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Pteryxin suppresses hepatocellular carcinoma by targeting HIF-1a

and glucose metabolism

Yueyang Wang, International Department of the Affiliated High School of South China

Normal University

Abstract

The development of new anti-cancer drugs from Chinese herbal compounds is drawing
much attention in the field of cancer therapy. In this study, we performed a small scale drug
screening to identify potential anti-cancer herbal compounds. As a result, we found that
Pteryxin, extracted from the plant Peucedanum praeruptorum Dunn, exhibited strong
anti-tumor effects. Pteryxin inhibits cell proliferation in multiple hepatocellular carcinoma
cell lines, including Hep3B, HepG2 and PLC. More interestingly, this inhibitory effect is
much more potent under hypoxic conditions. Mechanistic analysis revealed that Pteryxin
suppresses the expression of HIF-1a (hypoxia-inducible factor 1a) at protein level as well as
the expression of glucose metabolic enzymes at both mRNA and protein levels, suggesting
that Pteryxin suppresses HIF-loa-mediated glucose metabolism. Moreover, mice xenograft
experiments showed that Pteryxin efficiently prevented tumor initiation and inhibited tumor
progression in vivo. Importantly, Pteryxin markedly inhibited the proliferation of clinical
human liver cancer patient-derived organoids by targeting glucose metabolism, with
marginal effect on the normal liver-derived organoids, indicating its specific toxic effect on
tumor tissues and high anti-cancer implication potentials.

Collectively, Pteryxin efficiently suppresses liver cancer progression by inhibiting HIF-1a
and hypoxia-activated glucose metabolism both in vitro and in vivo, presenting a new
potential herbal compound for tumor prevention and anti-cancer therapy. Thus, the potential
for the clinical application of our Chinese herbal compound, Pteryxin, warrants further

study.

Key Words: Chinese herbal medicines, Pteryxin, hepatocellular carcinoma, hypoxia,

glucose metabolism




Statement of Originality

I, Yueyang Wang, declare that this research is conducted under the guidance of
the supervisor/instructor and that our original work, conducted especially for
the purpose and objectives of this study, has not been previously submitted or

published elsewhere.

Signature: Yueyang Wang

Date: 09/12/2019



1. Introduction (Research background and objectives)

Cancer is one of the most common diseases that threaten our life and accounts for 1/4
of all the deaths. Due to the severe toxicity and limited therapeutic effects of many
anti-cancer drugs, scientists and clinicians are looking for alternative therapies. In this
regard, Chinese herbal medicine has drawn much attention over the recent years. Pteryxin is
an effective herbal extract and it is mainly extracted from umbelliferae plants Peucedanum
praeruptorum Dunn and Seseli mairei grown in Sichuan, Guizhou, and Guangxi in
south-west China [1-2]. Early study discovered that Pteryxin inhibited NO production in
lipopolysaccharide (LPS)-induced mouse peritoneal derived macrophages to exhibit
anti-inflammatory effect [3]. Nugara et al. found that Pteryxin enhanced the genes of de
novo fatty acid synthesis and inhibited the genes of fatty acid oxidation to inhibit obesity,
and Pteryxin is thus regarded as a potential diet drug [4]. In mouse models,
pharmacokinetics study of Pteryxin indicated that Pteryxin circulated into plasma, intestines,
stomach, spleen, kidney, liver, heart and brain through oral administration. Due to the low
polarity, Pteryxin could pass the blood-brain barrier easily [5]. Furthermore, Pteryxin can
enhance the resistance of rice to rice blast and cold [6]. Interestingly, while Pteryxin has
been known for multiple functions, its effect on cancer progression has never been

documented.

During the proliferation of solid tumors, the interior of tumor cells is often surrounded
by a low oxygen microenvironment, the so-called hypoxic microenvironment. Under
hypoxia, cancer cells induce the expression of an important transcription factor HIF-1a that
regulates cell proliferation, apoptosis, metabolism, migration, and autophagy of cells to help
cancer cells adapt the tumor hypoxic microenvironment [7-8]. On the other hand, metabolic
disorder is one of the important characteristics in cancers. The most classical metabolic
change is Warburg Effect, leading tumor cells to use glycolysis by converting glucose to
pyruvate and lactate to generate ATP. During glucose metabolism, most glycolytic enzymes
are up-regulated by HIF-1a and are highly activated in cancers [9-10]. However, little is
known about whether Pteryxin affects cancer progression through metabolic reprogramming

under hypoxic conditions




In this study, we performed a small scale drug screening to identify potential
anti-cancer herbal compounds. As a result, we found that Pteryxin, extracted from the plant
Peucedanum praeruptorum Dunn, exhibited strong anti-tumor effects. Pteryxin significantly
inhibited the proliferation of multiple hepatocellular carcinoma cells, and the inhibitory
effect became more potent under hypoxic conditions. Mechanistic study revealed that
Pteryxin decreased the protein expression of HIF-la and HIF-lo-regulated glucose
metabolic enzymes. Furthermore, in mouse xenograft experiments, Pteryxin suppressed the
initiation and progression of hepatocellular carcinoma by inhibiting HIF-1la and glucose
metabolic enzymes. More importantly, by using organiod models, we found that Pteryxin
inhibited the growth of clinical human liver cancer patient-derived tumor organiods, with
very mild toxic effects on the normal liver-derived organiods. These results indicate that
Pteryxin can inhibit hepatocellular carcinoma progression both in vitro and in vivo,
suggesting that Pteryxin is a potential herbal compound to target tumor growth. Thus, this
study provides important evidence for the anti-cancer effect of the herbal compound,

Pteryxin.

2. Materials and Experimental Methods

2.1 Cell culture and Reagents

Human hepatocellular carcinoma cell lines Hep3B, PLC and HepG2 (purchased from
ATCC) were cultured in DMEM supplemented with 10% fetal bovine serum and 1%
penicillin-streptomycin in 37°C, 5% COz incubator. For Pteryxin or hypoxia treatment, cells
were cultured with Pteryxin or under hypoxic work station (1% Oz, 5% CO2, 94% Na,

Don Whitley Scientific) for the indicated time.

For Western blot assay, HIF-1a, LDHA, PKM2, GLUT1 and Actin antibodies were all
purchased from Proteintech Group, Wuhan. For drug treatment assay, DMOG, DFX, CoCl,
and MG-132 were purchased from Targetmol, Shanghai.

2.2 Herbal compound library and Drug screening

Herbal compound library including 29 herbal compounds was purchased from
6
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Targetmol, Shanghai. These compounds are mainly extracted from Chinese herbs such as
Scutellaria baicalensis (¥i%5), Astragalus membranaceus (¥ %), Slvia miltiorrhiza Bunge
(F}2), Peucedanum decursivum Maxim. (RAEHTH), and Cistanche deserticola (RIKE)
that are very common throughout China and very accessible to ordinary people. Each
compound was dissolved with DMSO and prepared into a stock solution. In each of the
24-well plates, 2 x 10* Hep3B cells were pre-seeded, and natural compounds with a working
concentration of 100 uM were added to each of the wells after the cells were attached to the
wall, and DMSO with equal dilution ratio was added as control. After 96 hours of treatment,

the cells in each well are stained by crystal violet.

2.3 Crystal violet staining

After cell culture or drug treatment, the culture medium was discarded and carefully
washed with PBS for 1-2 times to remove the residual culture medium; The cells were fixed
with methanol for 20min, stained with 0.1 % crystal violet for 15-20 min, and washed off
with PBS. After natural drying or drying at 37°C, the crystal violet stained cell culture plates
were scanned by the scanner. The plates can be kept at room temperature for a long time.
The positive staining represents remaining live cells, thus, less staining indicates more
killing ability of the compounds. Note: crystal violet is prepared into 0.5% stock solution

(0.5 g crystal violet was dissolved into 100 ml PBS), and diluted with PBS when used.

2.4 1C-50 measurement by MTT assay

2.4.1 Seed cells in 96-well plates

Blank: DMEM

Control group: cells+DMEM

Treated group: cells+DMEM + Pteryxin

Suspend cells with DMEM that contains 10 % FBS and seed cells at 6000 per well with 100

ul of DMEM.

2.4.2 After 24 hours of incubation at 37°C and 5 % CO», cells were treated with different

doses of Pteryxin ranging from 400 uM to 3.125 uM by the double dilution method. 6
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parallel wells were set up for each concentration and incubated at 37°C and 5% CO: for

another 48 hours treatment.

