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Abstract. - OBJECTIVE: This study aimed to
explore the expression characteristics of CD151
in breast cancer (BC) and to further study its
role in the development of BC and potential reg-
ulatory mechanisms.

PATIENTS AND METHODS: Quantitative Re-
al-Time Polymerase Chain Reaction (qRT-PCR)
was used to detect the level of CD151 in 82
pairs of BC tissues and adjacent normal ones,
and the relationship between CD151 expres-
sion and BC pathological parameters and prog-
nosis was analyzed. CD151 expression in BC
cells was further validated using qRT-PCR. The
CD151 knockdown model was constructed in BC
cell lines including MCF-7 and SKBR3 using the
small interference RNA. The cell counting kit-8
(CCK-8) and transwell assay were used to ana-
lyze the effect of CD151 on the biological func-
tion of BC cells, and finally Western blot was
performed to explore its underlying mechanism.

RESULTS: QRT-PCR analysis revealed that
CD151 level in BC tissues was strikingly higher
than that in normal ones, and the difference was
statistically significant. Compared with patients
with low CD151 level, patients with high CD151
level had worse tumor stage, lymph node metas-
tasis, and distant metastases. The higher the in-
cidence of metastasis, the lower the overall sur-
vival rate. Compared with the negative control
group, the ability of cell proliferation or invasion
and migration in the CD151 knockdown group
was significantly reduced. In addition, Western
blot results demonstrated that the levels of pro-
teins in TGF-B1/Smad pathway, including trans-
forming growth factor-B1 (TGF-B1), p-Smad2,
p-Smad3, N-cad, Vimentin and MMP-9, were re-
markably decreased in cells of si-CD151 group.

CONCLUSIONS: The expression of CD151
in BC was significantly increased, which was
found evidently associated with BC stage, lymph
node or distant metastasis, and poor prognosis.
Meanwhile, CD151 may promote the prolifera-
tion and invasion of BC by regulating TGF-p1/
Smad pathway.
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Introduction

Breast Cancer (BC) is a common malignancy
that seriously threatens human life and health'~.
According to published data, about 15% of new
female malignancy cases in China are breast can-
cer, which has become the highest incidence of
female malignant tumors in China, making it the
leading cause of death for women under 45-year-
old">*3, More grimly, the research data show that
the incidence and mortality of breast cancer in
China are rising, which has seriously jeopardized
women’s health and even life*. The morbidity
and mortality of patients with solid tumors are
generally caused by the loss of the normal func-
tions of the disseminated tumor cells. The migra-
tion of tumor cells has become a hot topic in the
study of the mechanism of cancer metastasis’™'.
Compared with primary tumors, metastatic tu-
mors cannot be surgically removed and are resis-
tant to chemotherapy, and 90% of cancer deaths
are caused by distant metastases'"'>. However, the
molecular mechanism mediating the migration of
breast cancer cells remain elusive, and the molec-
ular markers that predict their metastasis are still
limited®!°. The discovery of the key molecules
and regulatory pathways in the process of breast
cancer progression and metastasis is the focus of
breast cancer research, and it can help to guide
the early diagnosis and treatment of breast cancer
to reduce the mortality and improve the prog-
nosis®!’. Because the pathogenesis has not yet
been fully elucidated, the difficulty in diagnosis
and treatment is one of the important reasons for
its high morbidity and mortality. Therefore, it is
of great importance to elucidate the molecular
mechanism of breast cancer metastasis and to
analyze the prediction, diagnosis, and prognosis
of breast cancer metastasis.

