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BRMS| downregulation is a poor prognostic
biomarker in anaplastic thyroid carcinoma patients
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Background: Anaplastic thyroid carcinoma (ATC) is the most aggressive cancer in humans
with no optimal treatment strategy available. The molecular mechanisms of ATC remain
unclear. The aim of this study was to investigate the prognostic value and role of BRMSI1 in
the progression of ATC.

Methods: BRMSI1 expression was examined in thyroid cell lines using Western blot
analysis. Immunohistochemistry was also performed to assess BRMS1 expression in ATC
and papillary thyroid cancer (PTC) tissue. Cell proliferation assays, colony formation
analysis, cell migration assays, cell apoptosis analysis, and animal studies were used to
examine the effects of BRMS1 expression on ATC progression.

Results: The expression of BRMS1 was significantly lower in ATC than in PTC and was
associated with poor prognosis in ATC patients. Downregulation of BRMSI1 expression
promoted the proliferation and migration of 8505C cells and decreased their expression of
CX43. Over-expressed BRMSI1 promoted the apoptosis and impaired the proliferation and
migration of CAL-62 cells via upregulated CX43. In vivo, BRMSI significantly promoted
apoptosis and impaired cell proliferation.

Conclusion: Taken together, these findings demonstrate that decreased expression of
BRMSI is a poor prognostic biomarker in ATC patients. BRMS1 significantly promoted
apoptosis and impaired cell proliferation via CX43 and P53. Loss of BRMSI1 expression is
therefore, one of the key pathomechanisms in ATC.
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Introduction

Thyroid cancer (TC) is the most common malignancy of the endocrine system.' For
most TC patients, the standard treatment (surgery followed by either radioactive
jodine or observation) can promise an excellent prognosis.> Anaplastic thyroid
carcinoma (ATC) is a rare subtype of TC, only accounting for 1-2% of TC.
However, the mortality rate of ATC approaches 100% with an average survival
time of 3—6 months, rendering it the most aggressive cancer in humans.? Because of
the rarity of this subtype, the management of ATC patients is based on clinical
experience and published case series. ATCs often develop into inoperable and
metastatic tumors, and the conventional treatment for ATC has failed to prevent
ATC progression. Although the optimal treatment strategy remains unclear, patients
usually undergo multimodal therapy, including tumor debulking surgery, external
beam radiation, combination chemotherapy, systemic therapy, and palliative care.*
Unfortunately, despite improvements in every component of multimodal therapy,
the prognosis of ATC and the prevention of recurrent disease are still poor; over the
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past 30 years, the survival rate of ATC patients has
remained unchanged.” In order to develop effective ther-
apeutic interventions, we urgently need to understand the
molecular mechanisms of ATC.®

Breast cancer metastasis suppressor 1 (BRMS1), which
maps to chromosome 11ql3, was first identified as a
metastasis suppressor gene in breast cancer cell lines.”
The expression of BRMS1 is now regarded as a biomarker
for predicting the prognosis of patients with various kinds
of cancer. In nasopharyngeal carcinoma (NPC), the over-
expression of BRMSI significantly reverses the metastatic
phenotype, and low expression of BRMSI1 is associated
with the poor prognosis of NPC patients.® In osteosar-
coma, low BRMSI is correlated with metastasis and poor
patient survival.” These studies indicate that BRMS1 plays
an important role in the progression of tumors. However,
the prognostic value of its expression and the pathways
regulated by BRMSI1 in ATC are still unknown. The aim
of this study was to investigate the prognostic value and
role of altered BRMSI1 expression in ATC.

Methods

Ethics statement

This study was approved by the Research Ethics
Committee of tianjin medical university cancer institute
and hospital. The informed written consents were collected
from all enrolled patients and the entire study was per-
formed based on the Declaration of Helsinki.

