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TRIM 14 Promotes Breast Cancer Cell Proliferation by Inhibiting Apoptosis
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Tripartite motif-containing 14 (TRIM14) is abnormally expressed in several human cancers. However, the
function and expression of TRIM14 in human breast cancer are still largely unknown. To understand the bio-
logical function of TRIM14 in breast cancer, we measured the expression level of TRIM14. Cell proliferation
and cell apoptosis were measured after TRIM14 overexpression or knockdown. Upregulation of TRIM14 was
found in human breast cancer specimens and cell lines. Reduction of TRIM14 inhibited cell proliferation but
increased cell apoptosis in the BT474 and MDA-MB-231 cell lines. Further study showed that knockdown of
TRIM14 upregulated the expression of BAX while downregulating the expression of BCL2. In addition, the
expression of SHP-1 was increased, and the phosphorylation of STAT3 (p-STAT3) was inhibited. Conversely,
overexpression of TRIM14 had the opposite effects. Additionally, cryptotanshinone, a STAT3 inhibitor, inhib-
ited cell proliferation but increased cell apoptosis in the BT474 and MDA-MB-231 cell lines. In conclusion,
TRIM14 may act as an oncogene in human breast cancer and may be a novel strategy for human breast cancer.
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INTRODUCTION

Breast cancer is a widespread cancer in women, and it
is both the most prevalent form of cancer and the greatest
killer. Each year there are almost a million new cases of
breast cancer, and 458,000 deaths in both the developed
and developing world". Despite that, the survival rate of
breast cancer has increased significantly over the last few
years; the major breast cancer treatment is chemother-
apy, which has some limitations. In recent years, several
molecularly targeted agents have been demonstrated to
be effective for cancer treatments, such as trastuzumab,
a monoclonal antibody targeting the human epidermal
growth factor receptor 2 (HER2), which has a great effect
in treating HER2" breast cancer®. So there is still a need to
find new biomarkers to predict tumor progression, which
can be potential therapeutic targets.

Signal transducer and activator of transcription 3
(STAT3) plays a key role in many cancer cell lines and
cancer tissues, including cell proliferation, invasion,
migration, apoptosis resistance, tumor angiogenesis, and
epithelial-mesenchymal transition (EMT)*. In addition,
STAT3 is associated with oncogene addiction in sev-
eral types of cancers, including human breast cancer®.
STAT3 is necessary for normal breast and is activated
in all classes of breast cancer’. Further, in about 60% of

breast tumors, STAT3 is phosphorylated®. Growth factors
induce tyrosine phosphorylation of STAT3 that directly
activates gene expression, which is associated with tumor
cell survival and proliferation®. Recent evidence suggests
that phosphorylated STAT3 can promote the survival of
breast cancer cells™. There are therapeutic benefits from
targeting STAT3 in cancer treatment. Currently, inhibi-
tion of STAT3 transcription and inhibition of upstream
receptors are regular strategies for inhibiting STAT3 acti-
vation™. Thus, STAT3 is a strategy for human anticancer
treatment, including human breast cancer.

Src-homology proteintyrosine phosphatase-1 (SHP-1),
containing protein tyrosine phosphatase (PTP), expresses
most abundantly in hematopoietic cells. SHP-1 negatively
regulates the JAK/STAT pathway in leukemias and lym-
phomas™. It has been reported that SHP-1 acts as a cancer
suppressor in human breast cancer™. SHP-1 inhibits the
phosphorylation of p-STAT3 at the tyrosine 705 residue™.
An aberrant SHP-1/p-STAT3 signaling pathway was
found in many human cancers™*®, including breast can-
cer'’. Importantly, regulating the SHP-1/p-STAT3 signal-
ing pathway may be a new treatment for human cancer.

