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Immunomodulatory Effects of Orally
on Peyer’s

Administrated Capsicum Extract
Patches

Minyoung Park, Dong Hee Kim, Mirim Jinx

Laboratory of Pathology, College of Ori

ental Medicine, Daejeon University

We investigated whether oral administration with capsicum extract (Capsicum annuum var. cheongyang) would
affect the immune system by examining the immune cells of Peyer's patch (PP), a gut associated lymphoid tissue, ex
vivo. The mice were orally administrated with capsicum extract (100 mg/kg/day), capsaicin (10 mg/Kg), and the vehicle
for four consecutive days, and PPs were isolated from intestines 2 days later. When the PP cells were cultured in the
presence of Concanavalin A for 72 hr, the levels of cytokines, including IL-2 and IFN-y, were dramatically increased,

while the levels of IL-4 remained unchanged compared with
indicated that capsicum extract significantly increased the nu

the control. Data from the FACS analysis of PP cells
mber of CD3+ and CD4+ T cells as well as CD 19+ B

cells compared with the control but not CD11b+ cells. Furthermore, the percentages of IL-2+ /CD4+ cells and IFN-y+
|CD4+ were greatly increased. These data suggested that oraladministration with capsicum extract might activate the
CD4+ T cells leading to cytokine production as well as CD19+ B cells in Peyer’s patches. As such, capsicum extract

might have potential as an immune modulating agent.
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9 7]% (gut-associated lymphoid tissue; GALT) &2 F 25% T
Mt oF 70% 4= B AILE o] Fo]A o oF 1.3%
7h o2 AEQ] AR A o]F T AXEe $8 ¥WY
MEZHN BZE T AEXEL IL-2, IFN-y, IL4, IL-10 9} &
St AL EFIQIS EHIBHY WANHES do7|3 B AEV}
A FAE Aitsle FEANELE A&IES 3o oot
Aol ¥hgate] HYANEIES dxAHY FA F4 (germinal
center) ol 4] ®3}3t3 A&3HA Hw, FoZHE w2 A o] F 3t
o] &9 ¥ =4 (mesenteric lymph node, MLN) & AA AU
=88 90 13 2259 4T FA9e o Yehd
WA 2d2Eo] st OVAR 24" 5L A 43
) AN A Y IgA FEE F7
Aota A ). 2 AFeME 1F F2

S C57BL/6 AF O AFFo sl T A]_:F_ Alo]l E7FQ1 Wy
Z7tecn Rastgo. ay vojag H
g4 249 distele AA3 BRud d
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1. A=
1) 5&
C57BL/6 A% (male, 57%) © tghalo] &

A Feletgen, 1EAE (AUAE Co) o & T I
St A 22 £2 C, % 50~70%, ZBAIZE 12417

20:00), Z% 150~300 Lux® *“éo}oq FU AP BA
X—iﬁf\]i’d i “64011 ARSI TH AR T ES gt &
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£ Ay AEE A9feZ Capsaicin - (Nature),
concanavalin A, polyethylene glycol Sigma A} (US.A) Al&&
A3t o, RPMI-1640  wf <o,

buffered saline (D-PBS), fetal bovine serum (FBS), penicillin

dulbecco’s  phosphate

and streptomycin GibcoAl Al#FS, mouse IL-2, IFN-y, 1L4
ELISA kit, BD Cytofix/Cytoperm Plus Fixation/Permeabilization
Kit with BD Golgistop kite BD bioscienceAl (US.A) AF<,
anti-CD3-PE, anti-CD4-FITC, anti-CD11b-FITC, anti-Interferon-
gamma-PE= BD pharmingentl (US.A) A|FS AME-st5oH,
anti-Interleukin-2-PE= eBioscienceAl (US.A) A &S AMHE-34
i, 71ef Ak 55 AlekS AHEStAAth
2 7171

£ A AH8® 7]7]= Microplate spectrophotometer
(Molecular Devices, U.S.A), Flow cytometer (BD FACS Calibur,
US.A), CO; incubator (Forma scientific Co., U.S.A), clean bench
(Vision scientific Co., Korea), autoclave (Sanyo, Japan), micro-pipet
(Gilson, France), water bath (Vision scientific Co., Korea),
vortex mixer (Vision scientific Co., Korea), spectrophotometer
(Shimazue, Japan), centrifuge (Sigma, US.A) 55 A3l