Cell culture and transfection
Human ATC cell lines (CAL-62 and 8505C) were obtained
from the American Type Culture Collection. 8505C was
maintained in RPMI 1640 medium supplemented with
10% fetal bovine serum (FBS). CAL-62 cells were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% FBS. Both cell lines were authen-
ticated by short tandem repeat (STR) analysis. Cells were
transfected using RNAiMix (Invitrogen) according to the
manufacturer’s instructions. To investigate the role of
BRMS1 in ATC progression and whether regulating
CX43 expression was the key downstream mechanism,
we used siRNA to decrease BRMS1 and CX43 expression.
The siRNA-BRMSI1 (siBRMS1), siRNA-CX43 (siCX43),
and siNC were synthesized by Sigma-Aldrich (St. Louis,
MO, USA). SiRNA ID was listed (Table 1) as follows:
Plasmid pcDNA3-Flag-BRMSI
from syngentech (Beijing, China).

and were obtained

Table | The siRNA-BRMSI (siBRMSI), siRNA-CX43 (siCX43),
and siNC were synthesized by Sigma-Aldrich

SiRNA ID
siBRMSI -1 SASI_Hs02_00307294
siBRMS|-2 SASI_Hs02_00307295
siCX43 SASI_Hs01_00133890

Immunoblot analyses and antibodies

One normal thyroid cell line (N1), four PTC cell lines (TPC-1,
BCPAP, Kland IHH4), three ATC cell lines (CAL-62, 8305C
and 8505C) and transfected cell lines were lysated for immu-
noblot analyses. Cell lysates were measured by BCA protein
assay reagent (Solarbio, Beijing, China). Cell lysates were
resolved by SDS-PAGE and immunoblotted with indicated
antibodies. The related antibodies we used includes anti-
BRMS1 (ab134968, abcam), anti-CX43 (3512, Cell
Signaling), anti-P53 (2527, Cell Signaling), anti-Bcl2
(15071, Cell Signaling), anti-Bax (5023, Cell Signaling) and
anti-GAPDH (5174, Cell Signaling).

Immunohistochemical staining

ATC tissue specimens were obtained from patients who
underwent surgery at Tianjin Medical University Cancer
Institute and Hospital. Two experienced pathologists
established the diagnosis of ATC and other characteristic
pathological parameters. Briefly, 27 cases of ATC tissue
specimens were blocked with 3% H202 for 30 mins.
Tissue sections were incubated with primary antibodies
against BRMS1, CX43 and CC3 (9664, Cell Signaling
Technology). Sections were incubated with anti-mouse/
rabbit horseradish peroxidase at room temperature for
30 min followed by staining with DAB substrate.
Samples were counterstained with hematoxylin for three
minutes. Two pathologists blinded to the clinicopathologi-
cal information independently examined the stained slide.

Cellular migration assays

Cell migration was assessed by plated in a 24-well plate
8.0-um chamber insert according to the manufacturer’s
protocol. 30,000 cells (8505C, CAL-62, and transfected
cells, respectively) were seeded in serum-free medium on
the top of insert. After incubation at 37 °C for 6 hrs, the
cells in the upper chamber were carefully scraped with a
cotton swab, and the cells passing through the membrane
were fixed in methanol and stained with crystal violet blue.
Five separate areas under the filter were photographed and
counted with microscope.
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Cell proliferation assay

CCK-8 (Beyotime, Nantong, China) was used to analyze
the cell proliferation. 1000 cells (8505C, CAL-62, and
transfected cells, respectively) suspended in 100 pl
DMEM medium containing 10% fetal bovine serum were
inoculated into 96-well plates for 0, 24, 48, 72 and 96 hrs,
and 10 pl CCK-8 solution was added into each hole, and
the culture was incubated at 37 °C for 2 hrs. Absorption at
450 nm was measured on the ELX-800 spectrometer
reader.

Colony forming assay

For colony forming assay, cells were seeded in a 6-well
plate at 500 cells per well in duplicates and cultured for
8 days. Cells were then stained with 0.05% crystal violet
before photographing.

Cell apoptosis analysis

The cell apoptosis was evaluated by flow cytometry by using
a fluorescein isothiocyanate (FITC) Annexin V apoptosis kit
(BD Pharmingen, Franklin Lakes, NJ, USA) according to

manufacturer’s instructions.

Animal studies

6-week-old female BALB/C nude mice (Charles River
Laboratories, Beijing, China) were subcutaneously injected
with 2x10° control or BRMS1-overexpressed CAL-62 cell
suspension. The formula for calculating the volume of
tumors is V=0.5 x long, x wide.? The tumors were measured
every three days. After harvesting, the tumors were fixed
overnight in formalin for immunohistochemical analysis.
All animal studies were approved by the institutional ethical
committee of Tianjin Medical University (permit # SYXK
2009-0001), and were in compliance with the principles and
procedures outlined in the NIH Guide for the Care and Use of
Laboratory Animals.

