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Purpose: Triple-negative breast cancer (TNBC) is a refractory type of breast cancer with

poor prognosis and limited choice for treatment. Previous studies had shown that TNBC has

high expressions of transmembrane prostate androgen-induced protein (TMEPAI). TMEPAI

was known to be induced by TGF-β/Smad signaling and have tumorigenic functions that

converting TGF-β from tumor suppressor to tumor promoter and inducing epithelial–

mesenchymal transition (EMT). Therefore, we aimed to define the role of TMEPAI in

triple-negative breast cancer cells treatment using several anti-cancers in the presence of

TGF-β.

Methods: TMEPAI-knock out (KO) was carried out in a triple-negative breast cancer cell,

BT549. TMEPAI editing was developed using the CRISPR-Cas9 system using two combina-

tions of sgRNA to remove exon 4 of the TMEPAI gene entirely. Genotyping and proteomic

analysis were performed to check the establishment of the TMEPAI-KO cells. Wild type

(WT) and KO cells were used to determine inhibitory concentration 50% (IC50) of several

anti-cancers: doxorubicin, cisplatin, paclitaxel, and bicalutamide in the presence of TGF-β

treatment.

Results: KO cells were successfully established by completely removing the TMEPAI gene,

which was proven in genomic and proteomic analysis. Further, in TMEPAI-KO cells, we

found a significant reduction of IC50 for doxorubicin and paclitaxel, and minimal effects

were seen for cisplatin and bicalutamide. Our findings suggest that TGF-β-induced TMEPAI

attenuates the response of TNBC to doxorubicin and paclitaxel, but not to cisplatin and

bicalutamide.

Conclusion: TGF-β induced TMEPAI contributes to the reduced response of TNBC treat-

ment to doxorubicin and paclitaxel, but minimal on cisplatin and bicalutamide. Further study

is needed to confirm our findings in other growth factor-induced cells, as well as in in vivo

model.
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Introduction
Transmembrane prostate androgen-induced protein (TMEPAI), also known as

PMEPA1 (prostate transmembrane protein androgen induced-1) or STAG1 (solid

tumor-associated gene-1) is a type 1b transmembrane proteins, originally known to

be androgen-induced. Later on, TMEPAI was discovered to be induced by multiple

signaling pathways which resulted in an increase in tumorigenic activities.1–3 TMEPAI

was reported to be highly expressed in various types of cancers such as lung,4 breast,5,6

colon,7 pancreas,8 and renal.9 TMEPAI is also strongly induced by TGF-β (tumor
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growth factor-β) and multiple intracellular signaling path-

ways such as EGF (epidermal growth factor) and Wnt sig-

naling further enhance TGF-β-induced TMEPAI

expression.10 In the TGF-β signaling pathway, TMEPAI is

a target gene, as well as a negative regulator. TMEPAI

competes with SARA (Smad Anchor for Receptor

Activation) for its binding to R-Smads.11 TMEPAI was also

reported to cause degradation of the TGF-β type I receptor by
its recruiting Nedd4.12 In addition, TMEPAI was reported to