CDI51 is a member of the trans-membrane
protein superfamily (TM4SF). By binding spe-
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cifically to integrins, CDI151 is involved in many
pathophysiological processes such as cell adhe-
sion, migration, and proliferation. It has been
demonstrated*'¢ that CDI51 is overexpressed
in various tumors and can participate in tumor
invasion and metastasis, and its expression level
is closely related to the pathological grade, clini-
cal stage, and prognosis of some tumors. But no
reports have been reported its expression in BC.
Transforming growth factor-B1 (TGF-f1) induces
hypertrophy of mammary gland and promotes
the accumulation of extracellular matrix (ECM)
through autocrine and paracrine pathways'"'s.
Recently discovered Smad protein is the only
known intracellular TGF-Bl receptor substrate
that mediates the intracellular signal transduction
process of TGF-B1'"?°. Therefore, in this study,
the molecular mechanism of whether CD151 me-
diates the invasion and metastasis of BC via
TGF-B1/Smad signaling pathway is explored to
provide experimental basis for its clinical appli-
cation.

In this study, we detected the expression of
IncRNA CDI51 in 82 pairs of BC tissues and
adjacent tissues, and measured the levels of
CD151 protein and mRNA in breast cancer and
normal tissues. Additionally, the clinicopath-
ological factors were estimated to explore the
effect of CDI151 on the biological function of
tumor cells through TGF-B1/Smad signaling
pathway.

Patients and Methods

Patients and BC Samples

We collected tumor and paracancerous speci-
mens from 82 pairs of surgically resected breast
cancer patients. According to the eighth edition of
UICC/AJCC breast cancer TNM staging criteria,
all included patients were diagnosed with BC by
postoperative pathological analysis and did not
preoperatively accept anti-tumor treatment such
as radiotherapy or chemotherapy. Ethical Com-
mittee of Second Affiliated Hospital of Dalian
Medical University has approved this research.
All the patients have been fully informed of the
use of their specimens and signed relevant in-
formed consent forms.

Cell Lines and Reagents

The human breast cancer cell lines (MCF-7,
MDA-MB-231, and SKBR3) and normal mamma-
ry epithelial cell line, MCF-10A, were purchased

from ATCC (American Type Culture Collection,
Manassas, VA, USA). High-glucose Dulbecco’s
Modified Eagle Medium (DMEM) medium and
fetal bovine serum (FBS) were purchased from
the Life Technologies (Gaithersburg, MD, USA).
The cells were cultured with DMEM containing
10% FBS (Gibco, Rockville, MD, USA) in 37°C,
5% CO, incubator.

Transfection

Negative controls (si-NC) and siRNA con-
taining the CDIS51 interference sequence (si-
CDI151) were purchased from Shanghai Zima
(Shanghai, China). Cells were seeded in 6-well
plates, and when they reached 70% of conflu-
ence, siRNA transfection was performed using
lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instruc-
tions. Cells were collected after 48 hours for
quantitative Real Time-Polymerase Chain Re-
action (qQRT-PCR) analysis and cell function
experiments.

Cell Proliferation Assays

The cells after 48 h of transfection were har-
vested and the cells were seeded into 96-well
plates at 2000 cells/well. The cells were cultured
for 6 h, 24 h, 48 h, and 72 h, and then added with
cell counting kit-8 (CCK-8) reagent (Dojindo,
Kumamoto, Japan). After incubation for 2 hours,
the optical density (OD) value of each well at 490
nm absorbance wavelength was measured by a
microplate reader.

Transwell Assay

After 48 hours of transfection, the cells were
trypsinized and resuspended in serum-free me-
dium. After cell counting, the diluted cell density
was adjusted to 2.0 x 10°/mL. Transwell cham-
bers containing Matrigel reagent were placed
in 24-well plates. 200 pL of the cell suspension
was added to the upper chamber, and 500 pL of
medium containing 10% FBS was added to the
lower chamber. After 48 hours, the chamber was
taken out, and 4% paraformaldehyde was used
to fix it for 30 minutes. Crystal violet was used
to stain cells for 15 minutes and then washed
with phosphate-buffered saline (PBS). The in-
ner surface of the basement membrane of the
chamber was carefully cleaned to remove inner
cells. Microscopically stained transmembrane
cells were visualized in the basement membrane
of the chamber and 5 fields were randomly se-
lected to count.
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Quantitative Real-Time PCR (qRT-PCR)
Total RNA was extracted from BC cell lines and
tissues using TRIzol reagent (Invitrogen, Carlsbad,
CA, USA), and RNA was reverse transcribed in-
to complementary Deoxyribose Nucleic Acid (cD-
NA) using Primescript RT Reagent. The qRT-PCR
reaction was performed using SYBR® Premix Ex
TaqTM (TaKaRa, Otsu, Shiga, Japan) and StepOne
Plus Real-time PCR System. The following prim-
ers were used for qRT-PCR reactions: CDI151: for-
ward: 5’-CTCACAGGACTGGCGAGAC-3’, reverse:
5-ACAGCCCCAATGACCCTCA-3; B-actin: for-
ward: 5’-CCTGGCACCCAGCACAAT-3’, reverse:
5-GCTGATCCACATCTGCTGGAA-3". Data anal-
ysis was performed using ABI Step One software
(Applied Biosystems, Foster City, CA, USA).

