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Abstract

Objective: Huwe1 is critical for promoting the progression of a range of malignancies including ovarian cancer. Still, its role in ovarian
cancermetastasis has not been reported. The goal of our studywas to evaluate a correlation betweenHuwe1 and ovarian cancer metastasis.
Methods: The mouse ovary surface epithelium (MOSE) cells isolated from Huwe1L/L mice were identified by flow cytometry assay.
Cell migration and invasion were analyzed by transwell system. The molecular mechanism of Huwe1 in ovarian cancer migration and
invasion was explored by analyzing the difference of RNAseq data between MOSE-Huwe1L/L-CreER and MOSE-Huwe1L/L-Cre cells.
Results: Huwe1 deletion significantly promoted tumor migration and invasion in ovarian cancer cells. Moreover, tumor cells were more
frequently detected in the blood when the mice bearing allografts were treated with tamoxifen. Transcriptome analysis indicated that
this phenotype may be due to the alteration in cell adhesion caused by the Huwe1 knockout. Conclusion: Huwe1 inactivation promoted
ovarian cancer metastasis by the extracellular matrix (ECM) deregulation.
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1. Introduction
Roles of the Huwe1, an E3 ligase, in DNA damage

accumulation and tumor initiation, progression, and metas-
tasis are critical. It degrades numerous tumor suppression
and promotion substrates, such as Myc, BRCA1, TIAM1,
H2AX, p53 and CDC6 [1]. Due to the complexity of its
substrate, its roles in cancer remain controversial. Huwe1
served oncogenic roles in breast and prostate cancer, while
it served anti-oncogenic roles in certain lung cancers and
colorectal cancer [2]. Additionally, only a few studies have
demonstrated the effect of Huwe1 on tumor metastasis, and
the results were contradictory. In human lung cancers,
Huwe1 stimulates cell metastasis by modulating the stabil-
ity of TIAM1 [3]. In contrast, loss ofHuwe1 promoted thy-
roid cancer cells migration and invasion in allografts [4].
The conflicting data indicated that the role of Huwe1 in tu-
mor metastasis was likely to be cell type-dependent in re-
sponse to different genetic change.

Ovarian cancer is common malignant tumors of the
female genital organs. Because the ovary is located deep
inside the pelvis, ovarian cancer is generally asymptomatic
in prophase, and typically diagnosed in the terminal stage.
Seventy percent of ovarian cancers would have spread to
the greater omentum of the uterine adnexa, and various or-
gans of the pelvis at the time of diagnosis [5]. Therefore,
identification of key genes involved in ovarian metastasis

may be beneficial for ovarian cancer treatment [6].
It was reported that highHuwe1 expression in patients

with ovarian cancer was associated with worse prognosis
[7,8]. Our previous study confirmed Huwe1 sustained tu-
mor growth via the histone H1.3-H19 cascade [9]. How-
ever, the function of Huwe1 in ovarian cancer metastasis
was still unclear. Here, MOSE cells were isolated and in-
fected according to previous methods [9]. Subsequently,
the potential roles ofHuwe1 in ovarian cancer tumor metas-
tasis were investigated, and the results showed that cell mi-
gration and invasion were promoted byHuwe1 inactivation
in vitro. It was also shown that tumor cells were more fre-
quently detected in the blood of the mice bearing allografts
when Huwe1 was deleted by tamoxifen. Further studies
suggested that the phenotype may be caused by deregula-
tion of the extracellular matrix (ECM) induced by Huwe1
inactivation.

2. Materials and methods
2.1 Cell culture

MOSE cells were isolated from Huwe1L/L mice ac-
cording to previously described methods [10]. OVCAR3,
SKOV-3 and HEK293T cells were cultured in DMEM sup-
plemented with 10% FBS at 37 ◦C, 5% CO2, and identified
by short tandem repeat (STR) profiling.
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Fig. 1. Knockout of the Huwe1 gene in MOSE cells. (A) The lentiviral vectors structure for inducing MOSE cells malignant transfor-
mation in vitro. (B) Identification of CK8-positive ovarian epithelial cells by flow cytometry. (C) Genotyping PCR shows that Huwe1
was deleted by Cre or treatment with 4-OHT in CreER expressing cells. (D) qRT-PCR analysis ofHuwe1mRNA expression. The results
are indicated as the mean ± SD. *, p < 0.05, **, p < 0.01, ***, p ≤ 0.001.

