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Background: Solute carrier family 39 member 4 (SLC39A4) has been reported to play an

oncogenic role in several cancers. However, the role of SLC39A4 in esophageal squamous

cell carcinoma (ESCC) remains unclear. In this study, we aimed to explore the clinical

significance and function of SLC39A4 in ESCC.

Methods: The Cancer Genome Atlas and Gene Expression Omnibus databases were

analyzed to assess the level of SLC39A4 in ESCC. The expression level of SLC39A4 was

measured by RT-qPCR and immunohistochemistry in a cohort of 73 patients aged 45–65

years with ESCC. Kaplan–Meier analysis was used to identify the correlation between

SLC39A4 and the prognosis of ESCC patients. In vitro experiments were conducted to

explore the biological function of SLC39A4 in ESCC cell line TE-1 and TE-10.

Results: The mRNA level of SLC39A4 was significantly enhanced in ESCC specimens,

which was in line with the outcome of online databases analysis. Moreover, the aberrant

expression of SLC39A4 was positively correlated with clinical stage, T categories and lymph

node metastasis. Kaplan-Meier analysis indicated that elevated SLC39A4 expression pre-

dicted poor prognosis of patients with ESCC. Furthermore, the in vitro experiments showed

that SLC39A4 knockdown not only impaired the proliferation and motility capacities of

ESCC cells but also enhanced the sensitivity to cisplatin treatment.

Conclusion: Our findings suggest that SLC39A4 could serve as a novel prognosis biomar-

ker to promote ESCC progression; however, the mechanism of SLC39A4 in ESCC remains

to be further explored.

Keywords: esophageal squamous cell carcinoma, SLC39A4, proliferation, metastasis,

chemosensitivity, epithelial–mesenchymal transition

Introduction
As one of the most aggressive carcinomas, esophageal cancer (EC) ranks the 8th

most common and the 6th most lethal cancer around the world.1 Esophageal

squamous cell carcinoma (ESCC), as a dominant histologic form of EC, accounts

for 90% of EC worldwide.2 Although developed systemic therapies have improved

outcomes, the 5-year overall survival rate of patients with ESCC remains at

15–25%,3 mainly caused by local recurrence and distant metastasis.4 Therefore,

there is an urgent need to seek potential targets for clinical diagnosis and treatment

to improve prognosis of ESCC patients.

The solute carrier (SLC) group of membrane transport proteins are involved in

various physiological processes.5,6 As one of membrane transport proteins of SLC
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family, Zinc transporters consist of solute carrier family 30

(SLC30) and solute carrier family 39 (SLC39).7,8 SLC39,

also known as Zrt- and Irt-like protein (ZIP), could play

a crucial role in human diseases including malignant tumor

by controlling the influx of zinc.9–11 Cui et al demon-

strated that suppression of SLC39A6 could abrogate pro-

liferation and invasion and stimulate apoptosis in ESCC.12

Similarly, SLC39A7 improved proliferation and survival

of colorectal cancer cells.13 In metastatic breast cancer,

SLC39A10 was positively correlated with lymph node

metastasis and participated in the cell migratory

activity.14 Therefore, the members of SLC39 may be uti-

lized as diagnostic and therapeutic targets for human

cancers.

SLC39A4, also known as ZIP4, plays a crucial role in

maintaining physiologic concentrations of intracellular

zinc ion to affect diverse biological processes.15–17 In

pancreatic cancer, SLC39A4 promoted cell proliferation,

resistance to apoptosis and cachexia.18–20 Besides, sup-

pression of SLC39A4 impeded tumor metastasis and che-

moresistance in non-small cell lung cancer.21 Moreover,

SLC39A4 was verified to be a novel marker to predict

prognosis in multiple cancers.21,22 However, the role of

SCL39A4 in ESCC is still unclear. In this study, we aimed

to clarify the clinical significance of SLC39A4 in ESCC,

and further assess the impact of SLC39A4 on cell prolif-

eration, motility and chemosensitivity of ESCC cells.

Materials and Methods
Cell Lines and Clinical Tissue Samples
The human ESCC cell lines TE-1 and TE-10 were pur-

chased from Shanghai Institutes for Biological Sciences.

