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HINEAMEITTROOEDTHY, MRREERISICBEGLTVS, BN NET L, RENMETTHIEN
HBNTOBN, ZOANZXLG HRICHREN TR, AL, OIS REITNTT 2REEZDAH =X
LZHSMCT e ZHNE L, HSMEIEZIY Fa—)L U T RICTV FIARY (AOM) T F AT Ui
B UL (DSS) Z2&R5GL, RIBEMWAZFRESEIZLETA, WIMOERENZWIZEREDADBM A LIz, N
AT, HHENOFZIHEIRIE T MIAEKFEL T TEZ2FHR LT, U ADOM iz VT, Ml oz #ifao
B EDNHENIC K> TEDKIICZELT BT LIE T A, ARSI EEHME T Mild> T F 22+ 5 —Hilah iz
R LT BRSNS %7 529 A L B DI RZIINEE 2 ZEDHLMCE 5T, £o T, AWZHIC KD IO Y%
D ADTFIHRALDAIREMEAVRENTZ,
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1. IC®IC

NI AAMRITED—DTHY, LMTHWT 300
MM FoBEICEESN, SAOEE R IcCEE

EREEREZLTOS , HADRZTHE, uERH,

DR, AIERARIEL, 0K FialhA IR
WHobNns > Y, JEEFEEOERME - REHE
(2019 FF) OF—HRIcKBE, HAAD 1 HYDDHH

EHEIREIZEMET 92 mg, WHET7.7mgek>THED,

HERBEDPPDBRNCEARTIND ¥ &, REF

W 7 HEREHET TR E Nt FO M I EDHET,

Rl DY 25% MG HENME 65 ng/dL Atz RLize
WOMEBHEHTEMD, HARICBWTHIHIRZIFRLT
MZIRAETIE L, FHC RS CTHENRZ DV AT Ve
WEEZBNS Y, EBIC, KO —HRLRREE
OFYNI L F L — 2T % & THETORINZ
FHEL, AR RREHOERKNE GBS IEMRENTE
D7 FEERI T AEDOZ W EIREICBO TR
BB B RN D 5,

2. e REERED B R

fi $11 1 S HEBE OO AT B S A 1 e SR T R
THh, HIRZIEEAGHRBEBELTOS, EYYE
FHIRZICK>TEIE T 2 REEAVREN TV 2 IR
D—DTH%, FER LEICETZ/ OGN FHFE
ISR U CHSh iR 2175 & MO HRIAVEIfET 22105
WENH5 Y, £, HHOOF YAV AEGYEICE
TIMEHERE 70 pg/dL RO RNISEIELY R HVE
WTEDHEENTED, WARICBWOTER L #
I ABERZ BN % A REMAVREN TS 7,

3. & BEIE OB

TSRO DVEME S ORI 5952 &, LT
FDZLDOMFRICEDHE SN TS, Gyorkey HIEHTIL
PRDAEZICIBNT, fH 4 & LEi Ui 2B R ol
HraaRMENCLERE L Y, Ez, Ozeki I C

BFRY ANV AHRZD C FREBEFHICBVT, KW
I H SR D IFRIAS A DY RV R -8 72 % T L 7205
Uiz s B0, MRk P o1 A A
(89 % T I EMEIEG O FE LR 72 & DV A 7% 1
MERBTEZRELTWVS, EHIC, Epstein HIXHIIT
RO AEE B O THEEMEIENZ DI EFT R AUC
KBV ARYIME R 5TemRLE Y, 2OTehb,
SN RIS 5 T L IDAUCKBIE Y AL
RBAREMD DS, LA, HENOMEE SRR
FEANZRLGTRTHRENTOBLIE S AR, Z
CT, AW TIEHEEND G S AT LIS B 5 A
B9 TANZ R LRI BT e e L TiiZe 2 921
L,

4. TfmPRcBI b5 30

AW S EE PRI KA SRR OO BN O]
IS B IRS OB SIS THREI N, ARBTFETHIE
IR TOBMPIRERO Y 1 s a—) VSR EEE BRI K
FEIWEERMmMERE R OKEES 75) K3 dumER
LRBREYE MR OKERE S 14-0039, 19-0035, 19-
0065) ICX->THKREINIz, TXRTOFEBRITYIOE
Z /NI Z 2 K583 )1 LT LTz,