Western Blot

The transfected cells were lysed using a cell
lysis buffer, shaken on ice for 30 minutes, and
centrifuged at 4°C, 14,000 g for 15 minutes. The
extracted proteins were separated using a 10%
sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and subsequently trans-
ferred to a polyvinylidene difluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA). Western
blot analysis was performed according to standard
procedures. The primary antibodies were TGF-f1,
p-Smad2, p-Smad3, N-cad, Vimentin, MMP-9, and
B-actin. The secondary antibodies were anti-mouse
and anti-rabbit. Both were purchased from Cell Sig-
naling Technology (Danvers, MA, USA).

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 22.0 software (IBM, Armonk, NY, USA)
was used to process the data, which were ex-
pressed as mean = standard deviation (X+s). Con-
tinuity variables were measured using the z-test
and categorical variables were analyzed using the
x’-test or the Fisher’s exact probability method.
Kaplan-Meier method was used to evaluate the
survival time of patients, and Log-rank test was
used to compare the differences between differ-
ent curves. p < 0.05 was considered to be statisti-
cally significant.

Results
CD151 Was Highly Expressed in
BC Tissues and Cell Lines

We detected the level of CDI151 in 82 pairs of
BC tissues and their adjacent tumor-free tissues
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and BC cell lines by qRT-PCR method. The re-
sults showed that the expression level of CDI151
in BC tissues was significantly higher than that
in tumor-free tissues (Figure 1A, 1B). Compared
with the normal mammary epithelial cell line,
CDI151 was significantly higher in BC cells and
the difference was statistically significant (Figure
2C). The CDI151 level was the highest especially
in MCF-7 and SKBR3 cells, so we chose these
two cells for subsequent experiments.

CDI151 Expression Was Correlated
With Clinical Stage, Lymph Node and
Distance Metastasis and Overall
Survival in BC Patients

Based on qRT-PCR results of 82 pairs of
CDI151 expression in BC tissues and paracancer-
ous tissues, we divided CD151 expression into
high expression group and low expression group,
and count the number of each group. Chi-square
test was used to analyze the relationship between
CD151 and basic indicators of BC patients. As
shown in Table I, high expression of CDI51
was positively correlated with BC clinical stage,
lymph node metastasis, and distant metastasis,
but not with age, gender, and tumor location. In
addition, in order to figure out the interaction
between CDI151 and the prognosis of patients
with RCC, we collected relevant follow-up data.
Kaplan-Meier survival curves showed that high
CDI51 expression was remarkably associated
with poor BC prognosis. The higher the CD151
expression, the worse the prognosis was (p<0.05,
Figure 1D). This result suggested that CDI51
might be a new biological indicator for predicting
BC prognosis.

Inhibition of CD151 Inhibited
Cell Proliferation

To explore the effect of CD151 on the prolif-
erative capacity of BC cells, we first successful-
ly constructed a CDI151 interference expression
model (Figure 2B), and used CCKS8 to detect
their proliferation in si-NC and si-CD151 group.
As shown in Figures 2C and 2D, the cell prolif-
eration rate of si-CDI151 group was significantly
decreased as compared with si-NC group.

