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Background: Mounting evidence indicates altered circadian rhythm represents a critical
factor affecting carcinogenesis and tumor progression. The circadian gene neuronal PAS
domain protein 2 (NPAS2) constitutes a newly discovered prognostic biomarker. NPAS2
dysregulation is found in multiple malignancies, although its functions in uterine corpus
endometrial carcinoma (UCEC) remain largely unknown.

Objective: To evaluate NPAS2’s roles in UCEC and to explore the underlying mechanisms.
Methods: NPAS2 transcription levels, patient prognosis, different clinical stages and target
microRNAs in UCEC cases were comparatively assessed based on public databases, including
UALCAN, GEPIA, TIMER, Kaplan—Meier plotter, starBase database, LinkedOmics and String.
Then, qRT-PCR and immunohistochemical analysis were applied to analyze the expression of
NPAS2 in UCEC tissue samples. CCK-8, clonogenic assay and flow cytometry were carried out
for detecting cell viability, colony formation ability and cell apoptosis, respectively.

Results: NPAS2 was upregulated in tissue samples from UCEC cases compared with the
corresponding control specimens. NPAS2 overexpression was associated with decreased
overall (OS), disease free (DFS) and relapse free (RFS) survival in UCEC. In addition,
NPAS2 overexpression was associated with clinical stage, tumor grade, estrogen receptor
status, myometrial invasion in UCEC. Furthermore, NPAS2 knockdown or overexpression
altered cell proliferation and apoptosis in UCEC. Moreover, NPAS2 showed significant
negative correlations with miR-17-5p and miR-93-5p, and positive correlations with miR-
106a-5p and miR-381-3p in UCEC.

Conclusion: NPAS2 overexpression is associated with poor prognosis and clinicopatholo-
gical characteristics in UCEC and promotes proliferation and colony formation while
inhibiting apoptosis. Finally, NPAS2 is associated with several miRNAs in UCEC.
Keywords: NPAS2, circadian rhythm, cell cycle, apoptosis, uterine corpus endometrial

carcinoma

Introduction

Uterine Corpus Endometrial Carcinoma (UCEC), along with cervical and ovarian
cancers, are the three most prevalent gynecological cancers.! Despite improved
diagnostic skills as well as breakthroughs in effective treatment strategies for
endometrial cancer, the latter remains the second most lethal gynecological malig-
nancy among women worldwide; new endometrial cancer cases amount to about
eighty thousand, and its incidence has substantially increased in Europe
each year.”® Early detection strategies are lacking, and multiple molecular
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pathways responsible for tumor growth, apoptosis and
metastatic behaviors in UCEC cells have not been clari-
fied. New hypotheses on the development of endometrial
cancer have emerged with the discovery of circadian clock
genes and their roles in posttranscriptional gene expression
regulation.

The circadian clock is based on a core transcriptional-
translational feedback, which generates rhythmic changes
with 24-hour light-dark cycle in many important beha-
viors and physiological processes, including cardiovascu-
lar disease, infertility, diabetes, tumor development and
sleep disorders.”” There are 14 clock genes that regulate
biological activities, including Perl, Per2, Per3, Cryl,
Cry2, Clock, Bmalll, TIM, CK1, NPAS2, Ref-ERDs,
Dec2, and RORs.* NPAS2, a mammalian transcription
factor, is the largest Clock gene found in humans, with
a length of 176.68 kb. It is homologous to Clock
(Circadian Locomotor Output Cycles Kaput) genes and
belongs to the transcription factor BHLH-PAS (Basic
helix-loop-helix-PAS) family. Basic helix-loop-helix/PAS
domain subfamily proteins, control the circadian rhythm
through the regulation of a negative feedback loop.® The
PAS domains of NPAS2 play crucial roles in circadian
rhythm generation, interacting with heme as a prosthetic
group and allowing a heme-based mode of signal
transduction.” NPAS2 might independently fold modules
of ~130 amino acids that sense light, voltage, redox, or
oxygen and other environmental and developmental
signals.® NPAS2 is involved in cell cycle and DNA
damage response®.