5. MENC KB EHE DK

KGN T BHENDINR 2B, HiEH
EAFRS 3 EHOMR CHENEZaY Fa—LL,
ST AICKIGN A2 FHET I R LTz, <Al
TIFIARY (AOM) ETF AT UHET MUY L
(DSS) Z#5L, KRIBWAZFESYE, fRrhoOHigh
AERERNGOMEEE, EEHROMEZBIR U, Z
OFER, FIRNCTiEN% 70 mg/kg TRINLIz~ 7 A GEHE
R LHRL, fRHCHERNZ 1000 mg/kg RN
LTex DA (R EEgE CHGEMN AL, fkH
O EH &2 5 mgkg DL NICHIRLIz~ o A (HighIE
IINED) CIEREFENEIMLT: (Figure 1A), AESE 1 1
L0 OWmBIC K TR AIELREINE o7 (Figure 1B)o



Kz, RIGEDAOMRNT21TBCERE U 72 i O #ish i
ERRELIzETA, mlishBEE O~ Y A hOREE
U Tl OMishRIE D Eh o7z (Figure 2), ThbH
DFERMD, Fifhd AOM & DSS ICK-> T EN5 K
WA DFEAE 2 A TR B EDTRBENT,

6. T AR KK B S ONESHNHIR RO

TSRO KR AMIFIZN RIS T M-S F 2TV F5—
(NK) #IfDBI D> TVBE N ESID MG 572, Hi
K2 HWT T Hild® 5\ d NK il z2BRE LIIREET
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Figure 1
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AOM & DSSICE BRI A AUCHEE LTz, Hild
72 BRE USROG CLGE iSRG Ui U C i sh
BEBHI ST X 1 ILH -0 DFEESNERIC DRI %
EVIERTH o, UL, THIRIERELZIREET
AOM & DSSICKB KIGMAZFEET HE, W Highis
HUHEE LU U Cm RSN EEF TV A 1 BB 72D O
BV DIxlIsb e MBI NIah o7z (Figure 3A). NK
MRz R Lz Bz R A Ls WG & L RO
mZRLU7Tz (Figure 3B) TNHOFERMNS, HHFHOK
b A I IE D 7e< L T MBS LT 5 1]
REPEAVRENTE,
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Effect of zinc administration on colon cancer induced by azoxymethane (AOM) and dextran sodium sulfate (DSS). (A) The number of tumors per
mouse; (B) average area per tumor (bar: SD; * p < 0.05; *** p < 0.001; Tukey’s HSD test).
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Effect of zinc administration on serum zinc concentrations on colorectal cancer
induced by azoxymethane (AOM) and dextran sodium sulfate (DSS)
(bar: SD; ** p <0.01; *** p <0.001; Tukey’s HSD test).
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Figure 3
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Effect of anti-CD4/CD8 antibody and zinc administration or anti-NK1.1 antibody and zinc administration on colon cancer induced by azoxymethane
(AOM) and dextran sodium sulfate (DSS). (A) The number of tumors per mouse (anti-CD4/CD8 antibody administration); (B) The number of tumors
per mouse (anti-NK1.1 antibody administration) (bar: SD; * p < 0.05; *** p < 0.001; Tukey’s HSD test).

7. MWD TS5 A L B i GASENEN

Mi#hld GATA Binding Protein 3 (GATA3) DFEBi%xHH
IMERBTLITXD NK MR Dbz iR 52 L
IRENTID Y, HEH G S Y M D 43 H S 1 B
boTWaBEEZLNS, FHEOIZETIE T MIlZERZE
LTz &ic Kb High o g H S RS —fhEisg E s <
EoleleND, S SO LI EIEEIC KB 1k
SROBEIG LRI B8 MGt Uiz, 1ZLoIc, Bk
& 1 H 0.3 mg OHlighz 7 HEROR G LIy Atay
~E—)UEEE LR U C e S i o 7 (L IEgEIc 2 b
HBEMEIMBIR LTz, T A& O T HIlE, NK
e, BN, 1 BUBRIRAIN, 2 RUBRIRMIIG /R E D fyH
LHIfEOE G2 T O—Y A MAN) =TT Lizk 5,
FROENHEIUC K> T EIEFHICZ LAV T 2 et
HIREERDENE A > 7z (Data not shown), GATA3 Ikt
R U= AW T R O S LRI B 5
T THEN 'Y, LhETATIE GATA3 DIiHHE
RIESEN D ZATREMED B D, S EIDOFEBTIES T AIC
BOTHIEND NK MIfaD /LI 82 5 2 ahoT
LEZLNS,

