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Original Article 
ZNF503 promotes colon cancer cell proliferation and 
mediates tumor progression via activating Myc 
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Abstract: Zinc finger protein 503 (ZNF503) is a small protein structural motif that is ubiquitously distributed in 
human tissues. In the present study we have made a preliminary attempt to explore the role of ZNF503 in colon 
cancer cell proliferation and tumor progression via Myc. Human colorectal cancer cell lines cell lines were cultured 
and transfected. A lentiviral vector encoding a short hairpin RNA (shRNA) targeted against ZNF503 and a negative 
control lentiviral vector were constructed and transfected into 293T cells. Cell-viability was assessed by MTT-assay. 
Total RNA was isolated from the transfected cells and quantified using qRT-PCR and Western blot analysis was per-
formed to examine H3K4me3 and H3K27me3. Tumourigenicity, immunohistochemistry and transwell invasion as-
say were also performed. ChIP assay was performed using anti-ZNF503, anti-H3K4me3 or anti-H3K27me3 antibod-
ies. A significantly high expression of ZNF503 was observed in colon cancer cell lines and tumor tissues. Survival 
analysis revealed that ZNF503 was highly expressed in tumor tissues and demonstrated lower survival rates. The 
results showed that ZNF503 enhanced the proliferation of colon cancer cells. Furthermore, it was also observed 
that ZNF503 regulated the proliferation of colon cancer cells by modulating the expression of Myc. Gene expression 
analysis showed that ZNF503 was positively correlated with Myc expression. These findings suggest that ZNF503 
was positively correlated with the expression of Myc and safely concluded that ZNF503 plays an important role in 
the development of colon cancer.

Keywords: ZNF503, colon cancer, cell proliferation, tumor progression Myc

Introduction

Colorectal cancer (CRC) is the third most com-
mon type of cancer in men and women in the 
United States with an approximately 1,42,500 
new cases and more than 51,000 deaths from 
reported in the year 2010 [1]. Individuals at the 
age of 70 develops adenomatous polyp and 
was observed in approximately 50% of the pop-
ulation in North America, Western Europe, and 
Australia and 5% of an average person has a 
life-time risk to develop CRC. A progressive 
transformation of epithelial cells in the luminal 
surface of the intestinal tract to cancerous 
cells leads to colorectal tumorigenesis [2]. 

Zinc finger elbow-related proline domain pro-
tein 2 (ZNF503/Zeppo2, Zpo2/Nolz1/Zfp503) 
is a regulatory factor that is found to be con-
served across many species. A study by 
Dorfman et al., in 2002 demonstrated that in 

Drosophila elbow, a protein is closely related to 
ZPO2, which serves as a transcriptional repres-
sor that is implicated in the tracheal develop-
ment [3]. In another study by Hoyle et al., 2004, 
ZPO2 homologous protein Nlz2 (Znf503) is 
required for proper hindbrain development of 
zebrafish [4]. Expression of Zpo2 is also 
observed during limb and striatum develop-
ment in mice, thereby highlighting the impor-
tance of Zpo2 in organogenesis [5, 6]. The 
above mentioned examples demonstrated that 
Zpo2 is important in multiple developmental 
processes. On the other hand, a study by Shahi 
et al., 2015, showed that expression of ZPO2 
was up-regulated during breast cancer progres-
sion, which led to high tumor growth in recipient 
lungs during mammary tumor transplant experi-
ments [7]. In the present study, we have made 
a preliminary attempt to explore the role of 
ZNF503 in colon cancer cell proliferation via 
activating Myc.

http://www.ijcep.com
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Materials and methods

Cell culture 

Six human colorectal cancer cell lines HCT116, 
HCT8, HT29, RKO, SW480 and FHC cell line 
were purchased from the American Type Cul- 
ture Collection (ATCC) and cultured according to 
their instructions. All cell lines used in this st- 
udy were authenticated through short tandem 
repeat profiling less than 6 months ago when 
this project was initiated, and the cells have not 
been in culture for more than 2 months.

Transfection and stable cell line construction 

A lentiviral vector encoding a short hairpin RNA 
(shRNA) targeted against ZNF503 and a nega-
tive control lentiviral vector were constructed 
and transfected into 293T cells. The lentivirus-
es were collected to transfect HT29 and 
HCT116 cells. The ZNF503 gene (CDS region 
sequence) was synthesized according to the 
human ZNF503 gene’s mRNA sequence and 
cloned into the lentiviral vector. Recombinant 
lentiviruses were produced after the 293T 
packing cells were co-transfected with lentiviral 
vector and lentiviral packaging plasmids [8].

