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Abstract. Human embryo lung cellular protein interacting with 
severe acute respiratory syndrome‑coronavirus nonstructural 
protein‑10 (HEPIS) is expressed at varying levels in multiple 
organs and breast cancer cell lines. However, its expression and 
function in breast cancer cells has yet to be studied. Therefore, 
RNA in situ hybridization was used to detect the expression 
of HEPIS in breast cancer and cancer‑adjacent normal breast 
tissue. HEPIS was expressed at lower levels in breast cancer 
compared with that in adjacent normal tissue. Subcellular 
localization of HEPIS was mainly found in the cytoplasm 
of HeLa cells. Cell Counting Kit‑8 and 5‑ethynyl‑2'‑deoxy-
uridine cell proliferation assays were used to investigate the 
role of HEPIS in cancer cell proliferation. Ectopic expression 
of HEPIS in MCF‑7 cells was found to significantly inhibit 
cell proliferation. In contrast, knockdown of HEPIS by RNA 
interference exhibited the opposite effect. Furthermore, a 
dual‑luciferase reporter assay was performed and HEPIS 
overexpression specifically inhibited the activity of the NF‑κB 
reporter gene. Results of the gene chip assay revealed that 2,231 
genes were differentially expressed in HEPIS‑overexpressing 
cells. Results of the Gene Ontology and Kyoto Encyclopedia of 
Genes and Genomes enrichment analyses indicated that these 
genes were enriched in the ‘mitogen‑activated protein kinase 
signaling pathway’, ‘JAK‑STAT signaling pathway’ and ‘focal 
adhesion’. Reverse transcription‑quantitative PCR was used to 
confirm the expression levels of the differentially expressed 
genes interleukin 2 receptor subunit α (IL2RA), interferon 
α and β receptor subunit 2 (IFNAR2) and IFα8 (IFNA8). In 
conclusion, the results of the present study indicated that 
HEPIS may function as a potential repressor of breast cancer.

Introduction

Severe acute respiratory syndrome‑coronavirus nonstructural 
protein‑10 (SARS‑CoV nsp‑10) is the main transcriptase of 
SARS that cleaves polyproteins orf1a (187‑260 kDa) and 
orf1b (345‑422 kDa) during infection (1). Human embryo lung 
cellular protein interacting with SARS‑CoV nsp‑10 (HEPIS) 
is a novel gene that was previously isolated from a cDNA 
library of human embryonic lung tissue and the protein it 
encodes interacts with SARS‑CoV nsp10 (2). The HEPIS gene 
is expressed as two different isoforms, isoform A and isoform 
B, which are 220 and 147 amino acids long, respectively (2,3). 
Previously, it was demonstrated that HEPIS is differentially 
expressed in ten different types of cancer, including stomach, 
liver, and prostate cancer (4). Furthermore, the transcription 
factors Oct‑1, NF‑κB and C‑Jun are associated with transcrip-
tional regulation of the HEPIS gene (4). Breast cancer is one 
of the most common malignancies affecting women world-
wide (5,6), with the incidence of 92.8 per 100,000 women in 
western Europe in 2018 (7). Breast cancer progression is a 
complex process comprising cell cycle dysregulation (8) and 
metastasis to distant organs (9). A variety of steroid hormones, 
such as estrogen and progesterone (10), and the expression of 
specific genes, such as zinc finger E‑box‑binding homeobox 1 
and matrix metallopeptidases (9), have been attributed to the 
growth and metastasis of breast cancer cells. A previous study 
showed that the transcription factor Zinc finger E‑box‑binding 
homeobox 1 regulates the expression of the p21 and CDK4 
genes to promote breast cancer cell proliferation (11). Bone 
morphogenetic protein 6 has been found to inhibit breast 
cancer cell proliferation by targeting microRNA‑192 and its 
direct target RB transcriptional corepressor 1 (12). Clinically, 
therapeutic interventions for the growth and metastasis of 
breast cancer remain limited. Our previous study demon-
strated that the expression of HEPIS was significantly higher 
in T‑47D compared with ZR‑75‑30, MDA‑MB‑231 and MCF‑7 
cells (4). However, the function of HEPIS in breast cancer cell 
proliferation has not yet been elucidated, and the elucida-
tion of such a mechanism may provide novel approaches for 
therapy.

In order to reveal the role of HEPIS in the development of 
breast cancer, the function of HEPIS in MCF‑7 cell prolifera-
tion and the regulated genes of HEPIS was investigated in the 
present study. Our results may provide a basis for establishing 
a more effective treatment strategy for breast cancer.
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Materials and methods

Plasmid construction. Full‑length HEPIS isoform A and B 
coding sequence (CDS) was amplified from MCF‑7 
cDNA using PCR with the following primers: Forward, 
5'‑TTCAAGCTTATGTCTGCCCATATGTCAGG‑3' and 
reverse, 5'‑TAA​GGA​TCC​GTC​ACA​GGA​TTT​CTC​TAA​
GTC​T‑3'. The PCR fragments were run on an agarose gel, 
photographed, recovered, digested with HindIII (AAGCTT) 
and BamH I (GGATCC) and cloned into the pEGFP‑C3 
vector (BD  Biosciences). pEGFP‑C3‑HEPISa plasmid 
contained the CDS sequence of HEPIS isoform A, whereas 
pEGFP‑C3‑HEPISb plasmid contained the CDS sequence of 
HEPIS isoform B.

