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ARTICLE INFO ABSTRACT

Keywords: Background: Hepatoblastoma (HB) is the most common primary malignant liver tumor in children. The prognosis
Hepatoblastoma of HB metastasis is poor, despite the increasing diversity of treatment. Piezo, a ubiquitously expressed membrane
Metastasis mechano-transduction protein, is involved in the process of tumor cell migration. Under the gene expression
;‘I(;Z_i profiling interactive analysis (GEPIA) database, Piezol was highly expressed in HB and negatively correlated with
VEGF the overall survival time.

Methods: Firstly, the expression of Piezol in both paracancerous and HB tissues (n = 7) was detected, and the
prognostic value of Piezol was assessed in HB (n = 160) patients. Secondly, the inhibition and overexpression of
Piezolwere executed in two HB cell lines, HepG2 and Huh 6. Methyl thiazolyl tetrazolium (MTT), wound healing
and trans-well assays were performed to identify the effect of Piezol on the proliferation and metastasis of HB
cells, respectively. In addition, a co-immunoprecipitation assay was performed to determine whether Piezol has
an interaction with HIF-1a. Finally, the expressions level of Piezol, HIF-1a, and VEGF by overexpression/inhi-
bition each other were detected by RT-qPCR and western blots to find a possible signaling channel in HB
metastasis.

Results: We found that Piezol was highly expressed in HB tissues and associated with poor prognosis of patients.
Piezol was related to cell proliferation in HepG2 and Huh 6 cells. We also found that Piezol stimulated HIF-1a
expression. Meanwhile, overexpression of Piezol promoted the migration and invasion of HB cells, while the
promotion was not detected when HIF-1a was suppressed. Additionally, the silencing of HIF-1a inhibited the
expression of VEGF, but showed no effect on Piezol expression.

Conclusion: In this study, we identified that Piezol was involved in HB metastasis, and the Piezol-HIF-1a-VEGF
axis could be a possible signaling pathway in HB metastasis.

1. Introduction cells are the major pathophysiological properties of malignant tumor

metastasis. Cells' motility and migration are achieved through a series of

Hepatoblastoma (HB) is the most familiar pediatric hepatic malig-
nancy, which accounts for ~50% of pediatric liver cancers [1]. It is un-
fortunate that, around 20% of those children's patients already presented
detectable metastases at the first diagnosis [2]. Although the applications
of chemotherapy, surgical resection and liver transplantation have
improved the local control of HB, the prognosis for advanced HB patients
still remains very poor [3, 4]. Coincidentally, the presence of metastatic
foci at HB diagnosis is a well-recognized factor for poor prognosis [5].
Hence, the search for an agent to block metastasis in HB is a hope to
sustain life. The increased migratory and invasive potentials of tumor
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strictly regulated events and reactions, including abundant signal cas-
cades, ionic channels, and transporters synergistic effect [6]. It is well
known that mechanosensitive calcium-permeable ion channels are
among the main actors participating in the processes of cellular motility
events [7]. Mechano-sensitive channels can provide local calcium influx
and regulate the cascade of critical calcium-dependent signals associated
with cell migration [8]. Piezo proteins, including two members piezol
and piezo2, are ubiquitously expressed in both cancer cells and epithelial
cells, and have been reported to be implicated in membrane
mechano-transduction in different processes [9, 10]. In the early stage of
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neoplasm, following the epithelial cells morphological change and cell
homeostasis disrupt, piezol could promote the migration of vascular
endothelial cells (ECs) by activating the calcium-ions channels, thereby
driving embryonic angiogenesis [11]. It was reported that the hypoxia
inducible factor-1o (HIF-1a) level was notably elevated in anoxic tumor
cells [12]. As a calcium-ions sensitive factor, HIF-1la also has been
confirmed to participate in tumor cell metastasis by promoting
epithelial-mesenchymal transition (EMT) and angiogenesis [13]. Overall,
Piezol has been certainly identified as a mechanical inductor, while the
function of this protein is still unclear in HB environment. Therefore, in
our study, we investigated the potential function of Piezol in regulating
the migration and invasion of HB. Meanwhile, high-metastatic HB cell
lines HepG2 and Huh 6 were applied to explore the association between
Piezoland HIF-1a in regulating HB metastasis.

