIM32 siRNA shows the opposite effect by downregulating T47D cell viability B. Annexin V/PI staining shows that 
TRIM32 overexpression significantly downregulates apoptosis rate in MCF-7 cells while TRIM32 siRNA upregulates apoptosis in T47D cells. * p<0.05. 
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Figure 5. TRIM32 regulates protein expression of cIAP1, cIAP2, p21, p27, 
p-IκB, and p-p65. Western blotting demonstrating that protein expression of 
cIAP1, cIAP2, p-IκB and p-p65 are increased while p21 and p27 protein are decreased 
in MCF-7 cells after TRIM32 overexpression. TRIM32 siRNA displays the opposite 
effects on these proteins. 

 

 
Figure 6. TRIM32 regulates cisplatin resistance through NF-κB signaling. 
A. CCK8 assay demonstrates that NF-κB inhibitor treatment significantly 
downregulates cell viability. In cells with treated with the NF-κB inhibitor BAY 
11-7082, TRIM32 fails to improve cell viability. B. The rate of cell viability inhibition by 
NF-κB inhibitor (decreased cell viability/cell viability before treatment) was higher in 
TRIM32 overexpressing cells than control cells. C. The NF-κB inhibitor abolishes the 
effect of TRIM32 on cIAP1 and cIAP2 upregulation. 

Discussion 
The E3-ubiquitin ligase TRIM32 has been 

reported to be overexpressed in head and neck 
squamous cell carcinomas (11). Overexpression of 
TRIM32 was shown to promote degradation of Abi2, 
which promoted cell growth and motility (12), and 
TRIM32 can also negatively regulate p53 and 
p53-mediated cellular stress responses (13). 
Overexpression of TRIM32 was further found in 
hepatocellular carcinoma and correlated with 
histological grade, tumor size, and poor patient 
survival (14). These data suggest that TRIM32 acts as a 
potential oncoprotein in human cancer development. 
Nevertheless, the expression pattern and biological 
roles of TRIM32 in human breast cancer remained 
unexplored. Our immunohistochemical data showed 
that TRIM32 is elevated in breast cancer tissues, 
compared to normal tissues, and that its expression 
significantly correlates with advanced TNM stage, 
nodal metastasis and poor patient survival, indicating 
that TRIM32 functions as a tumor oncogene in breast 
cancer development. 

CCK8 and colony formation assays 
demonstrated that TRIM32 upregulates cell growth 
rate and colony formation ability in breast cancer 
cells. Accordingly, p21 and p27 protein were 
downregulated after overexpression of TRIM32. p21 
and p27 are both cell cycle inhibitors which block cell 
cycle transitions (15, 16). p21 is also a downstream 
target of p53 signaling (17). Since TRIM32 interacts 
with p53, promoting its degradation through 
ubiquitination, it is possible that TRIM32 controls 
p21/p27 status indirectly through its regulation of the 
p53 pathway. 

Next, we checked the role TRIM32 plays on 
cisplatin resistance and cisplatin-induced apoptosis. 
Our results indicate that TRIM32 induces cisplatin 
resistance and apoptosis inhibition. To find the 
underlying mechanism, we examined several related 
proteins and found that TRIM32 positively regulates 
cIAP1 and cIAP2 proteins. cIAP1/2 belongs to the 
inhibitor of apoptosis protein (IAP) family, which 
consists of an evolutionarily conserved group of 
apoptosis inhibitors. cIAP1/2 proteins directly 
interact with and inhibit the activity of caspases 
including caspase-3, 7, and 9 (18). In addition to the 
change in cIAP1/2 expression, we also found that 
TRIM32 could activate NF-κB signaling via 
upregulation of p-IκB and p-p65 expression. 
Activation of NF-κB signaling has been shown to lead 
to upregulation of IAP family proteins including 
cIAP1 and cIAP2 (19, 20). 

To further confirm the association of 
TRIM32-induced cisplatin resistance and activation of 
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NF-κB signaling, we used BAY 11-7082, an NF-κB 
inhibitor, to block NF-κB signaling in MCF-7 cancer 
cells. NF-kB inhibitor inhibited the cell viability of 
both control and TRIM32 cells to the same levels. 
However, the rate of inhibition (decreased cell 
viability/cell viability before treatment) was higher in 
TRIM32 overexpressing cells than control cells. Thus 
we assumed that the effect of NF-kB inhibitor was 
more potent in TRIM32-expressing cells, which 
indicates that biological effects of TRIM32 are 
mediated, at least partly, by NF-kB pathway. The 
results also showed that NF-κB blockage decreases 
cIAP1/2 protein expression and abolishes the effect of 
TRIM32 on cIAP1/2 upregulation. TRIM32 failed to 
upregulate cell viability in MCF-7 cells treated with 
the NF-κB inhibitor, suggesting that TRIM32 regulates 
cisplatin resistance possibly through NF-κB activation 
and cIAP1/2 upregulation.  

In conclusion, this study demonstrates that 
TRIM32 is overexpressed in human breast cancers 
and mediates cisplatin resistance through the NF-κB 
signaling pathway. Our results provide insight into 
novel biomarkers which could predict breast cancer 
chemoresistance. 

Supplementary Material  
Supplementary figure S1.  
http://www.jcancer.org/v09p1349s1.pdf  
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