Statistical analysis

Statistical analyses were performed using SPSS v22.0
(IBM, NY, USA) or GraphPad Prism v6.02 (GraphPad
Software, La Jolla, CA). The results were repeated in at
least three times and are shown as the meantstandard
deviation. An unpaired z-test was used to calculate P-values
between different treatment cohorts. P<0.05 was consid-
ered as statistically significant.

Results
BRMSI is associated with the poor

prognosis of patients with ATC

We first investigated the clinical relevance of BRMSI1
expression in ATC patients. BRMS1 protein expression
was examined by immunohistochemical staining of tis-
sue samples derived from ATC (a total of 27 cases).
All ATC tissues were divided into two groups: low
BRMSI1 expression and high BRMSI
(Figure 1A). Both groups were subsequently assessed

expression

for associations with the survival outcomes of ATC
patients. Low BRMS1 expression correlated signifi-
cantly with a decreased survival time (Figure 1B).
BRMSI1 staining was further performed in 185 PTC
patient samples. All PTC tissues were divided into
two groups: low BRMS1 expression and high BRMSI
expression (Figure 1C). As shown in Figure 1D,
BRMSI1 expression was significantly higher in ATC
samples compared to PTC samples (73% vs 41%).
Next, we tested the expression of BRMSI1 in one thyr-
oid cell line, four PTC cell lines, and three ATC cell
lines. The expression of BRMS1 in the ATC cell lines
was significantly lower than in the thyroid cell line and
PTC cell lines (Figure 1E). The above data indicate
that decreased BRMS1 expression could be a candidate
biomarker of poor clinical
with ATC.

prognosis of patients

Downregulation of BRMSI expression

promotes the proliferation and migration
of 8505C cells

As cell proliferation and migration are important fac-
tors in tumor progression, and BRMS1 expression is
significantly reduced in ATC, we investigated the role
of BRMSI1 in ATC cell proliferation and migration.
First, we transfected the ATC cell line 8505C with
siRNA targeted toward BRMSI that
BRMS1 was downregulated in this cell line compared

and found

with the control cells (Figure 2A). Upregulation of
CX43 and p53 by BRMSI1 has been confirmed in
other cancers; therefore, we investigated the impact of
decreased BRMSI1 on the expression of CX43 and p53.
As expected, decreased expression of BRMSI1 signifi-
cantly downregulated the expression of CX43 and p53.
Expression of BCL2 was increased while that of BAX
remained contrast. Decreased expression of BRMSI
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Figure | BRMSI is associated with the poor prognosis of patients with ATC. (A-D) IHC was performed to assess the expression of BRMSI| in ATC and PTC. In Figure ID,
BRMSI expression was significantly higher in ATC samples compared to PTC samples. (E) Western blot was performed to assess the expression of BRMSI in thyroid cell

lines. *P<0.001.

increased cell viability, colony formation, and migra-
tion of the 8505C cell line after transfection with the
siRNA (Figure 2B-D). These results indicated that
downregulated BRMS1 expression affected CX43 and
p53 expression and was significantly correlated with
the increased cell
8505C cells.

proliferation and migration of

Over-expressed BRMSI| promotes the
apoptosis and impairs the proliferation
and migration of CAL-62 cells through
upregulated CX43

We transfected ATC cell line CAL-62 with plasmid
pcDNA3-Flag-BRMS1 that BRMSI

and found was
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Figure 2 Downregulation of BRMS| expression promotes the proliferation and migration of 8505C cells. (A) 8505C cells were transfected with two siRNAs of BRMS| and
control siRNA. After 48 hrs of incubation, immunoblot was carried out with indicated antibodies. Colony formation assay (B), cellular migration assay (C) and cell
proliferation assay (D) was performed in transfected cells. BRMSI- decreased 8505C cells were compared with control 8505C cells. *¥P<0.01, ***P<0.001.

