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FIGURE 7 | miR-101-3p regulates HCC cell proliferation, invasion and migration via targeting PYGB. SK-Hep-3b or MHCC97-H cells were transfected with negative
control, miR-101-3p mimics or miR-101-3p mimics and PYGB overexpression vector. (A) The protein expression of PYGB was examined by western blot. (B–D) Cell
viability, DNA synthesis and colony formation of HCC cells were evaluated using CCK-8 assay (B), EdU assay (C), and colony formation assay (D). (E,F) Cell invasion
and migration of HCC cells were evaluated using transwell assay and wound healing assay. (G) The protein expression of N-cadherin, E-cadherin, β-catenin, Snail,
Slug and Twist in HCC cells were examined by western blot **p < 0.01.
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FIGURE 8 | Prognosis analysis of patients with high or low expression of miR-101-3p and PYGB in TCGA HCC cohort. (A,B) Kaplan-Meier analysis of the OS and
DFS in HCC patients with high or low miR-101-3p expression in TCGA HCC cohort. (C,D) Kaplan–Meier analysis of the OS and DFS in HCC patients with different
expression levels of miR-101-3p and PYGB. (E) Schematic representation of miR-101-3p/PYGB axis promoting HCC tumorigenesis.

miR-101-3p might function as a regulator of PYGB in HCC by
directly targeting PYGB.

miR-101-3p Regulates HCC Cell
Proliferation, Invasion and Migration via
Targeting PYGB
To further validate the regulatory mechanisms of miR-101-
3p/PYGB in HCC, HCC cells were transfected with miR-101-3p

mimics and/or pcDNA3.1-PYGB. The expressions of PYGB
were downregulated after miR-101-3p mimics transfection,
but restored by pcDNA3.1-PYGB administration (Figure 7A).
Functional assays showed that cell viability, DNA synthesis
and colony formation ability of HCC cells were inhibited by
miR-101-3p overexpression using CCK-8 assay, EdU assay and
colony formation assay, while the inhibition were dampened
by PYGB overexpression (Figures 7B–D). PYGB overexpression
also rescued the cell invasion and migration ability in HCC
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cells transfected with miR-101-3p mimics, as demonstrated
by transwell assay and wound-healing assay (Figures 7E,F),
indicating that PYGB could attenuate the inhibition effect of miR-
101-3p overexpression. In addition, the protein expression of
N-cadherin, β-catenin, Snail, Slug and Twist in HCC cells were
inhibited after miR-101-3p mimics transfection, but restored by
PYGB overexpression (Figure 7G).

Moreover, Kaplan–Meier analysis suggested that patients with
low miR-101-3p expression had poor OS and DFS compared
with that in patients with high miR-101-3p expression in TCGA
HCC cohort (Figures 8A,B). More interestingly, patients with
high PYGB expression and low miR-101-3p expression possessed
worse OS and DFS than that in patients with low PYGB
expression and high miR-101-3p expression (Figures 8C,D).
These results confirm that miR-101-3p/PYGB axis has an
important role in HCC tumorigenesis (Figure 8E).

DISCUSSION

PYGB is an enzyme catalyzing the rate-determining step
from glycogen to glucose 1-phosphate, and involved in
carbohydrate metabolism (Gelinas et al., 1989; Pudil et al.,
2010). In cancers, PYGB attracts observation for its nuclear
localization in some gastrointestinal carcinoma (Uno et al.,
1998). Dysregulated expression of PYGB in a series of
cancers was discovered in last two decades (Uno et al.,
1998; Tashima et al., 2000; Lee et al., 2006; Wang et al.,
2018). In HCC, mouse monoclonal anti-HCA antibody staining
indicated PYGB could be served as a potential biomarker for
HCC diagnosis (Zhou et al., 2013), which showed the high
expression of PYGB in HCC. In this study, we focused on
the function and regulatory mechanism of PYGB in HCC
development and metastasis.

Previous studies have indicated that PYGB were dysregulated
and might be served as a metabolic target for clinical application.
For instance, upregulation of PYGB was reported in several
cancers, such as colorectal cancer (Tashima et al., 2000),
prostate cancer (Wang et al., 2018) NSCLC (Lee et al.,
2006) and ovarian cancer (Zhou et al., 2019). High PYGB
expression was positively correlated with poor prognosis of
ovarian cancer patients (Zhou et al., 2019). Here, we found
that mRNA expression levels of PYGB were enhanced in tumor
tissues such as HCC, prostate adenocarcinoma (PRAD), colon
cancer (COAD), lung cancer (LUAD) and lung squamous
cell carcinoma (LUSC), consistent with the results reported
by previous studies (Uno et al., 1998; Tashima et al., 2000;
Lee et al., 2006; Zhou et al., 2013; Wang et al., 2018).
Moreover, we further confirmed the high mRNA and protein
expression of PYGB using GEO datasets and ZZU HCC
cohort, respectively. Importantly, we found that patients with
high PYGB expression had poorer OS than patients with low
PYGB expression. PYGB expression, as well as TNM stages
and vascular invasion, was an independent risk factor for
HCC prognosis. These results indicated that PYGB was highly
expressed and could be served as a prognostic biomarker
for HCC patients.