Both cells were cultured in RPMI 1640 supplemented with

10% FBS, 100 U/mL penicillin and 100 mg/mL strepto-

mycin. The two cell lines were authenticated using Short

Tandem Repeat (STR) analysis.

ESCC samples (N=73) and normal esophageal tissues

(N=21) were collected by surgical resection for RNA

extraction or paraffin embedding. The malignant tissues

were verified by two pathologists independently. For RNA

extraction, the specimens were snap frozen in liquid nitro-

gen. All patients whose tissues were used in this research

had provided written informed consent, in accordance with

the Declaration of Helsinki. This study was approved by

the ethical committee of the First People’s Hospital of

Wenling, and the reference number of the approval was

2018-05-10.

Bioinformatics Analysis
The online databases including The Cancer Genome Atlas

(TCGA), Genotype-Tissue Expression (GTEx) and Gene

Expression Omnibus (GEO) were used to analyze the

expression of SLC39A4 in ESCC and normal specimens.

Antibodies and Reagents
The following antibodies are used for immunoblotting in this

study: SLC39A4, Proteintech (Rosemont, IL, USA), 20625-

1-AP, 1:1000; Cyclin D1, Cell Signaling Technology

(Danvers, MA, USA), #55506, 1:1000; E-cadherin,

Cell Signaling Technology, #3195, 1:1000; N-cadherin, Cell

Signaling Technology, #13116, 1:1000; Vimentin, Cell

Signaling Technology, #5741, 1:1000; Snail, Cell Signaling

Technology, #3879, 1:1000; GAPDH, Santa Cruz (Dallas,

Texas, USA), sc-365062, 1:5000. Cisplatin and N,N,N’,N’-

tetrakis(2-pyridylmethyl)ethylenediamine (TPEN) were

obtained from Sigma-Aldrich (St. Louis, MO, USA).

RNA Extraction and RT-qPCR
RNA in clinical tissue samples (21 cases of ESCC speci-

mens and 21 cases of normal esophageal tissues) and

ESCC cells were extracted using TRIzol reagent

(Thermo Fisher Scientific, Waltham, MA, USA) according

to the manufacturer’s instruction and then were reversely

transcribed to cDNA using FastQuant RT Super Mix

(TIANGEN Biotech, Beijing, China). The mRNA of

SLC39A4 was detected on Applied Biosystems 7500

Real-Time PCR System (Thermo Fisher Scientific) by

using SYBR® Premix Ex Taq™ II (TaKaRa, Dalian,

China). GAPDH was used as an internal control. The

primer pairs of target mRNAs were as follows:

SLC39A4, F: 5ʹ- CGAGGTCCCTATGACGCTG-3ʹ and

R: 5ʹ-CACTCAGGCATACCGTGTCC-3ʹ, GAPDH, F: 5ʹ-

TGCACCACCAACTGCTTAGC-3ʹ and R: 5ʹ-

GGCATGGACTGTGGTCATGAG-3ʹ.

Immunohistochemistry
Paraffin-embedded ESCC tissues (N=73) were deparaffi-

nized and rehydrated. After heat-induced epitope antigen

retrieval with citrate buffer in the microwave, the speci-

mens were incubated with primary antibody against

SLC39A4 (1:100, Proteintech) overnight at 4°C, followed

by incubation with secondary antibody for 30 min at room

temperature. Slides were developed with a DAB

Chromogen kit (ZSGB-BIO, Beijing, China) and counter-

stained with hematoxylin. The expression of SLC39A4
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was measured by assessing both the staining intensity (a:

0, negative; 1, weak positive; 2, moderate positive; 3,

strong positive) and the percentage of positively stained

cells (b: 0, 0–5% positive cells; 1, 6–25% positive cells; 2,

26–50% positive cells and 3, 51–100% positive cells). The

score of each slide was determined by the product of a and

b. The scores of ≤3 were regarded as low expression,

while the ones of >3 indicated high expression.