The partial human HEPIS CDS was amplified from MCF‑7 
cDNA using PCR with the following primers: Forward, 
5'‑ATA​CTC​GAG​GAA​GTG​GAG​CAG​GAT​GTA‑3' and 
reverse, 5'‑ATA​GCG​GCC​GCT​CAG​TCA​CAG​GAT​TTC​TC‑3', 
and the PCR fragments were cloned into the psiCHECK™‑2 
(Promega Corporation) vector using XhoI (CTCGAG) and 
NotI (GCGGCCGC) restriction sites. This partial human 
HEPIS CDS sequence contained the targeting site of the small 
interfering (si)RNAs described below.

The target siRNA sequences for human HEPIS were 
5'‑GAT​GC​TAA​CCT​CCA​AGT​TT‑3', 5'‑GCA​AGC​AGC​AGA​
AGA​GAA​A‑3' and 5'‑AGT​TTA​GTC​CTG​CAG​AGAT‑3'. 
These oligonucleotides were annealed and ligated into 
pSilencer 4.1‑CMVneo (Ambion; Thermo Fisher Scientific, 
Inc.) to construct HEPIS‑specific siRNA expression plasmids 
siHEPIS‑1, siHEPIS‑2, and siHEPIS‑3, respectively, according 
to the manufacturer's protocol. pSilencer  4.1‑CMVneo 
expressing scrambled siRNA (Ambion; Thermo Fisher 
Scientific, Inc.) was used as si‑control.

Cell culture. HeLa and MCF‑7 cells (ATCC) were maintained 
in high glucose DMEM (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% fetal bovine serum (FBS; HyClone; 
GE Healthcare Life Sciences), penicillin (100 U/ml) and strep-
tomycin (100 U/ml) and incubated at 37˚C with 5% CO2.

Cell transfection. HeLa and MCF‑7 cells were transfected 
with plasmid using Lipofectamine™ 2000 (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol.

HeLa cells were seeded at a density of 1x104 cells/well in 
96‑well plates, after 24 h of culture, the cells were transfected 
with 200 ng/well pEGFP‑C3‑HEPISa, pEGFP‑C3‑HEPISb, 
or pEGFP‑C3 for subcellular localization. HeLa cells were 
seeded at a density of 7x104 cells/well in 24‑well plates. After 
24 h of culture, the cells were transfected with 800 ng/well 
pEGFP‑C3, pEGFP‑C3‑HEPISa or pEGFP‑C3‑HEPISb plas-
mids for reverse transcription‑quantitative PCR (RT‑qPCR).

MCF‑7 cells were seeded at a density of 1x104 cells/well in 
96‑well plates. After 24 h of culture, the cells were co‑transfected 
with 100 ng/well of either si‑control, siHEPIS‑1, siHEPIS‑2 
or siHEPIS‑3 and 100 ng/well psiCHECK™‑2‑HEPIS for 
silencing target site selection; the cells were transfected 
with 200 ng/well pEGFP‑C3‑HEPISa, pEGFP‑C3‑HEPISb, 
pEGFP‑C3, siHEPIS‑3 or si‑control for Cell Counting 
Kit‑8  (CCK‑8) assay; the cells were co‑transfected with 
80  ng/well of pEGFP‑C3‑HEPISa, pEGFP‑C3‑HEPISb, 

pEGFP‑C3, siHEPIS‑3 or si‑control, 80 ng/well of pNF‑κB‑Luc 
and 40 ng/well pRL‑TK for Dual‑luciferase reporter (DLR) 
assay.

MCF‑7 cells were seeded at a density of 7x104 cells/well 
in 24‑well plates. After 24  h of culture, the cells trans-
fected with 800 ng/well pEGFP‑C3, pEGFP‑C3‑HEPISa, 
pEGFP‑C3‑HEPISb, si‑control or siHEPIS‑3 plasmids for 
5‑Ethynyl‑2'‑deoxyuridine (EdU) cell proliferation assay and 
RT‑qPCR; the cells were transfected with 800 ng/well of either 
pEGFP‑C3‑HEPISa, pEGFP‑C3‑HEPISb or pEGFP‑C3 for 
western blotting. The cells were transfected with 800 ng/well 
of either pEGFP‑C3‑HEPISa or pEGFP‑C3 for gene chip 
assay.

Transmembrane domain prediction. The transmembrane 
domain of HEPIS was predicted by Transmembrane Hidden 
Markov Model (TMHMM) Server v.2.0 (http://www.cbs.dtu.
dk/services/TMHMM/).

Subcellular localization. HeLa cells were transfected as 
aforementioned. At 24 h post‑transfection, the cells were 
stained with DAPI for 30  mins at  37˚C, and visualized 
under an inverted fluorescent microscope as described previ-
ously (13).