2.4.3 After 48 hours of treatment, 10 ul of MTT (5mg/ml) was added to each well of Blank,
Control group and Treated groups, followed by incubation for 4 hours at 37°C until the
purple precipitate is visible, then 100 ul of triplex solution was added to each well to resolve

the precipitate sufficiently.

2.4.4 The absorbance at 570 nm (OD570) of each well was measured by a micro-plate
reader and the relative cell viability was calculated according to the following formula:
[OD570 (Treated group) - OD570 (Blank)] / [OD570 (Control) - OD570 (Blank)]x100%.
Then, IC50 was calculated by Graphpad Prism 7.0 using nonlinear regression according to

the relative cell viability and corresponding doses.

2.5 Total RNA extraction and qRT-PCR

2.5.1 Extract total RNA using trizol

1) Wash cells with PBS in 6cm dish

2) Add 1 ml of trizol to lyse the cells and collect samples to EP tube

3) Add 200 ul of chloroform, mix well by inverting the tube 5~6 times. Sit on the bench for
2~3 min until separating into two layers

4) Centrifuge 8000 rpm for 15 min at 4°C

5) Add 500 ul of isopropanol in a new EP tube

6) Transfer the supernatant to the new EP tube with isopropanol, mix well by inverting the
tube 5~6 times to precipitate the RNA

7) Centrifuge 10K rpm for 15 min at 4°C

8) Discard the supernatant and add 750 ul of 70 % ethanol to wash the RNA pellet

9) Spin down 10K rpm for 15 min at 4°C

10) Air dry for several minutes, add 40~100 ul of 0.1 % DEPC H>O to dissolve the RNA and

detect RNA concentration by using NanoDrop




2.5.2 cDNA synthesis using iScript™ cDNA synthesis kit
1) Set up reaction as bellow in 200 ul PCR tube:

Components Volume per Reaction
5x iScript reaction mix 4 ul
iScript reverse transcriptase 1 ul
Nuclease-free water (15-x) ul
RNA (1 pg total RNA) x ul
Total volume 20 ul

2) PCR program:
5 minutes at 25°C
30 minutes at 42°C
5 minutes at 85°C

Hold at 4°C (Or immediately transfer to -20°C when done)

2.5.3 PCR Reaction

1). All primer stock solution should be diluted to 100 uM with 0.1 % DEPC H>O. Then take
10 ul of forward primer, and 10 ul of reverse primer, add 80 ul of 0.1 % DEPC H>O to make
the 10 uM (FWD+REV) primer mix

2). Use 0.1 % DEPC H»O to dilute the cDNA 10 times (10 ul of cDNA +90 ul of 0.1 %
DEPC Hx0)

3). Vortex and spin down SYBR Green after thawing.

4). Set up the reaction in a thin-walled PCR tube on ice as below:

SYBR Green (2 X) 10 pl
Primer (FWD+REV) 10 uM 0.4 ul
cDNA (1:10) 2.0 ul
nuclease-free Water 7.6 ul
Total volume 20 ul




5). Perform qPCR using the recommended thermal cycling conditions.

Outlined below is the PCR program:

Step Temperature, C Time Number
of cycles

Initial Denaturation 94 30s 1
Den i 4

e atu_ratlon 9 30s 95-40
Annealing Tm-5 (55~65) 30s oveles
Extension 72 30s y
Final Extension 72 7min 1

2.5.4 Nucleotide sequences of primers used for quantitative real-time PCR

Gene Name Primer Sequence

Hs-18S-Fwd CGGCGACGACCCATTCGAAC
Hs-18S-Rev GAATCGAACCCTGATTCCCCGTC
Hs-LDHA-Fwd GGCTACAACAGGATTCTA
Hs-LDHA-Rev TTACAAACCATTCTTATTTCTAAC
Hs-PKM2-Fwd ATAACGCCTACATGGAAAAGTGT
Hs-PKM2-Rev TAAGCCCATCATCCACGTAGA
Hs-PDK1-Fwd ACCAGGACAGCCAATACAAG
Hs-PDK1-Rev CCTCGGTCACTCATCTTCAC
Hs-Glutl-Fwd CGGGCCAAGAGTGTGCTAAA
Hs-Glutl-Rev TGACGATACCGGAGCCAATG
Hs-Glut2-Fwd GCTGCTCAACTAATCACCATGC
Hs-Glut2-Rev TGGTCCCAATTTTGAAAACCCC
Hs-Glut3-Fwd GCTGGGCATCGTTGTTGGA
Hs-Glut3-Rev GCACTTTGTAGGATAGCAGGAAG
Hs-Glut4-Fwd ATCCTTGGACGATTCCTCATTGG
Hs-Glut4-Rev CAGGTGAGTGGGAGCAATCT
Hs-PGK1-Fwd GACCTAATGTCCAAAGCTGAGAA
Hs-PGK1-Rev CAGCAGGTATGCCAGAAGCC
Hs-TPI1-Fwd AAAGCTGGTGCCGTTGAGAA
Hs-TPI1-Rev GGTTGTGGTAAACCTCTGCTC
Hs-PFKL-Fwd GTACCTGGCGCTGGTATCTG
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Hs-PFKL-Rev CCTCTCACACATGAAGTTCTCC
Hs-SCD1-Fwd AGAATGGAGGAGATAAGT
Hs-SCD1-Rev TAGCAGAGACATAAGGAT
Hs-HK2-Fwd CCAGTTCATTCACATCATCAG
Hs-HK2-Rev CTTACACGAGGTCACATAGC
Hs-ENO1-Fwd GCCGTGAACGAGAAGTCCTG
Hs-ENO1-Rev ACGCCTGAAGAGACTCGGT
Hs-G6PD-Fwd ACCGCATCGACCACTACCT
Hs-G6PD-Rev TGGGGCCGAAGATCCTGTT
Hs-HIF-1a-Fwd GAACGTCGAAAAGAAAAGTCTCG
Hs-HIF-1o-Rev CCTTATCAAGATGCGAACTCACA

2.6 Protein extraction and SDS-PAGE (Western blotting)

1) Grow cells on 10 cm dishes.

2) Wash the plates twice with 10 ml of pre-cold 1 x PBS. Add 8ml of pre-cold PBS and
scrape cells into 15 ml tube and then centrifuged at a speed of 3000 rpm for 5 minutes at 4°C.
Remove the supernatant completely by spinning down again.

3) Add RIPA Buffer (50 mM Tris—HCI, pH 8.0, 150 mM NaCl, 5 mM EDTA, 0.1 % SDS, 1%
NP-40, cocktail) to lyse the cells, and transfer the sample to pre-cooled EP tubes.

4) Sit on ice for 45~60 minutes, vortex 2-3 times during the incubation.

5) Protein lysates are centrifuged at 14,000 rpm for 10 minutes at 4°C.

6) Transfer the supernatant to new pre-cooled EP tubes.

7) Quantification of protein using the Bradford method by measuring OD595 using
Spectrometer.

8) Use 5 x SDS buffer to adjust the concentration of protein and boil it for Smins.

9) Load protein along with a pre-stained protein ladder marker.

10) The electrophoresis is performed at 80 v voltage. After the sample completely run out of
the stacking gel, the voltage is adjusted to 120 v voltage and the separation continued for
about 1 hour

11) Transfer for 1.5 ~ 2 hours per blot.

12) After the membrane transfer is completed, NC membrane or PVDF membrane was
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blocked with 5 % Non-fat-dry milk (NFDM) within 1 x washing buffer for about 1 hour

13) Incubate membranes with primary antibody at indicated dilution for 1.5 hours, followed
by washing with 1x washing buffer for 3 x 10 min

14) Incubate membranes with secondary antibody at indicated dilution for 1 hour, followed
by washing with 1x washing buffer for 3 x 10 min

15) Remove the membrane and place it on saran wrap. Mix equal volumes of ECL reagents
and evenly spread on NC membrane or PVDF membrane, and the membrane is placed in
Chemiluminescence imaging instrument for developing following the manufactory

instructions

2.7 Treatment model of mouse xenograft assay

4-week-old male BALB/c nude mice were injected with 5 x 10° Hep3B cells
subcutaneously. At day 10, intragastric administration of Pteryxin with different
concentrations (0.08 mg / kg, 0.3 mg/ kg, 1.5 mg/kg) were performed every other day.
corresponding doses of vehicle DMSO was administration as the control group. Tumor size
was measured by vernier calipers every three days after administration. Calculation formula:
tumor volume = width (mm) *depth (mm) *length (mm) *0.52. At day 26, the mice were
weighed and the experiment was terminated. The tumor lysates were extracted, and the

related protein levels were detected.

