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Background: Hepatocellular carcinoma (HCC) incidence and mortality are escalating
globally. Dihydrotanshinone |, a natural product isolated from Salvia miltiorrhiza Bunge,
attracted extensive attention for its anti-cancer proliferation effect in recent years.
Methods: The proliferation of Huh-7 and HepG2 hepatoma cells was evaluated using the
MTT and clone formation assays. An immunofluorescence (IF) experiment of 53BP1 and a
flow cytometry analysis were used to detect DNA damage and cell apoptosis, respectively.
Moreover, network pharmacology analysis was applied to study the possible therapeutic
targets and pathway of Dihydrotanshinone |. Results: Our results showed that
Dihydrotanshinone | effectively inhibited the proliferation of Huh-7 and HepG2 hepatoma
cells. Moreover, Dihydrotanshinone | treatment dose-dependently induced DNA damage
and apoptosis in Huh-7 and HepG2. The network pharmacology analysis and molecular
docking showed that EGFR might be potential therapeutic targets of Dihydrotanshinone I in
HCC. Our results suggested that Dihydrotanshinone | is a novel candidate therapeutic
agent for the treatment of HCC.
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Abstract

Background: Hepatocellular carcinoma (HCC) incidence and mortality are escalating
globally. Dihydrotanshinone |, a natural product isolated from Salvia miltiorrhiza Bunge,

attracted extensive attention for its anti-cancer proliferation effect in recent years.
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Methods: The proliferation of Huh-7 and HepG2 hepatoma cells was evaluated using the
MTT and clone formation assays. An immunofluorescence (IF) experiment of 53BP1 and
a flow cytometry analysis were used to detect DNA damage and cell apoptosis,
respectively. Moreover, network pharmacology analysis was applied to study the possible

therapeutic targets and pathway of Dihydrotanshinone |I.

Results: Our results showed that Dihydrotanshinone | effectively inhibited the
proliferation of Huh-7 and HepG2 hepatoma cells. Moreover, Dihydrotanshinone |
treatment dose-dependently induced DNA damage and apoptosis in Huh-7 and HepG2.
The network pharmacology analysis and molecular docking showed that EGFR might be
potential therapeutic targets of Dihydrotanshinone | in HCC. Our results suggested that

Dihydrotanshinone | is a novel candidate therapeutic agent for the treatment of HCC.

Keywords: Dihydrotanshinone |; hepatocellular carcinoma; proliferation; DNA damage;

EGFR

Introduction

Liver cancer is one of the most common causes of death worldwide. Patients are often
diagnosed with liver cancer in advanced stages, contributing to its poor prognosis. Of all
liver cancer cases, >90% are hepatocellular carcinomas. Classic surgical resection or
discharge, chemotherapy often has a variety of defects such as high postoperative

recurrence rate, short survival period, large toxic side effects, metastasis, and resistance,
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and is greatly limited in actual clinical applications [1]. Therefore, the development of
effective anti-cancer drugs has become a research hotspot for HCC treatment.

For centuries, natural products have been a major source of drug development, and
many new antitumor drugs, such as paclitaxel and etoposide, are natural products or
derived from natural products. Dihydrotanshinone |, a natural product isolated from Salvia
miltiorrhiza Bunge, has a wide range of pharmacological actions, including antimicrobial,
antitumor, and anti-inflammatory effects [2, 3]. Recent studies have shown that
Dihydrotanshinone | can inhibit PTEN/AKT/HIF1a, NF-kB and RNA binding protein HU
antigen R (HuR) signaling pathway thus blocking the cell cycle and inducing cell apoptosis
[4, 5]. However, the role and mechanism of Dihydrotanshinone | in HCC are less reported.

As a comprehensive multidisciplinary concept, network pharmacology, based on
system biology and multi pharmacology, provides a new network model of "multi-target,
multi-function and complex diseases", which is widely used in the research of natural
medical plants [6]. By integrating target prediction and network construction, the potential
mechanism of natural medical plants was systematically revealed [7]. In recent years,
network pharmacology has also emerged as a powerful tool combining pharmacology
which helps to explore the potential targets of natural products. He et al. used a network
pharmacology approach to identify potential molecular targets for cannabidiol's anti-
inflammatory activity [8]. And via network pharmacology, Seo et al. revealed that triptolide

showed a promising inhibitory effects on NF-kB to exert anti-cancer activity. Based on
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these, it is promising to explore the potential targets of Dihydrotanshinone | against liver
cancer.