However, the mechanisms by which NPAS2 plays
potential biological roles in UCEC are largely unclear.
Given the established association between circadian
clock gene dysregulation and cancer, we hypothesized
that NPAS2 might play a role in UCEC by affecting
tumor activity. To test this hypothesis, NPAS2 expression
in UCEC samples was examined, as well as its functional
roles in UCEC cells in vitro. More importantly, we sys-
tematically explored the underlying molecular mechan-
isms in UCEC cells using a bioinformatic approach, with
data already available in public databases.

Materials and Methods

GEPIA
GEPIA (http://gepia.cancer-pku.cn/index.html)
passes RNA-sequencing data for 9736 tumor and 8587

encom-

noncancerous tissue specimens, proposed by Peking

University.” A differential mRNA expression analysis of
cancer and noncancerous tissue specimens, pathological
stage assessment and correlative prognostic analysis of
NPAS2 were carried out using the “Single Gene
Analysis” module of GEPIA. Data were compared by
Student’s ¢-test, and P < 0.05 was deemed to indicate

statistical significance.

UALCAN

UALCAN (http://ualcan.path.uab.edu/analysis.html) com-
prehensively analyzes datasets in The Cancer Genome
Atlas (TCGA) and MET500 cohort data.'® NPAS2 expres-
sion data were obtained with the “Expression Analysis”
module of UALCAN based on the “UCEC” dataset. P <
0.05
significant.

in Student’s #-test was considered statistically

Kaplan—Meier Plotter Analysis
Kaplan—Meier plotter (http://kmplot.com/analysis/) allows

the assessment of genes’ roles in survival for >20 cancer
types, including UCEC. It was utilized for survival analy-
sis based on NPAS2 expression in UCEC according to our
previous study.'" Log rank p<0.05 indicated statistical
significance.

cBioPortal
cBioPortal (www.cbioportal.org) comprehensively visua-

lizes and analyzes multidimensional cancer genomics
data.'? Based upon TCGA, the genetic changes, co-
expressed genes and network modules of NPAS2 were
detected. Totally, 529 UCEC cases were examined. Gene
(RNA Seq V2 RSEM) and protein (RPPA) expression
z scores were determined, with +2.0 fold change as
threshold.

TIMER

TIMER (https://cistrome.shinyapps.io/timer/) systemati-

cally analyzes immune cell infiltration and associated
impacts on the patient.'> The “Gene” and “Survival” mod-
ules were utilized to assess associations of NPAS2 expres-
sion and patient outcome with immune cell infiltration.

LinkedOmics
LinkedOmics (http://www.linkedomics.org/) comprehen-

sively analyses the multi-omics data of 32 distinct TCGA
cancers.'* The “Linkfinder” module was utilized to exam-
ine the miRNA enrichments of NPAS2. The Spearman
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correlation test was performed for data analysis, and P <
0.05 indicated statistical significance.

starBase
starBase (http://starbase.sysu.edu.cn/), which allows the

exploration of miRNA studies,'> was utilized to carry out
correlation analysis between miRNAs and NPAS2 expres-
sion in UCEC.

Human Uterine Corpus Endometrial

Carcinoma Tissues

Totally 52 paired samples of UCEC and adjacent noncan-
cerous tissues were obtained from individuals surgically
treated in Ningbo First Hospital. All samples were
obtained after written informed consent. The subjects
were diagnosed with UCEC at different stages (stages I-
IV) without chemotherapy or radiotherapy before surgery.
All specimens underwent immediate freezing in liquid
nitrogen and storage at —80°C until processing. The pro-
tocol had approval from the Research Ethics Committee of
Ningbo First Hospital (Petition Number: 2018-R061).

