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ABSTRACT
Hepatocellular carcinoma (HCC) is one of the most common cancers and 

the second leading cause of cancer related death worldwide. ZNF545 is located 
in the chromosome 19q13.13, which is frequent loss of heterozygosity in human 
astrocytoma. Methylation of ZNF545 was found frequently in a few kinds of cancers. 
While the function of ZNF545 in human HCC remains unclear. The purpose of this 
study is to explore the function and mechanism of ZNF545 in human HCC. Restoration 
of ZNF545 expression suppressed cell proliferation, migration and invasion, induced 
G1/S arrest and apoptosis in SNU449 and Huh7 cells. Further study suggested that 
ZNF545 suppressed HCC cell growth by inhibiting NF-kB signaling. These results were 
further validated by siRNA knocking down technique in ZNF545 highly expressed 
HXBF344 cells. In vivo, ZNF545 suppressed tumor growth in SNU449 cell xenograft 
mice. In conclusion, ZNF545 suppresses human HCC growth by inhibiting NF-kB 
signaling. 

INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most 
common cancer worldwide and the second cause of 
cancer-associated death [1, 2]. Hepatitis B virus (HBV) 
and Hepatitis C virus (HCV) infection constitutes the 
most important cause of HCC. Alcohol abuse and dietary 
exposure to aflatoxin B contamination are also involved 
in HCC carcinogenesis[3]. Until recently, only four genes 
(TP53, CTNNB1, ARID1A and AXIN1) were found 
mutated more than 10% in HCC [3, 4]. While, aberrant 
epigenetic changes were found frequently in human HCC. 
DNA methylation was found involved in various cancer-
related signaling pathways, including Wnt, p53, and 
TGF-β signaling [5-9].

As the critical functions in signaling cascades, the 
zinc finger protein family is recognized as one of the most 
important transcriptional factors. Zinc fingers perform 
crucial roles in maintaining physiological processes from 
prokaryotes to eukaryotes [10]. Zinc-finger protein 545 
(ZNF545) is a transcription factor, which was reported to 
be involved in different cancers [11-13]. The function of 

ZNF545 in human HCC remains obscure. This study is 
mainly to investigate the function of ZNF545 in human 
HCC.

RESULTS 

ZNF545 suppresses cell proliferation, induces 
G1/S arrest and apoptosis in human HCC cells

In previous study, we found ZNF545 was frequently 
methylated in human HCC and the expression of ZNF545 
was regulated by promoter region methylation [14]. While 
the function of ZNF545 in human HCC remains unclear. 
To explore the effect of ZNF545 on HCC cell viability, 
MTT assay was employed. As shown in Figure1A, the OD 
value was 0.3033 ± 0.006 vs. 0.2506 ± 0.0005 in SNU449 
cells and 0.2267 ± 0.003 vs. 0.2043 ± 0.007 in Huh7 cells 
before and after restoration of ZNF545 expression. The 
OD value was significantly different (all P<0.05). The cell 
viability was suppressed by ZNF545 in HCC cells. Colony 
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Figure 1: ZNF545 suppresses cell proliferation, induces G1/S arrest and induces cell apoptosis in human HCC cells. 
(A) Growth curves represent the effects of unexpressed and re-expressed ZNF545 in SNU449 and Huh7 cells analyzed by the MTT assay.  
(B) Colony formation results show that the colony number was reduced by re-expression of ZNF545 in SNU449 and Huh7 cells. The 
average number of tumor clones is represented by the bar diagram. (C) Cell phase distribution in ZNF545 unexpressed and re-expressed 
SNU449 and Huh7 cells. The ratios are presented by bar diagram. (D) Flow cytometry results show the role of ZNF545 in apoptosis in 
SNU449 and Huh7 cells. Each experiment was repeated in triplicate. *P<0.05. **P<0.01. ***P<0.001. (E)Western blots show the effects 
of ZNF545 on caspase-3, cleaved caspase-3, Bcl2 and BAX in SNU449 and Huh7 cells. β-actin: internal control.
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formation assay was used to evaluate the role of ZNF545 
in cell proliferation. The colony numbers were 133.25 ± 
7.27 vs. 68.75 ± 10.53 in SNU449 cells and 144 ± 11.11 vs. 
91.25 ± 8.26 in Huh7 cells before and after re-expression 
of ZNF545. The colony number was significantly reduced 
after re-expression of ZNF545 in HCC cells (all P<0.001, 
Figure 1B). These results demonstrate that ZNF545 
suppresses the proliferation of HCC cells.