Here we aimed to elucidate the effect of Dihydrotanshinone | in HCC and further explore
the potential mechanisms. We detected the antiproliferative activities of
Dihydrotanshinone | against human hepatocarcinoma cells Huh-7 and HepG2. Besides,
the incidence of cellular DNA damage and apoptosis was further examined in each of the
cancer cell lines treated with Dihydrotanshinone |. Then by integrating network
pharmacology, molecular docking, molecular dynamics simulations, and pharmacological
phenotypes, we revealed EGFR and its related signaling pathway as potential targets for

therapeutic intervention against HCC.

Materials and methods

Cell culture

Human hepatocellular carcinomas cells, Huh-7 and HePG2 were purchased from the
Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences (Shanghai,
China). The cells were cultured at 37°C under 5% CO,, concurrently maintained in
DMEM/ MEM (Gibco, USA), and supplemented with 10% FBS (Gibco, USA) and 1%

penicillin-streptomycin.

Reagent

Dihydrotanshinone | (CAS: 87205-99-0) was purchased from Shanghai Energy Chemical
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Company and the reagent was dissolved in dimethyl sulfoxide (DMSO) to appropriate
concentrations. Additionally, the same concentration of DMSO was considered as a

control group to eliminate error.

Cell viability assay

To test the anti-cancer activity of Dihydrotanshinone I, human hepatocellular carcinomas
cells were detected by 3-(4, 5-dimethylthiadiazole-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) assay. Huh-7 and HePG2 cells were seeded on a 96-well plate at a density of
8x%103 per well and treated with or without Dihydrotanshinone | for 48 h. Then the MTT
reagent (0.5 mg/mL) was treated for another 4 h. The reaction product formazan was
dissolved with 100 yL DMSO and measured the absorbance at 490 nm with a microplate

reader (Molecular Devices, USA).

Colony formation assay

Huh-7 and HePG2 cells were cultured in 12-well plates at a density of 1000 cells/well and
allow the cells to attach to the wells. The liver cancer cells were cultured with
Dihydrotanshinone | with indicated concentrations (0, 2.5, and 5.0 yM) and cultured for
around 7 days in standard growth media. The cells were washed three times with cold
PBS, fixed with 4% formaldehyde for 15 min, and stained with crystal violet for 5 min at
room temperature. The colonies were photographed under a light microscope. Eventually,

the crystals were dissolved by 500 uL acetic acid (33%) and calculated by reading
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absorbance at 560 nm by using an automated Thermo Fisher Multiskan FC microplate.

Immunofluorescence assays (IF)

Cells on coverslips were fixed with 4% formaldehyde for 15 min, washed with ice-cold
PBS three times, and permeabilized in 0.5% Triton X-100 for 30 min at room temperature.
Subsequently, the coverslips were blocked with 5% GS (Gibco) for another 1 h and
incubated with primary antibody against 53BP1 (cat. no. SAB4503016, Millipore) diluted
1:1600 at 4°C overnight. The next day, the cells were washed by PBST, and incubated
with DyLight 488-conjugated anti-Rabbit (cat. no. Sa00013-2, proteintech) diluted 1:100
for 1.5 h at room temperature and mounted with DAPI finally. The fluorescent images

were captured by using a Nikon fluorescence microscope.

Cell apoptosis assay

Huh-7 and HePG2 cells were grown in 6-well plates and treated with or without
Dihydrotanshinone | (0, 2.5, and 5.0 uM) for 48 h. Liver cancer cells were harvested and
washed twice with ice-cold PBS. Subsequently, cells used Annexin V/PI apoptosis assay.
The assay was achieved following the protocol provided by the Annexin V/PI apoptosis

kit (Sigma) and assessed with a flow cytometer (BD FACSCalibur, BD Biosciences).