Transfection
The plasmid overexpressing SLC39A4 (pEnter-SLC39A4)

was purchased from Vigene Biosciences (Shandong,

China), and SLC39A4 siRNAs and negative control were

obtained from RIBOBIO (Guangzhou, China). The plas-

mid or siRNAs was transfected into ESCC cells using

Lipofectamine 3000 (Thermo Fisher Scientific) according

to the manufacturer’s instruction. After 48 hours, the

mRNA and protein expression of SLC39A4 were mea-

sured and functional assays were conducted.

Immunoblotting
Cells were lysed by using RIPA lysis buffer with protease/

phosphatase inhibitor cocktail (Roche, Basel,

Switzerland). After quantification and denaturation, pro-

teins (30 μg) were separated with SDS-PAGE and trans-

ferred to PVDF membranes (Thermo Fisher Scientific).

The membranes were incubated with primary antibodies

overnight at 4°C. The protein expressions were then

detected using enhanced Chemiluminescence (Solarbio,

Beijing, China). ImageJ software was used to quantify

the protein expression.

CCK-8 Assay
Cell viability was detected using CCK-8 kit (Solarbio).

TE-1 (2000 cells per well) or TE-10 cells (2000 cells per

well) were seeded in 96-well plates and cultured for 4

consecutive days. When the cells were incubated with

CCK-8 for 2 hours, OD values at 450 nm were measured.

For testing the response of ESCC cells to CDDP, the ESCC

cells (5000 cells per well in 96-well plates) were exposed to

a range of concentrations of drugs respectively (0, 1, 2, 5, 10,

50, 100, 500, 1000 μM). The OD values were obtained 24

hours after the drugs treatment and the halfmaximal inhibitory

concentration (IC50) to CDDP were determined by using

GraphPad Prism 6.0 (La Jolla, CA, USA). When the concen-

tration of cisplatin is 0 μM, the inhibition rate is 0%; once drug

dosage reaches to 1000 μM, all cells die and the inhibition rate

is 100%. After transformation and normalization, nonlinear

regression is performed for IC50 calculation according to the

instruction of GraphPad (https://www.graphpad.com/support/

faq/how-to-determine-an-icsub50sub/).

Clonogenicity Assay
ESCC cells (500 cells/well) were cultured in complete

medium in a 6-well plate for 2 weeks. Then the cells

were fixed and stained with 0.1% crystal violet. Colonies

with more than 50 cells were counted.

Transwell Assay
For in vitro invasion or migration assays, TE-1 or TE-10

cells (50,000 cells/well) were plated into Transwell inserts

(Corning, NY, USA) pre-coated with Matrigel (BD

Biosciences, Franklin Lakes, NJ, USA) or not. The lower

chambers were filled with 600 μL RPMI 1640 medium

supplemented with 20% FBS. After incubation for 24

hours, the penetrated cells were washed, fixed and then

stained with 0.1% crystal violet.

Flow Cytometry
To determine cell-cycle distribution, cells transfected with

siNC or siSLC39A4 were fixed in 75% ethanol, washed

twice with PBS, and incubated in 500 μL PBS containing

10 μL PI (1 mg/mL) and 0.5 μL RNase (10 mg/mL) at 37 °

C for 30 minutes in the dark. Cell cycle was then assessed

using flow cytometry (FACS Canto™ II, BD).

For apoptosis analysis, the siSLC39A4-transfected

ESCC cells treated with CDDP for 24 hr, were collected

and stained using Annexin V-FITC/PI Apoptosis detection

Kit II (BD) for 15 minutes according to the recommenda-

tion of manufacturer. Then, the apoptosis rate was detected

on FACS Canto™ II (BD).

Statistical Analysis
Statistical analyses were conducted using GraphPad Prism

6.0 software. Data were presented as mean ± S.D.

Comparisons between two groups were carried out using

Student’s t-tests. A value of P < 0.05 was considered

statistically significant.

Results
SLC39A4 Is Aberrantly Expressed in ESCC and Indicates

Unfavorable Prognosis.

Firstly, we assessed the expression of SLC39A4 in TCGA

database by using GEPIA online software (gepia.cancer-pku.

cn) and found that SLC39A4 was significantly increased in

various cancers including esophageal cancer (Figure 1A). In
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the meanwhile, mining five accessible datasets of gene expres-

sion profiling (GSE17351, GSE20347, GSE23400,

GSE38129 and GSE100942) in GEO also confirmed that

SLC39A4 was elevated in ESCC tissues (Figure 1B). The

qPCR results showed that the mRNA of SLC39A4 was

enhanced in ESCC specimens relative to normal esophageal

tissues in our cohort (N=21, Figure 1C), which was in accor-

dance with the results of online databases analysis above.