MTT assay

The cell proliferative and invasive capacities 
were determined using a 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
colorimetric assay and a Matrigel invasion 
chamber assay, respectively, according to stan-
dard methods described before. Each experi-
ment was performed three times.

Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated from transfected cells 
by using TRIzol reagent (Invitrogen) and treated 
with DNaseI (Promega). Reverse transcription 
was performed by using the MultiscribeRT kit 
(Applied Biosystems) and random hexamers or 
oligo (dT). The reverse transcription conditions 
were 10 min at 25°C, 30 min at 48°C, and a 
final step of 5 min at 95°C. 

Western blot

The protein used for western blotting was 
extracted using RIA lysis buffer (Beyotime 
Biotechnology, Shanghai, China) supplemented 
with protease inhibitors (Roche, Guangzhou, 

China). The proteins were quantified using the 
BCA™ Protein Assay Kit (Pierce, Appleton, WI, 
USA). The western blot system was established 
using a Bio-Rad Bis-Tris Gel system according 
to the manufacturer’s instructions. Primary 
antibodies were prepared in 5% blocking buffer 
at a dilution of 1:1,000. Primary antibody was 
incubated with the membrane at 4°C overnight, 
followed by wash and incubation with second-
ary antibody marked by horseradish peroxidase 
for 1 hour at room temperature. After rinsing, 
polyvinylidene difluoride (PVDF) membrane 
carried blots and antibodies were transferred 
into the Bio-Rad ChemiDoc™ XRS system, and 
then 200 μl Immobilon Western Chemilumin- 
escent HRP Substrate (Millipore, MA, USA) was 
added to cover the membrane surface. The sig-
nals were captured and the intensity of the 
bands was quantified using Image Lab™ 
Software (Bio-Rad, Shanghai, China).

Evaluation of tumorigenicity 

Tumorigenicity was determined by subcutane-
ously injecting 5 × 104 shCtrl or shZNF503 or 
oeZNF503 HT29 cells into the flanks of 6-week-
old female BALB/c-nu mice (Animal Center  
of Chongqing Medical University, China). The 
tumor size was measured 4 weeks later [9].

Immunohistochemistry

Immunohistochemical staining was carried out 
using a goat anti-ZNF503 polyclonal antibody 
(sc-168776, Santa Cruz, USA) and a mouse 
anti-c-Myc monoclonal antibody (sc-377552, 
Santa Cruz, USA). Positive staining was scored 
by two independent investigators who had no 
knowledge of the patient outcomes. When dis-
crepancy in an assessment was encountered, 
the slides were re-examined by both patholo-
gists under a multi-head microscope to obtain 
agreements. The staining intensity was scored 
as being 0 (negative), 1 (weak), 2 (moderate), or 
3 (strong). The extent of staining was scored 
according to the percentage of positively 
stained cells: 0 (0-10%), 1 (11-25%), 2 (26-
75%), and 3 (75-100%). The sum of the intensity 
and extent of the scores were defined as the 
final staining score. The specimens were divid-
ed into 2 groups according to their overall 
scores, which were as follows: 0-3 = negative 
and weak, 4-6 = moderate and strong positive 
[8].
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Transwell invasion assay 

For the invasion assay, the BD Matrigel Invasion 
Chamber was used according to the manufac-
turer’s protocol. Cells (5 × 104) were suspended 
in serum-free DMEM and seeded on matrix 
membranes. DMEM supplemented with 20% 

FBS was added to the lower chamber. After 24 
h incubation, the cells that had penetrated the 
Transwell chamber were fixed with 4% parafor-
maldehyde and stained with crystal violet for 
20 min. The number of cells was counted using 
an inverted microscope at 20 high-power. All 
photographs were taken under high magnifica-