Construction of protein-protein interaction (PPI) network

The potential targets of Dihydrotanshinone | was predicted using Pharmapper, while the
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known liver cancer targets were retrieved using DisGeNET. The common targets among
the known cancer targets and Dihydrotanshinone | targets were determined and used to
construct a PPl network using STRING. The PPl network was visualized using
Cytoscape. The top 10 hub genes in the PPI network were identified using the CytoHubba

application and the density of the maximum neighborhood component method.

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses

Analyses of KEGG pathway enrichment were conducted using the Database for
Annotation, Visualization, and Integrated Discovery. All targets in the PPl network were
included, and the threshold was set as p <0.05. The plots were generated using the

statistical programming language R.

Molecular docking and dynamics simulation

The AutoDock Vina software was used for molecular docking. The crystal structure of
EGFR T790M/C797S in complex with EAI045 (5zwj) was retrieved from the Protein Data
Bank [9]. AutoDock Tools were used to create all ligands and receptors. The docking box
was defined as the center of the original ligands, with a radius of 30-50 A. The poses of
the compounds with the best binding affinity to the targets were generated using PyMOL.
Using PyMOL poses of the compound with the highest binding affinity to the targets were
created.

The molecular dynamics (MD) simulations were performed in the Yinfo Cloud Computing
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Platform (YCCP) using AmberTools 20 package [10]. The system was solvated by a
truncated octahedron (or cubic) water box using OPC (or TIP3P) water model with a
margin of 10 A. Periodic boundary condition (PBC) was used and the net charge was
neutralized by Na+ (or CI-) ions (or 0.15 M of NaCl). Before the MD simulation, 5000 steps
of energy minimization were performed using the steepest descent and conjugate
gradient method, respectively. Subsequently, constraints were released and the same
5,000 steps of energy minimization were then run for the entire system. During the MD
simulations, the particle mesh Ewald (PME) method was performed to deal with the long-
range electrostatic interactions. A non-bonded interaction cutoff of 10A was employed.
Using constraints at a constant volume, the entire system was heated from 0 K to 300 K
within 60 ps, and then the solvent density was balanced under a stable system (T = 300

K, P =1 atm) and sampled for 20 ns.

Western blot assay

Human hepatocellular carcinomas cells Huh-7 and HePG2 were cultured in 6-well plates
and treated with Dihydrotanshinone | for 48 h. The cells were lysed with lysis buffer and
the protein concentration was determined by Bradford assay (Bio-Rad, Hercules, CA).
Next, the proteins were subjected to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis using a 10% gel and transferred to a 0.25 ym PVDF membrane. The
membrane was blocked in the fresh 5% nonfat milk for 1.5 h at room temperature and

incubated with primary antibodies at 4°C overnight (CST, Danvers, USA). The membrane

Peer] reviewing PDF | (2022:09:77039:0:4:NEW 17 Sep 2022)



PeerJ

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

was washed with PBST and incubated with the peroxidase-conjugated secondary
antibodies for another 1.5 h. Finally, the proteins were detected using an enhanced

chemiluminescence detection kit (Bio-Rad Laboratories, CA, USA).

Results

Dihydrotanshinone | inhibits the proliferation of HCC cells

The anti-proliferation effect of Dihydrotanshinone | (Fig. 1A) on Huh-7 and HePG2 cells
were firstly detected via MTT assay. We found that Dihydrotanshinone | significantly
inhibited the proliferation activity of HCC cells in a dose-dependent manner (Fig. 1B, C).
More importantly, we found that when we treated with 3 yM Dihydrotanshinone | on liver
cancer cells, the cell survival rate of Huh-7 and HePG2 cells was less than 50%, which
means Dihydrotanshinone | has excellent anti-liver cancer activity. The colony formation
assay results were also consistent with the MTT results. The results exhibited that when
we treated with 2.5 and 5.0 yM Dihydrotanshinone |, the colony formation ability was

suppressed significantly (Fig. 1D-F).

Please insert Figure 1

Dihydrotanshinone | inhibits cell proliferation by causing DNA damage

DNA damage could lead to inhibition of cancer cell proliferation. To verify whether
Dihydrotanshinone | causes inhibition of proliferation by causing DNA damage, we

measured DNA damage level by IF assay. The number of 53BP1 foci, which is a marker
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for DNA damage response, significantly increased in Dihydrotanshinone I-treated HCC
cells with 2.5 and 5.0 uM (Fig. 2A, B). As shown in our results, cyy260 increased the
number of 53BP1 foci in a dose-dependent manner, with Dihydrotanshinone | at 5.0 uM

reaching ~4 53BP1 foci per nucleus in HCC cells (Fig. 2C, D).

