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Abstract

Background
Metastasis is a major obstacle in treatment of cervical cancer (CC), and gene SPOP mediated regulatory
effect is found to be involved in metastasis. However, its mechanisms have not been fully elucidated.

Methods
We performed proteomic sequencing, immunohistochemical staining (IHC) and scoring of SPOP in
cancer tissues of 180 patients with 2009 FIGO stage IB1-IIA2 CC, and compared the expression of SPOP
between pelvic lymph node (pLN) metastasis group and non-pLN metastasis group. We divided the data
into two groups by SPOP expression, compared overall survival (OS) and relapse- free survival (RFS) of
patients. In vitro, cells were carried out to determine whether SPOP overexpression or knockdown could
affect the proliferation, cloning, wounding and Tanswell assays. Finally, the possible mechanism of pLN
metastasis of CC was explored by analyzing the differences in the number and distance of various
immune targets.

Results
SPOP is upregulated in CC with pLN metastasis and negatively associated with patient outcome. In vitro,
SPOP promotes CC cell proliferation, invasion. Through further analysis, we found that there was no
signi�cant difference in the number of PD-1 and PD-L1 between the two groups, but the number of PD-1
in the range of PD-L1 100um was signi�cantly increased.

Conclusion
This study presents that SPOP can inhibit the immune microenvironment by promoting PD-1 to move
away from PD-L1, thereby promoting pLN metastasis of CC, resulting in worse OS and RFS in patients.

Background
Cervical cancer (CC) is the fourth most common cancer and the third leading cause of cancer-related
deaths in women globally [1]. Metastasis, especially pelvic lymph node (pLN) metastasis, is a major
challenge for CC treatment, as most CC-related mortality is caused by metastasis [2–5]. With the progress
of diagnostic technology and therapeutic method, the clinical outcomes of CC have signi�cantly
improved [5–8]; however, there are currently no effective treatment options for preventing or inhibiting CC
metastasis, in part because the molecular mechanisms that underlie CC invasion and pLN metastasis are
not fully elucidated [9].
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The nuclear speckle-type pox virus and zinc �nger protein (SPOP), a representative substrate-recognition
subunit (SRS) of cullin-RING E3 ligase 3 (CRL3, a member of CRL complex family) has been recognized
as a dual role in the development and progression of human cancer, including lung, colon, gastric,
prostate and liver cancers [10–16]. However, studies focusing on the role of SPOP in the development of
CC are still lacking. In 2007, Byun et al. demonstrated that SPOP confers proapoptotic function in HeLa
cells [17]. Until recently, Pang et al. demonstrated that CUL3/SPOP E3 ubiquitin ligase degraded DRAK1,
thus promoting paclitaxel-resistant CC cells growth [18].

Traditional procedures have been used to elucidate the mechanism by regularly exploring molecular
pathways [19–21]. However, due to the tissue-destructive nature of most of these methods, the spatial
distribution and temporal distribution of immune milieu in situ will not be preserved [22]. Multiplex
immunohistochemistry/immuno�uorescence (m-IHC/IF) has emerged and provides high-throughput
multiplex staining and further standardized quantitative analysis for highly e�cient, reproducible and
cost-effective tissue studies [22–26]. It can show up to seven targets simultaneously on a single slide.
Afterwards, HALO (Indica Labs, Albuquerque, USA), an image analysis system not only can be used for
quantitative tissue analysis, but also can reveal the spatial location of each target [27–31]. This will
enable us to study the mechanism of tumor genesis and development from the perspective of spatial
location, and expand the depth of our research.

In this study, we show that overexpression of SPOP is associated with pLN metastasis and clinical
outcomes by inhibiting the immune microenvironment through promoting PD-1 to move away from PD-
L1. This is the �rst time for us to explore the potential mechanism of CC pLN metastasis from the spatial
relationship between molecules. It will provide a new direction for the future treatment of CC by exploring
the mechanism of pLN metastasis of CC.

Methods

Patient Cohort
All procedures were ethically approved by the institutional Ethics Review Committee of Fudan University
Shanghai Cancer center (FUSCC). Appropriate written informed consent was obtained from all patients
prior to sample collection.