2. Results
2.1. Piezol up-regulated in HB tissue and correlated with the prognosis

Based on the gene expression profiling interactive analysis (GEPIA)
database (http://gepia.cancer-pku.cn), the expression of Piezol in liver
hepatocellular carcinoma (LIHC) tissues was remarkably higher than that
in normal tissues (Figure 1A). A total of 364 patients were recruited in
our research, who were divided into two groups, high Piezol expression
group and low Piezol expression group. The survival rate analysis
revealed that Piezol was negatively correlated with the overall survival
time of LIHC patients (Figure 1B). To explore the correlation between
Piezol expression and clinical relevance of HB patients, seven pairs of HB
and paracarcinoma tissues were collected. The expression of Piezol was
distinctly higher in HB tissues than that in para-carcinoma tissues in both
mRNA and protein levels (Fig 1C-E). Furthermore, immunohistochem-
istry was performed to detect the expression of Piezol in HB tissues. As
shown in Figure 1F, Piezol was expressed in the cytoplasm of cells, and
the expression trend was consistent with the protein results. The differ-
ences of Piezol expression in HB and para-carcinoma tissues indicated
that Piezol may play a distinct role in HB development.

2.2. Piezol facilitated cell proliferation in HB cells

We further investigated the influences of Piezol inhibition and
overexpression on the biological functions of HB cells (HepG2 and Huh
6). Two specific siRNA sequences were selected for silencing Piezol. WB
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and RT-qPCR analyses were performed to detect the Piezol inhibition
efficiency in two cell lines. The results revealed that si-Piezol-2
remarkably and stably inhibited Piezol expression, which was used for
subsequent assays (Fig 2A-C). Yoda 1, which has been confirmed as a
specific reagent to activate Piezol channel in many types of cells, was
used as a Piezol channel activator [14]. The MTT and colony formation
assays were used to evaluate the viability of HepG2 and Huh6 cells
treated with different concentrations of Yodal. As shown in Figure 2D,
the cell viability was restrained by Yodal in a dose-dependent manner,
and the optimal concentration of 50 uM was determined for subsequent
experiments. In colony formation assay, the proliferation ability of HB
cells was remarkably increased after stimulation with Yodal and signif-
icantly reduced after transfection with si-Pizeol (Figure 2E). These re-
sults suggested that the proliferation ability of HB cells was improved
after Piezol activation.

2.3. Piezol promoted HB cells metastasis

Migration and invasion are two important processes for cancer cells to
metastasize to distal normal tissues. Therefore, wound-healing and trans-
well assays were performed to investigate the function of Piezol in HB
metastasis. As shown in Fig 3A-B, compared with the control group, the
wound closure was slower in si-Piezol groups. However, the Piezol
overexpressing cells migrated faster to the middle area than cells in
control group. Furthermore, trans-well assay results suggested that there
were slightly fewer cells passing through the membrane in si-Piezol
groups, but the cell number was increased in Yoda 1 treated groups
(Fig 3C-D). The migration and invasion abilities of both cell lines over-
expressing Piezol were significantly higher than the control group. These
results indicated that Piezol promoted HB cells metastasis in vitro.

2.4. Piezo promoted HB cells metastasis through HIF-1a

In HepG2 and Huh 6 HB cell lines, the mRNA expression levels of HIF-
la were remarkedly elevated in Yoda 1 treated group, which were sup-
pressed after transfection with si-Piezol (Figure 4A). The proteins ex-
pressions of HIF-1a, Yodal and Piezol were also examined by WB
(Figure 4B). As expected, Yodal treatment remarkably elevated the ex-
pressions of Piezol and HIF-1a. However, expression levels of these two
proteins were decreased following transfection with si-Piezol. To
investigate the relationship between HIF-la and Piezol, HIF-la was
successfully silenced by stably transfection of GFP- HIF-1a into both HB

