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Abstract: Speckle-type POZ protein (SPOP), a novel cancer- associated protein, was previously reported to function 
as a tumor suppressor or promoter in different malignant tumors. This research aims to investigate the biological 
functions and underlying molecular mechanisms of SPOP in choriocarcinoma. Our analysis of patient tissues and 
cell lines showed significantly decreased SPOP expression and highly expressed Nuclear DNA helicase II and RNA 
helicase A (DHX9), both of them are mainly located into the nucleus. Induction or depletion of endogenous SPOP 
with a lentivirus-based system correspondingly suppressed or promoted migration and invasion of choriocarcinoma 
cells. Mechanistically, we found that SPOP bound to DHX9 and induced the ubiquitination and degradation of DHX9 
by recognizing a typical SPOP-binding motif in DHX9. SPOP-DHX9 interaction was demonstrated to play a criti-
cal role in regulating migration and invasion abilities of choriocarcinoma cells, the promotion of mobility ability in 
knocking down SPOP was partly counteracted by transfection with siRNA against DHX9. Taken together, our results 
suggest that SPOP suppresses migration and invasion of choriocarcinoma by promoting the ubiquitination and 
subsequent degradation of DHX9, which identifies the SPOP-DHX9 interaction may serve as a potential therapeutic 
target against choriocarcinoma.
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Introduction

Choriocarcinoma primarily occurs at the chori-
onic epithelium among females of reproductive 
ages and exhibits highly aggressive features, 
including abnormal proliferation of trophoblas-
tic cells and rapid hematogenous dissemina-
tion in lung, spleen, brain, and liver [1]. Although 
many chemotherapeutic agents including eto-
poside and methotrexate have been used for 
effective treatment choriocarcinoma with an 
overall survival rate of > 90% [2-4], a small pro-
portion of patients exhibit drug-resistantance 
and succumb to this disease due to relapse or 
solitary metastasis [2]. Thus, great challenges 
lie ahead in understanding underlying molecu-
lar mechanisms of tumorigenesis and metasta-
sis and identifying novel molecular targets to 
improve patient prognosis.

Cullin-RING Ligase complex is the largest family 
in the ubiquitin-proteasome system (UPS) 
which is involved in a variety of physiological 

processes and pathological conditions, such as 
apoptosis, cell cycle and cancer. SPOP, an adap-
tor of the Cul3-Rbx1 E3 ubiquitin ligase com-
plex (CRL3), has been proved that it functions 
as tumor suppressor or promoter in multifari-
ous cancers via ubiquitination and subsequent 
degradation of substrate proteins by binding to 
the SPOP-binding consensus (SBC) motif on the 
substrate [5-8]. Some of these substrates in- 
clude the death-associated protein (Daxx), cell 
division cycle 20 (CDC20), c-MYC, NANOG and 
other important transcription factors, coactiva-
tors and hormone signaling effectors [8-13]. 
Wild type SPOP has been found decreased 
expression in great majority human cancers in- 
cluding prostate cancer, breast cancer, gastric 
cancer, hepatocellular carcinoma and endome-
trial carcinoma,so it is considered as a tumor 
suppressor [14]. High expression level of SPOP 
has been shown to act as a tumor promoter in 
other tumors such as renal cell carcinoma 
(ccRCC) [15]. Despite the fact that various roles 
of SPOP in cancer pathogenesis and progres-
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sion have been described, little data exist on 
the expression status and the functions of 
SPOP in choriocarcinoma.

Nuclear DNA helicase II and RNA helicase A 
(DHX9) is a member of the DExH/D-box heli-
case family which can unwind both DNA and 
RNA [16]. DHX9 consists of a conserved heli-
case central domain, an N-terminal double-
stranded RNA domain, a C-terminal DNA do- 
main and a nuclear localization signal [17]. 
DHX9 acts as a multifunctional protein, which 
can interact with a variety of molecular chaper-
ones, participate in regulating multiple biologi-
cal processes, such as DNA replication, tran-
scription, translation, RNAs processing and 
transport, repairing DNA damage and maintain-
ing gene stability [18-23]. Recent studies have 
shown that DHX9 mutations and abnormal ex- 
pression exist in many malignant tumors. DHX9 
had recurrent mutation and this mutation was 
highly correlated with pathway deregulation 
and patient survival in nonsmoking patients 
with lung adenocarcinoma [24]. Previous stud-
ies have demonstrated that abnormally high 
expression of DHX9 often acts as a cancer pro-
moting factor, and inhibiting the expression of 
DHX9 can cause fatal damage to tumor cells, 
suggesting that DHX9 may become a potential 
target for cancer treatment [25, 26]. However, 
other studies have found that DHX9 shows low 
expression in some tumors, which may have a 
certain inhibitory effect on tumors [27]. At pres-
ent, the role of DHX9 in choriocarcinoma has 
not been explored. 

In this study, we sought to identify novel sub-
strate of SPOP to further explore its biological 
functions and molecular mechanisms in chorio-
carcinoma. Firstly, we compared SPOP expres-
sion in the first trimester villi and choriocarci-
noma, and decreased SPOP promoted the pro-
liferation, migration and invasion of cells by 
facilitating epithelial-mesenchymal transition 
(EMT) process. Moreover, we found that SPOP 
acted as a negative regulator of choriocarcino-
ma processes by binding to and inducing the 
degradative ubiquitination of DHX9. Our results 
show that the disorder of SPOP-DHX9 axis pro-
motes the development of choriocarcinoma.

