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Tripartite motif-containing protein 6 facilitates growth and migration 
of breast cancer through degradation of STUB1
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Proteins in the tripartite motif-containing protein (TRIM) family participate in carcinogenesis. However, little
attention was paid to the role of TRIM6 in development of breast cancer. Our results showed that the expression
level of TRIM6 was found to be markedly enhanced in breast cancer cells and tissues. Functional assays
demonstrated that overexpression of TRIM6 promoted breast cancer progression through increasing the expres-
sion of YAP1 (Yes-associated Protein 1), while knockdown of TRIM6 suppressed in vitro breast cancer pro-
gression and in vivo tumor growth through decreasing of YAP1. Co-Immunoprecipitation showed that TRIM6
interacted with STUB1 (stress induced phosphoprotein 1 homology and U-box containing protein 1). TRIM6
promoted ubiquitination-mediated degradation of STUB1 thereby promoting YAP1 signaling. Overexpression
of STUB1 attenuated TRIM6-induced promotion of breast cancer growth. In conclusion, TRIM6 contributed
to breast cancer progression through ubiquitination-dependent proteasomal degradation of STUB1 and provo-
cation of YAP1 pathway, providing potential therapeutic target for breast cancer.
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Introduction
Breast cancer is one of the most common tumors and the sec-

ond leading cause of cancer-related deaths in women.1 Although
the development of antitumor drugs and diagnostic methods have
greatly improved the overall survival rates of patients with breast
cancer, the metastatic breast cancer hampered the effectiveness of
antitumor drugs.2 Considering that plenty of factors, including
chemokines, cytokines or growth factors, have been shown to be
responsible for the metastasis of breast cancer,3 the molecular
mechanisms involved in tumor growth, migration and invasion
have not been fully elucidated. Strategies to retard metastasis of
breast cancer are crucial for the treatment of patients with metastat-
ic breast cancer. Proteins in tripartite motif-containing protein
(TRIM) family are also known as RING-B-box-coiled-coil pro-
teins, and function as E3 ubiquitin ligase to participate in biologi-
cal process, including cell development, apoptosis and autophagy.4
Increasing evidence showed that TRIM was implicated in various
pathological conditions through ubiquitination of downstream tar-
gets.5 Dysregulation of TRIM can lead to a variety of diseases,
including developmental disorders, immunological disease, and
cancer.6 TRIM6, belonging to TRIM protein family, contains con-
ventional tripartite motif and acts as an E3 ubiquitin ligase during
virus replication.7 TRIM6 demonstrated antiviral response through
activation of IKKε,8 and interacted with Myc to reduce its tran-
scriptional activity during differentiation of stem cells.9 Recently,
TRIM6 was reported to be upregulated in colorectal cancer cells,
and promoted ubiquitination of anti-proliferative gene, TIS21, to
facilitate the tumor progression.10 However, the role and mecha-
nism of TRIM6 in breast cancer remain unclear.

In the present study, we firstly investigated the expression level
of TRIM6 in breast cancer cells and tissues, and found that the
expression of TRIM6 was significantly enhanced in breast cancer.
Further functional assays were performed to evaluate the role of
TRIM6 in breast cancer progression, and the results suggested the
pro-proliferative role of TRIM6 in breast cancer growth.
Moreover, interference of TRIM6 demonstrated suppressive
effects on in vivo breast cancer growth. TRIM6 functioned as an
E3 ligase to promote the ubiquitination-mediated degradation of
STUB1 (stress induced phosphoprotein 1 homology and U-box
containing protein 1). Results in this study might provide novel
potential therapeutic target for breast cancer.