2. 4
1) A8 Az

Addign 1874 sHG 2T AT AP Au
o3| Apu

§¥ =% 315 (Capsicum annuum var. cheongyang) &
of el 97 o] 1F FEES AZFUT
A7y Zefage] 13 7 gofl 80% oErE 150 meS 7hEta dE
g ohs W2 EEUA 2U7 ARA IS UEE o3
ol 80% oleE 150 mi& 743ke] EEWA
BN 193 6 FESAT ZE A4S Fste] 60-80T oA
& sEsa A= ﬁi% %49)10131 10 mgs 1 mle] AL

=
T, _T’_-’F FEE (100 mg/kg/day) S "ol AFgFor UF
d T v 19 7-7F7-7F 73‘? Fo3t9h.

= ?"5}04 X]*P"]ﬂ AgHe] FaEo e I -’:-‘?r
Zrg}dl o] dulbecco’s phosphate buffered saline (D-PBS) 7} &7
A Ae AE EE FE HA &713, YLE A (70uM)
—°r1°ﬂ/‘1 gojxgte] 225 Zolx] WANEE LFEAIFAH. ©] ‘ﬂ
X dgdg PBSE A s $ RPMI 1640-FBS (10% FBS 3
RPMI-1640) W} A S o] &3] AE F=Z 2.0x10° cells/ml 5_724,
of AZENE 2AFA olF 12-well Z#oJEC] 1 ml A
3 & 5 ug/ml Concanavalin A (Con A) & 2|3 Az
F 210 8 o] 37°C, 5% CO, v %7114 24417 u kAT
4 Aol E7He =7
B8 vojad ATES 12-well plated] 2.0x10° cells/ml
21 md £F38t3L Con AZ T3 § U4AZT Fo AL
AR AF IL-2, IFN-y, IL-4 ELISA kit (BD bioscience) & Ak
&3k A 2ALe] Ao whet AE FAE who] 2R Lo 100
A kL 4Tl A 16417 FAT AZE AH §Ho 2 AH
Skl Assay diluentE 200 pl & HojA 1217 & wellS 22
T ALoA wg AT EEFS M5t nle]a R ZHolE
S AAS A 4 REFS FEAS 100 w A 2} 240 F
Sk wells & & Ao A Hjd3dth nfo]22 FHEE
4 3}3 working detectorE THE 1A 7t wellol] 100 x4 9
AL FQ wells B F Ao A sttt vlo]a®
NG TS0 A 7k wellel] 100 ut A
Aoz ujYgstAtt. Stop
solutionS 2} welldll 50 ¢ 2 Yl vlo]32 2 ~AHEZ Y ERE
(Molecular Devices) oA &%= 450 mZ =73} H )
5) AIEZU ALl EFIQl @4 B fAE £4
28 g2 A EE 12-well plateo] 2.0x10° cells/m¢ =
1m A BEF3}3 Con AE A3 5 204 2F Fo] ZA22¢ (BD
Pharmingen) 0.7 ul A 7} welldll ¥ 1 4417 &<t sl &
gole= @M 9% (SB) (D-PBS, 1% FBS, 0.09% sodium
azide) &2 A& 3 F AR sl FHE &t} SB 50
o] anti-CD3-PE, anti-CD19-FITC, anti-CD4-FITC, anti-CD11b-
FITC (BD pharmingen) & 0.8 ul % €31 4T o] F& oA 30
et Mgk SBE F W AHE v d4lEE st 4
Z9S WY § 14/%7 &9 (BD pharmingen) < 250 pl A
3L 4Tl 208 Tt W stk AH ¢ (PB) & 1 me
Wi T W A & 47 st AEdS WEal PB 50
o] IL-2-PE (eBioscience), IFN-y-PE (BD pharmingen) 0.3
P 4T o F& XolA 30 T widstAth PBE T W

o Hr o

P

=

153

X R X 45 o r{n:
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A1

T 23 72 unpaired student’s T-test FAZZ 1
A Al en, P<0.05 oate] FEAA o

AABAT (% p < 0.05 *: p < 0.01, ** p < 0.001).