A retrospective cohort study was conducted in the Department of Gynecology Oncology, FUSCC, which
included 180 patients with the 2009 FIGO stage IB1-IIA2 who underwent radical abdominal hysterectomy
with or without bilateral salpingooophorectomy and pelvic ± para-aortic lymphadenectomy from 2009 to
2012. All the enrolled patients had undergone standard pelvic lymphadenectomy by experienced
gynecological oncologist. All the microscopic slides including gene SPOP staining were reviewed and
graded by the same professional gynecologic pathologist and were recon�rmed by another experienced
gynecologic pathologist. All clinical records were retrospectively studied.

Proteomic Sequencing and Data Process
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Proteomic sequencing was performed in 5 lymph node positive cervical cancer tissues and 5 lymph node
negative cervical cancer tissues, and subsequent analysis was performed.

Immunohistochemical Staining (IHC)
IHC of SPOP was performed on the para�n-embedded sections of 180 CC tissues. Slice thickness was
set at 5 mm and 3 sections were selected from each specimen. Slides were rinsed and incubated with
primary antibodies SPOP (1:100; Cell Signaling Technology). Subsequent antibody detection was carried
out with a secondary antibody: Cy3-conjugated goat anti-rabbit (1:300; Wuhan Goodbio Technology CO.,
LTD.). The expression level of SPOP was determined by immunoreactive score (IRS) [32–34].

Cell Culture and Reagents
The human cervical cancer cell lines HeLa, SiHa, ME-180, MS751 were acquired from the American Type
Culture Collection (ATCC), which were authenticated by short tandem repeat pro�ling. These cell lines
were cultured at 5% CO2 and 37℃ in high-glucose Dulbecco’s modi�ed Eagle’s medium (DMEM; Gibco,
USA), containing 10% fetal bovine serum (FBS; Gibco, USA) and 1% penicillin-streptomycin (Gibco, USA).

Plasmids
The SPOP overexpression plasmid was constructed by cloning the cDNA into the PGMLV-CMV-EF1-
ZsGreen1-T2A-Puro vector (System Biosciences, CA, USA). Plasmids carrying shRNAs targeting SPOP
were generated using the U6-MCS-CMV-ZsGreen1-PGK-Puro vector (System Biosciences, CA, USA). The
siRNAs and matched empty vector controls were obtained from Lncbio (Shanghai, China). The SPOP
shRNAs target sequence is as follows: shRNA1: GTAGCACCAACTCTCAGCTA, shRNA2:
CCTCCGGCAGAAATGTCGAG, shRNA3: TGACTTCACCCATTTCCTCC.

RNA extraction and qRT-PCR
Total RNA was extracted from samples and cells using TRIzol reagent (Life Technologies, CA, USA),
according to the manufacturer’s protocol. qRT-PCR was conducted using TB Green PCR Master Mix
(TaKaRa, Dalian, China) inanABI7900HT Real-Time PCR system (Applied Biosystems, USA). The relative
quanti�cation was normalized to b-actin with the 2CT formula. The primers used for qRT-PCR are listed
as follows: β-actin-F: AATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCG; β-actin-F:
CTTTAGTTTGTATGTCTGTTGCTATTATGTCTACTATTCTTTCC; SPOP-F: GCCCCGTAGCTGAGAGTTG;
SPOP-R: ACTCGCAAACACCATTTCAGT.

Western Blot Analysis
Western blotting was performed as our previously described [35].

CCK-8 Assay
Cells were seeded and cultured into 96-well plates overnight. At 1, 2, 3, 4, 5 day, 10ul cell counting kit-8
solution (MedChem Express, Monmouth Junction, NJ, USA) was added into each well, followed by further
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incubation at 37°C. After 1 h, the absorbance was measured at 450 nm wavelength to assess cell
proliferation ability [36].

Colony Formation Assay
Cells were seeded and cultured in 6-well plates at a density of 1*103 cells/well. During this period, the
medium should be changed as needs. After two weeks, cells were �xed with 4% paraformaldehyde (PFA,
Sangon Biotech) and stained with 0.1% crystal violet (Beyotime) for 15 minutes [37].

Cell Cycle Assay
Cells were seeded and cultured into 6-cell plates at a density of 3*105 cells/well. After 2 days, cells for cell
cycle analysis were digested with trypsin (Hyclone), washed with phosphate-buffered saline (PBS) for
three times, and �xed into 70% ethanol overnight at -20 ℃. Then cells were centrifuged at 500g for 20
minutes, washed three times with cold PBS. After treated with RNase A (0.1mg/ml) and propidium iodide
(PI, 0.05mg/ml) for 15min in the dark. Flow cytometry were applied in the tested [38].