Materials and Methods

Tumor tissues and immunohistochemistry
Eighty-five paired breast tumor tissues and adjacent non-tumor

tissues were collected from patients who underwent surgery at
Institute of Fudan-Minhang Academic Health System, Minhang
Hospital, Fudan University from March 2014 to September 2018.
Informed consents were obtained from all the patients included in
this study, and patients with chemotherapy or radiation therapy
were excluded. The procedure was approved by Fudan-Minhang
Academic Health System, Minhang Hospital, Fudan University,
and in accordance with the 1964 Helsinki Declaration and its later
amendments for ethical research involving human subjects. For
immunohistochemical analysis of TRIM6 expression in breast
tumor tissues and normal tissues, formalin-fixed and paraffin-
embedded tissues were cut into 5 μm sections. Following
deparaffinization in xylene and rehydration in series of ethanol
solutions, the sections were incubated with 0.01 M sodium citrate
(pH 6.0) for antigen retrieval, and 3% hydrogen peroxide for

blocking of endogenous peroxidase activity. Sections were pre-
incubated with 5% normal goat serum before incubation with anti-
bodies against TRIM6 (1:100 diluted in phosphate buffered saline;
Abcam, Cambridge, MA, USA) at 4°C overnight. Following incu-
bation with biotinylated secondary antibody (1:500 diluted in
phosphate buffered saline; Abcam) at 37 °C for 20 min and strepta-
vidin-biotin peroxidase complex solution, the sections were per-
formed with Pierce™ DAB Substrate Kit (Thermo Fisher
Scientific, Carlsbad, CA, USA) and counterstaining with haema-
toxylin solution. The representative images were observed under
optical microscope (Carl Zeiss, Jena, Germany).

Cell lines
Human normal breast cell line (Hs 578Bst) and breast cancer

cell lines (BT-20, MDA-MB-231, MDA-MB-436, MDA-MB-157)
were acquired from Genechem (Shanghai, China). Following iden-
tification via short tandem repeat analysis, cells were cultured in
RPMI 1640 medium (PAA Laboratories GmbH, Cölbe, Germany)
containing 10% fetal bovine serum (Gibco, Mississauga, ON,
Canada) in a 37°C incubator. 

Plasmid construction and cell transfection
Full length of TRIM6 and STUB1 were constructed into

pcDNA3.1 vector (Invitrogen, Carlsbad, CA, USA). shRNAs tar-
geting TRIM6 (sh-TRIM6 #1 and #2) were synthesized by
RiboBio (Guangzhou, China). Stable MDA-MB-231 cells trans-
fected with sh-TRIM6 #1 or negative control (shNC) were
obtained from Genechem. Briefly, lentiviral-mediated silence of
TRIM6 by shTRIM6 or the negative control (shNC) were generat-
ed by Genechem, and then transfected into HEK-293T cells to har-
vest the lentiviruses. The lentiviruses were transfected into MDA-
MB-231 cells with 8 mg/mL polybrene through ViraPower™
Packaging Mix. Cells with stable silence of TRIM6 was obtained
following treatment with 5 μg/mL puromycin for seven days.
MDA-MB-231 or MDA-MB-157 cells were transfected with
pcDNA vectors or shRNAs via Lipofectamine 2000 (Invitrogen).

Cell viability and proliferation
MDA-MB-231 or MDA-MB-157 with indicated transfections

were seeded into 96-well plates for 24 h. Cells were then incubated
with 20 μL CCK8 solution (Dojindo, Tokyo, Japan) at an every 24 h
intervals (0, 24, 48, 72 h). 2 h later, the absorbance at 450 nm of
each well was measured by Microplate Autoreader (Thermo
Fisher). For cell proliferation assay, MDA-MB-231 or MDA-MB-
157 cells with indicated transfections were seeded into 6-well
plates and cultured in medium for two weeks. Paraformaldehyde-
fixed and crystal violet-stained colonies were observed under
microscope (Carl Zeiss).

