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Overexpression of TMEM47 Induces
Tamoxifen Resistance in Human
Breast Cancer Cells
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Abstract
Background: Tamoxifen (TAM) is the eminent first-line drug for endocrine therapy of hormone receptor positive
premenopausal breast cancer and reduces the risk of recurrence by *50%. However, many patients developed TAM resistance
and their diseases recurred. Our previous study on transcriptome profile of TAM resistant breast cancer cells revealed that the
TMEM47 is one of the most significantly differentially expressed genes. The mechanism of how TMEM47 is involved in TAM
resistance was not known. Methods: We constructed a mammal breast cancer cell line, in which TMEM47 was stably over-
expressed (TMEM47-OE/MCF-7), to further verify the role of TMEM47 in TAM resistance. siRNA targeting TMEM47 was
transfected into TAMR / MCF-7 cells by Liposome. TMEM47 expression was validated on mRNA and protein level by qRT-PCR
and western blotting. We tested the cytotoxicity of TAM in the cells. Apoptosis was detected by flow cytometry. Results:
Compared to the MCF7 cells, TMEM47 mRNA was significantly up regulated more than 6 folds in the TAMR/MCF7 cells and so its
protein. TMEM47 expression level in TMEM47-OE/MCF-7 was similar as in the TAMR/MCF-7 cells. The 50% inhibitory con-
centration (IC50) value (mean + SD) of TAM in MCF-7, TAMR/MCF-7 and TMEM47-OE/MCF-7 cells was 1.58 + 0.19, 2.74 +
0.24 and 3.12 + 0.32 mg/mL, respectively. The apoptosis rates of TAMR/MCF-7 and TMEM47-OE/MCF-7 cell lines were sig-
nificantly lower than that of MCF-7 cells. After 24 and 48 hours TAM treatments, cell viability was significantly inhibitied in
TMEM47 knockdown TAMR/MCF7 cells (P < 0.01). Consistant with the decreased cell viability, the apoptosis rate in TMEM47
knockdown TAMR/MCF-7 cells was significantly increased. Conclusions: Our results suggest that overexpression of TMEM47 in
MCF-7 cells acquired TAM resistance to those cells, and knockdown of TMEM47 in TAMR/MCF-7 cells reversed their resistance
to TAM. TMEM47 might confer TAM resistance on MCF-7 cells through the inhibition of apoptosis.
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Introduction

Breast cancer remains one of the most common cancers that

affect women’s health globally. Breast cancers are classified

into 3 subgroups based on the molecular biomarkers, the estro-

gen receptor-positive, HER2-positive and triple-negative, of

which the estrogen receptor-positive patients account for up

to 70% cases. Endocrine therapy which targets to the estrogen

receptor-signaling pathway is the major pharmacotherapy for

ERþ breast cancers. Clinically, Tamoxifen (TAM) is the first-

line drug for endocrine therapy of hormone receptor positive

premenopausal breast cancer patients. Unfortunately, drug

resistance develops in approximately 40% patients after TAM
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treatment, which significantly affects the prognosis of patients.

Emerging studies are performed to address endocrine-

resistance, but the mechanism of TAM resistance remains

unclear. Therefore, unraveling the molecular mechanism(s)

that underlies TAM-resistance may extend the use of TAM and

provide benefits for patients.

To understand the molecular mechanism that might contrib-

ute to TAM resistance, we previous generated a TAM-resistant

MCF-7 cell line (TAMR/MCF-7) and preformed RNA sequen-

cing (RNA-seq) to compare the transcriptome profiles

between TAMR/ MCF-7 cells and its parent MCF-7 cells. In

that study, we identified several differentially-expressed genes

(DEGs). One of the “top” DEGs is transmembrane protein

47 (TMEM47), which is significantly up-regulated in TAMR/

MCF-7 cells (FDR ¼ 1.67E-15; log2 fold change ¼ 6.86)1

TMEM47 encodes a tetraspan protein in the PMP22/EMP/

Claudin family, which is involved in the maintenance of cell

junction organization. Although the function of TMEM47 is

unknown, other TMEM family proteins are known to be critical

components on various biological membrane and play roles in

many physiological and pathological process.2 It has been

reported that TMEM family members, such as TMEM97 and

TMEM48, may serve as biomarkers for cancer prognosis.3-8

Some of TMEM members, such as TMEM158, TMEM14A,

TMEM97 and TMEM88, are known involved in carcinogen-

esis.9 Of note, several TMEM family members such as

TEME45A, TMEM88 and TMEM205, have been demon-

strated that they could contribute to chemotherapy resis-

tance.10-12 Since we have observed that TMEM47 mRNA is

significantly increased in TAM-resistance MCF-7 cells,1 we

hypothesized that TMEM47 might contribute to TAM resis-

tance in breast cancer cells.