Knockdown of CD151 Inhibited
Cell Migration and Invasion

We used transwell experiments to explore the
effects of CD151 on BC cell migration and in-
vasion. The results of the migration experiment
showed that compared with the si-NC group, the
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Figure 1. A, B, The expression of CD151 in 82 pairs of ESCC tissue was significantly decreased by qRT-PCR. C, Expression
levels of CD151 in 3 BC cell lines (MCF-7, MDA-MB-231 and SKBR3) and normal mammary epithelial cell line (MCF-10A)
by Western blot and gqRT-PCR. D, Kaplan-Meier survival curves of patients with BC based on CD151 expression. Patients in
the high expression group had a significantly more unfavorable prognosis than those in high expression group. A representative

data set is displayed as mean + SD values. *p < 0.05, **p < 0.01.

amount of BC cells transferring the membrane in
the transwell chamber was significantly reduced
after knocking down CDI151, suggesting that the
migratory ability was inhibited. The results of
the invasion experiment were consistent with this
(Figure 3).

Knockdown of CD151 Inhibited the
Expression of TGF-1/Smad
Signaling Pathway

To analyze the potential mechanism of CD151
in promoting cell proliferation and invasion or
migration, we detected the changes in expression
of the key proteins in the TGF-B1/Smad pathway
by Western blot, including TGF-B1, p-Smad2,

p-Smad3, N-cad, Vimentin, and MMP-9. The
results showed that CD151 knockdown remark-
ably reduced the levels of the above proteins
(Figure 4).

Discussion

With the increase of cancer incidence and mor-
tality, cancer has become the main cause of death
in China?. According to authoritative statistics,
there were approximately 4292,000 new cases
of cancer and 2814,000 cases of cancer deaths in
China in 2015, including cancer of lung, stomach,
liver, and breast??. Breast cancer accounts for 15%



S.dJ. Zhao, H.-D. Zhao, J. Li, H. Zhang, D.-T. Gao, Q. Wang

A MCF-7 B SKBR3
NC CD151-S1 CD151-S2 NC CD151-S1 CD151-S2

o A > [ -

1.5+ 1.5
z o
8 a

(3]

2 g
) <)
= 1.0 g 1.0
@ O
¢ ¢
& &
o 0.54 o 0.5
3 O
& * 2>
5 “ 5 * .
] 1
2 2ol T seme

oll | T mimem
S

o N a N 8
% ) 2 g
C o K D & &
IS & S L
- NC - NC
47 = sh-CD151-1 4 = sh-CD151-1
-+ sh-CD151-2 -+ sh-CD151-2
° o *
3 3 3 3
[ [
> >
[a] [=]
o 2 < 2
@ 0
5 11 5 14
(§] o
c T T T T e T T T T
1 2 3 4 1 2 3 4
Days Days
E NC CD151-S1  CD151-S
1.5
@ * * [ NC
.g * l * - sh-CD151-1
MCF-7 2 o] /1 — B sh-CD151-2
Fo
c
k)
[
(5]
'g 0.5
; ke
SKBR3 @
0.0

SKBR3

Figure 2. A, B, Western Blot and qRT-PCR were used to verify the efficiency of CD151 knockdown in MCF-7 and SKBR3
cell lines. C, D, Growth curve analysis showing the cell growth of MCF-7 and SKBR3 cells with CD151 knockdown. E, F, The
efficiencies of cell colony formation in MCF-7 and SKBR3 cells with CD151 knockdown. A representative data set is displayed
as mean + SD values. *p < 0.05, **p < 0.01.

of all new cancers in women, which has become the early diagnosis rate of BC patients is extreme-
the leading cause of death in women under 45%2, ly low. Most of them have developed into middle
BC is one of the common malignant tumors in the or late stage when they were diagnosed with
world. In recent years, the incidence and mortal- BC*2, The research on early diagnosis, metas-
ity of BC in China have gradually increased, and tasis, recurrence of BC, and adjuvant treatment
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Figure 3. A, B, MCF-7 cells transfected with CD151 displayed significantly lower migration and invasion capacity. C, D,
SKBR3 cells transfected with CD151 displayed significantly lower migration and invasion capacity. A representative data set

is displayed as mean = SD values. *p < 0.05, **p < 0.01.