Please insert Figure 2

Dihydrotanshinone | induce cell apoptosis in HCC cells

Excessive DNA damage could lead to apoptosis. To investigate the cell apoptosis level
treated with Dihydrotanshinone |, we first stained the cell nuclei with DAPI. We found that
the cells treated with 2.5 and 5.0 yM Dihydrotanshinone | induced nuclear shrinkage or
fragmentation compared with no significant change in the negative control group (Fig.
3A). Next, the flow cytometry assay was used to further verify the apoptosis of
Dihydrotanshinone I-treated cells. We found that when we treated with indicated
concentrations of Dihydrotanshinone |, the apoptosis level was significantly increased
(Fig. 3B). After statistical analysis, we found that the level of apoptosis was elevated to
30% in Huh-7 cells after 5.0 yM Dihydrotanshinone | treatment and to 40% in HePG2

cells (Fig. 3C, D).

Please insert Figure 3

Identification of potential targets of Dihydrotanshinone | against HCC
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To explore the potential targets of Dihydrotanshinone |, we performed a network
pharmacological analysis. In detail, 422 liver cancer targets and 218 drug targets were
retrieved from DigGeNET and Pharmapper, respectively. By overlapping cancer and drug
targets, 35 common targets were found that might be the potential molecular targets of
Dihydrotanshinone | (Fig. 4A). Then, protein-protein interactions (PPIs) network was
created using Cytoscape (Fig. 4B), which contained 35 nodes and 241 edges with an
average number of neighbors of 14.17. In the PPI network, targets such as EGFR, and
AKT1, have more liking edges and were highlighted. Furthermore, hub targets were
screened from the PPI network using the MCC method, including EGFR, ALB, AKT1,
SRC, CASP3, MDM2, MAPK1, MMP9, PPARG, HRAS (Fig. 4C). And according to the
results of KEGG analysis, the 35 common targets were enriched in EGFR tyrosine kinase
inhibitor resistance, Epithelial cell signaling, endocrine resistance, FoxO signaling
pathway, Focal (Fig. 4D). Among these, EGFR tyrosine kinase inhibitor resistance is one
of the most significantly enriched KEGG pathways. Given the key role of EGFR in the PPI
network and top-ranked in KEGG analysis, we hypothesized that EGFR may involve in

the effect of Dihydrotanshinone | on liver cancer cells.

Please insert Figure 4

Dihydrotanshinone | inhibits EGFR downstream signal transduction
Firstly, we performed molecular docking to explore the possible binding mode between

Dihydrotanshinone | and EGFR. According to the docking results, Dihydrotanshinone |
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showed a -9.4 kcal/mol docking score which was similar with it to the original ligand
(EAIO45, -9.6 kcal/mol). As shown in Fig. 5A, the parent nuclear structure of
Dihydrotanshinone | completely descended deep inside the binding pocket. A strong
hydrogen bond was formed between Dihydrotanshinone | and the Lys745 residue of
EGFR. Furthermore, according to the 2D presentation of the binding model shown in Fig.
5B, Dihydrotanshinone | exhibited extensive hydrophobic interactions with 1le759,
Glu762, Ala763, Leu777, Met766, Leu788. These results suggested that
Dihydrotanshinone | may have a prominent binding potential with the EGFR (allosteric
binding pockets.). Further molecular dynamics (MD) simulation was adopted to validate
the results of the molecular docking. The MD simulation revealed that the root means
square distance (RMSD) of the protein backbone of EGFR, was converged after 4ns of
simulation and it was stable for the complete simulation run (Fig. 5C). The binding free
energy calculations via the MM/PBSA approach showed that electrostatic interaction
(AEvdw) was a major interacting force between Dihydrotanshinone | and EGFR protein
(Table. 1). Overall, these results suggested that Dihydrotanshinone | may target the
allosteric binding pockets of EGFR. Since the EGFR involve in the effect of
Dihydrotanshinone | on HCC cells according to the results above, we examined the effect
of Dihydrotanshinone | on the expression of EGFR. As shown in Fig. 5D and E, the
expression of p-EGFR in Huh-7 and HePG2 was suppressed, which means EGFR was

the effective target for inhibiting the proliferation of liver cancer cells. Additionally, our
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results also confirmed that the phosphorylation levels of STAT3 and AKT, the

downstream targets of EGFR, were also inhibited (Fig. 5D, E).