In the present study, we tested our hypothesis by measuring

TAM cytotoxicity in MCF-7 breast cancer cells with manipu-

lation of TMEM47 expression. In addition to the TAMR/MCF-

7 cell line, we generated a stable TMEM47-overexpression

MCF-7 cell line (TMEM47-OE/MCF-7). TAM cytotoxicity

in both cell lines were measured and compared with their par-

ent MCF-7 cells. Cell viability and apoptosis in those cell lines

after TAM exposure were assayed. Our study demonstrated

that TMEM47 confers TAM resistance on MCF-7 breast cancer

cells, which might provide a biomarker for TAM resistance in

breast cancers.

Materials and Methods

Construction of Human TMEM47 Overexpression in
MCF-7 Cell Lines (TMEM47-OE/MCF-7)

The primers that were used to amplify TMEM47 cDNA were

designed based on the TMEM47 gene sequence in the NCBI

database (https://www.ncbi.nlm.nih.gov/gene/83604). The pri-

mer sequences are following,

Forward primer: 5’-accgagctcggatccATGGCTTCGGC

GGGCAGCG-3’, and reverse primer: 5’-cggttcattgctagcCT

AGTAGTAGTCTTCATAGT-3’. PCR amplicon was inserted

to the pLOC vector after NheI and BamHI digestion. The plas-

mid was transformed into DH5 a, and the positive clone was

selected to extract the plasmid. The constructed plasmids with

target fragments and lentivirus packaging plasmids were trans-

fected into T293 cells for packaging of lentivirus, and the

supernatant of cells was collected to obtain virus particles,

which were then transfected into the target cell line MCF-7.

The stable transfected cells expressing TMEM47 were

obtained by drug screening.

TMEM47 Knockdown (KD) in TAMR/MCF-7 Cells

Small interfering RNAs (siRNAs) targeting TMEM47 mRNA

were designed and synthesized. TMEM47 siRNAs and non-

target control (NC) siRNA were transfected into TAMR/

MCF-7 cells by liposome regent to knock down TMEM47

expression.

mRNA Quantification by qRT-PCR

TMEM47 expression was quantified on mRNA level by using

qRT-PCR. TRIZOL Reagent was used to extract total RNA

from the cells according to the standardized operation process

as recommended. Nanodrop spectrophotometer was used to

measure the concentration of total RNA. RNA Nano 6000

Assay Kit with the Agilent Bioanalyzer 2100 system was used

to assess the integrity of total RNA extracted.

RNA extracted was used to synthesize cDNA subsequently.

PrimeScript™ RT reagent Kit with the gDNA Eraser Kit were

used to reverse-transcribe mRNA according to the standardized

operation process as manufacturer recommended. The target

gene was detected by qRT PCR based on SYBR green dye

method. With GAPDH as endogenous control, all reactions

were carried out in 3 times. The relative gene expression was

calculated by comparing cycle threshold (2-DD CT).

Western Blot

Cultured cells were collected to extract the total protein of

cells. SDS gel PAGE gel was prepared for electrophoresis to

separate the target protein and then imprinted onto PVDF

membrane. Western blot was performed with the appropriate

primary antibody and the secondary antibody conjugated with

horseradish peroxidase. The expression of TMEM47 was vali-

dated on protein level.