Ve

=

7}

15 FE2E AT T g Foj2gd A2 Ao EF}
ATE7L Hol 2w WA T Ao ET}e
E S FEA Folry] a4 C57BL/6 A F
Z29 100 ng/ke/day?] $FO 2 49 T AT T4
4v) (100 u) S Fdstgon, HAtelAl
TOo2 AMEET 29 & Fojx
Con A (5 pg/m) 2 A=
ALl E7F1S] k& ELISA

=

BN

,
&l

N

1

A

3 Tl ME 7131 pg/ml, Aol NS FoiF o
pg/mte} IL-27F A4td 2& 313t $l th(Table 1).
2) IFN-y A4l piA= &3

g zao] gojzgtea EEE Wl A3
of guglol AT W IFN-y & AT &
S5 AT FoIg AF A Ee2E dqHEAA = Con A
A A=l o3 IFN-y /o] frelaes 57}6}%9@:} aF
FEE TP TolM = 199.01 pg/me, HAAelAS FA% &
A& 57.92 pg/mte] TEN-y7} A3ke 2& #]1ek Gl tk(Table 1).
) IL-4 el mx= &3}

E 4 oA &g FJojaw W HMEEL Con A9

=2
Faglo] AAL v 45 A %L F AATHTable 1).
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Table 1. Effects of capsicum extract on various cytokine production
in cultured PP cells ex vivo

Group (Con A+)

Cytokine (pg/mf)

Control Capsaicin Capsicum  extract
IL-2 585 + 035 57.92 + 10.14+ 199.00 + 13.02¢
IFN-y 135 + 0.59 2186 + 249 7131 + 051+
IL-4 - - -

Mices were orally treated with capsicum extract, capsaicin and vehicle (polyethylene
glycol : prethanol A : distilled water = 3 : 2 : 5) once a day for 4 consecutive days,
Following 2 days later peyer's patches were isolated from intestine. The PP cells were
collected and cultured in the absence or presence of Con A for 24 hr. The levels of
various cytokines in the culture supernatant were measured using ELISA kits. Values are
expressed as the as the mean +SD from three-independent experiments(+: p <0.05, * p
<001, * p <0.001).
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A5 FEEY BTFYUF dolaw "AET
< ol ® 7] 9Jaf A C57BL/6 AF ol 13
o]21& 7+7} 100 mg/keg/day, 10 mg/ke/dayS] &%
BFEAS L 29 F Hoj2d A 28t Con A
(5 wg/m) 2 A=FE F3 24A7F Fol| anti-CD3-PE A,
anti-CD19-FITC 34, anti-CD4-FITC &4, anti-CD8-FITC &4,
anti-CD11b-FITC A2 @A 38t 247} CD3+ TAE, CD4+ T
A3, CD8+ T AlE, CD19+ B Al % 2] Mz M3E f
AE EM71E o] &ste] ZALSHAT
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Fig. 1. Effects of capsicum extract on T cell populations in PP cells.

m Unstained

Mices were orally treated with capsicum extract, capsaicin and vehicle
(polyethylene glycol : prethanol A : distilled water = 3 : 2 : 5) once a day for 4
consecutive days. Following 2 days later Peyer's patches were isolated from
intestine. The PP cells were collected and cultured in the presence of Con A for
24 hr. Panel A: The cells were stained with anti-CD3-PE antibody. Histograms are
showing population of CD3+ cells, Panel B: The cells were stained with
anti-CD4-FITC antibody. Histograms are showing population of CD4+ cells, Panel
C: Cells were stained with anti-CD8-FITC antibody. Histograms are showing
population of CD8+ cells. Values are expressed as the mean =SD from
three-independent experiments(+: p <0.05, == p <0.01, =+ p <0.001).
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A 1586% 7} 5715t thFig. 1la). CD4+ BHZ T AXFL 1
FFEES FAR Aols Wzl viske 7.34%, HAte] Al
& T3 FolME oF 7.57% F 7} At (Fig. 1b). CD8+ 4] T

o
B2 Sold 23 AAlAS Fold 7
=

Fr A = A tHFig. 1c).

o3 AFY FHox@ HIAEA
z o A B8t 10.52%, ALo]AlS B
3 FoME 342% 7} 718 ATHFig. 2).