M T Ml OB Z Bk TH % CD4 *° CD8 W

Oy FF—E Lek ERBTHEZICHHD) TTHY,

T A 7% & 0O 5 40 2 M A oD B REFE B I B B A 81 7%
RIZTTEWIRENTVS 7o SHEIOWZETIE, HEhh
S YD S L HHIC R B2 5 A 5o T Te b,
FHERE SR 2 0D 7 (L 185 Tl 73 < Sy 5 24 i el
OBEERZ(L SR 2D TR RVNEEZ, HehEinER
IC KB P S R O BRED A L 2 BI% LTz, 1 H 0.3
mg DO Hi#H7Z 7 HEFR I35 Uiz~ A O Sl
ZHOHIL, $1CD3/CD28 HilAT T Ml HUE Rz
5z, A4vZ =7z y (IFN-y), AYX—aA1F>2
(IL-2), A>Z—aAF> 4 (L-4), TP ALBRZE
DLT 27 Z—FOERZ T UTc, ZDRSE, 3
Y ha—)URRE L U CHi e BRI LR Cld 5
YA LB DEEEEMNEREICE N> (Figure 4), TFN-y,
IL-2, IL-4 DEZERICKEGZ(LIBE I N7k
(Data not shown), %7z, MiEHiEEE~ZI> MO—)LLT
WERWS T ADPENHHLD H LTI OB 0 it
2N URIBRICH UMz G A2 L, filgHinoH
BRGNS TV A LB REMEMUY (Figure
5A) EHC, #HEFL —X%—DN, N, N, N-
(2-pyridylmethyl) ethylenediamine (TPEN) Z#shNd %
&AL B i E RO FOBIEENT (Figure 5B),
75 YA LB IGHIIUG EME T Ml NKflflaZzEic
FoTHHENE V> Ta77—EThh, TnsOM



RaOMIGETE T OF BN E BB EZ R 71T
BB, 77294 LB REHIIAD/ SAah—2 AUBDZ
HAFX—IV B ZIEM T 2 2 Lic KO REFHIHIC R 5
THTEARENTEY ™, EEECE N TR
BREIR RIS TENVHIBN TV, £z, I P AL
B & positron emission tomography (PET) ICXAHIE TH
PD-1 BHEZ E DN ASIEFHEIC T T BIRRISETE D)
WNRAFAT—A—E LTI TESREEA /RSN 75
&, fifEEE T RO IR RS 550 1
THb, HATHENOKGITIOPIEDSED H L7
fUCEENS T MIRIDT 5P 1 L B 55 TE M LA it
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mRNA expression of granzyme B
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Figure 4

Effect of zinc on granzyme B transcript levels in antigen-stimulated T cells
(bar: SD; * p < 0.05; two-tailed Student’s t-test).
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SNBTEER LIz, COTehs, dEnIHGEENE T
MDD 5 YA LB DB RZHINEE52Li1cED
HESEAIHENC R 5. LT WA T EA R E N2,

8. MiEhDT 59 A L B i GAGER) SO T

HEMIMIEEEF M T MDY 5> W 1 L B i 58 %
T3 e TGN 5 L TWATEAREEN
feo ZTTHAZ, HEDTIYA LB DIEEZE
DEITHIMELTHB M LTz, by =a—V>D
HEFITHZI/aAR) Y A BT AN SEOD H
LT IR DB WIS L, miTEE RIS HUE R 5
AIeklA, 594 L BIESEENMIIENT (Figure
6A), FEfz, WEBHiEHE S /AR A Z [RIRFCHRN
5L, Hihckd7 I A L BEGROMINZITS
HIHERE A>Tz (Figure 6B), ALy =a—Uidilish
GEMETHEIA—IN—FF T FIALEZ—E (SOD)
ICE&D, TEERREICESREE LD SIREENSTEN
RENTED Y, #ifAid SOD L TN Za—IY
DIEMEZHEFFL TS ATRENEA DS, TDTEMD, il
GG T LD Y 59 A L B 55 8%, 7
Vo Za— )T BRI T L T e AR
Nie,
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Effect of zinc on granzyme B transcript levels in antigen-stimulated T cells. (A) mRNA expression of granzyme B when zinc sulfate was added;
(B) mRNA expression of granzyme B when 2.5 pM N, N, N, N'-(2-pyridylmethyl) ethylenediamine (TPEN) was added (bar: SD; ** p < 0.01; *** p < 0.001;