The tripartite motif (TRIM) family of proteins consist
of a RING domain (R), two B-box domains (B1 and B2),
and a coiled-coil (CC) region. Recent studies indicate
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that TRIM family members may serve as oncogenes or
tumor suppressors™® 2. In breast cancer, TRIM44 could
promote cell proliferation and migration by enhanc-
ing NF-kB signaling®. TRIM28 enhances cell migra-
tion and invasion in human breast cancer by regulating
TWIST1 and EMT?. On the other hand, TRIM29 acts
as a hypoxia-induced tumor suppressor gene in human
breast cancer®. Moreover, TRIM24 and TRIM28 have
been found to inhibit STAT1 signaling®?. TRIM14 is a
member of the TRIM family and is located at chromo-
some 9¢22. Previously, Su et al. found that overexpres-
sion of TRIM14 promotes the aggressiveness of tongue
squamous cell carcinoma®. Upregulation of TRIM14 was
found in human osteosarcoma specimens and cell lines®.
However, the function and expression of TRIM14 in
human breast cancer are still unclear.

Here we found the upregulation of TRIM14 in human
breast cancer specimens and cell lines. Knockdown of
TRIM14 inhibited cell proliferation but increased cell
apoptosis. Our findings suggest that TRIM14 may act
as an oncogene in breast cancer and could be a potential
therapeutic target.

MATERIALSAND METHODS
Patient Samples

A total of 30 human breast cancer tissues and 30
matched normal adjacent tissues were collected from
Shanghai Traditional Chinese edicine-Integrated Hospital
(Shanghai, P.R. China) with informed consent. Both
cancer and normal specimens were frozen immediately
in liquid nitrogen until RNA extraction. All the experi-
ments were approved by Shanghai Traditional Chinese
Medicine-Integrated Hospital.

Cell Culture

The normal epithelial breast cell line, MCF-10A, was
obtained from the American Type Culture Collection
(ATCC; Manassas, VA, USA) and grown in EMBM
(ATCC) with 10% fetal bovine serum (FBS; Gibco,
Carlsbad, CA, USA) and 1% penicillin/streptomycin
(Gibco), plus 100 ng/ml cholera toxin (ATCC). Two
human breast cancer cell lines, BT474 and MDA-MB-
231, were obtained from Cell Bank of the Chinese
Academy of Sciences (Shanghai, P.R. China) and grown
in RPMI-1640 medium (Hyclone, Logan, UT, USA) with
10% FBS and antibiotics. All cells were cultivated at
37°Cina5% CO, incubator.

Reverse Transcription and Real-Time PCR

Real-time PCR was used to measure the mRNA
levels of target genes. Cellular and tissue RNA were
extracted using TRIzol reagent (Invitrogen, Carlsbad,
CA, USA), and a cDNA synthesis kit was used to obtain
cDNA. The following mixture was prepared to give a
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25-pl reverse transcriptase (RT) solution: 12 pl of RNA-
Primer Mix, 5 pl of 5° RT reaction buffer, 1 pl of 25 mM
dNTPs, 1 pl of 25 U/ul RNase inhibitor, 1 pl of 200 U/pl
M-MLV Rtase (Promega, Madison, WI, USA), 1 ul
of oligo(dt)18, and 4 pl of RNase free water (ddH,0O).
The reaction was completed on an ABI 7300 system
(Applied Biosystems, Foster City, CA, USA) using the
following steps: 60 min at 37°C, 5 min at 85°C, 5 min
at 4°C, then stored at —20°C. The primers were designed
using Primer 3 online Software. Real-time PCR experi-
ments were performed with SYBR Green gPCR Mixes
(Thermo Fisher Scientific Inc., Grand Island, NY, USA).
In a 25-ul reaction solution, 12.5 pl of SYBR Green Mix,
0.5 plI of former primer, 0.5 ul of reverse primer, 2 pl of
cDNA, and 9.5 pl of ddH,O were added. The reaction
was completed on an ABI 7300 system using the follow-
ing steps: 10 min at 95°C, then followed by 40 cycles of
15 s at 95°C, 45 s at 60°C. Expression of target genes
was normalized with GAPDH and calculated using the
27°™" method. All data represented the average of three
replicates. Primers used were as follows: TRIM14 (NM_
014788.3), 56 GGATTTGTGTCTCCGTTCTG-3¢and 5¢
TCTGTCTGCCTGGTATTCTG-3¢ STAT3 (NM_139276),
5¢TGTCTAAAGGTCCCTCATC-3¢and 5¢CCATAGTG
TGCATCATGTC-3¢ GAPDH (NM_001256799.1), 5¢C
ACCCACTCCTCCACCTTTG-3¢and 56 CCACCACCC
TGTTGCTGTAG-3¢

