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Immune response in the zinc-deficient mice infected with murine malaria.
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Malaria is one of the most serious infectious diseases worldwide. Therefore, there

were many reports suggested the importance of nutritional status to maintain the immunity against pathoge
ns. In particular, zinc is known to play a critical role in responding to infections including malaria. We
have examined the relationship between zinc deficiency and murine malaria infection. The objective of thi
s study is to explore the effect of zinc deficiency to the immunity against malaria.
Mice fed with zinc deficient diet were infected with murine malaria parasites and the immunological parame
ters were sequentially analyzed. The results of this study indicated the zinc deficiency might affect the

immune responses to malaria. The following is suggested; in early phase of infection, both innate immunity
and phagocytic activities of macrophages can be maintained. However, acquired immune system might fail to
induce the production of malaria specific antibodies to eliminate the parasites.

Th2



) X C—19, F—19, Z2—19, CK—19 (@m)

1. FFFEBHAA Y W) D7 5

W EE OIX, TAAED~ T VU THAT
HIZ I T D MIEEFHENS . ~TF U T DRk
Ye) 271200 T, ERORYSEHIME (kY
POfEEE) DOERENHF L TE 2, ZORE
e, YA K LE O~ T ) T HkM &
AT DERIT, HBIEREERETHD Z L
WZEDZDOREYG) A7 ZEmnb oo, @ik
ERILTND DO TERND EHELE LT (Acta
Trop. 126: 193-197, 2013),

JRIVEIC 1T D [RAE L0 OF 2 T71T,
KERBROMEBTREROEY I VHOKRZIC
FORERENMET L, JVIERPERT D
EDRITNRZN, AUFFERETIRY L7
$hix. DNA Gk, RNA #2375 a5 200 e
TEMESE O A ZFHIRRRICNATH D | RES
B8 3 M OV B RE OO HEFF |2 B 7 A B &
DT ENHBNTND, > T, HARZIX
AR AR B SO IRYE (2T B R MBS %
WCRERPBEHEZ D200, FER EE
BT DR L EEOEE A ERERE L S
NTW5, HERRZIL, AFHERC NK A,
ARTEME e & o B E GERFEE)) Béne
F9O D Z LITR Y HEERGEEE LD T
<o B MDD R0, @ EE AR S E R RE T o D
i e 5 S SO B IR PE A RE A P T B L &
NTW5b, ZOXIBRFMENS, —HORE
& b E TR YLE O T B TE I 38 W) Tl
SRR BMBA L L THO LR TV DA,
Papua New Guinea & Gambia (Z31F DHFZET
W~ T U TIREROBKTNADBITN,
Burkina Faso TIXZ DR N A LN ho 7=
EOMELRONDZ LD, BWTET L E
AT NG ZhE PR anbBRT D
LI HEBERMRME S B X b,

2. WstoHBY
AWFZEIL., BEEE OO T F AEICHIT AL

EEFHEICBNCT, ~7 VT O/RGEY 27
PAEROGHERIE (MG T OMEREHRES
B) K0T Lok R AR, dn R Z R

I~ DU AR AI T U T R s, %
DREBEREMNI S5 LiIcL 7 41— L
ROLELNERORGEE T 5 LIz, %
DA =ALZEBRT D, ZNHOHFELY
BoNTcHRE, v~ 7V T72IZLD LT HE
RG] E (1 T O EBRE L ~UL oSk
W T — 2 —ThH., 74— /L KILOHA
L, EE EEICR T DT - B LR Y
JER RN THZ EZHE LTV,