Western blotting. MCF‑7 cells were transfected with 
EGFP‑C3‑HEPISa, pEGFP‑C3‑HEPISb or pEGFP‑C3 as 
aforementioned. At 24 h post‑transfection, western blotting was 
performed as described previously (14). Primary antibodies 
specific for GFP (cat. no. SC‑8334; Santa Cruz; 1:1,000 dilu-
tion) and β‑actin (cat. no. ab8227; Abcam; 1:1,000 dilution) 
and a secondary antibody Goat Anti‑Rabbit IgG H&L (HRP) 
(cat. no. ab6721; Abcam; 1:10,000 dilution) were used.

Silencing target site selection using the psiCHECK™‑2 vector. 
MCF‑7 cells were transfected with the psiCHECK™‑2 vector 
as aforementioned. At 24 h, the cells were lysed and cell 
lysates were assayed for firefly and Renilla luciferase activity 
using a Dual‑Luciferase Reporter Assay System (Promega 
Corporation) according to the manufacturer's protocol. Renilla 
luciferase activity was normalized to firefly luciferase activity. 
Experiments were performed in triplicate.

CCK‑8 assay. MCF‑7 cells were transfected as aforemen-
tioned. At 24 h, the cells were seeded into 96‑well plates at a 
density of 2x103 cells/well, with six replicates per experiment. 
The CCK‑8 assay (Dojindo Molecular Technologies, Inc.) was 
performed 1, 2, 3, 4 and 5 days after transfection as described 
previously (13).

EdU cell proliferation assay. For the EdU assay, MCF‑7 cells 
were transfected as aforementioned. The cells were incubated 
with 50 µM EdU at 37˚C for 1 h 48 h after transfection. The 
cells were fixed with 4% paraformaldehyde at 37˚C for 30 min 
and stained with 5 mg/ml Hoechst as described previously (12). 
Images were captured and EdU‑positive cells were calculated 
as described previously (12).​

DLR assay. The pNF‑κB‑Luc reporter plasmid (PathDetect; 
Agilent Technologies, Inc.) contains the NF‑κB response 
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element, GGG​AAT​TTC​CGG​GAA​TTT​CCG​GGA​ACC​GGA​
TTG​ACC​GGC​CAT​GGC​GAT​CGC​CCT​TAA​AGG​CCC​TTA​
AAG​GCC​CTT​TTT​CCG​GGA​ATT​TCC, which was cloned 
into the 3'UTR of firefly luciferase. pNF‑κB‑Luc was there-
fore used to measure transcriptional activity of NF‑κB. The 
internal control pRL‑TK plasmid contained the Renilla lucif-
erase gene (Promega Corporation). MCF‑7 cells transfected 
with as aforementioned. At 24 h post‑transfection, the DLR 
assay was performed using Dual‑Luciferase Reporter Assay 
System (Promega Corporation) according to the manufac-
turer's protocol. Firefly luciferase activity was normalized to 
Renilla luciferase activity.

RNA in situ hybridization. An RNA microarray containing 
samples from 39 cases of breast cancer and matching adjacent 
normal tissue was obtained from Shanxi Chaoying Biotechnology 
Co., Ltd. (cat. no. BR804a). An antisense probe with a sequence 
matching part of HEPIS was used: 5'‑FITC‑TCT​GCC​CAT​
ATG​TCA​GGA​TTG​GAA​ATA​ATG​GAT‑3'. Hybridization was 
performed as previously described (15). DAPI was used as the 
counterstain. The stained cells were visualized and images 
were captured using a laser scanning confocal microscope 
under consistent excitation wavelength among all groups. The 
results of the staining were analyzed using ImageJ software 
version 1.46 (National Institutes of Health).

Gene chip assay. MCF‑7 cells were transfected as afore-
mentioned. After 48 h of transfection, RNA was extracted 
using TRIzol (cat. no. 15596‑018; Invitrogen; Thermo Fisher 
Scientific, Inc.), and further purified using an RNeasy mini kit 
(cat. no. 74106) and RNase‑Free DNase set (cat. no. 79254; both 
Qiagen GmbH). Total RNA was amplified and labeled using the 
low input quick amp labeling kit, one‑color (cat. no. 5190‑2305; 
Agilent Technologies, Inc.), according to the manufacturer's 
protocol. Labeled complementary RNA (cRNA) was purified 
using the RNeasy mini kit (cat. no. 74106; Qiagen GmbH) as 
previously described (16). Each slide (Agilent SurePrint G3 
Human Gene Expression Microarray 8x60K) was hybrid-
ized with 600 ng Cy3‑labeled cRNA using a hybridization 
kit (cat. no. 5188‑5242) and washed in staining dishes with 
wash buffer kit (cat. no. 5188‑5327; all Agilent Technologies, 
Inc.) 17 h after hybridization, according to the manufacturer's 
instructions. Slides were scanned using an Agilent microarray 
scanner (cat. no. G2565CA; Agilent Technologies, Inc.) with 
the following default settings: Dye channel, green; scan reso-
lution, 3 µm; photomultiplier tube, 100%, color depth, 16 bit. 
Data were extracted using Feature Extraction software v10.7 
(Agilent Technologies, Inc.). Raw data were normalized using 
the quantile algorithm, limma packages in R version 3.5.3 
(http://www.R‑project.org/) (17). Two samples were used for 
gene chip assay.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) enrichment analysis. Differentially 
expressed mRNAs were identified as |log2(fold change)|≥2 
and P<0.05. GO enrichment (http://geneontology.org, release 
number 2019‑01‑01) and KEGG pathway (http://www.genome.
jp/kegg, release number 91.0, July 2019) analysis of the differ-
entially expressed mRNAs were performed as described 
previously (18).