The role of ZNF545 on cell cycle was analyzed by 
flow cytometry. As shown in Figure 1C, the distribution 
of cell phases were 66.47 ± 0.66% vs. 70.40 ± 0.45% in 
G0/G1 phase, 22.82 ± 0.33% vs. 21.74 ± 0.95% in S phase 
and 10.71 ± 0.58% vs. 7.86 ± 0.47% in G2/M phase in 
ZNF545 unexpressed and re-expressed Huh7 cells. The 
G0/G1 phase was increased significantly (P<0.01). In 
SNU449 cells, the cell phases distribution were 65.47 ± 
0.32% vs. 71.26 ± 0.29% in G0/G1 phase, 26.49 ± 0.34% 
vs. 21.10 ± 0.32% in S phase and 7.87 ± 0.074% vs. 7.64 
± 0.046% in G2/M phase before and after restoration of 
ZNF545 expression. The G0/G1 phase was significantly 
increased (P<0.001).

The effect of ZNF545 on cell apoptosis was analyzed 
by flow cytometry. The percentage of apoptotic cells was 
0.33 ± 0.06% vs. 3.93 ± 0.15% in SNU449 cells and 3.1 
± 0.1% vs. 6.73 ± 0.12% in Huh7 cells before and after 
re-expression of ZNF545. Cell apoptosis was increased 
significantly by ZNF545 in SNU449 and Huh7cells (both 
P< 0.05, Figure 1D). The role of ZNF545 in cell apoptosis 

was further validated by western blotting. The levels of 
caspase-3 and Bcl2 were reduced and the levels of cleaved 
caspase-3 and BAX were increased after re-expression of 
ZNF545 in SNU449 and Huh7 cells (Figure 1E). 

ZNF545 inhibits cell migration and invasion in 
HCC cells

To evaluate the effect of ZNF545 on HCC 
cell migration and invasion, the transwell assay was 
performed. As shown in Figure 2A, the migration cell 
numbers were 161.75 ± 18.84 vs. 87.25 ± 6.08 in SNU449 
cells and 109 ± 8.98 vs. 46.25 ± 5.32 in Huh7 cells before 
and after re-expression of ZNF545. The migration cell 
number was significantly reduced after re-expression of 
ZNF545 (all P<0.001). The invasion numbers were 121 
± 5.91 vs. 47 ± 6 in SNU449 cells and 78 ± 9.52 vs. 24 
± 2.45 in Huh7 cell before and after re-expression of 
ZNF545 (Figure 2B). The number of invasion cells was 
significantly reduced (all P<0.001) after re-expression 
of ZNF545. These results suggest that ZNF545 inhibits 
HCC cell migration and invasion. The roles of ZNF545 
in cell migration and invasion were further validated by 
analyzing the expression levels of MMP2 and MMP9 with 
western blotting. As shown in Figure 2D, the expression 
levels of MMP2 and MMP9 were reduced after re-
expression of ZNF545 in SNU449 and Huh7 cells. 

Figure 2: ZNF545 inhibits cell migration and invasion in HCC cells. (A) Cell migration experiment in SNU449 and Huh7 
cells before and after re-expression of ZNF545. The average number of migration cells is presented by a bar diagram. (B) Cell invasion 
experiment in SNU449 and Huh7 cells before and after re-expression of ZNF545. The average number of invasion cells is presented by a 
bar diagram. (C) Cell migration and invasion experiments with and without knockdown of ZNF545 in HXBF344 cells. The average number 
of migration and invasion cells is presented by a bar diagram. Each experiment was repeated in triplicate. *P<0.05. **P<0.01. ***P<0.001. 
(D) The expression of MMP2 and MMP9 was detected by Western blot. β-actin: internal control. NC: normal control.
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The effects of ZNF545 on migration and invasion 
were further validated by siRNA technique in ZNF545 
highly expressed HBX344 cells. The migration cell 
numbers were 61.8 ± 15.08 vs. 118.9 ± 18.64 and the 
invasion cell numbers were 31.2 ± 3.3 vs. 79.73 ± 12.95 
in HXBF344 cells before and after the knockdown of 
ZNF545.The invasion and migration cells were increased 
significantly after knockdown of ZNF545 in HXBF344 
cells (all P<0.05, Figure 2C). As shown in Figure 2D, the 
expression levels of MMP2 and MMP9 were increased 
after knockdown of ZNF545 in HXBF344 cells. Above 
results suggest that ZNF545 suppresses HCC cell 
migration and invasion in HCC.

