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NAP1L1 promotes tumor proliferation Gl

through HDGF/C-JUN signaling in ovarian
cancer
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Abstract

Background: Nucleosome assembly protein 1-like 1T (NAP1L1) is highly expressed in various types of cancer and
plays an important role in carcinogenesis, but its specific role in tumor development and progression remains largely
unknown. In this study, we suggest the potential of NAP1L1 as a prognostic biomarker and therapeutic target for the
treatment of ovarian cancer (OC).

Methods: In our study, a tissue microarray (TMA) slide containing specimens from 149 patients with OC and 11 nor-
mal ovarian tissues underwent immunohistochemistry (IHC) to analyze the correlation between NAPTL1 expression
and clinicopathological features. Loss-of- function experiments were performed by transfecting siRNA and following
lentiviral gene transduction into SKOV3 and OVCAR3 cells. Cell proliferation and the cell cycle were assessed by the
Cell Counting Kit-8, EDU assay, flow cytometry, colony formation assay, and Western blot analysis. In addition, co-
immunoprecipitation (Co-IP) and immunofluorescence assays were performed to confirm the relationship between
NAPTLT and its potential targets in SKOV3/OVCARS3 cells.

Results: High expression of NAP1L1 was closely related to poor clinical outcomes in OC patients. After knocking
down NAPTLT by siRNA or shRNA, both SKOV3 and OVCAR3 cells showed inhibition of cell proliferation, block-

ing of the G1/S phase, and increased apoptosis in vitro. Mechanism analysis indicated that NAP1L1 interacted with
hepatoma-derived growth factor (HDGF) and they were co-localized in the cytoplasm. Furthermore, HDGF can
interact with jun proto-oncogene (C-JUN), an oncogenic transformation factor that induces the expression of cyclin
D1 (CCND1). Overexpressed HDGF in NAP1L1 knockdown OC cells not only increased the expression of C-JUN and
CCNDI1, but it also reversed the suppressive effects of si-NAP1L1 on cell proliferation.

Conclusions: Our data demonstrated that NAP1L1 could act as a prognostic biomarker in OC and can interact with
HDGF to mediate the proliferation of OC, and this process of triggered proliferation may contribute to the activation
of HDGF/C-JUN signaling in OC cells.
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Background

Ovarian cancer (OC) is the most deadly gynecological

tumor in female reproductive organs in China [1], and
- the underlying molecular mechanisms in OC develop-
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are limited. Therefore, there is an urgent need to identify
innovative biological targets.

Nucleosome assembly protein 1-like 1 (NAP1L1) is a
member of the nucleosome assembly protein 1-like family
that includes NAP1L1, NAP1L2, NAP1L3, NAP1L4, and
NAPI1L5 [1], which was first detected in human thymus
tissue [2]. The functions attributed to NAP1L1 proteins
include nucleosome assembly, histone transport, his-
tone eviction, transcriptional regulation, and cell cycle
progression [3]. Among all members of the nucleosome
assembly protein 1-like family, NAP1L1 has a higher
nucleosome assembly capability [4]. NAP1L1 has been
reported to be highly expressed in several types of human
malignancies, including colorectal cancer, hepatocellular
cancer, lung adenocarcinoma, and renal cancer [5-8];
however, its expression level in OC is not yet clear. The
purpose of this study is to investigate the expression of
NAPIL1 in OC and to analyze its prognostic significance.

We found that high expression of NAP1L1 was associ-
ated with poor prognosis in OC patients. The knockdown
of NAP1L1 inhibited cell proliferation, blocked the G1/S
transition, and induced apoptosis in OC. Further, Mech-
anism analysis indicated that NAPIL1 can interacting
with HDGE, which recruits C-JUN and thus promotes
cell cycle signal transition, this ultimately promotes OC
proliferation by increasing the expression of C-JUN and
CCNDIL. Accordingly, targeting NAP1L1 may be an alter-
native strategy for the treatment of OC.

Methods

Cells and patients

Cell lines SKOV3 and OVCAR3 used in this study were
obtained from the Shanghai Institute of Cell Biology, Chi-
nese Academy of Sciences (Shanghai, China). Cells were
cultured in RPMI-1640 medium (ChongQing, China)
with 20% fetal bovine serum (Nobimpex, Germany) at
37 °C with 5% CO2.