upregulated in this cell line compared with the control cells
(Figure 3A), which significantly upregulated the expression
of CX43 and p53. Expression of BCL2 was decreased while
that of BAX remained constant (Figure 3A). Overexpression

of BRMSI reduced the cell proliferation, migration capacity,
and colony formation of the CAL-62 cell line (Figure 3B-D).
Flow cytometry showed that overexpression of BRMSI

induced massive cell apoptosis compared with the control

OncoTargets and Therapy 2019:12

submit your manuscript

6941

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Wu et al
N
S N
&> & W®
A N
P o @
BRUST s S -
Cx4s W S s
P53 M —
Boi2 WD s s— 00 e
Bax s SN S § 200 -
£
=
GAPDH " I a— 8 107
b?’
O
2
%p\ %\X 0 -
Q o W
N & ™ & & &
(&O AQ& e‘@ < &
[e) o) ) 3 N
C ¢ o 5 &
(o)
> 3 — Control
% ... OverBRMS1siCX43
8 24 * --- OverBRMS1
s P b
800 ] .- ]*
o 1 -t la
ke [ 4 o
600 2 5% e
. s g
£ 400 ol
z Oh 24h 48h 72h 96 h
S 200
0
&@\ s@" '0.‘_&"
< & &
& 6\"
S N
&
@
°~\
E Control OverBRMS1 OverBRMS1+siCX43
FEN LY az 107 a2
065 0.091 1.09
10 104"
10° 10
x a3 o q a3
3 0.058 4 274
1] 10 10 10 ‘ 1ID

Figure 3 Over-expressed BRMSI promotes the apoptosis and impairs the proliferation and migration of CAL-62 cells through upregulated CX43 (A) BRMSI-over-
expressing CAL-62 cells with siRNA to downregulate CX43 expression. Western bolt blot was carried out with indicated antibodies. Colony formation assay (B), cellular
migration assay (C), cell proliferation assay (D) and cell apoptosis analysis (E) was performed in transfected cells. BRMS|-overexpressing CAL-62 cells were compared with

control CAL-62 cells and siCX43-transfected BRMS|-overexpressing CAL-62 cells, respectively. ¥P<0.05, **P<0.01, ***P<0.001.

6942

submit your manuscript

Dove

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Wu et al

286600
6o O

w

1.5 -

1.0 4 °

Tumor Weight (g)

0.5 - oy
i:}}”Hl:rlH'Hg'lHl’Hg‘H\\ul!l\\Hi\l!luh.\lgr\ll‘\I}ri\lllu‘!ﬂéll\lwl\lgll\ll
0.0 T
N\
o D
& N
N
00 &Q'
o“‘e
o D
— Control over- BRMS1
‘e 1000 - Control o
§, 800 -=- overBRMS1
2 %
E 600 * BRMS1
S 400
— -8
o 200 -&
£
R P = S A —
0 4 8 12 16 20 24 28
Time (Day) CX43

CC3

Figure 4 BRMS| promotes apoptosis and impairs proliferation in vivo. (A) Images of dissected tumors from nude mice injected with and control CAL-62 cells. (B) Tumor
weights of control and BRMS|-overexpressing groups. (C) Tumor volumes of control and BRMS|-overexpressing groups. (D) BRMSI, CX43,and CC3 IHC staining of the
control and BRMS|-overexpressing tumors. BRMS |-overexpressing group was compared with control group. **P<0.01, ***P<0.001.

group (Figure 3E). To investigate whether BRMS1 down-
regulates p53 expression via CX43, we transfected BRMS1-
overexpressing CAL-62 cells with siRNA to downregulate
CX43 expression. Along with restored p53, BAX, and BCL2
expression, cell proliferation, migration, and colony forma-
tion also increased as expected (Figure 3A-D). The rate of
apoptosis also declined in the transfected cell line (Figure
3E). These data show that upregulated BRMSI1 induced
apoptosis and decreased the proliferation and migration of
ATC cells, through downregulation of p53 expression via
upregulated CX43.

