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Abstract. Zinc finger protein 703 (ZNF703) is a new member 
of the zinc finger protein family of transcription factors that 
plays an important role during embryogenesis in metazoans. 
The overexpression of ZNF703 contributes to tumorigenesis 
and progression of a number of malignancies by activating 
the Akt/mammalian target of rapamycin (mTOR) signaling 
pathway. This pathway is activated in medullary thyroid 
cancer (MTC), but its mechanism of action is not yet fully 
understood. The aim of the present study was to examine the 
role of ZNF703 and its association with Akt/mTOR activation 
in MTC. The present study used the phosphorylation of Akt1 
protein at serine 473 (pAkt473) as an indicator of signaling acti-
vation. Immunohistochemistry (IHC) staining and western blot 
analyses were performed in order to examine the expression of 
ZNF703 in 34 cases of MTC and 12 cases of corresponding 
normal thyroid tissues. ZNF703 expression in MTC was 
significantly higher compared with the corresponding normal 
thyroid tissues (P<0.05). Furthermore, expression of ZNF703 
was associated with tumor size, lymph node metastasis and 
advanced stage of disease. IHC also demonstrated that the 
level of ZNF703 was positively correlated with p‑Akt473 in the 
34 cases of MTC. The human MTC cell line TT was selected 
for further investigation as TT cells exhibit Akt/mTOR activa-
tion. The biological effects of silencing ZNF703 in TT cells 
on proliferation and apoptosis, both in vitro and in vivo were 
investigated in the present study. ZNF703 silencing inhibited 
the proliferation of TT cells in vitro and inhibited xenograft 
tumor growth in  vivo. These effects were accompanied 
by the substantial decrease of pAkt473 and the induction of p53 
protein. These results demonstrate that ZNF703 may play a 
relevant role in MTC due to its association with the Akt/mTOR 
signaling pathway.

Introduction

Thyroid carcinoma represents the most common endo-
crine malignancy in humans, with an increasing incidence 
worldwide (1). For example, the incidence of thyroid cancer 
in the USA has increased from 4.6 cases per 100,000 indi-
viduals between 1974 and 1977 to 14.4 cases per 100,000 
individuals between 2010 and 2013 (2). It is expected to be 
the fourth most common cancer by 2030 (3). There are four 
different types of thyroid cancer according to the derivation 
of thyroid carcinomas (4). Medullary thyroid cancer (MTC) 
stems from calcitonin‑producing parafollicular C cells of the 
thyroid and constitutes 5‑8% of all thyroid cancers (5,6). A 
major challenge of the treatment of MTC, compared with 
differentiated thyroid carcinoma, is its early metastasis and 
failure to respond to thyroid stimulating hormone suppres-
sion and radioiodine (7‑10). Therefore, additional studies of 
the molecular mechanisms responsible for the development 
of MTC and novel targeted therapies for MTC are urgently 
required.

The Akt/mammalian target of rapamycin (mTOR) 
signaling pathway is critical in the tumorigenesis and the 
progression of tumors, including MTC (11‑14). The activation 
of Akt/mTOR signaling occurs in 96‑100% of MTCs (13,15), 
thus targeting this pathway has become a potentially novel 
therapeutic intervention for MTC  (16‑18). Although the 
receptor tyrosine kinase (RET) mutation is the most common 
cause of Akt/mTOR activation in MTC, a significant portion 
of patients are resistant to RET inhibitors (16,19). Therefore, 
other factors involved in the activation of Akt/mTOR signaling 
in MTC require further investigation in order to determine 
methods to inhibit signaling at multiple levels.

Zinc finger protein 703 (ZNF703), which was first described 
in zebrafish  (20), is expressed in almost all human adult 
tissues and localizes to the nucleus to regulate gene expres-
sion primarily as transcription repressors  (21). Previously, 
ZNF703 was identified as an oncogene from an amplicon 
on chromosome 8p11.23 in luminal B breast cancers (22,23). 
Additionally, high mRNA and protein levels of ZNF703 were 
detected in non‑small cell lung cancer (NSCLC), gastric 
cancer, cholangiocarcinoma and oral squamous cell carci-
noma (24‑26). Furthermore, it has been reported that ZNF703 
contributes to tumor progression in a number of malignancies 
by activating the Akt/mTOR signaling pathway (24,27,28); 
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however, whether ZNF703 participates in the activation of 
Akt/mTOR in MTC remains unclear.