on advanced BC have become the focus of cur-
rent research?. CD151 has been observed to be
essential in different diseases, like tumors, but it
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Figure 4. Knockdown of CDI151 expression significantly
decreased the expression of TGF-f1/Smad signal pathway,
including TGF-B1, p-Smad2, p-Smad3, N-cad, Vimentin,
and MMP-9.

is unclear whether CDI151 exert vital effect on the
diagnosis, treatment, and prognosis of BC"#423,
Therefore, studying the role of CD151 in BC and
analyzing its correlation with clinical prognosis
will help to improve the diagnosis and treatment
of BC as well as the clinical prognosis of patients.

The CD151 gene is the earliest reported onco-
gene in the TM4SF family and is located on hu-
man chromosome 11P15.5. In addition to being
widely expressed in normal tissues, the protein
product of CDI15 gene can be present in lots of tu-
mor tissues, such as cancer of ovary, breast, pan-
creas and rectum'*'%*% Several studies'*'¢**2
have showed that the differential expression of
CDI151 in tumor tissues is closely related to
tumor metastasis and prognosis. Studies have
found that the expression of CDI151 in prostate
cancer is evidently higher than that in benign
prostatic hyperplasia using immunohistochemi-
cal assay, and CD151 staining is strong in poorly
differentiated prostate cancer tissues, while in
well-differentiated prostate cancer tissues, its
staining is weak. High level of CDI151 indicates
poor prognosis®®?’. In addition, the use of immu-
nohistochemistry and RT-PCR in the detection
of CDI51 in patients with colon cancer patients
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combined with following-up the survival time of
patients has demonstrated that CD151 gene and
protein expression was significantly higher in 81
(81/146) cases, and patients with low expression
of CDI151 had significantly higher 3-year surviv-
al than those with high CDIS1 expression®®%.
We explored the expression of CD151 in BC and
its role in the development of BC. We verified
CDI151 level in 82 pairs of BC tissues and adja-
cent ones. It was found that CD151 was markedly
up-regulated and positively correlated with BC
stage, lymph node metastasis, distant metastasis,
and poor prognosis. Therefore, we suggested that
CD151 might have an influence on promoting
the occurrence of BC. To further explore the ef-
fect of CD151 on the biological function of BC,
we constructed a CD151 knockdown expression
model using small interfering RNA. The results
of CCKS, invasion and migration experiments
showed that CD151 could indeed accelerate the
progression of BC. Nevertheless, its specific
mechanism remains elusive.

The TGF-B1/Smad signaling pathway has been
found in human and various biological tissues. Its
main function includes transduction of complex
receptor signals on the cell surface through au-
tocrine and paracrine pathways, regulating cell
growth, differentiation, apoptosis, adhesive, and
other functions®**. Scholars'™'"® have found that
TGF-p superfamily growth differentiation factors
play an important role in embryonic develop-
ment, wound repair, immune function, inflam-
matory response, fibrosis, bone formation, and
reconstruction. Smad is a family of proteins that
share homology with the Drosophila MAD and
Smad in nematodes and can interact with other
DNA binding proteins to regulate the transcrip-
tion of target proteins'**°. There are many cyto-
kines involved in the formation of BC, such as
angiotensin II, endothelin-1, TGF-B1, etc.®. The
TGF-B1/Smad signaling pathway is a classical
signaling pathway that functions not only to
affect cell proliferation and differentiation, but
also to embryonic development, bone formation
and remodeling, and extracellular matrix forma-
tion*?2. The TGF-Bl1/Smad signaling pathway
mainly includes a three-part structure, namely
extracellular TGF-B1 protein, TGF-f1 receptor
protein (T13R) on the cell membrane, and intra-
cellular Smad protein. According to the order of
signal transduction, extracellular TGF-B1 binds
to the extracellular domain of T13R on the cell
membrane, activates the serine/threonine kinase,
and activates type I receptors that interact with