2.2 Plasmid construction and lentiviral preparation
The lentiviral vectors pTomo-pCMV-KRASG12D-

2A-MYC-IRES-Cre-shp53 and pTomo-pCMV-
KRASG12D-2A-MYC-IRES-CreER-shp53 were pre-
viously constructed by laboratory personnel [11]. For
lentivirus production, the core vectors and the helper
plasmids pCMV∆8.9, pMD2.G were co-transfected into
HEK293T cells at the ratio of 10:5:2 as described by Dong
Yang et al. [9].

2.3 Quantitative Real-time PCR (qRT-PCR)
Total RNAwas isolated using TRIzol reagent (Sigma-

Aldrich, USA). DNA contaminants were removed by the
TURBO DNA-free TM Kit (Invitrogen, USA). Subse-
quently, 2 µg of processed RNA was reverse transcribed by
the Revert Aid First Strand cDNA Synthesis kit (Thermo
Scientific, USA). Quantitative PCR was carried out in trip-
licate using the SYBR Green method (Life Technologies,
USA). All operations were performed according to theman-
ufacturer’s protocols. All the primers used in this study are
listed in Supplementary Table 1.

2.4 RNAseq analysis
The top-scored reads prioritized

by FastQC v0.11.2 (available online at
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/)
achieved higher alignment accuracies. After sequencing,
raw data were filtered to remove undesired reads. Clean
reads were mapped to the mouse genome (version
GRCm38.p4, which contained 21,936 protein-coding and
3495 lincRNA genes) using Tophat-2.1.0. Genes were

defined distinctly up- or down-regulated when a false dis-
covery rate (FDR)-adjusted p value≤ 0.05 and an absolute
value of fold change ≥3 using Cuffdiff [12]. The raw
RNAseq data has been deposited into the SRA database on
the NCBI website (Accession No. SRP081212).

2.5 Wound-healing assay

Cells were cultured to approximately 80% confluence
in 6-well culture dishes. After mitomycin C (sigma, USA, 5
µg/mL) treatment was carried out, monolayer wounds were
made by scratching with 200 µL pipette tips. Next, the cells
were permitted tomigrate into the wounded area for 8 h, and
the scoring of cells in each well was recorded using amicro-
scope. Cells migration was determined through measuring
the width of the scratched area using ImageJTM software
(version 1.8.0, NIH, Bethesda, MD, USA).

2.6 Transwell invasion assay

To inhibit cell proliferation, the cells were processed
using mitomycin C (5 µg/mL). Then, the cells were sus-
pended in a serum-free medium, followed by inoculation
in the upper migration chamber (Corning, NY, USA), pre-
coated withMatrigel (BDBiosciences, San Jose, NJ, USA).
The medium containing 10% FBS was added to the bot-
tom migration chamber. After 8 h of directional migration,
the upper insert was carefully removed. The cells on the
bottom transwell chamber fixed in methanol, then stained
with 0.1% crystal violet. After 30 min, the crystal violet
was eluted via 10% acetic acid, and the absorbance of crys-
tal violet solution was measured at 570 nm on a microplate
reader.
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Fig. 2. Loss of Huwe1 promoted MOSE cells migration and invasion and affected their distribution in mouse models. (A) An-
alyzing the migration of MOSE-Huwe1L/L-CreER cells and MOSE-Huwe1L/L-Cre. The left and right images show the crystal violet
staining in the transwell chamber migration analysis and the measured absorbance values after elution respectively. Scale bar, 100 µm.
(B) Detecting the invasion of MOSE-Huwe1L/L-CreER cells and MOSE-Huwe1L/L-Cre. The left and right images show the crystal
violet staining in the transwell chamber invasion analysis and the measured absorbance values after elution respectively. Scale bar, 100
µm. (C,D) The mice bearing allograft tumors were administered by tamoxifen or vehicle every other day for 18 days, Huwe1 expression
in allograft tumors was detected by qRT-PCR (C). The number of tumor cells in different tissues were detected by quantifying the copy
number of exogenous KRAS-2A-MYC in DNA using qRT-PCR (D). The results are indicated as the mean ± SD. *, p < 0.05, **, p <

0.01, ***, p ≤ 0.001.