In the present study, the expression of ZNF703 was 
detected and the association between its expression and the 
clinicopathological features of patients with MTC was evalu-
ated. The present study used immunohistochemistry (IHC) 
to detect the phosphorylation of Akt1 protein at serine 473 
(pAkt473), as an indicator of Akt/mTOR signaling activation 
in patients with MTC, and analyzed the association between 
the level of ZNF703 and pAkt473 in MTC. Subsequently, the 
biological consequence of ZNF703 silencing in cultured 
MTC‑derived TT cells was analyzed in order to characterize 
the role of ZNF703 in MTC. In order to further determine 
whether ZNF703 is associated with Akt/mTOR activation, 
the present study detected pAkt473 levels after ZNF703 knock-
down in TT cells. The results of the present study provide a 
molecular basis for the function of ZNF703 in MTC as well as 
a potential novel target for therapeutic intervention.

Materials and methods

Tissue specimens and cell culture. A total of 34 patients with 
histologically confirmed MTC at Tangshan Gongren Hospital 
and Tangshan Renmin Hospital (Tangshan, China) were 
recruited between January 2018 and June 2018 for the present 
study. A total of 34 fresh tumor tissues and 12 corresponding 
normal thyroid tissues (adjacent normal tissues were 2 cm 
away from the tumors) were obtained during surgery. The 
samples were stored in liquid nitrogen (‑196˚C) for western 
blot assays or were fixed in 4% paraformaldehyde solution for 
48 h at room temperature and then embedded in paraffin for 
IHC staining. Patients' characteristics are presented in Table I. 
The present study was approved by the Ethical Committee of 
Tangshan Gongren Hospital and all patients provided written 
informed consent prior to their participation in the present 
study.

Human MTC TT cells were obtained from the American 
Type Culture Collection and cultured in RPMI 1640 containing 
10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, 
Inc.) at 37˚C, in 5% CO2 humidified atmosphere. The culture 
medium was changed every 3 days, and the cells were passaged 
at a 1:3 dilution every 5‑6  days using 0.25% pancreatic 
enzyme‑EDTA (Gibco; Thermo Fisher Scientific, Inc.).

Immunohistochemical staining. MTC tissues were fixed in 4% 
paraformaldehyde for 24 h at room temperature and embedded 
in paraffin. Paraffin‑embedded tissue samples were cut into 
4‑µm thick sections and dewaxed using the standard xylene 
dewaxing method (29). Fixed tissues were dehydrated with 
xylene and ethanol: i) 50% ethanol for 4 h; ii) 75% ethanol 
for 4 h; iii) 85% ethanol for 3 h; iv) 95% ethanol for 2 h; 
v) 100% ethanol for 1 h; vi) 100% ethanol for 1 h; vii) 1:1 
ethanol‑xylene for 1 h; viii) xylene for 1 h and ix) xylene for 
30 min at room temperature. Antigen retrieval was performed 
in 0.01 M sodium citrate buffer (pH 6.0) (Beijing Solarbio 
Science & Technology Co., Ltd.) at 95˚C in a water bath for 
10  min. Deparaffinized sections were blocked with 20% 
normal goat serum (Yeasen Biotech Co., Ltd.). at 37˚C for 
20 min and incubated with 3% hydrogen peroxide at room 
temperature for 10 min to eliminate endogenous peroxidase. 