ZNF545 suppresses HCC cell growth by inhibiting 
NF-kB signaling

ZNF545 was found to suppress gastric cancer cell 
growth by inhibiting NF-kB signaling [10]. To determine 
whether the NF-kB signaling pathway is regulated by 
ZNF545 in human hepatocellular carcinoma, a dual-
luciferase reporter assay was employed. The relative 
luciferase activity was 1.56 ± 0.43 vs. 0.64 ± 0.30 in 
SNU449 cells and 0.31 ± 0.043 vs. 0.14 ± 0.022 in Huh7 
cells (Figure 3A). The activity of NF-kB was significantly 
inhibited by ZNF545 in SNU449 and Huh7 cells (both 
P <0.05). To further verify the mechanism of ZNF545 
in HCC, the effect of ZNF545 on NF-kB signaling was 
analyzed in HCC cells by Western Blot. The expression 
levels of Ikβ-α were increased, and the expression levels 
of NF-kB were reduced after re-expression of ZNF545 
in SNU449 and Huh7 cells (Figure 3B). These results 
indicate that NF-kB signaling is inhibited by ZNF545 in 
HCC. To further validate the effect of ZNF545 on NF-kB 
signaling, siRNA knockdown technique was employed.  
As shown in Figure 3B, the levels of Ikβ-α were reduced, 
and the levels of NF-kB were increased after knockdown 
of ZNF545 in ZNF545 highly expressed HXBF344 cells. 
The results further suggest that ZNF545 suppresses HCC 
cell growth by inhibiting NF-kB signaling.

ZNF545 suppresses human HCC cell tumor 
growth in xenograft mice

To further investigate the roles of ZNF545 in human 
HCC, ZNF545 unexpressed and re-expressed SNU449 
cell xenograft mouse models were employed. The tumor 
volumes were 179.67 ± 71.54 mm3 vs. 95.5 ± 57.68 
mm3 in ZNF545 unexpressed and re-expressed SNU449 
cell xenograft mice (Figure 3C). The tumor weights 
were  0.092 ± 0.054g  vs. 0.034 ± 0.009g in ZNF545 
unexpressed and re-expressed SNU449 cell xenograft 
mice (Figure 3D). The tumor volumes and weights were 
reduced after re-expression of ZNF545 (all P < 0.05). 
These results demonstrate that ZNF545 suppresses human 

HCC in vivo.

DISCUSSION

Transcription factors play a central role in 
regulating gene expression, and therefore coordinate a 
plethora of biological processes, including differentiation, 
development, metabolism, apoptosis and autophagy [15-
19]. Based on different DNA binding motifs, transcription 
factors can be mainly categorized into classical zinc 
fingers, homeodomains, and basic helix-loop-helix [20-
22]. Classical zinc finger containing proteins (ZNFs) 
form the largest family of sequence-specific DNA binding 
protein, which are encoded by 2% of human genes[23, 
24]. More and more evidences have proved that aberrant 
expression of ZNF proteins contribute to tumorigenesis in 
various cancers. Different types of zinc finger motifs show 
great diversity of biological functions. About a third of 
ZFPs contain the kruppel-associated box (KRAB) motif, 
and more than half of KRAB-ZFPs are clustered in the 
region 19q13[25]. KRAB-ZFPs play an important role in 
regulating cell proliferation, apoptosis, differentiation, and 
tumorigenesis[26]. ZNF545 is also a member of KRAB-
ZFPs and located in the chromosome 19q13.13, which is 
frequent loss of heterozygosity in human astrocytoma [27, 
28]. ZNF545 was found frequently methylated in different 
cancers [11-14]. ZNF545 inhibits multiple myeloma 
tumor growth by activating p53 pathway[11]. While the 
function and the mechanism of ZNF545 in HCC remains 
unclear. In this study we found that ZNF545 inhibits cell 
proliferation, induces G1/S arrest and apoptosis in human 
HCC. In addition, ZNF545 suppresses human HCC cell 
migration and invasion. In vivo, ZNF545 suppresses 
HCC cell tumor growth in xenograft mice. These results 
suggest that ZNF545 is involved in HCC development 
and metastasis. As reported in other cancers, ZNF545 
suppresses HCC growth by inhibiting NF-kB signaling. 
ZNF545 is a tumor suppressor in human HCC. In 
conclusion, ZNF545 suppresses HCC growth by inhibiting 
NF-kB signaling.