act as a converter of TGF-β from tumor suppressor to tumor

promoter.13 All of the above functions are mediated by its PY

and SIM domain, encoded in exon 4 of the TMEPAI gene.11

Studies in triple-negative breast cancer showed that

TMEPAI is not only involved in Smad-dependent (cano-

nical) TGF-β signaling pathway but also Smad-indepen-

dent (non-canonical) pathway. In TGF-β non-canonical

pathway, TMEPAI promotes activation of PI3K/Akt sig-

naling, which leads to cell proliferation by suppressing

PTEN (Phosphatase and Tensin Homolog). The chain of

events resulted in increased tumor proliferation in a xeno-

graft model of triple-negative breast cancer.6

Triple-negative breast cancer (TNBC) is a highly aggres-

sive type of breast cancer lacking estrogen receptor (ER),

progesterone receptor (PR) and human epidermal growth

factor2 (HER2), which resulted in the lack of target for

treatment.14 Up to date, drug treatment for triple-negative

breast cancer still limited to cytotoxic agents such as taxanes

(paclitaxel), anthracycline (doxorubicin) and platinum

(cisplatin).15,16 Recently, androgen antagonist such as bica-

lutamide or enzalutamide is also used in TNBC, since about

21% of TNBC patients have a high expression of androgen

receptor.17,18 Unfortunately, the use of cytotoxics and andro-

gen antagonist leads to resistance problems in a short period,

followed by disease relapse and metastatic.14,15,19,20 To the

best of our knowledge, resistance of cancer cells to drug

treatment is eventually unavoidable. Therefore, a profound

understanding of the mechanism of drug resistance is needed

to improve the treatment regimen in TNBC.

In our effort to understand the mechanism of anticancer

resistance in triple-negative breast cancer, we highlighted

TMEPAI as our protein of interest. TMEPAI was shown to

be involved in the development of lung cancer resistance

to anticancer.21 While another study in triple-negative

breast cancer reported that amplified TMEPAI caused

increased expression of Snail, in favor of cells’ metastatic

behavior.22,23 We hypothesized that TMEPAI might be

related to how triple-negative breast cancer cells respond

to anticancer. The present study was aimed to investigate

the role of TMEPAI to the triple-negative breast cancer

cells’ sensitivity to several anticancer.

Materials and Methods
Cell Culture
BT549, a mesenchymal subtype of triple-negative breast

cancer cell line, and HEK293T, a human embryonic kid-

ney cell line, were obtained from ATCC or Riken

BioResource center. Both cell lines were cultured in

Dulbecco’s modified Eagle medium (DMEM, Invitrogen)

supplemented with 10% Fetal Bovine Serum (FBS,

Gibco), 10 µg/mL insulin, 100 units/mL of penicillin G

and 0.1 mg/mL of streptomycin sulfate (Wako).

Plasmid Construction
Six gRNA against the region surrounding TMEPAI exon4

cording locus were designed in silico using CRISPR Design

Online Tool (https://crispr.dbcls.jp). Then, the two sets of

oligonucleotide primers were designed as forward:

TTTCTTGGCTTTATATATCTTGTGGAAAGGACG-

AAACACCGnnnnnnnnnnnnnnnnnnn and reverse:

GACTAGCCTTATTTTAACTTGCTATTTCTAGCTC-

TAAAACnnnnnnnnnnnnnnnnnnnC.

The sequence, which is mentioned as “nnn” was

replaced by the designed each gRNA sequence. Those

complete oligonucleotides for gRNA are shown in Table 1.

Forward and reverse oligonucleotide was annealed using

standard method followed by extension using PrimeSTAR

DNA polymerase (Takara Bio). Extended 100bps of double-

strand DNA was purified using the PCR purification kit

(Qiagen) and inserted into Afl II-cleaved-gRNA_Cloning

Vector (Addgene plasmid #41824), which was a gift

from Dr. George Church, using Gibson assembly system

(Biolabs).

Cleavage Efficiency Test
Since each gRNA gives different activities on the DNA target

site, we checked the cleavage efficiency of each gRNA using

EGxxFP system.24 First, three DNA target sites, named

target #1-#3, were amplified by PCR and inserted into

pCAG-EGxxFP vector which is a gift from Dr. Masahito

Ikawa. Target #1 contains target sequences of gRNA#1, #2,

and #3. Target #2 contains target sequences of gRNA#4 and

#5. Target#3 contains target sequences of gRNA#6. In order

to test the gRNAs efficiency, 1 x 105 HEK293T cells were

plated on a 6-well microplate in 2 mL complete medium.

After 24 hrs, these cells were transfected with 500 ng of each
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pCAG-EGxxFP vectors including target gRNA sequence,

500 ng of each related gRNA expression vectors, and 500

ng hCas9 plasmids (Addgene #41815, a gift from Dr. George

Church) plasmids using a PEI (polyethyleneimine) transfec-

tion reagent. In brief, after successful DNA cleavage

occurred by Crispr-Cas9 on target site in EGxxFP vector,

the full-length EGFP sequence could be restored and gener-

ate EGFP protein. So, we performed Sodium dodecyl sulfate

polyacrylamide gel electrophoresis (SDS-PAGE) and

Western blotting using the lysates of transfected cells to

check the quantification of EGFP protein. Negative control

used in this experiment was transfection using a plasmid mix

without gRNA expression vectors. Normal cells were used as

untransfected cells.