Tissue Chips and Immunohistochemistry
Tissue chips were provided by Ningbo First Hospital. Each
dot represented a 1.6 mm-diameter tissue specimen from
an individual sample that was pathologically confirmed.
Tissue microarray sections were stored at 4°C and
assessed by immunohistochemistry using primary antibo-
dies raised against NPAS2 (1:500, GeneTex, Irvine, CA).

Cell Culture

Human endometrial carcinoma cells, including ECC-1, HEC-
1-B  (Procell, China), AN3CA and Ishikawa (Shanghai
Fuxiang Biotechnology, China) underwent culture in
a humid environment at 37°C with 5% carbon dioxide in
RPMI 1640 (Ishikawa and ECC-1) or MEM (AN3CA and

HEC-1-B) containing 10% fetal bovine serum (FBS).

Plasmid Construction and Cell

Transfection

For NPAS2 overexpression and NPAS2-knockdown,
AN3CA and Ishikawa cells were incubated overnight to
70%~80% confluence. Then, Ishikawa were transfected
with 2.5 pg of NPAS2 overexpressing NPAS2 or Ctrl
plasmid, while AN3CA were transfected with short hairpin
RNA (shRNA) targeting NPAS2 or Ctrl plasmid (Genekai,

Shanghai, China). Transfection was performed with

Lipofectamine 2000 (Invitrogen, USA) for 48 h as directed
by the manufacturer. To evaluate transfection efficiency,
Western blot and quantitative real-time PCR (qRT-PCR)
were performed, and green fluorescence protein (GFP)
cells analyzed by fluorescence

expressing were

microscopy.

gRT-PCR

Total RNA extraction from cell and fresh tissue specimens
utilized TRIzol reagent (Invitrogen). RNA specimens with
A260/A280 ratio ranging between 1.8 and 2.0 were
assessed. The cDNA was synthesized using a reverse tran-
scription kit from TaKaRa (China), and amplification used
the SYBR qRT-PCR Kit (TaKaRa), as directed by the
manufacturer. An Applied Step-one real-time PCR system
(ABI, USA) was utilized for qRT-PCR. The 2" **“ method
was applied for analysis.

Western Blot

RIPA buffer (Solarbio, USA) was utilized for cell lysis.
The specimens were then centrifuged (12,000 rpm for 10
min) at 4°C. Proteins in the resulting supernatant were
resolved by 10% SDS-PAGE, followed by transfer onto
PVDF membranes (Millipore, USA). Blocking with 5%
BSA (Beyotime, China) was followed by overnight incu-
bation with primary antibodies, including rabbit anti-
human NPAS2 polyclonal (1:1000; Thermo Fisher, USA)
and mouse anti-human GAPDH monoclonal (1:50000;
Proteintech, USA) antibodies at 4°C. Next, HRP-linked
goat anti-rabbit or HRP-linked goat anti-mouse secondary
antibodies (1:5000; Proteintech) were added as appropriate
for 1 h at ambient. The BeyoECL Plus detection solution
(Beyotime) was utilized for visualization.

Cell Viability Analysis
CCK-8 was utilized for cell
Following transfection, cells underwent seeding into 96-

viability assessment.

well plates at 2x10° cells per well. At various times, 10 pL
of CCK-8 solution (Dojindo, Japan) was supplemented per
1 to 2-hour incubation at 37°C.
Absorbance was read at 450 nm.

well for another

Colony Forming Assay

AN3CA cells (control- and NPAS2-shRNA transfected,
respectively) and Ishikawa cells (control- and NPAS2
overexpression-plasmid transfected, respectively) were
transfected for 48 h. Subsequently, 500 cells underwent
seeding into 6-well plates and incubation in a CO,
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incubator for 10—14 days. Microscopy was utilized to
examine cells fixed (4% PFA for 30 min) and crystal violet
(0.1%) stained for 20 min. Colonies with >50 cells were
counted, and the colony formation rate was determined as
(number of colonies/number of cells seeded) x100%."°

Cell Cycle Analysis

For cell-cycle analysis, cells underwent transfection for 48
hours (37°C, 5% CO,) and treatment with Cell cycle
Detection Kit (MultiSciences, China) as directed by the
manufacturer. In brief, after two phosphate-buffered saline
(PBS) washes, the cells were treated with 10 puL permea-
bilization solution and stained with 1 mL DNA-staining
solution at ambient, shielded from light, for 30 min.
Finally, flow cytometry (BD Biosciences, USA) was car-
ried out, and the Verity Software House software (VHS,
USA) was used for analysis.

