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Loss of ZNF587B and SULF1 contributed to cisplatin  
resistance in ovarian cancer cell lines based  
on Genome-scale CRISPR/Cas9 screening
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Abstract: Ovarian cancer is one of the most lethal malignancies of the female reproductive system. Platinum-
resistance is the major obstacle in the successful treatment of ovarian cancer. Previous studies largely failed to 
identify the key genes associated with platinum-resistance by using candidate genes testing, bioinformatic analysis 
and GWAS method. The aim of the study was to utilize the whole human Genome-scale CRISPR-Cas9 knockout 
(GeCKO) library to screen for novel genes involved in cisplatin resistance in ovarian cancer cell lines. The GeCKO 
library targeted 19052 genes with 122417 unique guide sequences. Six candidate genes had been screened 
out including one previously validated gene SULF1 and five novel genes ZNF587B, TADA1, SEMA4G, POTEC and 
USP17L20. After validated by CCK-8 and RT-PCR analysis, two genes (ZNF587B and SULF1) were discovered to be 
involved in cisplatin resistance. ZNF587B may serve as a new biomarker for predicting cisplatin resistance.
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Introduction

Ovarian cancer is one of the most common can-
cers in gynecological malignancy with the high-
est mortality rate [1-3]. Platinum-based chemo-
therapy is the recommended first-line treat-
ment for high-grade ovarian cancer (EOC). De- 
spite with a high initial response rate, more 
than 60% of the patients will relapse within 18 
months, while all patients will relapse within 3 
years [4]. Thus, understanding the mechanism 
of platinum-resistance is vital. The former stud-
ies had focused on candidate genes testing, 
bioinformatic analysis and GWAS method to 
identify key genes, and many genes such as 
ERCC1, XPD, XRCC1, MDR1 and GSTP1 were 
extensively studied, as well as their polymor-

phisms [5-12]. However, no powerful genes 
have been identified so far. In 2014, Zhang’s 
research team [13] had constructed the human 
Genome-scale CRISPR-Cas9 [14-16] knockout 
(GeCKO) library and applied it to screening for 
genes whose loss was involved in resistance to 
vemurafenib resistance. Therefore, the applica-
tion of GeCKO library provides a robust method 
to identify novel genes in the setting drug resis-
tance of cancer cells. In this study, we firstly 
applied this approach coupled with new gener-
ation sequencing (NGS) to screening for genes 
involved in cisplatin resistance in ovarian can-
cer cells, and identified that loss of ZNF587B or 
SULF1 contributed to cisplatin resistance in 
ovarian cancer cell lines.

http://www.ajcr.us
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Materials and methods 

Cell lines

The human ovarian carcinoma A2780, SKOV3 
cell lines and normal ovarian cell line IOSE80 
were obtained from (ATCC, USA). A2780 and 
IOSE80 cells were cultured in RPMI-1640 medi-
um (HyClone, USA) with 10% fetal bovine serum 
(Biological Industries, Israel), and SKOV3 cells 
were cultured in Mccoys’5A medium (Biological 
Industries, Israel) with 15% fetal bovine serum. 
Cells were cultivated at 37°C in a humidified 
atmosphere containing with 5% CO2. 

Lentiviral packaging and infection

The Human CRISPR Knockout Pooled Library 
was acquired from Addgene (http://www.add-
gene.org/crispr/libraries/geckov2/). GeCKO li- 
brary plasmids, pVSVg (AddGene, USA) and 
psPAX2 (AddGene, USA) were added into 100 
μL of Opti-MEM in a ratio of 1:0.5:1.5, and then 
the mixture with lipofectamin 2000 (Invitrogen, 
USA) were incubated for 20 minutes and added 
into HEK293T cells. The cell supernatant con-

taining lentiviruses was collected after 48 
hours. SKOV3 and A2780 cells were infected at 
a low multiplicity of infection (MOI=0.3) to 
ensure that most cells received only 1 viral con-
struct. After transduction, cells were selected 
with puromycin (1 µg/ml) for 14 days so that 
only cells transducted with a LentiCRISPR con-
struct could survive [17, 18].

Cisplatin treatment and sample preparation

We firstly determined the concentration of cis-
platin inhibiting the proliferation of SKOV3 and 
A2780 cells. The stably transfected cells were 
exposed to 4 μM of cisplatin for 4 days, and 
about 20% cells were survived, then they were 
restored in normal medium without cisplatin for 
14 days before genomic DNA extraction and 
analysis. Genomic DNA was extracted using a 
Blood & Cell Culture Midi Kit (Qiagen), and PCR 
was performed according to the manufactur-
er’s protocol. The forward Primer sequences for 
amplifying lentiCRISPR sgRNAs in A2780 and 
SKOV3 were tagged with different barcodes, 
the primers were as follows, F/A2780 5’-TGA- 
CCACTTGGGTAGTTTGCAGTTTT-3’, F/SKOV3 5’- 
ACAGTGCTTGGGTAGTTTGCAGTTTT-3’, R 5’-CA- 
ACTTCTCGGGGACTGTGG-3’. 

The amplicons were extracted from 1% agarose 
gels using an EasyPure Quick Gel Extraction Kit 
(Transgent, China) and then were sent to com-
pany for NGS (Genetalks, China). 

Transfection of plasmid DNA and siRNA

pcDNA3.1-ZNF587B-eGFP and SULF1 were 
constructed by Genechem, China, and the siR-
NAs of SULF1, TADA1, SEMA4G and ZNF587B 
were synthesized by RIBOBIO, China. The 
sequences of siRNAs were listed in Table 1. 
Transfections were performed on lipofectamine 
2000 Reagent.

Real time PCR

Total RNA was extracted using RNAiso Plus 
reagent (Takara, Japan) and quantified using 
ND-1000 spectrophotometer (NanoDrop, USA). 
Then reverse transcription from 1 µg of purified 
RNA to cDNA synthesis was performed using 
PrimeScript RT reagent kit (Takara, Japan). The 
RT-PCR was performed using 2× SYBR Green 
qPCR Master Mix (Bimake, USA) in Light Cycler 
480 machine (Roche, USA). ACTB was used as 
a control. Primer pairs were listed in Table 2 

Table 2. Primers of candidate genes for RT-PCR
Gene Sequences
ZNF587B F 5’-GCGCCATCAAAAAGTTCACG-3’

R 5’-GCTGGGCTTCCGACTAAAAG-3’
SULF1 F 5’-GGGCAGAAGTGGCAATG-3’

R 5’-AACCAGACTCCCTACAA-3’
TADA1 F 5’-ATGGCGACCTTTGTGAGC-3’

R 5’-TAGGTTAGCCCAGTATTGTT-3’
SEMA4G F 5’-CCGCTACCGATCCTGCTATG-3’

R 5’-CTGTATCAGTGCTGTCCTGC-3’
POTEC F 5’-AAGCAGATAGAAGTGGCTGAA-3’

R 5’-AGTTCCAGTCTCCAGAAATTAGC-3’

Table 1. siRNA sequences of candidate genes 
for knockdown
Gene Sequences
ZNF587B si1 5’-GTTCAAACGTGAACCTTAA-3’

si2 5’-GGAAGCCCAGCCTTAGTTA-3’
SULF1 si1 5’-CGAGAAAGATTATGGAACA-3’

si2 5’-GACAAAGAGTGCAGTTGTA-3’
TADA1 si1 5’-CCTGAAGAATAGTGTAGTA-3’

si2 5’-GTACGATCTTTTTGAAGCT-3’
SEMA4G si1 5’-GGATGCACATTATTGAAGA-3’

si2 5’-GACCCTATATGGAATACCA-3’
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(Biosune, China). The relative expression was 
analyzed by 2-ΔΔCt method. All the experiments 
were replicated triplicate.

Cytotoxicity assay

After infection, cells were treated with cisplatin 
(Sigma-Aldrich, USA). Cisplatin was added at 
different concentrations for 48 h. Cell viability 
was detected by CCK-8 approach (Takara, 
Japan) according to the protocol, and IC50 val-
ues were calculated using the statistical soft-
ware GraphPad Prism 7 (GraphPad software, 
CA). All the experiments were triply replicated.

Statistical analysis

All data were described as mean ± standard 
deviation (SD). Statistical analysis was per-
formed using SPSS V.22 software (SPSS Inc, 
USA). Student’s t test or analysis of variance 
(ANOVA) was used for continuous variables. 

Results

GeCKO library screening for genes associated 
with cisplatin resistance

To identify genes referred to cisplatin resis-
tance in ovarian cancer, GeCKO library lentivi-
ruses were used to infect A2780 and SKOV3 
cell lines. After 14 days of puromycin selection, 
infected cells were plated into separate dishes 
for drug treatment, then cells were treated with 
cisplatin for 4 days. As the result, 80% of the 
cells died, and DNA of the survived cells was 

extracted for PCR and NGS. After NGS analysis, 
a list of gene expression was obtained for each 
sample. The genes were ranked according to 
the number of sgRNA and the NGS reads 
(Figure 1). As shown in the scatter diagram of 
sgRNA number and corresponding sequencing 
reads of genes, the detected genes were well-
distributed in every sgRNA (Figure 2A). We rep-
licated the experiments four times. Among 
them, we failed to extract the DNA from one 
sample. Thus, 7 gene lists were obtained final-
ly. We calculated the intersection of 7 genes 
lists online (http://bioinformatics.psb.ugent.
be/webtools/Venn/) and identified 6 candidate 
genes (ZNF587B, SULF1, TADA1, SEMA4G, 
POTEC, and USP17L20) (Figure 2B). Among the 
6 candidate genes, USP17L20 was enriched in 
almost every screen regardless of the studied 
phenotype, so it was a false positive gene from 
screen background rate and wasn’t included in 
our following experiments. Searching the NCBI 
gene database, we found that POTEC was only 
expressed in testis, and our experiments con-
firmed that it was undetectable in ovarian can-
cer cells. Therefore, POTEC was also not includ-
ed in subsequent research. 

Effects of candidate genes on cellular re-
sponse to cisplatin 

To investigate the effect of 4 candidate genes 
on cisplatin resistance in EOC cells, siRNAs 
were applied to knockdown their expression in 
A2780 and SKOV3 cells. After transfection for 
48 hours, the gene expression was examined 
by RT-PCR. Our results showed that siRNAs of 

Figure 1. Schematic of cisplatin-resistant ovarian cancer cells construction for high-throughput sequencing analysis.
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genes except SULF1 effectively decreased their 
expression (Figure 3, P < 0.0001). After knock-
down, cells were subjected to CCK-8 assay in 
the absence or presence of different concen-
trations of cisplatin. As shown in Figures 3 and 
4, the IC50 values were 9.87 μM and 13.83 μM 
respectively in A2780 and SKOV3 cells in 
ZNF687B-siRNA groups, and 5.07 μM and 5.16 
μM in Scr groups, respectively. The results 
showed that down-regulation of ZNF587B  
significantly increased cisplatin-resistance of 
ovarian cancer cells (P < 0.01). There was no 
correlation between TADA1 or SEMA4G expres-
sion and cisplatin resistance. On the other 
hand, the Ct values of SULF1 in our study were 
nearly 29 in A2780 and SKOV3 parental cell 
lines which suggested that the expression of 
SULF1 was very low, and it might be the reason 
that siRNAs for SULF1 were unable to knock-
down its expression. Some previous pertinent 
studies reported that SULF1 was dysregulated 
in many cancers, such as ovarian cancer, hepa-
tocellular cancer and breast cancer [19-22], 
and was undetected in A2780 and SKOV3, but 
it could be detected in normal ovarian cell lines 
(IOSE80) [23]. So we firstly tested the SULF1 
expression of IOSE80, A2780 and SKOV3 cell 
lines, and found that the expression of SULF1 
in IOSE80 cells was 32 and 17 times higher 
than that of A2780 and SKOV3 cells respec-
tively. As we expected, A2780 and SKOV3 were 
more resistant to cisplatin than IOSE80 (IC50, 
4.68 μM and 6.29 μM vs 1.30 μM, P < 0.0001, 

Figure 5A). After knockdown of the SULF1 
expression of IOSE80, we found that the SULF1 
expression was significantly decreased by 
siRNA, and cells with reduced SULF1 expres-
sion were more resistant to cisplatin than the 
Scr group (IC50, 3.72 μM vs 1.91 μM, P < 0.01, 
Figure 5B). This demonstrated that loss of 
SULF1 could increase cisplatin resistance.

According to the above results, we confirmed 
that knockdown of SULF1 and ZNF587B in  
cells increased cisplatin resistance. In order to 
observe whether the over-expression of the  
two genes would increase cisplatin sensiti- 
vity, we constructed pcDNA3.1-ZNF587B and 
pcDNA3.1-SULF1 plasmids, and transfected 
them into A2780 and SKOV3 cell lines. The 
transfection efficiency of SULF1 was validated 
by RT-PCR (Figure 6). After transfection for 72 
hours, cells were also subjected to cytotoxicity 
assay, a significant association was found 
between over-expression group and control 
group. The IC50 values of ZNF587B over-expres-
sion groups were 1.35 and 2.86 times higher 
than that of control groups. Similarly, the IC50 
values of the SULF1 over-expression groups 
were 1.43 and 3.00 times higher than that of 
the control groups (Figure 6, P < 0.05).

Discussion

In this study, we used the GeCKO library in ovar-
ian cancer cell lines to screen for genes involv-
ing in cisplatin resistance, and found that 

Figure 2. GeCKO screen in ovarian cancer cells reveals genes whose loss confers cisplatin resistance. A. Scatter 
diagram of sgRNA and corresponding sequencing reads of genes; B. The intersection of 7 gene lists was calculated, 
and presented as a Venn diagram.
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Figure 3. Cells were transiently transfected with ZNF587B-siRNAs (A), SULF1-siRNAs (B), TADA1-siRNAs (C), SEMA4G-siRNAs (D), or scrambled control (Scr) siRNAs. 
Knockdown effeciency of gene expression was measured by RT-PCR. Dose response curves were depicted and half maximal inhibitory concentration (IC50) was 
calculated by Graphpad 7.0 software from 3 independent experiments. All the results were reproducible in three independent experiments. ****P < 0.0001.
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SULF1 and ZNF587B were associated with cis-
platin resistance.

Lots of studies had demonstrated that SU- 
LF1 was associated with platinum resistance. 

Figure 4. Histogram presented the differences of IC50 between four candidate genes-siRNA groups and scrambled 
control (Scr) siRNA groups in A2780 or SKOV3 cell lines. All the results were reproducible in three independent 
experiments. **P < 0.01, ****P < 0.0001.

Figure 5. Correlation between SULF1 expression and response in ovarian cell line. A. The IC50 values and SULF1 
expression of IOSE80, A2780 and SKOV3 cell lines; B. The IC50 values and SULF1 expression of SULF1-siRNA group 
and Scr group in IOSE80 cells. All the results were reproducible in three independent experiments. **P < 0.01, 
****P < 0.0001.
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Figure 6. Effects of candidate genes over-expression on cellular response to cisplatin. Cells transiently transfected with ZNF587B-plasmid (A), SULF1-plasmid (B), 
or negative control-plasmids (NC-plasmid) were subjected to treatment with cisplatin. *P < 0.05, **P < 0.01.
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Down-regulation of SULF1 in ovarian cancer 
cells led to an attenuation of cisplatin-induced 
cytotoxicity. Moreover, EOC patients with higher 
levels of SULF1 showed a better response rate 
to chemotherapy [24]. Some researchers used 
heparin-polyethyleneimine (HPEI) nanogels to 
deliver SULF1 combined with cisplatin in ovari-
an cancer nude mice, the combination of 
SULF1/HPEI complexes with cisplatin exhibited 
the enhanced antitumor activity than DDP 
alone [25]. The specific mechanism of SULF1 
regulating cisplatin sensitivity is unclear. 
However, SULF1 is an extracellular sulfatase 
that selectively removes 6-O-sulfate groups 
from heparan sulfate (HS) chains of heparan 
sulfate proteoglycans (HSPGs). HS chains act 
as co-receptors for heparin-binding growth fac-
tors such as fibroblast growth factor and vascu-
lar endothelial growth factor, so SULF1 might 
regulate cellular signaling by modifying the sul-
fation state of HS chains to affect platinum 
sensitivity.

ZNF587B is a C2H2-type zinc finger protein 
(ZFP). ZFPs are a group of transcription factors 
with zinc finger domains which regulate gene 
expression at the transcriptional and transla-
tion levels by binding specifically to DNA, RNA, 
DNA-RNA, and itself or other ZFPs [26-29]. Our 
results demonstrated that knockdown of 
ZNF587B significantly decreased the sensitivi-
ty of cisplatin in ovarian cancer cells, and the 
over-expression of ZNF587B promoted the 
cytotoxicity of cisplatin. These results showed 
that ZNF587B might play a key role in platinum 
resistance. However, the specific mechanism is 
unclear. HKR1, a C2H2-type ZFP, was proven 
over-expressed in lung cancers than in normal 
lung tissues, and the mRNA level of HKR1 in 
lung cancers cell lines was increased after 
exposure to cisplatin [30]. ZNF93, another 
C2H2-type ZFP, was overexpressed in a cisplat-
in-resistant ovarian cancer cell lines [31]. In 
2018, a C2H2 protein GLI2 was found to pro-
mote platinum-based combination chemother-
apy in colorectal cancer [32]. These studies 
indicated that role of ZFP in chemotherapeutic 
resistance was gradually being discovered. In 
order to analyze the functional domains of 
ZNF587B, we retrieved in SMART database 
(http://smart.embl-heidelberg.de/smart/set_
mode.cgi?GENOMIC=1), and found that ZNF- 
587B contained a Krüppel-associated box (or 
KRAB domain) which is believed to be one of 
the most extensive and powerful transcription-

al inhibition domains found in mammals up to 
now. We speculated that the KRAB domain 
might also be related to the resistant mecha-
nism [33].

Our study utilize human GeCKO library coupled 
with new generation sequencing (NGS) to 
screen genes for cisplatin resistance in ovarian 
cancer, we identified ZNF587B as a new poten-
tial mechanism for cisplatin sensitivity. We 
hope that ZNF587B could be served as a  
new biomarker to predict platinum-resistance. 
Further studies are needed to perform in vivo 
and clinical studies to explore the specific 
mechanism.
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