MATERIAL AND METHODS

Expressional vector construction and transfection

The CDS region of ZNF545 was amplified 
by RT-PCR and cloned into the pcDNA3.1 (+) 
expression vector. Primer sequences are as follows: 
5’-CGCGGATCCGCCACCATGGCCCTTCGAT CAGT-
3’ (F) and 5’-CCGCTCGAGTTAGATTTTTACATTAT-
3’(R). ZNF545 cDNA was then subcloned into the 
pLenti6-GFP lentivirus expression vector. ZNF545 
expressing lentiviral or pLenti6-GFP were packaged using 
the ViraPowerTM lentiviral expression system (Invitrogen, 
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Figure 3: ZNF545 suppresses HCC cell growth by inhibiting NF-kB signaling and ZNF545 suppresses human HCC 
cell tumor growth in xenograft mice. (A) SNU449 and Huh7 cells were co-transfected with 3×kB-luc, pcDNA3.1 (+)-ZNF545 
and vectors. Forty-eight hours later, luciferase assays were performed. Each experiment was repeated in triplicate. *P<0.05. **P<0.01. 
***P<0.001. (B) The levels of NF-kB (p65) and Ikβ-α were detected by Western blot in SNU449 and Huh7 cells; the levels of NF-kB (p65) 
and Ikβ-α were detected by Western blot after knockdown of ZNF545 in HXBF344 cells. β-actin: internal control. NC: normal control. (C) 
Subcutaneous tumor growth curves for xenograft mice burdened with SNU449 cells in which ZNF545 is unexpressed and re-expressed at 
different times. (D) Tumor weight in nude mice at the 24th day after inoculation with SNU449 cells in which ZNF545 is unexpressed and 
re-expressed. Bars indicate mean of five mice. *P<0.05.
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San Diego, CA,USA).Lentivirus was added to the 
supernatant of SNU449 and Huh7 cell culture medium, 
and ZNF545 stably expressed cells were selected by 
blasticidin (2µg/ml, Invitrogen, USA).

Cell viability assay

Cells were seeded into 96-well plates at 2000 cells/
well, and the cell viability was measured by the MTT 
assay at 0, 24, 48 and 72h (KeyGEN Biotech, Nanjing, 
China). Absorbance was measured on microplate reader 
(Thermo Multiskan MK3, MA, USA) at a wavelength of 
490nm.

Colony formation assay

Cells were seeded into 6-well culture plates at a 
density of 200 cells/ well in triplicate and cultured for 
2 weeks. Cells were then fixed with 75% ethanol for 30 
minutes, stained with 0.2% crystal violet (Beyotime, 
Nanjing, China) for 20 minutes and counted.

Flow cytometry analysis

For cell cycle analysis, SNU449 and Huh7 in which 
ZNF545 was unexpressed and re-expressed were fixed 
with 70% ethanol and stained with 50 mg/ml propidium 
iodide (KeyGEN Biotech, Jiangsu, China). The cells were 
then sorted by a FACS Caliber (BD Biosciences, San 
Jose, CA) and analyzed by the Modifit software (Verity 
Software House, ME, USA).

For apoptosis analysis, the Annexin V-FITC/PI 
Apoptosis Detection Kit (KeyGen Biotech, Nanjing, 
China) was used according to manufacturer’s instructions. 
Each sample was analyzed by flow cytometry with 
a FACScan Flow Cytometer (Becton-Dickinson 
Biosciences, Mansfield, MA).

