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Abstract
Introduction. The abnormal expression of Zinc Finger Protein 750 (ZNF750) has been reported in neoplastic 
diseases. This study investigated the functional role of ZNF750 in the progression of melanoma.
Material and methods. Quantitative real-time PCR and immunohistochemistry (IHC) were performed to de-
tect the expression levels of ZNF750 in patients diagnosed with primary cutaneous malignant melanoma. The 
correlation between clinical-pathological features and ZNF750 expression were clarified. Cell Counting Kit-8 
(CCK-8), colony formation and transwell assays were used to explore the effects of ZNF750 on the proliferation, 
colony formation, migration and invasion of melanoma cells. Western blot assay was used to evaluate the effects 
of ZNF750 on regulating epithelial-mesenchymal transition (EMT) related proteins.
Results. ZNF750 expression was down-regulated in human melanoma tissues and cells, and correlated with the 
clinical-pathological features including tumor size, lymph node metastasis, and Clark classification in patients 
with melanoma. In addition, overexpression of ZNF750 decreased the proliferation, invasion and suppressed 
EMT of melanoma cells, whereas ZNF750 depletion showed the opposite effects. Importantly, mechanistic 
analyses implied that upregulation of ZNF750 inhibited the expression of b-catenin and the downstream targets 
(cyclin D1, c-Myc, Bcl-2, MMP2 and MMP9), indicating it could block the activation of Wnt/b-catenin pathway. 
Consistently, knockdown of ZNF750 led to the opposite results. 
Conclusions. Together, ZNF750 serves as a tumor suppressor for the development and progression of melanoma 
through regulating the Wnt/b-catenin pathway. This study confirms the involvement of ZNF750 in melanoma 
progression and may provide a promising therapeutic target for the treatment of melanoma. (Folia Histochemica 
et Cytobiologica 2020, Vol. 58, No. 4, 255–263)
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Introduction

Melanoma is a highly malignant tumor that orig-
inates from ectodermal neural crest melanocytes, 
accounting for about 1.5% of all malignancies [1]. 
Despite advances in surgical techniques and targeted 

chemotherapies in early-stage melanoma, the 5-year 
overall survival rate remains unsatisfactory since 
most patients are diagnosed at advanced stages with 
local invasion and distal metastases [2–4]. However, 
the potential molecular mechanisms of melanoma 
progression remain unclear. Therefore, a better 
understanding of the occurrence and progression of 
melanoma is essential for exploring new diagnostic 
markers and effective treatments.

Zinc Finger Protein 750 gene (ZNF750, Gene 
Bank Accession No. NM_ 024702) is located at 
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17q25.3 and encodes 723 amino acid protein,  
a member of the ZNF family, which contains the 
typical C2H2 zinc finger domain [5]. ZNF750 protein 
is usually expressed in stratified squamous epithelial 
cells, and is an important regulator of keratinocyte 
differentiation [6]. ZNF750 is closely related to the 
incidence and prognosis of a variety of tumors, includ-
ing squamous cell carcinoma [4] and nasopharyngeal 
carcinoma [7]. Moreover, ZNF750 can regulate mul-
tiple biological phenotypes of cancer cells, including 
proliferation, migration, invasion, angiogenesis and 
chemoresistance [8–11]. Liu et al. have used the 
genome-wide microarray technology based on five 
microarray datasets on melanoma published between 
2000 and 2011, and found the abnormal expression of 
approximately 200 genes including ZNF750 [12]. Con-
sistently, by using online GEO2R analysis of GSE7553 
dataset, we showed in the present paper that ZNF750 
was significantly down-regulated in melanoma tissues 
(logFC = –5.76, p = 0.017). These analyses suggest 
that ZNF750 may have a regulatory effect(s) in mel-
anoma. However, the possible role and mechanisms 
of ZNF750 in melanoma progression remain unclear.

 This study aimed to investigate the effect of 
ZNF750 on cell growth, migration, invasion in mel-
anoma cells and reveal the underlying regulatory 
mechanisms. 