Materials and methods 

Patients and clinical specimens

A total of 21 paraffin-embedded choriocarcino-
ma and 20 normal chorionic specimens were 

obtained from the Department of Pathology of 
Chongqing Medical University. Tissue samples 
were diagnosed as choriocarcinoma by the 
Department of Pathology; prior written informed 
consents were obtained from all the patients, 
and this research was approved by the Ethics 
Committees of Chongqing Medical University.

Cell culture, treatment, plasmids, transfection 
and lentiviral transduction

A first-trimester extravillous cytotrophoblast 
cell HTR8-SVneo was obtained from ATCC 
(USA), and the human choriocarcinoma cell 
lines JAR and JEG3 cells were purchased from 
the Chinese Academy of Sciences (Shanghai, 
China). All cell lines were identified by the short 
tandem repeat (STR) genotyping. HTR8 and JAR 
cells were maintained in RPMI 1640 and JEG3 
cells was cultured in DMEM/F12 supplemented 
with 10% fetal bovine serum (FBS), penicillin 
(100 U/mL), and streptomycin (100 ng/mL). All 
cell lines were incubated in a humidified atmo-
sphere of 5% CO2 at 37°C. 

Plasmid transfections were performed using 
EndoFectin TM-Max (GeneCopoeia, EF003). The 
vectors used for HA-DHX9 and sh-DHX9 were 
GV366 and GV248, respectively. These vectors 
were purchased from Jikai Gene Chemical Te- 
chnology Co., Ltd (Shanghai, China). The vector 
of HA-DHX9-ΔSBC was synthesized by Wuhan 
Genecreate Biological Engineering Co., Ltd 
(Wuhan, China). The Flag-SPOP lentiviral plas-
mid vector PSE3255 was purchased from 
Shanghai Shengbo Biomedical Technology Co., 
Ltd. (Shanghai, China). The DHX9 sequences of 
shRNAs used in this study are summarized in 
Table 1. 

For lentiviral infection, SPOP expression vector, 
a control vector, the shRNA targeting SPOP and 
a negative control vector were designed and 
constructed by Sunbio Medical Biotechnology 
Co., Ltd (shanghai, China). The sequence of 
shRNA oligonucleotides against SPOP was as 
follows: shSPOP: CCGGCACAAGGCTATCTTAG- 
CAGCTCTCGAGAGCTGCTAAGATAGCCTTGTGT- 
TTTTTG; These vectors were transfected in- 
to JAR cells when cells fusion reached 50%. 
After 24 hours, the culture medium was substi-
tuted with fresh medium. After 72 hours of 
transfection, puromycin was added to the cul-
ture medium at a concentration of 5 mg/ml for 
2 weeks to generate stable cell lines. 
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RNA isolation, reverse transcription, and qRT-
PCR

Total RNA was extracted from cultured cells 
with Trizol reagent (Takara, Shiga, Japan). For 
real-time quantitative PCR, 1 ug of total RNA 
was reverse-transcribed into cDNA by using the 
Prime Script RT reagent kit (TakaRa). Synthe- 
sized cDNA was then amplified with a SYBR® 
Premix Ex Taq™ II (Perfect Real-Time) kit (Ta- 
kara). Melting curve for each target gene was 
generated to ensure PCR specificity. Relative 
abundance of mRNA was calculated by normal-
ization to GAPDH mRNA expression. All the 
primers sequences used for amplification were 
listed in Table 2. 

Immunoblotting (IB) and co-immunoprecipita-
tion (co-IP)

The equivalent amounts of protein was sepa-
rated by SDS-polyacrylamide gel electrophore-
sis and transferred to polyvinylidene fluoride 
membranes. Nonspecific binding sites of the 
membranes were blocked and incubated over-

night with specific primary antibodies at 4°C. 
Then blots were probed with HRP-conjugated 
anti-rabbit or anti-mouse secondary antibodies 
for 1.5 hour at room temperature. Immuno- 
reactive bands were measured by enhanced 
chemiluminescence (ECL) system (Millipore, 
WBKLS0100). Signals of the immunoblot bands 
were analyzed with the Image Lab program. 

For co-immunoprecipitation assays, cells were 
transfected with the indicated constructs and 
treated with the proteasome inhibitor MG132 
(APExBIO Technology, A2585) for 10 h before 
harvesting. Cells were lysed in Lysis Buffer for 
IB and IP (Beyotime, P0013). Lysates were incu-
bated with indicated antibodies for 2 h at 4°C. 
Then lysates were added with protein A/G mag-
netic beads (MedChem Express, HY-K0202)  
to form immune complex. Immunoprecipitants 
were subjected to SDS-PAGE and immunoblot-
ted with indicated antibodies.