Reverse transcription‑quantitative PCR (RT‑qPCR). MCF‑7 
and HeLa cells were transfected as aforementioned and 24 h 
after transfection, the RNA was extracted using TRIzol® 
(Invitrogen; Thermo Fisher Scientific, Inc.) and purified using 
RNeasy mini kit (Qiagen GmbH). Total RNA (0.5 µg) from 
each sample was used for first‑strand cDNA synthesis using 
M‑MLV reverse transcription kit (Promega Corporation) 
according to the manufacturer's protocol. The specific prod-
ucts of human HEPIS were amplified using qPCR with the 
following primers: HEPIS forward, 5'‑GCC​AAA​GCC​CAG​
TGT​TAA​AAG‑3' and reverse, 5'‑GGA​GGT​TAG​CAT​CAC​
ATT​GTC​A‑3'; and GAPDH forward, 5'‑TGA​CTT​CAA​CAG​
CGA​CAC​CCA‑3' and reverse, 5'‑CAC​CCT​GTT​GCT​GTA​
GCC​AAA‑3'. GAPDH was used as an internal control.

MCF‑7 cells were transfected with pEGFP‑C3‑HEPISa or 
pEGFP‑C3 as aforementioned, and 24 and 48 h after transfec-
tion, RNA extraction, purification and reverse transcription 
were performed as aforementioned. Specific products of 
human interleukin 2 receptor subunit α (IL2RA), interferon 
α and β receptor subunit 2 (IFNAR2) and IFNA8 genes were 
amplified using qPCR using the following primers: IL2RA 
forward, 5'‑GGC​AGC​GGA​GAC​AGA​GGA​A‑3' and reverse, 
5'‑CCT​GGG​CGA​CCA​TTT​AGC‑3'; IFNAR2 forward, 5'‑TGA​
TAG​CGA​TAC​TGA​GGC‑3' and reverse, 5'‑CTG​GGA​TTC​
TGT​AGA​GGT​G‑3'; and IFNA8 forward 5'‑GAC​TCA​TCT​
GCT​GCT​TTG‑3' and reverse, 5'‑GAA​TCA​TTT​CCG​TGT​
TGT​A‑3'. GAPDH was used as an internal control.

Universal PCR Max Mix (Applied Biosystems) was used 
for qPCR, according to the manufacturer's protocol QPCR was 
performed using the following thermocycling conditions: 94˚C 
for 15 sec, 60˚C for 15 sec and 72˚C for 15 sec for 40 cycles. 
Quantification was performed using the 2‑ΔΔCq method as 
described previously (19).

Statistical analysis. Data are presented as the mean ± standard 
deviation. SPSS v9.0 software (SPSS, Inc.) was used for statis-
tical analysis. The data of RT‑qPCR and EdU cell proliferation 
assay were analyzed using Student's t‑test, the CCK‑8 data 
were analyzed using one‑way ANOVA followed by a Dunnett's 
post hoc test. Optical density or integrated optical density 
of breast cancer or normal breast tissue was analyzed using 
Student's t‑test. P<0.05 was considered to indicate a statisti-
cally significant difference. Data represent three independent 
experiments.

Results

Characterization and subcellular localization of HEPIS. 
HEPIS exists in two different isoforms, A and B. PCR was 
performed to determine the expression levels of the A and 
B isoforms in MCF‑7 cells. The results revealed that both 
the isoforms were expressed in MCF‑7 cells. Isoform A was 
the most abundant form of HEPIS, based on the intensity of the 
band (Fig. 1A). Isoforms A and B consist of 220 and 147 amino 
acids, respectively (Fig. 1B), with predicted molecular masses 
of 28 and 18 kDa, respectively. Protein analyses on TMHMM 
revealed that the HEPIS protein has no predicted transmem-
brane domain, suggesting that it may be a soluble protein. 
To determine its subcellular localization, cDNAs of both the 
isoforms were fused to GFP in the pEGFP‑C3 vector and 
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transfected into HeLa cells. Overexpression of HEPISa and 
HEPISb was confirmed using qPCR (Fig. 1C). HEPISa‑GFP 
and HEPISb‑GFP fusion proteins were primarily expressed in 
the cytoplasm of HeLa cells (Fig. 1D). Results of the western 
blot analysis revealed that pEGFP‑C3‑HEPISa expressed a 
55‑kDa HEPISa‑GFP fusion protein, and pEGFP‑C3‑HEPISb 
plasmids expressed a 45‑kDa HEPISb‑GFP fusion protein in 
MCF‑7 cells (Fig. 1E).