3 30 3

£ 2
: CO19+ 4, o
3 : a]

& 10 I

D o= — - -

AL o ¢ cc CCE
mUnstained  mControl(C)

m Capsaicn(CC) m Capsicum extract(CCE)

Fig. 2. Effects of capsicum extract on B cells in PP cells. Mices were
orally treated with capsicum extract, capsaicin and vehicle (polyethylene glycol :
prethanol A : distilled water = 3 : 2 : 5) once a day for 4 consecutive days.
Following 2 days later Peyer's patches were isolated from intestine. The PP cells
were cultured in the presence of Con A for 24 hr. The cells were stained with
anti-CD19-FITC antibody. Histograms are showing population of CD19+ cells.
Values are expressed as the mean +SD from three-independent experiments(*: p
<0.05, *+ p <0.01, *» p <0.001).
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Fig. 3. Effects of capsicum extract on Macrophages in PP cells.
Mices were orally treated with capsicum extract, capsaicin and vehicle
(polyethylene glycol : prethanol A : distiled water = 3 : 2 : 5) once a day for 4
consecutive days. Following 2 days later Peyer's patches were isolated from
intestine. The PP cells were collected and cultured in the presence of Con A for
24 hr. The cells were stained with anti-CD11b-FITC antibody. Histograms are
showing population of Macrophage+ cells. Values are expressed as the mean
+SD from three-independent experiments(x: p <0.05, *« p <0.01, = p <0.001).

3. APl BN A ME 7
I1F FEEY AT 5o g3t Fojado)x] &AstE

F8e) 4T Folo 9@ Tol2w WAME BYH 4§

K

of Al E7IRIE sk AEE TFrEHY] kel o] AlE
o FAJA} AR ETL HA A Hg o]F FAS F
fFAE E42 ot iA}S}ﬁiE}. T A EAJMAZ = CD3, B

ZTHEZS AT ZATAEZ EAIAZE 47 CD4s} CD8S
ARESE o, AME EAJARE CDI1bE AHE3HATH 1
5 FEE (100 mg/kg/day) & HAtel4l (10 mg/kg/day) <= 4
T ATFASL 29 F oy WY AMEES Estd
Con A (5 pg/mt) 2 A3 5 20417+ Fof] Afo]EF}Qlo] Al E
toz EHlEe 2SS gAlsty] Slstd FALE (0.7 W) & &
wellol ¥l 4417t 3o anti-CD4-FITC 49} anti-IL-2-PE,
anti-CD4-FITC A ¢} anti-IFN-y-PE 84 =+ anti-CD11b-
FITC& A 9} anti-IL-2-PE, anti-CD11b-FITC ﬂiﬂsﬂr anti-IFN-y
-PE FAE o] &3t o]F ANS APsta FAE TAVE o
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Fig. 4. Effects of capsicum extract on IL-2 and IFN-y production in
the PP CD4+ cells. Mices were orally treated with capsicum extract, capsaicin
and vehicle (polyethylene glycol : prethanol A : distiled water = 3 : 2 : 5) once
a day for 4 consecutive days. Following 2 days later Peyer's patches were isolated
from intestine. The PP cells were collected and cultured in the presence of Con
A for 24 hr. Golgistop was treated for last 4h of incubation. The cells were stained
with anti-CD4-FITC, fixed, permeabilized, and then the cells stained with
anti-IL-2-PE or anti~IFN-y-PE. The dot plots show the co-expression of CD4, IL-2
or CD4, IFN-y. Numbers inside quadrants represent percentages of gated
lymphocytes. Panel A: Percentages of co—expressed of CD4 and IL-2, panel B:
Percentages of co-expressed of CD4 and IFN-y. Values are expressed as the mean
+SD from three-independent experiments(x: p <0.05, = p <0.01, = p <0.001).
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s METE Con A9 AT A#glo] FAX E47]4
os) A & 4 Atk W 15 FE2E3 AAlolAS BT
23 AFAAN B AGHEES Con AR AFEH [L22

AAelE CD4+ T ME7L 24zt
IFN-yE A3l CD4+ THAEZE
CHFig. 4).
2) WAMES ALo]EFFS A
o] AYF A
£ AAsH AETS Con A9 A3} 4glo]l fA4X
o oa 72 & £ AT 1F FEEFH FANE BT F
ol AF oA £ H CD 11b+ AEZE Con AR AZ31S w)
L2 EN-y& A g3he Aol S718HA StehFig. 5)