Figure 1. Expression of ZNF503 in various colon cancer cell lines. A. ZNF503 was highly expressed in 4 pairs of 
colon cancer; B. ZNF503 was highly expressed in 4 pairs of colon cancer; C. Expression of AK093407 in different 
stages; D. Kaplan-Meier survival analysis in 232 colon cancer patients, SPSS survival curve analysis showed that 
the overall survival rate was low with high expression of ZNF503; E. Kaplan-Meier survival analysis in 232 colon 
cancer patients, SPSS survival curve analysis showed that the disease-free survival rate was low with high expres-
sion of ZNF503. *, P<0.05.
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Figure 2. Effects of down-regulation of ZNF503 in various colon cancer cell lines. A: Expression of ZNF503 in colon 
cancer cells; B: Western bolt detected the protein level of ZNF503 in different cell lines; C: ZNF503 was suppressed 
detected by qPCR; D: ZNF503 was suppressed detected by western blot; E: Suppression of ZNF503 inhibited the cell 
proliferation in HT29 cells; F: Suppression of ZNF503 inhibited the cell proliferation in HCT116 cells; G: Suppression 
of ZNF503 inhibited cell cycle in HT29 cells; H: Suppression of ZNF503 inhibited cell invasion. siZNF503: silenced 
ZNF503. **, P<0.01; ***, P<0.001.
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tion with a microscope (Nikon, Tokyo, Japan) 
[8].

ChIP assay

ChIP assays were performed following stan-
dard protocol (Upstate Biotechnology, Inc.). 
Colon cancer cells were treated with 1% formal-
dehyde for 10 min, cracked with SDS lysis buf-

fer followed by ultrasonication, then incubated 
with proper antibodies (anti-ZNF503, anti-
H3K4me3 or anti-H3K27me3). After washing 
by high salt, low salt and LiCl buffer, the elution 
buffer was used to harvest the chromatin frag-
ments. Finally the de-crosslinking was per-
formed and enrichment was examined using 
real-time PCR [10].

Figure 3. Effects of over-expression of ZNF503. A: ZNF503 was overexpressed detected by western blot; B: Over-
expression of ZNF503 promoted cell proliferation detected by MTT in HT29 cells; C: Overexpression of ZNF503 
promoted cell proliferation detected by MTT in HCT116 cells; D: ZNF503 overexpression promoted the expression 
of proliferation related proteins; E: 0verexpression of ZNF503 promoted cell invasion; F: The expression of ZNF503 
was overexpressed or suppressed in HT29 cells, and then were delivered to nude mice. Four weeks later, the weight 
of tumor was detected. siZNF503: silenced ZNF503; oeZNF503: over-expression ZNF503. ***, P<0.001.
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Statistical analysis

All experiments were repeated three times. The 
results of multiple experiments are presented 
as mean ± SD. Statistical analyses were per-
formed using SPSS 19.0 statistical software. 
P-values were calculated using one-way analy-
sis of variance (ANOVA). A P-value of<0.05 was 
considered to indicate a statistically significant 
result. 

Results

Expression of ZNF503 in colon cancer cell 
lines

ZNF503 was highly expressed in various colon 
cancer cell lines (Figure 1A). The expression of 
ZNF503 in various colon cancer cell lines were 
over-expressed in tumor samples when com-
pared to non-tumor samples (Figure 1B). Also, 

Figure 4. Effect of ZNF503 on Myc expression. A: siZNF503 inhibited the expression of Myc; B: oeZNF503 promoted 
the expression of Myc; C: Luciferase reporter assay confirmed that ZNF503 activated the expression of Myc; D: CHIP 
confirmed that ZNF503 combined to the promoter region of Myc; E: CHIP confirmed the effects of siZNF503 and 
oeZNF503 on H3K4me3; F: CHIP confirmed the effects of siZNF503 and oeZNF503 on H3K72me3. siZNF503: 
silenced ZNF503; oeZNF503: over-expression ZNF503. **, P<0.01; ***, P<0.001.
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significant enhanced expression was observed 
at stage III of colon cancer as compared to 
stage I and stage II (P<0.05, Figure 1C). SPSS 
survival curve analysis showed that the overall 
survival rate was low with over-expression of 
ZNF503 (Figure 1D) and similarly for the dis-
ease-free survival rate (Figure 1E) were 
observed.

