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Inhibitory effects of hydrogen-rich water against tumor growth in tumor-bearing mice with colorectal cancer

and the molecular mechanisms

ZHANG Yao', JIANG Jing', ZHOU Hai-yue' , JIANG Rui', LI Ya-ting', SONG Li-hua'**
1. College of Agricultural and Biological Sciences, Shanghai Jiaotong University, Shanghai 200240, China
2. Bor S. Luh Food Safety Research Center, Shanghai Jiaotong University, Shanghai 200240, China

[Abstract] Objective To investigate the inhibitory effects of hydrogen-rich water ([ H]H,O) against tumor growth in
mice with colorectal cancer and the related molecular mechanisms. Methods Mice were vaccinated with SW480 cells suspension
(4X10° cells/mice) to establish mouse model of colon cancer. The mice in [ H]H;O intervention group were freely allowed to
drink [ H]H, O (0. 8 mg/kg) , which was refreshed three times daily, and the mice in control group were given light water. The
tumor weight and volume were measured 28 d after bearing tumor to assess tumor growth, the expression of Ki-67 protein was
examined by immunohistochemical method, the apoptosis of tumor cells was observed by TUNEL, and the levels of oxidized
glutathione (GSSG) and glutathione (GSH) were analyzed using colorimetric method. Micro array was used to screen the
differentially expressed genes between control group and [ H]H,O intervention group, and the levels of those genes were
verified with qRT-PCR. Results Compared with the control group, [ H]H;O intervention significantly inhibited the tumor
growth, reduced tumor weight and volume (P<C0. 01, P<Z0. 05); moreover, it also reduced the expression of Ki-67 protein
(P<<0. 05) and promoted tumor cell apoptosis (P<C0. 05). In addition, the ratio of GSSG/GSH was significantly increased in
[ H]H, O intervention group compared with that in the control group (P<C0. 05). [ H]H,O intervention could also regulate the
expression of interferon y-related genes. Conclusion [ H]H;O may exert its antitumor activity via inhibiting proliferation, inducing
apoptosis of colon cancer cells, and regulating the intracellular redox state and the expression of interferon y-related genes.

[Key words] hydrogen; colorectal neoplasms; apoptosis; oxidative stress; interferon-y-related genes
[ Acad J Sec Mil Med Univ, 2016, 37(9): 1082-1087 |

SEEL e W LA G R Z — R R T S AR TOB R MR AR 3 A, FE P T K

(s HE] 2015-12-21 [#E=HE] 2016-04-15

[E€mB] EFHARPFE4(81472770,30972460). Supported by National Natural Science Foundation of China (81472770, 30972460).
[EEZ®A] 9k %614, E-mail: zhangyaodandan@126. com

“ W {E/E# (Corresponding author). Tel: 021-34205717, E-mail: lihuas@sjtu. edu. cn



SOOI TR B AR W EUKONSS B TR /N UM 9 A S R T R AL -+ 1083 -

BEF AT 2 0, FEFRE , B AR R R
AT KPP B 5 IR 2 1B Y U L 45 B R R
TR IR, 7 Fa W e AN BOE R R 1 4
A, S E I RIS WK R G 5 =k HR
o 2 22 M i s LS 100 A T LA DA 2 5 T
AR # SR REAT S5 i) 45 L 8 200 1 7 ) 2 RE A
YA EEE L.

W RIS 7 B R R s FEvE A St
RAYEAM . B4 K (hydrogen-rich water,[ H]H,O) 7
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BRA ] 5191 Invitrogen 23 W) 45 i 966 € it PCR
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M RNA i, FIH Affymetrix GeneChip® Human
Genome U133 Plus 2. 0 Array (F3 5 47 000 M5 5%
AR 38 500 A 1 NS HETRD B R R Gk %
AT R A
1.7 gRT-PCR # i %BiEd 5 LA By ik R
TRIzol 17 & 45 AF Ul Bl 42 Jih i 20 216 RNA 4%
M PrimeScript® RT Reagent Kit (Perfect Real
Time) i) @ ARAE UL AT S5 SRARAE G 1 cDNA,
# 18 SYBR® Premix Ex Taq™ I1 8057 & vi B dE AT
qRT-PCR. HIWEHE G ¥ P54 1 ffizs. PCR
W F (20 p1) : SYBR® Premix Ex Tag 11 (Tl
RNaseH Plus) (2X) 10. 0 L, PCR L {iF5|# (10
pmol/1.)0. 8 ul., PCR F{E5| 4 (10 pmol/L) 0. 8
uL. cDNA (<100 ng) 2.0 uL. ddH,O 6. 4 4L,
PCR = )WZ%.95CAR 4 30 s;95C 5 5.60C 20 s,
40 MGHR. KEfRI & M 95C 15 5,65C 15 s,
95°C 15 s, AP MG LR R FHAHN € 51 20 B % i
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Tab 1 PCR amplification primer sequence