Western Blotting

Whole cells were rinsed twice with PBS, then lysed in
RIPA lysis buffer (Solarbio, Beijing, P.R. China) contain-
ing protease inhibitors. For tissues, 1 g of each tissue was
cut down by scalpel on ice as quickly as possible. Then
the tissues were washed twice with iced PBS and then
lysed with a homogenizer in RIPA lysis buffer contain-
ing protease inhibitors. After 30 min on ice, the harvested
cell lysis was centrifuged at 12,000 g at 4°C for 10 min.
Protein concentration was measured with a bicinchoninic
acid (BCA) protein assay kit (Thermo Fisher Scientific
Inc.). An equal amount of protein (20 pg) was loaded onto
10% polyacrylamide gels for SDS-PAGE, and then trans-
ferred to a nitrocellulose membrane (Millipore Corp.,
Bedford, MA, USA). After 1 h, the membrane was blocked
with PBST containing 5% BSA and immunoblotted with
respective antibodies for 4-6 h: TRIM14 (ab185349;
1:800 dilution; Abcam, Cambridge, MA, USA); SHP-1
(ab32559; 1:1,000 dilution; Abcam); BCL2 (ab32124;
1:1,000 dilution; Abcam); BAX (ab32503; 1:800 dilu-
tion; Abcam); STAT3 (ab50761; 1:800 dilution; Abcam);
p-STAT3 (ab76315; 1:500 dilution; Abcam); and GAPDH
(#5174; 1:3,000 dilution; Cell Signaling Technology,
Danvers, MA, USA). The blots were incubated for 1 h
at room temperature with secondary antibody (all from
Abcam) tagged with horseradish peroxidase (HRP). Then
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the blots were washed twice with TBST. The membranes
were developed by an enhanced chemiluminescence
(ECL) kit (Millipore). Bands were recorded with ImageJ
and normalized to GAPDH.

Lentivirus Infection and Inhibitor

To construct the TRIM14 overexpression lentivirus,
full-length human TRIM14 cDNA was inserted into
pLVX-Puro vector (Clontech Laboratories, Inc., Mountain
View, CA, USA). DNA sequencing was used to verify the
vector sequence. HEK-293T cells were plated into 10-cm
dishes. After 24 h of culturing, the plasmids including
pLVX-puro vector or pLVX-puro-TRIM14, psPAX2, and
pMD2G were transfected into HEK293T cells according
to the manufacturer’s instructions. After 48 h posttrans-
fection, vector and TRIM14 overexpression viral super-
natants were harvest and used to transduce the BT474
cell line.

Three lentivirus shRNAs targeting human TRIM14
(56ACAGGCCCTAAACAAGTCT-3¢ 56GTAGGCACA
CAGTAAACGT-3¢ 5¢ TAGACTTTCAGTGCATTAG-
39 and a negative control (NC) shRNA were obtained
from Genechem (Shanghai, P.R. China). shRNAs were
inserted into PLKO.1 (Addgene, Cambridge, MA, USA)
to construct the TRIM14-silencing lentivirus and veri-
fied by sequencing. The same method as described above
was used to obtain NC and shTRIM14 viral supernatant.
NC and shTRIM14 viral supernatants were harvested
and used to transduce BT474 and MDA-MB-231 cells.
These two cell lines were infected with recombinant
lentiviruses expressing TRIM14 or shTRIM14 using
vector or NC lentiviruses as control. After 48 h, the cells
were collected to confirm transfection efficiency.

Cryptotanshinone (Selleck, Houston, TX, USA) is
a common inhibitor of STAT3. Cells were seeded in
96-well or 6-well plates and cultured for 24 h with 5 uM
cryptotanshinone. The treated cells were used to detect
cell proliferation and apoptosis.