Figure 1. High Piezol expression in HB tis-
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Figure 2. Piezol induced HB cells proliferation. A-C, Western blot and RT-qPCR analysis of Piezol expression after transfected with two si-Piezol. D, MTT assay of
two HB cells with different concentrations of Yoda 1. E, Representative images and the statistical result of colony formation in two HB cells after transfected with si-
Piezol and Yodal. **P < 0.01 vs control, Data were shown as mean + SD, statistical significance was calculated by one-way ANOVA.
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Figure 3. The effect of Piezol in HB cells metastasis. A-B, Wound-healing representative images and statistical results of Piezol in two HB cells (scale bar = 200 pm).
C-D, Transwell representative images and statistical results of Piezol on cell invasion (scale bar = 100 pm). **P < 0.01 vs control, Data were shown as mean =+ SD,

statistical significance was calculated by one-way ANOVA.

cell lines. WB and RT-qPCR results confirmed that HIF-1a was efficiently
suppressed in two HB cells (Fig 4C-D). Trans-well assay results confirmed
that the invasion ability of HB cells was significantly inhibited by si-
Piezol and facilitated by Yodal. Moreover, GFP- HIF-1a transfection
group also inhibited HB cell invasion. However, when co-transfected
with GFP-HIF-1la and Yodal, HB cells invasion was remarkably
decreased compared with Yodal transfection group, indicating that
silenced HIF-1la could reverse the promotion effect of Piezol over-
expression on HB cells invasion (Figure 4E). We got the same conclusion
of migration from the wound healing assays. Similarly, Piezol knock-
down prominently suppressed while Yodal significantly accelerated the
migration of HB cells. Nevertheless, after HIF-1a silencing, the promotion
of Piezol overexpression on the migration was remarkably weakened in
HB cells (Fig 3A-B). These results indicated that HIF-la could be a
downstream of Piezol, and Piezol might promote cell migration and
invasion via regulation of HIF-1a in HB cells. To investigate the regula-
tory mechanism underlying Piezol mediated selective expression of HIF-

lo, the co-immunoprecipitation assay was conducted. As shown in
Figure 4F, anti-Piezol successfully precipitated the complex of Piezol
and HIF-la. Notably, compared with Piezol silencing, Piezol over-
expression increased the interaction between HIF-1a and Piezol pro-
teins. Hence, the results indicated that Piezol could cooperate with HIF-
la.

2.5. Piezol-HIF-1a-VEGF: a possible signaling pathway in HB metastasis

To verify the Piezol-HIF-1a relative signal pathway in HB metastasis,
the interaction of Piezol and HIF-1a was primarily investigated in HepG2
and Huh 6 cells. The results showed that the Yoda 1 significantly pro-
moted the expressions of Piezol and HIF-1a. After silencing of Piezol,
HIF-1a expression was significantly inhibited. In addition, the expression
level of HIF-1a was detected after co-transfection of si-Piozel and Yodal.
As shown in Fig 5A-B, the combined treatment significantly reversed the
ascent of HIF-la induced by Yodal, which indicated that Yodal
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Figure 4. Piezol promoted HB cells invasion via up-regulation of HIF-1a. A-B, Western blot, and RT-qPCR analysis of Piezol and HIF-1a expression in two HB cells
after Piezol overexpression and inhibition. C-D, Western blot, and RT-qPCR analysis of the inhibition efficiency of GFP-PURO-HIF-1a in two HB cells. E, Trans-well
representative images and statistical results of two HB cells after being transfected with si-Piezol, Yoda 1, GFP-PURO-HIF-1a, and Yodal+ GFP-PURO-HIF-1a (scale
bar = 200 pm). F, co-immunoprecipitation images of HIF-1a and Piezol. *P < 0.05, **P < 0.01 vs control, #P < 0.05 vs GFP-PURO-control, “4P < 0.01 vs Yodal, Data
were shown as mean + SD, statistical significance was calculated by one-way ANOVA.

