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Abstract: Though Pyrogallol, one of the natural polyphenols, was known to have anti-inflammatory
and antitumor effects in breast and colon cancers, the underlying antitumor mechanisms of Pyrogallol,
still remain unclear so far. Here, the antitumor mechanisms of Pyrogallol were elucidated in
Hep3B and Huh7 hepatocellular carcinoma cells (HCCs). Pyrogallol showed significant cytotoxicity
and reduced the number of colonies in Hep3B and Huh7 cells. Interestingly, Pyrogallol induced
S-phase arrest and attenuated the protein expression of CyclinD1, Cyclin E, Cyclin A, c-Myc, S-phase
kinase-associated protein 2 (Skp2), p-AKT, PI3K, increased the protein expression of p27, and also
reduced the fluorescent expression of Cyclin E in Hep3B and Huh7 cells. Furthermore, Pyrogallol
disturbed the interaction between Skp2, p27, and c-Myc in Huh7 cells. Notably, Pyrogallol upregulated
miRNA levels of miR-134, and conversely, miR-134 inhibition rescued the decreased expression levels
of c-Myc, Cyclin E, and Cyclin D1 and increased the expression of p27 by Pyrogallol in Huh7 cells.
Taken together, our findings provide insight that Pyrogallol exerts antitumor effects in HCCs via
miR-134 activation-mediated S-phase arrest and inhibition of PI3K/AKT/Skp2/cMyc signaling as a
potent anticancer candidate.
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1. Introduction

Liver cancer is recognized as the sixth most common cancer and the fourth leading cause of cancer
mortality all over the world [1]. Among them, hepatocellular carcinoma (HCC) accounts for almost 90%
of all primary hepatic malignancies [2]. Although chemotherapy, mainly with sorafenib, radiotherapy,
surgery, and immunotherapy have been used for the treatment of HCC for years, the therapies are
unsatisfactory due to its high recurrence rates and frequent accompanying cirrhosis [3,4]. Therefore,
combination treatments to overcome resistance to anticancer agents were recommended for effective
cancer therapy [5,6]. Consistently, Fan et al. reported the synergistic effect of 3-bromopyruvate as an
effective glycolytic inhibitor in combination with other antitumor drugs (e.g., cisplatin, doxorubicin,
5-fluorouracil) in HL-60, U937, and HCT116 cells [7].

It is well documented that cell cycle arrest, including G0/G1, S, and G2/M phases are another
option regardless of apoptosis induction in cancers [8,9]. Among them, many natural products such as
lupeol [10], Biochanin A [11], and sulforaphane [12] are attractive for targeting S-phase arrest.

MicroRNAs (miRNAs), endogenous small non-coding RNAs of 19–25 nucleotides in length,
are well known to act as a tumor suppressors or oncogenes in several cancers by regulating gene
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expression at a post-transcriptional level [13–15]. Among them, miRNA 134 was reported to act as a
tumor suppressor in breast cancer [16], lung cancer [17], endometrial cancer [18], gastric cancer [19],
osteosarcoma [20], and glioma cancer [21].

Pyrogallol, a major compound contained in Emblica officinalis and Mangifera indica, was known to
have anti-inflammatory [22] and antitumor effects in colon cancer [23], breast cancer [24], leukemia [25]
and lung cancer [26,27]. Nonetheless, the underlying antitumor mechanisms of Pyrogallol have not
been elucidated in hepatocellular carcinoma yet. Thus, in the present study, the antitumor mechanisms
of Pyrogallol were investigated in Hep3B and Huh7 HCCs in association with S-phase arrest and
miRNA134 upregulation.

2. Results

2.1. Pyrogallol Reduced the Viability and Proliferation of Hep3B and Huh7 Cells

The effect of Pyrogallol (Figure 1A) was evaluated on the viability and proliferation of two
hepatocellular carcinoma cells (Hep3B and Huh7) by the MTT assay. After cells were treated with
various concentrations of Pyrogallol (0, 5, 10, 20, 40, 80 µM) for 24 h, MTT and colony formation assays
were conducted. The MTT assay revealed that Pyrogallol decreased the viability of Hep3B and Huh7
in a dose-dependent manner (Figure 1B). Furthermore, Pyrogallol reduced the number of colonies in
Hep3B and Huh7 cells by the colony formation assay (Figure 1C).
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Figure 1. Pyrogallol decreased the viability of Hep3B and Huh7 cells. (A) Chemical structure of
Pyrogallol. (B) Cells were seeded in a 96-well plate and exposed to various concentrations of Pyrogallol
(0, 5, 10, 20, 40, 80 µM) for 24 h and cell viability was determined by MTT assay. (C) Photos for colony
formation of Pyrogallol (0, 5, 10, 20, 40, 80 µM) in Hep3B and Huh7 cells. The colonies were visualized
by staining with crystal violet. Data are expressed as means ± SD. * p < 0.05, ** p < 0.01, *** p < 0.001.
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2.2. Pyrogallol Induced S-phase Arrest in Hep3B and Huh7 Cells

To identify the effect of Pyrogallol on the cell cycle phases in Hep3B and Huh7 cells, the cells
treated with various concentrations of Pyrogallol were subjected to cell cycle analysis by using flow
cytometry after staining with PI. Herein, S-phase arrest was induced by Pyrogallol in Hep3B and Huh7
cells (Figure 2A,B).
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Figure 2. Pyrogallol induced S-phase arrest in Hep3B and Huh7 cells. (A,B) Hep3B and Huh7 cells
were treated with Pyrogallol (0, 20, 40, 80 µM) for 24 h. The cells were washed with PBS, fixed in 70%
ethanol, stained with PI and then subjected to flow cytometric analysis. Graphs show each phase of the
cell cycle population (%).