Then, immunohistochemistry assay was performed to deter-

mine SLC39A4 protein expression in ESCC (Figure 1D). The

Figure 1 Enhanced expression of SLC39A4 in ESCC tissues indicates poor prognosis in ESCC patients. (A) The level of SLC39A4 across various cancers including

esophageal cancer compared to normal tissues. TCGA and GTEx datasets were used to analyze SLC39A4 expression in both tumor and normal specimens. Data, mean ±

SD, *P < 0.05. (B) The analysis of GEO database (GSE17351, GSE20347, GSE23400, GSE38129 and GSE100942) indicated that the mRNA level of SLC39A4 was significantly

elevated in ESCC tissues. (C) The qPCR results showed that the mRNA level of SLC39A4 in ESCC tissues (N=21) was higher relative to the normal ones (N=21). Data,

mean ± SD. (D) Representative photographs of IHC results of SLC39A4 in ESCC. Scale bar, 100 μm. (E) Increased SLC39A4 expression indicates poor overall survival in

ESCC patients.

Abbreviations: OV, ovarian serous cystadenocarcinoma; COAD, colon adenocarcinoma; READ, rectum adenocarcinoma; STAD, stomach adenocarcinoma; UCEC, uterine

corpus endometrial carcinoma; BLCA, bladder urothelial carcinoma; ESCA, esophageal cancer; LUAD, lung adenocarcinoma; PAAD, lung adenocarcinoma; UCS, uterine

carcinosarcoma; HNSC, head and neck squamous cell carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; LUSC, lung squamous cell

carcinoma; SKCM, skin cutaneous melanoma; BRCA, breast invasive carcinoma; CHOL, cholangio carcinoma; THCA, thyroid carcinoma; DLBC, lymphoid neoplasm diffuse

large B-cell lymphoma; TGCT, testicular germ cell tumors; PRAD, prostate adenocarcinoma; THYM, thymoma; ACC, adrenocortical carcinoma; LIHC, liver hepatocellular

carcinoma; LGG, brain lower grade glioma; GBM, glioblastoma multiforme; PCPG, pheochromocytoma and paraganglioma; KIRC, kidney renal clear cell carcinoma; KIRP,

kidney renal papillary cell carcinoma; SARC, sarcoma; LAML, acute myeloid leukemia; HR, hazard ratio; T, tumor; N, normal tissue
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expression of SLC39A4was positively correlatedwith clinical

stage, Tcategories and lymph nodemetastasis in ESCC (Table

1). Kaplan–Meier survival analysis revealed that aberrant

expression of SLC39A4 predicted poor prognosis of patients

with ESCC (HR=2.017, P=0.0126, Figure 1E). Together,

these results suggest that SCL39A4 probably plays a critical

role in ESCC progression and even could be a potential prog-

nostic marker in ESCC.

SLC39A4 Facilitates the Proliferation of

ESCC Cells in vitro
Next, loss-of-function and gain-of-function assays were

performed. TE-1 and TE-10 cells were transfected with

specific siRNAs targeting SLC39A4. The knockdown effi-

cacy was evaluated using qPCR and immunoblotting

assays (Figure 2A and B). We then found that the growth

rate was retarded in SLC39A4-deficient ESCC cells com-

pared to the control cells transfected with scramble siRNA

(Figure 2C). Besides, knockdown of SLC39A4 signifi-

cantly reduced both the size and number of colonies in

TE-1 and TE-10 cells (Figure 2D). On the contrary, when

SLC39A4 expression was elevated (Figure 2E), the colony

formation capacity of ESCC cells was significantly

enhanced (Figure 2F). As shown in Figure 2G and H, we

observed that cell cycle was arrested at G1 phase in both

TE-1 and TE-10 cells transfected with siRNAs against

SLC39A4. Meanwhile, the expression of Cyclin D1,

a cell cycle-related molecule, was remarkably reduced

(Figure 2I). Collectively, these data demonstrate that

SLC39A4 improves the growth and proliferation of

ESCC cells.