Tissue samples were incubated with rabbit anti‑ZNF703 (1:50; 
cat. no. ab137054; Abcam) or anti‑pAKT473 antibody (1:100; 
cat. no. ab81283; Abcam) overnight at 4˚C. Subsequently, the 
sections were washed twice with PBS and incubated with 
horseradish peroxidase (HRP)‑conjugated goat anti‑rabbit 
IgG secondary antibody (undiluted; cat. no. PV‑9000; Jinqiao 
Biotech) for 30 min at 37˚C. After washing three times with 
PBS at room temperature, for 5 min each time, the sections 
were incubated with diaminobenzidine solution (Jinqiao 
Biotech) to visualize the positive signal. The sections were 
counterstained with hematoxylin for 20 sec at room tempera-
ture, rehydrated in graded ethanol solutions (alcohol series of 
75, 80, 90 and 100%), clarified with xylene and sealed with 
cover slips. The negative control sections were processed in 
the same protocol aforementioned, with the exception of using 
20% normal rabbit serum (1:50; AmyJet Scientific Inc) instead 
of primary antibody. Breast cancer sections with known posi-
tive expression of ZNF703 were used as positive controls. 
ZNF703 and pAkt473 were located in the nuclei and cytoplasm 
of the tumor cells. The slides were blindly examined by two 
senior pathologists from Tangshan Gongren Hospital. Cells 
within five randomly selected fields were counted under a light 
microscope (magnification, x20). The percentages of posi-
tive tumor cells in the respective fields were calculated, and 
a threshold >10% was used to define pAkt473 positivity (13). 
ZNF703 expression was determined based on the percentage 
of positive cells, combined with staining intensity. The 
percentage of positive cells was divided into four levels and 
assigned the following number of points: 0 point for <10% 
positive cells, 1 point for 10‑25%, 2 points for 26‑75% and 3 
points for >75% positive cells. The intensity of staining was 
classified as the following: 0 point for no staining, 1 point for 
weak staining (light yellow), 2 points for moderate staining 
(yellowish‑brown) and 3 points for strong staining (brown). 
The sum of the staining‑extent score and intensity score was 
used as the final staining score for ZNF703 expression, with a 
final score of ≥5 considered positive (27).

Small interfering (si)RNA‑ and lentivirus short (sh)hairpin 
RNA‑mediated inhibition of ZNF703. For in vitro studies, 
siRNA was used to knockdown expression of ZNF703. Human 
ZNF703 siRNA (sense strand, 5'‑AGG​ACA​AGU​CCA​GCU​
UCA​AGC​CCU​ATT‑3'; antisense strand, 5'‑UAG​GGC​UUG​
AAG​CUG​GAC​UUG​UCC​UTT‑3') and negative control siRNA 
(non‑silencing siRNA) were purchased from Hanheng RNAi 
Company. Non‑transfected cells were used as the blank control 
group. TT cells were seeded in 6‑well culture plates at a density 
of 3x105 cells. Following incubation overnight, the cells were 
transiently transfected with ZNF703‑siRNA (2.5 µg/well) or 
negative control siRNA (2.5 µg/well) using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to 
the manufacturer's protocol. The ability of ZNF703‑siRNA to 
decrease ZNF703 mRNA and protein expression was analyzed 
by reverse transcription (RT) PCR and western blotting 72 h 
after transfection. For the in vivo studies, the present study used 
lentivirus interference to specifically and stably knockdown 
the expression of ZNF703 in TT cells. Lentiviruses carrying 
shRNA, targeting ZNF703 (LV sh‑ZNF703) were gener-
ated using the pHBLV‑U6‑ZsGreen‑Puro vector (Hanheng 
Biotechnology Co. Ltd.). Cells that were not infected by 
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lentivirus were sorted by puromycin. The multiplicity of infec-
tion was 10 (3x105 cells transfected per well and 3x106 TU 
lentivirus transfected per well in a 6‑well plate) in the presence 
of polybrene (Sigma‑Alrich; Merck KGaA). The sequence of 
ZNF703‑specific shRNA was 5'‑AGG​ACA​AGT​CCA​GCT​
TCA​AGC​CCT​A‑3'. Lentiviruses carrying non‑silencing 
shRNA were used as the negative control group. The sequence 
of non‑silencing shRNA was 5'‑GAA​AGC​CTG​CCG​GTG​ACT​
AA‑3'. Non‑transfected cells were used as the blank control 
group. The ability of LV sh‑ZNF703 to decrease ZNF703 
expression was confirmed by RT‑PCR 72 h after transfection.