BRMS| promotes apoptosis and impairs
proliferation in vivo

Next, our study sought to examine the in vivo efficacy of
BRMSI. For this purpose, a nude mice xenograft model was
implanted with either control CAL-62 cells or BRMSI-

overexpressing CAL-62 cells, and the expression of
BRMS1 was tested by immunostaining. As shown in
Figure 4A-C, overexpressed BRMS1 markedly reduced
tumor growth in mice. Xenografts isolated from the
BRMS1-overexpressed group had significantly more apop-
totic cells than those derived from the control group, as
measured by cleaved caspase-3 (CC3) staining (Figure 4D).
Compared with the control group, the expression of CX43
was also increased in the BRMSI-overexpressed group.
Altogether, these results demonstrate that BRMS1 promotes
apoptosis and impairs cell proliferation through CX43 both
in vitro and in vivo.

Discussion

BRMSI is a component of multiple SIN3-HDAC com-
plexes, which regulate various cellular pathways, including
the STAT3, p53, NF-kB, HDAC, and AKT pathways, pre-

venting metastasis and promoting apoptosis in a variety of
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cancer cells.” In glioma, BRMS1 overexpression inhibits
cell invasion, migration, and adhesion by suppressing
MMP-2 activity and the expression of NF-kB, MMP-2,
and uPA.'® In hepatocellular carcinoma, a novel transcript
variant of BRMS1 was found to regulate tumor growth and
apoptosis.'' In NSCLC cells, BRMS1 induces apoptosis via
the STAT3 pathway, suggesting a potential role for BRMS|1
in regulating NSCLC apoptosis and metastasis. '

Our study found that BRMS1 expression was signifi-
cantly lower in ATC than in normal thyroid tissue or PTC.
Furthermore, decreased BRMS|1 expression was associated
with poor patient prognosis, suggesting that loss of
BRMSI1 expression plays an important role in ATC pro-
gression. In vitro experiments showed that knocking down
BRMSI1 expression significantly increased the prolifera-
tion and migration of ATC cells. Overexpressing BRMS1
in CAL-62 cells caused the opposite phenotypes, inducing
apoptosis of ATC cells, which was consistent with other
experiments.

In breast cancer, Liu et al demonstrated that p53 acet-
ylation, not p53 expression, was affected by BRMSI.
BRMSI interacts with DBC1 to mediate SIRT1-dependent
p53 deacetylation.'”” However, in our study, BRMSI
expression significantly affected p53 levels, suggesting
BRMSI1 may affect p53 activity through different mechan-
isms. As a ubiquitous mode of communication between
cells, gap junctions are widely involved in regulating cell
proliferation, differentiation, apoptosis, and homeostasis.
As an important protein in gap junction-mediated intercel-
lular communication, abnormal CX43 expression has been
shown to be involved in the dysfunction of this form of
intercellular communication, playing a role in the progres-
sion of many malignant tumors.'* Thus, CX43 protein is a
useful biomarker for the early diagnosis of malignancies of

the breast, lung, and other organs,ls’16

as its expression
level is correlated with tumor progression and patient
prognosis. Jensen et al found that increased CX43 expres-
sion in thyroid cancer cells can significantly sensitize these
malignant cells to anoikis, suggesting that decreased CX43
expression is an important mechanism in thyroid cancer
progression.'” Saunders et al found that BRMSI expres-
sion in MDA-MB-435 cells dysregulated CX43 expres-
sion, leading to a phenotype in gap junction activity that
was similar to that of normal breast tissue.'® In head and
neck squamous cell carcinomas, CX43 expression was
positively correlated with p53 expression.'” Our study
confirmed that BRMS1 expression modulated CX43 and
p53 expression both in vivo and in vitro. In the 8505C cell

line, decreasing BRMS1 expression with siRNA signifi-
cantly dysregulated CX43 and p53 expression. In CAL-62
cells, overexpressing BRMS1 increased the expression of
CX43 and p53, while knocking down CX43 in BRMSI1-
overpressing CAL-62 cells significantly decreased p53
expression. Simultaneously, cell proliferation and inva-
siveness were restored, and apoptotic cells were reduced
after decreasing CX43 expression. In ATC, loss of BRMSI1
induced increased proliferation and migration of cancer
cells, along with downregulating p53 expression through
CX43.

In conclusion, decreased BRMS1 expression is a poor
prognostic biomarker in ATC patients. BRMSI1 signifi-
cantly promoted apoptosis and impaired proliferation via
CX43 and P53. Therefore, loss of BRMSI1 expression is
one of the key pathomechanisms of ATC.
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