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Wall-broken ganoderma lucidum spore powder protects against DEN/CCls-induced

hepatocellular carcinoma in mice by modulating the Nrf2 pathway
Jin Hai!, Wan Shuo!, Liu Qian', Zhao Shiyu!, Li Jing!, Zhu Jiaxing', An Jiaxing', Jin Feng?
(\Department of Gastroenterology, Digestive Disease Hospital, Affiliated Hospital of Zunyi Medical
University, Zunyi 563000,%Key Laboratory of Basic Pharmacology of the Ministry of Education of
Zunyi Medical University and Joint Laboratory of International Cooperation of the Ministry of
Education of Characteristic Ethnic Medicine, Zunyi Guizhou 563099)

Abstract Objectivec To investigate the therapeutic effect of wall-broken Ganoderma lucidum spore
powder (GLS) on a mouse model of hepatocellular carcinoma and to explore its underlying
mechanism. Methods Fifty 14-day-old C57BL/6J mice were divided into a control group, a model
group and low, medium and high-dose GLS groups(0.25, 0.5, 1.0 g/kg ), with 10 mice in each group.
A DEN/CCL4 mouse hepatocellular carcinoma model was established, and GLS was administered by
gavage starting from the 8th week, once a day for 14 weeks. At the end of the final administration, the
number of liver nodules was observed , and the serum alpha-fetoprotein (AFP) was detected using
enzyme-linked immunosorbent assay. The content of catalase (CAT) in serum and liver tissue was
determined by ammonium molybdate method. The content of reduced glutathione (GSH) in serum and
liver tissue was measured by microplate assay. The content of glutathione peroxidase (GSH-PX) in
serum and liver tissue was detected by colorimetric method. Immunochistochemistry (IHC-P) was
employed to detect the protein expression of proliferating cell nuclear antigen (PCNA). R eal-time
fluorescence quantitative polymerase chain reaction was utilized to detect the relative expression of
nuclear factor E2-related factor 2 (Nrf2), Kelch-like epichlorohydrin-associated protein 1 (Keapl),
NAD(P)H quinone oxidoreductase 1 (Ngol), heme oxygenase-1 ( Ho-1) and glutamate cysteine
ligase catalytic subunit (Gclc) mRNA. Results Compared with the control group, the content of serum
AFP were significantly higher in the model group (P<0.01), while the contents of CAT, GSH and
GSH-PX in liver and serum were significantly lower in the model group (P<0.01). The relative
expression of Keapl and Ngol mRNA was significantly higher (P<0.01), the relative expression of
Nrf2, Ho-1, Gelc mRNA relative expression was significantly lower (P<0.01), and the positive
expression rate of PCNA was significantly higher (P<0.01). Compared with the model group, the total
number of liver nodules and content of serum AFP in the administered group were significantly lower
(P<0.01), and the contents of CAT, GSH, and GSH-PX in the liver and serum of mice significantly
increased (P<0.05 or P<0.01). The expression of Keapl and Ngol mRNA significantly decreased
(P<0.05). The expression of Nrf2, Ho-1 and Gclc mRNA significantly increased (P<0.05), and

positive expression rate of PCNA significantly decreased (P<0.01). Conclusion GLS has a significant



protective effect on DEN/CCL4 -induced mouse hepatocellular carcinoma model, and the mechanism

of action is related to the regulation of oxidative stress in mouse liver.
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WA ERE (catalase ,CAT) WIERF& (Fi5: A006-2-1. A005-1-2. A007-1-1, i 5¢ Ak
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# 1 RT-qPCR 35

Tab.1 RT-qPCR primers sequences

Gene Primer sequence (5°-3”)
p-actin F: TGACCGAGCGTGGCTACAG

R: GGGCAACATAGCACAGCTTCT
Ngol F: GCAGATCCTGGAAGGATGGA

R: GGTTGTCAGCTGGAATGGAC
Ho-1 F: CCTCACTGGCAGGAAATCATC

R: CCTCGTGGAGACGCTTTACATA
Nrf2 F: CGAGATATACGCAGGAGAGGTAAGA

R: GCTCGACAATGTTCTCCAGCTT
Keapl F: GCTGGACATGGTGGCACATACTG

R: GGCTGGCTTCCAACTCACTATGC
Gcle F: AGTTCCGACCAATGGAGGTG

R: GGACAGCGGAATGAGGAAGT

1.8 &/ RAFAE PCNA BARIA

fige, R U B S S



BOA I AR D) (4 pm) SRR EEIREKALS, M 80 ABC iR MR e g s,
RG2S B R G 5 N AEEBET AT EIGCRESE,  BIEFE bt oy 4 % 2 BLE Wi
WG RRL. THE PCNA FHIEA .
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Fig .1 The gross images of mice liver

2.2 GLS /MR A HE Je K52

HE Qe SR TR, Xt B4/ SR AT 2L o R R 2 2R 4y, A7 A A 2 20 3R
R R PR, BAE N SR FURANG . REIREA R R PR SR, DLAKBERS R
WO AT R AL A% . AHEEZ R, 2R 2520 BT /N S5 4 B AU RE B S AR, AT A R AR P 5
BRI, dpHrE TR, WK 2.