RT‑quantitative (RT‑q) PCR analysis. The steps were 
performed according to the manufacturer's protocol of the 
cDNA Synthesis kit and the SYBR Green PCR Supermix kit 
(both from Invitrogen; Thermo Fisher Scientific, Inc.). RNA 
was isolated from TT cells using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). The purity and concentration 
of RNA were determined. RNA was reverse transcribed into 
cDNA using the cDNA Synthesis kit. qPCR was subsequently 
performed using the SYBR Green PCR Supermix kit, with the 
Rotor Gene‑3000 instrument (Corbett Life Science; Qiagen 
GmbH). Reactions were performed in 20‑µl reactions with 
1 µl cDNA. The following primer pairs were used for the 
RT‑qPCR: ZNF703: Forward, 5'‑AAC​GGC​CCA​CAT​GAG​
TCA​AT‑3' and reverse, 5'‑GGC​GGG​GAT​CAT​GTC​GTT​
AT‑3'; and GAPDH: Forward, 5'‑GAA​AGC​CTG​CCG​GTG​
ACT​AA‑3' and reverse, 5'‑AGG​AAA​AGC​ATC​ACC​CGG​
AG‑3'. The following thermocycling conditions were used for 

the RT‑PCR: 95˚C for 2 min, 45 cycles of 95˚C for 15 sec and 
60˚C for 30 sec. Relative expression was quantified using the 
2‑ΔΔCq method (30) and normalized to the internal reference 
gene GAPDH.

MTT analysis. The MTT assay was used to assess the prolif-
eration of cells transfected with ZNF703‑siRNA. A total of 
1x104 TT cells were seeded in 96‑well plates and incubated 
with 10 ml MTT solution (5 mg/ml; Sigma Aldrich; Merck 
KGaA), at 37˚C for 4 h, in order to determine cell viability 
at 0, 24, 48, 72 and 96 h post‑siRNA transfection. Following 
incubation, the cell culture medium was removed and 150 µl of 
DMSO (Sigma Aldrich; Merck KGaA) was added to dissolve 
the MTT. Cell proliferation was subsequently analyzed at a 
wavelength of 490 nm, using a microplate reader (Bio‑Rad 
Laboratories, Inc.).

Flow cytometry analysis. The effects of ZNF703‑siRNA on 
the apoptosis of TT cells were determined by flow cytometry. 
Cells in each group at 72 h post‑transfection were trypsinized 
using 0.25% trypsin (Beijing Solarbio Science & Technology 
Co., Ltd.) at room temperature for 1 min and collected by 
centrifugation at 100 x g for 5 min at room temperature. The 
cells were incubated with 0.5 ml of the binding buffer and 
1 µl AnnexinV‑FITC from the Annexin V‑FITC Apoptosis 
Detection kit (Merck KGaA) at room temperature for 10 min, 
according to the manufacturer's protocol. Next, the cells 
were re‑suspended in fresh 0.5 ml binding buffer containing 
5 µl propidium iodide (PI) at room temperature for 5 min. 

Table I. Association between ZNF703 and pAkt473 protein expression and clinicopathological features of patients with MTC.

	 ZNF703, n	 pAkt473, n
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 Total no., n	 Negative	 Positive	 P‑value	 Negative	 Positive	 P‑value

All cases	 46						    
  Normal	 12	 9	 3	 0.028	 10	 2	 <0.001
  MTC	 34	 13	 21		  8	 26	
Age							     
  ≤45 years	 11	 5	 6	 0.709	 2	 9	 >0.999
  >45 years	 23	 8	 15		  6	 17	
Sex							     
  Male	 11	 6	 5	 0.262	 1	 10	 0.227
  Female	 23	 7	 16		  7	 16	
Tumor size							     
  ≤4 cm	 17	 10	 7	 0.013	 8	 9	 0.003
  >4 cm	 17	 3	 14		  0	 17	
Lymph node metastasis							     
  ‑	 13	 9	 4	 0.009	 7	 6	 0.002
  +	 21	 4	 17		  1	 20	
Disease stage (37)							     
  I, II	 13	 9	 4	 0.009	 7	 6	 0.002
  III, IV	 21	 4	 17		  1	 20	

ZNF703, zinc finger protein 703; pAkt473, Akt1 protein at serine 473; MTC, medullary thyroid cancer.
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Apoptotic TT cells were subsequently measured with the 
FACSCalibur flow cytometer and BD CellQuest Pro software 
version 6.0 (BD Biosciences).