HEPIS expression in breast cancer tissue. In our previous 
study, it was reported that HEPIS was differentially expressed 
in T‑47D, ZR‑75‑30, MDA‑MB‑231 and MCF‑7 breast cancer 
cell lines (4). In the present study, RNA in situ hybridization 
was performed using a tissue microarray containing breast 
cancer tissue and adjacent normal tissue from 39 cases to 
study the expression of HEPIS. HEPIS‑positive staining 
was primarily found in the cytoplasm of case 2 (Fig. 2). The 
integrated optical density of HEPIS was significantly lower 
(P<0.05) in malignant breast cancer tissue compared with the 
adjacent normal breast tissue (Table I).

HEPIS overexpression reduces proliferation of MCF‑7 cells. A 
previous study reported that HEPIS reduces the proliferation 
of HeLa cell (2). To assess the effect of HEPIS on the prolif-
eration of breast cancer cells, MCF‑7 cells were transfected 
with the HEPIS‑expressing plasmids pEGFP‑C3‑HEPISa or 
pEGFP‑C3‑HEPISb, and a CCK‑8 assay was performed. As 
shown in Fig. 3A, the results of the CCK‑8 assay indicated 

that overexpression of both isoforms of HEPIS in MCF‑7 cells 
significantly decreased the cell proliferation compared with 
MCF‑7 cells transfected with empty vector controls. To test 
the effect of knockdown of endogenous HEPIS expression 

Figure 1. Characterization and subcellular localization of HEPIS. (A) HEPIS mRNA expression levels (isoforms A and B) in MCF‑7 breast cancer cells detected 
using PCR and gel electrophoresis. (B) Protein sequence alignment of HEPIS isoforms A and B. The box indicates different amino acid sequences. Amino 
acids are presented in a single letter code. (C) HeLa and MCF‑7 cells were transfected with pEGFP‑C3, pEGFP‑C3‑HEPISa, or pEGFP‑C3‑HEPISb. The 
HEPIS mRNA levels were detected using quantitative PCR 24 h after transfection. *P<0.05 vs. pEGFP‑C3. (D) HeLa cells were transfected with pEGFP‑C3, 
pEGFP‑C3‑HEPISa, or pEGFP‑C3‑HEPISb, and nuclei were stained with DAPI was used to stain nuclei. GFP and DAPI staining were visualized using 
fluorescence microscopy. Magnification, x10. (E) MCF‑7 cells were transfected with pEGFP‑C3, pEGFP‑C3‑HEPISa or pEGFP‑C3‑HEPISb. Western blot 
analysis with anti‑GFP antibodies was performed to determine the expression of HEPIS‑GFP in MCF‑7 cells. HEPIS, human embryo lung cellular protein 
interacting with severe acute respiratory syndrome‑coronavirus nonstructural protein‑10; CDS, coding sequence; GFP, green fluorescence protein.

Figure 2. Representative images of RNA in situ hybridization of HEPIS 
in breast cancer and cancer‑adjacent normal breast tissue from two cases. 
Magnification, x400. a, invasive ductal carcinoma; b, adjacent normal breast 
tissue. DAPI was used as the counterstain. HEPIS, human embryo lung 
cellular protein interacting with severe acute respiratory syndrome‑corona-
virus nonstructural protein‑10.
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Table I. Expression of HEPIS in breast cancer and normal breast tissue specimens.

Specimen	 Number	 Optical density	 Integrated optical density

Normal breast tissue	 39	 0.038±0.001a	 187±13.51a

Breast cancer	 39	 0.020±0.001	 109±10.72

aP<0.05, Student's t‑test. Data are presented as the mean ± standard deviation. HEPIS, human embryo lung cellular protein interacting with 
severe acute respiratory syndrome‑coronavirus nonstructural protein‑10.