Transfection

We wused lentiviral mediated shRNA (Supplemen-
tary Table S1) interference to achieve stable NAP1L1
knockdown OC cells. Lentiviral NAPIL1 shRNA
(shNAPI1L1) and negative control (shNC) were gener-
ated according to the manufacturer’s protocol (RiboBio
Guangzhou, China). Small interfering siRNAs (Supple-
mentary Table S1) were designed by RiboBio Corpora-
tion (Guangzhou, China). Plasmids were obtained from
Vigene Biosciences Corporation (Shandong, China), and
the transfection of plasmids or siRNA was performed by
Lipofectamine® 3000(Invitrogen; Thermo Fisher Scien-
tific, USA) according to the manufacturer’s protocol.
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Cell Counting Kit-8 (CCK-8) assay

In brief, 2 x 10° cells were plated in 96-well plates after
being incubated for 1, 2, 3, and 4 days. At the same time
point, 10% CCK-8 (APExBIO, USA) was added in a 37 °C
humidified incubator. Two hours later, the absorbance
value (OD) was measured at 450 nm with a microplate
reader (Thermo Scientific Multiskan Sky, USA).

Colony formation assay

Cells at a density of 200 cells/well were plated in six-
well plates. After culture for 14 days, the colonies gen-
erated were fixed with methanol (DAMAO, TJ, China)
for 15 min, and then they were stained with crystal vio-
let staining solution (LEAGENE, BJ, China) for 15 min.
Next, they were photographed under an optical micro-
scope to count the number of colonies (> 50 cells).

Quantitative reverse transcription polymerase chain
reaction (QRT-PCR)

Total RNA was extracted from SKOV3 and OVCAR3
cells, and ¢cDNA was generated by using the Evo
M-MLV RT-PCR Kit (AG11601/AG11602, Hunan,
China). SYBR® Green Master Mix was used for qPCR.
The primers are presented in Supplementary Table S2.
The Bio-Rad CFX 96 and Bio-Rad T100 detection sys-
tems were used for QPCR and RT-qPCR.

Cell cycle assay

The cells for cell cycle were in the logarithmic phase,
and after transfection with siNAP1L1 for 24 h, they were
harvested and stained with 70% ethanol at 4°C overnight
following one application of phosphate buffered saline
(PBS) wash. Flow cytometry was performed the next day
according to the manufacturer’s instructions, Cell Cycle
and Apoptosis Analysis Kit (Leagene Biotechnology, BJ,
China).

Cell apoptosis assay

Cell apoptosis was detected using a BD Annexin V-FITC
apoptosis assay kit (BD Biosciences Pharmingen, San
Diego, US) according to the manufacturer’s instructions.
Flow cytometry (BD FACSCalibur, USA) was performed
to assess cell apoptosis.

Immunofluorescence and confocal microscopy

Cells were separated and seeded on a 35 mm glass bot-
tom cell culture dish (SORFA, ZJ, China) at a density
of 5000 cells/well. After cell adherence, the cells were
fixed with paraformaldehyde (4%) and permeabilized
with Triton X-100 (0.2%). The cells were then incubated
with specific antibodies (The antibodies are presented
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in Supplementary Table S3), counterstained with DAPI
(0.2 mg/ml), and imaged using a Carl Zeiss LSM800 con-
focal laser scanning microscope.

Co-immunoprecipitation (Co-IP)

The Pierce " Co-IP kit (Thermo Fisher Scientific, Swe-
den, USA) was used according to the manufacturer’s
instructions. Specific antibodies (10 pg) or IgG were
added to 5 mg protein for overnight incubation at 4°C.
Beads were washed, and the result was filmed using
the Minichemi ™ Chemiluminescence Imaging System
(Sagecreation, BJ, China).

Western blotting

Western blotting was conducted as previously described
[9]. The antibodies (Supplementary Table S3) used were
anti-GAPDH(pAb AP0063), NAP1L1(mAb ab178687),
hepatoma-derived growth factor (HDGF)(pAb 11,344—
1-AP), jun proto-oncogene (c-JUN)(mAb #9165), and
CCND1(mAb#6086-1-1g).

Immunohistochemistry staining (IHC)

To determine the expression levels of NAP1L1 in ovar-
ian cancer, ovarian cancer tissue microarrays (TMA)
(HOvaC151Su01) including malignant human ovarian
tissues (n=149) was provided by Outdo Biotech (Shang-
hai, China), the TMA including different histologic types
of epithelial ovarian cancer (EOC)(n=149), including
serous adenocarcinoma, mucinous adenocarcinoma,
endometrioid adenocarcinoma, and clear-cell adenocar-
cinoma, so all the samples are EOC subtype. 11 cases of
normal ovarian tissue were collected from Zhujiang Hos-
pital, Southern Medical University/The Second School
of Clinical Medicine, Southern Medical University. IHC
was performed according to the standard protocols. The
percentage of positive cancer cells was assigned to one of
four rankings [10]. A staining index>6 was classified as
high expression, and a staining index <5 was classified as
low expression. Staining index performed blinded by an
independent technician.