Cell Cytotoxicity and Apoptosis Assays
Cytotoxicity of CCCP was assessed by the CCK-8 assay.
In the CCK-8 assay, EC cancer cells underwent treatment
with 0, 5, 15, 20, 25, 30 and 50 uM CCCP in 96-well
plates in triplicate. After 6 h, the CCK-8 assay was carried
out for cell viability quantitation [18]. For cell apoptosis
analysis, cells were transfected for 48 hours (37°C, 5%
CO2), with or without CCCP, and the Annexin V-PE/
7-AAD Apoptosis Detection Kit (Beijing Transgen,
China) was used for assessment, as directed by the
manufacturer.

Statistical Analysis

SPSS 22.0 (SPSS Inc., USA) and GraphPad Prism v7.0
(GraphPad, USA) were utilized for data analysis. Group
pairs and multiple groups were compared by Student’s
t-test and one-way analysis of variance (ANOVA), respec-
tively. The chi-square test was performed for clinical data.
P<0.05 was deemed to indicate statistical significance.

Results
NPAS2 is Overexpressed in UCEC and

Associated with Reduced Survival

To elucidate the possible roles of NPAS2 in carcinogen-
esis, NPAS2 mRNA amounts in various clinical tumor
specimens were examined. As shown in Figure 1A,
NPAS2 mRNA amounts were elevated in most clinical
cancer specimens.
NPAS2 mRNA

We also comparatively assessed

amounts between malignant and

noncancerous tissues in pan-cancer types; using TIMER
data, NPAS2 amounts were markedly higher in cancer
tissues, including CHOL, COAD, ESCA, KIRP, LIHC,
LUAD, LUSC, PRAD, READ, STAD and UCEC, and
remarkably reduced in other cancers such as HNSC,
KICH, KIRC and SKCM (*P<0.05; **P<0.01;
**%P<0.001) (Figure 2B). Based on TCGA dataset via
UALCAN, we also found NPAS2 protein amounts in
primary UCEC were higher compared with normal tissue
specimens (***P<0.001) (Figure 1C). Survival analysis
demonstrated individuals with elevated NPAS2 amounts
had remarkably reduced overall survival (OS) and dis-
ease-free survival (DFS) using GEPIA (Figure 1D and
E). In addition, individuals with elevated NPAS2 expres-
sion had remarkably lower OS, relapse free survival
(RFS) using Kaplan—Meier plotter (Figure 1F and G).
Therefore, NPAS2 might act as an oncogene in UCEC,
and was associated with poor prognosis.

Relationships Between NPAS2 and

Clinicopathological Features in UCEC
Combined with clinical information in TCGA UCEC dataset
by UALCAN, it was found that NPAS2 showed significant
differences at individual cancer stages (normal vs stage 1,
**%P<0.001; normal vs stage 2, **P<0.01; normal vs stage
3, *¥**P<(0.001; normal vs stage 5, *P<0.05) (Figure 2A),
patient’s race (normal vs Caucasian, ***P<0.001; normal vs
African-American, **P<0.01; normal vs Asian, *P<0.05)
(Figure 2B), patient’s weight (normal vs normal weight,
extreme weight and obese, ***P<0.001; normal vs extreme
obesity, ***P<0.01; normal weight vs extreme obesity,
*P<0.05; extreme weight vs extreme obesity, *P<0.05)
(Figure 2C), patient’s age (normal vs 41-60 Yrs and 61-80
Yrs, ***P<0.001; 2140 Yrs vs 61-80 Yrs, *P<0.05; nor-
mal vs 81-100 Yrs, *P<0.05) (Figure 2D), menopause status
(normal vs peri-menopause, *P<0.05; normal vs post-
menopause, ***P<(0.001) (Figure 2E) and histological sub-
types (normal vs serous, ***P<0.001) (Figure 2F). The
LinkFinder module of LinkedOmics was utilized for analyz-
ing NPAS2 for its associations with clinical features (histo-
logical, MIS-phenotype, overall-survival, residual-tumor,
radiation-therapy and tumor-purity) in TCGA-UCEC cohort
(Figure 3). The results revealed that high NPAS2 expression
was associated with poor survival of UCEC patients in the
LinkedOmics database (P=0.000579) (Figure 3C), as well as
residual-tumor (P= 0.00542) (Figure 3D).
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Expression of NPAS2 across TCGA cancers (with tumor and normal samples)