Figure 3. HEPIS inhibits the proliferation of MCF‑7 breast cancer cells. (A) CCK‑8 assay of MCF‑7 cells transfected with pEGFP‑C3, pEGFP‑C3‑HEPISa, or 
pEGFP‑C3‑HEPISb. *P<0.05 vs. pEGFP‑C3. (B) MCF‑7 cells were co‑transfected with siHEPIS‑1, siHEPIS‑2, siHEPIS‑3 or si‑control, with psiCHECK‑2‑HEPIS. 
The dual‑luciferase reporter assay was performed, and the Renilla luciferase data are normalized to the expression of firefly luciferase. *P<0.05 vs. si‑control. 
(C) MCF‑7 cells were transfected with either si‑control or siHEPIS‑3. The HEPIS mRNA levels were detected using quantitative PCR, 24 h after transfection. 
*P<0.05. (D) CCK‑8 assay of MCF‑7 cells transfected with either si‑control or siHEPIS‑3. *P<0.05. (E) MCF‑7 cells were transiently transfected with pEGFP‑C3, 
pEGFP‑C3‑HEPISa or pEGFP‑C3‑HEPISb. Cell proliferation was measured using immunofluorescence analysis of EdU incorporation. *P<0.05 vs. pEGFP‑C3. 
(F) MCF‑7 cells were transiently transfected with si‑control or siHEPIS‑3. Cell proliferation was measured by immunofluorescence analysis of EdU incorporation. 
*P<0.05 vs. si‑control. CCK‑8, Cell Counting Kit‑8; HEPIS, human embryo lung cellular protein interacting with severe acute respiratory syndrome‑coronavirus 
nonstructural protein‑10; EdU, 5‑Ethynyl‑2'‑deoxyuridine; GFP, green fluorescence protein; si, small interfering.
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on MCF‑7 cell proliferation, three different siRNA plasmids 
which targeted human HEPIS were constructed (siHEPIS‑1, 
siHEPIS‑2 and siHEPIS‑3), and the ability of these three 
plasmids to inhibit HEPIS gene expression using a DLR assay 
with the psiCHECK™‑2 vector was performed. The results 
revealed that HEPIS expression was lowest in cells transfected 
with siHEPIS‑3 (Fig. 3B). Results of the qPCR analysis showed 
that overexpression of siHEPIS‑3 significantly reduced the 
expression of HEPIS at the transcriptional level (Fig. 3C). As 
shown in Fig. 3D, the knockdown of HEPIS by siHEPIS‑3 
significantly increased the number of MCF‑7 cells compared 
with the control, confirming that HEPIS has a growth‑inhib-
iting effect on MCF‑7 cells. Furthermore, the results of the 
EdU proliferation assay revealed that overexpression of both 
isoforms of HEPIS decreased the number of cells in the S phase 
from 51.2 to 38.1% (HEPISa) or 36.3% (HEPISb) (Fig. 3E). 
In contrast, HEPIS knockdown resulted in a marked increase 
in the number of cells in the S phase, showing an increase 

from 47.1 to 63.8% (Fig. 3F). Based on the above results, it was 
confirmed that HEPIS inhibits MCF‑7 cell proliferation.

HEPIS overexpression inhibits the transcriptional activity 
of NF‑κB. The DLR assay was performed to further identify 
the potential cellular pathways regulated by HEPIS, which 
revealed that the two isoforms of HEPIS overexpression 
significantly inhibited the NF‑kB reporter gene in MCF‑7 
cells compared with the control group (Fig. 4A). By contrast, 
HEPIS knockdown resulted in a significant increase in NF‑κB 
reporter gene activity (Fig. 4B).

Gene profiles and detection of differentially expressed 
mRNAs. To understand the molecular changes following 
HEPIS overexpression, gene chip analysis was performed 
to identify the mRNAs that were differentially expressed 
between the HEPIS‑overexpressing MCF‑7 cells and control 
cells. Results of the gene chip assay showed that 2,231 genes 
were differentially expressed in HEPIS‑overexpressing cells, 

Figure 4. HEPIS inhibits NF‑κB activation in MCF‑7 cells. MCF‑7 cells 
were transfected with either (A)  pEGFP‑C3, pEGFP‑C3‑HEPISa, or 
pEGFP‑C3‑HEPISb and (B) si‑control or siHEPIS‑3, along with pNF‑κB‑luc 
(80 ng). The dual‑luciferase reporter assay was performed using lysates from 
transfected cells. *P<0.05 vs. respective control. HEPIS, human embryo lung 
cellular protein interacting with severe acute respiratory syndrome‑corona-
virus nonstructural protein‑10; si, small interfering; luc, luciferase.

Figure 5. Gene profiles and detection of differentially expressed mRNA. 
(A) Scatter plot of the expression levels of all the detected mRNAs in 
HEPIS‑overexpressing MCF‑7 cells and pEGFP‑C3‑expressing MCF‑7 
cells. (B)  MCF‑7 cells were transfected with either pEGFP‑C3, or 
pEGFP‑C3‑HEPISa. The IL2RA, IFNAR2 and IFNA8 mRNA levels were 
detected using quantitative PCR. *P<0.05 vs. pEGFP‑C3. HEPIS, human 
embryo lung cellular protein interacting with severe acute respiratory 
syndrome‑coronavirus nonstructural protein‑10. GFP, green fluorescent 
protein.
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including 1,095 genes that were upregulated and 1,136 that 
were downregulated (Fig. 5A). The differentially expressed 
genes were analyzed using GO  enrichment and KEGG 
pathway analysis. Top 10 significant enrichment pathways 
from GO  enrichment analysis included ‘transmembrane 
receptor protein serine/threonine kinase activity’ and ‘regula-
tion of T cell tolerance induction’, among others (Table II). 
Top 15 significant enrichment pathways from KEGG pathways 
are listed in Table III and included ‘mitogen‑activated protein 
kinase (MAPK) signaling pathway’, ‘Janus kinase‑signal 
transducer and activator of transcription (JAK‑STAT) 
signaling pathway’, ‘focal adhesion’ and others. The IL2RA, 
IFNAR2, and IFNA8 genes were selected for qPCR analysis, 
as they were enriched in the JAK‑STAT signaling pathway, 
from the KEGG enrichment analysis. qPCR results confirmed 
that the mRNA levels of these three genes were downregu-
lated in HEPIS‑overexpressing MCF‑7 cells compared with 
that in the pEGFP‑C3 group at 24 and 48 h post‑transfection 
(Fig. 5B).

