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1  | INTRODUC TION

Cancer is one of the major causes of death worldwide.1 Traditional 
cancer therapies consist of chemotherapy, radiotherapy and surgery. 
However, these traditional cancer therapies often have a poor prog-
nosis and various side effects.2 Contrast to these traditional cancer 
therapies, molecular- targeted therapy has many significant advances 
and becomes a critical anti- cancer therapy. The target protein of 
molecular- targeted therapy should be essential for the proliferation 
and survival of cancer cells, enable molecular- targeted therapy has 
low cytotoxicity to normal cells.3

Transmembrane prostate androgen- induced protein (TMEPAI), 
also named solid tumour- associated gene 1 (STAG1) or PMEPA1 (pros-
tate transmembrane protein androgen induced- 1), has important roles 
in tumourigenesis.4,5 TMEPAI is highly expressed in different kinds of 
cancer, such as lung,6 breast,7 colon8 and renal cell cancer.9 Previous 
studies showed that expression of TMEPAI promotes PC- 3 prostate 
cancer cell proliferation,10 and depletion; the expression of TMEPAI re-
strains cell growth, migration as well as the invasion of breast cancer cell 
MDA- MB- 231.7 Inhibition of the expression of TMEPAI also significantly 
decreases the growth of tumour xenograft.6,7,10 Our studies showed 
that the expression of TMEPAI promoted lung cancer cell proliferation, 

 

Received:	29	November	2017  |  Accepted:	19	April	2018
DOI: 10.1111/cpr.12469

O R I G I N A L  A R T I C L E

2- (2- nitrobenzylidene) indolin- 3- one compound inhibits 
transmembrane prostate androgen- induced protein (TMEPAI) 
expression and cancer cell proliferation

Yuyin Li1  | Jianjun Wang1 | Ning Song1 | Feihong Zeng1 | Miaomiao Zhao1 |  
Ali Wang1 | Yue Chen1 | Lei Jing1 | Peng Yu2 | Aipo Diao1

1Key Lab of Industrial Fermentation 
Microbiology of the Ministry of 
Education, School of Biotechnology, Tianjin 
University of Science and Technology, 
Tianjin, China
2Sino-French Joint Lab of Food Nutrition/
Safety and Medicinal Chemistry, China 
International Science and Technology 
Cooperation Base of Food Nutrition/Safety 
and Medicinal Chemistry, Tianjin University 
of Science and Technology, Tianjin, China

Correspondence
Aipo Diao and Peng Yu, School of 
Biotechnology, Tianjin University of Science 
and Technology, Tianjin Economic and 
Technological Development Area (TEDA), 
Tianjin, China.
Emails: diaoaipo@tust.edu.cn; yupeng@tust.
edu.cn

Funding information
National Natural Science Foundation of 
China, Grant/Award Number: 31471335

Abstract
Objectives: The transmembrane prostate androgen- induced protein (TMEPAI) is ab-
errantly expressed in many cancer and plays a crucial role in tumourigenesis, which 
makes it a potential cancer therapeutic target for drug discovery.
Materials and methods: Here, we employed a firefly luciferase reporter driven by the 
TMEPAI gene promoter to screen for compound capable of inhibiting the expression 
of TMEPAI, and the effects of TMEPAI inhibitor on cancer cell proliferation were 
evaluated using the colony formation assay, cell cycle analysis, Ki- 67 immunofluores-
cence assay and EdU incorporation assay.
Results: 2- (2- nitrobenzylidene) indolin- 3- one (JHY- A007- 50) was identified and 
shown to effectively inhibit the TMEPAI promoter activity. Further studies revealed 
that JHY- A007- 50 specifically inhibited the expression of TMEPAI at both the mRNA 
and protein levels. Moreover, we found that JHY- A007- 50 could inhibit cell prolifera-
tion and induce cell cycle arrest at the G1 phase. Our results showed that overex-
pression of TMEPAI decreased the inhibitory effects of JHY- A007- 50 on cancer cell 
proliferation, and JHY- A007- 50 did not affect the cell viability of HeLa cells knocked 
down of TMEPAI.
Conclusions: Taken together, these results suggest that compound JHY- A007- 50 me-
diates the downregulation of TMEPAI expression and inhibits cell proliferation in 
cancer cells.
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migration and invasion, and studies using nude mice models also demon-
strated that the expression of TMEPAI promoted cancer growth. Our 
mechanistic study showed that TMEPAI regulates TGF- β signalling path-
way through the modulation of TβRI protein levels by promoting its lyso-
somal degradation.11 Our results also showed that expression of TMEPAI 
improves lysosomal stability against stress- induced lysosomal rupture 
and promotes autophagy.12 Moreover, our study indicated that CI- M6PR 
and clathrin mediated TMEPAI transport from the Golgi into the endo-
lysosomal pathway, and ubiquitination modification of TMEPAI is an im-
portant signal for TMEPAI lysosomal trafficking.13 Our recent research 
found	that	the	sequence	between	−298	and	+24	includes	the	basal	pro-
moter activity for TMEPAI. Furthermore, Sp1 promotes TMEPAI expres-
sion and contributes to cell proliferation.14 All these studies indicated 
that TMEPAI could be a novel anti- cancer drug screening target.