Transwell assay

SNU449 and Huh7 in which ZNF545 was 
unexpressed and re-expressed were suspended in serum-
free medium. Cells (2×105) were placed into the upper 
chamber of an 8-um pore size transwell apparatus 
(Corning, NY, USA) and incubated for 30 hours. Cells that 
migrated to lower surface of the membrane were stained 
with crystal violet and counted in three independent high-
power fields (×200). For invasion analysis, SNU449 and 
Huh7 in which ZNF545 was unexpressed and re-expressed 
(2×105) were seeded into the upper chamber of a transwell 
apparatus coated with extracellular matrix (ECM) gel 
(BD Biosciences, San Jose, CA) and incubated for 48 
hours. Cells that invaded the lower membrane surface 
were stained with crystal violet and counted in three 

independent high-power fields (×200). The migration and 
invasion assay of HXBF344 cells (1×105) were performed 
as mentioned above, and the incubated time were 10 hours 
and 48 hours respectively.

Luciferase reporter assays

Dual-luciferase assays were carried out according to 
manufacturer’s protocol (Promega, WI, USA) as described 
previously[29, 30]. Cells were seeded in 12-well culture 
plates and were co-transfected with 0.75ug of the 3×kB-
luc reporter construct and the pcDNA3.1 (+)-ZNF545 
plasmid or the pcDNA3.1 (+) plasmid. pRL-SV40 
(1ng) was used as an internal control. The total amount 
of nucleotide was kept constant by supplementing with 
pcDNA3.1. Cells were harvested forty-eight hours after 
transfection, Luciferase activity was analyzed with the 
Dual-Luciferase Reporter Assay System ( Promega, WI, 
USA ).

Western blot

Western blot was performed as described previously 
[5].Antibodies were diluted according to manufacturer’s 
instructions. The primary antibodies used were as follows: 
ZNF545(Santa Cruz Biotechnology, USA), MMP2(Protein 
Tech Group, Chicago, IL, USA), MMP9(Protein Tech 
Group, Chicago, IL, USA), caspase-3(Protein Tech Group, 
Chicago, IL, USA), cleaved caspase-3(Protein Tech 
Group, Chicago, IL, USA), BAX(Protein Tech Group, 
Chicago, IL,USA), Bcl-2(Protein Tech Group, Chicago, 
IL, USA), Ikβ-α (Protein Tech Group, Chicago, IL, USA), 
NF-kB (Protein Tech Group, Chicago, IL, USA) and β 
-actin (Bioworld Tech, MN,USA).

SiRNA knockdown assay

SiRNA knockdown assay was performed 
according to the manufacturer’s instructions. The 
sequences of siRNA targeting ZNF545 and RNAi 
Negative Control Duplex are as follows: siRNA duplex 
(sense: 5’-CUGGGAUGCUUCAUUUUATT-3’; 
antisense: 5’-UAGAAAUGAAGCAUCCCAGTT-3’); 
RNAi negative control duplex (sense:5’-
UCCUCCGAACGUGUCACGUTT-3’; antisense:5’-
ACGUGACACGUUCGGAGAATT-3’)(Gene Pharma Co, 
Shanghai, China).

ZNF545 unexpressed and re-expressed SNU449 
cell xenograft mouse model 

Animal experiments were reviewed and approved by 
the Chinese PLA General Hospital Experimental Animal 
Committee. ZNF545 unexpressed and ZNF545 stably 
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expressed SNU449 cells were injected subcutaneously into 
the dorsal left side of four–week-old female Balb/c nude 
mice (n = 10) weighing 12 to 18 g. Tumor volumes were 
measured every 4 days for 20 days starting 4 days after 
implantation. Tumor volumes were calculated according 
to the formula: V = L × W2/2, where V represents volume 
(mm3), L represents largest diameter (mm), and W 
represents smallest diameter (mm). Mice were sacrificed 
after 20 days.

Statistical analysis

SPSS 17.0 software was used for data analysis. All 
data are presented as means ± standard deviation (SD) of 
at least three independent experiments and analyzed using 
the student’s t test. P<0.05 is regarded as a significant 
difference.