SLC39A4 Enhances Motility Capacity of

ESCC Cells in vitro
In view of the positive correlation between SLC39A4

expression and lymph node metastasis, the effect of

SLC39A4 on motility ability of ESCC cells in vitro was

detected. Upon delivery of SLC39A4 siRNAs, the migra-

tion and invasion capacities of TE-1 cells were signifi-

cantly impeded (Figure 3A, upper panels). Similar

inhibitory effect was also observed in TE-10 cells with

deficient SLC39A4 (Figure 3A, lower panels). As shown

in Figure 3B, elevated SLC39A4 significantly promoted

migration and invasion of ESCC cells in vitro. Epithelial–

mesenchymal transition (EMT) is one of major contribu-

tors to tumor distant metastasis. Therefore, the expressions

of EMT markers such as E-cadherin and Snail were mea-

sured in the ESCC cells transfected with siRNA against

SLC39A4. The results of immunoblotting showed that

SLC39A4 knockdown led to an increase of E-cadherin,

while the levels of N-cadherin, Vimentin and Snail were

reduced (Figure 3C), suggesting that suppression of

SLC39A4 reversed EMT process. SLC39A4 is critical

for maintaining intracellular zinc concentration, therefore,

the effect of Zn2+ depletion on EMT process was deter-

mined by using a zinc chelator TPEN. As shown in

Figure 3D, the losses of N-cadherin, Vimentin and Snail

were observed in TPEN-treated cells, while E-cadherin

expression was elevated, similar to the effect of

siSLC39A4 on EMT markers. Taken together, the above

results demonstrate that SLC39A4 could promote cell

motility by affecting EMT process in ESCC in vitro.

SLC39A4 Strengthens Resistance of

ESCC Cells to CDDP in vitro
In addition to the malignant proliferation and distant metas-

tasis, intrinsic or acquired resistance to chemotherapy is

Table 1 SLC39A4 Expression and Clinicopathological

Characteristics of ESCC

Characteristics SLC39A4 Expression Total P value

Low High

Overall 34 (46.6%) 39 (53.4%) 73

Sex 0.964

Male 26 (46.4%) 30 (53.6%) 56

Female 8 (47.1%) 9 (52.9%) 17

Age 0.347

<60 22 (51.2%) 21 (48.8%) 43

≥60 12 (40.0%) 1 8(60.0%) 30

Clinical stage 0.023*

I–II 23 (59.0%) 16 (41.0%) 39

III–IV 11 (32.4%) 23 (67.6%) 34

T categories 0.035*

T1-T2 24 (57.1%) 18 (42.9%) 42

T3-T4 10 (32.3%) 21 (67.7%) 31

N metastasis 0.022*

N0 27 (56.3%) 21 (43.8%) 48

N1+N2+N3 7 (28.0%) 18 (72.0%) 25

Differentiation 0.687

Well 10 (40.0%) 15 (60.0%) 25

Moderately 16 (51.6%) 15 (48.4%) 31

Poorly 8 (47.1%) 9 (52.9%) 17

Notes: The data were analyzed by Pearson chi-square test. P values with signifi-

cance were shown as an asterisk. *P < 0.05. LN, lymph node.
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another vital cause of poor prognosis in ESCC. Because

a platinum-based regimen is the standard chemotherapy for

ESCC, we explored whether SLC39A4 could affect the

sensitivity of ESCC cells to CDDP. As shown in

Figure 4A, the apoptosis rate of ESCC cells pre-

transfected with SLC39A4 siRNAs was significantly

Figure 2 SLC39A4 promotes proliferation in ESCC cells in vitro. (A and B) Knockdown of SLC39A4 expression via a pool of siRNAs in TE-1 and TE-10 cells respectively.