promoted HIF-1a expression through activating Piezol. VEGF is a com- after Piezol inhibition. When HIF-1a was silenced, the VEGF expression
mon migration, invasion, and metastasis participator of tumor cells, was still reduced although there is no significant change with Piezol at
which has been confirmed as a downstream target activated of HIF-1a either mRNA or protein level (Fig 5C-D). Intriguingly, after silenced the
[15, 16]. In our study, HIF-1a and VEGF expressions were both restrained HIF-1a and Piezol, the expression of VEGF exhibited slightly downtrend
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Figure 5. The expression of Piezol, HIF-1a, and VEGF in two HB cells after transfected with Yoda 1, si-Piezol and GFP-PURO-HIF-1a. A-B, Western blot and RT-qPCR
analysis of Piezol and HIF-1a expression after Piezol overexpression and inhibition in two HB cells. C-D, Western blot and RT-qPCR analysis of Piezol, HIF-1a and
VEGF after transfected with si-Piezol or GFP-PURO-HIF-1a in two HB cells. E-F, Western blot and RT-qPCR analysis of Piezol, HIF-1a and VEGF expression after
transfected with si-Piezol and GFP-PURO-HIF-1a in two HB cells. *P < 0.05, **P < 0.01 vs control, Data were shown as mean =+ SD, statistical significance was

calculated by one-way ANOVA.
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(Fig 5E-F). Taken together, the results indicated that VEGF was a
downstream target of HIF-1a, and the Piezol-HIF-1a-VEGF axis could be
a possible signaling pathway in HB tumor metastasis. Nevertheless, the
solid specific mechanism still needs further exploration.

3. Discussion

Piezol has been proved to be associated with the prognoses of many
cancers such as breast cancer [9], gastric cancer [17], non-small cell lung
cancer [18], and glioma [19]. However, the Piezo channel might reveal
opposite function. For example, the inhibition of Piezo by a toxic peptide
GsMTx-4 suppressed the motility of breast cancer cell line MCF-7 [9].
Higher expression of Piezo was detected in human and mouse bladder
cancer than normal tissues [20]. In the contrary, the depletion of Piezol
could facilitate the migratory properties and cause switch to an integrin
independent type of cell migration in small lung cancer [21]. The con-
tradictory in phenotypes may be attributed to the pleiotropic effects of
Piezo and the difference in tumor types. Herein, this study demonstrated
the potential role of Piezol in HB. Taken together, our data indicated that
Piezol showed an ectopic overexpression in HB tissues and was associ-
ated with shortened survival time in HB patients. Then, two typical HB
cell lines HepG2 and Huh 6 were transfected with si-Piezol to suppress
Piezol expression, and with Yoda 1 to activate Piozel channel. Over-
expression of Piezol was negatively associated with HB cells viability,
while Piezol silencing could suppress HB cells proliferation. In addition,
overexpression of Piezol promoted HB cells migration and invasion.
Thereby, the above results suggested that Piezol was associated with the
viability and metastasis of HB cells.

Subsequently, we revealed that HIF-1a was targeted by Piozel in HB
cells metastasis. Previous researches have elucidated that the hypoxia
tumor environment caused by HIF-la high expression was one of the
most important mechanisms to promote metastasis [22]. For instance,
Sun et al. demonstrated that Piezol promoted the expression of HIF-1a in
colon cancer cells [23]. Wang et al suggested that Piezol was a key
component during gastric cancer omenta metastasis, which could be
related to up-regulation of HIF-1a [16]. In line with these findings, our
study demonstrated that the expression of HIF-la was significantly
elevated in cells treated with Yoda 1, whereas was significantly
restrained by Piezol knockdown. Similarly, HIF-1a knockdown reversed
the elevated invasion caused by Yodal-mediated Piezol activation. In
addition, the interaction between Piezol and HIF-1a was confirmed by
co-immunoprecipitation in HB cells. Thus, our findings indicated that
HIF-1a could be a downstream target of Piezol, and Piezol might induce
HB cells to facilitated metastasis by up-regulation of HIF-1a [24, 25, 26].

It has been reported that HIF-1a was involved in tumor cell metastasis
by promoting angiogenesis [13]. Meanwhile, VEGF is an
angiogenesis-related regulatory factor in tumors, which is an important
downstream factor of HIF-1la [35669101] [27]. Li et al found that
knockdown of Piezol attenuated migration of human umbilical vein
endothelial cells towards VEGF [28]. Hence, we further explored the
relationship between Piezol/HIF-la and VEGF in HB metastasis. Our
results revealed that VEGF expression was inhibited not only by the
silencing of Piezol but also by the restraint of HIF-1a. Thereby, VEGF
could be a downstream molecule of Piezol-HIF-1la. Moreover, HIF-1a
silencing could not exhibit the promotion behavior of Yoda 1 on VEGF.
Thus, we proposed a potential Piezol involved signal pathway, the Pie-
zo1-HIF-1a-VEGF axis, which might mediate HB cells metastasis.