2.3. Pyrogallol Regulated the Expression of Cell Cycle-Related Proteins in Hep3B and Huh7 Cells

Cell cycle analysis revealed that Pyrogallol induced S-phase arrest in Hep3B and Huh7 cells.
Consistently, Pyrogallol attenuated the protein expression of Cyclin D1, Cyclin E, and Cyclin A
(Figure 3A) and also reduced the fluorescent expression of Cyclin E in Hep3B and Huh7 cells
(Figure 3B).
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(B) Cells were treated with 80 μM of Pyrogallol for 24 h and fixed, permeabilized, probed with Cyclin 
E antibody and secondary (FITC) antibody and were stained with DAPI and mounted in media and 
visualized under the FLUOVIEW FV10i confocal microscope (Olympuse, Japan). Scale bars= 40 μm. 
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Figure 3. Pyrogallol regulated the expression of cell cycle-related proteins in Hepatocellular carcinoma.
(A) Hep3B and Huh7 cells were treated with Pyrogallol (0, 20, 40, 80 µM) for 24 h. Significantly
decreased expression of cell cycle-related protein cyclin D1, Cyclin E, and Cyclin A by Western blotting.
(B) Cells were treated with 80 µM of Pyrogallol for 24 h and fixed, permeabilized, probed with Cyclin
E antibody and secondary (FITC) antibody and were stained with DAPI and mounted in media and
visualized under the FLUOVIEW FV10i confocal microscope (Olympuse, Japan). Scale bars = 40 µm.

2.4. Pyrogallol Decreased the Expression of c-Myc, Skp2, p-AKT, PI3K and Increased the expression of p27 in
Hep3B and Huh7 Cells

Skp2 (S-phase kinase-associated protein 2) is involved in tumorigenesis, regulation of cell cycle
and cell survival by targeting c-Myc and p27 [28,29]. Here the effect of Pyrogallol was assessed on Skp2,
c-Myc, PI3K, and p-AKT in Hep3B and Huh7 cells by Western blotting. We found that the expression of
Skp2, c-Myc, PI3K, and p-AKT was attenuated, but p27 was upregulated in Pyrogallol-treated Hep3B
and Huh7 cells (Figure 4).
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Huh7 cells.

2.5. Pyrogallol Reduced the Expression of Skp2 and Disturbed the Interaction Between Skp2, p27, and c-Myc in
Huh7 Cells

To check the effect of Pyrogallol on Skp2, immunofluorescence was conducted in Hep3B and
Huh7 cells. Here Pyrogallol decreased the expression of Skp2 in Hep3B and Huh7 cells (Figure 5A).
To confirm the direct binding between Skp2, p27, and c-Myc, since the binding score between Skp2 and
p27, p27 and c-Myc, Skp2 and c-Myc was 9, 9, and 8, respectively by the STRING database (Figure 5B),
the immunuoprecipitation assay was conducted in Hep3B and Huh7 cells. Immunoprecipitation
confirmed that the interaction between Skp2, p27, and c-Myc was disturbed by Pyrogallol in Huh7
cells (Figure 5C).

2.6. The Pivotal Role of miR-134 in Pyrogallol-Induced S-Phase Arrest and Antiproliferation in Huh7 Cells

It is well documented that miR-134 was highly expressed in lung tumor, pancreatic cancer,
colon cancer, and prostate cancer while it was minimally expressed in glioblastomas, breast cancer,
renal cell carcinoma, colorectal cancer, hepatocellular carcinoma, and osteosarcoma cell lines [30].
To demonstrate the important role of miR-134 in Pyrogallol-treated Huh7 cells, RT-qPCR analysis was
performed in Huh7 cells. The mRNA level of miR-134 was significantly induced by Pyrogallol in
Huh7 cells (Figure 6A). However, miR-134 inhibition rescued the decreased expression levels of c-Myc,
Cyclin E, and Cyclin D1 and increased the expression of p27 by Pyrogallol in Huh7 cells (Figure 6B).
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Figure 5. Pyrogallol reduced the expression of Skp2 and disturbed the interaction between Skp2
and c-Myc in Huh7 cells. (A) Effect of Pyrogallol on Skp2 expression in Hep3B and Huh7 cells.
The cells were treated with 80 µM Pyrogallol for 24 h, fixed, permeabilized, and then probed with Skp2
antibody and with secondary (FITC) antibody and were stained with DAPI and mounted in media, and
visualized under the FLUOVIEW FV10i confocal microscope (Olympuse, Japan). Scale bars = 40 µm.
(B) Interaction Network scores between c-Myc and Skp2 by STRING. (C) Effect of Pyrogallol on the
interaction between Skp2, p27, and c-Myc in Huh7 cells. Immunoprecipitation was performed in Huh7
cells by using c-Myc, p27, and Skp2 antibodies and then was subjected to Western blotting.
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Figure 6. The pivotal role of miR-134 in Pyrogallol-regulated cell cycle-related proteins in Huh7 cells.
(A) RT-qPCR analyzed the expression of miR-134 levels in Huh7 cells. (B) Huh7 cells were transfected
with miR-134 for 48 h and exposed to Pyrogallol for 24 h. The expression levels of p27, c-Myc, Cyclin E,
and Cyclin D1 were evaluated by Western blotting.
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3. Discussion