Statistical analysis

The chi-square test, Kaplan Meier and Cox regression
was used to analyze the relationship between NAP1L1
expression and clinicopathological characteristics.
Survival curves were plotted using the Kaplan—Meier
method and compared by log-rank test, p<0.05 was
considered significant. The data are presented as the
mean=+SD of at least three independent experiments.
The difference between two groups was analyzed by
using the Student’s t-test. Statistical analysis was con-
ducted using Prism GraphPad Software. Throughout the
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text, the following symbols are used to denote statistical
significance: *p <0.05, **p <0.01, and ***p <0.001.

Results

High expression of NAP1L1 is associated with poor clinical
outcomes

Ovarian cancers are grouped into three categories based
on the cell type of origin: epithelial, stromal, and germ
cell cancer. Among them, epithelial ovarian cancer (EOC)
accounts for 90-95% of ovarian malignancies. EOC is
further grouped into five histological subtypes: high-
grade serous carcinomas (HGSC, 70%-74%), endometri-
oid carcinomas (EC, 7-24%), clear cell carcinomas (CCC,
10%-26%), low-grade serous carcinomas (LGSC, 3%-5%),
and mucinous carcinomas (MC, 2%-6%) [11]. The tissue
array (HOvaC151Su01) included 149 cases of epithe-
lial ovarian cancer (EOC), The TMA including different
histologic types of epithelial ovarian cancer, including
serous adenocarcinoma, mucinous adenocarcinoma,
endometrioid adenocarcinoma and clear-cell adenocarci-
noma, so all the samples are EOC subtype. To determine
the expression levels of NAP1L1 in ovarian cancer, 149
ovarian cancer tissues and 11 normal ovarian epithelial
tissues were collected. NAP1L1 expression levels were
further examined in these tissues by immunohistochem-
istry (IHC). In ovarian cancer tissues group, the results
(Figs. 1A and B) showed that 62/149 patients (41.61%)
ha asd low expression and 87/149 patients (58.38%) had
high expression; however, among patients from whom 11
normal ovarian epithelial tissues stained with NAP1L1
were obtained, 9/11 (81.81%) had low expression and
2/11 (18.18%) had high expression, and there was sig-
nificant difference between the tumor and normal groups
(P<0.012). We found that NAP1L1 expression staining
was located within the cytoplasm and NAP1L1 overex-
pression was detected in epithelial ovarian cancer tissues
with THC. To explore the correlation between NAP1L1
expression and survival in OC patients, we analyzed
tumor tissues obtained from 149 patients with ovarian
cancer using IHC. NAP1L1 expression was classified into
the high expression and low expression groups, as shown
by staining (Fig. 2A). The basic clinicopathological char-
acteristics are listed in Table 1, The results showed that
87 out of 149 (58.38%) patients had high expression and
62 out of 149 (41.61%) patients had low expression. In
addition, Kaplan—Meier survival analysis demonstrated
that OC patients with high NAP1L1 expression had
worse disease-free survival and overall survival rates than
OC patients with low NAP1L1 expression (Fig. 2B and
2C). Multivariate Cox regression analysis showed that
NAPI1L1 expression was an independent prognostic fac-
tor for OC (Table 2). These results suggest that NAP1L1
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NAP1LA1

tumor

Fig. 1 NAP1L1 overexpression in serous ovarian cancer tissues with IHC. A-B NAP1L1 overexpression in serous ovarian cancer tissues with IHC,
NAP1L1 expression in normal context and serous ovarian cancer tissues (P<0.012). *p < 0.05, **p <0.01, and ***p <0.001
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is a potential prognostic factor and it acts as an oncogene
in the progression of OC.