Immunohistochemistry (IHC)

Briefly, paraffin-embedded tissue specimens 
were deparaffinize and rehydrated. Endogenous 
peroxidase activity was inhibited with 3% hydro-
gen peroxide/methyl alcohol (H2O2) for 10 min-
utes. Non-specific binding sites were blocked 
by non-immune animal serum for 10 min and 
then sections were subjected to SPOP antibody 
overnight at 4°C, and then incubation with bio-
tinylated secondary antibody. Cell images were 
captured with a confocal microscope (Nikon). 
Quantitative analysis was calculated by two 
experienced pathologists in at least six fields 
for each specimen based on both percentage 
of positively stained cells and staining intensity. 
For SPOP, a staining intex (values, 0-12) was 

Table 1. Sequence of sh-DHX9
ID 5’ stem loop stem 3’
DHX9-RNAi (33759-1)-a Ccgg gaAGGATTACTA

CTCAAGAAA
CTCGAG TTTCTTGAGTAGT

AATCCTTC
TTTTTg

DHX9-RNAi (33759-1)-b Aattcaaaaa gaAGGATTACTA
CTCAAGAAA

CTCGAG TTTCTTGAGTAGT
AATCCTTC

DHX9-RNAi (33760-1)-a Ccgg agACTTAATATG
GCTACACTA

CTCGAG TAGTGTAGCCATA
TTAAGTCT

TTTTTg

DHX9-RNAi (33760-1)-b Aattcaaaaa agACTTAATATG
GCTACACTA

CTCGAG TAGTGTAGCCATA
TTAAGTCT

DHX9-RNAi (33762-1)-a Ccgg aaGCATGGACC
TCAAGAATGA

CTCGAG TCATTCTTGAGGT
CCATGCTT

TTTTTg

DHX9-RNAi (33762-1)-b Aattcaaaaa aaGCATGGACC
TCAAGAATGA

CTCGAG TCATTCTTGAGGT
CCATGCTT

Table 2. Primer sequences for qRT-PCR
Gene Sequence (5’->3’)
SPOP GCCCTCTGCAGTAACCTGTC

GTCTCCAAGACATCCGAAGC
HIF-1α TTACAGCAGCCAGACGATCA

GATTGCCCCAGCAGTCTACA
DHX9 GCCAATTTCTGGCCAAAGCA

CGAGGCTCAATGGGGAGTTT
GAPDH CGACCACTTTGTCAAGCTCA

CCCTGTTGCTGTAGCCAAAT
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defined by multiplying the score for staining 
intensity with the score for positive area. The 
intensity was scored as follows: negative, 0; 
weak, 1; moderate, 2; strong, 3. The percent-
age of positively stained cells was determined 
as follows: less than 5%, 0; 5%-25%, 1; 26%-
50%, 2; 51%-75%, 3; greater than 75%, 4.

Cell proliferation assay

Cell proliferation was performed according to 
the manufacture’s recommendations. JAR cells 
were plated at 3000 cells/well in 96-well plates 
with 100 μL culture medium. After 0 h, 24 h,  
48 h, 72 h and 96 h incubation, cells were 
treated with 10 uL Cell Counting Kit-8 (CCK-8) 
(Beyotime) solution for 1 h at 37°C. Finally, the 
optical density (OD) was measured at an absor-
bance of 450 nm using Microplate Reader.

Cell cycle analysis by flow cytometry 

Targeted cells were seeded in 6-well plates at a 
proper density and grown to about 80% conflu-
ence; cells were digested with trypsin to pro-
duce a single cell suspension. For a cell cycle 
detection, suspended cells (1×106 cells/ml) 
were washed three times with PBS and fixed in 
ice-cold 75% ethanol for overnight, and then 
the cells were stained with propidium iodide (PI; 
BD Biosciences) in the presence of 100 mg/ml 
RNase A. Cell cycle analysis was analyzed with 
a flow cytometer.

Transwell assays

The cell invasion and migration assays were 
conducted in 24-well Transwell plates with or 
without pre-coated Matrigel. Briefly, 3×104 

transfected cells and the corresponding nega-
tive control cells were suspended in 200 ul 
serum free RPMI-1640 medium into the upper 
chamber. The upper chamber is made with the 
Boyden chamber containing an 8 um pore size 
membrane (BD Biosciences, San Jose, CA). In 
the lower chamber, 500 uL RPMI-1640 medi-
um containing 20% FBS was added. After 48 h 
of incubation, cells remaining in the upper 
chamber were softly removed by cotton swab 
scrubbing. The cells that successfully migrated 
through the membrane and invaded through 
the matrigel were fixed in 4% paraformaldehyde 
for 20 min and stained with crystal violet dye 
for 15 min. The cell numbers were counted at 

six randomly selected views, and the average 
value was calculated.

Wound healing assay

JAR cells were seeded in 6-well plates and cul-
tured to 80% confluence. Scratch wounds 
across each well were made with a 10-ll pipette 
tip. The cells were washed 3 times with PBS, 
removing the cells that had been exfoliated and 
then fresh medium supplemented with reduced 
(2%) fetal bovine serum was added. The wound-
closing procedure was photographed with an 
inverted microscope at 0, 24 and 48 h, respec-
tively. Cell migration was quantitated by mea-
suring the width of the distance.

Tumor xenograft experiments

The female nude mice (BALB/c-nu) between 4 
and 5 weeks were purchased from Beijing HFK 
Bioscience Co., Ltd. 2×106 JAR cells infected 
with SPOP overexpression or control vectors 
were resuspended in 150 ul of serum-free 
medium and subcutaneously injected into the 
axillary fossae. One month after the injection of 
JAR cells, all mice were sacrificed by dislocation 
of spin and tumors were carefully removed, 
photographed and weighed. All in vivo protocols 
in this study were reviewed and approved by 
the Animal Ethics Committee of Chongqing 
Medical University.