2.7 Allograft mouse models of ovarian cancer

A total of 2 × 106 MOSE cells expressing
KRASG12D-2A-MYC-IRES-CreER-shp53 elements
were injected subcutaneously into six weeks old BALB/c
nude mice. After the subcutaneous tumors attained about
5–8 mm in diameter, tamoxifen or vehicle was adminis-
tered by intraperitoneal injection every other day for 18
days until the end of the experiment. DNA was extracted

from major tissues of mice and submitted to quantitative
qRT-PCR to detect metastatic cells. The primer was
located in the exogenous KRAS-2A-MYC element, and
the sequence was listed in Supplementary Table 1.

2.8 Statistical analysis

All statistical analyses were carried out using Graph-
Pad Prism 7 (GraphPad Prism, USA). The data are indicated
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as mean± SD. Statistical difference was analyzed using an
unpaired Student’s t-test. Statistical significance was de-
fined as *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.

3. Results
3.1 Huwe1 deletion promoted MOSE cells migration and
invasion

To evaluate the roles of Huwe1 in ovarian cancer
metastasis, the MOSE cells were isolated as previously de-
scribed [9]. The MOSE cell infected by the vectors named
MOSE-Huwe1L/L-Cre or MOSE-Huwe1L/L-CreER, re-
spectively (Fig. 1A). Hereafter, MOSE cells will be adopted
to refer to infected MOSE cells unless otherwise stated.
To identify the type of isolated cells, a flow cytome-
try assay was applied, and the results indicated that al-
most all the tested cells expressed ovarian epithelial cells
marker CK8 (Fig. 1B). To delete the Huwe1 gene, a Cre or
CreER element was subcloned into the lentiviral vectors.
Huwe1 expression was not detectable in cells expressing
Cre. When CreER translocated into the nucleus mediated
by 4-hydroxytamoxifen (4-OHT), the exons in most MOSE
cells were also removed (Fig. 1C–D). To explore the ef-
fects of Huwe1 on cell migration, a wound healing assay
was carried out in MOSE cells (Supplementary Fig. 1).
The results suggested thatHuwe1 deletion significantly pro-
moted the migration of MOSE cells into the central wound
area. To further verify the result, a transwell migration
assay was also done to test the migration of MOSE cells
(Fig. 2A). Consistent with the wound healing assay results,
Huwe1-null cells migrated into the lower compartment of
the migration chamber more frequently than the Huwe1-
wild cells. These results proved that Huwe1 significantly
repressed the migration ability of MOSE cells in vitro. The
Boyden chamber was modified with a thin layer of Matrigel
to mimic the three-dimensional (3D) cell culture environ-
ment, and then the MOSE cells were cultured in the up-
per chambers to investigate the roles of Huwe1 in cell in-
vasion potential. 8 hours later, the number of Huwe1-null
cells reaching the other side of the filter was much higher
than that of Huwe1-wild cells (Fig. 2B). All the above re-
sults proved thatHuwe1 deletion promotedMOSE cells mi-
gration and invasion in vitro. We subcutaneously injected
Huwe1L/L-CreER cells into mice and used tamoxifen to
induce Huwe1 deletion (Supplementary Fig. 2). First,
we examined Huwe1 expression in mice when Huwe1L/L-
CreER allografts were induced with tamoxifen (Fig. 2C).
The results showed that tamoxifen treatment significantly
induced Huwe1 deletion. To observe the distribution of tu-
mor cells in mice, we then investigated the number of tumor
cells in each tissue, and only a small difference was ob-
served in the liver and kidney tissues, whereas the number
of tumor cells in the blood increased significantly (Fig. 2D).

3.2 Silencing Huwe1 promoted human ovarian cancer cell
migration and invasion

To further explore the phenotype of Huwe1 loss
in human ovarian cancer cells, SKOV-3 and OVCAR-3
cells were infected via lentivirus expressing tetracycline-
inducible Huwe1 shRNA (teton-shHuwe1). After the
SKOV-3 and OVCAR-3 cells were infected with a teton-
shHuwe1 lentivirus, they were treated with tetracycline for
5 days. Huwe1 silencing was demonstrated in DOX-treated
cells (Fig. 3A). We performed transwell assays to explore
the roles ofHuwe1 in SKOV-3 and OVCAR3 cell migration
as well as invasion. Huwe1 knockdown evidently increased
the number of invading cells compared with the untreated
group, indicating that Huwe1 effectively inhibited SKOV-3
cells migration and invasion (Fig. 3B,C). Similarly, Huwe1
knockdown also significantly increased OVCAR3 migra-
tion. However, OVCAR3 cells failed to penetrate the base-
ment membrane for invasion (Fig. 3D). This may be caused
by the lower invasive capacity of OVCAR3 cells. The re-
sults confirmed that Huwe1 also had a similar function in
human ovarian cancer cell.