Materials and methods

Human specimen. Fifty melanoma tissues from skin of 
patients (45 specimens from the limbs, 3 from the face and 
2 from the chest) and paired nonmalignant normal control 
skin tissues (areas 10–15 cm far from the melanoma tissues) 
were collected. Patients were diagnosed with primary cuta-
neous malignant melanoma and had not undergone surgical 
resection, preoperative radiotherapy or chemotherapy. 
These patients were collected from 2017 to 2019 at the 
Drum Tower Clinical College of Nanjing Medical Univer-
sity, Wuxi, China. The study was performed in accordance 
with the guidelines of the Declaration of Helsinki and the 
ethical guidelines for medical and health research involving 
human subjects as established by the National Institutes of 
Health (NIH) and approved by the ethics committee at the 
Drum Tower Clinical College of Nanjing Medical University 
(Jiangsu Province, China). Relevant clinical information 
was collected and informed consent forms were signed by 
all enrolled patients. 

Gene expression profile analysis. Gene expression chips of 
melanoma (GSE7553, 82 melanoma tumor tissues and 4 
normal skin tissues) were obtained from the Gene Expres-
sion Omnibus database (GEO, http://www.ncbi.nlm.nih.gov/
geo). The online software GEO2R (http://www.ncbi.nlm.

nih.gov/geo/geo2R/) was employed to screen differentially 
expressed genes (DEGs) with the criterion of |LogFC|  
> 2 and adjusted P-value < 0.05. 

Cell culture and transfection. Human low metastatic 
melanoma (A375, G361 cell lines), and highly metastatic 
melanoma (A2058, SK-MEL-28 cell lines) [13] and normal 
human epidermal melanocytes (NHEM cells) were obtained 
from the American Type Culture Collection (Manassas, VA, 
USA). All cell lines were maintained in Dulbecco’s modified 
Eagle medium (DMEM, Life Technologies, Carlsbad, CA, 
USA) supplemented with 10% fetal bovine serum (FBS, Life 
Technologies), 100 µg/mL penicillin/streptomycin at 37°C 
with 5% CO2. The full-length ZNF750 gene was amplified 
by polymerase chain reaction (PCR) using Phusion Flash 
High‐Fidelity PCR Master Mix (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). Then, ZNF750 was subcloned 
into pcDNA3.1 Vector (Invitrogen, Carlsbad, CA, USA), 
named as ZNF750 group, and empty vector pcDNA3.1 was 
used as control. Small hairpin RNAs (shRNAs) targeting 
ZNF750 were synthesized by GenePharma (Shanghai, Chi-
na), termed as shZNF750. ShRNA-negative control (NC) 
was used as a scrambled shNC group. Transfections of the 
vectors or shRNA in melanoma cells were performed by 
Lipofectamine 2000 (Invitrogen).

Quantitative real-time polymerase chain reaction (qRT- 
-PCR). Total RNA from tissues or cultured cells was extract-
ed with TRIzol reagent (Invitrogen) and reverse transcribed 
to cDNA using the PrimeScript RT Reagent Kit (TaKaRa 
Biotech, Dalian, China). PCR assays was conducted by ABI 
7500 real-time PCR system (Applied Biosystems, Foster 
City, CA, USA) using the SYBR Premix Ex Taq GC kit 
(TaKaRa). All samples were normalized to GAPDH and 
calculated by 2–DDCt method. Primers used were listed as fol-
lows: ZNF750: Forward, 5’-GAACAGGTACTGCTTCCT-
GAGC-3’, Reverse, 5’-GAGAGCCTCCGTCATCTGG-3′; 
GAPDH: Forward, 5’-CACCCACTCCTCCACCTTTG-3’, 
Reverse, 5’-CCACCACCCTGTTGCTGTAG-3’. 

Immunohistochemistry. Briefly, tissues were fixed in 4% 
paraformaldehyde and embedded in paraffin. Sections 
were cut into 4 μm slices and stained with primary antibody 
targeting ZNF750 (1:50, ab121685, Abcam, Cambridge, 
MA, USA) at 4°C overnight. After washing, the sections 
were incubated with HRP-conjugated goat anti-rabbit IgG 
secondary antibody for 1 h at room temperature, incubated 
with 3, 3’-diaminobenzidine tetrahydrochloride (DAB) 
as chromogen substrate and finally counterstained with 
hematoxylin.