The results of qPCR (A) and immunoblotting (B) showed significantly reduced mRNA and protein levels of SLC39A4. GAPDH was used as an internal control. (C) Growth

curve suggested that reduced SLC39A4 significantly inhibited cell proliferation in TE-1 and TE-10 cells. (D) Reduction of colony formation capacity in SLC39A4-silenced

ESCC cells. (E) The result of immunoblotting showed that SLC39A4 expression was increased in ESCC cells transfected with pEnter-SLC39A4 plasmid. (F) The colony

formation capacity was significantly enhanced in both TE-1 and TE-10 cells overexpressing SLC39A4. (G and H) SLC39A4 knockdown-induced G0/G1 phase arrest of TE-1

and TE-10 cells (P<0.05). (I) TE-1 and TE-10 cells were transfected with siSLC39A4 for 48 hours, and then the expression level of cell cycle-related protein Cyclin D1 was

analyzed by immunoblotting. Data in this figure, mean ± SD, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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increased after exposure to CDDP for 24 hours. Inversely,

over-expression of SLC39A4 inhibited CDDP-mediated

apoptosis (Figure 4B). Furthermore, SLC39A4 silencing

and TPEN treatment both remarkably decreased the IC50

to CDDP in TE-1 and TE-10 cells (Figure 4C and D),

suggesting the cells became more sensitive to drugs.

These results indicate that SLC39A4 weakened CDDP-

mediated apoptosis of ESCC cells in vitro.

Figure 3 SLC39A4 enhances motility of ESCC cells in vitro. (A) Transwell assay showed that depletion of SLC39A4 dramatically attenuated the abilities of migration and

invasion of TE-1 and TE-10 cells. Magnification, 100×. Data, mean ± SD, *P < 0.05, **P < 0.01. (B) TE-1 and TE-10 cells were transfected with pEnter-SLC39A4 for 48 hours,

and the migration and invasion capacities of TE-1 and TE-10 cells were measured by using transwell assay. Magnification, 100×. Data, mean ± SD, *P < 0.05, **P < 0.01. (C)

The results of immunoblotting analysis showed that depletion of SLC39A4 significantly elevated E-cadherin expression, while the levels of N-cadherin, Vimentin and Snail

were significantly reduced. Data, mean ± SD, *P < 0.05, **P < 0.01, ***P < 0.001. (D) TE-1 and TE-10 cells were treated with TPEN (3μM) for 24 hours, and the expression of

EMT-related proteins was analyzed by immunoblotting. GAPDH was used as an internal control.
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Discussion
Zn2+ is an essential trace element which plays

a predominant role in maintaining the activities of various

enzymes and transcription factors that contain zinc finger

motifs.23,24 Recent studies demonstrate that zinc availabil-

ity is critical for tumor progression because many enzymes

involved in hypoxia, angiogenesis, cell proliferation and

metastasis function in a zinc-dependent manner.25,26 As

one crucial zinc transporter, SLC39A4 promotes extracel-

lular zinc uptake and vesicular zinc release into the cyto-

plasm to increase intracellular zinc availability.27 The zinc

concentration in tumor cells is much higher than that in

normal cells, which may be partially caused by the

aberrant expression of SLC39A4. Previous studies show

that SLC39A4 is up-regulated significantly in pancreatic

cancer,18 ovarian cancer28 and oral squamous cell

carcinoma.29 Furthermore, elevated SLC39A4 indicates

unfavorable prognosis in nasopharyngeal carcinoma30

and glioma,22 respectively. However, the level of

SLC39A4 is significantly down-regulated in prostate car-

cinoma tissues relative to that in benign prostatic hyper-

plasia (BPH) tissues.31 Consequently, the expression of

SLC39A4 may be dependent on the context of specific

tumor. In esophageal squamous cell carcinoma (ESCC),

we found that the mRNA expression of SLC39A4 was

significantly enhanced, which re-confirmed the analysis

Figure 4 SLC39A4 strengthens chemoresistance of ESCC cells in vitro. (A) SLC39A4-depleted TE-1 or TE-10 cells underwent increased apoptosis compared to the

negative control. Data, mean ± SD, *P < 0.05, **P < 0.01. (B) Over-expression of SLC39A4 reduced cisplatin-induced apoptosis in TE-1 and TE-10 cells. Data, mean ± SD,