3.3 Huwe1 inactivation promoted cancer metastasis by
dysregulation biological adhesion

To further find out the molecular mechanism of
Huwe1 in ovarian cancer migration and invasion, we
carried out RNAseq to analyze the differences be-
tween MOSE-Huwe1L/L-CreER and MOSE-Huwe1L/L-
Cre cells. Genome-wide analysis identified 25,431 genes,
141 of which had increased expression, and 55 had de-
creased expression (greater than 2-fold change) (Fig. 4A).
Cluster analysis of genes with significant expression dif-
ferences using the DAVID database showed that the dif-
ferential genes expressed in the two cells were mainly ex-
tracellular matrix-associated genes (Fig. 4B). After review-
ing these initial data sets, the gene functions of this set of
648 genes were studied. This included a significant reduc-
tion in 22 genes associated with biological adhesion, 10 of
which were associated with cell-cell adhesion (Fig. 4C),
and upregulation of 12 genes related to biological adhe-
sion (Fig. 4D). Our analysis suggested that some adhe-
sion molecules were up-regulated and some were down-
regulated. We suggested that Huwe1 knockout resulted in
increased MOSE cells migration and invasion, owing to
the interaction of multiple genes in the extracellular matrix
leading to dysregulation of biological connections. The re-
sults of the study further confirmed this view.

4. Discussion
Huwe1 catalyzes a range of protein substrates ubiq-

uitination, such as oncogene Myc, the tumor suppressors
p53 and BRCA1, DNA damage repair proteins H2AX and
the cell cycle protein Cdc6. It suggested that Huwe1 may
be participated in many biological processes regulation,
containing tumorigenesis, cell proliferation, migration and
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Fig. 3. Silencing Huwe1 promoted migration and invasion of human ovarian cancer cells. (A) Detection of Huwe1 inactivation
effect in SKOV3 and OVCAR3 cell lines. (B) Analysis of transwell cell migration assay in SKOV3 cells. Scale bar, 100 µm. (C)
Analysis of transwell cell invasion assay in SKOV3 cells. Scale bar, 100 µm. (D) Analysis of transwell cell migration assay in OVCAR3
cells. Scale bar, 100 µm. The results are indicated as the mean ± SD. *, p < 0.05, **, p < 0.01, ***, p < 0.001.

DNA repair [1]. Previous studies reported thatHuwe1 over-
expression was associated with cancers of the lung, colon,
ovary, and pancreas [1,13]. Huwe1 promoted the ubiqui-
tination and degradation of the tumor suppressor BRCA1,
thereby impeding BRCA1-dependent DNA damage repair
in breast cancer cells [14]. Additionally, Huwe1 promoted
gastric cancer cells migration and invasion [15]. However,
Huwe1, via regulating the stabilization of p53, repressed
thyroid cancer progression. Huwe1 also inhibited the de-

velopment of mouse skin cancer [16]. Huwe1 inactivation
inhibited the colon cancer cell line proliferation and its tu-
morigenicity in mice [17]. These results suggested that role
of Huwe1 is diverse in different cancer types.

The existence of metastases and invasion are respon-
sible for most tumor death, but the relationship between
Huwe1 expression and ovarian tumor metastasis has not
been reported. In this study, migration was obviously in-
creased in Huwe1 deletion cells compared with Huwe1
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Fig. 4. Enrichment analysis performed for pathways related to cell adhesion after knockout of Huwe1. (A) Volcano plot shows
significant changes in genes expression (q-value≤ 0.05 and fold change≥2). (B) Cluster analysis of genes with significant differences in
expression using DAVID database, p< 0.01. The fold-changes observed in genes that were significantly differentially expressed. There
is down-regulation and up-regulation of cell adhesion related genes in MOSE-Huwe1L/L-Cre cells. (C) Downregulation of bioadhesion-
related genes was present in MOSE-Huwe1L/L-Cre cells, the green represents related down-regulation genes of cell adhesion. (D) Fold
change of up-regulation of genes related to biological adhesion, the red represents related up-regulation genes of cell adhesion.

wild-type cells, indicating the knockout of Huwe1 pro-
moted migration and invasion of MOSE cells. Moreover,
the knockout of Huwe1 caused apparent increase in the
number of tumor cells in the blood. Similar to the MOSE
cells knockout Huwe1 experiment, silencing Huwe1 in hu-
man ovarian cancer cell lines showed consistent and signif-
icant effects on migration.