TCGA samples

Expression of NPAS2 across TCGA tumors

TCGA samples
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Figure 1 (A) NPAS2 express

(D and E) Prognostic value of NPAS2 mRNA level in UCEC, analyzed by GEPIA. (F and G) Prognostic value of NPAS2 mRNA level in UCEC, analyzed by Kaplan—Meier

plotter.
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NPAS2 is Upregulated in Endometrial
Cancer and Associated with

Clinicopathological Characteristics
NPAS?2 expression was evaluated in 53 pairs of UCEC and
adjacent normal tissue specimens by qRT-PCR. As shown in

Figure 4A, NPAS2 was downregulated in tumor samples in
comparison with adjacent noncancerous tissue specimens.
A tissue microarray containing 53 uterine corpus endometrial
carcinoma (UCEC) tissue samples and 20 normal endome-

trial tissue samples was examined immunohistochemically.
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Based on IHC findings, cases were assigned to the high- and
low-expression groups (Figure 4B). To the best of our knowl-
edge, clinical data were firstly collected to explore their

relationships with NPAS2. As presented in Table 1, positive
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Figure 4 (A) Expression levels of NPAS2 in EC (A) RT-qPCR detection of NPAS2 in
Immunohistochemical analysis of NPAS2 in normal and endometrial cancer tissues.

correlations between clinical stage (P=0.015), grade
(P=0.004), myometrial invasion (P=0.024) and estrogen
receptor status (P=0.026), and NPAS2 expression were

found.

Normal endometrial
tissue

Low grade endometrial
tissue

High grade endometrial
tissue

EC and in adjacent normal tissue. Data are expressed as the meanSD. **P<0.0001 (B)
Representative images of NPAS2 staining in benign and epithelial ovarian cancer tissues

are shown. The positive staining of NPAS2 is shown in brown color, and the cell nuclei were counterstained with hematoxylin. Original magnification, 400% (right panels),

Scale bars, 50 pm.
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Constructed Cell Lines Overexpressing

or Silenced for NPAS2

Relative NPAS2 amounts in UCEC cells were assessed by
gRT-PCR and WB. As shown in Figure 5A, relative NPAS2
amounts were higher in AN3CA cells compared with
Ishikawa cells (***P<0.001). Next, the vector for NPAS2
overexpression and the corresponding control were trans-
fected into Ishikawa cells, while sSAIRNA NPAS2 and control
vectors were transfected into AN3CA cells, respectively.
NPAS2 mRNA amounts were markedly elevated in NPAS2
transfected Ishikawa cells in comparison with the NC group
(***P<0.001) (Figure 5B). Conversely, NPAS2 mRNA
amounts were remarkably reduced in shNPAS2-1-
(**P<0.05) and shNPAS2-2- (***P<0.001) transfected
AN3CA cells in comparison with control-transfected cells
(Figure 5C). Therefore, shNPAS2-2 was selected as the
interfering RNA for subsequent experiments. Protein expres-
sion was then confirmed by Western blotting in Figure 5SD-F.

