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Evaluation of Mucosal Immunity in BTBR T+tf/J Mice
Resembling Autism Spectrum Disorder

So Ryeon Hwang, Ji Hoon Jo, Kyeong Min Shin, Yun Young Jang,
Ji Youn Kim, Kyeong Uk Yeo, Hyoung Ah Kim*, and Yong Heo'

Catholic University of Daegu, College of Natural Sciences, Dept. Occupational Health, Gyeongbuk, Korea
*The Catholic University of Korea, College of Medicine, Dept. Preventive Medicine, Seoul, Korea

ABSTRACT

Objectives: This study was undertaken in order to evaluate a potential mechanism involved in gastro-intestinal
problems observed in autistic subjects and uses an animal model of autism investigation.

Methods: BTBR T+tf/J, a mouse strain with typical socio-behavioral characteristics of autistic subjects and FVB
mice with highly social behaviors as the control strain were used. Both genders of mice aged three weeks and six
months were used from four separate litters for each strain. Serum was prepared following cardiac puncture, and
mesenteric lymph nodes were collected for in vitro stimulation and enumeration of major immune cell proportion.

Results: The level of serum IgA was significantly enhanced in six-month-old BTBR mice compared with three-
week-old BTBR, which was not observed with the FVB control mice. The serum IgE level was also higher
among BTBR mice than among age-sex matched FVB mice, respectively. Considering the ratio of interleukin-
4 vs interferon-gamma production from mesenteric lymph node T cells, skewedness toward type-2 reactivities
was observed. In addition, the proportion of B cells in mesenteric lymph nodes was significantly higher in BTBR
mice than in FVB mice.

Conclusion: Upregulation of mucosal immunity related with enhanced type-2 immune reactivity observed in
BTBR mice could be involved with the etiology of gastro-intestinal abnormalities in autism.

Keywords: autism, mucosal immunity, BTBR T+tf/J mice, IgA
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1 2 e whpsd H2e Al A4
921 EE (self-grooming), ”40]-4 E4S g
G FE AR HEE oAkbE U
Al A8t 58 ]t BTBR vk 35 A5
%3t] 2008 "= National Institute of Mental
Healtholl 4] 295 Aol A§st AEFEZ AA|
= AJCEY 2 B A7 BTBR #9227t AR
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ol Fa8 A2 Ho2D ok 4 YU

Selet o) 25 FRA7 53] ojdelse] A%

S Biiste] el Ao tird Aow o)
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ol & A= AHF HEE AL e A
HEolA veh s 9783 ol de] W
Hi7ge] wHejgt 55 HAHS (mucosal immunity)
715 W3t 7hsAdE BAs] flste] S A

=5 rdeol BTBR w29 HAHIE 2] EAJL
7%‘%/\}515}341 5404 tixo g2 oARAL 9
FVB uh9-28F HIWEA8leth. & A FF A
He e R g AAH L EAH A5 Y
at7] 9% 712ARE AT Aol2t AztEh