Cell Proliferation Assay

Transducted and untransducted cells were seeded into
96-well plates. After 24, 48, and 72 h of transduction,
90 ul of culture medium and 10 pl of CCK-8 solution
were added to each well and incubated for 1 h. After incu-
bation, a microplate reader (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) was used to detect the absorbance at
450 nm. Experiments were performed in triplicate.

Cell Apoptosis Assay

Apoptosis was measured using the Annexin-V Apo-
ptosis Detection Kit (BD Biosciences, San Jose, CA,
USA). All the cells were harvested, then incubated with
annexin V and Pl at room temperature for 15 min in
the dark. Annexin V or PI staining alone was used as a

441

control. Cell apoptosis was assessed by flow cytometry (BD
Biosciences). Experiments were performed in triplicate.

Satistical Analysis

All statistical analyses were performed as mean+SD.
Statistical significance between groups was determined
using ANOVA. A value of p<0.05 was considered statis-
tically significant.

RESULTS

TRIM14 Was Overexpressed in Human Breast
Cancer Tissues and Cell Lines

To determine the baseline of TRIM14 in vitro, the
expression level of TRIM14 was detected in two human
breast cancer cell lines (BT474 and MDA-MB-231) and a
normal breast cell line (MCF-10A) by real-time PCR and
Western blot. Our results showed that a higher level of
TRIM14 was found in these two cell lines than in MCF-
10A (Fig. 1A). We further detected TRIM14 and STAT3
expression in breast cancer and normal specimens using
real-time PCR. The mRNA levels of TRIM14 and STAT3
were both higher in cancer tissues than in normal tissues
(Fig. 1B and C). These results suggested that TRIM14
was upregulated in human breast cancer tissues and cell
lines. STAT3 was upregulated in human breast cancer,
which indicated that the STAT3 pathway may be acti-
vated in human breast cancer.

Lentivirus Infection Reduced the
Expression of TRIM14

Three lentivirus shRNAs targeting human TRIM14
(ShTRIM14-1, shTRIM14-2, and shTRIM14-3) and NC
were transduced into BT474 and MDA-MB-231 cells.
To measure the knockdown efficiency, TRIM14 was
detected by real-time PCR and Western blot. As shown
in Figure 2A and B, after 48 h of transduction, TRIM14
transcription and expression level were decreased nota-
bly compared with NC (knockdown efficiency: in the
BT474 cell ling, shTRIM14-1, 52.6 +0.5%; shTRIM14-2,
77.9+0.1%; shTRIM14-3, 40.6 £0.1%; in the MDA-MB-
231 cell line, shTRIM14-1, 22.8+0.2%; shTRIM14-2,
81.8+0.2%; shTRIM14-3, 21.6+0.1%). ShTRIM14-2
was chosen for the following assays, as it had the best
knockdown efficiency.

TRIM14 Knockdown Inhibited Cell Proliferation
but Increased Cell Apoptosis

Cell proliferation was measured by CCK-8. As shown
in Figure 3A, reduction of TRIM14 inhibited cell prolifer-
ation in BT474 and MDA-MB-231 cells, compared with
NC. Furthermore, more apoptosis was observed in groups
with TRIM14 knockdown than in the NC group [apo-
ptosis ratio: knockdown group in BT474, 33.13+0.75%;
in MDA-MB-231, 39.93+0.59%; NC group in BT474,
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Figure 1. Tripartite motif-containing 14 (TRIM14) was enhanced in human breast cancer tissues and cell lines. (A) TRIM14 expres-
sion level in different human breast cancer cell lines (BT474 and MDA-MB-231) and the normal breast cell line (MCF-10A) was ana-
lyzed by real-time PCR (a) and Western blot (b). (B) mMRNA level of TRIM14 in cancer samples (n=30) and normal samples (n=30).
(C) mRNA level of signal transducer and activator of transcription 3 (STAT3) in breast cancer samples (n=30) and normal samples
(n=30). ***p<0.0001 versus normal cell line.