NPAS2 Overexpression and Knockdown
Affect Proliferation in UCEC Cells

To assess NPAS2’s function in cancer cell proliferation,
colony formation assay was carried out (Figure 6Aand B).
Overexpression of NPAS2 significantly induced clonogeni-
city in Ishikawa cells (**P<0.01); conversely, NPAS2 silen-
cing markedly decreased colony formation in AN3CA cells
(**P<0.01). Figure 6C shows cell viability assessed by the

CCK-8 assay: AN3CA cells transfected with sh-NPAS2 had
inhibited cell growth at 72, 96 and 120 h, while Ishikawa
cells transfected with OV-NPAS2 had enhanced prolifera-
tion at 48, 72, 96 and 120 h, in comparison with the respec-
tive control groups (*P<0.05, ***P<0.001). In addition,
NPAS?2 expression affected the G1 and S phases of the cell
cycle. As depicted in Figure 7A and D, Ishikawa cells
transfected with OV-NPAS2 had markedly increased
S phase cell number, and reduced amounts of G1 cells
(*P<0.05). AN3CA cells transfected with sh-NPAS2 for 48
h showed starkly increased G1 phase cell amounts and
reduced amounts of S cells (*P < 0.05).

NPAS2 Overexpression and Knockdown

Affect Apoptosis in UCEC Cells

S. Figure 1 indicates IC50 values in both UCEC cell lines:
AN3CA, IC50 = 860.4 nM; Ishikawa, IC50 = 1356 nM.
Next, NPAS2’s role in UCEC cell apoptosis was exam-
ined. In this study, the percentages of total (early and late)
apoptotic cells had no significant difference between
Ishikawa cells with OV-NPAS2 compared with controls
after treatment with CCCP (IC50 = 1356 nM) for 6 h;
Ishikawa cells with OV-NPAS2 had markedly lower apop-
tosis rate versus controls (Figure 8A and B). In addition,
total (early and late) apoptotic cells were not significantly
more abundant in AN3CA cells with sh-NPAS2 compared
with controls after treatment with CCCP (IC50=860.4 nM)
for 6 h; however, significantly higher apoptosis rate was
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Figure 5 Expression levels of NPAS2 in cell lines and the efficiency of transfected cells after 24 h. (A) Relative expression of NPAS2 in UCEC cell lines, analyzed by RT-qPCR.
*#*P < 0.001. (B) qQRT-PCR analyses for mRNA expression levels of NPAS2 in Ishikawa cells transfected with overexpression vector or control as indicated (***P < 0.001).
(€) qRT-PCR analyses for mRNA expression levels of NPAS2 in AN3CA cells transfected with shRNA or control as indicated (**P < 0.01,**P < 0.001). (D) Relative
expression of NPAS2 in UCEC cell lines, analyzed by WB. (E) WB analyses for protein expression levels of NPAS2 in Ishikawa cells transfected with overexpression vector
or control as indicated. (F) WB analyses for protein expression levels of NPAS2 in AN3CA cells transfected with shRNA or control as indicated.
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found in AN3CA cells with sh-NPAS2 compared with the
control group (Figure 8C and D).

Associations of NPAS2 Expression with

Immune Cell Biomarkers in UCEC

To further examine NPAS2’s role in tumor immunity,
the associations of NPAS2 expression with immune cell
biomarkers in UCEC were examined in the GEPIA2.0
database. As shown in Table 2, NPAS2 had significant
positive correlations with a naive T cells’ biomarker
(LEF1, P=0.0069),
(FCGR3A, P =

an effector T-cells’biomarker

0.039), effector memory cells’

biomarker (GZMA, P=0.018), a central memory cells’
biomarker (IL7R, P = 0.049), resident memory cells’
biomarkers (CD69, P=0.0019; MYADM, P=9.00E-12),
exhausted T cells’ biomarkers (TIGIT, P=0.0067;
LAYN, P=0.00026), resting Tregs’ biomarkers
(FOXP3, P=3E—04; IL2RA, P=0.024), effector Tregs’
biomarkers (FOXP3, P=3E—04; CTLA4, P=0.006;
TNFRSF9, P=0.0016) and Thl-like cells’ biomarkers
(CXCR3, P=0.0044;, BHLHE40, P=0.00048; CD4,
P=0.0015) in UCEC. The above data partly demon-
strated NPAS2 was positively associated with immune

cell infiltration.
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*P < 0.05.