Establishment of TMEPAI Knock-Out (KO)

Cells
We deliver two best gRNA combination (300 ng each gRNA

cloning vector for #3 and #5), 500 ng pCas9_GFP plasmid

(Addgene #44719 was a gift from Kiran Musunuru), and 300

ng Puromycin resistant plasmid using PEI transfection

reagent in TNBC cell line, BT-549. Transfected cells were

selected by Puromycin 1 µg/mL for 3 days after 24 hrs

following transfection, and each transfectant was cloned.

DNA Isolation and PCR
Cells were lysed using cell 500 µL lysis buffer (50 mM Tris

pH 8.0, 100 mM NaCl, 100 mM EDTA pH 8.0, 1% SDS)

which is added 20 µL proteinase K 20 mg/mL immediately

before use. After 60°C overnight incubation, lysates were

treated with 167 µL of 5M NaCl to precipitate protein and

lipid. After centrifugation, the supernatant was collected into

a new tube andmixedwith an equal volume of isopropanol to

precipitate nucleotide. Precipitated nucleotide was washed

with 70% EtOH then solved in TE buffer (10 mM Tris-HCl

pH 8.0, 1 mM EDTA). PCR was performed using ExTaq

(Takara Bio) by GeneAmp®PCR System 9700 (Applied

Biosystems). Primers were designed as follows: 5ʹ-TCTC

TGCTCTCTGCACACGG-3ʹ (forward: F1), 5ʹ- GCCTGGC

ACTATCCATCAGG-3ʹ (reverse-1: R1), and 5ʹ-TGACTTG

GCACTCAAAAATTGCC-3ʹ (reverse-2: R2).

SDS-PAGE and Western Blotting
Cells were collected with Tris buffer pH 7.5 then lysed with

SDS-sample buffer (4% SDS, 20% glycerol, 1.44 M β-mer-

captoethanol, 125 mM Tris pH 7.4, and 0.01% bromophenol

blue) in equal volume ratio. SDS-PAGE was done on cell

lysates using the method as mentioned previously.25 The

primary antibodies were rabbit anti-TMEPAI antibodies

(homemade, 1:250),4 rabbit anti-GFP antibodies (Santa

Cruz Biotechnology, 1:2000), and mouse anti-β-actin anti-

body (Sigma, 1:5000). Primary antibodies were bounded

with horseradish peroxidase-conjugated anti-rabbit IgG (GE

Healthcare, 1:10,000) and anti-mouse IgG (GE Healthcare,

1:10,000). Reacted antibodies were detected by chemilumi-

nescence using enhanced chemiluminescent reagent,

Immuno Star Zeta (Wako) and EZ capture MG (ATTO).

Inhibitory Concentration
Inhibitory concentration was measured based on cell via-

bility using MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-car-

boxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium]

Table 1 Oligonucleotide for gRNA

gRNA#1 Forward TTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGAGGCAGATGATCTCCGGCA

Reverse GACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACTGCCGGAGATCATCTGCTCC

gRNA#2 Forward TTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGCCAGACCTGATCCCGCGG

Reverse GACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACCCGCGGGATCAGGCTCTGGC

gRNA#3 Forward TTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGCCAGAAGCGATCCTGAGAC

Reverse GACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACGTCTCAGGATCGCTTCTGGC

gRNA#4 Forward TTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGCGCAGCAACGCATCGTG

Reverse GACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACCACGATGCGTTGCTGCGCCC

gRNA#5 Forward TTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGAGAGAAACTGTATGTGCGA

Reverse GACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACTCGCACATACAGTTTCTCTC

gRNA#6 Forward TTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGGTGCGGTAACTGCCGCAC

Reverse GACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACGTGCGGCAGTTACCGCACCC

Abbreviations: TMEPAI, Transmembrane Prostate Androgen-Induced; TNBC, triple-negative breast cancer; CC50, cytotoxic concentration 50%; KO, knock-out; WT, wild-

type.
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assay by following the protocol in CellTiter96® Aqueous

One Solution Cell Proliferation Assay (Promega). Cells

(1×104) were seed in 96-microplate and grown until

about 70% confluency. Afterward, we cultured cells

with DMEM supplemented with 1% FBS medium and 2

ng/mL TGF-β, simultaneously with anticancer drugs.