Drug Cytotoxicity

Cells were collected and plated in 96-well plates at the density

of 1 � 104. 4-hydroxy-tamoxifen (4OH-TAM), an active TAM

metabolite, was diluted into DMEM medium according to the

designed concentration gradient (0-100 mM) and the drug-

containing media were added into 96 well plates. The cells

were cultured at 37�C for 48 h in a 5% CO2 humidified incu-

bator. Cell counting kit-8 (CCK-8) was used to detect cell

proliferation under the condition of drug toxicity.
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The cytotoxicity of 4OH-TAM in MCF-7, Leti-control/

MCF-7, TAMR/MCF-7 and TMEM47-OE/MCF-7 cells was

tested using the method described above. The experiment was

carried out at least 3 times. Graphpad Prism 8.0 was used to

calculate the 50% inhibitory concentration (IC50) value (mean

+ SD) of TAM and plot the dose-response growth inhibitory

curve. Student’s t-test (two-tailed) was used to perform statis-

tical evaluations. A p-value <0.01 was considered to denote a

significant difference.

Cell Viability

In order to detect the drug sensitivity of TAMR/MCF-7 cell

lines to TAM after TMEM47 knockdown, CCK-8 method was

used to detect the cell viability. A total of 5000 cells per well

were plated into 96-well plates, cultured at 37�C for 48 h in a

5% CO2 humidified incubator overnight; The cells were treated

with 1 mM 4OH-TAM for 24 h. After 24 h for cell culture, Cell

counting kit-8 (CCK-8) was used to detect cell proliferation

under the condition of drug toxicity. Three duplication wells

were set and each experiment was duplicated for at least

3 times.

The percentage of cell viability was measured as follows:

Viability ¼ (Atreatment � Ablank)/(Acontrol � Ablank) � 100%
(A ¼ absorbance). The histogram was plotted according to the

average value of each experimental well.

Detection of Apoptosis by Flow Cytometry

After digesting the cells in a 100� 20 mm cell culture dish, 2�
104 cells were evenly inoculated into a well of 6-well cell

culture plate. After incubation overnight, the serum-free

DMEM medium containing different concentrations of 4OH-

TAM was replaced and incubated for 24 hours. After cells were

detached with 200 m? of trypsin without EDTA, the cells were

collected and centrifuged at 1000 rpm for 10 min.Cells were

then washed with DPBS buffer for 3 times. After absorbing and

discarding the supernatant, the cells were fully suspended with

500m? of binding buffer solution. 5m? of annexin V-FITC and

propidum lodide (PI) solutions were added to the cells for

blowing and mixing. The cells were placed at room tempera-

ture for 5-20 min in dark. After filtering and dispersing into

single cells, the cells were placed at 488 nm of flow cytometer

to detect apoptosis.

Results

TMEM47 Was Up-Regulated in TAMR/MCF-7 Cells

In our previous study, we generated a TAM-resistant MCF-7

breast cancer cell line (TAMR/MCF-7) and compared the tran-

scriptome profiles between the TAMR/MCF-7 cells and their

parent MCF-7 cells by using RNA-Seq. TMEM47 was one of

the “top” differentially-expressed genes. TMEM47 mRNA

level was significantly up-regulated (6.8 times) in the

TAMR/MCF7 cells.1 (Figure 1a) To further confirm this obser-

vation, we performed qRT-PCR and Western blot to validate

the TMEM47 mRNA and protein levels in the TAMR/MCF-7

cells, respectively. The qRT-PCR results again showed that

TMEM47 mRNA expression was dramatically up-regulated

in TAMR/MCF-7 cells (Log2FC ¼ 7.12) (Figure 1b). Consis-

tent with the mRNA level, TMEM47 protein level was signif-

icantly increased in TAMR/MCF-7 cells as shown by Western

blot assays (Figure 1c).

Generation of TMEM47-Overexpression Cell Line
(TMEM47-OE/MCF-7)

To further investigate whether TMEM47 alone could cause

TAM resistance in TAMR/MCF-7 cells, we generated stable

TMEM47 overexpression MCF-7 cell line (TMEM47-OE/

MCF-7) to study TAM cytotoxicity. The map of pLOC vector

was presented in Figure 2a. As schematically depicted in

Figure 2b, the sequence of TMEM47 was cloned into pLOC

Figure 1. Validation of TMEM47 expression on mRNA and protein

level. (a) The relative expression of TMEM47 in TAMR/MCF-7 was

validated by qRT-PCR and RNA Seq. (b) qRT-PCR was performed to

validate TMEM47 expression in the 6 cell lines. The expression level of

each gene was normalized to the level in MCF-7 cells. (****P < 0.0001)