457% S} 2.44% Z7pst9oH
27} 1.66% <+ 1.83% Z7131

nA= &%
223 CD 11b+ Al¥ % IL-29} IFN-y
BA7

pL

=

) a Unstained Contral Unstaingd Contral

-
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Capsaicin

CO11b+
Capsaicin

el

Fig. 5. Effects of capsicum extract on IL-2 and IFN-y production in
the PP CD11b+ cells. Mices were orally treated with capsicum extract,
capsaicin and vehicle (polyethylene glycol : prethanol A : distilled water = 3 : 2
: 5) once a day for 4 consecutive days. Following 2 days later Peyer's patches
were isolated from intestine. The PP cells were collected and cultured in the
presence of Con A for 24 hr. Golgistop was treated for last 4h of incubation. The
cells were stained with anti—-CD11b-FITC, fixed, permeabilized, and then the cells
stained with anti-IL-2-PE or anti-IFN-y-PE. The dot plots show the co-expression
of CD11b, IL-2 or CD11b, IFN-y. Numbers inside quadrants represent percentages
of gated lymphocytes. Panel A: Percentages of co-expressed of CD11b and IL-2,
panel B: Percentages of co—expressed of CD11b and IFN-y. Values are expressed
as the mean =SD from three-independent experiments(*: p <0.05, *+ p <0.01, #**:

+ Capsicum extrzct .+ Capsicum exfract

e

CD11bAL-2(%)
=
=
on

CD11bAFN-Y(%%)

p <0.001).
al zF
sto) Bt 159 Ado] =y W] wfEol FA Fo)

2 23 ZolE o= AlEdlA
Al71aL A JAE A3 $AF £
A5 AFaAI}E 7] WEol AEF A
LB JAS EA Fo g E B

FE Agggol dvn A A, Fof

o) F9%, Y, FoIw, A3}

| =0r

2

o)
A

= ==

= A7
s A Z e
Olﬁ%ﬁ

o
=2,
2

i
=
ro
_\9,
ofN

N
E

[
_ﬂ
El
]-iI,
£
34
3R
%

o:]:[L
OﬂﬁH =4 28 ?i
A8l AFatr] 9t Tﬁﬂﬂﬁit}.
2 AFdAE AF 1F FE2E F7F
9] IL-29} IFN-y9] A2hg 433] S7HA171= HHAE 149 A4t
& F7HAAIA & RS 18k A th(Table 1). =5 3joj2ge]
T AXF5 CD3+, CD4+ AETH B AETS F7/HAHASY
CD8+ A E7¥ CD1lb+ AlETole FEFS v|X]A] £3)th(Fig.
1-3). o] ZHES 7N g 3t oA CD4+ A EToA
IL-29} IFN-y9] Aol Z7He A& #Qlstg o CD11b+ Al
EoA = IL-29 IEN-yo] Aol 9GS vAA 23 A&
13t th(Fig. 4-5). o]l AHE5 L Fo] 2| Thl WA A
7} %*45}5‘ 7}5*qg WHE}

A7} slof 2

3
e
=
S

e N
5

3

FE S o 71A] e
HH *%‘P‘*Oi 283 4 9
ZHoly HZRE 5Y

AU A Z EZA5= M Al
ol 2o T AJXE Alo|E7}
6}% g L2 T AlEd & IL2 &

—% % A8} sl &3 B A X, A4
I T AXY 54
o}o] ufolH 21}
ot gl Th2 *li—i°ﬂ Z-g-3te] 1L-49] A4t
s % oE AEY 7%
2% A3 Q. JM*J%OH
W IL-2¢} IFN-y¢] A2to] CD4 T M ZolA 37}
IL-M Z7IR A3 A TAHEN BZTHERE A
= B2 IFN-yo] A4ks =211, A4+ [EN-y=
9 ZPOJ_ A AE, B AE, NESA T A, rﬂmﬂ
AAA A 2"S F3t & 5 Ade DS 9nF
23 A ol s AFS e B AZE HEA
ZFAlo A IgMoﬂf\'] IgAE A
Agto g oF i
7} w39, Nilsson (34 AT AP 1F FEE AT
7h IgA A3 74 242 Yehdga s,

2
o

F

o

N T
i I‘IF
Yol gu 2 JoogQ

= O
Kl

» T
o ofy

odt
o 12

k)
Y
oo

T I:)

(A

ol
tlo
mﬂ
% E
E

o o dlo mx oo AL o 12 Ho

i o
RO YR

2 o oro X 9w £ o o wo

0_4_4 3194 —lu

A & odp

o rr
24 e

O

L
=
oLrﬂolnrz

B2om

2

T

- 450 -



2% #2859 4T Folol 9@ Folx

o

Y
_hl
i)
o
2
=
o

£88 Flg A9 A42B i T AEAA 12
IS A85] B8 23S Ak 2 A
Ak A=l )

