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Abstract
BACKGROUND 
Resistance to sorafenib has become a challenge in clinical treatment of hepato-
cellular carcinoma (HCC). Physcion is a common bioactive anthraquinone that has 
potential as an anticancer agent.

AIM 
To study the effect of physcion on sensitizing HCC cells to sorafenib.

METHODS 
Sorafenib-resistant HCC cells were established and treated with sorafenib and/or 
physcion. The cell viability, proliferation and apoptosis were measured by cell 
counting kit-8, colony formation, flow cytometry, and in vivo xenograft model. 
Glucose uptake, lactate acid production, extracellular acidification rate (ECAR), 
and oxygen consumption rate (OCR) were measured to analyze glycolysis. 
Expression of glycolysis-related regulators was assessed by western blotting.

RESULTS 
The addition of physcion significantly enhanced the antitumor effects of sorafenib 
on sorafenib-resistant HCC cells, manifested by enhanced apoptosis and suppre-
ssed cell growth. The glucose uptake, lactate acid production, and ECAR were 
elevated, and OCR was suppressed by physcion treatment. The level of PIM1 was 
elevated and miR-370 was suppressed in sorafenib-resistant HCC cells compared 
with the parental cells, which was suppressed by physcion treatment. Inhibition 
of miR-370 notably reversed the effects of physcion on sorafenib-resistant HCC 
cells.

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v15.i8.1400
mailto:xiongmi7122504@163.com
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CONCLUSION 
Our data indicated that physcion enhanced the sensitivity of HCC cells to sorafenib by enhancing miR-370 to 
suppress PIM1-promoted glycolysis.

Key Words: Hepatocellular carcinoma; Sorafenib resistance; Physcion; Glycolysis; PIM1

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This study investigated the effects of physcion on sorafenib resistance of hepatocellular carcinoma (HCC) cells. 
Through utilizing in vitro and in vivo models, we found that physcion significantly enhanced the antitumor effects of 
sorafenib on sorafenib-resistant HCC cells, inducing apoptosis and suppressing cell growth. Further exploration on the 
mechanisms identified that physcion repressed HCC cells glycolysis by targeting the miRNA-370/PIM1 axis, which 
consequently sensitized HCC cells to sorafenib.

Citation: Pan XP, Jiya BR, Wang F, Lan Z. Physcion increases the sensitivity of hepatocellular carcinoma to sorafenib through 
miRNA-370/PIM1 axis-regulated glycolysis. World J Gastrointest Oncol 2023; 15(8): 1400-1411
URL: https://www.wjgnet.com/1948-5204/full/v15/i8/1400.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i8.1400

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the top three malignant cancers with high morbidity and mortality[1,2]. The 
global incidence of HCC has increased in recent years and commonly presents in patients with chronic liver diseases, 
including liver fibrosis and cirrhosis[3,4]. The epidemiology indicates that liver cancer is closely associated with alcohol 
overuse, viral infection, and metabolic syndrome[5]. Currently, patients with advanced HCC usually require local syste-
mic treatment with ablation or external irradiation along with sorafenib[6]. However, resistance to sorafenib has become a 
challenge in clinical treatment of HCC[7,8]. It is reported that patients who benefit from sorafenib treatment usually 
develop resistance in approximately 6 mo[9]. Accordingly, further study on sorafenib resistance and systematic treatment 
for HCC is imperative.

The excessive glycolysis of cancer cells compared with normal cells leads to higher glucose consumption and facilitates 
the enhanced ATP production for metabolic activities, which is termed as Warburg effect[10]. Aerobic glycolysis is a well-
recognized hallmark of cancer and plays a critical role in cancer initiation and development[11,12]. The activated glucose 
uptake and metabolism is regulated by multiple genes and enzymes, such as the glucose transporters (GLUTs), hexo-
kinases (HKs), phosphoglycerate kinase (PGK), PKM genes that encode pyruvate kinase, and lactate dehydrogenase 
(LDH)[13,14]. A recent study has reported that sorafenib can impair oxidative phosphorylation and promote glycolysis in 
HCC[15].