3. WDk

(1) ~vAE~Z U TJFH: C57BL/6 = 7 A
(8~14 H4y) A\, FAETETEHIRE R
g R Z Rk (Zn(-)) (HghE A & Oppm) . 1%
R IRETEL (Zn(+)) (LS AR 21ppm) 3
FOEFEEE (normal) o 3FEZ vz, Wi
$h R Z BRI DNt BEREHG E~ 7 2 1% 3-4
WA OEF R~ DN LB 1T > 7et2, ~ T U
7R B O BYLEBRIC W=, #liEH K Z AN
st FREREHG BT~ v 221X, ~ 7 U 7JFBo4
BICHERNT T 2 ) ZEER (PABA, 150
mg/kg) ZIRMNL 7, BOKITHSN K Z S
& O IREE R BLAS B ~ 7 2T T #LSn 5 D
BAJEOERZ RS < BBk A, 85k
e~ 7 AZIFKIEKRZ B BHERSE, %
AXI~F UTJRW Plasmodium yoelii 17TXNL
GEEIERR) 13~ U A THEUHERF L7212,
BUCH Wz, ~ T A~DEG T~ 7 ) 7R
FAEARILER 10* {8 & JEENICHEfE 42 2 & T
1T o772, FRIMERD &Y (Parasitemia)
M DOBERAEARZAERR L, HIED X 5 Y
BYEIC L DR LT,

(2) I HEERIRERE  ~X Y AP
7 ) —IC TRk E VMg 2R L, 305
Bl L0 A 57, 80 “ClT Tk
TRAF L. BHENREEDMIEIX Zine Assay Kit
WXk EEE CEI L,

(3) HRRSTHE : BRI T T, v U 2D &
Y BERIN A AT o Tt . JTTIRRC IUE S 2 fii L
oo BlRERAEME L7, AF— LA vya



ETT o5 L, HEEKIFERZ R LT,
JHF g oD R BE W 1 X~ U A 35% Percoll
FRWRIC & 2350 CHUZER & 40 B - BRI L 72,
(4) VRS T2y O ¢ IS L
FD Y o NEREEPUROINTIZ, SR
WoOYi~v T AE ) s m—FAHRIC L DE
HEHAE AR TYT o T2, B RE Y
ZLIMEZ7ae —% 4 A MY —
(FACSCalibur) % F\ CellQuest Pro 7 h
v = 7 CHERT L7z,

B) A M A ORE : MEF O A
B A IFN-y KO IL-4 % o #l]l € 1%
Cytometric Bead Array & v b A& TN Mouse
Th1/Th2/Th17 Cytokine Kit & FH\ 7=,

(6) JRHURFEAY 1g6 HURMMIOME : KA
~ 7 U 7R B D HURRR LAY 16 HUiRA o
BB PR Z Ve ELISAIE CfTo 72, <
ZUTHEHROFRYT BB O~ T AMiEE
PEXTHRE U, TG HUMMMi A index TH LT,
~rn7y—VOERBEONE © FEOH
BERIZE AT T 7 v 7 A & — X & ik
EBTLHZLICEY, b—RE~xrmTyr—v
CERESE, 7a—YA MA—F—12k5%
EAE N REREEEZ VT, BRHEZE Mean
fluorescent Intensity (MFI) CTEEAM L 7=,

(1) E : EBRBEOAREEREI
Student’ s ¢—test ZH\, p<0.05 & HE £
by &L,

ZERR

(1) —Mry 7B ia R IR & 2 /X
JETHDLREMEL ERIZLENL Yy b
WTHD, KERTITENGEEMND 2L
T HOIT, REROGHE LR e
FERLFCEHC X 0 % S oAk k2 H
We, B0 T, Gl AT AR, RS K Z
ﬁﬂ@m»)&%@ﬁ%ﬁﬂ»@ﬂﬂ)%mm

G ORE - M SRR EE D2 A BlER T
DUERSH D, TOFEFR, @GR R
BHGEE~ 7 A CIMAEOR B2 AT

LIVIR o TeD BN RZEEHGET~ 7 2 T
IR EMEM E R LT, — 7, Hidh
R Z BB TIEEA S > 7 i iSRRI
THARD LN, 70 HE TH~ U A HET
T2 L M HEERRE 2 90%E N St
L EBRD N TE T,

(2) REBRTHWERXXI~Z U 7RI
FER CH D | SRR 2 38 [ TR R O 7R
ERNTAERNDE — 7 IZET DN, TO®%EE
DGR L 0 FUR AR S D, w@E A
BE & EPEHG BT~ & 2 TILR B2 kR S
WD, HEHRZEEHG R~ © A TR MEK
WHELRDOE— 7 RICRFINET L (K1),
PE> T, HEARZICT L D REEO R 2N b

oEn-boLtEL LNz,

100
;-E &0 =@-=normal
E’;I: ——Zn(+)
#H P —azn() T
e
B 4| T:Died
hsy
=
B o2

o -
0 5 10 15 20 28
BEasa)