Due to bad prognosis and unsatisfactory efficacy in HCC treatment, recently natural compounds
such as aloperine [31], 7-deoxynarciclasine [32], quercetin [33], avicularin [34], and decursin [35] have
been attractive in the treatment of HCC. On the same line, here the underlying antitumor mechanism
of Pyrogallol contained in Emblica officinalis and Mangifera indica was explored in Hep3B and Huh7
HCCs in association with S-phase arrest and miR-134 activation.

Pyrogallol significantly increased cytotoxicity and reduced the number of colonies in Hep3B and
Huh7 cells, implying cytotoxic and antiproliferative effects of Pyrogallol.

It is well documented that cell proliferation depends on four distinct phases of the cell cycle
including G0/G1, S, G2, and M, which is usually regulated by several cyclin-dependent kinases (CDKs)
and so dysregulation of the cell cycle is regarded a promising target for cancer therapy [36]. Here, cell
cycle analysis revealed that Pyrogallol induced S-phase arrest, while not affecting sub G1 population,
in Hep3B and Huh7 cells. To confirm S-phase arrest induced by Pyrogallol, Western blotting was
conducted in Hep3B and Huh7 cells targeting S-phase-related proteins. Herein Pyrogallol induced
downregulation of CyclinD1, Cyclin A, and Cyclin E, and upregulation of p27 and also reduced the
fluorescent expression of Cyclin E in Hep3B and Huh7 cells, indicating S-phase arrest by Pyrogallol.

S-phase kinase-associated protein 2 (Skp2) regulates phosphorylated cell cycle regulator proteins
and their ubiquitination as a cell cycle regulator and oncogene [29,37], c-Myc also works as an oncogene
and cell cycle regulator [38], while PI3K and AKT are considered typical survival proteins in several
cancers [39]. As expected, Pyrogallol attenuated the expression of Skp2, c-Myc, and PI3K/pAKT in
Hep3B and Huh7 cells, demonstrating antiproliferative effects of Pyrogallol via inhibition of Skp2/ c-Myc
and PI3K/ pAKT signaling. Similarly, Nemec et al. reported that Pyrogallol increased phosphorylation
of AMPK and decreased phosphorylation of the AKT/mTOR pathway in MCF10DCIS.com breast
cancer cells.

Emerging evidence reveals that regulation of protein protein interaction(PPI) networks is
considered as a hot strategy for cancer therapy [40,41]. Interestingly, we found that Pyrogallol
disturbed the interaction between Skp2, p27, and c-Myc in Huh7 cells, implying that the antitumor
effect of Pyrogallol is mediated by the inhibition of PPI between Skp2, p27, and c-Myc.

Of note, Pyrogallol significantly increased the expression level of miR-134 that was known to be a
tumor suppressor [14,19], since miR-134 was minimally expressed in HepG2, Hep3B, and SMMC7721
HCCs compared to L02 l normal liver cell lines [42]. Conversely, inhibition of miR134 rescued c-Myc
and cyclin E rather than p27 or cyclin D1 in Pyrogallol-treated Huh 7 cells, implying that miR134
activation mediates the antitumor effect of Pyrogallol at least in part, which requires further study on
the detailed mechanisms of Pyrogallol in HCCs in the future.

In summary, Pyrogallol showed significant cytotoxic and antiproliferative effects, induced S-phase
arrest, attenuated the protein expression of CyclinD1, Cyclin E, Cyclin A, c-Myc, Skp2, p-AKT, PI3K,
increased p27, reduced the fluorescent expression of Cyclin E, and disturbed the interaction between
Skp2, p27, and c-Myc in Huh7 cells. Notably, Pyrogallol upregulated miRNA levels of miR-134 and
conversely miR-134 inhibition rescued the decreased expression levels of c-Myc, Cyclin E, and Cyclin
D1 and increased expression of p27 by Pyrogallol in Huh7 cells. Overall, our findings suggest the
scientific evidence that Pyrogallol exerts antitumor effecst in HCCs via S-phase arrest and miR-134
activation as a potent anticancer agent (Figure 7).
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inhibition of the P13K/AKT/SKP2 and cMyc signaling axis.