2.8 Prevention model of mouse xenograft assay

Intragastric administration of 0.08 mg / kg Pteryxin was performed in 4-week-old
BALB/c nude mice every other day., corresponding doses of vehicle DMSO was
administrated as the control group. 10 days later, 5 x 10° Hep3B cells are injected into the
mice subcutaneously. Pteryxin was continuously given every other day. Tumor size was
measured by vernier calipers at indicated time points after tumor inoculation. Calculation
formula: tumor volume = width (mm) *depth (mm) *length (mm) *0.52. At day 30, the

experiment was terminated and tumors are extracted.

2.9 Drug treatment and cell viability detection in organoid models

Clinical human liver cancer patient-derived organoids and normal liver-derived
12




organoids were digested into single cell with 0.25 % Trypsin-EDTA. After counting,
organoids were suspended in 2 % matrigel/growth media and dispensed into BME
(Basement Membrane Extract) coated 96-well plates at a density of 5000 cells per well.
After 3 days, the medium was changed into fresh medium containing Pteryxin. The medium
was changed every 3 days. The organoids were treated with Pteryxin for 6 days. After 6 days
of drug treatment, CellTiter-Glo® 3D Reagent was added to each well. Mix the contents
vigorously for 5 minutes to induce cell lysis. Allow the plate to incubate at room
temperature for an additional 25 minutes to stabilize the luminescent signal. Luminescence
was measured on a Synergy H1 Multi-Mode Reader. Results were compared to the control
group (DMSO) and curve fitting was performed according to Prism (GraphPad) software
and the nonlinear regression equation. Photographs of organoids treated with DMSO, 50 uM
or 100 uM pteryxin for 6 Days in 24-well plates were collected by optical microscope under
white light and 10x objective field conditions.

For qRT-PCR assay, digested organoid was re-suspended with BME into 6-well plate,
then these organoids were treated with DMSO, 50 uM or 100 uM pteryxin under normoxic
or hypoxic conditions for 48 hours, respectively. RNA was extracted by (Magen R4111-02)
Hipure total RNA mini kit. Reverse transcription and the following methods are the same as

mentioned in “2.5 Total RNA extraction and qRT-PCR”.

3. Results

3.1 Pteryxin suppresses the proliferation of hepatocellular carcinoma cells, especially

under hypoxic conditions

To screen for potential herbal extracts with anti-cancer effect, we purchased a library
including 29 herbal extracts and examined their inhibitory effect on Hep3B liver cancer cells.
It is interesting to find that after 96 hours treatment, hepatocellular carcinoma cell numbers
decreased significantly by Wogonin, Cryptotanshinone, Tanshinone I, Tanshinone IIA,
Pteryxin and Palmatine chloride at dose of 100 uM (Figure 1A). While the anti-tumor
effects for some compounds have been reported [11-15], there is no previous report

documenting whether and how Pteryxin suppresses tumor cell proliferation. Therefore, we
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focused on the inhibitory effect of Pteryxin and explored the potential molecular

mechanism.
A Antitumor | Remark
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Figure 1: Pteryxin suppresses hepatocellular carcinoma cell proliferation, especially

under hypoxic conditions. (A) Crystal violet assay was performed in Hep3B cells treated with 29
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kinds of natural compound (100 uM) for 96 hours (left panel). The table shows the anti-tumor effect of
each compound in the screening assay (right panel). The wells of 1a, 5a, and 9a were DMSO control
groups and the wells of 4c were blank controls. (B) Crystal violet assay was performed in Hep3B, PLC
and HepG2 cells treated with 0 uM, 20 uM, 50 uM, 100 uM, or 200 uM of Pteryxin for 96 hours. (C) Cell
viability of Hep3B cells was tested by MTT assay after treatment with Pteryxin for 48 hours, IC50 was
calculated. (D) Growth curves of Hep3B cells treated with 50 uM Pteryxin under normoxia and hypoxia
were determined by trypan blue counting, respectively. *P < 0.05 by Student’s #-test.

In order to explore whether the inhibitory effect of Pteryxin is common in cancer cells
and its dose dependency, Hep3B, PLC and HepG2 hepatocellular carcinoma cancer cells
were treated with 10 uM, 20 uM, 50 uM, 100 uM, and 200 uM of Pteryxin for 96 hours.
Results showed that Pteryxin inhibited cell proliferation in all these liver cancer cell lines in
a dose-dependent manner, with 50 uM Pteryxin partially inhibiting cell proliferation and 100
uM Pteryxin completely killing these cells (Figure 1B). By MTT assay, we found that the
IC50 of Pteryxin in Hep3B cells is 37.1 uM (Figure 1C). Since hypoxia is an important
microenvironment for solid tumors including liver cancer, Hep3B cells were treated with 50
uM Pteryxin under normoxic or hypoxic conditions, respectively. Cell growth curve analysis
revealed that the inhibitory effect of Pteryxin was more potent under hypoxic conditions
compared to normoxic conditions, though Pteryxin could inhibit cell proliferation under
both conditions (Figure 1D). In brief, Pteryxin inhibits the proliferation of liver cancer cells

and has more potent inhibitory effect under hypoxic conditions.

3.2 Pteryxin inhibits the expression of glucose metabolic enzymes induced under

hypoxia

Due to the potent anti-tumor effect of Pteryxin under hypoxic conditions, we next
investigated the potential mechanism under hypoxia. We treated Hep3B cells with normoxic
condition, hypoxic and hypoxic condition with Pteryxin treatment for 24 hours, then
collected RNA for RNA-seq analysis. The results showed that 604 genes were up-regulated
by 1.5 fold under hypoxic condition compared to normoxic condition, 3071 genes were
up-regulated by 1.5 fold under hypoxic condition compared to hypoxic condition with
Pteryxin treatment. Among them, 392 genes were co-upregulated in both cases by 1.5 fold

(Figure 2A). Further gene ontology (GO) term enrichment analysis (DAVID:
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/normoxia

https://david.nciferf.gov/) showed that these 392 genes are enriched in glucose metabolism

(including genes of glycolysis and gluconeogenesis) and hypoxia response (Figure 2B).
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Figure 2: Pteryxin inhibits the expression of glucose metabolic enzymes induced under

hypoxia. (A) Venn diagram showing overlapping of the up-regulated genes in the hypoxic condition

compared to normoxic condition or compared to the group with 100 uM Pteryxin treatment under hypoxic

conditions based on the RNA-Seq data. (B) Analysis of 392 overlapping genes by Gene Ontology (GO)

term enrichment. (C, D) qRT-PCR (C) and Western blotting (D) analysis of the expression of glycolytic

enzymes in Hep3B cells cultured under normoxic or hypoxic conditions for 24 hours or 48 hours in the

presence of DMSO or 100 uM Pteryxin, respectively. *P < 0.05 as compared to normoxic DMSO group,
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P < 0.05 as compared to hypoxic DMSO group by Student’s ¢-test.

Next, Hep3B cells were treated with 100 uM Pteryxin for 24 hours to detect the mRNA
expression of glucose metabolic enzymes under normoxic or hypoxic conditions. We found
that Pteryxin remarkably inhibited the hypoxia-induced expression of lactate dehydrogenase
A (LDHA), pyruvate kinase M2 (PKM2), pyruvate dehydrogenase kinase isoenzyme 1
(PDK1), Glucose transporter 1 (GLUT1), phosphoglyceric kinase 1 (PGK1) (Figure 2C).
Under the same conditions, Hep3B cells were treated for 48 hours and protein samples were
collected and detected by Western blotting. The data showed that, consistent with the mRNA
results, Pteryxin markedly suppressed the protein levels of hypoxia triggered accumulation
of glucose metabolic enzymes such as LDHA, PKM2, PDK1 and Gultl (Figure 2D).
Collectively, Pteryxin inhibits the expression of glucose metabolic enzymes at both mRNA

and protein levels under hypoxic conditions.
3.3 Pteryxin inhibits the expression of HIF1a protein