Western blot. Proteins were extracted from cells by RIPA 
lysis buffer (Beyotime, Shanghai, China), and quantified 
using Bicinchoninic Acid (BCA) protein quantification kit 
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(Thermo Fisher Scientific, Inc.) and separated by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). Proteins were transferred to polyvinylidene fluoride 
(PVDF) membranes (EMD Millipore, Billerica, MA, USA) 
and blocked with 5% nonfat milk for 1 h. The membrane 
was then incubated with primary antibodies: anti-ZNF750 
(1:1000, #PA5-40743, Thermo Fisher Scientific, Inc.), 
anti-E-cadherin (1:500, #ab15148, Abcam), anti-N-cad-
herin (1:1000, #ab76057, Abcam), anti-b-catenin (1:5000, 
#ab32572, Abcam), anti-MMP2 (1:1000, #ab97779, Ab-
cam), anti-MMP9 (1:1000, #ab38898, Abcam), anti-cyclin 
D1 (1:200, #ab16663, Abcam), anti-c-Myc (1:1000, ab32072, 
Abcam), anti-GAPDH (1:10000, #ab181602, Abcam). Then, 
the membranes were immersed into buffer with correspond-
ing horseradish peroxidase-conjugated secondary antibodies 
(Abcam), visualized by ECL kit (Invitrogen) and detected by 
an imaging system (Bio-Rad, Hercules, CA, USA).

Cell counting kit-8 (CCK-8) assay. Briefly, 4×103 cells were 
implanted into each well of 96-well plates. Then cells of each 
well were supplied with 10 μL CCK-8 solutions (Dojindo 
Laboratories, Kumamoto, Japan) and incubated for 2 h. 
The absorbance was measured at 450 nm using a Microplate 
Autoreader (Thermo Fisher Scientific, Inc.).

Colony formation assay. 1×103 cells/well were seeded into 
a 6-well plate and cultured for about two weeks. Then, the 
cells were fixed by paraformaldehyde (PFA, Sigma-Aldrich, 
St. Louis, MO, USA) and stained with 0.5% crystal violet 
(Solarbio, Beijing, China). Colony numbers were counted 
and photographed using a microscope (Olympus Ltd., 
Tokyo, Japan).

Transwell assay. Cell migration and invasive ability was 
examined using a 24-well transwell plate with 8 mm pore 
polycarbonate membrane inserts (Corning Inc., Corning, 
NY, USA). For the migration assay, 3×104 cells/well were 
seeded in 500 μL of serum-free medium and placed in the 
upper chamber, and 400 μL of DMEM medium with 10% 
FBS were added in the lower chamber. After maintaining 
for 36 h, cells in the lower chamber were fixed by 4% 
PFA, stained with 0.5% crystal violet and counted under 
a microscope. For the invasion assay, the polycarbonate 
membranes of the upper compartment of the chambers 
were pre-coated with 100 μg Matrigel (BD Biosciences, 
Mansfield, MA, USA).

Statistical analysis. All data were analyzed by GraphPad 
Prism 6 (version 3.02, Graph-Pad Software, San Diego, CA, 
USA) and displayed as mean ± standard deviation (SD) 
from at least three independent experiments. Associations 
between ZNF750 expression and clinicopathological factors 
were evaluated by Chi-square test. Comparisons between 

two or more groups were analyzed by student’s t-test or 
one-way ANOVA. *p < 0.05, **p < 0.01 and *** p < 0.001 
was regarded statistically significant.

Results

ZNF750 expression was decreased  
in melanoma tissues and cells 
The microarray data of GSE7553 were downloaded 
from GEO database and the differentially expressed 
genes between melanoma tumor tissue and normal 
skin tissue samples were analyzed by the online soft-
ware GEO2R tool. Among the dysregulated genes, 
ZNF750 exhibited significantly larger relative fold 
change (logFC = –5.76, p = 0.017, Fig. 1A) and was 
downregulated in melanoma tumor tissues, which 
were selected for further analysis. To verify this find-
ing, the expression of ZNF750 in 50 paired melanoma 
tissues and corresponding adjacent noncancerous 
tissues were detected by qRT-PCR and IHC assays. 
Similarly, ZNF750 was downregulated in melanoma 
tissues as compared to normal tissues (Fig. 1B). Rep-
resentative images of IHC staining further confirmed 
the downregulation of ZNF750 in melanoma tissues 
(Fig. 1C). 