ACKNOWLEDGMENTS

This work was supported by grants from the 
National Basic Research Program of China (973 
Program No. 2012CB934002); National Key Scientific 
instrument Special Programme of China (Grant 
No.2011YQ03013405); National Science Foundation of 
China (NSFC No.81672318, U1604281, 8167100001, 
81402345, 81230047, 81490753, 81121004). Beijing 
Science Foundation of China (BJSFC No.7171008). 
Translational foundation of Chinese PLA General Hospital 
(2016ZHJJ-MS-GMZ).

CONFLICTS OF INTEREST

Authors declare no conflict of interest.

REFERENCES

1. Giannelli G, Rani B, Dituri F, Cao Y and Palasciano G. 
Moving towards personalised therapy in patients with 
hepatocellular carcinoma: the role of the microenvironment. 
Gut. 2014; 63(10):1668-1676.

2. Jemal A, Bray F, Center MM, Ferlay J, Ward E and Forman 
D. Global cancer statistics. Ca A Cancer Journal for 
Clinicians. 2011; 61(2):69. 

3. Ozen C, Yildiz G, Dagcan AT, Cevik D, Ors A, Keles U, 
Topel H and Ozturk M. Genetics and epigenetics of liver 
cancer. New biotechnology. 2012; 29(4):381. 

4. Guichard C, Amaddeo G, Imbeaud S, Ladeiro Y, Pelletier 
L, Maad IB, Calderaro J, Bioulacsage P, Letexier M and 
Degos F. Integrated analysis of somatic mutations and focal 
copy-number changes identifies key genes and pathways in 
hepatocellular carcinoma. Nat Genet. 2012; 44(6):694-698.

5. Cao B, Yang W, Jin Y, Zhang M, He T, Zhan Q, Herman 
JG, Zhong G and Guo M. Silencing NKD2 by promoter 

region hypermethylation promotes esophageal cancer 
progression by activating Wnt signaling. J Thorac Oncol. 
2016; 11(11):1912-1926.

6. Xin L, Jie Y, Brock MV, Qian T, Herman JG, Ping L 
and Guo M. Epigenetic silencing of BCL6B inactivates 
p53 signaling and causes human hepatocellular 
carcinoma cell resist to 5-FU. Oncotarget. 2015; 75(15 
Supplement):11547-11560.

7. Yan J, Yang Y, Shuang L, Shuang L, Herman JG, Lu F and 
Guo M. SOX17 antagonizes WNT/β-catenin signaling 
pathway in hepatocellular carcinoma. Epigenetics. 2010; 
5(8):743-749. 

8. Zhang M, Linghu E, Zhan Q, He T, Cao B, Brock MV, 
Herman JG, Xiang R and Guo M. Methylation of DACT2 
accelerates esophageal cancer development by activating 
Wnt signaling. Oncotarget. 2016; 7(14):17957-17969.

9. Zhu H, Wu K, Yan W, Hu L, Yuan J, Dong Y, Li Y, Jing K, 
Yang Y and Guo M. Epigenetic silencing of DACH1 induces 
loss of transforming growth factor-β1 antiproliferative 
response in human hepatocellular carcinoma. Hepatology. 
2013; 58(6):2012-2022.

10. Eom KS, Jin SC and Lee SJ. Structural analyses of zinc 
finger domains for specific interactions with DNA. J 
Microbiol Biotechnol. 2016; 26(12):2019-2029.

11. Fan Y, Zhan Q, Xu H, Li L, Li C, Xiao Q, Xiang S, Hui T, 
Xiang T and Ren G. Epigenetic identification of ZNF545 
as a functional tumor suppressor in multiple myeloma via 
activation of p53 signaling pathway. Biochem Biophys Res 
Commun. 2016; 474(4):660-666.

12. Wang S, Cheng Y, Wan D, Lu L, Liang Z, Wang H, Wei 
K, Li X, Qian T and Sung JJY. Zinc-finger protein 545 is a 
novel tumour suppressor that acts by inhibiting ribosomal 
RNA transcription in gastric cancer. Gut. 2013; 62(6):833-
841. 

13. Yun X, Xiang T, Luo X, Li C, Li Q, Peng W, Li L, Li S, 
Wang Z and Tang L. Zinc-Finger Protein 545 Inhibits Cell 
Proliferation as a Tumor Suppressor through Inducing 
Apoptosis and is Disrupted by Promoter Methylation in 
Breast Cancer. PLoS One. 2014; 9(10):e110990.