Cell Migration and Invasion Assays
For wound healing assays, cells were cultured in 6-well plates and scratched with 1ml pipette tip and the
wounds were photographed at 0 h and 36 h. The relative migration ratio was calculated [39, 40].

For migration assays, a 24-well plate with Transwell chambers (8um pore size, Coring) was applied. A
serum concentration difference is formed between the upper and lower chambers (upper: 10%FBS; lower:
FBS-free). 4*104 cells were cultured into the upper chamber containing solubilized extracellular matrix
(ECM) -coated members, as previously described manufacturer’s instructions (Coring Matrigel invasion
assay; USA) for 24h. The cells on the lower surface of the chambers were �xed with 4% PFA for 15
minutes and stained with 0.1% crystal violet for 15 minutes [41, 42].

Making Tissue Microarray (TMA)
The 180 CC patients’ tissues (in situ) were prepared into TMA as previously described [43].

M-IF Staining Protocol
Opal 7-colour kit (NEL811001KT, PerkinElmer) was used for mIF. TMAs were dewaxed and rehydrated. In
the �rst step, antigen was retrieved at 125 ℃ for 3 min and then cooled to room temperature (RT).
Washed with TBST three times for 5min, incubated in H2O2 for 10 min. Repeated washed and blocked
with blocking buffer. Primary antibody, PDL-1 (ab237726, abcam, 1:500, dye 480) was incubated at RT
for 30min. Slides were washed and an HRP-conjugated secondary antibody was incubated at RT for
10min. TSA dye (1:100) was applied for 10min after washes. The procedures were repeated six times
using the following antibodies, CD3 (ab16669, abcam, 1:200, dye 690; used as T lymphocyte cell marker),
CD8 (ab93278, abcam, 1:100, dye 570; used as cytotoxic T cell marker), CD56 (ab75813, abcam, 1:500,
dye 620; used as NK cell marker), CD68 (ab213363, 1:1000, abcam, dye 780; used as pan-macrophage
marker), programmed death-1 (PD-1) (ab237728, abcam, 1:300, dye 520), programmed death ligand-1
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(PD-L1) (ab237726, 1:500, dye 480). Secondary antibodies anti-mouse (NEF822001EA, PerkinElmer) or
anti-rabbit (NEF812001EA, PekinElmer) were used at a 1:1000 dilution [22, 44, 45].

Further analysis by HALO system, we can quantify the number of six immune targets and the spatial
position relationship between them [45].

Half Maximal Inhibitory Concentration (IC50)
Cells (4*103 cells/well) were seeded and cultured into 96-well plates overnight. At 1 day, PD-1 was treated
with different concentrations (0, 0.0625mg/ml, 0.125mg/ml, 0.25mg/ml, 0.5mg/ml, 1mg/ml, 2mg/ml,
4mg/ml, 8mg/ml). At 2 day, 10ul cell counting kit-8 solution (MedChem Express, Monmouth Junction, NJ,
USA) was added into each well, followed by further incubation at 37°C. After 1 h, the absorbance was
measured at 450 nm wavelength to assess cell proliferation ability [36].

Statistical Analysis
Statistical analysis was performed with IBM SPSS 23.0, Graphpad Prism 8 and R language. Comparisons
between two conditions were based on two-sided Student’s test. The results of all statistical analyses
were reported as p values from two-tailed tests, and P 0.05 was judged to be statistically signi�cant (*P
0.05, ** P 0.01, and *** P 0.001).

Results

Patient Characteristics
The study cohort contained 180 cases of CC with high quality TMA. The median age of the patients was
46 years (95% Con�dence Interval (CI): 23–71 years). The histological diagnosis was all squamous cell
carcinoma and based on the FIGO 2009 guidelines, thirty-nine (43.3%) subjects were stage IB, �fty-one
(56.7%) subjects were stage IIA. The median follow-up time was 123 months (95% CI: 107.28-138.72
months) while seven (7.8%) subjects died and thirteen (14.4%) subjects relapsed.