After 24 hrs of incubation, we performed an MTS

assay. Doxorubicin, paclitaxel, cisplatin, and bicaluta-

mide (Wako) were dissolved in DMSO and were diluted

until the required concentrations. DMSO used in final

concentrations were not exceeding 0.01%. DMSO was

used as a control in this experiment. IC50 of the three

drugs was calculated from extrapolation from the log

concentration of drugs VS cell viability equations. The

experiments were done three times in duplicate.

Results
Selection of gRNA for Knocking Out of

TMEPAI Gene
We designed six gRNAs to cut out the exon 4 of TMEPAI

gene in genomic DNA (Figure 1) and first performed

cleavage efficiency test of each gRNA using EGxxFP

system which indicates cleavage efficiency as showing

expression of EGFP protein. As a result, the gRNA #2,

#3, #5 and #6 transfected cells showed induction of EGFP

(as shown in the yellow box in Figure 2). Unfortunately,

the negative control for gRNA#6 (NC3; red box in

Figure 2) gave a clear EGFP band. Hence, we decided to

use gRNA #2 and #3, targeting upstream of TMEPAI exon

4, and gRNA#5, targeting 3ʹ UTR of TMEPAI gene, for a

subsequent experiment.

Establish Knocked-Out TMEPAI in TNBC

Cell Line Using the CRISPR-Cas9 System
We used two best combinations of gRNA (gRNA#2 and

#5; gRNA#3 and #5) to cut out TMEPAI exon 4 from the

genomic DNA in TNBC cell line, BT-549. After selecting

transfected cells with Puromycin for 72 hrs, we isolated

clones and then performed the genotyping analysis by

PCR using the primer as shown in Figure 3A. The result

suggested that clone #1 and #2 showed only the PCR

product from KO allele which lacks exon 4 cording region

of TMEPAI gene, unlike the PCR product from wild type

(WT) cells (Figure 3B). Furthermore, we checked the

protein expression of TMEPAI using Western blot analy-

sis. According to previous reports, TMEPAI was induced

by TGF-β stimulation. Thus, we stimulated cells with

TGF-β in our system. As expected, TMEPAI KO cells do

gRNA#1: 57.653.257-57.653.237

gRNA#2: 57.653.122-57.653.102

gRNA#3: 57.653.031-57.653.011

gRNA#4: 57.652.325-57.652.305

gRNA#5: 57.651.995-57.651.975

gRNA#6: 57.651.238-57.651.218

Coding Region

Figure 1 Schematic targeted sequence of TMEPAI. CRISPR-Cas9 mediated gene editing using two designed gRNA for completely removing exon 4 of TMEPAI gene. We

design 3 gRNA before exon 4 (gRNA#1-#3) and 3 after stop codon (gRNA#4-#6).

Abbreviations: UTR, untranslated region; gRNA, guide-RNA.
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β-actin

GFP

gR1 gR2
gR6gR5gR4gR3

NormalNC1 NC2 NC3

Figure 2 Cleavage activity test was performed in HEK 293T cells. Cells were transfected by gRNA, human-cas9, and checking vector except negative control and normal

cells. Negative controls were transfected by human-cas9 and checking vector. Normal cells were not transfected-cells. The gRNA worked when human-cas9 can cleavage the

target sequences, then the cells could express green fluorescence protein (GFP). GFP was detected for checking cleavage test by Western blot analysis. β-Actin was used as a

loading control. Yellow box: expected GFP band which showed that gRNA worked well; red box: unexpected GFP band.

Abbreviations: gR, guide RNA; NC, negative control.