Physcion is a common bioactive anthraquinone in various plants[16]. Accumulating studies have reported the anti-
inflammatory, antimicrobial, hepatoprotective properties, and anticancer functions of physcion with minimal or no 
adverse effects[16]. Physcion participates in the regulation of multiple intracellular signaling pathways via targeting 
protein kinases, cell cycle, transcriptional factors, miRNAs, and apoptosis-related proteins[17]. Moreover, physcion acts 
as a suppressor of metastasis and plays a pivotal role in chemosensitization[16]. Nevertheless, the role of physcion during 
sorafenib resistance has not been studied.

In this study, we explored the effects of physcion on sorafenib resistance of HCC cells in vitro and in vivo, determined 
the changes in glycolysis, and explored the potential mechanism of the miR-370/PIM1 regulatory axis. Our results may 
provide evidence for an effective therapeutic strategy for HCC.

MATERIALS AND METHODS
Cell lines
Huh7 and HepG2 cell lines were purchased from Procell (Wuhan, China) and maintained in Dulbecco’s modified Eagle’s 
medium (DMEM; BI, Israel) supplemented with 10% fetal bovine serum and 1% penicillin and streptomycin (Sigma, St. 
Louis, MO, United States). All cells were incubated in a 37 °C humidified atmosphere with 5% CO2. The sorafenib-
resistant cell lines were obtained by long-term stimulation with increasing drug doses. Sorafenib was purchased from 
Selleck (Houston, TX, United States) and stocked at 10 mmol/L in dimethyl sulfoxide. Physcion was purchased from 
MedChemExpress (Monmouth Junction, NJ, United States) and stored at -20 °C. For treatment, cells were incubated in 
culture medium that contained 10 μM sorafenib and 20 μM physcion for 24 h.

https://www.wjgnet.com/1948-5204/full/v15/i8/1400.htm
https://dx.doi.org/10.4251/wjgo.v15.i8.1400
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Cell transfection
miR-370 inhibitors were purchased from RiboBio (Guangzhou, China) and transfected into cells using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, United States).

Animals
Male BALB/c nude mice aged 4–6 wk were purchased from Huafukang (Beijing, China) and fed in standard pathogen-
free conditions. After acclimation for 1 wk, Huh7 or Huh7-SR cells (107 cells in 50 μL saline) were subcutaneously injected 
into the right fat pad on the back. One week after tumor inoculation, sorafenib (30 mg/kg) and physcion (50 mg/kg) were 
orally administrated daily. The width and length of tumors were measured, and the tumor size was calculated every 5 d.

Immunohistochemical staining
The mice were killed after treatment for 25 d and tumors were fixed in 4% formaldehyde, dehydrated and cut into 5-μm 
paraffin slices. The tissues samples were analyzed with hematoxylin and eosin (SolarBio, China) and immunohisto-
chemical (IHC) staining. For IHC analysis, the tissues were stained with anti-Ki67 antibody overnight at 4 °C after antigen 
retrieval, incubation with endogenous peroxidase blocking solution, and blocking with goat serum. The slides were 
incubated with biotin-conjugated secondary antibody and horseradish peroxidase (HRP)–streptavidin. The samples were 
visualized by incubating with diamonobenzidine (ZhongShanJinQiao, China). The nuclei were counter-stained with 
hematoxylin.

Cell counting kit 8 assay
Cell viability was measured by cell counting kit 8 (CCK-8) (Beyotime, China), and optical density at 450 nm was 
measured by microplate reader (Thermo, United States).

Colony formation
For colony formation assay, single cells were placed into six-well plates with 1000 cells per well and left for one night for 
adhesion. The cells were treated with 10 μM sorafenib and/or 20 μM physcion for 10 d. The colonies were fixed with 
methanol and stained with 0.2% (w/v) crystal violet for 20 min. Colonies were captured by a digital camera and counted.