In summary, our results indicated that Piezol overexpression could
promote HIF-lo expression, and Piezol silencing could impair the
expression of HIF-1a and further restrain HB cells metastasis, thereby
effectively inhibited the VEGF expression. Thus, Piezol could be a po-
tential treatment target for HB metastasis. This research still had several
limitations. Firstly, the Piozel expression in HB metastasis lesions was
not examined due to restrictions that not all lesions can be resected in
clinical practice. Secondly, other significant downstream targets of
Piezol in HB metastasis need to be investigated in the future. With the in-
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depth studies on Piezol, we believed that it could be a promising target
for HB therapy.

4. Conclusion

Our results suggested that Piezol had an ectopic overexpression in HB
tissue and associated with shortened survival time in HB patients.
Meanwhile, a potential signal transduction mechanism involving Piezol-
HIF-1a-VEGF was proposed for the proliferation and metastasis of HB
cells.

5. Materials and methods
5.1. Human tissues and cell lines

Human HB and adjacent nontumor liver tissues were collected from
patients treated at Shenzhen Children's Hospital (Shenzhen, China).
Tumors were diagnosed as HB by the department of pathology. Every
patient signed an informed consent form. Our study was ethically
approved by Shenzhen Children's Hospital Ethics Committee. HepG2 and
Huh 6 cell lines were purchased from the National Collection of
Authenticated Cell Cultures (Shanghai, China) and cultured in high
glucose Dulbecco's modified Eagle's medium (DMEM) containing 10%
fetal bovine serum (FBS) and 1% penicillin (100 U/mL) and streptomycin
(100 U/mL) in cell incubator (37 °C, 5% CO5).

5.2. Materials

Trypsin-EDTA was obtained from Gibco Ltd (Grand Island, USA). The
Yoda 1 (S6678) was purchased from SelleckChem (Houston, USA).

5.3. Cell proliferation and viability assays

HepG2 and Huh 6 cells were treated with different concentrations of
Yoda 1 (5, 10, 50, 100, 200, 500 pmol/L) for 48 h. Cell proliferation was
detected using MTT kits (Beyotime, ST316, Shanghai, China). Briefly, the
cells were seeded into 96-wells plates as 1000 cells per well for adher-
ence. After 48 h of Yodal incubation, 50 pL. MTT (5 mg/mL in PBS) was
added to each well, and the cells were incubated for 4 h at 37 °C. The
absorbance was measured at 570 nm with a microplate reader (Synergy
HT, Bio-Tek, USA) and expressed as a percentage of the absorbance of
non-transfected cells. Data were presented as mean =+ SD.

5.4. Transfection

The small interfering RNA (siRNA) for Piezol were obtained from
Sangon Biotech (Shanghai, China) and the sense and antisense sequence
were shown in Table 1. Briefly, the cells were seeded in 24-well plates as
1x10* cells per well for adherence. Transfection was performed using
Lipofectamine 2000 Transfection Reagent (Invitrogen, USA).

5.5. Reverse transcription quantitative real-time PCR (RT-qPCR)

Total RNAs of cells were isolated with E. Z.N.A.® Total RNA Kit II
(Omega Bio-tek, Inc. Norcross, GA). The cDNAs were synthesized using
HiScript II Q RT SuperMix (Vazyme Biotech, China) with random hex-
amers. RT-qPCR analyses were carried out using SYBR Green Master Mix
(Vazyme Biotech, China) and gene-specific primers on a CFX96 Touch
real-time PCR system (Bio-Rad, Hercules, CA). GAPDH was used as an
internal control for mRNA levels respectively. Cells were treated in
triplicate and assayed separately. The comparative threshold cycle (Ct)
method with formula 2724% was used to calculate the relative gene
expression. The primer sequences were shown in Table 2.
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Table 1. Piezol siRNA sequence.

gene Sequence (5'-3')