Cell migration and invasion
MDA-MB-231 or MDA-MB-157 cells with indicated transfec-

tions were seeded into 6-well plates and scratched by pipette tips.
24 h later, the wounds were photographed and calculated by micro-
scope (Carl Zeiss). MDA-MB-231 or MDA-MB-157 cells with
indicated transfections were suspended in fetal bovine serum free
medium and seeded into the upper chamber of Matrigel-coated
(BD Biosciences, Bedford, MA, USA) well (Merck KGaA,
Darmstadt, Germany). Medium containing 20% fetal bovine serum
was placed into the lower chamber; 24 h later, the invasive cells in
the lower chamber were fixed with paraformaldehyde and stained
with crystal violet before observation at microscope (Carl Zeiss).

Co-immunoprecipitation (Co-IP) and ubiquitination
assays

Flag-labeled TRIM6 or HA-labeled STUB1 were constructed
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into pcDNA3.1 vector (Invitrogen), and then transfected into
HEK-293T cells. Cells were lysed in Pierce™ IP Lysis Buffer
(Thermo Fisher Scientific), and incubated with specific antibodies
against Flag or HA (Abcam). Antibody against normal IgG was
used as negative control. Following incubation with protein G
Sepharose beads (GE Healthcare, Eindhoven, The Netherlands),
the mixture was performed with Western blot analysis via anti-
TRIM and anti-STUB1 antibodies. For ubiquitination assay,
MDA-MB-231 cells with or without transfection with pcDNA-
TRIM6 were incubated with 10 μM MG132 for 4 h. Cells were
lysed in the Lysis Buffer (Thermo Fisher Scientific), and incubated
with specific antibody against STUB1 (Abcam). Following incu-
bation with protein G Sepharose beads (GE Healthcare), the mix-
ture was performed with Western blot analysis via anti-ubiquitin
antibody.

Cell treatment
MDA-MB-231 cells with transfection with pcDNA-TRIM6 or

empty vector were treated with 5 μM cycloheximide (CHX) for 1,
2, 4 or 8 h before Western blot analysis via anti-STUB1 antibody.

Xenograft tumor assay
Experimental procedures involved in animal were followed the

criteria of National Institutes of Health Laboratory Animal Care
and Use Guidelines. The procedure was approved by Fudan-
Minhang Academic Health System, Minhang Hospital, Fudan
University Twelve BALB/c nude mice (female, 5-week-old, 20-22 g
weight; SLAC Laboratory Animal Co. Ltd, Shanghai, China) were
separated into two groups. Mice in each group were subcutaneous-
ly injected with stable MDA-MB-231 cells transfected with sh-
TRIM6 #1 or shNC suspended in 100 μL phosphate-buffered
saline. Tumor volume was monitored every 3 days. Twenty-seven
days later, all mice were sacrificed and tumor tissues were dissect-
ed, weighed and photographed. The tumor tissues were then sub-
jected with immunohistochemistry analysis of TRIM6, STUB1,
YAP1 and Ki-67 according to the aforementioned method.

qRT-PCR
RNAs were extracted from tumor and normal tissues by

TRIzol reagent (Invitrogen), and then converted into cDNAs
through PrimeScript™ RT-PCR kit (Takara, Tokyo, Japan).
Relative expression of TRIM6 was performed by SYBR Green
PCR Master Mix (Takara) with procedure: 95°C for 3 min, 40
cycles with 95°C for 15 s, 60°C for 15 s, and 95°C for 15 s. β-actin
was used as endogenous control. The primer sequences are shown
in Table 1.

Western blot
Cells or tissues were lysed in the Lysis Buffer (Thermo Fisher

Scientific), and the protein concentration was determined by BCA
Protein Assay Kit (Beyotime, Jiangsu, China). Proteins were sepa-
rated with SDS-PAGE and transferred to nitrocellulose membranes

(Beyotime). Membranes were blocked with 5% skim milk in PBS
and then incubated with specific antibodies against TRIM6
(1:2500, Abcam), PCNA (1:2500, Abcam), p21 (1:2500, Abcam),
E-cadherin (1:3000, Abcam), MMP2 (1:3000, Abcam), STUB1
(1:3000, Abcam), ubiquitin (1:3000, Abcam), YAP1 (1:3500,
Abcam) and β-actin (1:3500, Abcam). Following incubation with
horseradish peroxidase-conjugated secondary antibodies (1:5000,
Beyotime), the membranes were performed with Pierce™ DAB
Substrate Kit (Thermo Fisher Scientific) and the images were ana-
lyzed by ImageJ 1.50i (National Institutes of Health, Bethesda,
MD, USA).