ZNF750 expression and clinicopathological  
features of melanoma patients 
Based on the median expression value of ZNF750 
from qRT-PCR results, the patients were divided 
into high ZNF750 expression group (n = 25) and 
low ZNF750 expression group (n = 25). The overall 
survival rate of high ZNF750 expression was higher 
than that of low ZNF750 expression, indicating that 
low ZNF750 expression predicted poor prognosis 
(Fig. 1D). As displayed in Table 1, the expression of 
ZNF750 was significantly related to tumor size, lymph 
node metastasis, and Clark classification (p < 0.05). 

ZNF750 expression in melanoma cell lines
The ZNF750 levels were also detected in melanoma 
cell lines (A375, C8161, A2058 and SK-MEL-1 cells) 
and normal human epidermal melanocytes (NHEM 
cells). Decreased ZNF750 mRNA level was observed 
in melanoma cells compared to NHEM cells (Fig. 1D).  
Consistently, the protein level of ZNF750 was lower in 
melanoma cells compared to NHEM cells (Fig. 1E).  
In particular, A2058 cells had the highest expression 
of ZNF750, while A375 cells had the lowest expres-
sion of ZNF750, which were respectively used for the 
knockdown and overexpression experiments. These 
results suggested a critical role of ZNF750 in mela-
noma progression.
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ZNF750 inhibits the proliferation  
of melanoma cells
To further examine the potential role of ZNF750 in 
the progression of melanoma, ZNF750 was ZNF750 

subcloned into pcDNA3.1 vector and overexpressed 
in A375 cells and knocked down by shRNAs in A2058 
cells, and the transfection efficiency was verified by 
qRT-PCR and western blot assays (Figs. 2A–B). 

Figure 1. ZNF750 expression was decreased in melanoma tissues and cells. A. ZNF750 expression level in GSE7553 datasets 
was analyzed by GEO2R. B. ZNF750 expression level in melanoma tissues and corresponding adjacent noncancerous tis-
sues via qRT-PCR. C. IHC assay detected downregulated ZNF750 expression level in melanoma tissues and corresponding 
adjacent noncancerous tissues (Scale bars = 200 μm and 100 μm). D. The overall survival rate of patients with melanoma. 
qRT-PCR (E) and Western blot (F) assays were used to evaluate the ZNF750 expression in melanoma cell lines (A375, 
C8161, A2058 and SK-MEL-1 cells) and normal human epidermal melanocytes (NHEM) cells. Results are presented as 
mean ± SD. **p < 0.01, ***p < 0.001.
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Table 1. The relationship between ZNF750 mRNA expression and clinicopathological factors in melanoma tissues

Characteristics Number of patients (%) ZNF750 mRNA expression P value

Low (< median) High (≥ median)

Total number of patients 50 25 25

Age (years)

< 60 27 (54) 14 13
0.777

≥ 60 23 (46) 11 12

Gender

Male 23 (46) 14 9
0.156

Female 27 (54) 11 16

Tumor size

< 2 cm 22 (44) 7 15
0.047*

≥ 2 cm 28 (56) 18 10

Lymph node metastasis

Absent 24 (48) 7 17
0.005*

Present 26 (52) 18 8

Clark classification

I–II 21 (42) 6 15
0.010*

III–IV 29 (58) 19 10

*Indicated statistical significance (p < 0.05)

Figure 2. ZNF750 inhibits proliferation of melanoma cells. A–B. The transfection efficiencies of ZNF750 in A375 and A2058 
cells were identified by qRT-PCR (A) and western blot (B) analysis. C–D. CCK-8 (C) and colony formation (D) assays were 
conducted to evaluate the proliferative ability in A375 and A2058 cells. Results are presented as mean ± SD. *p < 0.05,  
**p < 0.01, ***p < 0.001.
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CCK-8 and colony formation assays indicated that 
overexpression of ZNF750 significantly inhibited 
proliferation of A375 cells, while deletion of ZNF750 
promoted the proliferative ability of A2058 cells  
(Figs. 2C–D).