ECM, a highly dynamic structure, is composed of col-
lagens, laminins and several other glycoproteins. Not only
does the ECMs provided physical scaffolds for cells em-
bedding but also regulated lots of cellular processes, such
as growth, differentiation and homeostasis. Some stud-
ies even reported that ECM homeostasis deregulation trig-
gered pathological ECM remodeling and even promoted tu-
mor growth and migration [18]. Collagen composition al-
tered obviously in breast cancer where fibrillar collagens I,
III and V increased, and type IV collagen was decreased
[19]. Heparan sulphate proteoglycans (HSPGs) could be
degraded by heparanase (HEP). Under normal physiologi-

cal conditions, HEP formed heterodimers and did not cleave
HSPGs. Nevertheless, under pathological conditions in-
cluding cancer, HEP drove cleavage of HSPGs promot-
ing cell migration, invasion, and ultimately, metastatic dis-
semination [20]. Overexpression of the β3 subunit of
laminin-332 (LAMB3) promoted colorectal tumor growth
and metastasis [21]. Additionally, the ECM-related genes
were obviously different in the two cell lines in the study.
These results suggested that ECM deregulation influenced
many aspects of cancer cell behaviors, such as migration
and invasion.

Huwe1, as we know, sustained tumor development via
the histone H1.3-H19 cascade. In Huwe1 deficient cells,
increased expression of histone H1.3 could inhibit the ex-
pression of non-coding RNA H19 [9]. H19 knockdown led
to ten-eleven translocation (TET) family proteins3 (TET3)
downregulation through H19/let-7 axis. TET3 downregula-
tion repressed TGF-β signaling and its downstream signal-
ing molecules, such as TGFBR2, TGFBR1 and Smad pro-
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teins, ultimately leading to ECM change [22]. To explore
the relationship between Huwe1, ECM, and tumor migra-
tion, and to validate whether Huwe1 inhibits cell migration
by regulating some mechanism of the ECM, we performed
RNAseq. Cluster analysis of genes with significant expres-
sion differences was performed using the DAVID database.
It showed that the genes with differential expression in the
two cell lines were mainly ECM-related genes. Loss of
HAPLN4, SVEP1, andDPT were positively correlated with
migration and invasion of tumor cells in previous studies
[23–25]. Our data further confirmed that these genes were
significantly downregulated in the MOSE-Huwe1L/L-Cre
group. Upregulation of HES1, CNTNAP2, and PCDH19
positively correlated with migration and invasion of tumor
cells also have been demonstrated [26–29], and these genes
were significantly upregulated in the MOSE-Huwe1L/L-
Cre group. The results demonstrated that the increase of
MOSE cells migration and invasion induced by Huwe1
knockout might be due to the ECM homeostasis deregu-
lation caused by multiple gene changes.

Apart from changing the ECM to promote metastasis
via the histone H1.3-H19 cascade, the regulation of various
substrates by Huwe1 may involve cell invasion and migra-
tion [3,4]. For example, the c-Myc/Miz1 complex accumu-
lation, the tumor suppressor p53 loss and other related pro-
teins can promote cell spreading andmigration [16,30]. Be-
sides, in a comprehensive bioinformatics analysis of ENO1-
related genes, the researchers identified three hub genes in-
cludingHuwe1, all of which are involved in tumor metasta-
sis [31]. However, the specific mechanism of the ECM af-
fecting ovarian cancer cell migration and invasion, remain
to the further research.

5. Conclusions
In summary, this study demonstrated that inactiva-

tion of Huwe1 promoted ovarian cancer cells migration
and invasion. Moreover, the metastatic inhibitory effect
of Huwe1 in ovarian cancer due to its involvement in the
homeostasis regulation of ECM.
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