B 1 FRIERPE R A AR ORI ZE (b

(3) ~Z U TITKtT %105 F D IEYBHHERE Z
ONTETTIZEZL DRENDH D, FRRIED
RN, BRI~ r 77—

AP ER, NKRAE, NKTHEAD, ©O™THERRZ: & oo B
SRR N BY B S 4L, R A thE
IS (B ARGIERERE) NFE SN D, Y
B S BN 2T TR THIACBAT AR 23 S8 it
B ORI A HURERF FGUAR D PEA M
PR PR THIAR D58 72 & DM 15 S0 KA 3 &
Qo R L 725, Fox 1T B RGP
el OBEREREAT 24TV FRIZIR RO PERRZHH 5
~/u7 7= ICOWTCHEH Lz, HF&E
gD~ 27 v 77— OERE A MEHT L 7o .

Hfn R Z SR B (BEgh R Z &Gy ~ v
A CIEIFlE « gl BWCT~27 a7 7 —Un
W92 05, AR B — X DOHR Y AL TH



F U 72 DO ERREIT OV TIL R ARG A&
Bo CHHREYY) ~ T2 LDEITRONRD -
oo BEo T BRI D~r 07 7 —2IT X
DR MPERREERRIX ER ThH D Z E AR B AL
720 BENRZIERGe~ U ADF TN & 1378
HRWZ EBRHLMNE T,

(4) BAH O~ 7 U 7Y A4 5 H

IRGEMR L ER IR L TWVWD B XD

DT Enb, ORI T 55 0EH
FEIZOWTHRENT & D 7=, SRR Z A Rl
G~ 7 AT RN E OfilE 29 % CD4'T
FIRR DR I S OV C AL LR L

TWeRd =7 =7 X —FERE & 58495 CD8'T
WZZDEITA LR -T (K2) .

CD4*T#ARE
2
o [P
2=,
38
"2
o =
a
ox
2
* 'k
v}
0 7 12 141618
T
@ =60 ‘
T L
o O
g & 40 ‘ ——zn(+)
® =dr=7n[]
L& i 20 A
* * p<0.05
0 sk p<0.01
0 7 12141618

RAEEE (B)

X 2 JFfis & o> CDA'T i %k D 28 B)

(5) MEFGHu s T CDA'T MR S PEAT D
PA M IA BRI OMREZ T2 Z
EB MF DA NI ALV ERIE L
2o SRR~ 7 A L K Z G~ T AT
VL MR T MR OFEE e & Thl Rk
JB AR D TFN-y OFEA DA B K T IXR
DB T2 R R ZERe~ 7 AT
PUS R BGUREAICE D 5 Th2 JRE %9
IL-4 FEAE DRGNS A B T LT
oo THUDHDOFERIG | R Z G~ T A
BT DB IT L~ Y T REO
HEBRIC B AR R BUAR D L L~ L &
BIE LT & 2 A JEGC kS PRl EA1x

R onieinotz, 1~ T, Th2 L CD4 T i
O ILAFEAMET T2 2 &I1I2KY, Bl
B D B ADEAMMETFT L, v 7 %
IR D Z LN R E Nz (X3),

(pgé‘ml) IL—4
B E
4 o
B2n(+)
2] = J - .Zn{')
0 - a o o = DL :Detection limit
0 7 9 12 18
AL (8)
" HRERMIEG
20
»
2 15 ——-Zn(+)
— 10
5 sk | sk —d—7n(-)
0 *x p<0.01
0 12 14 16 18

R (B)
B3 A M A L e~T ) TR dRRSR
PURAm ORI 1L

(6) ABFZETIL. xXI~TF ) TR~ 2
ETMTENT Y, EHEOHFHRZ TG,
HFERE DR T FrICE G O R B PERR D 3=
RE TR RPIAPEAERDIKRTZ 725 L,
VAN T DH T EBNM R S s, AR
WRTHLNTERREN~Y T U TEZIILD &
5 BUH R YLIEHIE A T o R T —
H—Lipy | FEE BEICST DR - R
JE YR AE T 3R S0 40 03 [ 0 i N\ Sk i o 3R 2 A%
NTH I EPHIFFTE D,

5. FERIEEmE
Ciskaasc) T 1)

1. Akiyama, T., Taniguchi, T., Vanisaveth, V.,
Inamine, Y., Toma, N, Li C., Toma, H.,
Takeuchi R., Kobayashi, J., Kano, S.,
Hongvanthong, B., Watanabe, H.