Results are representative of 3 independent experiments. (c) From 1 to

6 was TMEM47 expression in MCF-7, TAMR/MCF-7, Leti-control/

MCF-7, TMEM47-OE/MCF-7, TAMR/MCF-7 transfected with NC

and TAMR/MCF-7 transfected with siRNA. TMEM47 could not be

detected in MCF-7 and Leti-control/MCF-7.
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vector. Then the plasmid was treated with restriction enzyme

and the 550 bp target fragment was analyzed using agarose gel

electrophoresis. The result showed that the target fragment is

intact and could be detected. Next, TMEM47 plasmid and len-

tivirus packaging vector were co-transfected into 293 T cells.

As shown in Figure 2c, the packaging lentivirus was efficiently

expressed in 293 T cells. Next, the lentivirus was collected

from the conditioned medium of 293 T and infected into

MCF-7 cell line. TMEM47-overexpressing stable cell line

(TMEM47-OE/MCF-7) was generated upon the selection by

Figure 2. Construction of human TMEM47 overexpression in MCF-7 cell line (a) the map of pLOC vector with the restriction site NheI and

Bam HI (b) The insert fragment was 550 bp after plasmid digestion. (c) Packaging efficiency in 293 T cells of lentivirus in control group and leti-

control/MCF-7 cells after Blasticidin screening. Leti-control group was the vector without any fragment insert packaged in 293 T cells. Green

fluorescence and red fluorescence could be detected in the control group. Blasticidin was used to screen for stable expression MCF-7 cells. (d)

Packaging efficiency in 293 T cells of lentivirus in TMEM47 group and TMEM47-OE/MCF-7 cells after Blasticidin screening. TMEM47 was

inserted into the pLOC vector; TMEM47 lentivirus plasmid and packaging plasmid were co-transferred to 293 T cells; TMEM47-OE/MCF-7

cells were obtained after Blasticidin screening. Green fluorescence could be detected.
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blasticidin. Compared to directly Lentivirus infected MCF-7,

TMEM47-OE/MCF-7 exhibited the similar levels of GFP signals,

indicating the lentivirus vector were successfully integrated into

the genome (Figure 2d). Next, we investigate the expression of

TMEM47 in TMEM47-OE/MCF-7 cells. The result of qRT-PCR

(Figure 1b) showed that the mRNA level of TMEM47 was up

regulated in TMEM47-OE/MCF-7 (Log2FC ¼ 10.03) compared

to that in vehicle infected MCF-7 (Lenti-control/MCF-7). The

result of Western Blotting (Figure 1c) showed that the protein

levels of TMEM47 were significantly increased in TMEM47-OE/

MCF-7. Taken together, TMEM47-overexpressing stable cell line

were generated successfully.

Knockdown of TMEM47 in TAMR/MCF-7 Cell Lines

To further verify the role of TMEM47 in TAM resistance, we

knocked down the expression of TMEM47 by transfecting

siRNA into TAMR/MCF-7 cells. The result of qRT-PCR

showed that the relative expression of TMEM47 in TAMR/

MCF-7 was Log2FC¼ 6.92 (transfected with NC) and Log2FC

¼ 3.14 (transfected with siRNA) compared with MCF-7.

(Figure 2b) TMEM47 expression was significantly down

regulated in TAMR/MCF-7 cells transfected with siRNA. (P

< 0.01) The result of Western Blot in Figure 2c showed that the

protein levels of TMEM47 were significantly decreased in

TAMR/MCF-7.

TMEM47 Dampens the Sensitivity of MCF-7 to TAM

In order to verify the role of TMEM47 on the sensitivity of

cancer cells to TAM, we performed cell cytotoxicity analysis

on MCF-7 treated with different concentrations of 4OH-TAM

for 24 hours. Then the cell activity was analyzed using CCK-8

method and IC50 was calculated. The dose-response inhibition

curves showed that, compared to TAM-sensitive cells (MCF-

7), the sensitivity of TMEM47-OE/MCF-7 cells to TAM was

attenuated, reaching the same extent to that of TAMR/MCF-7

cells (Figure 3a). Importantly, TMEM47-OE/MCF-7 cells

exhibited a slightly higher IC50 value than that of TAMR/

MCF-7 cells (Table 1), indicating that up-regulation of

TMEM47 is a major contributor to TAM resistance.