ZNF750 inhibits the migration, invasion and EMT 
markers’ expression in melanoma cells
As indicated in Figures 3A and 3B, transwell assay 
suggested that upregulation of ZNF750 significantly 
inhibited the migration and invasion of A375 cells, 
whereas ZNF750 knockdown obviously promoted the 
migration and invasion of A2058 cells. To investigate 
the functional effects of ZNF750 on the expression 
of EMT-associated markers in melanoma cells, we 
examined their expression in A375 and A2058 cells 
by western blot assay. Notably, overexpression of 
ZNF750 led to the upregulation of E-cadherin level, 
and downregulation of N-cadherin in A375 cells 
compared to control group. However, knockdown of 
ZNF750 caused the opposite effects in A2058 cells 
(Fig. 3C). Taken together, these data revealed the 
critical role of ZNF750 in regulating melanoma cell 
migration, invasion, and EMT.

ZNF750 regulates melanoma cell growth  
via Wnt/b-catenin pathway 
Overexpression of ZNF750 obviously down-regulated 
the protein level of b-catenin in A375 cells as com-
pared to the control group (Fig. 4A). The western blot 
analysis revealed that ZNF750 overexpression caused 
the notable down-regulation of cyclin D1, c-Myc and 
Bcl-2. Besides, the protein levels of its downstream 
targets, MMP2 and MMP9, two proteases closely 
related to cell invasion and migration, were also strik-
ingly decreased by ZNF750 upregulation (Fig. 4A). 
Consistently, knockdown of ZNF750 promoted the 
activation of Wnt/b-catenin signaling and its down-
stream proteins in A2058 cells (Fig. 4B). 

Discussion

In recent decades, the morbidity and mortality of ma-
lignant melanoma have increased significantly, with  
a high degree of malignancy [14]. It has been reported 
that uveal melanoma showed similar prognosis for 
Caucasian, Hispanic, Asian, and African American 
[15]. The specific etiology of melanoma is not clear, 
and ultraviolet light (UV) exposure [16, 17] is believed 

Figure 3. ZNF750 resulted in the inhibition of the migration, invasion and EMT in melanoma cells. A–B. Transwell assay 
was performed to detect cell migration (A) and invasion (B) in A375 and A2058 cells. B. Western blot assay was used to 
evaluate the expression of E-cadherin and N-cadherin in A375 and A2058 cells. Results are presented as mean ± SD.  
*p < 0.05, **p < 0.01, ***p < 0.001.
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to be a main cause. Although some patients can be 
cured by surgical removal of the tumor tissue, patients 
with metastatic disease and have poor sensitivity to 
radiotherapy and chemotherapy are accompanied by 
poor prognosis and high mortality [4, 18]. Therefore, it 
is of great theoretical and clinical significance to iden-
tify the promising therapeutic molecules or targets 
and explore the molecular mechanisms underlying 
melanoma progression, thus to improve the prognosis 
of melanoma. Importantly, we found the downregu-
lation of ZNF750 in human melanoma tissues and 
cells. According to the clinical-pathological analysis, 
ZNF750 expression was closely correlated with tumor 
size, lymph node metastasis and Clark classification in 
patients with melanoma. In patients with metastatic 
disease, those with melanotic melanomas exhibited 
significantly shorter overall survival and disease-free 
survival than those with amelanotic lesions, thus, in-
hibition of melanogenesis appears a rational adjuvant 
approach to the therapy of metastatic melanoma [19]. 
The present study indicated that the overall survival 

rate of high ZNF750 expression was higher than that of 
low ZNF750 expression, indicating that low ZNF750 
expression predicted poor prognosis. Therefore, the 
results in this study suggested that ZNF750 may be  
a new potential therapeutic target for the treatment of 
melanoma. In human uveal tract and ocular melano-
ma, CYP27B1 and CYP24A1 were highly expressed 
in melanoma cells [20], and further study indicated 
that CYP24A1 expression was inversely correlated 
with melanoma progression [21]. The expression of 
RORa and RORg was also lower in melanomas than 
in nevi and decreased during melanoma progression, 
indicating their potential roles [22].
Previous studies have demonstrated the involvement 
of ZNF750 in cancer progression and metastasis in 
various cancer types. In different types of squamous 
cell carcinoma, ZNF750 is specifically mutated, 
deleted, and poorly expressed, and could drive ep-
idermal differentiation and inhibit cell growth and 
migration through regulating lncRNA TINCR [23]. 
In oral squamous cell carcinoma, ZNF750 inhibited 