H

-

L= 3 2y

1. 48S=
BTBR T+tf/J #}-$-2= Jackson Laboratory®l|A] <
ek, A& SHoIA AREge] w2 Blow
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itk g2 Alx T 75 2437171 9
3l polyclonal stimulator24] immobilized anti-
CD3 mAb (5 ug/5x10° cells, BD PharMingen, San
Jose, CA, USAYS AF&-3I9 T 5% CO, incubatorol]
A 48A1ZF B st T O
Y A ¥ MEH{AALY MO|ETIRI FE
JUl EA5h= IgE 52 sandwich ELISA %
Hell 93] A #F3ATE Z, rat anti-mouse IgE
capture antibody (BD PharMingen)E Immulon 2
plate (Dynex, Chantilly, VA)ll 2 ug/ml (ZF wellg
100 ul) F7FsE o5 W2 el X 24X 7F A X]A17]
3 °]% 1% BSA-PBSZ non-specific bindingS X}
et o SME AEEF 2 EF IgE (purified
mouse IgE mAbD isotype standard, BD PharMingen)
= A7kt WAdEelA 2407 FAAZ T T
e, biotinylated rat anti-mouse IgE antibody (1 ug/ml
1% BSA-PBS, BD PharMingen)& 713l 2417+
A Lo A FXAA detection antibody?} F-2F51A] &
U= avidin-peroxidaseE 23l TIA] 1A]7F A0l A]
A AIAZ L} ©]% ABTS (Sigma, St. Louis, MO)Z
LS gk Ty 405 nmollX 3 EE S
ok AU IgA 9A IgE 34 W 593 9g
= rat anti-mouse IgA capture-detection antibody
pair (BD PharMingen)Z ©]&-3}] Z4319tt. I3
W &4 1gG isotype?! IgGl, IgGa 5 H78t
7] $13l goat-anti mouse IgG13} IgG2a (Serotec,
Raleigh, NC, USA) capture antibody®} peroxidase
conjugated anti-mouse IgG detection antibodyE A}
2-3}o] sandwich ELISA W'H-S 38l IgEe
gHE 1/52 84S H, IgA= 1/50,000, 1gG13}
IgG2a= 1/100,000 3|48 ¥ AR&-ak3ATh

uj Yol EA)5= interleukin-4 (IL-4) ¥ interferon-
gamma (IFNy) 9A] BD PharMingen 3JALZH-E
sandwich ELISA setE 793t S48 >0
1L-49] ZAZE3HAIE= 4 pg/ml, IFNy= 100 pg/ml ©|1Th.

3

oot

N

et W

4. Bzt 2 od Exf HAMESS| T 24
@ AEZsAY ol FAEEAMZ] (flow
cytometry)E ©|-83to] ©xH A HE T gX4,
A sk T g2, B X9 8IS w48t
ot HZ T YXZF+= anti-CD3 PE antibody®} anti-

http://www.kseh.org/

CD4 FITC antibody (BD PharMingen)Z ©]-&3&}]
A, AE 99 T Y27 anti-CD3 FITC
antibody®} anti-CD8 PE antibody (BD PharMingen)
£ o]&std A3 B §XFE anti-B220
FITC antibodyZ ©]-&3}lo] &35t} H|E0)4 3
A AL Aosh7] 2138+ FeBlock (1 pug/10° cells)

S ¥ 3080] AW F CD4, CD8, B220 A=
Yy ¥y GAS 3. g% dAe "jEolFel

ATES (%) HF A w771 $lste] PE-, FITC-
conjugated isotype control IAZ= FAS}T].

5. SAHIXZ

w2 strain?t 2po] 2 3FHH -0/ YH 7F A
9] Z}pol= SigmaPlot FAIZZ 13 (SPSS, Chicago,
USA)S o]&-3le] HAAIATE dAF o2 259 A
TEE oHE 753 5 single factor ANOVAS}
Dunnett's #-test =< Kruskal-Wallis ANOVA <}
Dunn's test®2 984S AASA. 8ol wat
Student's #-test H== Mann-Whitney test2 37}
o] HAE AL p valueZt 0.05 ©]skd of
£ frolgk apol= g sisi.

n. & 3

1. €3 1gA ¥ IgE & H|I

2 ATFere 4 A FAjolA YeE A
A ol gl st WA AL AAANE HES=
7] @Al ArEA AEE ZE 2d npexd
BTBR "}-229] AW IgA 755 718kt (Fig.
1. olfF717F 2 A o™ ml9-2EddA= BTBR
np 29} T FBV WR-27F [gA 575=9] 2}ol7t
Aok a8y elY® ® vk$-2o H$- FVB uf
-2 378 FVB uhe-2o) Hg)| Yol AdS
HJou} BTBR v 93]8 353 BTBR v}
2o HlEte] su) o] IgA FEo] STIBIAAL 6
MY FVB ml9-20]] HISIAE Ao 10mRE =
< IgA FES BAh