NPAS?2 is Positively Correlated with

Immune Cell Infiltration in UCEC

As depicted in Figure 9A, NPAS2 expression had signifi-
cant positive associations with all examined immune cells,
ie, macrophages (P=1.81e—03) and dendritic cells
(P=2.14e—-02) in UCEC. Additionally, cumulative survival
had significant positive associations with all examined
immune cells, eg, B cells (P=0.019), and CD8+ T cells
(P =0.022) in UCEC (Figure 9B). Figure 9C shows CD8+
T cells and dendritic cells had marked changes in immune
cell infiltration level based on NPAS2 copy number in
UCEC.

Prediction and Assessment of Upstream
miRNAs of NPAS2

It is broadly admitted miRNAs regulate many genes. To
assess whether NPAS2 is regulated by miRNAs, potential
upstream miRNAs that could interact with NPAS2 were
searched. Totally 20 miRNAs were identified. For better
visualization, a miRNA-NPAS2 regulatory network was
built with Cytoscape (Figure 10A). According to the
mechanism by which miRNAs regulate target genes, the
miRNAs of interest and NPAS2 should be negatively

correlated. As depicted in Figure 10B, NPAS2 had signifi-
cant negative correlations with miR-17-5p and miR-93-5p,
and positive correlations with miR-106a-5p and miR-381-
3p in UCEC. No significant associations of NPAS2 expres-
sion with the remaining 16 predicted miRNAs were found.
We also analyzed upstream miRNAs of NPAS2 by
LinkedOmics (S. Figure 2).

Discussion

Uterine Corpus Endometrial Carcinoma generally has no
cure or specific symptoms. Because UCEC has high mor-
tality, developing suitable prognostic biomarkers that can
predict tumor progression is critical. Circadian rhythm
disturbances are associated with the development and pro-
gression of many malignancies. Circadian rhythm genes
are considered major regulators controlling abnormal cell
proliferation in cancer.'” Disrupted cell cycle modulation
and uncontrolled induction of several pathways contribute
to cell growth stimulation.'®'? Given that the circadian
rhythm gene NPAS2 plays a crucial role in cancer progres-
sion and prognosis,”® whether NPAS2 has unknown func-
tions in cancer deserves further attention. Here, NPAS2
expression in UCEC cases obtained from TCGA using
UALCAN and Timer.NPAS2 was significantly upregulated
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in cancer tissues, including CHOL, COAD, ESCA, KIRP,
LIHC, LUAD, LUSC, STAD, READ, PRAD and UCEC.
NPAS2 was overtly downregulated in cancer tissues,
including HNSC, KICH, KIRC and SKCM. The expres-
sion status and role of NPAS2 in human cancers remain
controversial. NPAS2 can act as an oncogene or a tumor

suppressor in tumorigenesis; multiple studies have been

performed for elucidating the roles of NPAS?2 in the occur-
rence and development of various cancers. NPAS2 was
previously attributed a tumor suppressor role in breast*'*?
and colorectal®® carcinomas. However, NPAS2 was shown
to act as a tumor promoting gene in hepatocellular
carcinoma,”® acute myeloid leukemia,” non-Hodgkin’s

lymphoma”® and nasopharyngeal cancer.’’ Yi and
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collaborators reported elevated NPAS2 mRNA amounts
are associated with higher DFS and OS in breast cancer.?*