Label-free ubiquitination modification quantita-
tive proteomics

JAR cells transfected with Flag-SPOP were 
treated with the proteasome inhibitor MG132 
for 10 h before harvesting. Then cells were 
added lysis buffer and centrifuged at 12000 g 
for 10 min to abtain proteins. After cleavage 
with dithiothreitol, iodoacetamide and trypsin, 
the proteins were dissolved in IP buffer solu-
tion. Then we added the ubiquitinated resin 
into IP buffer solution to obtain the ubiquitin-
binding proteins. Finally, it was analyzed by liq-
uid chromatography-mass spectrometry.

Endogenous and exogeneous ubiquitination 
assay

JAR and 293T cells were transfected with the 
indicated constructs. Stable cells were 
screened by adding antibiotic, and then cells 
were treated with 10 μg/ml MG132 for 10 h 
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before harvesting. Cells were lysed at 4°C for 
20 min and centrifuged to obtain the superna-
tant. Protein solution were subjected to co-
immunoprecipitation with anti-DHX9, and then 
coupled with the magnetic beads followed by 
immunoblotting analysis with anti-ubiquitin 
(proteintech, 10201-2-AP).

Antibodies

Antibodies against SPOP (Absin, abs118000), 
Flag (Cell Signaling Technology, 2368), DHX9 
(proteintech, 17721-1-AP), GAPDH (Beyotime, 
AF0006), HA (proteintech, 51064-2-AP), ubiqui-
tin (proteintech, 10201-2-AP), N-Cadherin (Be- 
yotime, AF0243), Vimentin (Cell Signaling Te- 
chnology, 5741), E-Cadherin (Beyotime, AF0- 
138), Cytokeratin 8 (Wanleibio, WL02755). 
Mouse Anti-Rabbit IgG (Light-Chain Specific) 
mAb (Cell Signaling Technology, 93702), Pero- 
xidase-Conjugated Goat anti-Rabbit IgG (ZSGB-
BIO, ZB-2301), Peroxidase-Conjugated Goat 
anti-Mouse IgG (ZSGB-BIO, ZB-2305), Alexa 
Fluor 488-labeled goat anti-rabbit IgG (H + L) 
(Beyotime, A0423).

Statistical analysis

All statistical analysis was performed with the 
Graph Pad prism version 8.0 (Graph Pad 
Software, San Diego, CA, USA). The statistical 
analysis was evaluated with a two-tailed 
Student’s t-test and One-way analysis of vari-
ance (ANOVA). Data in this study were present-
ed as Mean ± SD. All results were from at least 
three independent experiments.

Results

The expression and localization of SPOP in 
choriocarcinoma tissues and cell lines

To determine the expression level of SPOP in 
choriocarcinoma, we examined the expression 
of SPOP by immunohistochemistry in selected 
21 cases of choriocarcinoma and 20 cases of 
first trimester villus (FTV). The results showed 
that SPOP could be labelled in both the nucleus 
and cytoplasm of tumor cells, but the staining 
of SPOP in nucleus was more obvious (Figure 
1A, indicated by arrows). In contrast to normal 
villus tissues which consistently displayed mod-
erate or strong staining, the SPOP expression 
showed significantly reduced levels in chorio-
carcinoma tissues and this was negatively cor-
related with tumor stage (Figure 1A-C). To fur-

ther prove our results, SPOP expression was 
also determined in choriocarcinoma cell lines. 
Quantitative RT-PCR (qRT-PCR) (Figure 1D) and 
immunoblotting analysis (Figure 1E) of two cho-
riocarcinoma cell lines, including JAR and JEG3, 
exhibited decreased levels of SPOP in compari-
son to the normal trophoblastic cell line HTR8-
SVneo. These data suggested a linkage of 
SPOP down-regulation and choriocarcinoma 
progression.

Moreover, we investigated the subcellular local-
ization of SPOP. Previous studies have shown 
that SPOP is primarily present in discrete foci 
scattered in the nucleus, but a small munber of 
researches have suggested that SPOP is local-
ized in both the cytoplasm and nucleus [28]. 
The results of our research were similar to 
those obtained by immunohistochemistry 
(Figure 1A), SPOP was localized exclusively in 
the nucleus in the majority of the trophoblast 
cells by using immunofluorescence analysis 
(Figure 1F). 

Effects of SPOP on proliferation, migration and 
invasion of choriocarcinoma cells in vitro and 
vivo

To determine the biological roles of SPOP in the 
development and progression of choriocarci-
noma, we stably depleted or overexpressed 
SPOP using a lentivirus-based system in chorio-
carcinoma cell lines JAR and JEG3. Levels of 
SPOP in these resultant cell lines were con-
firmed by immunoblotting and qRT-PCR (Figure 
2A, 2B). Functionally, stably expressed SPOP 
significantly attenuated cell proliferation in JAR 
and JEG3 cells, while depletion of SPOP had the 
opposite effects (Figure 2C). Cell cycle analysis 
showed that SPOP overexpression or knock-
down significantly affect the cell cycle distribu-
tion, especially the S phase. SPOP overexpres-
sion reduced the ratio of cells in the S phase 
whereas SPOP ablation increased S phase 
populations compared with the control group 
(Figure 2D). Wound-healing assays revealed 
that forced expression of SPOP obviously inhib-
ited the wound closure, whereas knockdown of 
SPOP significantly increased cell motilities 
(Figure 2E). Besides, similar results were 
obtained in transwell assays, knockdown of 
SPOP dramatically enhanced migration and 
invasion abilities (Figure 2F). It also significant-
ly altered the expression of the EMT associated 
proteins E-cadherin, cytokeratin 8, N-cadherin 
and Vimentin (Figure 2G, 2H).
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To further investigate whether the inhibiting 
growth role of SPOP in choriocarcinoma cells in 
vitro can be extended in vivo, control and SPOP 
overexpression JAR cells were injected subcu-
taneously into 5-week-old nude mice, which 
were later sacrificed and their tumors weight 
were measured. As shown in Figure 2I, increa- 
sed SPOP significantly inhibited tumor growth 
compared to the control group. Taken together, 
these in vitro and vivo data demonstrated that 
SPOP effectively inhibited tumorigenic behav-
iors of choriocarcinoma cells. 