Statistical analysis 
Data, presented as the mean ± SD, were analyzed via

GraphPad Prism version 6.0 (GraphPad, San Diego, CA, USA).
Statistical difference was determined through one-way analysis of
variance and student’s t-test, and p<0.05 was considered statistical-
ly significant.

Results

Aberrant expression of TRIM6 in breast cancer
To evaluate possible role of TRIM6 in breast cancer, the

expression level was determined by qRT-PCR, Western blot and
immunohistochemistry analysis. Results showed that both of
mRNA (Figure 1A) and protein (Figure 1 B,C) expression of
TRIM6 were markedly increased in breast cancer tissues compared
to adjacent non-tumor tissue. Similarly, a significant up-regulation
of TRIM6 was verified in breast cancer cell lines (BT-20, MDA-
MB-231, MDA-MB-436, MDA-MB-157) compared to human
normal breast cell line (Hs 578Bst) through Western blot analysis
(Figure 1D), suggesting the possible regulatory role of TRIM in
breast cancer.

TRIM6 contributed to breast cancer cell growth
The biological effects of TRIM6 on breast cancer was evaluat-

ed by gain- and loss- of functional assays. Western blot analysis
confirmed the transfection efficiency of pcDNA-TRIM6 and sh-
TRIM6 in MDA-MB-231 and MDA-MB-157 cells (Figure 2A).
Meanwhile, sh-TRIM6#1 showed lower expression than sh-
TRIM6#2 (Figure 2A), which was used in the subsequently loss-of
functional assays. Forced TRIM6 expression promoted cell viabil-
ity (Figure 2B) and proliferation (Figure 2C) of MDA-MB-231
and MDA-MB-157 cells, while the cell viability (Figure 2B) and
proliferation (Figure 2C) of MDA-MB-231 and MDA-MB-157
cells was repressed by transfection with sh-TRIM6#1.
Transfection with pcDNA-TRIM6 demonstrated higher expression
of PCNA (proliferating cell nuclear antigen) and lower expression
of p21 than that of vector (Figure 2D), while sh-TRIM6#1 trans-
fection indicated opposite effect (Figure 2D), suggesting that
TRIM6 contributed to breast cancer cell proliferation and cell
cycle. Moreover, cell migration (Figure 3A) and invasion (Figure
3B) of MDA-MB-231 and MDA-MB-157 cells were also promot-
ed by over-expression of TRIM6, while inhibited by silencing of
TRIM. Protein expression of E-cadherin was suppressed, while
MMP2 was increased, by over-expression of TRIM6 (Figure 3C).
Transfection with sh-TRIM6#1 enhanced E-cadherin and reduced
MMP2 (Figure 3C), suggesting that TRIM6 contributed to breast
cancer cell progression.

TRIM6 contributed to ubiquitination-mediated degra-
dation of STUB1

To elucidate the molecular mechanism of TRIM6-mediated

[page 49]

Table 1. Primer used in this study.