Gene Primer sequence (5'-3")

Mmp9 F. GGG CTT AGA TCA TTC CTC AGT GCC

R: GAA GAT GTT CAC GTT GCA GGC ATC
I112rb1 F. TAG GGA CCT GAG ATG CTA TCG

R: CCC GGA GCT AAG GCA ACA C
Csf2rb F. ACA GAG AAC CTA GAT CGA GCC

R: GTG TAC TCT TCG CTC CAC TTG
Tnfaip8i2 F. CGG CAC TTA GCT TTG GTG AG

R: GAG TGA AGT CAG GCC CAT AGA
Cxcl9 F. GGA GTT CGA GGA ACC CTA GTG

R: GGG ATT TGT AGT GGA TCG TGC
Cdk6 F. TCT CAC AGA GTA GTG CAT CGT

R: CGA GGT AAG GGC CAT CTG AAA A
Nrp2 F. GCT GGC TAC ATC ACT TCC CC

R: GGG CGT AGA CAA TCC ACT CA
Cldn24 F. CCA CAC CGC TGA CTC TCT TG

R: GTT AAC CAT GCC GGG AGA CA
Bactin F. AGA GGG AAA TCG TGC GTG AC

R: CGA TAG TGA TGA CCT GAC CGT

F. Forward; R: Reverse

1.8 “Zitsam® R SPSS 19. 0 #1741
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ANOVA #7411 FeEE . KK ik (e 0. 05,

2 7 R
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b g8 A R Ky (587 4 64) mm®, T 5 S (0. 262 +
0. 028) g, BT % R AL [ P-4 i (R A (892 £108)
mm’® , JFi & (0. 4380. 034) g; P<<0. 017,

" o 0.8 ]
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B Time #/d
B 1 FSAIREME N ELE N
Fig 1 Inhibitory effects of hydrogen-rich water on the growth of tumor in nude mice
A: Tumor formation; B: Tumor morphology; C: Tumor volume; D: Tumor weight; [ H|H,O: Hydrogen-rich water; Ctrl; Control. * P<C

0.05, ** P<<0.0l. n=8, x=*s
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BT 3870, AT S #E = T GSSG/GSH 11 L (&
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TR 22 IR FE ) (T8 4A 4B, 22 3Rk Jk
A BIESS R AN 4C Fro . I H RIS
HRA A L. & SOk T B0a B Mmp9, 111201,

Csf2rb.Tnfaip8i2,Cxcl9 (P<C0. 05), [ il Cdk6,
Nrp2 J Cldn24 55 TR REEH (P<<0. 05)

EEkMEE/NREREEAR Ki67 B
A FRIE K 240 A A T B R0
Fig 2 Expression of Ki-67 protein and the apoptosis
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in colon tumor tissues of [H]H,O and Ctrl groups

A % ) %Tﬁ#ﬁ%%%ﬁ]ﬁﬁﬂ ﬁ%ﬂ 2?;,: %éﬁﬂﬂ@ [ H ] H;0: Hydrogen-rich water; Ctrl: Control. Original
SR ARSI OB AU ABIACRALS p | monifaton: 10

T 15 T 15 T 20 * g T

Ealhb T 2’31‘3 é’g) : T 52‘0 T

@ g1 T E%Dlo T + 9 215 o 1.5

8L wEL 2 g T = T

A o5 T $510 310

3 - g - 3 VO.O' % 0.0

Ccul  [HJILO Cul  [HLO © ctl  [HJHO 97 Cul IO
B3 ESkMNEENREFEAAKNEHRSHINE

Fig 3 Effects of hydrogen-rich water on oxidative stress in tumor bearing mice
ROS: Reactive oxygen; GSH: Glutathione; GSSG: Oxidized glutathione; [ H]H,O: Hydrogen-rich water; Ctrl; Control. * P<C0. 05 vs Ctrl

group. n=8, xts
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Fig 4 Effects of hydrogen-rich water on gene expression profiles in colon tumor tissues of [H]H,O and Ctrl groups

A: Microarray analysis of gene expression profiles; B: Cluster analysis

; C: gRT-PCR analysis of the expression level of some of the genes.

[H]H,0: Hydrogen-rich water; Ctrl: Control. * P<C0. 05 vs Ctrl group. n=8, z=+ts
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