Down-regulation of ZNF503 in various colon 
cancer cell lines

Knock down of ZNF503 expression in colon 
cancer cells led to inhibition of cell proliferation 
and invasion. mRNA expression of ZNF503 was 
less than 0.5-folds and almost 2-folds and 
1-fold in FHC, HT29 and HCT116 colon cancer 
cell-lines (Figure 2A). These results were also 
confirmed by Western blot analysis (Figure 2B). 
Silencing of ZNF503 lead to down-regulation of 
expression in HT29 and HCT116 cell-lines 
(P<0.001, Figure 2C) compared to control and 
these results were also confirmed by western 
blot analysis (Figure 2D). Silenced ZNF503 led 
to decrease in cell viability in both HT29 and 
HCT116 colon cancer cell lines (Figure 2E and 
2F, respectively), which lead to inhibition of cell-
cycle at G0 phase in HT29 colon cancer cells 
(Figure 2G) and inhibited cell invasion in 
HCT116 colon cancer cell lines (Figure 2H). 

Effects of over-expression of ZNF503

Western blot analysis was performed to assess 
the expression of ZNF503. Results revealed 
that over-expression of ZNF503 was observed 
in HT29 and HCT116 (Figure 3A), which led to 
enhanced proliferation of cells on day 4 com-
pared to control as evaluated by MTT assay 
(Figure 3B and 3C). Moreover, over-expression 
of ZNF503 led to enhanced expression of 
CyclinD and P21 as compared to the expres-
sion of GAPDH used as endogenous control, in 
HT29 and HCT116 cell lines (Figure 3D) and an 
enhanced cell-invasion (Figure 3E). Both over-
expressed and silenced ZNF503 were deliv-
ered to nude mice and the tumor weights were 
assessed after four weeks, which demonstrat-
ed a significant decrease in the tumor weight in 
mice with silenced ZNF503 as compared to 
control mice (Figure 3F).

Effect of ZNF503 on Myc expression

Down-regulation and over-expression of ZNF- 
503 led to suppression and enhanced expres-

sion of Myc, respectively, in both HCT116 and 
HT29 colon cancer cell-lines (Figure 4A and 
4B). These results were further confirmed by 
luciferase reporter assay of overexpression of 
ZNF503 (Figure 4C). ChIP assay was performed 
to evaluate the enrichment folds which con-
firmed significantly higher enrichment folds in 
anti-ZNF503 compared to IgG (P<0.01), which 
suggested that ZNF503 was combined to the 
promoter region of Myc (Figure 4D). It was 
observed that siZNF503 decreased the enrich-
ment of H3K4me3 and over-expressed ZNF503 
increased the enrichment of H3K4me3 (Figure 
4E). Further, siZNF503 increased the enrich-
ment of H3K27me3, and up-regulation of ZNF- 
503 decreased the enrichment of H3K27me3 
(Figure 4F). 

Regulation of Myc expression by ZNF503 in 
HCT116 cells

Pearson’s correlation between the expressions 
of ZNF503 and the expression of Myc showed a 
positive regulation of ZNF503 with c-Myc 
(Figure 5A). In HCT116 cell-line, silenced ZNF- 
503 and silenced ZNF503 along with over-
expressed Myc led to suppression of Myc and 
enhanced expression of Myc, respectively 
(Figure 5B). While, reduced expression was 
observed in ZNF503 group in both silenced 
ZNF503 and silenced ZNF503 along with over-
expressed Myc (Figure 5B). Silenced ZNF503 
significantly decreased cell-viability whereas 
silenced ZNF503 along with over-expressed 
Myc increased cell-viability at the same time 
when compared to control cell-lines (Figure 
5C). Over-expressed ZNF503 and silenced Myc 
along with over-expressed ZNF503 led to 
upregulation of Myc and suppression of Myc in 
HCT116 cells (Figure 5D). Over-expression of 
ZNF503 as usual led to a significant increase in 
cell-viability whereas over-expressed ZNF503 
along with silenced Myc showed a significant 
decrease in cell-viability as compared to control 
(Figure 5E).

Discussion

Zinc finger is a small protein structural motif 
that is characterized by the coordination of one 
or more zinc ions to stabilize the folds. It was 
termed to describe the finger-like appearance 
of a hypothesized structure from Xenopus lae-
vis transcription factor IIIA, the zinc finger term 
thus encompasses a wide variety of differing 
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protein structures [11]. In this article, we have 
presented our study to explore the role of 
ZNF503 in colon cancer cell proliferation via 
activating Myc.