In vivo tumor growth assay. For the tumor xenograft assay, 
18 nude mice were purchased from the Chinese Academy of 
Sciences (Shanghai, China). This experiment was approved by 
the Committee on the Use of Live Animals in Teaching and 
Research of North China University of Science and Technology 
(Tangshan, China). Tumor xenografts were established in 
4‑week‑old female nude mice [specific pathogen free (SPF), 
BALB/C] weighing between 15‑18 g. The total number of mice 
were divided into three groups (six mice per sub‑group), with 
mice in each group under similar conditions. Normal TT cells, 
TT cells stably expressing scrambled shRNA and ZNF703 
shRNA suspended in culture medium without FCS, were each 
injected into the right armpit of each mouse. The mice were 
maintained in the laboratory animal center of North China 
University of Science and Technology in a specific pathogen 
free environment at room temperature (25±1)̊ C, 40‑50% rela-
tive humidity, 12 h light/dark cycle, and fed an autoclaved diet. 
The mice had constant access to food and water. Tumor size 
was measured with a vernier caliper, and tumor volumes were 
calculated using the following formula: Long axis x minor 
axis2/2. The growth curve of the xenograft tumor was plotted. 
The humane endpoint used in the present study was tumor 
ulceration. Mice were euthanized by cervical dislocation after 
30 days, and the tumor tissues were weighed and collected for 
protein isolation and western blot analyses.

Western blot analysis. Proteins were extracted from 12 paired 
MTCs and non‑cancerous thyroid tissue samples, from TT 
cells 72 h after transfection, or from xenograft tumor tissues, 
using RIPA buffer (Beyotime Institute of Biotechnology) with 
protease inhibitors phenylmethylsulfonyl fluoride (1:200; 
Beyotime Institute of Biotechnology). Total protein concen-
tration was determined using a BCA kit (Beyotime Institute 
of Biotechnology), according to the manufacturer's protocol. 
Aliquots of protein (25 µg/lane) was separated via SDS‑PAGE 
(10% gel) and transferred onto PVDF membranes. Membranes 
were blocked in 5% non‑fat milk in TBS containing 0.05% 
Tween‑20 (TBST) for 2  h at room temperature. The 
membranes were incubated with primary antibodies against; 
ZNF703 (1:300; cat. no. ab137054; Abcam), Akt (1:500; cat. 
no. sc‑517582; Santa Cruz Biotechnologies), pAkt473 (1:500; 
cat. no. sc‑514032; Santa Cruz Biotechnologies), p53 (1:500; 
cat. no.  sc‑47698; Santa Cruz Biotechnologies) or β‑actin 
(1:500; cat. no.  sc‑517582; Santa Cruz Biotechnologies), 
overnight at 4˚C. Membranes were washed with PBS three 
times and subsequently probed with anti‑mouse (1:500; cat. 
no. A0216; Beyotime Institute of Biotechnology) or anti‑rabbit 
horseradish peroxidase‑conjugated secondary antibodies 
(1:500; cat. no. A0208; Beyotime Institute of Biotechnology). 
Protein bands were visualized using a DAB detection reagent 
(Beyotime Institute of Biotechnology) and expression was 
quantified using Quantity One software v4.6.6 (Bio‑Rad 
Laboratories, Inc.) with β‑actin as the loading control.

Statistical analysis. All statistical analyses were performed 
using SPSS 17.0 software (SPSS, Inc.). The χ2 test was used to 

analyze the difference in IHC staining of ZNF703 and pAkt473 
between MTC and normal thyroid tissues. The Spearman rank 
correlation test was used to assess the correlation between 
ZNF703 and pAKT473 expression. Other statistical data are 
presented as the mean ± standard deviation. The paired t‑test 
was used to compare the expression of ZNF703 between the 
12 paired thyroid tissues. Single‑factor one‑way ANOVA, 
followed by the Dunnett's test were used to compare multiple 
samples. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of ZNF703 and pAKT473 in MTC tissue samples. 
The present study assessed ZNF703 protein levels in 34 MTC 
patient tissues and 12 corresponding normal thyroid tissue 
samples using IHC, in order to determine whether ZNF703 
is differentially expressed in MTC. Of the 34 MTC tissue 
samples, 21 (61.8%) had higher expression of ZNF703. In 
contrast, three normal thyroid tissues (25.0%) had higher 
staining of ZNF703 (Fig.  1A). The present study further 
detected the expression of ZNF703 in 12 paired MTCs and 
adjacent normal thyroid tissues within the same patient using 
western blotting. The results demonstrated a significantly 
higher expression of ZNF703 in MTC compared with adjacent 
normal tissue (P<0.05; Fig. 1B). These results suggest that 
ZNF703 may be upregulated in MTC.