Cell apoptosis
Cell apoptosis was measured by TUNEL assay and flow cytometry. The cells were seeded into confocal well at 104 cells/
well and treated. Cells were fixed with 4% polyformaldehyde and stained with TUNEL assay kit (Beyotime). Images were 
captured under a confocal microscope (CarlZeiss, Germany). Apoptosis was examined by Annexin V/PI Apoptosis 
Detection Kit (Beyotime). Cells were collected after treatment and suspended in binding buffer that contained Annexin V 
and PI for 30 min. Samples were directly detected by a C6 flow cytometer (BD Biosciences, United States).

Glucose uptake assay
To measure glucose uptake, cells were seeded into a six-well plate at a density of 5 × 105 per well and incubated 
overnight. After treatment with sorafenib or physcion for 24 h, the cells were starved in glucose-free DMEM for 1 h, and 
50 μM D-glucose (Sigma) was added for another 30 min. The cells were washed with phosphate-buffered saline and 
intracellular accumulation of 2-NBDG was checked by flow cytometer (BD Biosciences).

Lactate production
Lactate production was measured using Lactate Assay Kit (Sigma). Cells were placed into a six-well plate at 5 × 105 cells 
per well. After treatment with sorafenib or physcion for 24 h, cells were suspended in lactate assay buffer and 
homogenized by sonication.

Extracellular acidification rate and oxygen consumption rate measurement
The extracellular acidification rate (ECAR) and oxygen consumption rate (OCR) were examined by Extracellular 
Acidification assay kit and OCR assay kit (Bestbio, China). The fluorescence was measured by flow cytometer.

Quantitative real-time polymerase chain reaction
Total RNA was isolated using Trizol reagent (Invitrogen) and a total of 1 μg RNA was reverse transcribed using 
Superscript IV transcriptase (Thermo). RNA expression was measured by real-time quantitative polymerase chain 
reaction (qPCR) using SYBR green. Gene expression was normalized to the level of β-actin gene.

Western blotting
HCC cells were homogenized with RIPA lysis buffer to extract total proteins. An equal amount of proteins was loaded 
and separated with 8%–12% SDS-PAGE and transferred to polyvinylidene difluoride membranes (Millipore, Billerica, 
MA, United States). The blots were blocked with 5% skimmed milk and probed with primary antibody against LDHA, 
PGK1, PKM2, HK1, HK2, and GLUT (Abcam, Cambridge, MA, United States) overnight at 4 °C. Next day, the blots were 
incubated with HRP-conjugated secondary anti-mouse or anti-rabbit antibody and visualized using the ECL reagent 
(Thermo).
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Statistics
All statistical analysis was conducted using GraphPad Prism 7.0 (La Jolla, CA, United States). Comparison between two 
or more groups was analyzed by two-tailed student’s t test or one-way analysis of variance. P < 0.05 was set as statist-
ically significant.

RESULTS
Physcion promotes sorafenib sensitivity in vivo
We first established the sorafenib-resistant cell lines to construct an in vivo xenograft model and evaluated the therapeutic 
effects of physcion. The xenograft model was established using parental Huh7 cell line and sorafenib-resistant Huh7 cell 
line (Huh7-SR). Sorafenib and physcion both suppressed tumor volume and weight (Supplementary Figure 1A and B) of 
Huh7 cells and suppressed expression of proliferative biomarker Ki67 (Supplementary Figure 1C). The combined 
administration of sorafenib and physcion further decreased tumor volume and weight, as well as Ki67 expression in the 
Huh7 xenograft tumor model (Supplementary Figure 1). Sorafenib treatment did not affect tumor growth (Figure 1A), 
tumor volume (Supplementary Figure 2), tumor weight (Figure 1B), and level of Ki67 (Figure 1C) in the Huh7-SR 
xenograft mouse model. Physcion significantly suppressed the in vivo growth of Huh7-SR cells compared with the control 
and sorafenib groups (Figure 1). Combination of physcion with sorafenib enhanced the tumor suppressive effects of 
physcion. These data indicated that physcion enhanced the sensitivity of sorafenib-resistant HCC cells to sorafenib.