Results in Figure 2 indicate that Pteryxin regulates the enzyme of glucose metabolism at
the transcriptional level. It is known that HIF-1, as an important transcription factor,
extensively regulates the transcription of enzymes involved in glucose metabolism under
hypoxic conditions. However, it is unknown whether Pteryxin regulates glucose metabolism
via HIF-1o. Based on this speculation, we examined the protein expression of HIF-la in
Hep3B cells treated with 50 uM Pteryxin for 6 hours under normoxic and hypoxic
conditions, respectively. Western blotting results revealed that Pteryxin markedly inhibited
the accumulation of HIF-la protein under hypoxic conditions (Figure 3A). Furthermore,
Hep3B cells were treated with 50 uM or 100 uM Pteryxin in the presence of hypoxia mimics
cobalt chloride (CoCl2), desferrioxamine (DFX), dimethyloxalylglycine (DMOG) or
proteasome inhibitor MG-132 for 6 hours. Western blotting results showed that Pteryxin
dose-dependently inhibited the protein expression of HIF-1a, even in the presence of the
hypoxia mimics or MG-132. (Figure 3B). Figure 2C and 3B indicated that Pteryxin didn’t
inhibit the mRNA expression and protein degradation of HIF-1a, therefore, it is possible that
Pteryxin may affect HIF-1a protein translation.
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Figure 3: Pteryxin inhibits HIF-1a protein expression. (A) Hep3B cells were exposed to
DMSO or 50 uM of Pteryxin for 6 hours under normoxic or hypoxic conditions and whole-cell lysates
were subjected to Western blotting analysis of HIF-la protein. Actin served as loading control. (B)
Hep3B cells were exposed to DMSO or 0, 50 or 100 uM Pteryxin in the presence of the hypoxia mimics
cobalt chloride (CoCly), desferrioxamine (DFX), dimethyloxalylglycine (DMOG) or proteasome inhibitor
MG-132 for 6 hours and whole-cell lysates were subjected to Western blotting analysis of HIF-1a protein.

Actin served as loading control.

3.4 Pteryxin inhibits hepatocellular carcinoma progression in mouse tumor treatment
models

The cell-based experiments data showed that Pteryxin significantly inhibited the
proliferation of liver cancer cells under hypoxic conditions and suppressed HIF-1a as well as
hypoxia-activated glucose metabolic enzymes. Since HIF-1a and these glucose metabolic
enzymes are important for tumor cell growth especially under hypoxic conditions, next, we
investigated the effect of Pteryxin in mouse tumor models. 5 x 10° Hep3B liver cancer cells
were injected subcutaneously into mice to set up mouse xenograft models. When tumor

volume reached the size about 100 mm?*, we randomly divided the mice into 4 groups and
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DMSO, 0.08 mg/kg, 0.3 mg/kg or 1.5 mg/kg Pteryxin was given to each group of mice,
respectively, by intragastric administration every other day. After treatment for 26 days, the
experiment was terminated. As a results, the xenograft experiment in nude mice showed that
Pteryxin significantly decelerated tumor growth in a dose-dependent manner (Figur 4A).
Interestingly, Pteryxin treatment even completely blocked the tumor growth in some mice,
especially for high dose treatment group, as shown in the tumor photograph (Figure 4B).
Mouse bodyweight measurment showed no siginificant differences between these groups,
suggesting the potenial of Pteryxin as an effective anti-cancer drug with no obvious
side-effects (Figure 4C). Moreover, protein lysates of the tumor tissues were extracted and
Western blotting confirmed that Pteryxin inhibited the protein expression of HIF-1a, PKM2,
PDK1 and LDHA in mouse models (Figure 4D). Taken together, the results of mouse
xenograft experiments indicate that Pteryxin inhibits liver cancer progression by suppressing

HIF-1a as well as glucose metabolism in vivo.
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Figure 4: Pteryxin inhibits hepatocellular carcinoma progression in mouse tumor
models. Hep3B cells were injected subcutaneously into nude mice. When tumor volume reached the
size about 100 mm?, mice were administered with DMSO, 0.08mg/kg, 0.3mg/kg or 1.5mg/kg Pteryxin by
gavage every other day. n=5 for each group. (A) Tumor growth curves were measured starting from 10
days after inoculation. Data were presented as mean £ SEM. *P < 0.05 compared between the indicated
groups by Student’s #-test. (B) Photographs showed the size of the xenografts at the end of the experiment
(B). (C) Mouse bodyweight was measured at the end of the experiment. (D) At the end of the experiment,
tumors were extracted followed by Western blotting analysis of the expression of HIF-1o and indicated

glycolytic enzymes. Actin served as loading control.

3.5 Pteryxin inhibits tumor initiation in mouse tumor prevention models

Next, we investigated whether Pteryxin could prevent tumorigenesis in another mouse
tumor prevention model. We pretreated the mice with a low concentration of Pteryxin (0.08
mg/kg) by intragastric administration every other day and then injected tumor cells into the
mice 10 days later. In the earlier stage, we found that Pteryxin delayed tumor development
and that mice with Pteryxin pre-treatment had smaller tumors. After about 30 days, the
experiment was terminated. As a result, tumor volume in Pteryxin treated group was much
smaller compared with the control group (Figure 5A, 5B). Considering this is a tumor
prevention model, this results demonstrate that Pteryxin prevents liver cancer initiation,

suggesting its potential use as a kind of supplementation for tumor prevention in the future.
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Figure 5: Pteryxin inhibits tumor initiation in mouse tumor prevention models. (A) Mice
were administered with DMSO or 0.08mg/kg Pteryxin for 10 days by gavage every other day, 10 days
later, Hep3B cells were injected subcutaneously into nude mice (n=5 for each group). Pteryxin was
continuously given every other day after the tumor inoculation. Tumor growth curves were measured
starting from inoculation. Data were presented as mean + SEM. *P < 0.05 compared between the
indicated groups by Student’s #-test. (B) Photographs showed tumor xenografts at the end of the

experiment.

3.6 Pteryxin suppresses the growth and glycolytic enzymes in hepatocellular carcinoma

patient-derived organoids

Organoid is a three-dimensional micro-organ culture model developed on the basis of
cell culture in culture dishes. It highly mimics the source tissues and organs and can help us
better evaluate the function of drugs [16-17]. Here, we used clinical hepatocellular
carcinoma patient-derived tumor organiods and normal human liver-derived organiods to
examine the tumor-killing effect and evaluate side-effect of Pteryxin. By using MTT assay,
we found that IC50 of Pteryxin in liver cancer patient-derived tumor organiods was 49.33
uM, much less than 103 uM, the IC50 of Pteryxin in normal liver-derived organiods (Figure
6A). The data indicated that low dose of Pteryxin could efficiently suppress the growth of
liver cancer patient-derived tumor organiods, but with little effects on normal liver-derived
organoids. This speculation was confirmed by direct observation from the microscope, 50
uM or 100 uM Pteryxin obviously inhibited the proliferation of liver cancer patient-derived
tumor organiods, but 50 uM Pteryxin exhibited no, while 100 uM Pteryxin exhibited
marginal effects on the proliferation of normal liver-derived organiods (Figure 6B).
Furthermore, mRNA expressions of glucose metabolic enzymes were detected in liver
cancer patient-derived tumor organoids treated with 50 uM or 100 uM Pteryxin under
normoxic or hypoxic conditions for 48 hours, respectively. Consistent with the cell
line-based results, Pteryxin inhibited the mRNA expressions of the hypoxia-induced glucose
metabolic enzymes in the organoid models (Figure 6C). Thus, Pteryxin inhibits the growth
of hepatocellular carcinoma patient-derived tumor organiods and glucose metabolic

enzymes, suggesting its high clinical application potential for anti-tumor therapy.
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Figure 6: Pteryxin suppresses the growth and glycolytic enzymes expression in human
hepatocellular carcinoma patient-derived organoids. (A) Cell viability was measured in
human liver cancer patient-derived tumor organoids and normal liver-derived organoids treated with
DMSO, 50 uM, 100 uM, or 200 uM Pteryxin for 6 days, respectively, IC50 was calculated. (B)
Representative bright field images of human liver cancer patient-derived tumor organoids and normal
liver-derived organoids treated with DMSO, 50 uM, or 100 uM Pteryxin for 6 days, respectively. Scale
bar: 100 um. (C) gqRT-PCR analysis of the glycolytic enzymes in human liver cancer patent-derived
tumor organoids cultured under normoxic or hypoxic conditions for 48 hours in the presence of DMSO,

50 uM or 100 uM Pteryxin, respectively.
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4. Conclusions and Perspectives

Through the screening of a series of compounds from Chinese herbal medicines, our
study found that Pteryxin could inhibit the proliferation of hepatocellular carcinoma cells
and that its inhibitory effect was more potent under hypoxic conditions. RNA-seq analysis
and subsequent experiments showed that Pteryxin suppressed the expression of HIF-1a and
the hypoxia-induced activation of glucose metabolic enzymes. Treatment and prevention
models of mouse xenograft experiments revealed that Pteryxin decelerated liver cancer
tumorigenesis and progression by inhibiting HIF-la and glucose metabolism, without
affecting mouse bodyweight. Similar results were obtained in the tumor organoid models
derived from clinical hepatocellular carcinoma patients. Taken together, Pteryxin inhibits
liver cancer cell proliferation, suppresses liver cancer tumorigenesis and progression in
mouse xenografts and clinical cancer patient-derived tumor organoid models both in vitro
and in vivo. In conclusion, these results indicate that Pteryxin is a potential herbal compound
for anti-cancer therapy, and holds great potential and significance for cancer prevention as

well as cancer treatment.