SPOP is frequently upregulated in CC with pLN metastasis
and negatively associated with patient outcome
We analyzed the expression of SPOP in CC with pLN metastasis or without pLN metastasis in our center.
Through proteome sequencing of two groups, we found that SPOP protein was signi�cantly increased in
the positive-group (|FC| 2.5) (Fig. 1A). Additionally, the SPOP IHC scores (IHC score 1: Low group; IHC
score 2 and 3: High group) can reach 1.52 ± 0.091 in the pLN-negative group, 2.04 ± 0.12 in the pLN-
positive group (pLN-negative versus pLN-positive, P < 0.01) (P = 0.0005) (Fig. 1B). The above data
suggest that SPOP may promote pLN metastasis in CC.

Furthermore, we applied the information of our center to group the patients by SPOP expression level.
High SPOP levels (score 3) were markedly associated with an improved overall survival (OS; HR = 0.019
(0.015–0.029), P = 0.042) and relapse-free survival (RFS; HR = 0.093 (0.012–0.715), P = 0.022) (Fig. 1CD).
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These data suggest that a higher-scoring SPOP expression will have considerably worse OS and RFS in
CC.

SPOP promotes CC cell proliferation in vitro
Firstly, we established stable cell lines by knocking out SPOP or overexpressing SPOP. Veri�cation is then
performed at the protein and RNA levels (Fig. 2AB).

To further determined the tumor-promoting effect of SPOP on cell proliferation, we measured the
expression levels of SPOP in various CC cell lines. Based on high endogenous expression of SPOP in
HeLa and SiHa cells, we designed and synthesized two independent small hairpin RNAs (shRNAs) to
effectively reduce SPOP RNA level, whereas ME-180 and MS751, with low endogenous SPOP expression
levels, were transfected with lentivirus, containing SPOP sequence within the PGMLV vector to generate
stable overexpressed cell lines. As showed in the results, SPOP knockdown signi�cantly suppressed HeLa
and SiHa cell proliferation ability, whereas SPOP overexpression signi�cantly promoted ME-180 and
MS751 cell proliferation ability (Fig. 2C). In addition, knockdown or overexpression of SPOP signi�cantly
decreased or increased, respectively, the colony-forming of CC cells (Fig. 2D).

To further evaluated whether SPOP has an effect on cell proliferation, we performed a cell cycle assay.
The knockdown of SPOP signi�cantly increased the percentage of cells in the G1 phase and decrease the
percentage of cells in the S phase and G2 phase in HeLa cells (Fig. 3A). In SiHa cells, the same effect was
achieved for SPOP knockdown in G1 and S phase cells, except that there was no statistical signi�cance
in G2 phase cells (Fig. 3B). In overexpression cells, upregulated SPOP can signi�cantly decreased the
cells percentage of G1 phase in ME-180 and MS751 cells, increased the cells percentage of G2 phase in
ME180 cells and increased the cells percentage of S phase in MS751 cells (Fig. 3CD). The above data
suggest that SPOP can promote the proportion of S phase and G2 phase cells, and reduce the proportion
of G1 phase cells, thus promoting cell proliferation.

These above data have demonstrated that SPOP can promote the proliferation of CC cells.

SPOP promotes CC cell migration and invasion in vitro
The relationship between SPOP expression and distant metastasis encouraged us to further study
whether SPOP can affect cell migration. Our results of wound-healing assays showed that shRNA-
mediated SPOP knockdown suppressed the migration of HeLa and SiHa cells (Fig. 4A) but that SPOP
overexpression signi�cantly promoted ME-180 and MS751 cells migration (Fig. 4B).

Moreover, the Transwell assay showed that the invasion was suppressed when SPOP was silenced
(Fig. 4C). Conversely, the promoting effect of SPOP on the invasion ability of ME-180 and MS751 cells
was con�rmed by SPOP overexpression (Fig. 4D). Overall, these data have demonstrated that SPOP can
promote CC cells migration and invasion.

SPOP may promote migration by suppressing the spatial
proximity between PD-1 and PDL-1
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By HALO system, we analyzed the number and spatial location of six immune targets on TMA. We further
divided the above data into two groups by the expression of SPOP (IHC score 1: Low group; IHC score 2
and 3: High group), compared the differences of various immune in�ltrations and explored the potential
mechanism of CC metastasis.