In the present study, a firefly luciferase reporter screening system 
driven by TMEPAI promoter was established, and purified compounds 
were screened. It was found that JHY- A007- 50 could effectively in-
hibit the expression of TMEPAI. Further results have shown that JHY- 
A007- 50 could induce G1 phase arrest in cancer cells that expressed 
high levels of TMEPAI. These results have demonstrated that TMEPAI 
is a novel anti- cancer therapeutic target, and JHY- A007- 50 could be a 
potential anti- tumour drug for cancer expressing high levels of TMEPAI.

2  | MATERIAL S AND METHODS

2.1 | Materials and antibodies

All materials were purchased from Sigma (St. Louis, MO, USA) un-
less otherwise stated. Antibodies were purchased from the follow-
ing sources: Ki- 67, CDK2, Cyclin E1, p53, Legumain, SM22, Histone 
and β- actin (Santa Cruz Biotechnology, Santa Cruz, CA, USA), Sp1 
(Proteintech Group, Rosemont, IL, USA). Fluorophore (D&S488 and 
D&R647) and HRP- conjugated secondary antibodies were obtained 
from Invitrogen (Carlsbad, CA, USA).

2.2 | Cell culture

HeLa, MGC- 803, HepG2, L02 cells were grown at 37°C and 5% CO2 in 
Dulbecco’s Modified Eagle Medium (DMEM) medium, supplemented 
with 10% foetal bovine serum (FBS). All the cells used for experiments 
were less than 15 generations. The cell line was obtained from the Cell 
Resource Center, Peking Union Medical College (which is the head-
quarters of National Infrastructure of Cell Line Resource, NSTI). The 
cell line was checked free of mycoplasma contamination by PCR and 
culture. Its species origin was confirmed with PCR. The identity of the 
cell line was authenticated with STR profiling (FBI, CODIS). All the re-
sults can be viewed on the website. (http://cellresource.cn)

2.3 | Screening of potential inhibitors of 
TMEPAI expression

HeLa cells were plated at 2 × 106 cells/well in a 6- cm- plate. After 
24 h, cells were transfected with 2 μg of pGL3- TMEPAI promoter 

plasmid or 2 μg of pGL3 vector plasmid per well plus 0.1 μg of pCMV- 
β- galactosidase plasmid. After 24 h, the transfected cells were plated 
onto the 96- well plates 5 × 103 cells/well. Cells were treated with 
compounds at concentrations of 5 μM in DMEM containing 3% FBS 
for 24 h, and luciferase activity was detected as described.14

2.4 | MTT assay

Cell viability was measured using the MTT (3- [4,5- dimethylthiazol
- 2- yl]- 2,5-  diphenyltetrazolium bromide; thiazolyl blue) assay. Cells 
were plated (5000 cells/well) with 200 μL of cell growth medium in 
96- well plates and cultured for the indicated time. MTT was added 
at a final concentration of 0.5 mg/mL in PBS and incubated for 4 h 
at 37°C. The medium was then removed and the remaining blue pre-
cipitate was solubilized in dimethylsulfoxide (DMSO). The absorb-
ance was read at 570 nm in a microplate reader. All the MTT data 
were averaged from 3 independent experiments. The IC50 value was 
assessed using probit regression analysis by spss statistical software.