Association between serum zinc concentration
and Plasmodium falciparum antibody titer
among rural villagers of Attapeu Province, Lao
People’s Democratic Republic. Acta Trop.
126: 193-197, 2013. (#Fef)



2. Mannoor, K., Li, C., Inafuku, M., Taniguchi, T.,

1.

Sato, Y., Watanabe, H. Induction of

ssDNA-binding autoantibody secreating B cell
immunity during murine malaria infection is a
critical part of the protective immune
responses. Immunobiology, 218: 10-20, 2013.

(Ewif)

. Tomiyama, C., Watanabe, H., Watanabe, M.,

Abo, T.
dendritic cells existed in the liver. Curr. Res.

Immunol., 6: 1-7, 2012. (&HH)

Immunosuppressive function of

. Abo, T., Tomiyama, C., Watanabe, H. Biology

of autoreactive extrathymic T cells and B-1
cells of the innate immune system. Immunol.
Res., 52: 224-230, 2012. (&#HH)

. Li, C., Mannoor, K., Inafuku, M., Taniguchi,

T., Inamine, Y., Miyazaki, T., Watanabe, H.

Protective function of an unconventional y8T
cell subset against malaria infection in
apoptosis inhibitor deficient mice. Cell.

Immunol. 279: 151-159, 2012. (&&HiA)

. Toma, H., Hatabu, T., Vanisaveth V., Mannoor,

K., Watanabe, H., Li, C., Kobayashi, J.,
Phompida, S., Kano, S., Sato, Y. Efficacy of

mefloquine treatment and genetic profiles in

uncomplicated Plasmodium falciparum
malaria in southern Lao PDR. Southeast Asian
J. Trop. Med. Public Health, 42: 759-763,

2011, (&EFEH)

il

. Tomiyama, C., Watanabe, H., lzutsu, Y.,

Watanabe, M., Abo, T. Suppressive role of

hepatic dendritic cells in concanavalin
A-induced hepatitis. Clin. Exp. Immunol. 166:

258-268, 2011. (&HFHA)

FERE] GH1T1)
ZRAE., fwEmP, EHAE  Analysis
of the mechanism of anemia and the

importance of extra-medullary erythropoiesis

in murine malaria % 83 [a] H A& %

N e A

SRS 201443 H 27-28 A, EhE.

Watanabe, H. Sero-epidemiological survey

of malaria in the border area of Quang Tri
Province, Vietnam. The 4™ International
Symposium on Human Monkey Malaria in
Vietnam (Nagasaki, Japan), 26-27 Nov.,
2013.

Phongmany, P., Watanabe, T., Araki, M.,
Sourinphomy, K., Watanabe, H., Sopraseuth
V., Moji, K., Southalack P., Nhativong K.,

Kobayashi, J. Genetic analysis of HIV-1
subtypes and drug resistance mutations in
Savannakhet Province, Lao PDR. The 11"
International Congress on AIDS in Asia and
the Pacific. (Bangkok, Thailand), 18-22 Nov.,
2013.

9. Li, C., Inamine, Y. Watanabe, H.

Multifactorial anemia and induction of
exta-medullary erythropoiesis in  murine
malaria. % 81 [FIH A% A M FaRKE
2012 4F 3 H 23-24 H., PE'E.

10. fifH AP, ERAE, @RS, JHE
AE =T RAETITET HIRHEHIRE
TO~Z V7RG OGREEREIC OV T
% 81 Ml A AT AR FRRE 201243 /
2324 H., WH'E

11. Akiyama, T., Taniguchi, T., Inamine, Y.,
Takeuchi, R., Moji, K., Kano, S.,

5

Pongvongsa, T., Watanabe, H.

Asymptomatic malaria and anemia among
children in Savannakhet Province, Lao PDR.
5" ASEAN Congress of Tropical Medicine
and Parasitology (Manila, Philippine), 15-16
May, 2012.