4. Materials and Methods

4.1. Pyrogallol and Reagents

Pyrogallol (CAS No. 87-66-1), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) and beta-actin were purchased from Sigma (Sigma, St. Louis, MO, USA). Also, specific
antibodies for Skp2, CyclinE, CyclinA, p27 (Santa cruz Biotechnology, Dallas, USA), c-Myc (abcam,
Cambridge, UK), cyclinD1, p-AKT, and PI3K (Cell signaling Technology, Danvers, MA, USA) were
purchased for Western blot analysis.

4.2. Cell Culture

The human hepatocellular carcinoma cell line such as Hep3B (ATCC® HB-8064™, Manassas, VA,
USA was purchased from American Type Culture Collection (ATCC, Manassas, VA, USA) and the
Huh7 cell line was bought from the Korean Cell Line Bank (KCLB, Seoul, Korea). Hep3B cells were
cultured in DMEM with 10% FBS and 1% antibiotics and Huh7 cells were maintained in RPMI1640
(Welgene, Gyeongsan, Korea) in a humidified atmosphere of 5% CO2 at 37 ◦C.

4.3. Cell Viability Assay

The effect of Pyrogallol on the viability of the Hep3B and Huh7 cells was measured by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Hep3B and Huh7 cells were
seeded in a 96-well plate for 24 h and were exposed to various concentrations (0, 5, 10, 20, 40, 80 µM)
of Pyrogallol for 24 h, then added to the MTT solution (1 mg/mL) and incubated at 37 ◦C for 2 h. After
formazan was dissolved in DMSO, optical density was measured using a microplate reader (Molecular
Devices Co., Silicon Valley, CA, USA) at 570 nm. Cell viability was calculated as a percentage of viable
cells in the Pyrogallol-treated group versus the untreated control.

4.4. Colony Formation

Hep3B and Huh7 cells (3 × 103/well) were seeded onto six-well plates and incubated at 37 ◦C.
After 24 h, the cells were exposed to the concentrations (0, 20, 40, 80 µM) of Pyrogallol for 24 h and
culture medium was replaced by a fresh one. After 10–12 days, cells were washed PBS, fixed, and
stained with Diff quick solution (Sysmex, Kobe, Japan). The plate was dried at room temperature and
colonies were manually counted under light microscopy.
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4.5. Cell Cycle Analysis

Hep3B and Huh7 cells were treated with Pyrogallol (0, 20, 40, 80 µM) for 24 h, washed with PBS
and fixed in 70% ethanol overnight at −20 ◦C. The cells were washed with cold PBS and treated with
RNase A (1 mg/mL) for 40 min at 37 ◦C and stained PI (50 µg/mL) at room temperature and were
analyzed using the FACS caliber (Becton Dickinson, Franklin Lakes, NJ, USA).

4.6. Real-time Quantitative PCR (RT-qPCR)

Total RNAs were extracted from Hep3B and Huh7 cells by using the QIAzol Lysis
Reagent (QIAGEN, Hilden, Germany). The cDNA was synthesized with oligodT (bioneer)
and M-MLV reverse transcriptase (Enzynomics, Gyeonggi-do, Korea). qRT-PCR was conducted
according to Light cycler TM manufacturer’s protocol. The sequence of miR-134 was as follows:
5′-UGUGACUGGUUGACCAGAGGGG-3′

4.7. Western Blotting

Hep3B and Huh7 cells (2 × 105/well) treated with Pyrogallol (20, 40, 80 µM) for 24 h were lysed
with RIPA buffer containing protease inhibitor and phosphatase inhibitor for 30 min on ice. Lysate
were centrifuged at 13,000× g for 25 min. Proteins were separated on 8%–12% SDS-PAGE gel and
transferred on to Nitrocellulose transfer membrane (GE healthcare, Chicago, IL, USA) at 300 mA. After
blocking with 5% non-fat skim milk in TBST for 1 h and probed with antibodies for Skp2, Cyclin E,
Cyclin A, p27 (Santa Cruz Biotechnology, Dallas, TX, USA), beta-actin (sigma, St. Louis, MI, USA),
c-Myc (Abcam, Cambridge, UK), cyclin D1, p-AKT, and PI3K (Cell signaling Technology, Danvers,
Essex County, MA, USA).

4.8. Immunofluorescence

Hep3B and Huh7 cells were seeded onto four-well slide and exposed to 80 µM Pyrogallol for
24 h at 37 ◦C. The cells were fixed 4% paraformaldehyde and permeabilized with 0.1% Triton-X 100
in PBS for 10 min and incubated with 5% bovine serum albumin (BSA) for 1 h. After washing with
PBS, the plate was probed with Cyclin E and Skp2 antibody overnight at 4 ◦C, and then with FITC
secondary antibody for 1 h. The cells were stained with DAPI and mounted in medium (Vector
Laboratories, Burlingame, CA, USA), and visualized under the FLUOVIEW FV10i confocal microscope
(Olympuse, Japan).

4.9. Immunoprecipitation

The cells were lyzed in NP-40 lysis buffer, and then 300 µg of proteins were incubated overnight
with antibody c-Myc at 4 ◦C and followed by protein A/G Plus-beads (Santa Cruz Biotechnology,
Dallas, TX, USA) overnight at 4 ◦C and washed with NP-40 buffer. Immunoprecipitants were subjected
to immunoblotting with the indicated antibodies.