2.5 | Western blot

Cultured cells were washed twice using PBS before addition of 
ice cold lysis buffer (50 mM Tris- HCl pH 7.5, 150 mM NaCl, 1 mM 
NaF, 1 mM phenylmethylsulphonyl fluoride, 4 mg/mL leupeptin and 
1 mg/mL aprotinin, and 1% Nonidet P- 40). Bradford method was 
used to measure the protein level, and equal amounts of protein 
were loaded into each well and separated by 7%, 10% or 12% SDS- 
PAGE gel, followed by transfer to PVDF membranes. These PVDF 
membranes were blocked in PBST buffer containing 5% non- fat milk 
for 1 h at room temperature. Blots were then incubated at 4°C with 
primary antibodies overnight. Secondary antibody incubation was 
carried out for 1 h at room temperature. Finally, Odyssey infrared 
laser imaging system (LI- COR Biosciences, Lincoln, NE, USA) was 
used to image the results.

2.6 | RNA extract and RT- PCR

Total RNA was isolated from cells using Trizol reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer’s instructions. 
RNA was quantified by measuring the absorbance (A260 nm). One 
microgram of RNA was reverse transcribed with oligo (dT) primers 
using a reverse transcription system. The single- stranded cDNA 
was amplified by PCR using the specific primers. PCR was per-
formed for 30 cycles (each cycle consisting of 94°C for 30 s, 54°C 
for 30 s and 72°C for 30 s). The PCR products were analysed by 
electrophoresis on a 1% agarose gel. Primer sequences used were 
shown in Table 1.

2.7 | Chromatin immunoprecipitation assays

HeLa cells were cultured in the 10- cm dishes and treated 
with 4 μM JHY- A007- 50 for 24 h, with DMSO as the nega-
tive control. Cells were processed for ChIP assay as described 
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previously.14 Briefly, the IgG or anti- Sp1 was used for the immu-
noprecipitation. Then, the immunoprecipitated DNAs were pu-
rified and used for PCR. The primers for detection of TMEPAI 
promoter DNA sequence containing Sp1- binding sites are as fol-
lows:	 forward,	 5′-	CGGGTCTACGTGGGCCGCCTAGC-	3′;	 reverse,	
5′-	AGGTTCCCCCGCACCCCCTCC-	3′.	Analysis	of	the	PCR	products	
was performed on a 1.2% agarose gel electrophoresis.

2.8 | Colony formation assay

Cells were plated (800 cells/well) in triplicate with 4 μM compound 
JHY- A007- 50, in six- well plates. After 20 d, colonies were stained 
with 5 mg/mL MTT and photographed.14

2.9 | Cell cycle analysis

Cell cycle analysis was performed using Cell Cycle Kit (Beyotime, 
China) following the manufacturer’s instructions. The percentages 
of cells in the different cell cycle phases were measured using a flow 
cytometer.

2.10 | Immunofluorescence assay

Cells were cultured overnight in 96- well plate and then treated with 
the compound in 3% FBS medium for 24 h. Cells were fixed in 4% 
PFA (paraformaldehyde solution) in PBS for 30 min and then washed 
3 times using PBS. Cells were blocked with 5% BSA for 30 min at 
room temperature and probed overnight with Ki- 67 antibodies 
at 4°C. After washing 3 times with PBS, cells were incubated with 
fluorochrome- conjugated secondary antibody for 1 h at room tem-
perature in the dark. Labelled cells were then rinsed with PBS and 
analysed under a Nikon fluorescence microscope.

2.11 | EdU incorporation assay

DNA synthesis was detected by measuring the incorporation of EdU 
into newly synthesized DNA strands. Cells were plated into 96- well 
plates for 24 h and then treated with JHY- A007- 50 in 3% FBS me-
dium. After incubation for the 24 h, cells were labelled with EdU la-
belling reagent according to the manufacturer’s protocol.

2.12 | RNA interference

Lentiviral	 vectors	 expressing	 TMEPAI	 shRNAs	 (TRC332:	 5′-	CCGG
ATCACGGAGCTGGAGTTTGTTCTCGAGAACAAACTCCAGCTCCG
TGATTTTTT-	3′	or	 the	non-	target	 shRNA	control	 vector	 (SHC002)	
was obtained from Sigma and the knockdown level was tested by 
Sigma. The TMEPAI shRNA has been tested to inhibit the expression 
of TMEPAI specifically.11 The lentiviruses were obtained according 
to the manufacturers’ protocol. Cells were infected with lentiviruses 
for 3 d before experiments were performed.

2.13 | Statistical analysis

All the experiments were repeated at least 3 times, the average 
values used as results and a set of representative figures shown as 
illustration. Statistical analysis was performed using the χ2 test or 
Fisher’s exact test and Spearman’s rank correlation coefficient anal-
ysis. P < .05 indicated that the difference was significant, and P < .01 
indicated that the difference was highly significant.