Exon4

TMEPAI

F1

R1 R2

518 bps

96 bps

WT 518 bps

KO 275 bps

coding region UTR

179 bps

#1   #2 WT

500 bps

200 bps

KO #2WT

TGF-β
2 ng/mL

WB: TMEPAI

WB: β-actin

- + - +

A

B C

Figure 3 Knock-out TMEPAI in the TNBC cell line using the CRISPR-Cas9 system. (A) The scheme of primers designed to detect WTand KO clone. (B) Genotyping of KO
cells using PCR. (C) The expression of TMEPAI in WTand KO BT549 cells, as shown by Western blot analysis after 2 ng/mL TGF-β stimulation for 8 hrs, β-actin was used as

a loading control.

Abbreviation: WT, wildtype; KO, knock-out (clone was shown as #1 and #2); UTR, untranslated region.
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not express TMEPAI protein even after stimulation of

TGF-β (Figure 3C). Our data indicate that we successfully

establish the TMEPAI KO TNBC cell line using the

CRISPR-Cas9 system. However, we successfully obtained

cloned cells eventually which had been edited by gRNA#3

and #5.

TMEPAI KO Cells Shows Higher

Sensitivity for Doxorubicin and Paclitaxel
TMEPAI is known to be implicated in many intracellular

signaling and following cellular events such as cell pro-

liferation, migration and EMT. Collaterally, these signaling

pathways and cellular events are also well known to be

involved in drug resistance in cancer cells. So, we inves-

tigated the anti-cancer drug sensitivity in TMEPAI KO

cells. Our results indicated that knock-out of TMEPAI

significantly decreased IC50 for doxorubicin and paclitaxel

compared with WT parental cells. However, there are no

significant changes in IC50 for cisplatin and bicalutamide

in WT and TMEPAI-KO cells (Figure 4).

Discussion
Triple-negative breast cancer (TNBC) is a type of breast

cancer with refractory characteristics. Limited choice of

treatment is available for TNBC, which includes cytotoxic

drugs such as doxorubicin, paclitaxel, or cisplatin. Recently,

bicalutamide, an androgen receptor antagonist, is also given

as part of TNBC treatment.14 The previous study showed

that 69% TNBC patients have TMEPAI overexpression,

which correlates with poor prognosis and survival.6 In
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Figure 4 TGF-β induced TMEPAI WT showed less response as compared to TMEPAI-KO cells to (A) Doxorubicin, (B) Paclitaxel, (C) Cisplatin, (D) Bicalutamide. BT549

WTand TMEPAI-KO cells’ response to treatment was determined by IC50 after 24 hrs of anti-cancer treatment and TGF-β induction. All experiments were done three-time

in duplicate. Statistical analyses were performed using the independent t-test. *p<0.05 compared to WT.

Abbreviation: WT, wild type; KO, knock-out; IC, inhibitory concentration.
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addition to having tumorigenic activity,4 TMEPAI is

reported to act as a converter for TGF-β in TNBC, from

tumor promotor to tumor suppressor, via its activity in

PI3K/Akt signaling.6 PI3K/Akt pathway is also crucial to

the anticancer mechanism to inhibit cell proliferation and

survival.26 Moreover, TMEPAI is both a direct target gene

and a negative regulator in TGF-β signaling.4,11 TMEPAI is

also shown to trigger EMT and increase metastasis in lung

and breast cancer.27,28 Based on the above findings, we

presumed that TGF-β induced TMEPAI might play a criti-

cal point in determining the response of cells to anticancer.