Nowadays, there is no perfect therapy for cancer patients, especially for the solid tumor
patients. Development of new and effective anti-tumor drugs is still the top priority. After
thousands of years of use, traditional Chinese medicine has been shown to be effective in
cancer treatment, but the effective ingredients and potential anti-cancer mechanisms of most
traditional Chinese medicine are still far from clear. Thus, the screening out of Pteryxin as a
potential anti-tumor drug is of great significance. Previous reports have examined the
pharmacokinetics of Pteryxin, and found that Pteryxin prevents obesity and inflammation,
but the effects of Pteryxin on cancer are still largely unknown. By adopting multiple models,
we demonstrated the cancer prevention and therapeutic effects of Pteryxin both in vitro and
in vivo. Potential mechanism study revealed that the inhibitory effect of Pteryxin on cancer
was achieved by targeting HIF-la and glucose metabolism. Considering the fact that
Pteryxin is easy to be ingested and beneficial to individual organisms, exploring its function

in cancer prevention and treatment is very promising and holds great potential.

Systematical exploration of the specific molecular mechanism underlying the
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anti-cancer effect of Pteryxin warrants further investigation. It is also worth exploring
whether it is effective in other types of cancer. In addition, more efforts should be employed
to study whether it can be further optimized, developed and combined with other treatments

such as immunotherapy to prevent and treat cancers.
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Pteryxin suppresses hepatocellular carcinoma by targeting HIF-1a

and glucose metabolism

Yueyang Wang, International Department of the Affiliated High School of South China

Normal University

Abstract

The development of new anti-cancer drugs from Chinese herbal compounds is drawing much
attention in the field of cancer therapy. In this study, we performed a small scale drug
screening to identify potential anti-cancer herbal compounds. As a result, we found that
Pteryxin, extracted from the plant Peucedanum praeruptorum Dunn, exhibited strong
anti-tumor effects. Pteryxin inhibits cell proliferation in multiple hepatocellular carcinoma
cell lines, including Hep3B, HepG2 and PLC. More interestingly, this inhibitory effect is
much more potent under hypoxic conditions. Mechanistic analysis revealed that Pteryxin
suppresses the expression of HIF-1a (hypoxia-inducible factor 1a) at protein level as well as
the expression of glucose metabolic enzymes at both mRNA and protein levels, suggesting
that Pteryxin suppresses HIF-1a-mediated glucose metabolism. Moreover, mice xenograft
experiments showed that Pteryxin efficiently prevented tumor initiation and inhibited tumor
progression in vivo. Importantly, Pteryxin markedly inhibited the proliferation of clinical
human liver cancer patient-derived organoids by targeting glucose metabolism, with
marginal effect on the normal liver-derived organoids, indicating its specific toxic effect on
tumor tissues and high anti-cancer implication potentials.

Collectively, Pteryxin efficiently suppresses liver cancer progression by inhibiting HIF-1a
and hypoxia-activated glucose metabolism both in vitro and in vivo, presenting a new
potential herbal compound for tumor prevention and anti-cancer therapy. Thus, the potential

for the clinical application of our Chinese herbal compound, Pteryxin, warrants further study.

Key Words: Chinese herbal medicines, Pteryxin, hepatocellular carcinoma, hypoxia,

glucose metabolism
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PLZGYIIR FE R AL b, A BRAR XS VE F AL bR, JEid Graphpad Prism #4425 il 3005 #h
2k, THEH1C50.

2.5 & RNA Bl gRT-PCR 3£4%

2.5.1 & RNA FI3RE

1) F PBS %t 6 cm LA F40AL, 1 f5 BRid LA (¥ PBS

2) MR L ml 1 trizol ZEAELIM, FHUCEFE 5 2] RNA B free 19208
3) FAFERAE RN 200 ul =& H K, L NEIERS) 5-6 IR EIRE 2-3 4 EE
i

4) 8,000 x g 4°C&5 0> 15 73

5) BN EP BRI, 45 AR, HBBHER =R AHI


https://www.baidu.com/s?wd=%E8%87%AA%E7%84%B6%E5%B9%B2%E7%87%A5&tn=SE_PcZhidaonwhc_ngpagmjz&rsv_dl=gh_pc_zhidao

6) ¥ _LEKM R EH 1 RNA B free 1] EP &

7) fN 500 ul (5 A RE R K AR, FEAE IR T ECE 10 204

8) 10,000 x g 4°CE.L» 15 734t

9 BEeR L b, RE R RNA JUE. BRRUUE, TN 1 ml 75% 823 RNA JliEH,
R _EREE EP &, SRJ5 10,000 x g 4°CH L 15 4. FFR VLR

100 FHEZS RN B X T RNA UUE 10 43480 . A 0.1% DEPC /KiFf# RNA
FJH NanoDrop %€ RNA # /&

252 ZH—4k cDNA 1Bk

1) 7£200ul [f) PCR &+ setup Nl itk % :

D% NS
5x iScript reaction mix 4 ul
iScript reverse transcriptase 1wl
Nuclease-free water (15-x) ul
RNA (1 pg total RNA) x pl
Total volume 20 ul

2) PCR i B —HE cDNA

25°C 5 4%

42°C 30 4%

85°C 5 )

AeCYEFF B BT N -20°CUR A7 K
2.5.3 PCR B gqRT-PCR KM
DA 51 Y EHEFH DNA/RNA i free 7K % 22 100 uM, Ifif J5 Forward 5|4 Reverse
5149 %-BL 10 ul, it DNA/RNA i free f) 80 ul 7K & 100 ul Bt #1 ik 10 uM ¥ (Fwd + Rev)
S TAER G
2)H DNA/RNA fiff free ff17K 10 £5 %45 cDNAC10 ul cDNA + 90 ul DNA/RNA i free water)
3) BRI R E L SYBR Green
4) TEUK L% PCR R MR AR RRIRS], M HL

SYBR Green (2 X) 10 ul

Primer (Fwd + Rev) 10 uM 0.4 ul




cDNA (1: 10) 2.0ul

Water, nuclease-free 7.6 ul

Total volume 20 ul

5) FIFH FIRPEEHEE qRT-PCR Ak £

IR R (°C) S L[] TEIIREL
AR PE 94 30s 1
A 94 30s

Bk Tm-5 (55~65) 30s 25-40 fiE¥k
ZEAH 72 30s

e & GEfH 72 7 min 1

254 ASCHPTRZERSIYFSIINT

HHFE 4 51 Y75

(Gene Name) (Primer Sequence)
Hs-18S-Fwd CGGCGACGACCCATTCGAAC
Hs-18S-Rev GAATCGAACCCTGATTCCCCGTC
Hs-LDHA-Fwd GGCTACAACAGGATTCTA
Hs-LDHA-Rev TTACAAACCATTCTTATTTCTAAC
Hs-PKM2-Fwd ATAACGCCTACATGGAAAAGTGT
Hs-PKM2-Rev TAAGCCCATCATCCACGTAGA
Hs-PDK1-Fwd ACCAGGACAGCCAATACAAG
Hs-PDK1-Rev CCTCGGTCACTCATCTTCAC
Hs-Glutl-Fwd CGGGCCAAGAGTGTGCTAAA
Hs-Glutl-Rev TGACGATACCGGAGCCAATG
Hs-Glut2-Fwd GCTGCTCAACTAATCACCATGC
Hs-Glut2-Rev TGGTCCCAATTTTGAAAACCCC
Hs-Glut3-Fwd GCTGGGCATCGTTGTTGGA
Hs-Glut3-Rev GCACTTTGTAGGATAGCAGGAAG
Hs-Glut4-Fwd ATCCTTGGACGATTCCTCATTGG
Hs-Glut4-Rev CAGGTGAGTGGGAGCAATCT
Hs-PGK1-Fwd GACCTAATGTCCAAAGCTGAGAA
Hs-PGK1-Rev CAGCAGGTATGCCAGAAGCC
Hs-TPI1-Fwd AAAGCTGGTGCCGTTGAGAA
Hs-TPI1-Rev GGTTGTGGTAAACCTCTGCTC
Hs-PFKL-Fwd GTACCTGGCGCTGGTATCTG
Hs-PFKL-Rev CCTCTCACACATGAAGTTCTCC
Hs-SCD1-Fwd AGAATGGAGGAGATAAGT
Hs-SCD1-Rev TAGCAGAGACATAAGGAT
Hs-HK2-Fwd CCAGTTCATTCACATCATCAG