In order to further verify effect of TMEM47 knockdown,

siRNA targeting TMEM47 was transfected into TAMR / MCF-

7 cells by Liposome. Cell viability and apoptosis were detected

by CCK-8 and flow cytometry. The cell viability TAMR/MCF-

7 knocked down of TMEM47 was 52% and 39%(treated with

TAM for 24 and 48 hours); while the cell viability of TAMR/

MCF-7 cells transfected with NC was 72% and 80% (P < 0.01),

(Figure 4a) indicating that knockdown of TMEM47 in TAMR /

MCF-7 cells enhanced the sensitivity to TAM.

TMEM47 Suppresses Apoptosis of MCF-7 Cells

In order to further verify the effect of overexpression of

TMEM47 on apoptosis, we performed flow cytometry using

Annexin V-FITC/PI double staining As shown in Table 2 and

Figure 5, compared to MCF-7, TMEM47-OE/MCF-7 and

TAMR/MCF-7 cells showed significantly decreased apoptosis

rate in both early phase and late phase upon treatment of 4OH-

TAM. Of note, TMEM47-OE/MCF-7 and TAMR/MCF-7 cells

showed the similar extend of apoptosis, indicating that

TMEM47 is a main candidate gene for apoptosis.

The apoptosis rate of TAMR/MCF-7 transfected with

siRNA was significantly increased (Figure 4b-d), compared

to TAMR/MCF-7 transfected with NC. It was indicating that

knockdown of TMEM47 in TAMR / MCF-7 cells promoted

cell apoptosis after 4OH-TAM treatment.

Figure 3. TMEM47 overexpression enhanced the resistance of MCF-

7 to TAM (a). The inhibitory effects of different concentrations of

TAM on the 4 cells; cell viability, as assessed by the CCK-8 assay,

was determined after exposure amounts of TAM for 48 h. Results

represent the average of triplicate wells and are representative of 3

independent experiments. (b) The IC50 value (mean + SD) of TAM

in the cells was calculated (**P < 0.01). Results are representative of 3

independent experiments.

Table 1. The IC50 Value (mean + SD) of TAM in the Cells.

samples

treat with TAM

IC50 RI*

MCF-7 1.58 + 0.19 /

TAMR/MCF-7 2.74 + 0.24 1.74

Leti-control/MCF-7 1.36 + 0.27 /

TMEM47-OV/MCF-7 3.12 + 0.32 2.30

*resistant index.

Men et al 5



Discussion

TMEM family is closely related to the occurrence and devel-

opment of cancer. TMEM family has many members, and these

proteins are located on different biomembranes. With the

further development of research in recent years, some of them

are involved in the process of tumor development, invasion and

metastasis, others are related to the poor prognosis of clinical

patients. These results indicate that TMEMs can be used as a

biomarker of prognosis.

Figure 4. Knockdown of TMEM47 in TAMR / MCF-7 cells enhanced the sensitivity to TAM(a). The cell viability TAMR/MCF-7 knocked

down of TMEM47 was 52% and 39%(treated with TAM for 24 and 48 hours); while the cell viability of TAMR/MCF-7 cells transfected with

NC was 72% and 80%. (**P < 0.01). (b-c) Fig4b and fig4c were presented to show apoptosis rate detection by Flow cytometry in TAMR/MCF-7

transfected with NC and siRNA targeting TMEM47 respectively.(d) The apoptosis rate of the 4 cell lines was presented. Each experiment was

performed in triplicate. (**P < 0.01).
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Different regulation of TMEMs expression has been

observed in many cancers. For example, TMEM176 has been

found to be differentially expressed in the development of

lymphoma,13-15 TMEM25 is also found to be closely related

to colorectal cancer,16 the same as TMEM7 to hepatic cancer17

and TMEM48 to lung cancer.4 Many TMEMs such as

TMEM45A, TMEM116, TMEM207, TMEM213 located in

ER predictably have been implicated as potential prognostic

biomarkers of cancer grade in renal cancers.18 Besides, many

TMEMs have also been found to play an important role in

tumorigenesis and drug resistance. These studies show that

TMEM family is an important gene family that cannot be

ignored in tumor research.