Physcion promotes sorafenib sensitivity of sorafenib-resistant HCC cells
We determined the effects of physcion on elevating sorafenib sensitivity of HCC cells. We observed that the colony 
number (Figure 2A) and cell viability (Figure 2B) of sorafenib-resistant Huh7-SR and HepG2-SR cells did not change after 
sorafenib treatment and slightly decreased after physcion treatment, whereas combined physcion and sorafenib treatment 
enhanced the suppressive effect on cell growth compared with the monotherapy group (Figure 2A and B). Sorafenib did 
not affect apoptosis (Figure 2C–E). Combination of physcion and sorafenib significantly induced the TUNEL-positive 
staining (Figure 2C) and the apoptotic proportion (Figure 2D and E) of sorafenib-resistant Huh7-SR and HepG2-SR cells 
compared with the physcion or sorafenib group, along with decreased expression of Bcl-2 and elevated levels of Bax, 
cleaved caspase-3 and cleaved poly (ADP-ribose) polymerase (Figure 2F and G).

Physcion promotes the inhibition of sorafenib on HCC glycolysis
The effects of sorafenib and physcion on glycolysis were determined by glucose uptake test, lactic acid production test, 
ECAR and OCR. Physcion had little effect on glucose uptake (Figure 3A), lactate production (Figure 3B), ECAR 
(Figure 3C and D), and OCR (Figure 3E and F) in Huh7-SR and HepG2-SR cells. Physcion inhibited glycolysis, whereas 
combined administration of sorafenib and physcion suppressed glucose uptake, lactate production and ECAR, and 
enhanced OCR of sorafenib-resistant HCC cells. These findings indicated that physcion promoted suppression of 
glycolysis caused by sorafenib.

Physcion regulates HCC cell glycolysis via targeting PIM1
We explored the mechanisms underlying physcion-regulated glycolysis in sorafenib-resistant HCC cells by measuring 
expression of glycolysis regulators. The RNA (Figure 4A and B) and protein (Figure 4C) levels of LDHA, PGK1, PKM2, 
HK1, HK2, and GLUT1 in Huh7-SR and HepG2-SR cells were not obviously changed by treatment with sorafenib, 
whereas addition of physcion significantly suppressed the levels of glycolysis regulators compared with the sorafenib 
monotherapy group. We observed a significant decrease of PIM1 RNA and protein level in sorafenib-resistant cells upon 
physcion administration compared with sorafenib (Figure 4C–E). It has been reported that PIM1 regulates glycolysis 
through regulating phosphorylation of c-Myc. Here, we demonstrated that sorafenib did not induce a notable change in 
c-Myc phosphorylation, but addition of physcion enhanced suppression of phosphorylated c-Myc level without affecting 
expression of total c-Myc (Figure 4C). We observed elevation of PIM1 protein level in Huh7-SR and HepG2-SR cells 
compared with the parental Huh7 and HepG2 cells (Supplementary Figure 3). These findings demonstrated that physcion 
may affect glycolysis of sorafenib-resistant HCC cells by regulating PIM1 expression.