ID                                                      Sequence (5’- 3’)

β-actin F                                                     GGGCATCCTGACCCTCAAG
β-actin R                                                    TCCATGTCGTCCCAGTTGGT
TRIM6 F                                                      CTTTCCCACTACTCTTTGTC
TRIM6 R                                                      TAAGCCTCAGGGTACTTATC
STUB1 F                                                   GAGCTGGACGGGCAGTCTGTG
STUB1 R                                               CAAAGTTGAGTCGCTGCTCCTTGG
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breast cancer progression, UbiBrowser (http://ubibrowser.
ncpsb.org/ubibrowser/) was used to predict the target of TRIM6
and the analysis showed that STUB1 might be the binding target of
TRIM6 (Figure 4A). Although TRIM6 had no significant effect on
mRNA expression of STUB1 in MDA-MB-231 and MDA-MB-
157 cells (Supplementary Figure S1), TRIM6 negatively regulated
protein expression of STUB1 in MDA-MB-231 and MDA-MB-
157 cells (Figure 4B). Co-IP validated the direct binding between
TRIM6 and STUB1 (Figure 4C). Forced TRIM6 expression pro-
moted the ubiquitination of STUB1 in MDA-MB-231 cells under
MG132 treatment (Figure 4D). Treatment with Cycloheximide
(CHX) showed a time-dependent down-regulation of STUB1 in
MDA-MB-231 cells (Figure 4E), and transfection with pcDNA-
TRIM6 aggravated the degradation of STUB1 (Figure 4E). These
results revealed that TRIM6 binds to STUB1 and contributes to
ubiquitination-mediated degradation of STUB1 in breast cancer
cell.

TRIM6 promoted YAP1 pathway to destabilize STUB1
To investigate the downstream signaling pathway involved in

TRIM6/STUB1-mediated breast cancer progression, Western blot
was performed and showed that YAP1 pathway was validated to be
involved in TRIM6-mediated STUB1 degradation. TRIM6 posi-
tively modulated YAP1 expression in MDA-MB-231 and MDA-
MB-157 cells (Figure 5A). Over-expression of STUB1 attenuated
TRIM6-induced increase in YAP1 in MDA-MB-231 and MDA-
MB-157 cells (Figure 5B), suggesting that TRIM6 promoted YAP1
pathway to destabilize STUB1 in breast cancer cells.

STUB1 participated in TRIM6-mediated breast cancer
progression

Functional assays were performed to investigate role of
TRIM6/STUB1 axis in breast cancer progression. Data from
CCK8 assay showed that over-expression of STUB1 attenuated
TRIM6-induced increase in MDA-MB-231 cell viability (Figure
6A). Moreover, TRIM6-induced promotion of cell migration
(Figure 6B) and invasion (Figure 6C) in MDA-MB-231 cells was
also reversed by STUB1 over-expression, demonstrating that
TRIM6 contributed to breast cancer progression through regula-
tion of STUB1.

Figure 1. Aberrant expression of TRIM6 in breast cancer. A) mRNA expression of TRIM6 was increased in breast cancer tissues com-
pared to adjacent non-tumor tissue. B) Protein expression of TRIM6 was increased in breast cancer tissues compared to adjacent non-
tumor tissue. C) Immunohistochemistry analysis showed upregulation of TRIM6 in breast cancer tissues compared to normal tissues;
scale bars: 200 μm. D) TRIM6 was upregulated in breast cancer cell lines (BT-20, MDA-MB-231, MDA-MB-436, MDA-MB-157)
compared to human normal breast cell line (Hs 578Bst); *p<0.05, ***p<0.001.
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Knockdown of TRIM6 repressed in vivo breast cancer
growth

To elucidate in vivo regulatory role of TRIM6 in breast cancer,
stable MDA-MB-231 cells transfected with sh-TRIM6 #1 or shNC
were subcutaneously injected into nude mice. The breast tumor
growth was inhibited by sh-TRIM6 with reduced tumor volume

and weight (Figure 7A). Moreover, immunohistochemical analysis
showed that TRIM6, YAP1 and Ki-67 were reduced in tumor tis-
sues isolated from mice injected with sh-TRIM6 (Figure 7B),
while STUB1 was enhanced by sh-TRIM6 (Figure 7B). These
results further verified the positively regulatory role of TRIM6 in
breast cancer growth.