14. Yu J, Li X, Tao Q, Yu X, Cheng Z, Han Z, Guo M and 
Liang P. Hypermethylation of ZNF545 is associated with 
poor prognosis in patients with early-stage hepatocellular 
carcinoma after thermal ablation. Gut. 2015; 64(11):1836-
1837.

15. Arenzana TL, Hilde S and Smale ST. Regulation of gene 
expression dynamics during developmental transitions 
by the Ikaros transcription factor. Genes Dev. 2015; 
29(17):1801-1816. 

16. Jen J and Wang YC. Zinc finger proteins in cancer 
progression. J Biomed Sci. 2016; 23(1):1-9.

17. Krebs CJ, Zhang D, Yin L and Robins DM. The KRAB 
Zinc Finger Protein RSL1 Modulates Sex-Biased Gene 
Expression in Liver and Adipose Tissue To Maintain 
Metabolic Homeostasis. Mol Cell Biol. 2014; 34(2):221.



Genes & Cancer535www.impactjournals.com/Genes&Cancer

18. Lai KP, Chen J, He M, Ching AK, Lau C, Lai PB, To KF 
and Wong N. Overexpression of ZFX confers self-renewal 
and chemoresistance properties in hepatocellular carcinoma. 
International Journal of Cancer Journal International Du 
Cancer. 2014; 135(8):1790-1799. 

19. Ma X, Huang M, Wang Z, Liu B, Zhu Z and Chen L. ZHX1 
Inhibits Gastric Cancer Cell Growth through Inducing Cell-
Cycle Arrest and Apoptosis. J Cancer. 2016; 7(1):60-68.

20. Jones S. An overview of the basic helix-loop-helix proteins. 
Genome Biol. 2004; 5(6):226.

21. Scott MP, Tamkun JW and Iii GWH. The structure and 
function of the homeodomain. Biochim Biophys Acta. 
1989; 989(1):25-48.

22. Wolfe SA, Nekludova L and Pabo CO. DNA recognition by 
Cys2His2 zinc finger proteins. Annu Rev Biophys Biomol 
Struct. 2000; 29(1):183.

23. Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC, 
Baldwin J, Devon K, Dewar K, Doyle M and Fitzhugh 
W. Initial sequencing and analysis of the human genome. 
Nature. 2001; 412(6846):565-566. 

24. Tupler R, Perini G and Green MR. Expressing the human 
genome. Nature. 2001; 409(409):832-833.

25. Urrutia R. KRAB-containing zinc-finger repressor proteins. 
Genome Biol. 2003; 4(10):231. 

26. Ma ZF, Yang D, He FC and Jiang Y. [Review for the 
regulatory functions of KRAB zinc finger proteins in 
embryonic development and tumorgenesis of higher 
vertebrates]. Hereditas. 2010; 32(5):431.

27. Felsberg J, Erkwoh A, Sabel MC, Kirsch L, Fimmers R, 
Blaschke B, Schlegel U, Schramm J, Wiestler OD and 
Reifenberger G. Oligodendroglial Tumors: Refinement 
of Candidate Regions on Chromosome Arm 1p and 
Correlation of 1p/19q Status with Survival. Brain Pathol. 
2004; 14(2):121-130.

28. Okamoto Y, Patre PLD, Burkhard C, Horstmann S, Jourde 
B, Fahey M, Schüler D, Probst-Hensch NM, Yasargil MG 
and Yonekawa Y. Population-based study on incidence, 
survival rates, and genetic alterations of low-grade diffuse 
astrocytomas and oligodendrogliomas. Acta Neuropathol. 
2004; 108(1):49-56.

29. Wu Z, Li Y, Li X, Ti D, Zhao Y, Si Y, Mei Q, Zhao P, Fu X 
and Han W. LRP16 integrates into NF-κB transcriptional 
complex and is required for its functional activation. PLoS 
One. 2011; 6(3):e18157.

30. Yan J, Cao B, Yang Y, Linghu E, Zhan Q, Lu Y, Yu Y, 
Herman JG and Guo M. Silencing NKD2 by promoter 
region hypermethylation promotes gastric cancer invasion 
and metastasis by up-regulating SOX18 in human gastric 
cancer. Oncotarget. 2015; 6(32):33470.