Silencing NAP1L1 suppresses the proliferation of OC cells

We applied lentiviral mediated shRNA to knock down
the NAP1L1 expression in OC cell lines, including
SKOV3 and OVCARS3. First, 2 siRNAs targeting NAP1L1
(siNAP1L1) were tested by qRT-PCR and Western blot
analysis (Fig. 3A and B). The EdU assays revealed that
knockdown of NAPILI1 significantly suppressed DNA
synthesis in OC cells (Fig. 3C and D). Due to enhanced
inhibitory efficiency, we chose siNAP1L1-1# for the
subsequent experiments. To further explore the role
and mechanism of NAP1L1 in tumorigenesis, lentiviral

mediated shRNA interference was used to achieve sta-
ble NAP1L1 knockdown cells (Fig. 3G). After knocking
down NAP1L1, both SKOV3 and OVCARS3 cells showed
a significant decrease in cell numbers (p <0.001) (Fig. 3E
and F) and colony formation (Fig. 3H). These results
indicated that silencing NAP1L1 significantly inhibited
cell proliferation in OC. To test whether inhibition of
cell proliferation was a result of cell cycle arrest, we next
examined the cell cycle distribution of siNAP1L1/siNC
in OC cells. As shown in (Fig. 3I and J), NAP1L1 knock-
down cells exhibited a higher percentage of cells in the
G1 phase and a decrease in the cell cycle progression to
the S phase. In order to demonstrate whether cell cycle
arrest contributed to downregulation of NAP1L1 and
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Table1 Correlation of NAPTL1 protein expression with
clinicalpathological parameters
Parameters Total Low High P-value
expression expression

Age(y)

<51 75 35 40

>51 74 27 47 0.207
Pathological Grading

1711 22 13 9

M1l 99 31 68 0.014
T stage

T1/T2 44 26 18

T3 105 36 69 0.005
N stage

NO m 57 54

N1 38 5 33 0.000
M stage

MO 117 57 60

M1 32 5 27 0.001
Clinical stages

/11 44 26 18

/v 105 36 69 0.005
Vital status

Alive 71 44 27

Dead 78 18 60 0.000
Tumor recurrence

No 29 17 12

Yes 120 45 75 0.038

thus enhanced cell death, we further assessed cell apop-
tosis. Silencing of NAP1L1 yielded a significant increase
in the apoptotic cell population (Fig. 3K-L). These results
indicate that NAP1L1 enhances cell growth, at least par-
tially, by inducing G1/S transition.

NAP1L1 interacts with HDGF and HDGF interacts

with C-JUN

To further explore the role of NAP1L1 in OC, we focused
on the protein interacting with NAP1L1. Mass spec-
trometry was used to predict the potential target in our
preliminary work (unpublished data). We immunopre-
cipitated the NAP1L1 protein with an anti-NAP1L1 anti-
body and identified the proteins that may directly interact
with NAP1L1. HDGF has been newly predicted as a can-
didate interacting factor. HDGF has been reported to
drive the progression of OC [12]. To validate the protein
interaction between NAP1L1 and HDGE, a Co-IP assay
was carried out, as shown in Fig. (4A). As expected, in
a reciprocal Co-IP with HDGF, NAP1L1 was detected in
the immunoprecipitated complex. Moreover, NAP1L1
and HDGF were co-localized in the cell cytoplasm of
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Table2 Multivariate Analysis of Risk Factors for Overall Survival

Characteristics Hazard Ratio 95%Confidence Interval P-value

Agely)

<51 1

>51 0.731
Pathological Gradig

I/l 1

Il 1.732
T stage

T1/T2 1

T3 7.553
N stage

NO 1

N1 1.591
M stage

MO 1

M1 2.575
Clinical stages

I/l 1

/v 11.814
NAP1LT Status

Low expression 1
2.045

045210 1.181 0.201

0.086 to 3.484 0.124

26791021294 0.000

0.801to 3.162 0.185

1.305 to 5.081 0.006

43121032365 0.000

High expression 1.145 t0 3.657 0.016

both cell lines, as observed by immunofluorescence
staining (Fig. 4C). These results indicate the physical
interaction between NAPIL1 and HDGE. Elucidation
of potential downstream interactions with NAP1L1 was
performed by employing the BIOGRID and STRING
databases. The single protein function partner network
of HDGF analysis indicated that the downstream fac-
tor C-JUN may also interact with HDGF (Supplemen-
tary Figs. 1A and B). The transcription factor C-JUN is a
downstream driver of the Wnt/B-catenin signaling path-
way [13]. Previous studies have shown Wnt/ -catenin
and C-JUN as positive downstream signaling pathways of
MYHY, playing an important role in the development of
HCC [9]. The interaction between HDGF and C-JUN was
detected by the endogenous Co-IP assay (Fig. 4B). The
results demonstrated that HDGF interacted with C-JUN
in OC cells. In addition, confocal microscopy was used to
observe the subcellular localization of HDGF and C-JUN
following immunostaining (Fig. 4C), and the result indi-
cates that HDGF and C-JUN are co-localized in the cell
cytoplasm and nucleus.