Physcion regulates miR-370 to suppress PIM1 expression in sorafenib-resistant HCC cells
miRNAs play important roles in gene expression regulation. Here, we explored whether miRNA participated in 
physcion-regulated PIM1 expression. The level of miR-370 was notably lower in Huh7-SR and HepG2-SR cells compared 
with parental cell lines (Figure 5A), whereas treatment with physcion elevated the level of miR-370 (Figure 5B). To 
evaluate the function of miR-370 as a mediator of physcion-regulated HCC sorafenib resistance, we added miR-370 
inhibitors and evaluated cell phenotypes. Flow cytometry and CCK-8 assay indicated that inhibition of miR-370 abolished 
the apoptosis and suppressed cell proliferation caused by physcion and sorafenib co-treatment (Figure 5C and D). 
Physcion- and sorafenib-suppressed glucose uptake (Figure 5E) and lactate production (Figure 5F) was reversed by miR-
370 inhibitors. These data suggested that physcion increases sorafenib sensitivity by upregulating miR-370 and negatively 
modulating PIM1, thereby affecting glycolysis.

https://f6publishing.blob.core.windows.net/4eab855e-2035-455b-8545-dd728ead21fd/WJGO-15-1400-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4eab855e-2035-455b-8545-dd728ead21fd/WJGO-15-1400-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4eab855e-2035-455b-8545-dd728ead21fd/WJGO-15-1400-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4eab855e-2035-455b-8545-dd728ead21fd/WJGO-15-1400-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/4eab855e-2035-455b-8545-dd728ead21fd/WJGO-15-1400-supplementary-material.pdf
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Figure 1 Physcion promotes sorafenib sensitivity in in vivo model. A xenograft tumor model was established using the sorafenib-resistant Huh7 cells, 
followed by treatment with sorafenib and/or physcion. A and B: Tumor growth cure (A) and (B) tumor weight were measured; C: Expression of Ki67 in tumor tissues 
was analyzed by immunohistochemical staining. aP < 0.05 versus control (Cont) group; bP < 0.05 versus Cont + SF group. Cont: Control; SF: Sorafenib; phy: 
Physcion; NS: No significant.

DISCUSSION
Despite the advances in diagnosis and therapy of HCC over the past few years, > 50% of patients are diagnosed at a late 
stage and 70% of patients relapse within 5 years after initial treatment[18,19]. Sorafenib is a multikinase inhibitor that 
targets Ras/Raf and downstream signaling cascades and usually induces cell apoptosis, suppresses tumor cell growth, 
and mitigates angiogenesis[20]. The mechanisms of sorafenib resistance involve epigenetic regulation, drug 
transportation, tumor microenvironment, and cell death regulation[21]. Currently, strategies to alleviate sorafenib 
resistance mainly include co-treatment with other drugs in clinical use, such as cytotoxic chemotherapeutic drugs 
(cisplatin and 5-fluorouracil), immunotherapeutic drugs, and reagents that target specific molecules (anti-EGFR 
antibodies)[4]. Nevertheless, these therapies are usually accompanied with severe side effects[4]. In this study, we 
established sorafenib-resistant HCC cell lines and identified that physcion enhanced the antitumor effects of sorafenib in 
vitro and in vivo. monotherapy with sorafenib did not affect the proliferation and death of sorafenib-resistant HCC cells, 
whereas co-treatment with physcion induced apoptosis of Huh7-SR and HepG2-SR cells.

The enhanced therapeutic effects of sorafenib upon addition of physcion are accompanied with suppressed glycolysis, 
as was manifested by decreased levels of LDHA, GLUT1, PGK1, PKM2, and HK2. These decreased gene and enzyme 
levels lead to suppressed glucose transportation into cells and glucose metabolism[22,23]. Previous studies have reported 
that the expression of glycolysis-related genes such as HK2 is regulated by c-Myc[24]. Consistent with these studies, our 
results indicated decreased phosphorylation of c-Myc upon treatment with physcion, indicating the potential therapeutic 
mechanism of physcion on glycolysis involving c-Myc.