[page 51][European Journal of Histochemistry 2021; 65:3214]

Figure 2. TRIM6 contributed to breast cancer cell growth. A) Transfection efficiency of pcDNA-TRIM6 and sh-TRIM6 in MDA-MB-
231 and MDA-MB-157 cells was detected by Western blot analysis. B) Forced TRIM6 expression promoted cell viability of MDA-MB-
231 and MDA-MB-157 cells, while knockdown of TRIM decreased the cell viability. C) Forced TRIM6 expression promoted cell pro-
liferation of MDA-MB-231 and MDA-MB-157 cells, while knockdown of TRIM decreased the cell proliferation. D) Forced TRIM6
expression promoted protein expression of PCNA and inhibited p21 in MDA-MB-231 and MDA-MB-157 cells, while knockdown of
TRIM decreased PCNA and increased p21; *p<0.05, **p<0.01, ***p<0.001.
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Figure 3. TRIM6 contributed to breast cancer cell migration and invasion. A) Forced TRIM6 expression promoted cell migration of
MDA-MB-231 and MDA-MB-157 cells, while knockdown of TRIM decreased the cell migration; scale bars: 200 μm. B) Forced TRIM6
expression promoted cell invasion of MDA-MB-231 and MDA-MB-157 cells, while knockdown of TRIM decreased the cell invasion;
scale bars: 100 μm. C) Forced TRIM6 expression promoted protein expression of MMP2 and inhibited E-cadherin in MDA-MB-231
and MDA-MB-157 cells, while knockdown of TRIM decreased MMP2 and increased E-cadherin; **p<0.01, ***p<0.001.

Figure 4. TRIM6 contributed to ubiquitination-mediated degradation of STUB1. A) Potential binding target of TRIM6 was predicted
through UbiBrowser (http://ubibrowser.ncpsb.org/ubibrowser/) analysis. B) TRIM6 negatively regulated protein expression of STUB1
in MDA-MB-231 and MDA-MB-157. C) TRIM6 directly binds to STUB1 via Co-IP analysis. D) Forced TRIM6 expression promoted
the ubiquitination of STUB1 in MDA-MB-231 under MG132 treatment. E) Transfection with pcDNA-TRIM6 aggravated CHX-
induced degradation of STUB1; **p<0.01, ***p<0.001.
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Figure 5. TRIM6 promoted YAP1 pathway to destabilize STUB1. A) TRIM6 positively modulated YAP1 expression in MDA-MB-231
and MDA-MB-157. B) Over-expression of STUB1 attenuated TRIM6-induced increase of YAP1 in MDA-MB-231 and MDA-MB-157;
*p<0.05, **p<0.01, ***p<0.001.

[European Journal of Histochemistry 2021; 65:3214]

Discussion
TRIMs have been shown to promote or suppress tumorigenic-

ity of breast cancer cells, thus enhancing or reducing colonization,
survival, and invasive capacities.11 TRIM44 enhanced NF-κB sig-
naling to promote breast cancer progression,12 and TRIM59 stabi-
lized programmed cell death protein 10 to promote the motility of
breast cancer cell.13 Considering that TRIM6 contributed to embry-
onic stem cell pluripotency,9 and promoted cell proliferation of col-
orectal cancer,10 the regulatory role of TRIM6 in breast cancer pro-
gression was then investigated in this study.

Upregulation of TRIM6 was verified in breast cancer cells and
tissues through qRT-PCR, Western blot and immunohistochemistry
analysis in this study. Functional assays revealed that TRIM6 con-

tributed to breast cancer cell proliferation, migration and invasion.
Knockdown of TRIM6 repressed in vivo breast cancer growth.
Interestingly, TRIM6 suppressed E-cadherin in breast cancer cells
to promote epithelial-to-mesenchymal transition and invasiveness.
Since epithelial-to-mesenchymal transition contributes to stem
cell-like properties,11 the effects of TRIM6 on other epithelial-to-
mesenchymal transition biomarkers and breast cancer stem cell
phenotype should be investigated in the further research.