10



Hs-HK2-Rev CTTACACGAGGTCACATAGC
Hs-ENO1-Fwd GCCGTGAACGAGAAGTCCTG
Hs-ENO1-Rev ACGCCTGAAGAGACTCGGT
Hs-G6PD-Fwd ACCGCATCGACCACTACCT
Hs-G6PD-Rev TGGGGCCGAAGATCCTGTT
Hs-HIF-1a-Fwd GAACGTCGAAAAGAAAAGTCTCG
Hs-HIF-1o-Rev CCTTATCAAGATGCGAACTCACA

2.6 B HREU K RN A B AR R Ik $-1E  (Western blotting)

1) £ 10 cm $5F7 M 55 =40

2) M 10ml Fv i) 1 x PBS IGVE4HMIPI IR, K 8 ml ¥ ) 1 x PBS BIAREFR LA, FH4H
s IR 4E M 2 15 ml B0 R, SRJ5 3000 rpm LI 4 FEE0 5 g, A BT

3) INNGE 24 & 13 A 24 RIPA Buffer (50 mM Tris—HCI, pH 8.0, 150 mM NaCl, 5 mM
EDTA, 0.1% SDS, 1% NP-40, cocktail ) ZFZHML, FFAEFEFE MBI 1) EP &

4) HRE S CE VK I 45~60 438l RN 5] 2-3 Ik

5) K A ZLRIAE 14,000 rpm FE3E T 4°CE 0 10 43k

6) R E O LG EHITA T EP &

7 HAER: MU EARERTE 4°C4 A T H 12,000 rpm &0 10 min, K R
LGRS A T 1.5 ml B0 . SR Bradford drif th 467 2R LK IE

8) WKJE EIF )5 5 x Loading buffer, 100°C& 5 3%

9 EFf LFEFERAE AR IE B marker

10) BSGAE 80 v LR T HYK, FFEIRE 5L 58 A H A4 i LS K U T 42 120 v 4k 8y
B54) 1h

11 M RHREEZ) 1.5 h-2 h

12) FEERELER LA, F 1 x washing buffer B2 &) 5% Bifg2E95 (NFDM) $1A NC
JEEE PVDF ) 1 /N

13) HHERAE—HEE L 1.5 /Mit, A 1 x washing buffer ¥ NC sk PVDF i 3 x
10 43

14) AR JE SRR E —HiAE 20 1.5 /I, H 1 x washing buffer 3 NC [k PVDF i 3
x 10 4%

15) 4 JEE H RO SRR B AR i (saran wrap) |, I\ ECL 2. TR &SRR
PRl ECL 1R 34151 T4 2 NC JEEE PVDF R I, B BRUCE fh 2 RO B A S gt AT

11



==,
ME R

ANSY

2.7 /MR R R

FIF 4 A B e BALB/C #-53, # 500 /7 Hep3B 4 A i & 75 /N B AR B~
M. 75 10 K, HAFEME (0.08mg/kg, 0.3mg/kg, 1.5mg/kg) HIALZE R iFEAT /N
FRHEE AL EE, W HRZH/N R TARRN AR IZ ) DMSO. fEAZ)E, R = KA iths
O BIR RN HEAT IR AR AR, AN PR = K (mm) x % (mm) x
m (mm) x0.52. 7E58 26 K, W/NREATHREIFAGE, FHFHCH F b e, 3T A
(I A B KSR

2.8 /) BB AR R TR AR Y

FIH 4 J{ 740 1) BALB/c #R5R, TiiefdH 0.08mg/kg J636 7 2 34T B AL EE, X
/N R EE TN AR EE ) DMSO. #EH 4b# 10 RJ5, 4% 500 /5 Hep3B i 78
NRIIEE N L 25, R 2-3 RAE AR R RO /N BRI N BEAT I, THE
AR MRAEF= K (mm) x % (mm) x & (mm) x0.52. 7E55 30 K, Xf/N ik
ATREBE,  FEHUH i g, AR K

2.9 RBE KBV R IE St il

F 0.25% Trypsin-EDTA 73 5l 4 1t R - o A KU B0 I 2 2 B AR 5 S ISR 28
BEATTS AR TR, A0 AIPR S T2, ] 2% BME/S 9L E 5, %18 5000 N4HAR/AL,
IOAZITSeH 30 ul/ fL BME B4 1) 96 FLH . 1597 3 K, Moy ab B i
Fedk, PR 6 K, HERE 3 R¥fe— KiK.
FIZ3AEHE 6 R Ja, BEATANLEE /el IS8R5 LB CellTiter-Glo 3D i

(promega), %% 5 7%, =g E 20 o8 UARE G S, a1 A SynergyH1 2 Jife

FEbRA, MR R JEME . 458 5% AR T (DMSO 41), KA Prism (GraphPad)
BAFFIAESRAE B 7 R AT i 2640 & o KRB E IR BRI 2 E S EIR g i 7oA
AR AL BS54 TS, R Z5Aabt 6 KRG, FIH G B0 BB IR, 7E 10 £
Wi N HHE 24 FLBOR MRS B TS .

gRT-PCR #uill organoid A&k H4iH kA3 L) organoid Ff BME HEJG
seed 2| 6 fLARH, 37 FE¥EFRAEEEFE 6 KJa, 70l DMSO, 50 uM pteryxin, 100 uM
pteryxin, iU 1% Oz FIMIREE TAE 0 H AL 3 24 /Ni . 7226 8 K, {4 (Magen R4111-02)

12



Hipure total RNA mini kit 47 RNA $hi$g. W5 R 5 eSS LR “2.5 & RNA $#2
HUF qRT-PCR 52587 #AEAH].

3. LWER
3.1 XA RMGHRAMRNNE, KEFTERAEARE

AT ERRNETE N B A R AR A EY), BATAA RIS 29
PR B2 (/NG S, R TAEMREE Y 100 uM BS540 S5 Hep3B e 4 i
FIEFEEIE R . SRR IR, REER. BHASE. 20 FESE DAL 6k
FFRMERRE DT GEER) AN 96 /NS, AP LT AR HAtr: (F
1A . Ao A A an il iR 12U Ca A — S AR SCHRIE [11-15], (HALSE 7 20 s
Ry 1 FH DR AR DGR . BRI, 42 FORIRATEE TPfF 98 1 638 7 30 e (¥ ) 12
FIFFERIT T LR 4T L

AT BB RFACSE T R AR R S A A G, FRATYE Hep3B, PLC Al
HepG2 =FhAHEaufifotk =, 4% 10 uM. 20 uM. 50 uM. 100 uM F1 200 uM Jt3&
AR 96 /N, R IAL S ER I AT X S AR A (Y 5, I HL 50 uM dE3E T
AT DA 400 R 4 B M 5, T 100 uM 626 FE S A TR M I, 4 A R A AT
(B 1B). #: FRBATEE MTT 5256, 7€ Hep3B 41 & ik AT 1 M3 B poAs i,
ff e AL 32 T 20T Hep3B 4 i (-4 R B2 37.1 uM (B 1C). PRI A i Fof
S AR 1) B BEARA B, AT TR Hep3B 20 M CAE 5 480 MU SR A0 T 43 ) x4 7] DMSO
BT R AL 96 NI, RILALTE T B AR W L RS SR AT T 2o mT A 4 i P 3
G, ABAEARAESRAE TN A M S A o f i F SE O (B 1D) . BA s g R,
JeSe T R AT LA R A AR R B, IR TR R B .