The number of PD-L1 expression was 6325 ± 1023 in the Low group, 6739 ± 808.3 in the High group (Low
group versus High group, P = 0.75) (Fig. 5AB). The number of PD-1 expression was 6418 ± 822 in the Low
group, 5009 ± 533.8 in the High group (Low group versus High group, P = 0.13) (Fig. 5CD). The difference
between the two groups was not statistically signi�cant, suggesting that SPOP did not affect PD-L1 and
PD-1 expression. However, the average number of PD-1 within 100µm of PDL-1 was 2.56 ± 0.14 in the
Low group, 1.75 ± 0.063 in the High group (Low group versus High group, P < 0.01) (Fig. 5EF).

Summary of the above data, PD-1 was signi�cantly farther from PD-L1 in spatial distance with the
increase of SPOP expression. This may be the potential mechanism of SPOP promoting CC metastasis.

SPOP can promote the immune tolerance of PD1 in vitro
The cells in the Control group and SPOP knockdown group were treated with different concentrations of
PD-1, respectively, and the change of IC50 re�ected that SPOP can promote PD-1 to be away from PD-L1,
so as to achieve immune tolerance.

In HeLa cells, the IC50 can reach 3.63 ± 0.22 in the NC group, 2.26 ± 0.08 in the shRNA1 group, 2.18 ± 0.07
in the shRNA2 group (NC versus shRNA1, P < 0.05; NC versus shRNA2, P < 0.05) (Fig. 6A). The above data
suggest that SPOP can promote PD-1 resistance in HeLa cells.

In SiHa cells, the IC50 can reach 3.217 ± 0.17 in the NC group, 1.901 ± 0.07 in the shRNA1 group, 1.869 ± 
0.06 in the shRNA2 group (NC versus shRNA1, P < 0.05; NC versus shRNA2, P < 0.05) (Fig. 6B). The above
data suggest that SPOP can promote PD-1 resistance in SiHa cells.

The above in vitro experiments further prove that SPOP can promote PD-1 drug resistance and achieve
immune tolerance.

Relationship between SPOP and other immune targets
We further compared the differences in other immune indicators between the two groups, including CD3,
CD8, CD56, and CD68, as well as the relationship between them and found that the differences were not
statistically signi�cant.

Discussion

Main �ndings and Interpretation
Previous studies have demonstrated that SPOP can suppress or promote tumorigenesis in a variety of
malignancies, including lung, colon, gastric, prostate and liver cancers [10]. However, few studies
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focusing on SPOP in the development of CC and only two reports also show dual effects [17, 18].
Traditional procedures have been used to elucidate the mechanism by regularly exploring such molecular
pathways which would destroy the spatial structure[46, 47]. By mIF and HALO system, their spatial
orientation interrelation of immune cells and immune markers would be preserved [22, 48]. Through a
series of experiments, we demonstrated for the �rst time that SPOP promotes CC pLN metastasis by
promoting PD-1 away from PD-L1.

Begin with this study, we found that the expression of SPOP is increased in CC with pLN-positive group
compared with pLN-negative group. This suggests that SPOP may be associated with pLN metastasis in
CC. Secondly, further analysis found that the High-SPOP group had relatively poor OS and RFS. In
conclusion, these results have demonstrated that SPOP is upregulated in CC with pLN metastasis and
negatively associated with patient outcomes.

Next and most importantly, we need to conduct in vitro experiments to prove a causal relationship
between SPOP and CC cells migration and invasion. We showed in vitro that knockdown or
overexpression of SPOP can signi�cantly inhibit or promote, respectively, CC cell proliferation, cloning,
cell cycle, wound healing and Transwell assays. These data suggest that SPOP can promote the
migration and invasion of CC cells.

Finally, we analyzed the immune network environment of CC TMA again to �nd the potential mechanism
of pLN metastasis. Through in-depth analysis, it was found that there was no signi�cant difference in the
number of PD-1 and PD-L1 between the two groups, but the number of PD-1 in the range of PD-L1 100um
was signi�cantly increased, indicating that the spatial distance between PD-1 and PD-L1 was further
apart with the increase of SPOP.