B 2 NRIFHRREERE HEX200

Fig .2 Histopathological analysis of mice liver HEX200

2.3 GLS X/ RATRESS T8 & B

WO IR TR A SRR R, SRR, GLS T4/ RIS 1 a U B
<2 mm MRUNG T HCE ) B (P<0.0D), THEAA>2 mm W HHERNLEEESR. I

3.

25

3/NRATES T
Fig .3 The numbers of tumor nodules in mice liver

7¥: a: Total number of nodules; b: Number of nodules with diameters less than 2 mm; c:
Number of nodules with diameters of 2-5 mm; d: Number of nodules larger than 5 mm; #p

<0.01 vs Model group.
2.4 GLS XP/MRILIE AFP & R IRFM

xR AR, B4 AFP S EFHE (P < 0.01); SHAAMLEL, GLS &41 AFP & &%
ik (P<0.01). WK 4.



B 4 /HNRILE APF &

Fig .4 The contents of AFP in serum of mice

7¥: P <0.01 vs Control group; P <0.01 vs Model group.

2.5 GLS X/MNR A R I CAT. GSH. GSH-PX & &M

XA, B4 CAT. GSH. GSH-PX S&E[FK (P < 0.01); SHMAMEEL, GLS
%20 CAT. GSH. GSH-PX F®EEEFE (P<0.058 P<0.01). W% 2.

£ 2 MBI EIME CAT « GSH. GSH-PX FE(X +s,n=10)

Tab. 2 The contents of CAT, GSH and GSH-PX in serum and liver of mice (X £ S, n=10)

Group Liver Serum
CAT GSH GSH-PX CAT GSH GSH-PX
(U/mg prot) (umol/mg pro) (U/mg prot) (U/mL) (ng/mL) (U/mL)
Control 62.1+12.7 16.2+2.7 339.2+34.7 132+35  38+0.7  130.6+21.4
Model 37.7£10.9"  43%+1.6" 282.8+25.4™ 82+13"  1.7£0.6" 97.0+7.0"
L-GLS 47.1+£11.5%  6.8+2.0% 300.8+22.2 10.7+2.6*  27+£09* 109.2+13.3"
M-GLS 48.3+104%  10.0+1.3% 305.9+£20.0" 11.2424%  29409% 11854182




H-GLS 53.0£9.1% 9.6+2.7" 323.7428.2% 11.6+2.4% 3.0+1.0° 117.94+20.8"

7#: TP<0.01 vs Control group; “P<0.05,P<0.01 vs Model group.

2.6 GLS X/ AFE ROS & &M

K 5 Sor, SRR RHS R CIRER TS . SIE A, FEAYLH ()5 08 A B hn
(P<0.01). 2R, fE4A%i)E, GLS H. mEilsEdAi) 5 esmE 5% T (P<0.01), FH ROS

R

B 5 /NRFAE ROS & <200
Fig.5 The content of ROS in mice liver x200

7: P <0.01 vs Control group; #P <0.01 vs Model group.

2.7 GLS 3/ RAFHZ PCNA Rk g

G AL O S R R, SXT AL, BRI N R AT T PCNA KIREYERIA R T
FIE (P<0.01); SHAEME, GLS #. &FE T AR PCNA BHHERIA R B
FHIEK (P<0.01), ZRAEgIF¥E . LK 6.

B 6 /NRAFHE PCNA RiE %200

Fig.6 The expression of PCNA in mice liver x200



7E: TP <0.01 vs Control group; P <0.01 vs Model group.

2.8 GLS Xf/MRAFHA Nrf2, Keapl. Ngol. Ho-1. Gclc mRNA Rk K

RT-qPCR 455 87, 5 1E 5 X HR 4L Le ¢, B4 Nrf2 .Ho-1.Gcele mRNA RIA[ZK(P < 0.01),
Keapl. Ngol mRNA F£ixThm (P<0.01). SBMAMLEL, 4%))5 Nrf2, Ho-1. Gcle mRNA
FILWN (P<0.05), Keapl. Ngol mRNA FikB&{% (P<0.05). WK 7.

7 /NBRFFRE Nrf2+ Keapl. Nqol. Ho-1. Gclc mRNA Ri&
Fig. 7 The mRNA expression levels of Nrf2, Keapl, Nqol, Ho-1 and Gclc in mice liver

7E: "P<0.01vs Control group; “P<0.05 vs Model group.
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Fig. 8 Schematic representation of the protective effect of GLS in a mouse model of
liver cancer
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