13



A Antitumor | Remark
. (about
a b c Rank Name IChinese Name Effect |antitumor effect)

1b | Baicalein ESE +

1c | Malicacid === -

2a Scutellarein Eﬁi -

2b | Scutellarin ;;ﬁ? -

2c Baicalin -

3a Wogonoside IS -

3b Wogonin IrEEE + Known
3c Cycloastragenol BrEEEs +

4a AstragalosidelV BE -

4b Astragalosidelll gﬁlll =

b ‘sr:z: I':]none 1lA-suffonic Iﬂi}ﬁll ARET _

5c Sodium Danshensu =N =

Ba Calycosin %ﬁﬁ =

6b Cryptotanshinone IEFH_}E +++ Known
6c | SalvianolicacidB [HEEs s

7a Salvianolic AcidC IR EEC =

7b Tanshinonel BES +++ Known
7c Tanshinone llA IBEFIA +++ Known
8a Dihydrotanshinone | —EAEER =

b Paeonol foEE -

8c Protocatechuicacid [EE] -

9 | Protocatechualdehyde &) L3E2 -

9c D-Mannitol & -

10a (#)-Pteryxin HE=R= +++ Unknown
10b Allitol m -

10c | 4-Hydroxybenzylalcohol [x\:rggxiﬂg -

11a | Tubuloside A [Em=A e

11b | Cordycepin REE -

11c Palmatine chloride BN =] ++ Known

Hep3B (Pteryxin, 96h)

C D Normoxia Hypoxia
Hep3B SR -
e 300 = ———DMSO e ——DMSO
> IC50=37.1 uM X 8| _ % _
b * ——Pteryxin 50 uM = = Pteryxin 50 uM
=1 © 6 - * 5
< Q 2 4 - g
-g E 4 | E
> 501 5 5
— = Z 9
[} e =
O [ ©
c v v v v v o 0 T T ] o 0 T T 1
0 25 50 75 100 125 - X : N h ¥ ;

(Dose/uM)

B 1 SR RSB B AR EEE, REAKH TERENEE
(A FIH 29 Bl B2 R IR RAR A (100uMD AbEE Hep3B AL 96 /NI 5 dE AT 45 fit 45 g%

14



B, WERIXEE R IR A5 AT EIE (7)) MM LGS T R IR A Vi 4 e 14 5
imiELs R (). (B) Hep3B, PLC 1 HepG2 #4fiffi 737 0 uM, 20 uM, 50 uM, 100 uM i 200
UM (I35 R AL EE 96 /NI S HEAT 45 S B gt RIS T T AR BRI T M RIE A . (C) MTT
MR SE T R AR Hep3B 41 48 /NG MIAIIIE 1, R ILEIEIKRE (1C50). (D) 1
AL RS T A 50 uM Pteryxin AbFE Hep3B 4, I & I 5 S (01 K22 il 40 i 18 5 i 2%

3.2 ERAREZMHIREFE SN EE B EERE

T 626 A R AE AR A T I BRI, PR RAT T — B4R 7E T A
SRR R ¥ Hep3B ZHMIAEH A IRASMRA FINAALSE T AL B 24 /it f5, FRATHL
£ RNA Jf#1T RNA-seq M0 #re SR ARIL, RS ERAA AR T4 S F A L0
PART 1.5 REHIZEHG 604 A, AL AR TAREINIL S Fr R AL #R A R IE H KT
1.5 5B 3071 A+ FEX AN ELBURAE T, JLRIREZ R I 1.5 ARG
392 4~ (B 2A). XFix 392 MEERBATHHIFIHEKE (GO 4 #r)  (DAVID:
https://david.ncifcrf.gov/), ILHEACE A OCHE DR CRLFEIE AR AR = AR A OGS R IR
SEH R R AR A+ B 2. (B 2B

TR, AT ITER A A TR 100uM 1A63E 3R b EE Hep3B 4
24 /NI, KA EAE DA B mRNA RIE/KTF. 458K, Jb3erRm LR E
MRS SR A N 20A B AR A B an FLIR I 8 A (LDHAD IS BRFR IS M2 (PKM2) .
A R i A B PR (R DB 1 (PDKL). Hi&IBE¥sic i H 1 (GLUTL). BERR H IR
(PGKD) & fFik (B 2C). FFEFMT, FIHALETER AT Hep3B i 48 /M =,
FRATTHEHUEE A EAT Western Blotting 2347, R BLALSE 7 5 1T LA B AR 05 5 s AR
WA B B K (B 2D). £ BATIR, 63575 2 BE A% S5 25 H ) s 40 M Hh i
S5 5 A AT AR BT EET) mRNA L2 /K

15



A

B
1E-12 1E-08 0.0001 1 (-log 10, p-value)
Hypoxia vs Normoxia Extracellular space
Fold Change > 1.5 Cancnical glycolysis
Response to hypoxia
Extracellular exosome
. Blood microparticle
292 | 0679 Extracellular region
Very-low-density lipoprotein particle
g Gluconeogenesis
Cellular protein metabolic process
T Glycolytic process
Hypoxia vs Hypoxia+Pteryxin Cholesterol homeostasis
Fold Change > 1.5 Chylomicron
Triglyceride homeostasis
12 -
© * Hep3B =DMSO ‘ Normoxia
2101 3 = Pteryxin 100 uM
% 8 - DMSO_ ‘ Hypoxia 24h
o * = Pteryxin 100 uM
E 6
2
£ 4 . 2 )
© * "1 _ * *
xr 2 - T# # # # - * -
0 -
LDHA PKM2 PDK1 GLUTIGLUT3IPGK1 TPI1 PFKL SCD1 HK2 GLUT2GLUT4ENO1 GEPD HIF-1a
Normoxia Hypoxia 48h

Pteryxin 0 100 0 100 (uM)

LDHA | s v s—

PDK1 . [ gp—

GLUTT | mes - - [ra—
Actin |- - ay e

B 2: ERFREZMHEREF 2O HEERARERE

(A) S Fe A TR, ARESRAT TR T H AR FRIETHR R T 1.5 AL 604 4

IR MR TR AL S B AL B A T s KT 1.5 fE 2R 3071 Ay RS A 4E R
I R ILAEX PRl LR AT T, FEIRI A 2 e il 1.5 R R 392 1. (B) *fiX 392 /MEE[A
BT HEEE R0 (GO 0 #m) KL BT = 4L 1MiE . (C, D) FIH gRT-PCR (C) 1 Western blotting

(D) T ABUREASME T, Hep3B 4Hfig 4y 5 DMSO #1100 uM Pteryxin 4b3E 24 /N BY 48

/INE i A AR A QTR Y mRNA FIEE /K28 4L . *48 55 % DMSO AbFRZHAH EL P < 0.05, #f8 51K4
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DMSO A BRAAAHEL P < 0.05. HAR T 7N T #5%.

3.3 bR EMH HIF-1lo MEARIE

B 2 RSt et R, A3 R AR KPR A R ) Rk, IR
FHIFE T HIF-lo RRAH FRIAWEZEL KA T, O HIF-la AIER KRG 2
Pl 2 AR ) 0k, (HFRAIIFATE LS 3R 15 T LUB I R HIF-1o [3RE M
AT R . BT 5, FRATE Hep3B 40 /3 B & B AR A & E T, IF
IO 50uM BIAESE R ALTE 6 /NI, Western Blot Rl 45 SRR B, KA HIF-1a
AR BARFEINAALSE T R AL 5 22 2] (B 3A). FATEE—25 43 I A 50uM
A1 100uM JE3E R, FHAEMRERHTT DMOG. DFX. CoCl B FIBHA B s 12 it 4
H7 MG-132 fFEMIZ T, AbFE Hep3B 41f, &5 R & PSS & ] DA E K
FPE ] HIF-1a B A RIRIE, 9 H DMOG. DFX. CoCl, 5k & ([ B A #1175 MG-132
FEA RN AL ST FX HIF-1o A MXF T RER (B 3B). 1Kl 2C M4 R Rk
RN HIF-1a mRNA [3RIE, B 3B 45 RER AL TR AW HIF-1a & H
B, DRLMCEATHEM, A6 2 vl el i B R B AR SR HIF-1o 18R I RIE M 5
M FL A ST RE, X EIE 7 E D (K S IR UE I

Normoxia Hypoxia 6h
Pteryxin 0 50 0 50 (uM)
HIF-1a n .