Further study on molecular mechanisms of physcion in HCC cells revealed that PIM1 is overexpressed in sorafenib-
resistant HCC cells compared with the parental cells, and administration of physcion significantly decreased its level. 
PIM1 is a serine/threonine kinase that is constitutively active when expressed in cells, and its activity is directly 
correlated with the expression level[25,26]. Previous research has found that PIM1 modulates multiple aspects of cellular 
metabolism in various cell types[27-29]. PIM1 is reported to mediate the phosphorylation of c-Myc[26], which 
subsequently promotes expression of glycolysis-associated pivotal genes, including LDHA and PGK1, to enhance 
glycolysis in ovarian cancer cells[30]. Here, we observed that decreased PIM1 expression was accompanied with 
decreased glucose assumption and lactate production under physcion treatment, suggesting that physcion regulates 
glycolysis in sorafenib-resistant HCC cells via regulating PIM1.

We also found that miR-370 targets the PIM1 gene expression in HCC cells to mediate the function of physcion. 
miRNAs have been widely reported as regulators of drug resistance and metabolism in cancer treatment through directly 
targeting and regulating the expression of various genes[31-33]. Previous studies suggested that miR-370 facilitates the 
oncogenesis of several cancers, such as breast cancer and liver cancer[34-36]. Wei and Ma[37] reported that enforced miR-
370 expression enhanced the glycolysis and proliferation of melanoma cells[37]. Nevertheless, our work indicated 
decreased level of miR-370 in sorafenib-resistant HCC cells and inhibition of miR-370 suppressed the therapeutic effect of 
physcion on HCC cells. Since physcion functions through various regulatory mechanisms to modulate cancer cell 
behavior, PIM1-regulated glycolysis may not be the only mechanism underlying sorafenib sensitivity. It is also possible 
that physcion enhances chemosensitivity in other therapy resistance. Further studies such as high-throughput sequencing 
analysis may be conducted to explore the comprehensive and in-depth effects of physcion in cancer.
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Figure 2 Physcion promotes sorafenib sensitivity of sorafenib-resistant hepatocellular carcinoma cells. SF-resistant Huh7-SR and HepG2-SR 
cells were treated with physcion and/or SF. A: Cell proliferation was measured by colony formation; B: Cell viability was checked by cell counting kit 8 assay; C: 
TUNEL assay was conducted to measure cell apoptosis; D and E: Huh7-SR cells (D) and HepG2-SR cells (E) were labeled with Annexin V and PI and detected by 
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flow cytometry to determine cell apoptosis; F and G: The protein levels of Bcl-2, Bax, cleaved caspase-3 and cleaved PARP in (F) Huh7-SR cells and (G) HepG2-SR 
cells were analyzed by western blotting. aP < 0.05 versus control (Cont) group; bP < 0.05 versus Cont + SF group. Cont: Control; SF: Sorafenib; phy: Physcion; NS: 
No significant.

Figure 3 Physcion promotes the inhibition of sorafenib on hepatocellular carcinoma glycolysis. The sorafenib-resistant Huh7-SR and HepG2-SR 
cells were treated with physcion and/or sorafenib. A-D: Glucose uptake (A), lactate production (B), extracellular acidification rate (C and D); E and F: Oxygen 
consumption rate. aP < 0.05, bP < 0.001 versus control (Cont) group; cP < 0.001 versus Cont + SF group. Cont: Control; SF: Sorafenib; phy: Physcion; ECAR: 
Extracellular acidification rate; OCR: Oxygen consumption rate.