Piezol siRNA-1 sense CCAAGACGUACAAUCAUCAUAUCA
antisense ACAUGAUCGUACUUCUUAGTG

Piezol -2siRNA sense GACGACUUCCUGUUUGAGUAC
antisense ACUCGAACAGGAAUUAGUCGC

5.6. Western blotting and Co-immunoprecipitation

Cells were harvested and washed twice with cold PBS. Cell lysates
were prepared by RIPA buffer (Beyotime, Shanghai, China) supple-
mented with 1% Protease inhibitor Cocktail Set III (Valbiochem, Darm-
stadt, Germany) on ice. Protein concentrations were determined using a
BCA Protein Assay Kit (Thermo Fisher Scientific, USA). For co-
immunoprecipitation, cell lysates were extracted and incubated with 2
ug specific antibody for 12 h at 4 °C. Then, the samples were incubated
with 50 pL protein G agarose beads for 3 h. After adequate washing, the
precipitated proteins were resuspended in 20 pL SDS buffer and boiled at
95 °C for 10 min. Whole-cell proteins (50 pg/lane) were loaded and
resolved on a 10% SDS-PAGE, then transferred onto PVDF membranes.
The membranes were blocked for 1 h in 5% non-fat milk in TBST buffer,
then immunoblot was performed by incubating the membranes with the
anti-Piezol (Proteintech, 28511-1-AP, 1:1000), anti-HIF-1a (Abclonal,
A7684, 1:1000), anti-VEGF (Abclonal, A12303, 1:1000) or anti-GAPDH
(Abclonal, A19056, 1:2000) rabbit antibody. Then the membranes
were incubated with secondary antibodies (goat anti-rabbit IgG,
Zhuangzhi) conjugated with horseradish peroxidase for 3 h at room
temperature. After being incubated with Clarity Western ECL substrates
(Bio-Rad), the protein bands were detected by Tanon 4600 S F gel im-
aging system (Tanon Science & Technology CO., Ltd, Shanghai, China).

5.7. Immunohistochemistry

For immunohistochemistry staining, formalin-fixed and paraffin-
embedded specimens were incubated with primary antibodies (anti-
Piezol, 1:200) at 4 °C overnight, and followed by second antibody at
room temperature for 2 h. After adding DAB solution, the sections were
stained with hematoxylin for 2 min.

5.8. Cell invasion assays

Cell invasion assay used 24-well plates with 8 pm micropore inserts,
1x10° cells were seeded into upper wells, which were coated with 50 pL
matrigel (BD Transduction Laboratories, diluted at 1:25 with DMEM)
without FBS for 24 h. While the complete growth medium (10% FBS) was
placed in the lower chamber. The cells on the upper surface of filter were
wiped with a cotton swab, and the cells on the lower surface of filters
were fixed for 15 min with 4% paraformaldehyde and stained with 0.1%
crystal violet for another 15 min. Finally, the lower surface of the filter
was photographed by microscopy.

Table 2. Primer sequence.

5'- GGACTCTCGCTGGTCTATTC -3’
5'- GGGCACAATATGCAGGCTCT -3'

hum-Piezol-F

hum-Piezol-R

hum-GAPDH-F 5'- CCTCTGACTTCAACAGCGAC -3/,
hum-GAPDH-R 5'-TCCTCTTGTGCTCTTGCT GG -3’
hum-HIF-1a-F 5'- CTTAGCGCAAGTCTTCAATC -3’
hum-HIF-1a-R 5'- ACCGTAGGAGATGGAGATCG -3’
hum-VEGF-F 5'- CTCGCAGTCGCGGAGA -3/
hum-VEGF-R 5'- GCAGCCTGGACCCTTGGC -3’
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5.9. Wound healing assay

Cells were seeded into 6-well plates as 1x10° cells per well. When the
confluence reached 80%, the 200 pL pipette tip was used to scratch 1cm
wide gap. Then the cells were incubated in a serum-free medium for 48 h
and the images were observed under the microscope.

5.10. Statistical assessment

SPSS13.0 software was used to analyze the data. Results were
expressed as mean + SD. For all experimentation standard deviation
indicates SD. The independent-sample ¢ test was used for comparison
between the two groups. The one-way ANOVA was used for comparison
among three or more group. The two-way ANOVA was used for com-
parisons two-factor between two groups. P < 0.05 was considered sta-
tistically significant (GraphPad).
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