Discussion

Previously, the HEPIS isoform B has been identified as 
147 amino acid long protein with several casein kinase  II 
phosphorylation sites (2). In the present study, HEPIS isoforms 
A and B were both found to be expressed in MCF‑7 cells. Of 
these, isoform A was the more abundantly expressed isoform. 
Similar to the present study, a previous study also showed that 
overexpression of HEPIS isoform B reduced the proliferation 
of HeLa cells (2). In the present study, it was demonstrated 
that overexpression of both HEPIS isoforms significantly 
inhibited cell cycle progression in MCF‑7 breast cancer cells 
by inhibiting G1‑S transition, and RNA interference targeting 

HEPIS exhibited resulted in increased cell cycle progression, 
confirming the potential role of HEPIS in the regulation of 
cell proliferation. Our group previously reported that HEPIS 
expression was significantly increased in four breast cancer 
cell lines: T‑47D, ZR‑75‑30, MDA‑MB‑231, and MCF‑7 (4). In 
addition, the HEPIS expression levels were 8‑fold higher in the 
T‑47D cell line compared with that in the MCF‑7 cell line (4). 
Cell proliferation is a complex process that is regulated by 
multiple genes, such as c‑Myc and cyclin D1 (8). The differ-
ence in expression of the HEPIS gene does not completely 
determine the growth rate of MCF‑7 and T‑47D cells. HEPIS 
in esophageal squamous cell carcinoma exhibits upregulated 
expression compared with adjacent normal tissue, whereas 
in rectal adenocarcinoma, the reverse has been observed; 
therefore HEPIS may possess varying functions in different 
types of cancer, due to each cancer having its own complex 
mechanism (4). In the present study HEPIS expression was 
down‑regulated in breast cancer tissue compared with the 
adjacent normal tissue.

NF‑κB belongs is a member the Rel/NF‑κB family, and it is 
a hetero‑ or homo‑dimeric transcription factor (20,21). NF‑κB 
serves a vital role in cell proliferation and apoptosis (20,22). 
The results of the present study demonstrated that HEPIS 
inhibits the activity of the NF‑κB reporter gene. HEPIS may 
serve an important role by regulating NF‑κB signal pathway.

The JAK‑STAT signaling pathway transmits information 
from extracellular signals, including a wide array of cytokines 
(IFN‑α, IFN‑γ, etc.) and growth factors (epidermal growth 
factor, platelet‑derived growth factor, etc.) (23). This pathway 
plays a role in proliferation, migration and apoptosis (24,25), 
and disruption or dysregulation of this pathway can result in 
prostate cancer (26) or breast cancer (27). MAPKs are a highly 
conserved family of serine/threonine protein kinases, and are 

Table II. Top 10 pathways from GO enrichment analysis.

				    Gene		  Enrichment
GO ID	 Description	 Type	 P‑value	 count 	 Genes	 factor

GO:0017121	 Phospholipid scrambling	 BP	 0.0014	 4	 ANO7, P2RX7, PLSCR2, ANO3	 7
GO:0002664	 Regulation of T cell tolerance	 BP	 0.0014	 4 	 HLA‑B, CD86, CBLB, IL2RA	 7
	 induction
GO:0042659	 Regulation of cell fate specification	 BP	 0.0018	 4	 FGF2, POU5F1, GFI1, DKK1	 6.5
GO:0070307	 Lens fiber cell development	 BP	 0.0018	 4 	 FGFR3, FGFR2, WNT7A, WNT7B	 6.5
GO:0002517	 T cell tolerance induction	 BP	 0.0018	 4 	 HLA‑B, CD86, CBLB, IL2RA	 6.5
GO:0004675	 Transmembrane receptor protein	 MF	 0.0031	 4 	 ACVR1, ACVR1B, AMHR2, 	 5.69
	 serine/threonine kinase activity				    TGFBR3
GO:0010888	 Negative regulation of lipid storage	 BP	 0.0031	 4 	 TNF, PPARA, NR1H2, ABCA1	 5.69
GO:0043552	 Positive regulation of	 BP	 0.0002	 7 	 TGFB1, CCL19, FGF2, PDGFB,	 5.69
	 phosphatidylinositol 3‑kinase activity				    FGFR3, FLT1, CCL21	
GO:0010560	 Positive regulation of glycoprotein	 BP	 0.0031	 4 	 CCL19, PXYLP1, CCL21, SLC51B	 5.69
	 biosynthetic process
GO:0043551	 Regulation of phosphatidylinositol	 BP	 0.0001	 9 	 CCL19, PDGFB, FGFR3, PIK3R5, 	 5.39
	 3‑kinase activity				    CCL21, KIAA0226, TGFB1, FGF2, 
					     FLT1