TRIM6 functioned as an E3-ubiquitin ligase to destabilize
TIS21 during colorectal cancer progression.10-13 STUB1 was veri-
fied as binding target of TRIM6 in this study through Co-IP anal-
ysis, and TRIM6 contributed to ubiquitination-mediated degrada-
tion of STUB1 in breast cancer cells. STUB1 was also verified as
E3 ligase to participate in protein homeostasis involved in neu-
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rodegenerative diseases.14 STUB1 promoted ubiquitination-medi-
ated degradation of FOXP3 during gastric cancer progression.15

STUB1 suppressed stemness and tumorigenicity of oral carcinoma
cell,16 and downregulation of STUB1 promoted epithelial-mes-
enchymal transition of ovarian cancer.17 Recent study has shown
that STUB1 was aberrantly expressed in breast cancer,18 and
STUB1 promoted ubiquitin/proteasome-dependent degradation of
ERBB2-mediated oncogenes in breast cancer.19 Our results showed
that over-expression of STUB1 attenuated TRIM6-induced
increase in breast cancer cell proliferation, migration and invasion.
Moreover, reduction of STUB1 was found to release pro-onco-
genic pathway, including matrix-degrading enzyme, to promote
breast cancer progression.19 Our result also confirmed that forced
TRIM6 expression promoted MMP2 expression in breast cancer
cells, thus unleashing the pro-oncogenic pathway.

STUB1 directly interacted with stemness factor, OCT4, to
destabilize OCT4 and promote breast cancer stem cell phenotype

and tumorigenesis.20 The downstream target involved in
TRIM6/STUB1 axis-mediated breast cancer progression was also
validated in this study. Our results showed that YAP1 signaling
was promoted by TRIM6 in breast cancer. Previous study has
shown that YAP1 was a component of Hippo pathway and partici-
pated in tumor growth.21 YAP1 demonstrated oncogenic activities
in breast cancer,22 and over-expression of YAP1 was found to be
associated with poor prognosis of patients with breast cancer.23

YAP1 functioned as an oncogene to promote breast cancer sur-
vival,24 and repression of YAP1 contributed to suppression of
breast cancer progression.25,26 YAP1 was reported to be the target
of STUB1 in gastric cancer cells,27 and our results showed that
forced STUB1 attenuated TRIM6-induced increase in YAP1. In
addition, knockdown of TRIM6 repressed in vivo breast cancer
growth through increasing of STUB1 and decreasing of YAP1.
Therefore, results in this study suggested that TRIM6 contributed
to breast cancer progression through ubiquitin-dependent degrada-

                             Article

Figure 6. STUB1 participated in TRIM6-mediated breast cancer progression. A) Over-expression of STUB1 attenuated TRIM6-induced
increase of MDA-MB-231 cell viability. B) Over-expression of STUB1 attenuated TRIM6-induced increase of MDA-MB-231 cell migra-
tion.; scale bars: 200 μm. C) Over-expression of STUB1 attenuated TRIM6-induced increase of MDA-MB-231 cell invasion; scale bars:
100 μm; **p<0.01, ***p<0.001.
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[page 55][European Journal of Histochemistry 2021; 65:3214]

tion of STUB1, and promoting of oncogene, YAP1. TRIM6 was
reported to interact with IKKε,6 and STUB1 retarded NF-κB-tar-
geted oncogenes in colorectal cancer.28 STUB1 also promoted the
degradation of TRAF2 and inactivation of NF-κB to suppress
breast cancer cell invasion.29 Whether NF-κB is also implicated in
TRIM6/STUB1-mediated breast cancer progression needs to be
further investigated.

In conclusion, enhanced TRIM6 expression in breast cancer
cells and tissues promoted the degradation of STUB1 and promot-
ed YAP1 signaling to facilitates breast cancer growth and migra-
tion, providing potential therapeutic target for breast cancer.
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