Please insert Figure 5 and Table 1

Discussion

HCC is still one of the most common types of malignant cancer and has the second
highest rate of cancer-associated mortality in the world [11, 12]. HCC could be treated by
chemotherapy besides surgery or transplant clinically [13]. However, the severe side
effects, lack of drug targets, and drug resistance of HCC cells have led to the current
unsatisfactory treatment of liver cancer, with a 5-year survival rate is around 17% [14,
15]. Apoptosis is one of the main reasons for the suppression of tumor cell proliferation
for natural products [16]. Particularly, it has been reported that Dihydrotanshinone |
exhibited good anti-cancer activity in a variety of malignancies such as ovarian cancer
[17] and liver cancer [18] via causing apoptosis of cancer cells, which is consistent with
our experimental results. Massive DNA damage could activate the ATM/CHK2 or
ATR/CHK1 signaling pathway, which forms a focus that recruits DNA repair proteins
around the damage site and thereby inhibits cell proliferation [19]. Our study further
confirmed that apoptosis of liver cancer cells was caused by severe DNA damage by

treatment with Dihydrotanshinone I.
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EGFR as a classical receptor tyrosine kinase is highly expressed at elevated levels in
different forms of cancer, which is related to cancer progression and poor prognosis [20].
Therefore, EGFR is still one of the most essential targets for the treatment cancer,
including liver cancer. To date, three generations of EGFR tyrosine kinase inhibitors
(TKIs) have been developed, bringing huge clinical benefits. However, due to mutations
in EGFR such as T790M, L858, and C797S [21], the therapeutic effect of EGFR inhibitors
such as gefitinib [22], afatinib [23], and Osimertinib [24] has not been as expected. As a
natural product, we demonstrated that Dihydrotanshinone | suppressed the malignant
phenotypes of liver cancer cells via regulating EGFR and downstream signaling pathways
STAT3 and AKT. Importantly, through molecular docking and MD simulation, we
confirmed that Dihydrotanshinone | may target the allosteric binding pockets of EGFR to
overcome EGFR resistance mutations. Interestingly, Dihydrotanshinone | has a similar
carbonyl group with the known allosteric inhibitor EAIO45. We think the structure of
Dihydrotanshinone | may be a kind of novel skeleton structure for EGFR allosteric
inhibitors, which warrants further research.

Conclusion

This study confirmed that Dihydrotanshinone | exhibited a strong anti-tumor effect on
Huh-7 and HePG2 cells. Our network pharmacology analysis and MD analysis results
suggested that EGFR is involved in the anti-proliferation activity of Dihydrotanshinone |
against liver cancer cells, and Dihydrotanshinone | may target the allosteric binding

pockets of EGFR. The in vitro experiments identified that Dihydrotanshinone | could
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272 suppress the expression of EGFR. All the studies revealed that Dihydrotanshinone | is a

273 promoting therapeutic candidate for the treatment of liver cancer.

274  Acknowledgments

275  We thank LetPub (www.letpub.com) for its linguistic assistance during the preparation of
276  this manuscript.

277 Reference

278 1. Marsh-Wakefield, F., et al., Approaches to spatially resolving the tumor immune
279 microenvironment of hepatocellular carcinoma. 2022. 14: p. 17588359221113270.
280 2. Ansari, M., et al., Prospective therapeutic potential of Tanshinone IIA: An updated
281 overview. 2021. 164: p. 105364.

282 3. Yuan, R., et al., Dihydrotanshinone exhibits an anti-inflammatory effect in vitro and
283 in vivo through blocking TLR4 dimerization. Pharmacol Res, 2019. 142: p. 102-
284 114.

285 4. Wang, L., et al., Metabolic reprogramming in colon cancer reversed by DHTS
286 through requlating PTEN/AKT/HIF1a mediated signal pathway. Biochim Biophys
287 Acta Gen Subj, 2018. 1862(10): p. 2281-2292.