The present study subsequently evaluated the association 
between ZNF703 protein expression and clinicopathological 
characteristics among the 34 patients with MTC, and demon-
strated that ZNF703 protein expression was associated with 
tumor size, lymph node metastasis and pathological stage of 
MTC (P<0.05; Table I), regardless of age and sex (P>0.05; 
Table I). These results suggest that ZNF703 upregulation may 
be associated with MTC progression.

In order to investigate whether ZNF703 was associated 
with the Akt/mTOR activation, the present study used IHC 
to detect pAKT473 as an indicator of Akt/mTOR signaling 
pathway activation in 34 tumor samples. Of the 34 MTC tissue 
samples, 26 (76.5%) stained positive for pAKT473 (Fig. 1A; 
Table I). Upregulation of ZNF703 was associated with pAKT473 
expression (P<0.05; Table II).

ZNF703‑siRNA inhibits proliferation and promotes 
apoptosis of TT cells in vitro. The present study knocked 
down the expression of ZNF703 using siRNA‑mediated 
silencing in TT cells, a human MTC‑derived cell line, in 

Table II. Association between ZNF703 and pAkt473 expression.

Variables	 pAkt473	 Total, n	 Rs	 P‑value

ZNF703	 Negative	 Positive		  0.420	 0.013
  Negative	 6	 7	 13		
  Positive	 2	 19	 21		
Total	 8	 26	 34		

ZNF703, zinc finger protein 703; pAkt473, Akt1 protein at serine 473.
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order to determine the function of ZNF703 in MTC. The 
ability of ZNF703‑siRNA to decrease ZNF703 mRNA and 
protein expression was assessed by RT‑qPCR and western 
blotting. Transfection of ZNF703‑siRNA decreased the 
expression of ZNF703 mRNA and ZNF703 protein in TT 
cells compared with non‑silencing siRNA‑transfected cells 
(P<0.05; Fig. 2A and B), respectively. An MTT assay was 
utilized to assess cell proliferation following transfection 
of ZNF703‑siRNA (Fig. 2C). The proliferation of TT cells 
was significantly decreased after inhibiting the expression 
of ZNF703 compared with non‑silencing siRNA‑transfected 
cells (P<0.01).

Subsequently, the present study assessed the effects of 
ZNF703‑siRNA on the apoptosis of TT cells using flow 
cytometry with Annexin V and PI staining. The results of 
the present study demonstrated that cells transfected with 
ZNF703‑siRNA demonstrated significantly higher apoptosis 

rates compared with non‑silencing siRNA‑transfected cells 
(P<0.05; Fig. 2D and E).

ZNF703 silencing inhibits MTC tumor growth in vivo. In 
order to further evaluate the effects of ZNF703 expression 
on MTC growth, the present study examined the effects of 
ZNF703‑silencing on MTC nude mice xenografts. Western 
blotting of ZNF703 in xenograft tumors confirmed that 
ZNF703 expression had been inhibited and maintained 
throughout the experiment (Fig. 3A). The growth of xenograft 
tumors was significantly lower in the LV sh‑ZNF703 group 
compared with the blank control and negative control groups 
(P<0.05; Fig. 3B). After 30 days, ZNF703‑inhibited mice exhib-
ited a significant decrease in tumor weight (P<0.05; Fig. 3C) 
compared with the blank control and negative control groups. 
There was no statistical difference between the blank control 
and negative control groups (P>0.05). These results suggest 

Figure 1. ZNF703 expression in MTC and normal thyroid tissues. (A) ZNF703 and pAKT473 were examined by IHC in 34 MTC tissues and 12 normal thyroid 
tissues. Scale bar, 25 µm. (B) Expression of ZNF703 was examined by western blotting in 12 paired thyroid tissues. Three representative western blots are 
shown. **P<0.01 vs. normal thyroid tissues. N, normal thyroid tissues; MTC, medullary thyroid cancer tissues; p, phosphorylated.
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that the downregulation of ZNF703 inhibits proliferation of 
TT cells in vivo.