In this study, we provided some important findings
concerning NPAS2’s role in UCEC function. Firstly, qRT-
PCR analysis indicated NPAS2 as a tumor promoting gene
that is highly expressed and associated with endometrial
cancer, corroborating database prediction (http://UCLCL.
S. Figure 1). Our
revealed individuals with elevated NPAS2 expression had
OS in the GEPIA, KM and
LinkedOmics databases. NPAS2 was upregulated in
UCEC and associated with RFS in KM. NPAS2 overex-
pression had a significant association with reduced DFS in
UCEC based on GEPIA. Combined with the clinical infor-
mation of patients using TCGA UCEC dataset by
UALCAN, it was found that NPAS2 expression had sig-
nificant differences based on cancer stage, race, weight,

cancer-pku.cn/detail.php; results

remarkably lower

age, menopause status and histological subtype. Therefore,
NPAS2 might act as an oncogene in UCEC, with an
association with poor prognosis. This may explain the
observed correlation between elevated NPAS2 amounts
and increased survival. In clinical samples, positive asso-
ciations of clinical stage, grade, myometrial invasion and
estrogen receptor status with NPAS2 expression were
found. Thus, NPAS2 potentially functions as a prognostic
marker in endometrial carcinogenesis.

Overexpression of NPAS2 significantly stimulated pro-
liferation and colony formation, and induced apoptosis in
UCEC Ishikawa cells in vitro. Suppression of NPAS2 in
another UCEC cell line (AN3CA) attenuated cell prolif-
eration and colony formation, while inhibiting apoptosis
in vitro. NPAS2 represents a tumor promoter through
transactivation of CDC25A that regulates biological func-
tions, including tumor growth, migration and invasion, in
HCC.?® Zhu et al*® found that NPAS2 can improve patho-
genicity in non-Hodgkin lymphoma, and may become
a new tumor marker of NHL. The expression status and
role of NPAS2 in human cancers remain controversial. In
contrast, NPAS2 may act as a tumor suppressor by con-
trolling the cell cycle, growth and apoptosis in colorectal
cancer.”> In breast cancer, reduced expression of NPAS2
influences cell cycle checkpoints by decreasing the
amounts of S phase cells and elevating G1 or G2 cells.®
Thus, abnormal expression of NPAS2 is related to cell
cycle response and DNA damage.

It is widely admitted tumor immune cell infiltration

29,30

affects tumor development and progression.

Disruption of the circadian rhythm of NK cells in

malignant melanoma reduces the phagocytic activity and
leads to an imbalance of interleukin-6 and TNF-0.>' This
study indicated NPAS2 has marked positive correlations
with multiple immune cells such as B cells, CD8+ T cells,
macrophages and dendritic cells in UCEC.

In the last decade ncRNAs, such as miRNAs, have
been documented to participate in transcriptional gene
regulation and identified as biomarkers in UCEC.'®*? In
addition, previous studies found that upregulation of
NPAS2 expression is mainly due to the downregulation
of miR-199b-5p in HCC.** Seven prediction programs, ie,
PITA, RNA22, miRmap, microT, miRanda, PicTar, and
TargetScan, were utilized for predicting potential
miRNAs that could interact with NPAS2. NPAS2 had
significant negative correlations with miR-17-5p and
miR-93-5p, and positive correlations with miR-106a-5p
and miR-381-3p in UCEC. It is known microRNA-17-5p
plays a suppressive roles in controlling apoptosis in endo-
metrial cancer,®® while miR-93-5p impedes the viability,
migration and invasion of endometrial carcinoma cells.**

Conclusions

In summary, NPAS2 is overexpressed in various human
cancers, eg, UCEC, demonstrating a positive correlation
with unfavorable prognosis based on database and clinical
samples. NPAS2 influences cell proliferation and apoptosis,
indicating its potential as a diagnostic and therapeutic mar-
ker in UCEC. Furthermore, our current findings also indi-
cated that NPAS?2 is modulated by some miRNAs and exerts
oncogenic effects by enhancing tumor immune cell infiltra-
tion. Therefore, NPAS2 might constitute a prognostic mar-
ker of UCEC. However, the mechanisms underpinning
NPAS2’s effects in UCEC deserve further attention.
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