GO, Gene Ontology; BP, biological process; MF, molecular function.
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involved in different cellular processes, such as proliferation, 
survival, apoptosis, differentiation, motility and develop-
ment (28). ERK, JNK/stress‑activated protein kinase, and p38 
are three major MAPK families that serve important roles in 
tumor progression in breast cancer (29,30). KEGG pathway 
analysis showed that the differentially expressed genes, which 
were regulated by HEPIS, were functionally enriched in the 
MAPK and JAK‑STAT signaling pathways. Therefore, HEPIS 
may regulate the progression of breast cancer by influencing 
the MAPK and JAK‑STAT signaling pathways.

The IL‑2/IL‑2 receptor pathway is involved in the regu-
lation of carcinoma cell proliferation, and endogenous IL‑2 
promotes growth and protects tumor cells from apoptosis (31). 
IFN/IFNAR2 leads to the phosphorylation of JAK/STAT 
and gene induction, as well as antiviral and antiproliferative 
cellular responses  (32). In the present study, qPCR results 
revealed that IL2RA and IFNAR2 were downregulated by 
HEPIS. Therefore, HEPIS may inhibit MCF‑7 cell prolifera-
tion by regulating IL2RA and IFNAR2.

In conclusion, the results showed that HEPIS is primarily 
expressed in the cytoplasm of MCF‑7 cells and inhibits the 

activity of the NF‑κB reporter gene. Furthermore, the novel 
function of HEPIS was revealed as a proliferation inhibitor in 
breast cancer progression. Results from the gene chip analysis 
revealed that 2,231 genes were differentially expressed in the 
HEPIS overexpression group; these genes were enriched in 
the MAPK and JAK‑STAT signaling pathways. The differ-
ential expression of the IL2RA, IFNAR2, and IFNA8 genes 
was confirmed using qPCR. Together, HEPIS may represent a 
novel target molecule for repression of breast cancer progres-
sion.
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Table III. Top 15 pathways from Kyoto Encyclopedia of Genes and Genomes enrichment analysis.

			   Gene		  Enrichment
Pathway ID	 Description	 P‑value	 count	 Genes	 factor

hsa00780	 ‘Biotin metabolism’	 0.0152	 1	 BTD	 7.83
hsa04320	 ‘Dorso‑ventral axis formation’	 0.0031	 5	 PIWIL3, MAPK3, ETV7, ETS1, NOTCH1)	 4.19
hsa04976	 ‘Bile secretion’	 0.0007	 10	 ABCC2, SLCO1A2, ABCG5, SLC9A1, 	 3.31
				    SLC10A1, EPHX1, etc.
hsa05330	 ‘Allograft rejection’	 0.0133	 5	 HLA‑DQB1, CD86, HLA‑DQA1, HLA‑B,	 3.09
				    TNF
hsa05332	 ‘Graft‑vs.‑host disease’	 0.0189	 5	 HLA‑DQB1, CD86, HLA‑DQA1, HLA‑B,	 2.86
				    TNF
hsa04940	 ‘Type I diabetes mellitus’	 0.0234	 5	 HLA‑DQB1, CD86, HLA‑DQA1, HLA‑B,	 2.73
				    TNF
hsa00770	 ‘Pantothenate and CoA biosynthesis’	 0.0867	 2	 DPYS, PPCDC	 2.61
hsa04660	 ‘T cell receptor signaling pathway’	 0.0052	 11	 PAK7, PIK3R5, CBLC, PTPRC, MAPK3,	 2.46
				    etc.
hsa04930	 ‘Type II diabetes mellitus’	 0.0379	 5	 CACNA1B, CACNA1G, PIK3R5, 	 2.45
				    MAPK3, TNF
hsa05211	 ‘Renal cell carcinoma’	 0.0192	 7	 PAK7, PIK3R5, MAPK3, ETS1, TGFB1,	 2.45
				    FLCN, etc.
hsa04630	 ‘JAK‑STAT signaling pathway’	 0.0211	 13	 IFNL2, IL2RA, LEP, IFNAR2, IFNA8,	 2.4
				    etc.
hsa04672	 ‘Intestinal immune network for 	 0.4137	 5	 HLA‑DQB1, CXCL12, TGFB1, CD86, 	 1.93
	 IgA production’			   HLA‑DQA1
hsa04510	 ‘Focal adhesion’	 0.0359	 15	 PXN, PAK7, FLT1, ZYX, ACTN2, 	 1.73
				    COMP, etc.
hsa04010	 ‘MAPK signaling pathway’	 0.0364	 18	 NGF, FGF3, NR4A1, FGFR2, FGF2, 	 1.66
				    FGFR3, etc.
hsa04310	 ‘Wnt signaling pathway’	 0.3337	 8	 WNT7B, WNT7A, WIF1, FOSL1, 	 1.31
				    SFRP1, CAMK2B, etc.

MAPK, mitogen‑activated protein kinase.
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