To further prove this theory, we compared the Control group and SPOP knockdown group with different
concentrations of PD-1 in HeLa and SiHa cell lines in vitro, and found that knocking down SPOP could
signi�cantly reduce the IC50 value of PD-1. This suggests that SPOP can promote PD-1 resistance in CC
cells. It is proved that SPOP can achieve immune tolerance by promoting PD-1 to keep away from PD-L1.

These data suggest that SPOP may promote pLN metastasis by promoting PD-1 away from PD-L1 to
inhibit immune microenvironment.

Limitations
We should further prove the causal relationship between SPOP and CC pLN metastasis in animals and
verify the transfer mechanism in vivo.

Conclusion
In conclusion, SPOP can inhibit the immune microenvironment by promoting PD-1 to move away from
PD-L1, thereby promoting pLN metastasis of CC, resulting in worse OS and RFS in patients. This is a
typical process of deep clinical and basic cross-fusion validation exploration. Our study started from
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clinical tissue data, proved causality on cells in vitro, and then returned to clinical samples to explore the
potential causes of pLN metastasis through spatial location relationship from mIF, �nally performing
validation in vitro (Fig. 7). This will expand our understanding of CC progress and shed light on
therapeutic targets for CC.
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Figures

Figure 1

SPOP is upregulated in CC with pLN metastasis and negatively associated with patient outcome. A The
expression of 33 key proteins in our proteomic sequencing data from 5 pLN- positive CC tissues and 5
pLN- negative CC tissues are presented in heatmap. B The IHC scores of SPOP in the group of pLN
positive CC was signi�cantly higher than that in the group of pLN negative CC (P < 0.01). C A Kaplan-
Meier analysis was performed to assess the associations between SPOP expression and the OS
(p=0.042) and RFS (p=0.022) of patients with CC. Data are presented as mean ± SEM.
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Figure 2

Effects of SPOP on the proliferation of cervical cancer cells in vitro. A qRT-PCR and (B) Western blot
analyses of SPOP levels following SPOP knockdown and overexpression. C CCK-8 and (D) colony-
formation were performed to assess the changes in the proliferation.

Figure 3

In vitro cell cycle assay. A In HeLa cells, cell cycle experiments showed that SPOP knockdown could
signi�cantly promote the proportion of G1 phase cells and reduce the proportion of S and G2 phase
cells. B In SiHa cells, cell cycle experiments showed that SPOP knockdown could signi�cantly promote
the percentage of G1 phase cells and reduce the percentage of S phase cells. C In ME-180 cells, cell cycle
experiments showed that overexpression of SPOP could signi�cantly reduce the proportion of G1 phase
cells and increase the proportion of G2 phase cells. D In MS751 cells, cell cycle experiments showed that
overexpression of SPOP could signi�cantly reduce the proportion of G1 phase cells and increase the
proportion of S phase cells.  

Figure 4

SPOP promotes CC cell migration and invasion in vitro. A Wound-healing assays showed that shRNA-
mediated SPOP knockdown suppressed the migration of HeLa and SiHa cells. B SPOP overexpression
signi�cantly promoted ME-180 and MS751 cells migration. C The Transwell assay showed that the
invasion was suppressed when SPOP was silenced. D The promoting effect of SPOP on the invasion
ability of ME-180 and MS751 cells was con�rmed by SPOP overexpression.

Figure 5

SPOP may promote migration by suppressing the spatial proximity between PD-1 and PDL-1. AB SPOP
did not affect PD-L1 expression. CD SPOP did not affect PD-1 expression. EF PD-1 was signi�cantly
farther from PD-L1 in spatial distance with the increase of SPOP expression. 
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Figure 6

SPOP can promote the immune tolerance of PD1 in vitro. A The �gure suggests that SPOP can promote
PD-1 resistance in HeLa cells. B The �gure suggests that SPOP can promote PD-1 resistance in SiHa
cells.

Figure 7

Flow diagram (from 1 to 4). This �ow chart shows the whole research idea. The �rst part introduces the
source of SPOP and the meaning of studying SPOP. The second part veri�es the causal relationship
between SPOP and cervical cancer (CC) lymph node (pLN) metastasis from the cells level.  Furthermore,
according to the multiple immuno�uorescence (mIF) and HALO analysis data of tissue microarray (TMA),
SPOP can promote PD-1 to move away from PD-L1. Finally, IC50 was used to verify that SPOP
knockdown could affect the immune tolerance of PD-1.  
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