Previous study has indicated that glucose utilization
via glycogen phosphorylase sustains proliferation and
prevents premature senescence in cancer cells (Favaro
et al., 2012). Emerging evidence has hinted that PYGB,
the number of glycogen phosphorylase family, participates
in tumor progression. PYGB knockdown inhibited cell
proliferation in human osteosarcoma cell lines (Zhang
et al., 2018), and suppressed cell growth and promotes
the apoptosis of prostate cancer cells (Wang et al., 2018).
In ovarian cancer cells, silencing PYGB inhibited cell
proliferation, invasion and migration (Zhou et al., 2019).
Inhibition of PYGB expression resulted in decreased
glycogen utilization, wound-healing capability, and invasive
potential of breast cancer cells (Altemus et al., 2019).
To characterize the function of PYGB in HCC, in vitro
experiments were performed. We found that PYGB
knockdown suppressed cell growth and proliferation,
colony formation, invasion and migration of HCC cells.
Furthermore, silencing PYGB inhibited the tumor growth
and metastasis in vivo. These data suggest that PYGB
play a critical role in HCC growth and metastasis, and
might be served as a therapeutic target for inhibiting HCC
growth and metastasis.

We further investigated the molecular mechanisms of
PYGB in HCC progression. GSEA analysis indicated that
PYGB expression was positively correlated with survival
down-associated gene signature, invasiveness-associated gene
signature and EMT-associated gene signature. Studies have
shown that EMT played a critical role in the cell growth,
invasion and metastasis of cancer cells (Salt et al., 2014;
Nieto et al., 2016; Shen et al., 2019), which were consistent
with the roles of PYGB in HCC growth and metastasis.
We found that PYGB expression was positively associated
with the mRNA expression of EMT-related genes including
N-cadherin, β-catenin, Snail, Slug and Twist. Moreover, protein
expression levels of N-cadherin, β-catenin, Snail, Slug and Twist
were downregulated in HCC cells after PYGB knockdown.
These results indicated that PYGB might be involved in
HCC progression by enhancing the invasiveness and EMT
process of HCC cells.

Referring to the regulatory mechanisms of PYGB in HCC,
bioinformatics analysis indicated that miR-101-3p was a potential
candidate for targeting PYGB mRNA. Mounting evidences
proved that miR-101 was downregulated in HCC and the low
expression of miR-101 was associated with poor prognosis of
HCC patients (Su et al., 2009; Shen et al., 2014; Wei et al.,
2015; Li C. Y. et al., 2017; Wakasugi et al., 2018; Weidle
et al., 2020). More importantly, recent studies have reported
that miR-101 suppressed proliferation and migration of HCC
cells by targeting the HGF/c-Met pathway (Liu et al., 2019),
PI3K/Akt/mTOR pathway (Zhang et al., 2019) and so on. In
addition, miR-101 played an vital role in EZH2-induced sorafenib
resistance (Hu et al., 2019) and cancer-associated fibroblasts
(Yang et al., 2016) in hepatocellular carcinoma. In this study,
we found that there was a negative correlation between PYGB
expression and miR-101-3p expression in TCGA HCC cohort
and ZZU HCC cohort. Patients with high PYGB expression and

Frontiers in Cell and Developmental Biology | www.frontiersin.org 14 November 2020 | Volume 8 | Article 566494

https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles


fcell-08-566494 November 20, 2020 Time: 15:1 # 15

Cui et al. Glycogen Phosphorylase B Promotes HCC

low miR-101-3p expression possessed poorer OS and DFS
that patient with low PYGB expression and high miR-101-3p
expression. Moreover, the directly inhibition of PYGB expression
by miR-101-3p overexpression was verified in vitro. We also
found that cell proliferation, invasion and migration of HCC
cells were inhibited by miR-101-3p, while the inhibition could
be dampened by PYGB overexpression. Meanwhile, PYGB
overexpression could restore the expression of N-cadherin,
β-catenin, Snail, Slug and Twist inhibited by miR-101-3p in HCC
cells. These results indicated that miR-101-3p might regulate
HCC tumorigenesis and metastasis via targeting PYGB.

Based on our findings, PYGB may be served as therapeutic
target for HCC patients, which provides a novel therapeutic
strategy targeting PYGB by miR-101-3p. We expect that miR-
101-3p could be optimized in HCC tissue specificity by some
technology, such as nanotechnology in the future, which is
beneficial for the precise targeted treatment of HCC patients.

CONCLUSION

Collectively, we find that PYGB is highly expressed in
HCC tissues and PYGB overexpression is associated with a
poor prognosis of HCC patients. PYGB promotes HCC cell
tumorigenesis and metastatic progression. Moreover, PYGB is
identified as a direct target of miR-101-3p and miR-101-3p might
regulate HCC development via targeting PYGB. In short, our
results suggest that PYGB may be served as a novel prognostic
biomarker and therapeutic target for improving the prognosis
of HCC patients.
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