The expression and localization of DHX9 in 
choriocarcinoma cell lines

In order to obtain the ubiquitination substrate 
of SPOP, we performed ubiquitination modifica-
tion quantification proteomics analysis and 
anti-Flag co-immunoprecipitation coupled with 
mass spectrometry (IP-MS) analysis in the JAR 
cells with Flag-SPOP overexpression (Treat/
Control > 1.50) (Figure 3A). Then we combined 
the results of the above two methods with 
SPOP-binding consensus motif of known sub-
strates [6], and finally screened 4 kinds of pro-
teins, namely: DHX9, KPNB1, RACK1, PSMA6 
(Figure 3C) (See Supplementary Materials 1, 2, 
3 for detailed differential proteins information). 
Since DHX9 acts as a multifunctional protein 
and participates in regulating multiple biologi-
cal processes; meanwhile, the molecular 
weight of DHX9 is 140 kD, which is similar to 
the position of the specific band in the silver 
staining diagram (Figure 3B). Moreover, we 
found the mass spectrograms of DHX9 both in 
the results of intracellular ubiquitination experi-
ment (Figure 3D) and co-immunoprecipitation 
(Figure 3E). Therefore, DHX9 has attracted our 
attention and has been further studied. We 
examined the expression of DHX9 in human tro-
phoblast cells HTR-8/SVneo, JAR and JEG3 
cells. These results showed that compared with 
HTR-8/SVneo, DHX9 was highly expressed in 
choriocarcinoma cells (Figure 3F, 3G), which is 

opposite to the expression of SPOP in these 
three cell lines (Figure 1E). Subsequently, the 
subcellular localization of DHX9 was detected 
in HTR-8/SVneo, JAR, and JEG3 cells. We found 
that DHX9 was localized exclusively in the 
nucleus of the three trophablast cells (Figure 
3H), and our previous research showed that the 
majority of cells where SPOP was primarily 
localized in the nucleus, suggesting the co-
localization and potential interaction of SPOP 
and DHX9 in the nucleus.

DHX9 interacts with SPOP and depends on the 
SBC motif

To verify whether DHX9 interacts with SPOP, 
human embryonic kidney cells 293T were 
cotransfected with the Flag-SPOP and HA-DHX9 
proteins, and stable cells were screened with 
antibiotics. With the addition of the protea-
some inhibitor MG132, we observed that DHX9 
can be co-immunoprecipitated by Flag-SPOP 
(Figure 4A). Under the same conditions, Flag-
SPOP was successfully co-immunoprecipitated 
by HA-DHX9 (Figure 4B), suggesting an interac-
tion between these two exogenously expressed 
proteins. Next, we investigated whether DHX9 
interacted with SPOP in choriocarcinoma cells. 
Lentivirus with Flag-SPOP was infected into JAR 
cells and JEG3 cells. Then after 10 hours of 
adding MG132, Flag antibody successfully 
immunoprecipitated endogenous DHX9 in both 
JAR cells and JEG3 cells (Figure 4C). Similarly, 
only the HA-DHX9 plasmid was transferred into 
cells, endogenous SPOP were successfully pre-
cipitated by HA antibody (Figure 4D). In addi-
tion, in order to avoid the impact of exogenous 
vectors on the interaction between SPOP and 
DHX9, we used DHX9 antibodies for co-immu-
noprecipitation and found that endogenous 
SPOP was successfully precipitated in JAR cells 
and JEG3 cells (Figure 4E), suggesting an 
endogenous interaction between SPOP and 
DHX9. In conclusion, these above exogenous 
and endogenous results indicate that SPOP 
interacts with DHX9 in choriocarcinoma cells.

Figure 1. The expression and localization of SPOP in choriocarcinoma tissues and cell lines. (A) The representative 
images of SPOP expression in FTV (a) and images of TNM stage I (b), stage II (c), stage III (d), stage IV (e) SPOP ex-
pression in the tumor tissues, as measured by IHC. Red arrow indicated cytoplasmic and nuclear location of SPOP. 
FTV=20, TNM stage I=11, stage II=5, stage III =3, stage IV=2. Scale bar, 200 um (left) and 50 um (right), respec-
tively. (B) Percentage analysis of SPOP staining intensity in 21 cases of choriocarcinoma. (C) Comparison of average 
SPOP staining scores among different TNM stages, showing inversely correlation of SPOP with tumor progression. 
SPOP mRNA (D) and protein (E) levels in HTR8, JAR and JEG3 cells were analyzed using qRT-PCR and immunoblot-
ting (IB) analysis, respectively. *P < 0.05, **P < 0.01, compared to control groups. (F) Immunofluorescence for 
HTR8, JAR and JEG3 cells were stained with SPOP antibody (red), and the nuclei were counterstained with DAPI 
(blue). Scale bar, 50 um.