4.10. MicroRNA Transfection

The miR-134 inhibitor and miR control (40 nM) (Bioneer, Daejeon, Korea) were transfected
into Huh7 cells using the X-treme GENE HP DNA Transfection reagent (Roche, Basel, Switzerland)
according to the manufacture’s protocol.

4.11. Statistical Analysis

All data were expressed as means ± standard deviation (SD) and the Student t-test was applied
by using sigma plot for the comparison of groups. Values of p < 0.05 was considered a significant
difference between groups.
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5. Conclusions

Our findings suggest that Pyrogallol showed significant cytotoxicity and reduced the number of
colonies in Hep3B and Huh7 cells. Interestingly, Pyrogallol induced S-phase arrest and attenuated the
protein expression of Cyclin D1, Cyclin E, Cyclin A, c-Myc, S-phase kinase-associated protein 2 (Skp2),
p-AKT, PI3K, increased the protein expression of p27, and also reduced the fluorescent expression
of Cyclin E in Hep3B and Huh7 cells. Furthermore, Pyrogallol disturbed the interaction between
Skp2, p27, and c-Myc in Huh7 cells. Notably, Pyrogallol upregulated miRNA level of miR-134 and
conversely miR-134 inhibition rescued the decreased expression levels of c-Myc, Cyclin E, and Cyclin
D1 and increased expression of p27 by Pyrogallol in Huh7 cells. Taken together, our findings provide
insight that Pyrogallol exerts antiproliferative effects in HCCs via miR-134 activation mediated S-phase
arrest and inhibition of PI3K/AKT/Skp2/cMyc signaling as a potent anticancer candidate.

Author Contributions: H.A. and E.I. conceived and designed the experiments; H.A., E.I., D.Y.L., H.-J.L. and J.H.J.
performed the experiments; H.A. and E.I. contributed to the data analysis; S.-H.K. supervised all the experiments,
wrote, and edited the manuscript.

Funding: This research received no external funding or This research was funded by a Foundation (KOSEF) grant
funded by the Korean government (No.2017R1A2A1A17069297).

Acknowledgments: We thank all the members of the Korean Pathology laboratory for administrative and
technical support.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

Skp2 S-phase kinase-associated protein 2
PI3K Phosphoinositide 3-kinase
P27 Cyclin-dependent kinase inhibitor 1B
HCC Hepatocellular carcinoma
PPI Protein-protein interaction

References

1. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer
J. Clin. 2018, 68, 394–424. [CrossRef] [PubMed]

2. Ferlay, J.; Soerjomataram, I.; Dikshit, R.; Eser, S.; Mathers, C.; Rebelo, M.; Parkin, D.M.; Forman, D.; Bray, F.
Cancer incidence and mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012.
Int. J. Cancer 2015, 136, 359–386. [CrossRef] [PubMed]

3. Ikeda, M.; Morizane, C.; Ueno, M.; Okusaka, T.; Ishii, H.; Furuse, J. Chemotherapy for hepatocellular
carcinoma: Current status and future perspectives. JPN J. Clin. Oncol. 2018, 48, 103–114. [CrossRef]
[PubMed]

4. Liu, C.Y.; Chen, K.F.; Chen, P.J. Treatment of Liver Cancer. Cold Spring Harb. Perspect. Med. 2015, 5, a021535.
[CrossRef] [PubMed]

5. Sun, G.; Fan, T.; Zhao, L.; Zhou, Y.; Zhong, R. The potential of combi-molecules with DNA-damaging
function as anticancer agents. Future Med. Chem. 2017, 9, 403–435. [CrossRef] [PubMed]

6. Sun, G.; Zhao, L.; Zhong, R.; Peng, Y. The specific role of O(6)-methylguanine-DNA methyltransferase
inhibitors in cancer chemotherapy. Future Med. Chem. 2018, 10, 1971–1996. [CrossRef] [PubMed]

7. Fan, T.; Sun, G.; Sun, X.; Zhao, L.; Zhong, R.; Peng, Y. Tumor energy metabolism and potential of
3-bromopyruvate as an inhibitor of aerobic glycolysis: Implications in tumor treatment. Cancers 2019, 11,
317. [CrossRef]

8. Chen, J. The cell-cycle arrest and apoptotic functions of p53 in tumor initiation and progression. Cold Spring
Harb. Perspect. Med. 2016, 6, a026104. [CrossRef]

9. Engeland, K. Cell cycle arrest through indirect transcriptional repression by p53: I have a DREAM.
Cell Death Differ. 2018, 25, 114–132. [CrossRef]

http://dx.doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
http://dx.doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842
http://dx.doi.org/10.1093/jjco/hyx180
http://www.ncbi.nlm.nih.gov/pubmed/29253194
http://dx.doi.org/10.1101/cshperspect.a021535
http://www.ncbi.nlm.nih.gov/pubmed/26187874
http://dx.doi.org/10.4155/fmc-2016-0229
http://www.ncbi.nlm.nih.gov/pubmed/28263086
http://dx.doi.org/10.4155/fmc-2018-0069
http://www.ncbi.nlm.nih.gov/pubmed/30001630
http://dx.doi.org/10.3390/cancers11030317
http://dx.doi.org/10.1101/cshperspect.a026104
http://dx.doi.org/10.1038/cdd.2017.172