In this study, we used BT-549, a mesenchymal subtype of

TNBC cell line. Lehman et al stated that the most appropriate

subtype to study TNBC in relation to TGF-β signaling is a

mesenchymal subtype.29 Moreover, Tseng et al30 reported

the most common subtype of TNBC in the Taiwanese popu-

lation is mesenchymal-like, while in Taiwanese population is

mesenchymal type. Therefore, we chose mesenchymal

TNBC cell line in our experiments. One of the available

TNBC of mesenchymal subtypes is BT-549.29,31

We developed a knock-out cell line using CRISPR-Cas9

gene editing. We designed two combinations of sgRNA to

entirely remove exon 4 of TMEPAI in the TNBC cell line,

BT549. The previous study demonstrated that TMEPAI has

two relevant domains, PY domain, and SIM domain, located

in the cytosolic part of the protein. PY domain is the part of

TMEPAI, which interacts with NEDD4 to increase PTEN

degradation. As a result, PTEN fails to regulate the PI3K/Akt

pathway, so that this pathway continues to be activated in

TNBC.6 While the SIM domain interacts antagonistically

with SARA (Smad Anchor for Receptor Activation), thus

inhibiting the activation of the Smad complex. Consequently,

TMEPAI acts as a negative regulator in the Smad-dependent

TGF-β signaling pathway.11 Both domains are encoded in

Exon 4 of the TMEPAI gene.6,11 Therefore, we target exon 4

to establish TMEPAI knock-out cells.

In order to investigate the role of TMEPAI in TNBC,

we performed gene editing of TEMPAI. Exon 4 of

TMEPAI gene was removed entirely using the CRISPR-

Cas9 system, using a pair of sgRNA. One sgRNA was

designed ahead of exon 4 and the other one after the stop

codon. Afterward, we tested the efficiency of sgRNA cut-

ting on HEK293-T cells. The efficiency result showed that

our sgRNA removed all exon 4. After application in

TNBC, BT549, we successfully obtained cell clones that

do not have exon 4. Another study was done by Abdelaziz

et al also applied the CRISPR-Cas9 system to cut TMEPAI

in exon 2 in TNBC, MDA-MB-231.28

It is uncertain how exon difference might affect the

phenotype result after TMEPAI gene editing. Besides, the

off-target effect after gene editing could not be observed.

Rodriguez et al,32 mentioned that several bioinformatic

strategies and modifications of cas9 into nickase-cas9 are

developed to minimize off target cuts and increase on-

target specificity. We used a software that was developed

by Naito et al,33 to minimize it. However, we performed

Western blot for TMEPAI repetitively and got a constant

band.

Amalia et al used the KO cell clone that was edited at

exon 2 and exon 4 of TMEPAI using CRISPR-Cas9 on

TNBC cells.34 Amalia et al reported that Wnt signaling

was increased without being affected by the removed

exons. Multiple studies done by Watanabe et al,11 Vo

Nguyen et al,4 Singha et al,6 and Lou et al21 have also

demonstrated TMEPAI gene silencing using shRNA to

knockdown TMEPAI expression on breast cancer and

lung cancer cells. However, gene silencing using shRNA

is temporal, while CRISPR-Cas9 allows stable mutant cell

clones.

Modulation of TMEPAI expression was carried out to

investigate the role of TMEPAI in carcinogenesis,4,11 both

stemness, and angiogenesis.21,28,34 However, limited data

were available on the role of TMEPAI on the response of

TNBC to anticancer. Lou et al have reported that in

TMEPAI knocked down cells, there was increased sensi-

tivity of cancer cells to several chemotherapeutics.21

Our selection of drugs were based on the latest available

guideline for TNBC treatment, which is anthracycline-based

(doxorubicin, liposomal doxorubicin), or taxane-based

(paclitaxel) or platinum-based chemotherapy.35 Although

antiandrogen (bicalutamide) is not standard therapy for

TNBC, this drug showed promising results in TNBC patients

and currently is in the clinical trial stage.18,36,37

In our previous study, we reported that in TNBC-KO, a

higher dose of doxorubicin, paclitaxel, and cisplatin as

compared to wild type, which is in contrast with our

present result.38 TMEPAI-KO cells showed decreased sen-

sitivity to several chemotherapy drugs. In this system,

TGF-β was not used to induce TMEPAI. Therefore, the

effect of TMEPAI was not clearly demonstrated. Singha

et al,6 Watanabe et al,11 Azami et al,10 Vo Nguyen et al,4

and Xu et al39 showed that TMEPAI needs to be induced

by TGF-β, EGF, or DHT.
The difference with our present experimental design,

TGF-β was not used to increase TMEPAI expression. In

the absence of TGF-β, wild-type TNBC cells were more
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sensitive to cytotoxic than the KO-cells, followed by a