http://www.ajcr.us/files/ajcr0113444supplmaterial1.xlsx
http://www.ajcr.us/files/ajcr0113444supplmaterial2.xlsx
http://www.ajcr.us/files/ajcr0113444supplmaterial3.xlsx
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Figure 2. The expression of SPOP was associated with choriocarcinoma cells proliferation, migration and invasion both in vitro and vivo. (A and B) SPOP knockdown 
and overexpression in JAR and JEG3 cells were confirmed by immunoblotting (A) and qRT-PCR (B), respectively. (C) Increased or decreased expression of SPOP in JAR 
and JEG3 cells affected cell proliferation examined by CCK8 assays. (D) Cell cycle analysis of JAR and JEG3 cells after SPOP overexpression and knockdown using 
flow cytometry. Percentage of cells in G1, S and G2/M phases is shown in the right panel. (E) Wound healing assay showing JAR and JEG3 cells migration abilities 
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It has been previously reported that SPOP ubiq-
uitinated substrates all contain the SBC motif 
which is particularly important for the interac-
tion between SPOP and the substrates. We 
next performed a protein motif search on DHX9 
sequence and discovered one perfectly ma- 
tched SBC motif (336-PWTSS-350 aa) (Figure 
4F). To investigate whether this potential motif 
is required for SPOP–DHX9 interaction, we con-
structed a HA-DHX9 plasmid with the SBC motif 
deleted (abbreviated as HA-DHX9-ΔSBC), fol-
lowed by the lentivirus with Flag-SPOP and 
HA-DHX9-ΔSBC plasmid co-transfected into 
293T cells. Expectedly, co-immunoprecipita-
tion assay showed that HA-DHX9-ΔSBC cannot 
bind to Flag-SPOP at levels comparable with 
those of DHX9-WT (Figure 4G), indicating that 
the SBC motif plays an important role in the 
interaction between DHX9 and SPOP. 

SPOP promotes the ubiquitination and degra-
dation of DHX9

In order to investigate whether SPOP could pro-
mote the ubiquitination and degradation of 
DHX9. We constructed models of over-express-
ing SPOP and deleting endogenous SPOP in JAR 
and JEG3 cells. Expectedly, stable overexpres-
sion of SPOP decreased the protein level of 
DHX9 in JAR cells and JEG3 cells, the depletion 
of endogenous SPOP increased DHX9 protein 
abundance (Figure 5A, 5B). However, after suc-
cessfully knocking down SPOP, the mRNA lev-
els of DHX9 both in these cells did not change 
significantly (Figure 5C, 5D). Thus, these results 
suggest that SPOP may negatively regulate 
DHX9 expression at the protein levels.

We then examined whether the degradation of 
DHX9 by SPOP was associated with DHX9 ubiq-
uitination. The results of western blot showed 
that DHX9 degradation was reduced when 
MG132 was added into choriocarcinoma cells 
with SPOP overexpression to inhibit protea-
some-dependent protein degradation (Figure 
5E, 5F). Furthermore, we also found that DHX9 

ubiquitination was increased both in JAR cells 
overexpressing SPOP and 293T cells over- 
expressing SPOP and DHX9 simultaneously 
(Figure 5G). Consequently, these results indi-
cated that SPOP promotes the ubiquitination 
and degradation of DHX9.

SPOP controls choriocarcinoma cells invasion 
and migration processes partly through DHX9 

We investigated whether SPOP played a tumor 
suppressor role in choriocarcinoma through 
modulating DHX9 expression. Firstly, we select-
ed the small hairpin RNA that has the highest 
knockdown efficiency for DHX9 (Figure 6A-C). 
We next examined the effects of DHX9 deple-
tion on cell migration and invasion. Compared 
with the control group, DHX9 knockdown signifi-
cantly reduced the number of invading and 
migrating cells (Figure 6D, 6E), which was 
opposite to the effects of SPOP knockdown on 
cell migration and invasion abilities. To investi-
gate whether the effect of DHX9 on the inva-
sion and migration of JAR cells was regulated 
by SPOP, a rescue assay was performed. The 
results showed that compared with SPOP 
knockdown, simultaneous depletion of SPOP 
and DHX9 reduced cell migration and invasion 
(Figure 6D, 6E), indicating that SPOP modu-
lates cell migration and invasion processes 
mainly through regulating the abundance of 
DHX9 protein. 

More importantly, we observed the changes in 
EMT markers and found that compared with 
the control group, the depletion of DHX9 atten-
uated the expression of N-Cadherin and 
Vimentin. Simultaneous depletion of SPOP and 
DHX9 partly counteracted N-Cadherin and 
Vimentin expression compared with SPOP sin-
gle knockdown (Figure 6F, 6G). However, the 
epithelial markers E-Cadherin and cytokeratin 
8 did not change significantly between sh-NC 
group, sh-DHX9 group and the sh-DHX9 + sh-
SPOP group (Figure 6F, 6G). In summary, these 
results demonstrated that SPOP-DHX9 may 

at 0, 24 h and 48 h after SPOP overexpression and knockdown, the percentage of wound healing was measured by 
Image J software. Quantification of the wound closure is presented on the right panel. (F) Transwell assays showing 
the migration and invasion abilities after SPOP overexpression and knockdown in JAR and JEG3 cells. Results were 
evaluated as the average number of migrating and invading cells from six random microscope fields. Quantification 
of the invaded or migrated cells is shown in the right panel. (G) IB analysis of E-cadherin, Cytokeratin 8, N-cadherin 
and vimentin after up-regulating or down-regulating SPOP in JAR and JEG3 cells. (H) The relative protein abundance 
of EMT related proteins was quantified by Image Lab software and normalized with control cells. (I) Tumorigenesis 
ability of JAR cells in a xenograft model after SPOP overexpression. Each experiment was repeated at least three 
times (mean ± SD), *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, compared to control groups.
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affect cell invasion and migration by regulating 
the expression of EMT-associated proteins.