Actin -——-]

DMSO DMOG DFX CoCl, MG132

Pteryxin 0 50 100 0 50 100 0 50 100 0 50 100 O 50 100 (UM)
- o= o= =

ACHN | s g S N
(Hep3B 6h)

HIF-1a

B 3: JbRFTRME HIF-10 KEBERE

17



(A) TEF B RE ST, I DMSO 5k 50 uM JE3E 7T R ALFE Hep3B 41 6 /N, $E BN
il HEAT G PEEN T Western blotting 434, A&l HIF-1a B K F. Actin NINSEH. (B) %
DMSO, k& #4711 (CoClpw DFX. DMOG) B B A HI7F (MG-132) 50, 50, 100 uM It
KR RIATECS FH 25402 Hep3B 4 i, 4b3E 6 /NI Ji HE B 4 41 i 24 Af i 13517 Western blotting 7347,

K HIF-10 FIEE 7K F. Actin NNZEH.

3.4 JbRFFRMH D BB A R R AR R

FIRAAAMEIRAUER, Jb3E TR T LA IR AR N A AR 3 A, HL A
il HIF-1a 1988 F/KF DURCH AT AR I 1 ik . B4, 7E/N RUMRI AL o2 5 A7 7E [F)
FERIIL SR ? FATE R B i A HepB 41 b /N BRFS AR RIB R , 76 B2 g 4 A
1L B2 100 mmB i, oA THE /N SRBEAL 5340, 43313347 DMSO LA & 0.08 mg/kg. 0.3 mg/kg
1.5 mg/kg AL R HIRE B A 203, WEZALIE 7 20T /0N BRUAAR A e A A PR 4 A 15 10
2253 29— IS TR] R BRI g AR AR 2, FRATR DA T 2, faRbSe T R
/N BRI e AR BR B B R B, O ELmndR BE AL S SR AR BT, ORI, R
AR (B 4A). [ 4B S350 45 SR U 1/ BRI IR B R g5 1, T DLR
B P A0 56 7 25 /N BRR /N B U, T BRI B, A N R MR D AT
B (B 4B, (HZ S0 45 s o ix 2N BT R AR E /T, FRATTIE AR R BLIX LA/
R s PR ZER, PRI R/ R RIEE R RN, X 1Ry
BER—/MBERARPUEZY (B 4C). ffa, RATRBUXL/N R MR AL E A
fi#, iwid Western Blotting Azl &3,  SARSMHARACH IR —80 IAdLEFZ=
BSEA] LA HIF-1a. PKM2. PDK1 #1 LDHA KR EAEIE (B 4D). 4k, IR
FEL IR S 06 2% B A6 55 i 25 W DU S 1) A P e TR R AR R RS I BT R JE 4 )
HIF-Lo DL % 71 20 B8 A QT £ 8 R SEBILI

I

e
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1000 -

- —— DMSO
t sop | O-08 Makg
E -0.3mglkg | Pteryxin K (Y'Y Y ¢ 9808 ouvsO
1]
——1.5mg/k

§ e00 s @ Vo og b sas 008
o *
< 400 N EEEET 0.3
o
E @ s b o0 o 15
> 200 : :
= v T 978 33 3 Pteryxin

0] (mglkg)

10 14 17 20 23 26 (Days)

C 26 - NS D DMSO 0.08 0.3 1.5 Pteryxin (mg/kg)

= — 123423123123

z 27 - g - HIF-1a

o $

2 22':1: Z = 3 ARm——] 7, " )

> 20

g s - . |-- - - PDK1
[E—————————] L0A

16

Pteryxin DMSO 0.08 03 15 (mglkg) mmin

B 4: JbRAF RGN FRAER PR RER R
W Hep3B il RS SRR AP, EIRAAUAEIZ) 100 mm3 i), FFIAREH K —IRG /N RIET
% DMSO, 0.08mg/kg, 0.3mg/kg B¢ 1.5mg/ kg HIIEETHR (B n=5 ). (A) NEMEH
10 RIAFGHI /N B PR RN, BR3P EASEM. R FT/REZ (8 P < 0.05. Hdi s i
TiEA T K. (B, C) {ESEIGZEANT, SEBUR 41 o N RN RN (B, Rk 70
NRAREE (C). (D) FREUVINRMIEI IR B A2, #E1T Western blotting 73, A&ll HIF-1a A1
HIE B A K. Actin NNZEH.

3.5 LR RAE RIBI /S BRAREY - ) R A

W2, ACSTTFRR T LAIIBIAHE A AEe ? AR 53— Fh RS R A A, 3R
ITFSEAE A 0.08 mg/kg MUK LS 206 /N AT HE B 45 29 TAL B, 10 RZJm FE4
/N SREEAT IR A A B RS, SRR AL ST R 1 W] LATIR / BROAT R Re 2E . AEER
ERALEE /N SRATHT ], FRATRT BB BIALSE ) 3 AL FRAL A /) BUITRE HH LA I 18] R AR
Ja A%, ELRERAR 50 AL LU th W] 080N s AEIE G r 3 AL EE 30 K, SXTIRAIALL,
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SR AR 2 N (B 5A) . B IR R SR 28 TR B L £ /) B MR FIEE e 2 2R
(B 5B). [, XASSEIEIRR WAL 2w LI A A 2L, $onm] Ui H
HANFEAE S B ORI AT X m] BEAE

DMSO 0.08 Pteryxin
e‘g 8007 e pmso %i... (mg/kg)
E - Pteryxin ‘ |
= 600 - s . % w E.
E +f =
3 i
>: 400 §{ * . 9 =
g 200 /f
: ° -
o T T T T T T T s
0 5 10 20 23 26 29 32 (Days) ®
A A £l t
Pteryxin Tumor ’ ? &
s

treatment injection

& 5. JbSRFFERA RIS/ AR R k4
(A) N 0 RIFUE, BFIR—IR4 /IR A#EE DMSO 5 0.08 mg / kg Jb3& A3k, # 7 i i Al .
FES 10 KA Hep3B 4y BB T (B2 n = 5 01, FFRFEEB 2, BEIEMR AN,
B LR NP HASEM.  * 4B FTRLZ A P < 0.05. HHE/MHT7IEN T 1656, (B) TESLI S5 T,
SR -4 B/ BRUR RN o

3.6 JER R i PR AR A\ SRR K R 8 88 B I AR KA R A pE AR

AT TR RO AE B 75 I b AT 20 B 35 37 O Bl b Rt R i — P =43 B
B, B S ORIF AL SR AS B R AR AL, LA A 3 0 4 A T e I AR A 1
SRR O, B B IRA T a7 A S 25 M D3k [16, 17]. BRltk, Bk, FRATRIA K
T R s N L2 ) e 2R s B R AR IE 3 N JH AR R R e B A T AL R A &
VA o BRATT R B I A TSR0 N AL 4 e 2 B e AR oy, LS e R 4 g
GRS A0HAR TE 2 49.33 uM, IXANEUE AR T 1E 5 HFH 2 S 2588 B P 1C50 (103
uMD (B 6A), X i BIALSE 7 R AE BRI B RT3 s 28 o (38, B P 441
SAGZE FEZ T MUK, RIS 6 TE 5 2E 2 P P 400 s VR AR TSN, AT DL IE 4
M b2 B o T EDWLA AR R O R I, I ANE3E )T R 50 uM B{ 100 uM, H] LA
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S AR e R PR 0 N SR EZE A% B BB ARG 5, % 1B A ORI 2R 8% B
WA R (B 6B). #E— B3I RNA R A A& 2588 B 3 %)
BEACHRE I RIE, SRR, 5 AT ERSNE IR T I As R — 2, LS TR 5,
A LUAMHIR SIS S 107 4 PR B I mRNA KT (B 6C). Hikszse®km], JbEAR
i S T AR i AR FEJE8 95 N 2L R ORI 10 e S35 B 11 A B R T 2 A il 1) 2R K
5 7 e FL AT e P W AR 3 P AV

Normal Liver
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50 uM, 100 uM #1200 uM Jb3E 73R, 4bEE 6 K, A CellTiter-Glo 3D a7, #IlIK4s & I3 /1,
Frit EHAEHIREE (1C50). (B) Bl Fy &7 50 uM, 100 uM Jb365T 3R ARBE 6 KJm XA T
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ZIMTCE O IR AN, P2 TR I Fe BB B . Bl MR, 5k
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