=
rulm
K
S
P,l',
g_‘a‘.
K
Bl
Bl
e
o
=2
"
i
>
o
4o o
o o
o to =
B mllo 2 %
o
o2

L g
=)
=
BN
iy
2
IS
2
ofo

L
o
e

1o
12
2

N
»
ofo

£
Y
o

)

i

2
W x

AF FEES AT FAT AFY dojad HAA 2
IL-2¢} IEN-y 9] Asto] F7tatR ot IL-49] Aitolle F3&
S AT FAT AFY o2 WYy

ol B&e] T AL (CD3+, CD4+ Al

¥) 9B Aﬂi (CD19+ Aﬂg) 9] ZNol & HAou A AE

&ttt IL-29} IFN-y & #1353}

601:

X

Ay AﬂEE o|F ?M o o FAE EAHE o] &3o 7
e A3, BE T AE (CD4+) oA Aol E7FS19] AAJo] Z7}
e S G oy AREL 1F FEEC ATE
Fo HS wf FE WIAES FAgEte s v 24 &
45 Yehd e s AAd
kel 2
ATE TR ER Z1eNEAd S AAH A4

59
R A Ao AT AT A
é—l_

2. FOARA A8, A 24, N2, AH, pp
668-670, 1997.
3. Chiang, G.H. HPLC analysis of capsaicins and

stimultaneous determination capsaicicns and piperine by

- 451 -

10.

11.

12.

13.

14.

HPLC-ECD and UV. J. Food SCi, 51: 499, 1986.

. Mowat, A M. Anatomical basis of tolerance and immunity

to intestinal antigens. Nat Rev Immunol, 3(4):331-341, 2003.
Takano, F., Yamaguchi, M., Takada, S., Shoda, S., Yahagi,
N., Takahashi, T., Ohta, T. Capsicum ethanol extracts and
capsaicin enhance interleukin-2 and interferon-gamma
production in cultured murine Peyer’s patch cells ex viva
Life Sci, 80(17):1553-1563, 2007.

Cerutti, A., Rescigno, M. The biology of intestinal
immunoglobulin A responses. Immunity, 28(6):740-750, 2008.

. Nilsson, G., Alving, K., Ahlstedt, S. Effects on immune

responses in rats after neuromanipulation with capsaicin.
Int ] Immunopharmacol, 13(1):21-26, 1991.

. Diepvens, K., Westerterp, K.R,, Westerterp-Plantenga, M.S.

Obesity and thermogenesis related to the consumption of
caffeine, ephedrine, capsaicin, and green tea. Am ] Physiol
Regul Integr Comp Physiol, 292(1):77-85, 2007.

WA, HAFY, tdF, 999, St Capsaicin©l
Cytokines@} Nitric Oxide X4}, Salmonella 79 2 NF-xB
&l v x]= 9E. Korean J. Immunol, 20(3):349-363, 1998.
Kim, J.D., Kim, J.M,, Pyo, J.O,, Kim, S.Y., Kim, BS.,, Yu, R,
Han, 1S. Capsaicin can alter the expression of tumor
forming-related genes which might be followed by
induction of apoptosis of a Korean stomach cancer cell
line. SNU-1, Cancer Lett, 9, 120(2):235-241, 1997.

Gertsch, J., Giittinger, M., Sticher, O., Heilmann, ]. Relative
quantification of mMRNA levels in Jurkat T cells with
RT-real time-PCR (RT-rt-PCR): new possibilities for the
screening of anti-inflammatory and cytotoxic compounds.
Pharm Res, 19(8):1236-1243, 2002.

Fischer, B.S., Qin, D., Kim, K., McDonald, T.V. Capsaicin
inhibits Jurkat T-cell activation by blocking calcium entry
current I(CRAC). ] Pharmacol Exp Ther, 299(1):238-246,
2001.

Yoshida, T., Hachimura, S., Ishimori, M., Kinugasa, F., Ise,
W., Totsuka, M., Ametani, A, Kaminogawa, S. Antigen
presentation by Peyer’s patch cells can induce both Thl-
and Th2-type responses depending on antigen dosage, but
a different cytokine response pattern from that of spleen
cells. Biosci Biotechnol Biochem, 66(5):963-969, 2002.
David, M., Jonathan, B., David, B.R,, Ivan, R. Immunology
seventh edition. USA, Mosby. p 157, 160, 197, 224, 235,
247, 267, 522, 523, 2006.