ZNF703 modulates proliferation and apoptosis of TT cells 
through the Akt signaling pathway. In order to further 
investigate whether ZNF703 expression was associated with 
activation of the Akt/mTOR signaling pathway, the present 
study detected levels of Akt and pAkt473 following ZNF703 
knockdown in TT cells and xenograft tumors. ZNF703 inhibi-
tion significantly decreased pAkt473 protein expression both 
in vitro and in vivo (P<0.05; Fig. 4). Akt protein levels were 
not altered in vitro or in vitro following ZNF703 knockdown 
(P>0.05; Fig.  4). It has been reported that ZNF703 may 

facilitate p53 degradation (21). In order to verify whether the 
increased apoptosis rate in TT cells after ZNF703 silencing 
was associated with p53, the present study investigated the 
gene expression of p53 following ZNF703 silencing in TT 
cells. ZNF703 inhibition significantly induced p53 protein 
expression both in vitro and in vivo (P<0.05; Fig. 4). These 
results indicate that ZNF703 may promote cell proliferation 
through activation of the Akt/mTOR signaling pathway.

Discussion

Zinc finger protein is widely expressed in eukaryotes and is 
involved in a number of important biological processes such as 

Figure 2. ZNF703‑siRNA suppresses proliferation and promotes the apoptosis of TT cells. (A) TT cells were transfected with ZNF703‑siRNA. The mRNA 
level of ZNF703 was examined using reverse transcription‑quantitative PCR. (B) The protein level of ZNF703 was assessed by western blotting. (C) Cell 
proliferation was evaluated using the MTT assay after ZNF703 silencing. (D and E) Cell apoptosis was evaluated by flow cytometry after ZNF703 silencing. 
**P<0.01, n=3. siRNA, small interfering RNA; NS, no significance.
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Figure 3. ZNF703 silencing in TT cells suppresses xenograft tumor growth. (A) Expression of ZNF703 protein in xenograft tumors from individual mice 
carrying either TT cells transfected with control‑shRNA or TT cells transfected with ZNF703‑shRNA was examined by western blotting. Each data point 
represents the mean ± SD of six xenograft tumors. (B) Volumes of xenograft tumors derived from cells with control‑shRNA or ZNF703‑shRNA were measured 
over time. Each data point represents the mean ± SD of six xenograft tumors. (C) Weights of xenograft tumors derived from cells with control‑shRNA or 
ZNF703‑shRNA were measured at 30 days. Left, photographs of xenograft tumors. Right, weights of tumors. Each data point represents the mean ± SD of six 
xenograft tumors. *P<0.05; ***P<0.001. NS, no significance; SD, standard deviation; shRNA, short hairpin RNA; LV, lentiviruses.

Figure 4. ZNF703 silencing regulates the levels of pAKT473 and p53 protein in vitro and in vivo. (A) Akt, pAKT473 and p53 protein expression in TT cells, with or 
without ZNF703 silencing, were determined by western blotting. Each data point represents the mean ± SD of three independent experiments. (B) Akt, pAKT473 
and p53 protein expression in xenograft tumors, with or without ZNF703 silencing, were determined by western blotting. Each data point represents the mean ± SD 
of six xenograft tumors. *P<0.05; **P<0.01. NS, no significance; SD, standard deviation; siRNA, small interfering RNA; shRNA, short hairpin RNA.
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cell differentiation, proliferation and apoptosis (21). ZNF703 is 
a newly identified member of the neutrophil extracellular trap 
(NET) zinc finger subfamily (21). NET proteins lack a nuclear 
localization signal, unlike other nuclear proteins (31). Therefore, 
ZNF703 needs to interact with other proteins that assist with its 
localization to the nucleus (21,31). Sircoulomb et al (23) identi-
fied ZNF703 as a co‑factor comprising; i) DNA damage‑binding 
protein 1 (DDB1); ii) cullin‑4 (CUL4); iii) associated factor 
7 (DCAF7); iv) prohibitin‑2 (PHB2) and v) nuclear receptor 
corepressor 2 (NCOR2), which regulated self‑renewal activity 
of breast cancer stem cells.