Tukey's HSD test).
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Effect of ciclosporin A (CsA) or CsA and zinc on granzyme B transcript levels in antigen-stimulated T cells. (A) mRNA expression of granzyme B when 0.1 uM CsA
was added (bar: SD; ** p < 0.01; two-tailed Student’s t-test); (B) mRNA expression of granzyme B when 10 nM CsA and 1 uM zinc sulfate was added (bar: SD;

*p < 0.05; ** p <0.01; *** p <0.001; Tukey's HSD test).

9. BAZBLTDHE

AW ORRN S, HENIHIIGFE T #Mlao 7S
VYA LB EERZHINEE, TORGREZIEHEEE5
CETHZIRICEE 5 LT fREED /RENT, FTe,
HER RGN T Ml T Z 91 L B i & 21
MEL BBV Za—Y) 72 HREED B G- LT
AR RENT, LAL, THlilnZRRELIZIRAET
KGWAZHET ZHE, i HREIEEE LR LT, &
SRR HE CHLS R OB RS S NS> TeD
WAL, HEENIERIARCIE T Mz AL TG
EFIBRICHRENC K2 EEHIHIRN AR BIE SNz, Lo,
TSRO IEGAIHINRICIE DR S T HifEAREb T
BHEEZBNT, 5 EIOMZTIEHERIFRINEFO&TRC
SERICHPAZIRZETE T, 5 mg/kg RO HEERA ] H1
ICEEINTW, Fz, #HIMEHREZHIRT 5L
KOWGE DS NICHE 8L 72 E T 2 Zrt, Irt-like
protein 4 (zip4) OFEBIMENNTHIEH/RENTNSBT
L5 P, SEOHEFHIFFIFOT BT, i
FROHEREDHER SN T ATREED D S, SR L
U ADOEMEROHEEA RIZHIEIGEEMHBIL Ty
7z72% (Data not shown), [M{E721) Tld & <BRA 7Zlkzs
SR O G A B2 HE LR 208 D D5, £

Tz, HRERO ST RIC IO T EFET 5 EE
HhH 5, MOBFEELT, Mi#hid G protein-coupled
receptor 39 (GPR39) Z/T L THEE /U7 DIt
FHCBE 59 3TEARENTEY ™, HERDO KD AN
HIENAICIE GPR39 BB L T2 ATREM N BB, KT,
KEDACEBNT, BT AR—2—DVEDTH
% Zrt, Irt-like protein 7 (zip7) OFENDAMNETEE
BETHMEILTBEDMENHD ), W5 AR~
2—LDEDOEMGETT 20 E DD B, TDXIIC, Hhifh
DR AIHBIFIC DWW TIE, RFZEOATIE TS
ICRd g BT EIE KT, GPR39 DRI 5 tDMFE
BOTELICHBEETOIRLEDND S,

fliame UC, AW KO IO RN ARSI
BLT, ZOAHZXLO—imhHSh R, fitH
FIREZE AR WHEIPAT, iz @EyIcEId 52Eic
KOG 8D, WA TR DA REED/RE
Nniz,
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Research on the Inhibitory Effect of Zinc on Colorectal Cancer
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—— Abstract

Zinc is one of the essential trace elements and is involved in various biological reactions. Zinc deficiency is known to reduce
immunity, but the mechanism is not fully understood. The aim of this study was to elucidate the role of zinc in tumor immunity
and its mechanisms. Mice with controlled zinc intake were treated with azoxymethane (AOM) and dextran sodium sulfate
(DSS) to develop colorectal cancers, and we have shown that zinc exerts its tumor suppressive effect. In addition to this, we
found that inhibitory of effect zinc was dependent on T cells. Using the spleens of mice, we analyzed how the function of
immunocompetent cells in the spleen was altered by zinc, and found that zinc increased the transcription of granzyme B, which
is released by cytotoxic T cells and natural killer cells when they recognize an antigen. Thus, this study indicates that adequate

intake of zinc may be useful in the prevention of cancer.