12. Akiyama, T., Taniguchi, T., Toma, H.,
Inamine, Y., Takeuchi, R., Kobayashi, J.,
Kano, S., Pongvongsa, T., Vanisaveth, V.,

Hongvanthog, B., Watanabe, H. Field

research: Micronutrient status and malaria

infection among rural villages of Lao PDR.



18" International Congress for Tropical
medicine and Malaria (Rio de Janeiro,
Brazil), 23-27 Sep., 2012.

8. 13. Watanabe Quang Try Report:

Molecular and Sero-epidemiology of malaria
in the border area of Quang Tri Province,
Vietnam. The 3" International Symposium
on Human Monkey Malaria in Vietnam
(Inuyama, Japan), 18-19 Dec., 2012.

9. 14. Inamine, Y., Li, C., Watanabe, H.

Immune responses to malaria in a mouse
model of zinc deficiency. 2 41 [B] B A4h
R a, 2012412 4 5-7 B, fiF.
10. 1. Akiyama, T., Taniguchi, T., Inamine, Y.,
Takeuchi, R., Moji, K., Kano, S., Watanabe

H. Asymptomatic malaria, growth status
and anemia among children in Savannakhet
Province, Lao PDR. The 5" National Health
Research Forum to Promote the Health
Research System Strengthening in Lao PDR.
(Vientiane, Lao PDR), 29-30 Sep, 2011.

11, fsEmPl, 2R, Mmis, A SE
IRH A EH R~ 7 2 BT o~ T VT

b3 2 YL BHAEIRE O iR AT 5 22 [5] A A

ARBIHS SR, 2011 4R 6 H 29
H-7 4 1H, JE.

12. Li,C., Mannoor, K., Watanabe, H. Induction

of ssDNA-binding autoantibody secreting B
cell immunity during murine malaria
infection is a critical part of the protective
immune responses. #522[a] H AL R[5 1152
Fhfriess. 20114E6H29A-7H 1 A, B

.
13. ZEF. Mannoor, K., FatRfE&, JEEBA
9Z. The important role of ssDNA-binding

autoantibody secreting B cells in malaria

%5 80 [l A ARF AR EARNE -
55 22 [n] AARRRIR /R e ke, 2011
7 H17-18 H., HUL.

14. FKIIEN, 2 2R, fsa P, PP B

infection.

FIwIFZ, P8z, EHARE. 742
EY U+ r— NRIZBT D REORREIR

el REAME~ TV 7RG R OE D
WT, 5 52 [l ABVHIE PRS-
26 [0l B ARE BRI R PRI RS,
2011 4= 11 H 4-6 A, HIT.

15. faraEH P, BRAE, MRS, AR,
IKHE A EH R~ U 2 BT o~ T VT

YL D PEBHEE|Z SN, 55 52 [B] H A
B[R R KA - 5 26 0] 0 A [E B

R RS 20114 11 A 46 H . 3
I

16. Li, C., Mannoor, K., Inafuku, M., Inamine,

Y., Watanabe, H. Protective function of

autoantibody secreting B cells in murine
malaria infection. # 40 [F] H A0 73R
2. 2010411 H 27-29 B, T

17. Inamine, Y., Li, C., Inafuku, M., Watanabe

H. Immune response in the zinc-deficient
mice infected with murine malaria. £ 40 [=]
A A i (2011 4R 11 H 27-29 A |
T2,

(X&) (Gt o)

(PEZE R EEME)
OiRdL Gt o )

OBfsikdL Bt 0 1)

(£ Dfth)
R—br—
http://w3. u—ryukyu. ac. jp/immunobiology/
index. html

6. AFFERERE

() BT s
PEYE JA3E (WATANABE HISAMI)
BRERRS: « BV AEMERI e v 7 — - #
=%
WFoe#EE R - 50143756

(2)11%7“3/\?5%
4 FE# (Li Changchun)
BRER K22 « i B0 2 WL} R S 7 HE R
% - B

WMoeE%& S 20457691


http://w3.u-ryukyu.ac.jp/immunobiology/index.html�
http://w3.u-ryukyu.ac.jp/immunobiology/index.html�

