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ABSTRACT

Background: Spi-B transcription factor (SPIB) is an E-twenty-six
(ETS) transcription factor associated with tumor immunity.
Objective: To investigate the functions and mechanisms of SPIB in
ovarian cancer (OC) cells.
Methods: Cell proliferation, apoptosis, migration, and invasion
were determined using colony formation, EAU, flow cytometry, and
transwell assays, respectively. The binding sites of programmed
death-ligand 1 (PD-LI) and SPIB were predicted using the JASPAR
database and verified using the ChIP and luciferase reporter assays.
Results: SPIB knockdown inhibited OC cell proliferation,
migration, and invasion, and significantly boosted apoptosis
(p<0.05). SPIB directly enhanced PD-LI transcription in OVCAR-3
and SKOV3 cells (p<0.05). Importantly, the JAK/STAT pathway
was markedly inactivated in OC cells upon SPIB knockdown. SPIB
knockdown markedly decreased JAK?2 and STAT1 phosphorylation
in OVCAR-3 and SKOV3 cells (p<0.05).
Conclusion: These data indicate that SPIB knockdown inhibits
OC cell progression by downregulating PD-L1 and inactivating the
JAK/STAT pathway.
Keywords: JAK/STAT Pathway, Ovarian Cancer, PD-L1 (CD274),
SPIB
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INTRODUCTION

Ovarian cancer (OC) is a heavily lethal
disease in women (1). The 5-year survival
rate for OC patients is 30-40% (2). High-
grade serous ovarian cancer (HGSOC) is a
malignant subtype of OC (3). The survival
rate of HGSOC is poor because HGSOC lacks
specific symptoms, often accompanied by
extensive pelvic and abdominal metastases,
and even distant metastases (4). Hence, the
elucidation of mechanisms underlying OC
development is crucial.

Spi-B transcription factor (SPIB) is an
E-twenty-six (ETS) transcription factor
associated with tumor immunity (5, 6). SPIB
expression is significantly enhanced in colon,
hepatocellular carcinoma, and gastric cancer
(7). Colon cancer is strongly connected to a
poor prognosis in SPIB-positive patients (8).
SPIB abates apoptosis via the phosphoinositide
3-kinase (PI3K)/AKT pathway in diffuse
large B-cell lymphoma (DLBCL) (9). SPIB
1s reduced in colorectal cancer cells, and SPIB
restrains tumor progression by activating the
NF-kB and c-Jun N-terminal kinase (JNK)
pathways via enhancing MAP kinase kinase
kinase kinase 1 (MAP4K1) expression (10).
According to Montes-Moreno et al., SPIB
expression could be used to diagnose blastic
plasmacytoid dendritic cell neoplasms (11).
Uppal et al. have reported that SPIB in
blood mononuclear cells could serve as a
discriminator for the diagnosis of HGSOC
(12). Thus, there is an urgent need to find the
role of SPIB in the cell biological function
of OC.

Programmed death-ligand 1 (PD-L1,
CD274) is an immune co-signaling molecule
that suppresses T cell activation, leading to
tumor progression (13). High PD-L1 level is
profoundly linked to poor survival in OC (14).
Manifold transcriptional factors control the
expression of PD-L1 (15-17). Signal transducer
and activator of transcription 3 (STAT3) binds
to the PD-L1 promoter and adjusts the PD-L1
level (18). PD-L1 expression is elevated due to
the modulation of the Janus kinase (JAK) and
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STAT in cervical squamous cell carcinoma
cells (19).

Here, we determined the function of SPIB
in OC cells and explored the underlying
mechanisms. SPIB knockdown was found to
suppress OC progression by downregulating
PD-L1 expression and inactivating the JAK/
STAT pathway.

MATERIALS AND METHODS

Bioinformatics Analysis

SPIB expression was analyzed using The
Cancer Genome Atlas (TCGA) dataset. The
relationship between SPIB expression and
survival time was analyzed using Kmplot
(http://kmplot.com/analysis/). The SPIB-
related pathways were determined using
KEGG and GSEA. A possible SPIB and PD-
L1 binding site was found using JASPAR.

Tumor Samples

Sixteen HGSOC and six normal uterine
tube tissues were collected from our hospital
between May 2019 and July 2021. Patients
with HGSOC did not undergo neoadjuvant
chemotherapy before surgery. The tissues were
cut into sections for immunohistochemical
staining. The slices were incubated with SPIB
(ab241570, 1:500, Abcam, UK), followed by a
secondary antibody (ab6789, 1:2000, Abcam,
UK) and DAB complex (Solarbio, China).
Brown and yellow granules indicated positive
staining. Staining intensity score: no staining
(0 points), light yellow (1 point), brown
yellow (2 points), and brown (3 points). The
proportion of stained cells: <5% (0 points),
5-25% (1 point), 26-50% (2 points), 51-75%
(3 points), and >75% (4 points). The result
of multiplying the two scores: 0-2 (-), 3-4
(1), 5-8 (+ +), and 9-12 (+ + +). Each sample
was scored by two independent observers,
and disagreements were resolved by a third
observer. The protocol of this research has
been approved by the Ethics Committee of
Binzhou Medical University Hospital. All
patients have signed written informed consent.
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Cell Culture

IOSE80 (Procell, Wuhan, China) was
maintained in a complete medium for
human ovarian epithelial cells (CM-HO055,
Procell, China). A2780 and OVCAR-3
cells (Cobioer, China) were maintained in
RPMI-1640 medium (Gibco, USA). SKOV3
(Cobioer, China) was cultured in McCoy’s SA
medium (Gibco, USA). The cells were grown
in a medium containing 10% fetal bovine
serum (FBS; HyClone, USA) at 37°C 5%
CO,. SPIB expression plasmid (pcDNA3.1),
small interference RNA (siRNA) targeting
SPIB, and control sequences (GenePharma,
China) were transfected to cells using
Lipofectamine 3000 (Invitrogen, USA). The
final transfection concentration was 50 nM.
The siRNA sequences are listed in Table 1.

Quantitative Real-time Polymerase Chain
Reaction (qRT-PCR)

We extracted total RNA from tissues
and cells using the RNA isolator Total
RNA Extraction Reagent (Vazyme, China).
Thereafter, HiScript I Q Select RT SuperMix
(Vazyme, China) was used to synthesise cDNA.
PCR analysis was conducted using ChamQ
SYBR gPCR Master Mix (Vazyme, China)

Table 1. The siRNA sequences

on an ABI 7900 system (Applied BioSystems,
USA). The primers are listed in Table 2.

Soft Agar Colony Formation Assay

The bottom layer of 6-well plates was
bespread 1.2% agarose gel (Beyotime,
Shanghai, China) containing medium. 0.6%
agarose gel containing OVCAR-3 and SKOV3
cells (56x10° cells/well) was added into the top
layer of 6-well plates. After incubation for
14 days, the colonies were stained with 0.1%
crystal violet (Sigma-Aldrich, USA), and
counted under a microscope.

5-Ethynyl-2"-Deoxyuridine (EdU) Staining
Assay

The Cell-Light EAU Apollo567 In Vitro
Kit (Ribbio, China) was utilized to measure
cell proliferation. Cells were cultured with
EdU for 2 h, fixed with 4% paraformaldehyde,
permeabilized with 0.5% Triton X-100, and
cultured in an ApolloR reaction cocktail.
After 30 min, the samples were incubated
with DAPI and observed using a microscope
(Olympus, Japan).

Apoptosis Analysis
The cells were stained at room temperature

siRNA Sequences
6i-SPIB-1 Sense:5'-GCUGCAAGCAUUCCAGCUACC-3'
Antisense:5'-UAGCUGGAAUGCUUGCAGCUG-3'
si-SPIB2 Sense:5-AGUUCUCCUCCAAGCACAAGG-3'
Antisense:5-UUGUGCUUGGAGGAGAACUGG-3’
Si-SPIB3 Sense:5-GCGAGAUCCGCAAGGUCAAGC-3'
Antisense:5'-UUGACCUUGCGGAUCUCGCCG-3’
G-NC Sense:5-UUCUCCGAACGUGUCACGUTT-3'

Antisense:5-ACGUGACACGUUCGGAGAATT-3'

siRNA: small interference RNA, SPIB: Spi-B transcription factor, NC: negative control

Table 2. The primer sequences

Gene Sequences
SPIB CCCTATGAAGCCTTCGACCC
GGGAACCAGGGTCTGGCTA
s CCCTATGAAGCCTTCGACCC

AGGTCTTTGCGGATGTCCACGT

SPIB: Spi-B transcription factor
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using an Annexin V-FITC/PI kit (Beyotime,
China). Apoptosis was then assessed using
a flow cytometer (Accuri C6 Plus, BD
Biosciences, USA).

Transwell Assay

OVCAR-3 and SKOV3 cells (1x10°) in
serum-free media were seeded into the
upper chamber of Matrigel-coated 24-well
Transwell (Corning, USA) and a medium
containing 10% FBS was added to the lower
chamber. After 24 h, the cells on the inner
side of the upper chamber were eliminated
using cotton swabs. Migratory or invasive
cells were fixed with 4% paraformaldehyde,
stained with 0.1% crystal violet, and counted.

Immunofluorescence

OVCAR-3 and SKOV3 cells were blocked
with 5% FBS in PBS and incubated with anti-
PD-L1 (ab205921, 1:1000, Abcam, UK) for 1
h, followed by incubating with anti-rabbit IgG
(@b150079, Abcam, UK) for 1 h at 37°C. The
nuclei were stained using DAPI (Beyotime,
China).

Chromatin Immunoprecipitation (ChIP)
The ChIP assay was conducted using a
ChIP Assay Kit (Beyotime, China). Briefly,
after crosslinking with 1% formaldehyde at
37°C for 10 min, followed by keeping for 5 min
with glycine, the cells were lysed and sonicated
to obtain DNA fragments. The chromatin was
precipitated using anti-SPIB [14337, 1:1000,
cell signaling technology (CST), USA] and
rabbit monoclonal to human IgG (ab109489,
Abcam, UK) at 4°C overnight. The complexes
were washed, eluted, and purified. qPCR was
performed to detect the enrichment.

Luciferase Reporter Assay

To analyze PD-LI1 promoter activity, PD-
L1 promoter wild-type (WT) and mutant-
type (MUT) luciferase reporter vectors were
synthesized by RiboBio (Guangzhou, China).
Promoter luciferase reporter vectors and
SPIB expression or empty plasmids were co-
transfected into the cells for 48 h. Luciferase
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activity was determined using the Dual-
Luciferase Assay System (Promega, USA).

Western Blot Analysis

The cells were lysed in RIPA (Beyotime,
China). Proteins were separated using
10% SDS-PAGE and transferred onto
PVDF membranes (Millipore, USA). After
blocking, the membranes were cultured
with the primary antibodies SPIB (14337,
1:1000, CST, USA), Bcl-2 (3498, 1:1000,
CST, USA), Bax (5023, 1:1000, CST, USA),
MMP2 (40994, 1:1000, CST, USA), MMP9
(3852, 1:1000, CST, USA), PD-LI (ab205921,
1:1000, Abcam, UK), p-JAK2 (ab195055,
1:1000, Abcam, UK), JAK2 (abl08596,
1:1000, Abcam, UK), p-STAT1 (ab109461,
1:1000, Abcam, UK), STAT1 (10144-2-AP,
1:1000, Proteintech, China), and B-actin
(81115-1-RR, 1:10000, Proteintech, China) at
4°C overnight. Thereafter, the membranes
were incubated with a secondary antibody
(SA00001-2, 1:10000, Proteintech, China)
for 2 h. Bands were detected using enhanced
chemiluminescence (Vazyme, China).

Statistical Analysis

The data are expressed as the mean +
standard deviation. Statistical analysis was
performed using unpaired Student’s t-test and
one-way ANOVA, followed by Tukey’s post-
hoc test (GraphPad Prism 7, USA). Statistical
significance was considered as p<0.05.

RESULTS

SPIB is Highly Expressed in OC

TCGA dataset of OC was analyzed using
GEPIA. SPIB levels were found to increase
in OC tissues (Fig. 1A). In Kmplot analysis,
patients with low SPIB levels had better
survival rate than those with high SPIB levels
(Figs. 1B, 1C). Using IHC and qRT-PCR,
SPIB expression was found to be elevated in
the HGSOC tissues (Figs. 1D, 1E). Indeed,
SPIB expression was enhanced in OC cells
(Fig. 1F).
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Fig. 1. SPIB expression is high in OC. (A) The expression of SPIB in OC tissues from TCGA. (B and
C) Survival curves were plotted using Kmplot analysis. (D and E) Using IHC and qRT-PCR, SPIB
expression was identified in tissues. (F) SPIB expression in OC cells was determined by western
blotting. Bands were quantified using ImageJ software. *p<0.05, vs normal tissues group, IOSE80
cells group. spi-B transcription factor (SPIB), ovarian cancer (OC), The Cancer Genome Atlas (TCGA),

immunohistochemistry (IHC)

SPIB  Knockdown  Inhibits OC Cell
Proliferation and Induces Apoptosis

The si-SPIB knockdown efficiency was
assessed using western blotting (Fig. 2A).
Cell proliferation reduced when cells were
transfected with si-SPIB (Figs. 2B, 2C).
Furthermore, SPIB knockdown induced
the apoptosis of OC cells (Fig. 2D). SPIB
knockdown enhanced Bax expression and
declined Bcl-2 expression in both OVCAR-3
and SKOV3 cells (Fig. 2E).
SPIB  Knockdown Hampers OC Cell
Migration and Invasion

si-SPIB hampered OC cell migration and
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invasion (Figs. 3A, 3B). Metalloproteinases
(MMPs) are considered potent molecular targets
for restraining cell migration and invasion (20).
Silencing SPIB markedly reduced MMP2 and
MMP9 protein levels (Fig. 3C).
SPIB  Knockdown PD-LI
Expression

We assessed the link between SPIB and
PD-L1 in TISIDB. SPIB expression was
positively linked to PD-LI expression (Fig.
4A). SPIB knockdown markedly decreased
PD-L1 expression (Fig. 4B). Similar results
were obtained using immunofluorescence
assay (Fig. 4C).

Suppresses
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Fig. 2. SPIB knockdown inhibits OC cell proliferation. (A) The SPIB protein expression was measured
in OVCAR-3 and SKOV3 cells transfected with si-NC, si-SPIB-1, si-SPIB-2, and si-SPIB-3. Bands were
quantified using ImagedJ software. (B) The colony numbers of cells. (C) EAU assay was employed to
detect cell proliferation. (D) Cell apoptosis was detected by flow cytometry. (E) Bcl-2 and Bax expression
was detected using western blotting. Bands were quantified using ImagedJ software. * p<0.05 vs si-

NC group. spi-B transcription factor (SPIB), ovarian cancer (OC), siRNA-negative control (si-NC), 5-
Ethynyl-2'-deoxyuridine (EdU)
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Fig. 3. SPIB knockdown inhibits OC cell migration and invasion. (A and B) Transwell assay was employed
to determine cell migration and invasion. (C) MMP2 and MMP9 expressions were examined by western
blotting. Bands were quantified using ImageJ software. *p<0.05 vs si-NC group. spi-B transcription factor
(SPIB), ovarian cancer (OC), matrix metalloproteinase 2 (MMP2), matrix metalloproteinase 9 (MMP9)

SPIB Directly Promotes PD-LI Transcription

JASPAR analysis predicted that SPIB
binds to PD-L1 promoter (Fig. 5A). Sequence
logo of potential SPIB binding site is shown in
Fig. 5B. Based on the ChIP assay, anti-SPIB
upregulated PD-L1 expression, verifying that
SPIB binds tightly to this transcriptional area
of PD-L1 (Fig. 5C). Compared with the cells
transfected with WT PD-L1+SPIB vector,
the cells transfected with MUT PD-L1+
SPIB vector showed markedly lower relative
luciferase activity (Fig. 5D). Additionally, the
levels of SPIB and PD-LI elevated in SPIB-
transfected cells (Fig. SE).

SPIB Knockdown Inactivates the JAK/STAT
Pathway in OC Cells

GSEA revealed that SPIB activated
the “JAK/STAT pathway” (Figs. 6A, 6B).
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As shown in Fig. 6C, JAK2, and STATI
phosphorylation levels decreased after
SPIB knockdown. To clarify whether SPIB
inhibited OC cell progression via the JAK?2/
STATI pathway, the cells were treated with
the JAK2 activator, coumermycin Al (CAl).
CA1 blocked the effects of SPIB knockdown
on cells (Figs. 6D, 6E).

DISCUSSION

Ofall types of OC, HGSOC remains the most
aggressive owing to its immune escape and
the lack of efficient specific therapies (21). In
the present study, SPIB deficiency inhibited
the progression of OVCAR-3 and SKOV3
cells via downregulating PD-L1 expression
and the JAK/STAT pathway.
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Fig. 4. SPIB knockdown suppresses PD-L1 expression. A. The correlations between SPIB and PD-L1
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software. C. Immunofluorescence of PD-L1 expression. *

p<0.05 vs si-NC group. spi-B transcription

factor (SPIB), programmed cell death ligand-1 (PD-L1, also known as CD274)

SPIB is an ETS transcription factor that
regulates the tumor immune environment
and cancer progression (22). SPIB/SPII
depletion suppresses aerobic glycolysis and
tumorigenesis (8). SPIB inhibits cervical
cancer cell progression and prevents
macrophage infiltration (23). In the present
study, we analyzed SPIB levels in 426 OC
and 88 normal samples from TCGA and
detected SPIB levels in 16 HGSOC and 6
normal uterine tube issues from our hospital.
SPIB expression enhanced in OC samples.
Silencing SPIB inhibited proliferation
and induced apoptosis. SPIB also inhibits
apoptosis in DLBCL (9). Overall, these
results indicate that SPIB promoted OC cell
proliferation by inhibiting apoptosis.

Previous studies have highlighted immune
checkpoint blockade (ICB) therapy as a new
therapy for OC (24). However, most patients
do not benefit from ICB therapy (25). PD-LI
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is a critical immune checkpoint molecule that
conduces to the tumorigenesis (26). Increased
PD-L1 expression in OC predicts poor survival
and is associated with decreased cytotoxic T
lymphocyte infiltration (27). Higher PD-LI
staining in HGSOC 1is associated with lower
survival, indicating that PD-L1 is a biomarker
of poor prognosis (28). Recent studies have
attempted to maximize the curative effect of
PD-1/PD-LI for OC (29). Platelets enhance
OC cell growth and downregulate antitumor
immunity by increasing PD-L1 level (30).
SETDBI knockout increases the antitumor
response of I[CB with anti-PD-L1 in OC (31).
In cisplatin-resistant OC cells, miR-34a-
Sp improves the sensitivity to cisplatin by
targeting PD-L1 (32). SPIB binds to promoter
regions and regulates gene expression, cell
proliferation, and migration (33). SPIB has
been found to enhance SNAP47 transcription
and promote anoikis resistance in the lung
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Fig. 5. SPIB directly promotes PD-L1 transcription in OC cells. (A) The data of JASPAR database
indicating PD-L1 might be transcriptionally regulated by SPIB. (B) The JASPAR sequence logo of SPIB
binding. (C) The bind between SPIB and PD-L1 promoter was verified by ChIP. (D) The bind between
SPIB and PD-L1 promoter was verified by luciferase reporter assay. (E) Western blotting of SPIB and
PD-L1 expression. Bands were quantified using ImagedJ software. *p<0.05 vs IgG, PD-L1 WT+SPIB,
and vector group. spi-B transcription factor (SPIB), programmed cell death ligand-1 (PD-L1, also known
as CD274), ovarian cancer (OC), chromatin immunoprecipitation (ChIP), wild-type (WT)

cancer (34). In our study, SPIB knockdown
blunted PD-LI expression in OC cells. ChIP
and luciferase reporter assays verified this
prediction from the JASPAR. Overall, SPIB
regulated the immune escape of OC cells by
influencing PD-L1 transcription.

MMPs assumed important responsibility
in the OC metastases (35). MMPs regulate
the proteolytic cleavage of PD-L1 (36). PD-L1
knockdown weakens migration and invasion
of colorectal cancer cells via mitigating
MMP1, MMP2, and MMP9 expression
(37). MiR-124-3p reduces PD-L1 and MMP-
9 expression and obstructs the progression
of colorectal cancer cells via the STAT3
pathway (38). In advanced bladder cancer,
a positive correlation exists between serum
PD-LI1 and MMP-7 levels (39). SB-3CT is an
MMP2/MMP9 inhibitor that regulates tumor
immunity by modulating PD-L1 (40). In the
current study, SPIB deficiency decreased PD-
L1, MMP2, and MMP9 expression.
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PD-L1 is principally regulated by
interferon-y (IFN-y), related to the JAK/STAT
pathway (41). IFN-y-stimulated PD-LI level
is regulated via JAK1, STAT]I, and interferon
regulatory factor-1 (IRF1) (42). Chen et al. have
found that silencing DENR hampers JAK?2
translation and reduces PD-L1 expression
for the tumor immune evasion (43). Xu et al.
have demonstrated that HDAC2 promotes
PD-L1 expression by increasing JAK1, JAK2,
and STATI1 phosphorylation, highlighting an
approach to improve the antitumor immunity
of triple-negative breast cancer (44). In OC,
STAT1 deficiency reduces the PD-L1 expression
(45). Suppressor of cytokine signaling 1
(SOCS-1), an endogenous inhibitor of the
JAK/STAT pathway, suppresses PD-L1 level
and induces T cell tumor-infiltrating (46). In
this study, SPIB knockdown decreased JAK?2
and STAT1 phosphorylation in OVCAR-3 and
SKOV3 cells. The JAK?2 activator, CA1l, was
used to confirm this possibility.
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Fig. 6. SPIB knockdown inactivates the JAK/STAT pathway in OC cell. (A) Bubble plots show the top
30 significantly enriched pathways using KEGG-pathway enrichment analysis. (B) GSEA plots based
on the TCGA data using KEGG gene sets. GSEA analysis showed that SPIB could activate the JAK/
STAT pathway. (C) The levels of the JAK/STAT pathway related proteins. Bands were quantified using
Imaged software. (D) Cell proliferation was determined by colony formation assay. (E) Cell migration was
detected by Transwell assay. *p<0.05 vs si-NC group, #p<0.05 vs si-SPIB-3 group. spi-B transcription
factor (SPIB), Janus kinase-signal transducer and activator of transcription (JAK/STAT), ovarian cancer
(OC), Kyoto Encyclopedia of Genes and Genomes (KEGG), Gene Set Enrichment Analysis (GSEA),
coumermycin A1 (CA1)
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CONCLUSION

In summary, SPIB knockdown inhibits
the malignant progression of OC cells by
regulating PD-L1 transcription and the JAK2/
STAT1 pathway.
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