Int. J. Mol. Sci. 2019, 20, 3985 11 of 12

10. Prasad, N.; Sabarwal, A.; Yadav, U.C.S.; Singh, R.P. Lupeol induces S-phase arrest and mitochondria-mediated
apoptosis in cervical cancer cells. J. Biosci. 2018, 43, 249–261. [CrossRef]

11. Li, Y.; Yu, H.; Han, F.; Wang, M.; Luo, Y.; Guo, X. Biochanin a induces S phase arrest and apoptosis in lung
cancer cells. Biomed. Res. Int. 2018, 2018, 3545376. [CrossRef] [PubMed]

12. Cheng, A.C.; Shen, C.J.; Hung, C.M.; Hsu, Y.C. Sulforaphane decrease of SERTAD1 expression triggers G1/S
arrest in breast cancer cells. J. Med. Food 2019, 22, 444–450. [CrossRef] [PubMed]

13. Wu, K.; He, J.; Pu, W.; Peng, Y. The role of Exportin-5 in MicroRNA biogenesis and cancer.
Genom. Proteom. Bioinform. 2018, 16, 120–126. [CrossRef] [PubMed]

14. Acunzo, M.; Romano, G.; Wernicke, D.; Croce, C.M. MicroRNA and cancer—A brief overview. Adv. Biol. Regul.
2015, 57, 1–9. [CrossRef] [PubMed]

15. Rupaimoole, R.; Slack, F.J. MicroRNA therapeutics: Towards a new era for the management of cancer and
other diseases. Nat. Rev. Drug Discov. 2017, 16, 203–222. [CrossRef] [PubMed]

16. Lu, L.; Ju, F.; Zhao, H.; Ma, X. MicroRNA-134 modulates resistance to doxorubicin in human breast cancer
cells by downregulating ABCC1. Biotechnol. Lett. 2015, 37, 2387–2394. [CrossRef] [PubMed]

17. Chen, T.; Gao, F.; Feng, S.; Yang, T.; Chen, M. MicroRNA-134 regulates lung cancer cell H69 growth and
apoptosis by targeting WWOX gene and suppressing the ERK1/2 signaling pathway. Biochem. Biophys.
Res. Commun. 2015, 464, 748–754. [CrossRef] [PubMed]

18. Gao, Y.; Liu, T.; Huang, Y. MicroRNA-134 suppresses endometrial cancer stem cells by targeting POGLUT1
and Notch pathway proteins. FEBS Lett. 2015, 589, 207–214. [CrossRef] [PubMed]

19. Liu, Y.; Sun, Y.; Zhao, A. MicroRNA-134 suppresses cell proliferation in gastric cancer cells via targeting of
GOLPH3. Oncol. Rep. 2017, 37, 2441–2448. [CrossRef] [PubMed]

20. Zhang, L.; Lv, Z.; Xu, J.; Chen, C.; Ge, Q.; Li, P.; Wei, D.; Wu, Z.; Sun, X. MicroRNA-134 inhibits osteosarcoma
angiogenesis and proliferation by targeting the VEGFA/VEGFR1 pathway. FEBS J. 2018, 285, 1359–1371.
[CrossRef] [PubMed]

21. Zhao, Y.; Pang, D.; Wang, C.; Zhong, S.; Wang, S. MicroRNA-134 modulates glioma cell U251 proliferation
and invasion by targeting KRAS and suppressing the ERK pathway. Tumour Biol. 2016, 37, 11485–11493.
[CrossRef] [PubMed]

22. Nicolis, E.; Lampronti, I.; Dechecchi, M.C.; Borgatti, M.; Tamanini, A.; Bianchi, N.; Bezzerri, V.; Mancini, I.;
Giri, M.G.; Rizzotti, P.; et al. Pyrogallol, an active compound from the medicinal plant Emblica officinalis,
regulates expression of pro-inflammatory genes in bronchial epithelial cells. Int. Immunopharmacol. 2008, 8,
1672–1680. [CrossRef] [PubMed]

23. Revathi, S.; Hakkim, F.L.; Kumar, N.R.; Bakshi, H.A.; Rashan, L.; Al-Buloshi, M.; Hasson, S.; Krishnan, M.;
Javid, F.; Nagarajan, K. Induction of HT-29 colon cancer cells apoptosis by Pyrogallol with growth inhibiting
efficacy against drug-resistant Helicobacter pylori. Anticancer Agents Med. Chem. 2018, 18, 1875–1884.
[CrossRef] [PubMed]

24. Nemec, M.J.; Kim, H.; Marciante, A.B.; Barnes, R.C.; Talcott, S.T.; Mertens-Talcott, S.U. Pyrogallol, an
absorbable microbial gallotannins-metabolite and mango polyphenols (Mangifera Indica L.) suppress breast
cancer ductal carcinoma in situ proliferation in vitro. Food Funct. 2016, 7, 3825–3833. [CrossRef] [PubMed]