decrease in drug efflux transporters, P-gp, and BCRP

expressions.38 Therefore, we suggest that the effect of

TMEPAI on the change in cell response to anticancer is

highly dependent on TGF-β.
In the present study, we add TGF-β to increase

TMEPAI expression (Figure 1E). This time, we demon-

strated that in TGF-β induced TMEPAI in TNBC, a higher

dose of doxorubicin and paclitaxel is needed to suppress

cell proliferation. We also showed that TGF-β induced

TMEPAI to have a minimum effect on the response of

cells to cisplatin and bicalutamide.

Doxorubicin, paclitaxel, and cisplatin are the backbone

of TNBC treatment. Doxorubicin is used in about 78%

TNBC patients, while paclitaxel in 49% of the patients.40

The three drugs are general cytotoxic with an almost

similar mechanism of action. The drugs kill cancer cells

by inducing DNA damage, promoting apoptosis, and dis-

rupting cell cycle.41–43 However, the effect of TGF-β
induced TMEPAI is more pronounced when TNBC is

treated with doxorubicin and paclitaxel. Doxorubicin is

known to kill cancer cells through its intercalation with

DNA, disruption of topoisomerase II, and increase free

radicals.44 While paclitaxel acts as an anticancer by indu-

cing mitotic arrest that leads to cell death.42 PY domain in

TMEPAI gene interacts with the WW NEDD4 domain

which leads to PTEN degradation followed by continuous

activation of PI3K/Akt.6 Through that mechanism, high

TMEPAI expressions (induced by TGF-β) inhibit cyclin-
dependent kinase (CDKIs), p27 and p21,6,11,45 so that cell

cycle can continue, thus, attenuating the effect of doxor-

ubicin and paclitaxel to TNBC.46

In agreement with our result, Luo et al have also

reported that TMEPAI depletion increases cancer cell sen-

sitivity to cytostatic (doxorubicin, paclitaxel, mitomycin,

and chloroquine). Lou et al use luminal breast cancer cells,

lung cancer cells, and gastric cancer cells. Lou et al

showed that in TMEPAI knock-down cell model, reduce

autophagosome formation followed by inhibition of autop-

hagy and suppression of beclin-1 expression.21 Cancer

cells can eliminate the damage caused by cytostatic via

the autophagic process.42,44 Inhibition of autophagy in

TMEPAI knock-down cells then promotes an increased

toe the response of cancer cells to the cytostatics.21

Our result demonstrates the lack of TGF-β induced

TMEPAI on the TNBC response to cisplatin. This might

be due to the overexpression of Islet-1 in TNBC patients.47

Islet-1 overexpression was reported to reduce TNBC cell

response to cisplatin.47,48 In the cells that have limited

response to cisplatin, the role of TMEPAI is not prominent.

TGF-β induced TMEPAI is also not affecting the

response of TNBC to bicalutamide. Bicalutamide is

recently used in the treatment of TNBC with positive

expression of the androgen receptor. Bicalutamide is an

androgen antagonist, that exerts its effect by inhibiting

β-catenin and androgen receptor, thus suppressing tumor

growth in TNBC.49 Other than TGF-β, androgen also

regulates TMEPAI in prostate cancer.2 In the present

study, we use TGF-β to induce TMEPAI, so we assume

that the role of TMEPAI on androgen signaling pathway is

not apparent. As our previous findings, when we did not

induce TGF-β, we could not get a confident result on the

cell’s response to drugs.38

We are aware that we only use one cell line in our

experiment, which is a mesenchymal type of TNBC.

Hence, our results need to be confirmed in another subtype

of TNBC.

Conclusion
TGF-β induced TMEPAI attenuates the response of

mesenchymal type TNBC to doxorubicin and paclitaxel,

but a minimal effect on cisplatin and bicalutamide. This is

an initial finding to continue a more comprehensive

research of TMEPAI as a marker or target therapy in

TNBC.
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