7320

intracellular substrates and transduce signals into
cells. The receptor substrate in the cell is mainly
the Smad protein family, and Smad plays a spe-
cific role. There are 9 Smad proteins in the Smad
protein family in cells, and they are divided into
3 categories according to their roles in BC. The
first category is called receptor-activated Smads
(R-Smads), which mainly include Smadl, Smad?2,
Smad3, Smad5, Smad8, and Smad9. The main
function is to promote TIF'2°. The second class
is called the common pathway type Smad (Co-
Smad), and there is only one member, Smad4, in
this class, which is a common medium required
for TGF-BI signaling processes. The third type
is inhibitory Smad (I-Smad), mainly including
Smad6 and Smad7, whose main function is to
inhibit the regulation of TGF-B1 family protein
signal transduction, thus exert a regulatory effect
on the development of BC*.

To explore whether CD151 could promote the
development of BC by regulating TGF-f1/Smad,
we analyzed levels of key proteins including
TGF-p1, p-Smad2, p-Smad3, N-cad, Vimen-
tin, and MMP-9 in TGF-1/Smad pathway after
knocking down CDI151. Results indicated these
proteins were evidently reduced after knock-
down of CDI151, suggesting a positive regulatory
relationship between CDI51 and TGF-B1/Smad
pathway.

Conclusions

We showed that the expression of CD151 in BC
was significantly increased, which was evidently
associated with BC stage, lymph node metastasis,
distant metastasis, and poor prognosis. CDI151
may promote the proliferation and invasion of BC
by regulating TGF-B1/Smad pathway.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) Yapav BS, SHARMA SC, PateL FD, Ral B, GHOSHAL S.
Gynecological cancer as a second malignancy in
patients with breast cancer. Int J Gynecol Cancer
2017; 27: 1298-1304.

2) Pierce BL, BALLARD-BARBASH R, BERNSTEIN L, BAUMGART-
NER RN, NeuHouser ML, WEeNer MH, BAUMGARTNER
KB, GiLLILAND FD, SorenseN BE, McTIERNAN A, ULRICH
CM. Elevated biomarkers of inflammation are as-



CDI151 promotes breast cancer metastasis by activating TGF-f1/Smad signaling pathway

5)

6)

10)

11)

12)

13)

14)

sociated with reduced survival among breast
cancer patients. J Clin Oncol 2009; 27: 3437-
3444.

SonG YH, WaNG J, NiE G, CHeN YJ, Li X, JianGg X, Cao
WH. MicroRNA-509-5p functions as an anti-on-
cogene in breast cancer via targeting SOD2. Eur
Rev Med Pharmacol Sci 2017; 21: 3617-3625.

ReiGgLe BS, ZHang B. Women'’s rehabilitation expe-
riences following breast cancer surgery. Rehabil
Nurs 2018; 43: 195-200.

SMiItTH CR, CHiARELLI AM, Horroway CM, MiRea L,
O’'MALLEY FP, BrLackmore KM, PAaNDYA A, MAJrruz V,
HArris CP, HENDRY A, HEY A, KornEcki A, LouGHEED G,
MaAIer BA, MARCHAND P, McCRreaDY D, RAND C, RAPHA-
EL S, SEGALI-NADLER R, SEHGAL N, MuraDALI D. The im-
pact of organized breast assessment on survival
by stage for screened women diagnosed with in-
vasive breast cancer. Breast 2018; 41: 25-33.

Yeung N, ZHanG Y, Ji L, Lu G, Lu Q. Guilt among
husband caregivers of Chinese women with
breast cancer: the roles of male gender-role
norm, caregiving burden and coping processes.
Eur J Cancer Care (Engl) 2018: e12872.

SonGg K, Guo Y, WaNG X, Cal H, ZHEnGg W, LI N,
SonG X, Ao L, Guo Z, Znao W. Transcriptional sig-
natures for coupled predictions of stage Il and
lll colorectal cancer metastasis and fluoroura-
cil-based adjuvant chemotherapy benefit. FASEB
J 2018 Jun 29:f201800222RRR. doi: 10.1096/
fi.201800222RRR. [Epub ahead of print].