Figure 2. Lentivirus infection reduced the expression of TRIM14. (A) TRIM14 expression level was analyzed by real-time PCR in
BT474 and MDA-MB-231 cells 48 h after transduction with sShTRIM14 (shTRIM14-1, -2, and -3) and NC lentivirus. (B) TRIM14
expression level was analyzed by Western blot in BT474 and MDA-MB-231 cells. WT, wild-type cells; NC, negative control cells;
shTRIM14, shTRIM14-transducted cells. **p<0.01; ***p<0.001 versus NC.
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Figure 3. TRIM14 knockdown inhibited cell proliferation but increased cell apoptosis. (A) Cell proliferation was measured after trans-
duction with shTRIM14-2 and NC lentivirus by CCK-8 in BT474 (a) and MDA-MB-231 (b). (B) Cell apoptosis was measured after
transduction with shTRIM14-2 and NC lentivirus by flow cytometry in BT474 (a) and MDA-MB-231 (b). ***p<0.001 versus NC.

Figure4. Downregulation of TRIM14 activated apoptosis pathway. Expressions of SHP-1, BAX, BCL2, and p-STAT3 were detected
by Western blot after transduction with shTRIM14 and NC lentivirus in BT474 (A) and MDA-MB-231 (B). ***p<0.001 versus NC.
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4.87+0.15%; in MDA-MB-231, 4.37+0.15%; wild-type
(WT) group in BT474, 3.6%£0.3%; in MDA-MB-231,
3.17+0.15%] (Fig. 3B). These results suggested that
knockdown of TRIM14 inhibited cell proliferation but
increased cell apoptosis.

Downregulation of TRIM14 Activated the Apoptosis
Pathway in Breast Cancer Cells

For further studying the mechanism of TRIM14, we
proposed that TRIM14 may play a role in apoptosis based
on previous data®. To verify our hypothesis, we detected
the expression of related protein by Western blot in BT474
and MDA-MB-231. The results shown in Figure 4 reveal
that the expression of BAX was upregulated, while the
expression of BCL2 was downregulated after transduction
with shTRIM14 lentivirus. As shown in Figure 1C, STAT3
was overexpressed in breast cancer tissues, so we detected
whether the suppression of TRIM14 by shTRIM14 lenti-
virus could regulate the expression of SHP-1. We found
that transduction with shTRIM14 lentivirus could pro-
mote the expression of SHP-1. SHP-1 can prevent the
activation of STAT3, so we detected the phosphorylation
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level of STAT3. We found that transduction with
shTRIM14 lentivirus inhibited the expression of p-STATS3.
These results indicated that downregulation of TRIM14
may inhibit STAT3 pathway by upregulating SHP-1.

An Inhibitor of STAT3 Inhibited Cell Proliferation
but Increased Cell Apoptosis

Based on previous data, reduction of TRIM14 inhib-
ited cell proliferation and inhibited the phosphorylation
of STAT3. Cells were treated with cryptotanshinone,
a common inhibitor of STAT3, and then cell prolif-
eration and apoptosis were measured by CCK-8 and
annexin V assay, respectively. As shown in Figure 5A,
cryptotanshinone-treated groups inhibited cell prolifera-
tion in BT474 and MDA-MB-231 cells, compared with
WT. Furthermore, more apoptosis was observed in the
groups with cryptotanshinone (apoptosis ratio: cryptotan-
shinone group in BT474, 29.87+0.91%; in MDA-MB-
231, 35.93+0.42%; WT group in BT474, 4.1+0.26%;
in MDA-MB-231, 5.53+0.42%) (Fig. 5B). These results
suggested that treatment with a STAT3 inhibitor inhibited
cell proliferation but increased cell apoptosis.

Figure5. Inhibitor of STAT3 inhibited cell proliferation but increased cell apoptosis. (A) Cell proliferation was measured after treat-
ment with cryptotanshinone by CCK-8 in BT474 (a) and MDA-MB-231 (b). (B) Cell apoptosis was measured after treatment with
cryptotanshinone by flow cytometry in BT474 (a) and MDA-MB-231 (b). cryptotanshinone: cells treated with cryptotanshinone.