Recent studies have revealed that the deregulation of 
ZNF703 is associated with malignant tumors (22,23), but the 
role of ZNF703 in MTC remains unknown. In the present study, 
IHC staining of 34 MTC tissues and western blot analyses of 
12 paired MTC and adjacent normal thyroid tissues revealed 
that the protein levels of ZNF703 were upregulated in MTC 
tissues compared with normal thyroid tissues. These results 
are consistent with previous reports, which have demonstrated 
the upregulation of ZNF703 in breast cancer  (22,23,28), 
gastric cancer (25) and cholangiocarcinoma (26) compared 
with normal tissues.

Furthermore, ZNF703 protein expression was demon-
strated to be associated with tumor size, nodal status and 
clinical stage. In addition, high expression of ZNF703 in 
MTC was observed, which is consistent with the possibility 
that ZNF703 has transforming and tumorigenic properties in 
MTC (26). The Akt/mTOR signaling pathway plays a critical 
role in tumorigenesis and progression of MTC (11‑14), consis-
tent with the present study where 26 (76.5%) of the MTCs 
exhibited pathway activation. There was a positive correlation 
between the level of ZNF703 and pAkt473 in MTC, which 
suggests that ZNF703 may play a role in MTC through the 
Akt/mTOR signaling pathway.

In order to investigate the role of ZNF703 in MTC cells, 
the present study used siRNA and lentivirus shRNA in order 
to determine whether inhibition of ZNF703 in TT cells affect 
processes associated with tumor progression. The results of 
the present study demonstrate that inhibition of ZNF703 
expression results in inhibition of proliferation and induction 
of apoptosis of TT cells. These results are in accordance 
with previous reports in which gastric cancer (25), cholan-
giocarcinoma (26) and oral squamous cell carcinoma (27) 
cells were suppressed when the expression of ZNF703 was 
inhibited. These results support the clinical findings of the 
present study and suggest that ZNF703 may be a functional 
biomarker for MTC.

It has been demonstrated that ZNF703 enhances cell 
proliferation and metastasis in oral squamous cell carcinoma, 
breast cancer and NSCLC by activation of the Akt/mTOR 
signaling pathway  (24,27,28). In order to further verify 
whether ZNF703 was involved in activation of the Akt/mTOR 
pathway in MTC, the present study detected pAkt473 levels 
following knockdown of ZNF703 in TT cells. The results of 
the present study demonstrated that pAkt473 decreased after 
inhibition of ZNF703 in vitro and in vivo, which is consistent 
with the IHC results. Given the inhibition of the Akt signaling 
pathway following knockdown of ZNF703 and the concomi-
tant inhibition of TT cell proliferation in vitro and in vivo, the 
results of the present study suggest that ZNF703 gives rise to 

activation of the Akt/mTOR signaling pathway, resulting in 
the development and progression of MTC.

The present study also demonstrated an increase in the 
levels of p53 protein after inhibition of ZNF703. P53 is a noted 
tumor suppressor and is degraded by ubiquitin‑mediated 
proteolysis (32). ZNF703 may facilitate the ubiquitination 
and destabilization of p53 through the E3 ubiquitin ligase 
complex CUL4‑DDB1‑DCAF7 (33) because of its interac-
tion with DCAF (24). In addition, pAkt phosphorylates E3 
ligase murine double minute 2 (MDM2) at Ser166 and Ser186 
residues, increasing the ubiquitination activity of MDM2, 
thereby promoting p53 degradation (34‑36). Thus, the induc-
tion of p53 may be caused directly or indirectly by ZNF703 
knockdown.

Collectively, the results of the present study demonstrate 
that ZNF703 is upregulated in MTC and its expression is asso-
ciated with tumor size, lymph node metastasis and pathological 
stage of MTC. Furthermore, ZNF703 expression is associated 
with pAkt473 levels, whereas silencing of ZNF703 inactivates 
the Akt/mTOR pathway and induces p53 expression to inhibit 
proliferation and induce apoptosis. Thus, ZNF703 may be 
a key regulator of MTC development and progression, and 
may serve as a valuable therapeutic target in MTC due to its 
association with the Akt/mTOR signaling pathway.
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