Discussion

SPOP has been extensively studied as an E3 
ubiquitin ligase substrate-binding protein, whi- 
ch plays various roles in cancer pathogenesis 
and progression via complex mechanism [14]. 
However, its role in choriocarcinoma hasn’t 
been to be characterized. In present study, we 
found for the first time that SPOP was markedly 
down-regulated in choriocarcinoma and was 
negatively correlated with tumor stage, sug-
gesting its involvement in the development of 
choriocarcinoma. Meanwhile, dramatically de- 
creased SPOP expression indicated its a tumor 
promoter role via functional assays. Increasingly 
more studies reveal that epithelial-mesenchy-
mal transition (EMT) is a main cause for chorio-
carcinoma invasion and metastasis [29, 30], 
and our results demonstrated that SPOP insuf-
ficiency significantly promoted cell proliferation, 
migration and invasion capacity through the 
promotion of the EMT transformation.

Human proteomics research found that DHX9 
is widely expressed in tissue cells, such as: 
high expression in skin, intestine, stomach, 
pancreas, kidney, breast cancer, skeletal mus-
cle, bone marrow and reproductive organs, but 
is moderately expressed in liver, spleen, lung, 
heart, smooth muscle, adipose tissue and 
lymph nodes [31, 32]. Studies have shown that 
abnormally expressed DHX9 has effects on 
many malignant tumors and may function as 
either tumor promoter or suppressor. DHX9 
was considered to be a tumor suppressor by 
regulating expression of KIF1Bβ (kinesin family 
member1B, isoform b) [33], STAT3 [34] and 
p53 [22]. In contrast, DHX9 interacts with EWS-
FLI1 [35], BRCA1 and DBC1 [36-39], NF-κB 
[40], miR-483-5p [41] and thereby acts as an 
oncogene in multiple malignant tumors. Similar 

to its role in these tumors, our results with cho-
riocarcinoma studies have found that DHX9 
was up-regulated, and this upregulation was 
associated with SPOP insufficiency. Recent 
works have shown that, DHX9 can interact with 
ubiquitin-conjugating enzyme 9 (Ubc9) and the 
N terminal of DHX9 is ubiquitinated [42]. 
Considering that SPOP participates in physio-
logical and pathological processes such as 
organ development and tumorigenesis via it 
functioning as an E3 ubiquitin ligase adaptor 
[43-46], we explore whether the regulation of 
DHX9 is also through ubiquitin-proteasome 
system (UPS). Our results showed that SPOP 
promoted the ubiquitination and subsequent 
UPS-dependent degradation of DHX9, which 
depended on SPOP-DHX9 interactions involv-
ing the SBC motif (φ-π-S-S/T-S/T) of DHX9 
(336-PWTSS-350). In previously published stu- 
dies, SPOP recognizes the SBC degron of mul-
tiple substrates to promote its multimeric ubi- 
quitination and degradation. This provides 
strong evidence that DHX9 is a new substrate 
for SPOP in choriocarcinoma. Besides, we 
investigated the subcellular localization in 
which SPOP-DHX9 interaction occured. SPOP 
has been reported to be either distributed as 
speckles exclusively in the nucleus, or in both 
the cytoplasm and nucleus [28, 47]. In chorio-
carcinoma, our results indicated that DHX9 and 
SPOP both were principally localized in the 
nucleus, and the same subcellular localization 
further increased the possibility of SPOP-DHX9 
interaction. 

EMT has been recognized as the crucial mech-
anism promoting tumor initiation, progression 
and metastasis in human mammary epithelial 
cells, which was characterized as the absence 
of epithelial cell junctions and polarity, and ac- 
quisition of invasive mesenchymal phenotype 
[48, 49]. We found that both SPOP overexpres-
sion and DHX9 suppression were coupled with 
a significant decrease in mesenchymal mark-