ZNF503 was highly expressed in four pairs of 
colon cancer cell lines. The expression of 

ZNF503 was up-regulated in tumor samples 
when compared to non-tumor samples and 
enhanced expression was observed in stage III 
of colon cancer as compared to stage I and 
stage II. SPSS survival curve analysis showed 
that the overall survival rate was low with high 
expression of ZNF503 and that the disease-

Figure 5. Regulation of Myc expres-
sion by ZNF503. A: The Pearson’s cor-
relation between the expression of 
ZNF503and the expression of Myc; B: 
The effects of siZNF503 and oeMyc on 
the expression of Myc in HCT116 cells; 
C: The effects of siZNF503 and oeMyc 
on cell proliferation; D: The effects of 
siZNF503 and siMyc on the expression 
of Myc in HCT116 cells; E: The effects 
of oeZNF503 and siMyc on cell prolif-
eration. siZNF503: silenced ZNF503; 
oeZNF503: over-expression ZNF503.
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free survival rate was low with high expression 
of ZNF503. Knock down of ZNF503 in colon 
cancer cell lines led to inhibition of cell prolif-
eration and invasion. Silencing of ZNF503 led 
to down-regulation of its expression in HT29 
and HCT116 cell-lines, which was also con-
firmed by Western blot analysis. Down-regul- 
ation of ZNF503 led to decrease in cell viability 
in both HT29 and HCT116 colon cancer cell-
lines, respectively, which led to cell-cycle arrest 
at G0/G1 phase in HT29 colon cancer cells and 
inhibited cell-invasion in HCT116 colon cancer 
cell-lines. Over-expression of ZNF503 in HT29 
and HCT116 cells led to enhanced proliferation 
of cells as evaluated by MTT assay. Moreover, 
over-expression of ZNF503 led to enhanced 
expression of cyclin-D and p-21 in HT29 and 
HCT116 cell-lines and an enhanced cell-inva-
sion. Both over-expressed and silenced ZNF- 
503 were administered to nude mice and the 
tumor weights when assessed after four weeks 
showed a significant decrease in the tumor 
weight in mice with silenced ZNF503 as com-
pared to control mice. 

Down-regulation and over-expression of ZNF- 
503 led to suppression and enhanced expres-
sion of Myc, respectively, in both HCT116 and 
HT29 colon cancer cell-lines, which was further 
confirmed by luciferase reporter assay. ChIP 
assay confirmed that ZNF503 was combined to 
the promoter region of Myc. H3K4me3 is tri-
methylation of lysine 4 on histone H3 protein 
subunit. Enrichment of histone marks in the 
ChIP samples are determined by quantitative 
real-time PCR (qPCR). It is of the most widely 
studied histone modifications is trimethylated 
lysine 4 of histone 3 [12, 13]. H3K4me3 marks 
active transcription start sites (TSSs) [14-16]. 
Hence, it was observed in our study we 
observed that siZNF503 decreased the enrich-
ment of H3K4me3 and over-expressed ZNF503 
increased the enrichment of H3K4me3. Simil- 
arly, polycomb repressive complex 2 (PRC2) is a 
histone methyl-transferase that catalyses tri-
methylation of Histone 3 at Lysine 27 (H3K- 
27me3). It is associated with the repression of 
transcription in a cell type-specific manner [17-
23]. In our study we observed that siZNF503 
increased the enrichment of H3K27me3, and 
up-regulation of ZNF503 decreased the enrich-
ment of H3K27me3. Pearson’s correlation 
between the expression levels of ZNF503 and 
the expression of Myc showed that ZNF503 

positively regulated with c-Myc. In HCT116 cell-
line, silenced ZNF503 and silenced ZNF503 
along with over-expressed Myc led to suppres-
sion of Myc and enhanced expression of Myc, 
respectively. Silenced ZNF503 significantly de- 
creased cell-viability whereas silenced ZNF503 
along with over-expressed Myc increased cell-
viability at the same time when compared to 
control cell-lines. Over-expressed ZNF503 and 
silenced Myc along with over-expressed ZNF- 
503 led to upregulation of Myc and suppres-
sion of Myc in HCT116. Over-expression of 
ZNF503 as usual led to a significant increase in 
cell-viability whereas over-expressed ZNF503 
along with silenced Myc show a significant 
decrease in cell-viability as compared to 
control.

In conclusion, these findings suggest that 
ZNF503 was positively correlated with the 
expression of Myc and safely concluded that 
ZNF503 plays an important role in the develop-
ment of colon cancer.
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