GHAIDA RA, AvouB H, NAsrR R, Issa G, BuiBuL M.
Bladder metastasis from primary breast cancer:
a case report and literature review. Cent Europe-
an J Urol 2013; 66: 177-184.

DrasscH Y, Ten DP. TGF-beta signaling in breast
cancer cell invasion and bone metastasis. J
Mammary Gland Biol Neoplasia 2011; 16: 97-108.

ZHou L, CHEN L, Xu D, SHAao Q, Guo Z, GE M.
Breast cancer metastasis to thyroid: a retrospec-
tive analysis. Afr Health Sci 2017; 17: 1035-1043.

FrancHINO F, Ruba R, SorrietTi R. Mechanisms and
therapy for cancer metastasis to the brain. Front
Oncol 2018; 8: 161.

Dower CM, WiLLs CA, FriscH SM, WanG HG. Mecha-
nisms and context underlying the role of autopha-
gy in cancer metastasis. Autophagy 2018 Jun 4:1-
19. doi: 10.1080/15548627.2018.1450020. [Epub
ahead of print].

VAHIDNEZHAD H, YousseriAN L, SAEIDIAN AH, MAHMOUDI
H, Touat A, AsirRi M, KaiBAFZADEH AM, ARISTODEMOU
S, Liu L, McGRraATH JA, ERTEL A, LonDIN E, KARIMINE-
JAD A, ZEINALI S, ForTINA P, Uitto J. Recessive mu-
tation in tetraspanin CD151 causes Kindler syn-
drome-like epidermolysis bullosa with multi-sys-
temic manifestations including nephropathy. Ma-
trix Biol 2018; 66: 22-33.

Yu Y, LianGg C, WANG S, ZHu J, Miao C, Hua Y, Bao
M, Cao Q, QN C, SHAo P, WanG Z. CD151 pro-
motes cell metastasis via activating TGF-betal/
Smad signaling in renal cell carcinoma. Oncotar-
get 2018; 9: 13313-13328.

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

QiAo Y, YAN Y, TAN KS, TAN S, SeeT JE, ArRumucam TV,
CHow V, WaNG Y, Tran T. CD151, a novel host fac-
tor of nuclear export signaling in influenza virus
infection. J Allergy Clin Immunol 2018; 141: 1799-
1817.

Seu L, Tipwert C, TiMAREs L, DUVERGER A, WAGNER
FH, Goeprert PA, WEesTFALL AO, SaBBAs S, KutscH O.
CD151 expression is associated with a hyperpro-
liferative T cell phenotype. J Immunol 2017; 199:
3336-3347.

WANG X, DoNG F, ZHANG S, YanGg W, Yu W, WANG Z,
ZHANG S, WANG J, MA S, Wu P, Gao Y, DonG J, TANG
F, CHenG T, Ema H. TGF-betal negatively regulates
the number and function of hematopoietic stem
cells. Stem Cell Rep 2018; 11: 274-287.

Lv Y, Liu B, Lu Y, WanGg H, Wanc H. TGF-betal
combined with Sal-B promotes cardiomyocyte
differentiation of rat mesenchymal stem cells. Exp
Ther Med 2018; 15: 5359-5364.

TecaLco-Cruz AC, Rios-Lorez DG, VAzQUEZ-VICTORIO
G, RosALEs-ALvarez RE, MAcias-Sitva M. Transcrip-
tional cofactors Ski and SnoN are major regula-
tors of the TGF-beta/Smad signaling pathway in
health and disease. Signal Transduct Target Ther
2018; 3: 15.

Lee IC, Ko JW, Park SH, SHIN NR, SHiN IS, Moon C,
Kim SH, Yun WK, Kim HC, Kim JC. Copper nanopar-
ticles induce early fibrotic changes in the liver via
TGF-beta/Smad signaling and cause immunosup-
pressive effects in rats. Nanotoxicology 2018 May
30:1-16. doi: 10.1080/17435390.2018.1472313.
[Epub ahead of print].

SiEGEL RL, MiLLEr KD, FEDEwA SA, AHNEN DJ, MEESTER
R, Barzi A, JemaL A. Colorectal cancer statistics,
2017. CA Cancer J Clin 2017; 67: 177-193.

CHEN W, ZHENG R, BAADE PD, ZHANG S, ZENG H, Bray
F, JemaL A, Yu XQ, He J. Cancer statistics in Chi-
na, 2015. CA Cancer J Clin 2016; 66: 115-132.

DeSanTis CE, FEDEwAa SA, GobiNng SA, KrAmER JL,
SmitH RA, JEmAL A. Breast cancer statistics, 2015:
Convergence of incidence rates between black
and white women. CA Cancer J Clin 2016; 66: 31-
42.

CastiLLo J, BErNARD V, SAN LF, ALLensoN K, CAPEL-
Lo M, Kim DU, GascoyNE P, MutLu FC, StepHENS BM,
HuanGg J, WANG H, Mowmin AA, Jacamo RO, KAtz
M, WoLrr R, Javie M, VARADHACHARY G, WisTuBa I,
HanasH S, Maimra A, Awvarez H. Surfaceome pro-
filing enables isolation of cancer-specific exoso-
mal cargo in liquid biopsies from pancreatic can-
cer patients. Ann Oncol 2018; 29: 223-229.

GRrubpowska A, CzApPLINSKA D, PoLom W, MATUSZEWSKI
M, Sapes R, Skrapanowski AC. Tetraspanin CD151
mediates communication between PC3 prostate
cancer cells and osteoblasts. Acta Biochim Pol
2017; 64: 135-141.

GRruDOWSKA A, CzAPLINSKA D, Porom W/, MATUSZEWSKI
M, Sapes R, Skiabanowski AC. Tetraspanin CD151
mediates communication between PC3 prostate
cancer cells and osteoblasts. Acta Biochim Pol
2017; 64: 135-141.



S.dJ. Zhao, H.-D. Zhao, J. Li, H. Zhang, D.-T. Gao, Q. Wang

27)

28)

29)

30)

ANG J, FANG BL, AsHmaN LK, FRAuMAN AG. The mi-
gration and invasion of human prostate cancer
cell lines involves CD151 expression. Oncol Rep
2010; 24: 1593-1597.

Semenza GL. Does loss of CD151 expression
promote the metastasis of hypoxic colon can-
cer cells? Clin Cancer Res 2008; 14: 7969-
7970.

HasHIDA H, TAKABAYAsHI A, TokUHARA T, HATTORI N, Ta-
kI T, HAsEGAwA H, SAToH S, KoBAYAsHI N, YAMAOKA Y,
Mivake M. Clinical significance of transmembrane
4 superfamily in colon cancer. Br J Cancer 20083;
89: 158-167.

WAaNG D, ZHAnG G, CHEN X, WEI T, Liu C, CHeN C,
Gong Y, Wer Q. Sitagliptin ameliorates diabetic
nephropathy by blocking TGF-betal/Smad sig-

7322

31)

32)

33)

naling pathway. Int J Mol Med 2018; 41: 2784-
2792.

WEeNG HB, HAN WK, Xiong YW, JIN ZH, LaN Z, Liu
C, ZnanGg XM, Peng W. Taxus chinensis amelio-
rates diabetic nephropathy through down-regu-
lating TGF-betal/Smad pathway. Chin J Nat Med
2018; 16: 90-96.

Li SS, He AL, DenG ZY, Liu QF. Ginsenoside-Rg1
protects against renal fibrosis by regulating the
Klotho/TGF-betal/smad signaling pathway in rats
with obstructive nephropathy. Biol Pharm Bull
2018; 41: 585-591.

ZHANG M, Wu J, Mao K, DenG H, YanG Y, ZHou E,
Liu J. Role of transforming growth factor-betal in
triple negative breast cancer patients. Int J Surg
2017; 45: 72-76.