Figure 3. DHX9 is low expressed in choriocarcinoma cells and is mainly localized in the nucleus. (A and B) IB analy-
sis (A) and Silver stain assay (B) of JAR whole-cell lysates (WCLs) and anti-Flag immunoprecipitation derived from 
JAR cells transfected with the Flag-SPOP. The positions of DHX9 and SPOP were indicated by arrows. Rabbit immu-
noglobulin G (IgG) was used as a negative control for co-immunoprecipitations (co-IPs). Cells were treated with 10 
μg/ml proteasome inhibitor MG132 for 10 h before harvesting. Flag, a tag protein. (C) Schematic diagram of three 
experimental methods. The shaded area indicates the proteins shared by the three experimental results. (D) The 
mass spectrum of DHX9 in ubiquitination experiment of JAR cells transfected with the indicated lentivirus. (E) The 
mass spectrum of DHX9 in co-immunoprecipitation assay of JAR cells transfected with the indicated lentivirus. (F 
and G) IB analysis of WCLs derived from HTR8, JAR and JEG3. Data are shown as mean ± SD of three independent 
experiments. **P < 0.01, ***P < 0.001, Student’s t-test. (H) Immunofluorescence for trophoblast cells HTR8, JAR 
and JEG3, cells were stained with DHX9 antibody (green), and the nuclei were counterstained with DAPI (blue). 
Scale bar, 50 um.
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Figure 4. DHX9 Interacts with SPOP and depends on the SBC motif. (A and B) IB analysis of WCLs and anti-Flag co-
IPs (A) or anti-HA co-IPs (B) derived from 293T cells transfected with the indicated constructs. (C and D) IB analysis 
of WCLs and anti-Flag co-IPs (C) or anti-HA co-IPs (D) derived from JAR and JEG3 cells transfected with the indicated 
constructs. (E) IB analysis of WCLs and anti-DHX9 co-IPs derived from JAR cells and JEG3 cells. (F) Schematic dia-
gram showing the specific amino acid of the SBC motif and the position of the SBC motif contained in DHX9. (G) IB 
analysis of WCLs and anti-Flag co-IPs derived from 293T cells transfected with the indicated constructs. Rabbit IgG 
was used as a negative control for co-IPs. Cells were treated with 10 μg/ml MG132 for 10 h before harvesting. HA-
DHX9-ΔSBC, HA-DHX9 with SBC motif deleted.
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Figure 5. SPOP promotes the degradation and ubiquitination of DHX9. (A and B) IB analysis of SPOP and DHX9 
protein levels derived from JAR cells (A) or JEG3 cells (B) transfected with the indicated constructs. (C and D) Detec-
tion of SPOP and DHX9 mRNA levels by real-time PCR analysis after SPOP depletion in JAR cells (C) or JEG3 cells 
(D). (E and F) IB analysis of DHX9 and SPOP levels before and after adding MG132 to JAR cells (E) or JEG3 cells (F) 
transfected with the indicated constructs. (G) IB analysis of WCLs and anti-DHX9 co-IPs derived from JAR cells and 
293T cells transfected with indicated constructs. Cells were treated with 10 μg/ml MG132 for 10 h before harvest-
ing. Data are shown as mean ± SD of three independent experiments. NS, P>0.05, *P < 0.05, **P < 0.01, ***P < 
0.001, ****P < 0.0001, Student’s t-test.
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ers vimentin and N-cadherin, and SPOP overex-
pression was accompanied by an increase of 
epithelial markers E-cadherin and cytokeratin 
8. However, DHX9 knockdown had no effect on 
the expression of epithelial markers. We specu-
late that the knockdown of DHX9 may have 

caused changes in other epithelial markers 
besides E-cadherin and cytokeratin 8, such as 
β-catenin, claudin-1, ZO-1 and other members 
of cytokeratin family, but the specific reasons 
need to be further explored. Loss of E-cadherin 
and increase of N-cadherin are critical markers 

Figure 6. SPOP negatively regulates DHX9-mediated invasion and migration of JAR cells. A. Real-time PCR analysis 
of DHX9 mRNA levels in JAR cells transfected with sh-RNA plasmid. B and C. IB analysis of DHX9 protein levels de-
rived in JAR cells transfected with the indicated constructs. D. Representative images of migrated and invaded JAR 
cells transfected with the indicated constructs in migration assay and invasion assay. E. Quantification analysis of 
migrated JAR cells and invaded JAR cells. F and G. IB analysis of DHX9, E-cadherin, Cytokeratin 8, N-cadherin and 
vimentin levels derived from JAR cells transfected with the indicated constructs. Data are shown as mean ± SD of 
three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, Student’s t-test.
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of EMT, resulting in the absence of cell polarity 
and weak cell-cell adhesion which promotes 
the motility abilities of tumor cells. Due to the 
complexity of EMT regulated in different types 
of tumors, the underlying mechanism by which 
SPOP or DHX9 regulates the EMT process in 
choriocarcinoma is still unclear. Previous stud-
ies reported that DHX9 inhibited EMT progres-
sion in human lung adenocarcinoma cells by 
regulating JAK/STAT3 pathway [34], SPOP regu-
lated EMT and tumor progression via activation 
of β-catenin/TCF4 complex in clear cell renal 
cell carcinoma [50]. The research results above 
suggested that the pathway associated to cell 
invasion and metastasis may be involved in the 
EMT process mediated by SPOP or DHX9. In our 
previous study on choriocarcinoma, we detect-
ed the potential signaling pathways that affect 
the mobility abilities of trophoblast cells, includ-
ing ERK1/2 and p-ERK1/2, AKT and p-AKT, 
STAT3 and p-STAT3, Gli1 and Gli2, and identi-
fied the significantly changed pathway PI3K/
AKT. We have found that SPOP can inactivate 
the PI3K/Akt signaling pathway and attenuate 
the migration and invasion of choriocarcinoma 
cells (Data were not shown), implying that 
SPOP-DHX9 may have influenced EMT process 
in choriocarcinoma cells by regulating PI3K/
AKT pathway. However, the specific mechanism 
of EMT transformation needs to be further 
explored. 

In conclusion, these results spread a novel view 
on molecular mechanisms of SPOP mediated 
choriocarcinoma growth and progression. In 
the future, SPOP-DHX9 interaction may be 
regarded as a novel molecular target for improv-
ing choriocarcinoma patient prognosis. 
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