Qiao W. et al performed a research on 60 non-small cell

lung carcinoma patients to explore the biological function of

TMEM48. The result showed that TMEM48 was overexpres-

sion in cancer tissues compared to healthy tissues. It implicated

that TMEM48 overexpression was closely related to poor prog-

nosis, tumor metastasis and short survival time.4 Through the

case study of breast cancer and cervical lesions, Flamant L.

et al suggested that TMEM45A is essential for hypoxia-

induced chemoresistance in breast cancer cells; Manawapat-

Klopfer A. et al indicated that TMEM45A transcript levels are

predictive for development of high-grade cervical lesions.

These results showed that TMEM45A can be regarded as a

potential biomarker of progressive breast cancer and cervical

lesions, and the high expression level of tmem45a is related to

the low level of overall survival rate.10,19 All these studies

demonstrated that TMEM expression could act an significant

role in the prognosis of many cancer patients including liver

cancer, glioma, renal cancer, head and neck cancer, ovarian

cancer and ductal breast cancer.10,18-23

Tamoxifen (TAM) is the first-line drug for endocrine ther-

apy of hormone receptor positive premenopausal breast cancer

patients. However, it is reported that patients will develop drug

resistance after an average of 3 to 5 years. This will cause

progressive disease in patients, which is not conducive to the

prognosis of patients. It is of great significance to explore the

mechanism of TAM resistance and find the target of drug

resistance for the development of new drugs and the strategy

of clinical treatment in the future.

In the process of TAM resistance, the expression of many

genes will be up regulated or down regulated in varying

degrees, participating in different metabolic pathways, affect-

ing cell proliferation and apoptosis, migration and invasion.

We found many key differentially expressed genes based on

the analysis of expression profile sequencing in previous study.

These DEGs involved in the pathways of Axonal Guidance

Signaling, Noradrenaline and Adrenaline Degradation, Hepatic

Fibrosis/Hepatic Stellate Cell Activation and ER related regu-

late many biological activities such as cell proliferation and

survival, motility and migration, and tumor cell invasion.

These genes affect the sensitivity of cells to TAM through a

series of pathways, leading to the resistance of cells to TAM.

TMEM47 is one of them. It was reported that the expression of

TMEM47 in progressive disease patients was higher than that

in complete response patients, a number of genes involved in

TMEM family were reported as prognostic biomarkers for

matastasis.24 But few evidence has been reported about the

relationship between TMEM family and TAM resistance in

breast cancer.

The sequencing analysis of our previous expression profile

also showed that TMEM47 in TAMR / MCF-7 cell line was

6.86 times higher than that in MCF-7 cell line.1 All of these

indicated that TMEM47 plays an important role in the devel-

opment of TAM resistance.

In this study, we constructed a lentiviral plasmid of

TMEM47 that was overexpressed in MCF-7, and screened a

stable TMEM47 expression cell line TMEM-OE/MCF-7. RT-

PCR and Western blot showed that TMEM47 was stably

expressed in TMEM-OE/MCF-7 at mRNA and protein levels.

Then we tested the sensitivity of 3 cell lines to TAM, and found

that the IC50 of TMEM-OE/MCF-7 was significantly higher

than that of MCF-7 (P < 0.01), Overexpression of TMEM47

decreased the sensitivity to TAM by 50% and increased the

tolerance. (P < 0.01). This result suggests that the up regulation

of TMEM47 may be a cause of drug resistance.

Detection of apoptosis rate by flow cytometry showed that

after being treated with the same concentrate of 4OH-TAM, the

apoptosis rate in TMEM-OE/MCF-7 and TAMR/MCF-7 was

lower than MCF-7 and Leti-control/MCF-7. It revealed that

overexpression of TMEM47 increased TAM tolerance through

reduce apoptosis and promote cell proliferation. It is worth

mentioning that there is no linear relationship between the

degree of TAM resistance of cell lines and the overexpression

of TMEM47, while there is a positive correlation between

them. That is to say, overexpression of TMEM47 is an impor-

tant cause of TAM resistance, but not the only one. As we

found in previous studies, the occurrence of drug resistance

is a regulatory process involving many key genes and path-

ways, many genes as well as mi RNA and lnc RNA is involved.