Figure 4. ZNF750 regulates melanoma progression via Wnt/b-catenin pathway. A–B. Western blot assay was performed to 
detect the expression of b-catenin, cyclin D1, c-Myc, Bcl-2, MMP2 and MMP9 in A375 (A) and A2058 (B) cells. Results are 
presented as mean ± SD. *p < 0.05, **p < 0.01, ***p < 0.001.
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cell migration, invasion, and decreased the expression 
of matrix metalloproteinase 28, cyclin B1 and mesen-
chymal marker neural cadherin [24], and also have 
been reported to inhibit the malignant progression by 
regulating tumor vascular microenvironment [9]. In 
addition, in esophageal squamous cell carcinoma, low 
expression of ZNF750 was demonstrated to be close-
ly related to the resistance to chemoradiotherapy, 
positive lymph node metastasis, and poor prognosis 
[11, 25], and downregulation of ZNF750 increased 
cell growth, migration, and invasion [8]. In other 
non-squamous cell carcinomas such as nasopharynge-
al carcinomas, ZNF750 has also been shown to have 
an inhibitory effect on malignant tumor progression 
[7]. Analogously, these findings inspired us to explore 
whether ZNF750 exerts a crucial role in melanoma 
progression. As expected, ZNF750 elevation antag-
onized cell proliferation, migration, invasion, and 
EMT, which were aggravated after ZNF750 knock-
down. These data suggested that ZNF750 might act as 
a pivotal participator in the progression of melanoma. 

Cumulative evidence has suggested that the Wnt/ 
/b-catenin pathway plays multiple roles in regulating 
various physiological processes in diverse human 
cancers [26, 27]. Increasing evidence has suggested 
that abnormal activation of Wnt/b-catenin pathway 
is necessary for the initiation and progression of 
melanoma [28–30]. Wnt/b-catenin signaling has been 
reported to play an important role in regulating mel-
anoma cellular processes such as cell growth, apop-
tosis, invasion, EMT and immunity [31–33]. It seems 
that the blockage of activation in the Wnt/b-catenin 
signaling can inhibit tumor development, thus raise 
hopes for the discovery of new anticancer drug targets 
[34, 35]. It raises the possibility that Wnt/b-catenin 
signaling may be involved in the suppressive role of 
ZNF750 in the progression of melanoma. To verify it, 
we analyzed the expression levels of b-catenin, a core 
component of Wnt/b-catenin signaling pathway. As 
expected, ZNF750 significantly inhibited the expres-
sion of b-catenin. It is known that cyclinD1, c-Myc, 
Bcl-2, MMP2 and MMP9 are common downstream 
molecules of Wnt/b-catenin signaling pathway, which 
have been proved to be closely related to cell prolif-
eration, apoptosis and metastasis [17, 27]. ZNF750 
has significant inhibitory effects on the expression of 
these molecules, indicating that ZNF750 hinders the 
activation of Wnt/b-catenin pathway. Together, these 
results suggest that the inhibitory role of ZNF750 in 
melanoma cell proliferation and invasion may through 
the Wnt/β-catenin signaling pathway. Notably, these 
findings could provide a better understanding on the 
pathogenesis of melanoma and may contribute to the 
diagnosis and treatment of the disease.

In summary, this is the first evidence demonstrat-
ing the obvious low expression of ZNF750 in human 
melanoma tissues and cells. Importantly, ZNF750 
expression was correlated with clinical characteristics 
including tumor size, lymph node metastasis, and 
Clark classification. The present study also proved 
that ZNF750 inhibited the proliferation, migration, 
invasion and EMT of melanoma cells in vitro by 
blocking the activation of Wnt/b-catenin signaling. 
However, the role of ZNF in animal models of mel-
anoma remains to be further studied. Hence, these 
findings contribute to better understanding on the 
regulatory role of ZNF750 in the pathogenesis of 
melanoma and provide promising treatments for 
anti-melanoma therapies.
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