Inhibition of cell proliferation by siNAP1L1 is reversed

by HDGF overexpression in OC cells

CCK-8 assays (Fig. 5A) and EdU assays (Fig. 5 B and C)
were performed to demonstrate whether HDGF reverses
siNAP1L1 inhibited OC cell proliferation, and both
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Fig. 3 NAP1L1 suppressed the proliferation of OC cells (instantaneous and stable interference). A-B The expression of NAP1L1 in OC cell lines was

examined by RT-gPCR and Western blotting to verify the efficiency of interference following instantaneous infection of SINAP1L1 and (G) lentiviral
infection of sShNAP1L1. C-D EdU assays (scale bar, 50 um) were conducted after transfection with siNAPTL1#1 or #2. The first segment was selected
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assays verified that overexpression of HDGF reversed the
proliferation of NAP1L1 silenced OC cells. In addition,
cell cycle assays were performed to explore the reverse
effects of overexpressed HDGF on siNAP1L1 inhibited
OC cells entering into the G1/S phase (Fig. 5D and E).
Western blotting was performed to explore the underly-
ing mechanism (Fig. 5F). Notably, NAP1L1 expression
was downregulated in NAP1L1 suppressed OC cells,
based on the NAP1L1 silencing induced G1/S blocking.
We next tested the expression of relevant downstream
cell cycle proteins C-JUN and CCND1 in OC cells. In
the NAPI1L1 silenced cells, we observed a decrease in
the expression of C-JUN and CCND1. Overexpression
of HDGF reversed the siNAP1L1 mediated inhibition of

C-JUN and CCND1, which suggests that the overexpres-
sion of HDGF can enhance binding with C-JUN and thus
induce upregulation of the expression of the downstream
proteins C-JUN and CCND1.

Discussion
In previous studies, NAP1L1 has been shown to promote
tumor cell proliferation in various human malignan-
cies, including colorectal cancer, hepatocellular cancer,
lung adenocarcinoma, renal cancer, and neuroendocrine
neoplasms [5-8, 14], and overexpression of NAP1L1 is
related to a poor prognosis.

In The Kaplan—-Meier Plotter(The KM plotter)
data(https://kmplot.com/analysis/index.php?p=servi
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ce), The KM plotter is capable to assess the effect of
any gene or gene combination on survival in breast,
ovarian, lung, gastric, colon, prostate, GBM, LGG,
melanoma, DLBCL, RCC, AML, and 14 other tumor
types using over 50,000 samples measured using gene
arrays, RNA-seq or next generation sequencing (for
mutation data). In The KM plotter data (Supplemen-
tary Figures. 2): high expression of NAP1L1 was closely
related to poor clinical outcomes in ovarian cancer
patients(p =0.013). In this study, we also found that the
Kaplan Meier plotter analysis showed that the NAP1L1
high expression group tended to have poor disease-
free survival and overall survival rates; additionally,
OC patients with advanced-stage disease had a higher

NAP1L1 expression. This upregulation of NAP1L1 was
closely associated with a poor prognosis in OC patients;
therefore, consistent with previous research on other
malignancies, our findings indicate that NAP1L1 might
be a biomarker of poor prognosis in OC.

As an important member of the nucleosome assem-
bly protein I-like family, NAP1L1 has been shown
to regulate DNA replication and chromatin forma-
tion, which contribute to various processes [15]. A
study has revealed that NAP1L1 is highly conserved
compared with NAP1L2, L3, and L5 [16], suggest-
ing a fundamental significance of NAP1L1 in cellular
functions. In pancreatic neuroendocrine neoplasms,
NAP1L1 has been proved to be involved in promotion
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of tumor cell proliferation and regulation of cell entry
into the S phase [14]. In murine induced pluripotent
stem cells, NAP1L1 has been proved to be involved in
cell proliferation and G2/M transition[17]. Consistent
with the above studies, in a subsequent investigation,
we observed that knockdown of NAP1L1 by siRNA
or shRNA significantly decreased cell proliferation
and blocked cells in the G1 and S phases in SKOV3/
OVCARS3 cells. Due to G1 phase and S phase block, cell
proliferation and apoptosis status are subject to change
[18]. Previous studies have shown that NAP1L1 down-
regulation renders the cell vulnerable to apoptotic cell
death [19]. Similarly, in our study, we observed a signif-
icant increase in apoptosis in NAP1L1 downregulated
OC cells.

In lung adenocarcinoma (AC) derived A549 cells,
NAPIL1 regulates the NF-kB signaling pathway by
modifying gene expression of the anti-apoptotic fac-
tor Mcl1-1[19]. NAP1L1 may contribute to the aggres-
sive nature of tumor cells through the PI3K/AKT/mTOR
signaling pathway in lung AC [20]. In pancreatic neu-
roendocrine neoplasms, NAP1L1 promotes tumor cell
proliferation and regulates cell entry into the S phase
via inhibition of the mTOR pathway [14]. However, the

molecular regulatory mechanism of NAPIL1 in OC
remains unclear. To explore the mechanism of NAP1L1 in
OC, we focused on the protein interacting with NAP1L1.
Prior investigation performed by our group using mass
spectrometry (unpublished data) had determined that
NAPI1L1 was a potential candidate interaction protein of
HDGF in endometrial carcinoma. HDGEF, which belongs
to an eponymous family of proteins, is a heparin binding
growth factor originally identified from the conditioned
medium of human liver cancer cell line Huh-7 [21].
HDGEF overexpression has been reported in many types
of cancers [22-24]. HDGF has also been reported to be
implicated in many cancer processes, including cancer
growth, apoptosis, angiogenesis, and metastasis [25].
Studies have also found that HDGF expression corre-
lates with an unfavorable prognosis and it can be consid-
ered as an independent prognostic factor in OC patients
[26]. These findings indicate the significance of HDGF
in OC development. To further validate the protein
interaction between NAP1L1 and HDGF in our study,
endogenous Co-IP was applied, and it was found that
NAP1L1 and HDGF were co-localized in cell cytoplasm
in OC cells. These results indicate the physical interac-
tion between NAP1L1 and HDGF. We have knockdown



Xiaohua Zhu et al. BMC Cancer (2022) 22:339

NAPIL1 in SKOV3 and OVCARS3 cells and examine the
NAP1L1/HDGF expression, results are as follows (Sup-
plementary Figures. 3). Knocking down NAP1L1 reduced
HDGF expression, after the overexpression of NAP1L1
in SKOV3 and OVCAR3 cells, western blotting dem-
onstrated that the protein level of HDGF is increased,
which demonstrated that HDGF is the downstream fac-
tor of NAP1L1.

To clarify the potential downstream molecular mecha-
nism of NAP1L1 for promoting cell proliferation and cell
cycle transition via HDGF in OC cells, the BIOGRID and
STRING databases were used to search for the candidate
proteins that may interact with HDGF and to predict
the interaction between HDGF and C-JUN protein. The
HDGF and C-JUN interaction in OC cells was detected
by the endogenous Co-IP assay. Immunofluorescence
analysis also showed that HDGF and C-JUN proteins
were co-localized in the cytoplasm and nucleus. C-JUN
is the key downstream transcription factor in the Wnt/p-
catenin signaling pathway [9]. Studies have shown that
C-JUN is an oncogenic transformation factor in OC.
By activation of C-JUN-WEEL signaling, diacylglycerol
kinase alpha (DGKA) a metabolic kinase can promote
platinum resistance in OC [27]. C-JUN can also regulate
cell proliferation, migration, and metastasis by expression
of various genes, including CCND1 [28-30]. CCND1
gene overexpression will affect the normal cell cycle.
The main function of this protein is to regulate the cell
cycle from the G1 stage of DNA synthesis to the S stage
of DNA synthesis. Therefore, the key cell cycle proteins
associated with the G1 to S phase transition were ana-
lyzed. We observed significant downregulation of C-JUN
and CCND1 after NAPIL1 knockdown in OC cells.
This result demonstrated that HDGF recruits C-JUN
to participate in OC carcinogenesis. In complemen-
tary experiments, these effects were reversed by HDGF
overexpression, including the increase in C-JUN and
CCNDI1 expression and entry into the G1/S phase cell
cycle. This result demonstrates that HDGF can recruit
C-JUN to upregulate the expression of CCND1, thereby
reversing the inhibitory effect of siNAPIL1 on OC cell
proliferation.

Conclusions

Taken together, our study indicates that NAP1L1 is a
potential prognostic biomarker in OC and it can inter-
act with HDGF to mediate the proliferation of OC cells.
This process of triggered proliferation may contribute
to activation of HDGF/C-JUN signaling in OC cells.
We provide new insights into the role of NAP1L1 in OC
progression.
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