3  | RESULTS

3.1 | Compound JHY- A007- 50 inhibits TMEPAI 
promoter activity

It has been shown that TMEPAI is highly expressed in many kinds 
of cancer cells and plays an important role in tumourigenesis, which 
makes it a potential drug screening target for cancer therapy. To 
obtain potential candidate inhibitors capable of inhibiting the ex-
pression of TMEPAI, a luciferase assay system driven by TMEPAI 
promoter was established and screened against a compound library 
(Figure 1A). JHY- A007- 89 (see structure in Figure 1B) was found 
to have significant inhibitory effects on the promoter activity of 
TMEPAI, indicating that JHY- A007- 89 may be a potential inhibitor 
of TMEPAI expression. Further analysis also confirmed that JHY- 
A007- 89 markedly inhibited the TMEPAI luciferase reporter activity 
in a dose- dependent manner (Figure 1C).

To explore the possibility of obtaining more effective com-
pounds, various derivatives of the lead compound JHY- A007- 89 
(Table S1) were synthesized and their inhibitory effects on TMEPAI 
gene promoter activity were detected in HeLa cells at a concen-
tration of 4 μM (Figure 2A). It was found that JHY- A007- 50 (see 
structure in Figure 2B) could inhibit TMEPAI promoter activity 
more potently, and the inhibitory concentration (IC50) value was 
3.5 μmol/L (Figure 2C).

3.2 | Compound JHY- A007- 50 downregulates 
TMEPAI expression in cancer

To confirm the inhibitory effect of JHY- A007- 50 on the expression 
of TMEPAI, the levels of TMEPAI mRNA and protein in HeLa cells 
were analysed. The results showed that JHY- A007- 50 downregu-
lated the expression of both TMEPAI mRNA (Figure 3A,B) and protein 

TABLE  1 Primer sequences used in the RT- PCR assay

Primer Sequence (5′–3′)

TMEPAI- For GGAATTCATGCACCGCTTGATGGGGGTC

TMEPAI- Rev CGGGATCCTTACTTGTCGTCATCGTCTTTG

p53- For CAGCCAAGTCTGTGACTTGCACGTAC

p53- Rev CTATGTCGAAAAGTGTTTCTGTCATC

p57- For AGATCAGCGCCTGAGAAGTC

p57- Rev GGGACCAGTGTACCTTCTCG

GAPDH- For CTTTGGTATCGTGGAAGGA

GAPDH- Rev CACCCTGTTGCTGTAGCC
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(Figure 3C,D). Similarly, JHY- A007- 50 could inhibit the expression 
of TMEPAI in MCF- 7 and MGC- 803 cells (Figure 3E,F), which ex-
press high levels of endogenous TMEPAI.11,12 Moreover, we found 

that JHY- A007- 50 did not affect the luciferase activity driven by 
SM22 (smooth muscle 22) promoter (Figure 3G). Legumain (LGMN) 
is highly expressed in various cancers, and it plays an important role 

F IGURE  1  JHY- A007- 89 inhibits 
TMEPAI promoter activity. (A) HeLa cells 
were transfected with pGL3- TMEPAI 
promoter plasmid for 24 h, and then 
treated with the compounds (5 μM 
each). Cells were treated with 0.1% (v/v) 
DMSO as the negative control. Results 
are expressed as the fold activity over 
the activity of the negative control. 
The screening assay was carried out in 
triplicate. Partial data are shown (**P < .01 
compared with negative control). (B) 
Structure of JHY- A007- 89 (C) HeLa cells 
were transfected with a pGL3- TMEPAI 
promoter plasmid for 24 h, and then were 
treated with compound JHY- A007- 89 at 
the indicated dose

F IGURE  2  JHY- A007- 50 inhibits 
TMEPAI promoter activity. (A) HeLa cells 
were transfected with pGL3- TMEPAI 
promoter plasmid for 24 h, and then were 
treated with the derivatives of compound 
JHY- A007- 89 (5 μM). Cells were treated 
with 0.1% (v/v) DMSO as the negative 
control. Results are expressed as the fold 
activity over the activity of the negative 
control. Data are presented as the 
mean ± SD (n = 3). (B) Structure of JHY- 
A007- 50 (C) HeLa cells were transfected 
with a pGL3- TMEPAI promoter plasmid 
for 24 h, and then were treated with 
compound JHY- A007- 50 at the indicated 
dose
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F IGURE  3 Compound JHY- A007- 50 downregulates TMEPAI expression in cancer cells. (A) HeLa cells were treated with 4 μM JHY- 
A007- 50 for 24 h, with 0.1% (v/v) DMSO being used as a negative control. TMEPAI mRNA levels were analysed by RT- PCR. β- actin was used 
as an internal control to check the efficiency of cDNA synthesis and PCR amplification. (B) TMEPAI mRNA levels were analysed by RT- PCR, 
and quantified using Image J software (**P < .01). HeLa (C), MCF- 7 and MGC- 803 (E) cells were treated with 4 μM of JHY- A007- 50 for 24 h 
and 0.1% (v/v) DMSO was used as a negative control. Cells were then lysed and TMEPAI expression was analysed by Western blotting. (D) 
and (F) TMEPAI protein levels were analysed by Western blotting, and quantified using Image J software (**P < .01). (G) HeLa cells were 
transfected with pGL3- SM22 promoter plasmid for 24 h, and then were treated with compound JHY- A007- 50 (5 μM) for 24 h. Cells treated 
with 0.1% (v/v) DMSO as the negative control. Results are expressed as the fold activity over the activity of the negative control. Data are 
presented as the mean ± SD (n = 3). (H) HeLa cells were treated with 4 μM of JHY- A007- 50 for 24 h, and 0.1% (v/v) DMSO was used as a 
negative control. Cells were then lysed, LGMN and SM22 expression were analysed by Western blot. (I) HeLa cells were treated with 4 μM 
of JHY- A007- 50 for 24 h and 0.1% (v/v) DMSO was used as a negative control. The protein level of Sp1 in cytoplasm (C) and nucleus (N) was 
examined, with β- actin and Histone as loading control, respectively. (J) Chromatin fragments isolated from HeLa cells treating with 4 μM 
JHY- A007- 50 (with DMSO as the negative control) were subjected to immunoprecipitation with an Sp1 antibody and IgG as the negative 
control, binding of Sp1 to TMEPAI promoter was detected by PCR
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in tumourigenesis.15,16 Previous result showed that the expression 
of Legumain is regulated by p53.17 Furthermore, the putative tran-
scriptional factors of LGMN were analysed with TRANSFAC database 
(http://www.gene-regulation.com) and sabiosciences (http://www.
sabiosciences.com), and the results showed that Sp1 is not a transcrip-
tion factor of LGMN. The expression of LGMN and SM22 in HeLa 
cells was detected after cells treated with JHY- A007- 50. As shown 
in Figure 3H, JHY- A007- 50 did not affect the expression of LGMN 
and SM22 (Figure 3H). These results suggest that JHY- A007- 50 is an 
efficient and specific inhibitor of TMEPAI expression in cancer cells.

Our previous study showed that transcription factor Sp1 could 
promote the expression of TMEPAI.14 To test whether JHY- A007- 50 
targets Sp1 to regulate the expression of TMEPAI, the protein level 
of Sp1 in cytoplasm and nucleus with or without this compound 
treatment was examined. The result showed that the expression or 
the nucleus translocation of Sp1 was not altered by treating with 
JHY- A007- 50 (Figure 3I), which indicates Sp1 is not the target of 
JHY- A007- 50. Furthermore, whether Sp1 binding to TMEPAI pro-
moter is affected by compound JHY- A007- 50 was analysed using 
CHIP assay. As shown in Figure 3J, Sp1 binding to TMEPAI promoter 
is not affected by treating with compound JHY- A007- 50.

3.3 | Compound JHY- A007- 50 inhibits the cell 
proliferation of HeLa cells

Previous reports found that TMEPAI plays an important role in tumour-
igenesis, which could be an important target for cancer therapy.11,12,18 
Firstly, TMEPAI protein expression levels were tested in several can-
cer cell lines by Western blot. As shown in Figure 4A, TMEPAI protein 
is highly expressed in HeLa, MCF- 7, MGC- 803 and HepG2 cells, but 
with low expression in normal liver cell line L02. To determine whether 
JHY- A007- 50 has anti- cancer activity, we quantified the cytotoxicity 
of JHY- A007- 50 in cancer cells using a MTT assay. The results showed 
that JHY- A007- 50 treatment reduced the cell viability of HeLa, HepG2, 
MCF- 7, MGC- 803 cancer cells in a dose- dependent manner (Figure 4B- 
E). However, the L02 cells which have a low level of endogenous 
TMEPAI were not sensitive to JHY- A007- 50 treatment (Figure 4F). 
These results suggest that compound JHY- A007- 50 may have anti- 
cancer activity due to its ability to downregulate TMEPAI expression.

To further detect the mechanism by which JHY- A007- 50 re-
duced the viability of cancer cells, we evaluated the effects of JHY- 
A007- 50 using a colony formation assay, EdU incorporation assay 
and Ki- 67 fluorescence assay. The colony formation assay showed 
that JHY- A007- 50 reduced the colony formation rate (Figure 5A- C). 
The EdU incorporation in HeLa cells treated with JHY- A007- 50 was 
also inhibited (Figure 5D- F). Antigen Ki- 67 is a nuclear protein that 
is strictly associated with cell proliferation.19 Fluorescence assay 
data showed that JHY- A007- 50 reduced the expression of Ki- 67 
(Figure 5G- I). Taken together, these results show that JHY- A007- 50 
has an inhibitory effect on cancer cell proliferation. Moreover, the 
effect of JHY- A007- 50 on cell migration was also investigated by 
Wound- Healing assay, and the results showed that JHY- A007- 50 
can significantly inhibit HeLa cell migration (Figure 5J).

3.4 | JHY- A007- 50 induces G1- phase arrest in 
cancer cells

The cell cycle plays an important role in cell proliferation, and many 
anti- cancer drugs could inhibit cell proliferation through inducing cell 
cycle arrest.20,21 To examine whether the anti- proliferation effect of 
JHY- A007- 50 is associated with cell cycle arrest, we measured the 
cell cycle distribution in JHY- A007- 50- treated cells using flow cy-
tometry. The results showed that in HeLa cells the cell population in 
the G1 phase was 40.58% in the control group; however, upon treat-
ment with JHY- A007- 50, the percentage of G1 phase cells increased 
to 59.16% (Figure 6A). Similar result was also found in MCF- 7 cells, 
where the percentage of G1 phase cells increased from 54.83% to 
64.54% (Figure 6B). This suggested that JHY- A007- 50 induces cell 
cycle arrest at the G1 phase.

Since cyclins D, E, and CDK2 have a key role in regulating the 
progression of G1 and S phase, then the expression levels of these 
proteins were measured. As shown in Figure 6C, the expression of 
cyclin E1 and CDK2 was decreased upon treated with JHY- A007- 50. 
Furthermore, JHY- A007- 50 increases the expression of p53 at the 
mRNA and protein levels (Figure 6C,D). Taken together, these results 
indicated that JHY- A007- 50 could induce G1- phase cell cycle arrest 
and inhibit the proliferation of cancer cells.

3.5 | The inhibitory effect of JHY- 
A007- 50 on cell proliferation depends on the 
downregulation of TMEPAI

Since JHY- A007- 50 could inhibit TMEPAI expression and reduce cell 
viability, we next determined if the anti- proliferative effect of JHY- 
A007- 50 is related to the downregulation of TMEPAI expression. 
HeLa cells were transfected with pEF- TMEPAI plasmid and treated 
with JHY- A007- 50. The results showed that the overexpression of 
TMEPAI (Figure 7A) partially reversed the inhibitory effects of JHY- 
A007- 50 on cell viability as measured by the MTT assay. The Ki- 67 
fluorescence assay also showed that overexpression of TMEPAI 
reversed the inhibitory effects of JHY- A007- 50 on cell prolifera-
tion (Figure 7B). We also found that overexpression of TMEPAI 
partially reversed the suppression of cyclin E1 and CDK2 as well as 
promotion of p53 induced by JHY- A007- 50 treatment (Figure 7C). 
Furthermore, knockdown of TMEPAI in the JHY- A007- 50 treated 
HeLa cells showed that JHY- A007- 50 did not affect the cell viabil-
ity of TMEPAI- depleted HeLa cells (Figure 7D,E). These results sug-
gest that JHY- A007- 50 inhibits cell proliferation partially through 
the downregulation of TMEPAI expression.

4  | DISCUSSION

TMEPAI is abnormally activated in many cancers and previous stud-
ies have suggested that downregulating the expression of TMEPAI 
could subsequently depress cell proliferation and colony formation. 
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These results indicate that TMEPAI could be a potential novel drug 
screening target for cancer therapy.

Our previous study showed that 2 Sp1- binding sites are crucial for 
maintaining basal transcriptional activity of the TMEPAI promoter, 
and chromatin immunoprecipitation assays confirmed the direct 
binding of Sp1 to the TMEPAI promoter. In addition, Sp1 upregulated 
TMEPAI protein expression, as well as promoted TMEPAI- induced 

cell proliferation. Here, a luciferase reporter construct driven by 
the TMEPAI promoter was used to screen for TMEPAI expression 
inhibitors in HeLa cells. Compound JHY- A007- 50 was found that 
could significantly depress the luciferase reporter activity in com-
parison with the DMSO control. Further results revealed that com-
pound JHY- A007- 50 could also inhibit the endogenous expression 
of TMEPAI mRNA and protein levels in HeLa cells, and that this 

F IGURE  4 The effect of JHY- A007- 50 on cell 
viability. (A) The cells (L02, HeLa, MCF- 7, MGC- 
803 and HepG2) were collected and cell lysates 
were analysed by Western blot with antibodies 
to TMEPAI and β- actin as a loading control. The 
quantified result was shown in the below panel. 
HeLa (B), HepG2 (C), MGC- 803 (D), MCF- 7 (E) 
and L02 (F) cells were treated with JHY- A007- 50 
(1, 2, 4, 8 μM) for 48 h. Cells treated with 0.1% 
(v/v) DMSO were used as the negative control. 
Cell viability was determined by an MTT assay 
(*.01 < P < .05, **P < .01). The dose- dependent 
effects of JHY- A007- 50 on TMEPAI expression 
in HeLa, HepG2, MGC- 803, MCF- 7 and L02 cells 
were shown in the corresponding up panel
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F IGURE  5 Compound JHY- A007- 50 inhibits the cell proliferation of HeLa cells. (A) HeLa cells treated with 4 μM JHY- A007- 50 were used 
for colony formation assays after 20 d culture, and then plates were photographed. The correlated TMEPAI protein level and the quantified 
results of colony formation assays were shown in (B) and (C) (**P < .01). (D) HeLa cells were treated with 4 μM JHY- A007- 50 for 24 h, and 
DNA synthesis was assessed by EdU incorporation assay. Scale bar, 100 μm. The correlated TMEPAI protein level and the quantified using 
Image J software results of EdU incorporation assay were shown in (E) and (F) (**P < .01). (G) HeLa cells were treated with 4 μM JHY- 
A007- 50 for 24 h, and the amount of Ki- 67 was evaluated by immunofluorescence assay. Scale bar, 100 μm. The correlated TMEPAI protein 
level and the quantified using Image J software results of immunofluorescence assay were shown in (H) and (I) (**P < .01). (J) HeLa cells were 
seeded into six- well plates in DMEM and cultured overnight. Photographs were taken after the wound was made. HeLa cells were treated 
with 4 μM JHY- A007- 50 for 12, 24 and 48 h. The experiment was repeated 3 times and similar results were obtained each time. Scale bar, 
100 μm

F IGURE  6  JHY- A007- 50 induces G1- phase arrest in cancer cells. HeLa (A) and MCF- 7 (B) cells were treated with 4 μM JHY- A007- 50 for 
24 h, and 0.1% (v/v) DMSO was used as a negative control. The relative number of cells within each cell cycle was determined using flow 
cytometry. (C) HeLa cells were incubated with 4 μM JHY- A007- 50, and 0.1% (v/v) DMSO was used as a negative control. Twenty- four hours 
after treatment, cell lysates were prepared, and the expression levels of Cyclin E1, CDK2, and p53 were determined using Western blotting. 
(D) HeLa cells were treated with 4 μM JHY- A007- 50 for 24 h, and 0.1% (v/v) DMSO was used as a negative control. TMEPAI, p53 and 
p57 mRNA levels were analysed by RT- PCR. GAPDH was used as an internal control to check the efficiency of cDNA synthesis and PCR 
amplification
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inhibitory effect was dose- dependent. These results suggested that 
compound JHY- A007- 50 could potently downregulate the expres-
sion of endogenous TMEPAI.

TMEPAI is known to be induced by many signalling pathways such 
as androgen, EGF, TGF- beta and Wnt signalling. In the downstream 
of these signalling, many transcriptional factors (Androgen recep-
tor, Smad3, TCF7L2/beta- catenin, Sp1, ELK- 1, HIF- 1 and c- fos) are 
involved in the regulation of TMEPAI gene expression.14,22-24 Here, 
we showed that JHY- A007- 50 is an efficient and specific inhibitor 
of TMEPAI expression in cancer cells. As shown in Figure 3G, JHY- 
A007- 50 did not affect the luciferase activity driven by SM22 (smooth 
muscle 22) promoter. We also found that JHY- A007- 50 did not alter 
the expression of SM22 and Legumain at protein level, which are not 
regulated by Sp1 transcriptional factor (Figure 3H). These results 
proved the specificity of JHY- A007- 50 on the inhibiting TMEPAI ex-
pression. To study the mechanism of JHY- A007- 50 induced- inhibiting 

of TMEPAI expression, we have examined the protein level of Sp1 in 
cytoplasm and nucleus in this compound treated cells; however, the 
result indicates that Sp1 is not the target of JHY- A007- 50 (Figure 3G). 
Moreover, the CHIP assay showed that Sp1 binding to TMEPAI 
promoter is not affected by treating with compound JHY- A007- 50 
(Figure 3J). Considering the expression of TMEPAI is induced by many 
signalling pathways such as androgen, EGF, TGF- beta and Wnt signal-
ling, we will try to clarify the mechanism of JHY- A007- 50 inhibiting 
TMEPAI expression in our further study.

JHY- A007- 50 seems more effective in inhibiting TMEPAI gene 
promoter activity (Figures 2 and 3), but less effective in inhibiting 
the cell viability or cell proliferation detected by MTT, cell cycle anal-
ysis, Ki- 67 staining and EdU incorporation assay (Figures 4, 5 and 
6). This may be because JHY- A007- 50 affects the promoter activ-
ity more directly. The different sensitivity of these various assays 
probably is the reason that the dose of the drug to cause an effect 

F IGURE  7 The inhibitory effect of JHY- A007- 50 on cell proliferation depends on downregulation of TMEPAI. (A) HeLa cells were 
transfected with pEF- TMEPAI or empty vector for 48 h, then cells were treated with different concentrations of JHY- A007- 50, and 
0.1% (v/v) DMSO was used as a negative control. MTT assay was used to analyse the cell viability (**P < .01). (B)The amount of Ki- 67 
and Flag- TMEPAI were evaluated by immunofluorescence assay. Scale bar, 100 μm. (C) HeLa cells were transfected with pEF- TMEPAI 
or empty vector for 48 h, then the cells were incubated with 4 μM JHY- A007- 50, and 0.1% (v/v) DMSO was used as a negative control. 
Twenty- four hours after treatment, cell lysates were prepared, and the expression levels of Cyclin E1, CDK2 and p53 were determined 
using Western blot. (D) HeLa cells were infected with TMEPAI- shRNA lentiviruses 3 d before treated with 4 μM JHY- A007- 50. TMEPAI 
protein levels were determined by Western blot. (E) Cell viability was measured 48 h after treated with 4 μM JHY- A007- 50 (**P < .01, N.S. 
indicates P > .05)
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appears to be different in different experiments. In spite of these 
differences, the trends of the results are consistent in these assays.

The cell cycle plays a key role in cell proliferation and cancer 
progression. Our results indicate that JHY- A007- 50 induced cell 
cycle arrest at the G1 phase. Moreover, we showed that this cell 
cycle arrest was accompanied by the downregulation of Cyclin E and 
CDK2. The turnover assay showed that overexpression of TMEPAI 
reversed the inhibitory effects of JHY- A007- 50 on cell prolifera-
tion (Figure 7). As shown in Figure 7B, overexpression of TMEPAI 
reversed the inhibitory effect of JHY- A007- 50 on cell proliferation. 
However, TMEPAI- expressing cells and Ki- 67- positive cells are not 
overlapped in some cells. The paradoxical result may be due to Ki- 67 
is periodically expressed in cells. Moreover, the different sensitiv-
ities of different antibodies using in IF assay may also lead to this 
seeming contradiction. Moreover, JHY- A007- 50 did not affect the 
cell viability of HeLa cells knocked down of TMEPAI (Figure 7D,E). 
These results suggest that JHY- A007- 50 inhibits cell proliferation 
partially through the downregulation of TMEPAI expression. Our 
previous study had indicated that TMEPAI could increase lysosome 
stability and promotes autophagy12 and so a future study will focus 
on the effects that JHY- A007- 50 may have on autophagy and its in 
vivo anti- tumour activity.

In conclusion, these results indicate that JHY- A007- 50 is a novel 
and potent inhibitor of TMEPAI expression. Additionally, the anti- 
tumour effect of JHY- A007- 50 may be achieved through cell cycle 
arrest at the G1 phase. These results demonstrate that JHY- A007- 50 
could be a very promising anti- cancer drug candidate for TMEPAI 
high- expressing tumours.
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