We selected some genes from nearly 3000 DEGs for further

verification according to log2FC and key pathways as well as

some research reported in the reference literature. Many DEGs

have been shown to be unrelated to TAM resistance after ver-

ification. TMEM47 is one of the most effective DEGs for TAM

resistance.

These conclusions are based on experiment in cell lines. In

the previous study, we used high-dose shock method to induce

Table 2. The Apoptosis Rate of the Cells Treated With TAM.

samples

apoptosis rate

early phase late phase total

MCF-7 6.63 3.05 9.68

TAMR/MCF-7 2.80 0.36 3.16

Leti-control/MCF-7 7.92 1.80 9.72

TMEM47-OE/MCF-7 3.99 1.01 5.00

TAMR/MCF-7 (transfected with NC) 6.65 1.20 7.85

TAMR/MCF-7

(transfected with siRNA)

5.45 6.08 11.53

Men et al 7



and construct MCF-7 resistant cell line TAMR/MCF-7. We

tried to construct TAMR/T47D in the same way but failed.

After several cell passages, the drug resistance of TAMR/

T47D cells was lost and the sensitivity to tamoxifen was

resumed. Therefore, we cannot carry out subsequent cell pro-

liferation activity and apoptosis analysis. We believe that drug

resistance is caused by mutation or differential expression of

some genes under the pressure of drug selection. This is the

stress response of cells to environmental pressure. The muta-

tion or expression difference is random. Maybe the cells that

can produce stable drug resistance were not been screened, or

some other mutations occurred, which lead to the reversal of

drug resistance. This might be a very complicated process.

Although drug-resistant cell lines are useful models to

Figure 5. Overexpression of TMEM47 decreased the apoptosis rate(a-d) fig5a-fig5d were presented to show apoptosis rate detection by flow

cytometry in MCF-7, Leti-control/MCF-7, TAMR/MCF-7 and TMEM47-OE/MCF-7 respectively.(e) The apoptosis rate of the 4 cell lines was

presented. Each experiment was performed in triplicate. (**P < 0.01; **** P < 0.0001).
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understand drug resistance in vitro to search for prognostic or

predictive biomarkers, the complexity of tumor microenviron-

ment is much higher than that of cell line. So we need more

animal experimental data and clinical data to further verify and

support our conclusions. Some researchers applied Weighted

gene co-expression network analysis (WGCNA) to explore the

differences between aggressive and non-aggressive breast can-

cer cell lines to predict the clinical outcome of patients, they

found that TMEM47 was involved in a co-expression

network to be associated with an aggressive phenotype.25

In the CCLE database, According to the dataset of

GSE66495(PRJNA277145;), SLITRK2, TMEM47, and

LYPD1 were found to be specifically overexpressed by more

than 5 fold in 231-BR cells compared with cells isolated from

other sites of metastasis. Ingenuity pathway analysis of differ-

entially expressed genes revealed activation of pathways that

would enable cancer cells to adapt to organs of metastasis such

as drug detoxification. Actually, in previous study, In order to

find the DEGs related to TAM resistance in the tissues of breast

cancer patients with acquired TAM resistance, to predict the

DEGs related to TAM resistance in BRCA patients after treat-

ment with TAM, TCGA RNA-seq dataset was used to screen

gene expression data from 22 unique breast cancer samples.

When we examined the association of the DEGs with complete

response and progressive disease of BRCA, 1669 and 2404

DEGs were identified in PD compared with normal samples

and CR compared with normal samples respectively. Consid-

ering the breast cancer (BRCA) samples data obtained from

TCGA were limited (22 cases), even TMEM47 was found to be

down regulated in Progressive Disease (PD) groups, we hope to

collect more clinical samples with sufficient information to

prove our results in the next study and we will design animal

experiments to further verify the conclusion.

In conclusion, we explored the effort of TMEM47 on TAM

resistance in MCF-7 cell line in this study. The results revealed

that overexpression of TMEM47 could be the reason to TAM

resistance through reducing the cell apoptosis rate. TMEM47

could be a prognostic biomarker to TAM resistance. In any

case, the results in this study is a good basis for further explor-

ing the mechanism of TAM resistance, finding prognostic bio-

markers for clinical diagnosis and providing targets for new

drug development.
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