25. Mitsuhashi, S.; Saito, A.; Nakajima, N.; Shima, H.; Ubukata, M. Pyrogallol structure in polyphenols is
involved in apoptosis-induction on HEK293T and K562 cells. Molecules 2008, 13, 2998–3006. [CrossRef]
[PubMed]

26. Yang, C.J.; Wang, C.S.; Hung, J.Y.; Huang, H.W.; Chia, Y.C.; Wang, P.H.; Weng, C.F.; Huang, M.S. Pyrogallol
induces G2-M arrest in human lung cancer cells and inhibits tumor growth in an animal model. Lung Cancer
2009, 66, 162–168. [CrossRef] [PubMed]

27. Han, Y.H.; Moon, H.J.; You, B.R.; Park, W.H. The effects of MAPK inhibitors on pyrogallol-treated Calu-6
lung cancer cells in relation to cell growth, reactive oxygen species and glutathione. Food Chem. Toxicol. 2010,
48, 271–276. [CrossRef]

28. Chan, C.H.; Lee, S.W.; Wang, J.; Lin, H.K. Regulation of Skp2 expression and activity and its role in cancer
progression. ScientificWorldJournal 2010, 10, 1001–1015. [CrossRef]

29. Lee, Y.; Lim, H.S. Skp2 Inhibitors: Novel anticancer strategies. Curr. Med. Chem. 2016, 23, 2363–2379.
[CrossRef]

30. Pan, J.Y.; Zhang, F.; Sun, C.C.; Li, S.J.; Li, G.; Gong, F.Y.; Bo, T.; He, J.; Hua, R.X.; Hu, W.D.; et al. miR-134:
A human cancer suppressor? Mol. Ther. Nucleic Acids 2017, 6, 140–149. [CrossRef]

http://dx.doi.org/10.1007/s12038-018-9743-8
http://dx.doi.org/10.1155/2018/3545376
http://www.ncbi.nlm.nih.gov/pubmed/30402472
http://dx.doi.org/10.1089/jmf.2018.4195
http://www.ncbi.nlm.nih.gov/pubmed/31084542
http://dx.doi.org/10.1016/j.gpb.2017.09.004
http://www.ncbi.nlm.nih.gov/pubmed/29723684
http://dx.doi.org/10.1016/j.jbior.2014.09.013
http://www.ncbi.nlm.nih.gov/pubmed/25294678
http://dx.doi.org/10.1038/nrd.2016.246
http://www.ncbi.nlm.nih.gov/pubmed/28209991
http://dx.doi.org/10.1007/s10529-015-1941-y
http://www.ncbi.nlm.nih.gov/pubmed/26318721
http://dx.doi.org/10.1016/j.bbrc.2015.07.021
http://www.ncbi.nlm.nih.gov/pubmed/26166818
http://dx.doi.org/10.1016/j.febslet.2014.12.002
http://www.ncbi.nlm.nih.gov/pubmed/25528443
http://dx.doi.org/10.3892/or.2017.5488
http://www.ncbi.nlm.nih.gov/pubmed/28260021
http://dx.doi.org/10.1111/febs.14416
http://www.ncbi.nlm.nih.gov/pubmed/29474747
http://dx.doi.org/10.1007/s13277-016-5027-9
http://www.ncbi.nlm.nih.gov/pubmed/27012554
http://dx.doi.org/10.1016/j.intimp.2008.08.001
http://www.ncbi.nlm.nih.gov/pubmed/18760383
http://dx.doi.org/10.2174/1871520618666180806104902
http://www.ncbi.nlm.nih.gov/pubmed/30081791
http://dx.doi.org/10.1039/C6FO00636A
http://www.ncbi.nlm.nih.gov/pubmed/27491891
http://dx.doi.org/10.3390/molecules13122998
http://www.ncbi.nlm.nih.gov/pubmed/19052524
http://dx.doi.org/10.1016/j.lungcan.2009.01.016
http://www.ncbi.nlm.nih.gov/pubmed/19233505
http://dx.doi.org/10.1016/j.fct.2009.10.010
http://dx.doi.org/10.1100/tsw.2010.89
http://dx.doi.org/10.2174/0929867323666160510122624
http://dx.doi.org/10.1016/j.omtn.2016.11.003


Int. J. Mol. Sci. 2019, 20, 3985 12 of 12

31. Liu, J.S.; Huo, C.Y.; Cao, H.H.; Fan, C.L.; Hu, J.Y.; Deng, L.J.; Lu, Z.B.; Yang, H.Y.; Yu, L.Z.; Mo, Z.X.; et al.
Aloperine induces apoptosis and G2/M cell cycle arrest in hepatocellular carcinoma cells through the
PI3K/Akt signaling pathway. Phytomedicine 2019, 61, 152843. [CrossRef] [PubMed]

32. Yin, S.; Qiu, Y.; Jin, C.; Wang, R.; Wu, S.; Liu, H.; Koo, S.; Han, L.; Zhang, Y.; Gao, X.; et al. 7-Deoxynarciclasine
shows promising antitumor efficacy by targeting Akt against hepatocellular carcinoma. Int. J. Cancer 2019.
[CrossRef] [PubMed]