***p<0.001 versus WT.
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Overexpression of TRIM14 Promoted Cell Proliferation
but Inhibited Cell Apoptosis

TRIM14 overexpression or vector lentivirus was trans-
duced into BT474 for 48 h. Expression of TRIM14 was
highly increased in the TRIM14 overexpression group
compared with the vector group (Fig. 6A). Overexpression
of TRIM14 promoted the proliferation of BT474 cells,
compared with cells transduced with vector (Fig. 6B).
Furthermore, the expression of BAX was downregulated
while the expression of BCL2 was upregulated after
TRIM14 overexpression. Interestingly, TRIM14 over-
expression could inhibit SHP-1 and promote p-STAT3
(Fig. 6C). These results indicated that overexpression of
TRIM14 promoted cell proliferation but inhibited cell
apoptosis. TRIM14 overexpression could upregulate the
expression of p-STAT3.

DISCUSSION

TRIM14 is a member of the TRIM family. Some
TRIM family proteins play a key role in tumor progres-
sion. TRIM family members participate in a range of
biological processes, such as cell growth, development,
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apoptosis, transcriptional regulation, and cellular differ-
entiation®. Recent studies have reported the upregulation
of TRIM14 in many tumor cell lines®®***. For example,
overexpression of TRIM14 enhances proliferation, cell
cycle progression, clone formation, migration, and inva-
sion in osteosarcoma cells®. However, the function and
expression of TRIM14 in breast cancer remain unclear.
Our data showed that upregulation of TRIM14 in breast
cancer tissues and cell lines (Fig. 1). TRIM14 knockdown
inhibited cell proliferation but increased cell apoptosis in
BT474 and MDA-MB-231 cells. Conversely, overexpres-
sion of TRIM14 promoted cell proliferation but inhibited
cell apoptosis (Fig. 6).

To explore the mechanisms, we detected the expression
levels of some tumor-related proteins. As reported, BCL2
family members include cell apoptosis suppressors (such
as BCL2 and BCL-w) and proapoptotic inducers (such
as BAX)*. BCL2 is an antiapoptotic molecule promoting
cancer cell survival through the mitochondrial apoptotic
pathway®*. BAX is a molecule needed for cell apopto-
sis. In particular, the balance between BAX and BCL2 is
important for the regulation of apoptosis®. In this study,
knockdown of the expression of TRIM14 inhibited the

Figure6. Overexpression of TRIM14 enhanced cell proliferation but inhibited cell apoptosis. (A) Expression of TRIM14 was detected
by real-time PCR and Western blot. (B) Cell proliferation was measured after transduction with TRIM14 overexpression and vector
lentivirus by CCK-8 in BT474. (C) Expressions of SHP-1, BAX, BCL2, and p-STAT3 were detected by Western blot after transduction
in BT474. VECTOR, vector lentivirus transduced cells; TRIM14, TRIM14 overexpression lentivirus transduced cells. ***p<0.001

versus VECTOR.
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expression of BCL2 while increasing the expression of
BAX. Conversely, overexpression of TRIM14 increased
the expression of BCL2 while inhibiting the expression
of BAX.

STAT3 is an oncogenic transcription factor, and hyper-
activation of STAT3 has been found in many human
cancers. STAT3 activation plays a key role in several cel-
lular processes such as cell survival, proliferation, inva-
sion, migration, and cell apoptosis®. Not only is SHP-1
an SH2-containing protein, but it also is a nonreceptor
phosphatase'?. SHP-1 could silence the JAK/STAT path-
way by dephosphorylating STAT3". Targeting the SHP-
1/p-STAT3 signaling pathway may be a novel strategy
for breast cancer®®. Here we found that knockdown
of the expression of TRIM14 promoted SHP-1 while
inhibiting p-STAT3 (Fig. 4). Conversely, overexpression
of TRIM14 downregulated SHP-1 while upregulating
p-STAT3 (Fig. 6).

In conclusion, TRIM14 was upregulated in both tis-
sues and cell lines of human breast cancer. Knockdown
of TRIM14 inhibited cell proliferation but increased cell
apoptosis. Furthermore, the balance between BAX and
BCL2 and the SHP-1/p-STAT3 signaling pathway was
disturbed by TRIM14, which induced breast cancer ini-
tiation and progression. Our results suggest that TRIM14
acts as an oncogene in human breast cancer and thus
may be a potential target for treatment.
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