*P < 0.05, **P < 0.01. (C) Until transfected with siNC or siSLC39A4 for 48 hours, ESCC cells were treated with cisplatin in different dosages for 24 hours. The results of

cisplatin IC50 detection showed that depletion of SLC39A4 circumvented the resistance toward cisplatin in TE-1 and TE-10 cells. Bar, SD for quintuplicate wells. (D) The

reduced IC50 to cisplatin was observed in both TE-1 and TE-10 cells treated with TPEN (3μM). Bar, SD for quintuplicate wells. CDDP, cisplatin. IC50, the half maximal

inhibitory concentration.
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results of TCGA and GEO databases. The correlation

analysis revealed that SLC39A4 was positively correlated

with clinicopathological features of ESCC, such as clinical

stage, T categories and lymph node metastasis. Moreover,

higher expression of SLC39A4 indicated shorter overall

survival of ESCC patient. Therefore, SLC39A4 could

serve as a prognostic marker in ESCC and may function

as an oncogene to promote ESCC progression.

After uncovering the clinical significance of SLC39A4

in ESCC, we continued to explore its role in ESCC pro-

gression. Zinc is necessary for growth, while zinc defi-

ciency results in growth retardation.32 Previous studies

pinpoint that SLC39A4 could promote pancreatic cancer

cell growth by activating CREB-IL/STAT3-Cyclin D1

pathway.15,33 Therefore, we supposed whether SLC39A4

could affect the growth of ESCC cells. The results of

CCK-8 assay and clonogenicity assay demonstrated that

knockdown of SLC39A4 by specific siRNAs significantly

impaired ESCC cells growth, probably caused by

siSLC39A4-induced downregulation of Cyclin D1 and

cell cycle arrest.

In view of the positive correlation between SLC39A4

expression and lymph node metastasis in ESCC, the effect

of SLC39A4 on ESCC cell motility was detected. The

migration and invasion capacities of SLC39A4-deficient

ESCC cells were significantly attenuated compared to the

control cells, which was in accordance with the previous

reports.17,30 And we speculated that SLC39A4 may facil-

itate local invasion and distant metastasis of ESCC cells,

which should be further verified by in vivo experiments in

the future. As a critical contributor to tumor metastasis,

epithelial–mesenchymal transition (EMT) is a process by

which epithelial cells lose cell polarity and intercellular

adhesion, and obtain migratory and invasive properties to

become mesenchymal-like cells.34 In this study, we found

that SLC39A4 blockage increased the expression of the

epithelial marker E-cadherin, but reduced the level of

mesenchymal markers, including N-cadherin and

Vimentin. Besides, Snail, a critical transcription factor of

EMT, was down-regulated in SLC39A4-deficient ESCC

cells, revealing that SLC39A4 knockdown reversed EMT

process. These data suggested that SLC39A4 may promote

ESCC metastasis by triggering EMT.

In addition to distant metastasis, drug resistance is

another main cause of poor prognosis in ESCC. In naso-

pharyngeal carcinoma, inhibition of SLC39A4 enhances

the tumor cell sensitivity to radiotherapy,30 the main ther-

apeutic strategy for nasopharyngeal carcinoma. Here, we

confirmed that siSLC39A4 could significantly sensitize

ESCC cells to CDDP in vitro, the standard chemotherapy

regimen for ESCC, suggesting SLC39A4 knockdown may

increase the response rate and decrease the side effect

caused by chemotherapy. Recent studies show that EMT

contributes to chemoresistance,35,36 therefore, we hold that

SLC39A4 may regulate CDDP sensitivity of ESCC cells

by modulating EMT process.

Conclusion
Collectively, we found that SLC39A4 expression was

increased in ESCC tissues and this elevation predicted

the unfavorable prognosis of patients. Moreover, the

expression of SLC39A4 was positively correlated with

clinical stage, T categories and lymph node metastasis in

ESCC. Suppression of SLC39A4 expression in ESCC cells

undermined the cellular viability, motility capacity and

resistance to chemotherapy. These functions of SLC39A4

were at least partially mediated by its implication into

epithelial–mesenchymal transition. Although more details

of SLC39A4 in ESCC progression remain unclear, we

based on these data believe that this zinc transporter

could be a promising target in future clinical practice of

ESCC.
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