33. Ji, Y.; Li, L.; Ma, Y.X.; Li, W.T.; Li, L.; Zhu, H.Z.; Wu, M.H.; Zhou, J.R. Quercetin inhibits growth of
hepatocellular carcinoma by apoptosis induction in part via autophagy stimulation in mice. J. Nutr. Biochem.
2019, 69, 108–119. [CrossRef] [PubMed]

34. Wang, Z.; Li, F.; Quan, Y.; Shen, J. Avicularin ameliorates human hepatocellular carcinoma via the regulation
of NFkappaB/COX2/PPARgamma activities. Mol. Med. Rep. 2019, 19, 5417–5423. [PubMed]

35. Li, J.; Wang, H.; Wang, L.; Tan, R.; Zhu, M.; Zhong, X.; Zhang, Y.; Chen, B.; Wang, L. Decursin inhibits the
growth of HepG2 hepatocellular carcinoma cells via Hippo/YAP signaling pathway. Phytother. Res. 2018, 32,
2456–2465. [CrossRef] [PubMed]

36. Otto, T.; Sicinski, P. Cell cycle proteins as promising targets in cancer therapy. Nat. Rev. Cancer 2017, 17,
93–115. [CrossRef]

37. Li, C.; Du, L.; Ren, Y.; Liu, X.; Jiao, Q.; Cui, D.; Wen, M.; Wang, C.; Wei, G.; Wang, Y.; et al. SKP2 promotes
breast cancer tumorigenesis and radiation tolerance through PDCD4 ubiquitination. J. Exp. Clin. Cancer Res.
2019, 38, 76. [CrossRef]

38. Yang, Y.; Xue, K.; Li, Z.; Zheng, W.; Dong, W.; Song, J.; Sun, S.; Ma, T.; Li, W. c-Myc regulates the CDK1/cyclin
B1 dependentG2/M cell cycle progression by histone H4 acetylation in Raji cells. Int. J. Mol. Med. 2018, 41,
3366–3378.

39. Yu, J.S.; Cui, W. Proliferation, survival and metabolism: The role of PI3K/AKT/mTOR signalling in
pluripotency and cell fate determination. Development 2016, 143, 3050–3060. [CrossRef]

40. Pawson, T.; Nash, P. Protein-protein interactions define specificity in signal transduction. Genes Dev. 2000,
14, 1027–1047.

41. Li, J.; Xi, W.; Li, X.; Sun, H.; Li, Y. Advances in inhibition of protein-protein interactions targeting
hypoxia-inducible factor-1 for cancer therapy. Bioorg. Med. Chem. 2019, 27, 1145–1158. [CrossRef] [PubMed]

42. Liu, S.; Pan, H.C.J.; Liang, Y.; Liu, X.; Sui, A.; Wang, L.; Zhou, Q.; Wan, Z.; Fu, K.; Liu, Z.; et al. MicroRNA-134
inhibits HCC cell growth and migration through the AKT/GSK3β/SNAIL signaling pathway. Int. J. Clin.
Exp. Pathol. 2016, 9, 6877–6886.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.phymed.2019.152843
http://www.ncbi.nlm.nih.gov/pubmed/31039533
http://dx.doi.org/10.1002/ijc.32395
http://www.ncbi.nlm.nih.gov/pubmed/31081930
http://dx.doi.org/10.1016/j.jnutbio.2019.03.018
http://www.ncbi.nlm.nih.gov/pubmed/31078904
http://www.ncbi.nlm.nih.gov/pubmed/31059053
http://dx.doi.org/10.1002/ptr.6184
http://www.ncbi.nlm.nih.gov/pubmed/30251417
http://dx.doi.org/10.1038/nrc.2016.138
http://dx.doi.org/10.1186/s13046-019-1069-3
http://dx.doi.org/10.1242/dev.137075
http://dx.doi.org/10.1016/j.bmc.2019.01.042
http://www.ncbi.nlm.nih.gov/pubmed/30819620
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Pyrogallol Reduced the Viability and Proliferation of Hep3B and Huh7 Cells 
	Pyrogallol Induced S-phase Arrest in Hep3B and Huh7 Cells 
	Pyrogallol Regulated the Expression of Cell Cycle-Related Proteins in Hep3B and Huh7 Cells 
	Pyrogallol Decreased the Expression of c-Myc, Skp2, p-AKT, PI3K and Increased the expression of p27 in Hep3B and Huh7 Cells 
	Pyrogallol Reduced the Expression of Skp2 and Disturbed the Interaction Between Skp2, p27, and c-Myc in Huh7 Cells 
	The Pivotal Role of miR-134 in Pyrogallol-Induced S-Phase Arrest and Antiproliferation in Huh7 Cells 

	Discussion 
	Materials and Methods 
	Pyrogallol and Reagents 
	Cell Culture 
	Cell Viability Assay 
	Colony Formation 
	Cell Cycle Analysis 
	Real-time Quantitative PCR (RT-qPCR) 
	Western Blotting 
	Immunofluorescence 
	Immunoprecipitation 
	MicroRNA Transfection 
	Statistical Analysis 

	Conclusions 
	References