288 5. Tsai, S.L., et al., Anti-tumor potential of 15,16-Dihydrotanshinone | against breast
289 adenocarcinoma through inducing G1 arrest and apoptosis. Biochem Pharmacol,
290 2007.74(11): p. 1575-86.

291 6. Li, S. and B. Zhang, Traditional Chinese medicine network pharmacology: theory,
292 methodology, and application. Chin J Nat Med, 2013. 11(2): p. 110-20.

Peer] reviewing PDF | (2022:09:77039:0:4:NEW 17 Sep 2022)


Deepak
Highlight
Re-check this. What do authors mean by "all the studies"??


PeerJ

293 7. Luo, Y., et al., A network pharmacology-based study on the anti-hepatoma effect
294 of Radix Salviae Miltiorrhizae. Chin Med, 2019. 14: p. 27.

295 8. Ma, H., et al., A Network Pharmacology Approach to Identify Potential Molecular
296 Targets for Cannabidiol's Anti-Inflammatory Activity. Cannabis Cannabinoid Res,
297 2021. 6(4): p. 288-299.

298 9. Zhao, P., et al., Crystal structure of EGFR T790M/C797S/V948R in complex with
299 EAI045. Biochem Biophys Res Commun, 2018. 502(3): p. 332-337.

300 10.  Miller, B.R., 3rd, et al., MMPBSA.py: An Efficient Program for End-State Free
301 Energy Calculations. J Chem Theory Comput, 2012. 8(9): p. 3314-21.

302 11. Liu, X., et al., CREB1 acts via the miR -922/ axis to enhance malignant behavior
303 of liver cancer cells. Oncology reports, 2021. 45(5).

304 12.  Kim, B, et al., Cause of death and cause-specific mortality for primary liver cancer
305 in South Korea: A nationwide population-based study in hepatitis B virus-endemic
306 area. Clinical and molecular hepatology, 2022. 28(2): p. 242-253.

307 13. Ruman, U., et al.,, Nanocarrier-Based Therapeutics and Theranostics Drug
308 Delivery Systems for Next Generation of Liver Cancer Nanodrug Modalities.
309 International journal of nanomedicine, 2020. 15: p. 1437-1456.

310 14. Chen, B., et al., Inhibition of EPS8L3 suppresses liver cancer progression and
311 enhances efficacy of sorafenib treatment. Biomedicine & pharmacotherapy =
312 Biomedecine & pharmacotherapie, 2020. 128: p. 110284.

313 15,  Zhang, K., et al., IL -6 plays a crucial role in epithelial -mesenchymal transition and

Peer] reviewing PDF | (2022:09:77039:0:4:NEW 17 Sep 2022)



PeerJ

314 pro -metastasis induced by sorafenib in liver cancer. Oncology reports, 2021.
315 45(3): p. 1105-1117.

316 16.  Park, W., et al., Exposure to iprodione induces ROS production and mitochondrial
317 dysfunction in porcine trophectoderm and uterine luminal epithelial cells, leading
318 to implantation defects during early pregnancy. Chemosphere, 2022: p. 135894.
319 17. Sun, C., et al., Dihydrotanshinone | inhibits ovarian tumor growth by activating
320 oxidative stress through Keap1-mediated Nrf2 ubiquitination degradation. Free
321 radical biology & medicine, 2022. 180: p. 220-235.

322 18. Jiang, X., et al., Dihydrotanshinone I inhibits the growth of hepatoma cells by direct
323 inhibition of Src. Phytomedicine : international journal of phytotherapy and
324 phytopharmacology, 2022. 95: p. 153705.

325 19.  Wang, Z,, et al., Escin-induced DNA damage promotes escin-induced apoptosis
326 in human colorectal cancer cells via p62 regulation of the ATM/yH2AX pathway.
327 Acta pharmacologica Sinica, 2018. 39(10): p. 1645-1660.

328 20. Talukdar, S., et al., EGFR: An essential receptor tyrosine kinase-regulator of
329 cancer stem cells. Advances in cancer research, 2020. 147: p. 161-188.