CONCLUSION
We identified that physcion enhanced the tumor-suppressive effects of sorafenib on drug-resistant HCC cells and 
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Figure 4 Physcion regulates hepatocellular carcinoma cell glycolysis via targeting PIM1. The sorafenib-resistant Huh7-SR and HepG2-SR cells 
were treated with physcion and/or sorafenib. A and B: RNA levels of LDHA, PGK1, PKM2, HK1, HK2, and GLUT1 in (A) Huh7-SR and (B) HepG2-SR cells were 
measured by quantitative real-time polymerase chain reaction (qPCR) assay; C: The protein levels of PIM1, LDHA, PGK1, PKM2, HK1, HK2, GLUT1, c-Myc, and 
phosphorylated c-Myc in cells were measured by qPCR assay; D and E: The RNA level of PIM1 in (D) Huh7-SR and (E) HepG2-SR cells were measured by qPCR 
assay. aP < 0.01, bP < 0.001 versus control (Cont) group; cP < 0.05, dP < 0.01, eP < 0.001 versus Cont + SF group. qPCR: Quantitative polymerase chain reaction; 
Cont: Control; SF: Sorafenib; phy: Physcion.
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Figure 5 Physcion regulates the miR-370 to suppress PIM1 expression in sorafenib-resistant hepatocellular carcinoma cells. The sorafenib-
resistant Huh7-SR and HepG2-SR cells were treated with physcion and/or sorafenib and transfected with miR-370 inhibitors (inhibitor). A and B: The level of miR-370 
was checked by quantitative real-time polymerase chain reaction; C: Cell apoptosis was checked by flow cytometry; D: Cell viability was checked by cell counting kit 8 
assay; E and F: The (E) glucose uptake and (F) lactate production were measured. aP < 0.05, bP < 0.001 versus control (Cont), Huh7, or HepG2 group; cP < 0.05, dP 
< 0.001 versus Cont + SF + phy group. Cont: Control; SF: Sorafenib; phy: Physcion.

increased the level of miR-370 to directly downregulate PIM1 expression, which suppressed c-Myc-regulated glycolysis in 
HCC cells. Our study presented physcion as a novel systemic treatment for patients with sorafenib-resistant HCC.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is one of the most malignant cancer types with high morbidity and mortality. Currently, 
patients with advanced HCC usually receive systemic local treatment with ablation or external irradiation along with 
sorafenib. Resistance to sorafenib has become a challenge in clinical treatment of HCC.

Research motivation
Physcion is a common bioactive anthraquinone that is a potential anticancer agent that has been reported to regulate 
multiple intracellular signaling pathways via targeting protein kinases, cell cycle, transcriptional factors, miRNAs, and 
apoptosis-related proteins. The excessive glycolysis of cancer cells compared with normal cells, named as Warburg effect, 
is a major characteristic of cancer and play a critical role in cancer initiation and development.

Research objectives
This work aimed to study the effect of physcion on glycolysis metabolism and sensitizing the HCC cells to sorafenib.
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Research methods
Sorafenib-resistant HCC cells were established and treated with sorafenib and/or physcion. The cell viability, prolif-
eration, and apoptosis were measured by cell counting kit-8, colony formation, flow cytometry, and in vivo xenograft 
model. Glucose uptake, lactate acid production, extracellular acidification rate (ECAR), and oxygen consumption rate 
(OCR) were measured to analyze glycolysis. Expression of glycolysis-related regulators was assessed by western blotting 
assay.

Research results
The addition of physcion significantly enhanced the antitumor effects of sorafenib on sorafenib-resistant HCC cells, 
manifested by enhanced apoptosis and suppressed cell growth. The glucose uptake, lactate acid production, and ECAR 
were elevated, and OCR was suppressed under physcion treatment. The level of PIM1 was elevated and miR-370 was 
suppressed in sorafenib-resistant HCC cells compared with the parental cells, which was suppressed by physcion 
treatment. Inhibition of miR-370 notably reversed the effects of physcion on sorafenib-resistant HCC cells.

Research conclusions
Physcion enhanced the sensitivity of HCC cells to sorafenib via enhancing miR-370 to suppress PIM1-promoted 
glycolysis.

Research perspectives
As a potential anticancer agent, physcion possibly enhances sensitivity in other therapy resistance. Based on the multiple 
cellular processes that are regulated by physcion, it is possible that PIM1-regulated glycolysis may not be the only 
mechanism underlying sorafenib sensitivity. Further studies such as high-throughput sequencing analysis may be 
conducted to explore the comprehensive and in-depth effects of physcion in cancer.
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