330 21. Liu, Y., etal., LS-106, a novel EGFR inhibitor targeting C797S, exhibits antitumor
331 activities both in vitro and in vivo. Cancer science, 2022. 113(2): p. 709-720.

332 22. Zhang, Y., et al., MiR-323a regulates ErbB3/EGFR and blocks gefitinib resistance
333 acquisition in colorectal cancer. Cell death & disease, 2022. 13(3): p. 256.

334 23. Park, K., et al., An open-label expanded access program of afatinib in EGFR

Peer] reviewing PDF | (2022:09:77039:0:4:NEW 17 Sep 2022)



PeerJ

335 tyrosine kinase inhibitor-naive patients with locally advanced or metastatic non-
336 small cell lung cancer harboring EGFR mutations. BMC cancer, 2021. 21(1): p.
337 802.

338 24. Cai, X., et al., Dihydroartemisinin overcomes the resistance to osimertinib in

339 EGFR-mutant non-small-cell lung cancer. Pharmacological research, 2021. 170:
340 p. 105701.
341

Peer] reviewing PDF | (2022:09:77039:0:4:NEW 17 Sep 2022)



PeerJ Manuscript to be reviewed

Table 1l(on next page)

table 1

Table 1 The results of MM/PBSA free energy calculation (kcal/mol).
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The results of MM/PBSA free energy calculation (kcal/mol).

Energy Component AE, 4w AE,,. AGq,;

Dihydrotanshinone | -33.97 -4.74 -25.49
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Figure 1

Figure 1

Figure 1 Growth-inhibitory effects of Dihydrotanshinone | against HCC cells lines (Huh-7 and
HepG2). (A) The structure of Dihydrotanshinone I. (B, C) Effect of Dihydrotanshinone | on the
viability of human HCC cells. Cells were treated with different concentrations of
Dihydrotanshinone | for 48 h, and cell viability was measured using the MTT assay. (D, E)
Colony formation of Huh-7 and HepG2 cells treated with 2.5 or 5.0 uM Dihydrotanshinone |
for around 7 days. Values are the average = SD of three independent experiments. ***p <

0.001, vs. control group.
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Figure 2

Figure 2

Figure 2. Dihydrotanshinone | treatment provoked strong DNA damage response of HCC cells.
(A, B) IF assay for evaluating the DNA damage response. Huh-7 and HepG2 cells were treated
with 0.01% DMSO as positive control, 2.5 or 5.0 uM of Dihydrotanshinone | for 48 h before
the assay. 53BP1 and DAPI were the DNA damage marker (green) and the nucleus dye
(blue), respectively. (C, D) Quantifications of the numbers of 53BP1 foci. 100 cells were

counted in each group. **p < 0.01, ***p < 0.001 vs. control group.
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Figure 3

Figure 3

Figure 3. Dihydrotanshinone | induces apoptosis of HCC cells after treated for 48 h. (A) DAPI
staining result of HCC cells after treating indicated concentrations of Dihydrotanshinone | for
48 h. (B) HCC cells were treated with 0.01% DMSO as positive control, 2.5 or 5.0 uM of
Dihydrotanshinone | for 48 h, HCC apoptosis cells were assayed via FACS analysis. (C, D)
Quantification of (B). Values are the average * SD of three independent experiments. **p <

0.01, ***p < 0.001 vs. control group.
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Figure 4

Figure 4

Figure 4. EGFR has a key role in the HCC treatment response. (A) Venn diagram revealing the
common targets. (B) Protein-protein interaction network of common targets. (C) Protein-

protein interaction network of the top 10 hub genes. (D) KEGG analyze.
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Figure 5

Figure 5

Figure 5. Dihydrotanshinone | suppressed HCC cells proliferation by EGFR and downstream
signaling pathway. (A) Calculated binding mode of Dihydrotanshinone | with EGFR. Three-
dimensional (3D) presentation of binding mode. (B) Two-dimensional (2D) presentation of
hydrophobic interactions between amino acid residues and Dihydrotanshinone I. (C)
Simulations of molecular dynamics (MD) with root-mean-square deviations (RMSD). (D, E)
Western blot analysis was used to analyze the inhibitory effects of Dihydrotanshinone | on

EGFR and its downstream proteins (AKT and STAT3).
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