theog B QA= BTBR #H-2¢} FVB #}
4220 P4 IgE S SV ST (Fig. 1). IgA
Azl §A151A 67193 E BTBR vH-229] IgE &
F& 7+e yole] FVB vh-2, 353 BTBR "}
2 9 FVB w92 B} {fo8H &Sk 359 Wt

a

P
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Fig. 1. Upregulation of serum level of IgA and IgE in 6 months old BTBR T+tf/J mice. Statistical significances (p<0.05)
are as follows; *: vs 3 weeks old BTBR & FVB & and % mice, 6 months old FVB ¢ and ¥ mice, a): vs 3
weeks old BTBR ¥ and FVB ¢ mice, b): vs 3 weeks old FVB 4 and % mice, c): vs 3 weeks old FVB % mice.

Data were expressed with mean+SE.
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Fig. 2. Level of serum IgG1 and IgG2a in BTBR T+tf/J and FVB mice. Statistical significances (p<0.05) are as follows;
*: vs 3 weeks old BTBR & FVB 8 and % mice, 6 months old FVB ¢ and % mice, a): vs 3 weeks old FVB
¥ mice, b): vs 6 months old FVB & mice. Data were expressed with mean+SE.

$-2E0| JoJA % BTBR P2 ¢F 4 25 FVB 1}
2 G 2 B foleb] =2 IgE S Bth
2. 83U 1gG1 ¥ IgG2a =& H|I
AW IgGl %< BTBR 792 @ FVB #R$-
2 BFoA Upo]7t Eofttell mEt 4uf
Al S71sIT (Fig. 2). 3579 3 o/l €% € BTBR

3 fol

vh2e] A3 U BARORE RelSAE AR
A 27 373, G19F FVB vheru e

IgGl 75 Bt (&, 357 92 BTBR vH-2
dAe 358 42 FVB rhg-2Rth BAHo 2
oI55t ). 1gG2a®] 7395 1gG13t Al BTBR
PR32 B FVB PR-2s Bl A ol 7h Sofgtel
w2t s A= Felsh Srteslny B 350 B
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6/ g® ¥ BTBR "}9-2=9| 79 27 359, oY
% FVB vp-2HT 22 [gG2a 752 RAEY 3
F% ¢ BTBR nh9-29F 9 FVB w2, 67f
47 BTBR PF-2=¢} % FVB v}-9-2 7F 2}
EAFoRL folslg]tth,

sk, 1gG13 1gG2a 5=H](IgG1/1gG2a ratio) 7l
A A3 37 o wkeollA ol gE A5 vk
20 B8] 1gGa thE] IgGle] o] Athzow
=T (359 BTBR: ¢, 1.06+0.15, %, 1.48+0.35,
6/1¥=® BTBR: &, 0.75+0.06, ¥, 0.60+0.08, 35
% FVB: 5, 0.9940.17, %, 1.41+0.28, /€% FVB:
3, 0.8440.11, ¥, 0.97+0.32). &1} BTBR w}%-
228} FVB mR$-2 AololM e 93 1gGl/IgGla

ratio 2}0| & AT = QT

2%
o]l—‘__
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Table 1. Levels of IL-4 and IFNy in the culture supernatants from in vitro activation of mesenteric lymph node T cells

IL-4 (pg/ml) IFNy (ng/ml) Ratio (IL-4/IFNy)
3wk 8 181.9+71.6 60.3+11.0° 3.6%1.6
3wk % 175.7+£132.7 85.7+13.9" 2.5+2.1

BTBR mouse
6 month & 54.0£50.6 12.1£84 32423
6 month ¥ 144.4+72.6 20.7+7.5 8.0+4.6
3wk 3 21.9£1.6 11.0£5.0 3413
3wk % 10.0£9.9 14.7£4.2 0.5+£0.5
FVB mouse —
6 month & 49.2+13.5 40.3£9.0" 1.240.3
6 month ¥ 329+12.1 278174 1.6+0.6

Mesenteric lymph node lymphocytes were stimulated with immobilized anti-CD3 mAb for 48 hours, and the culture supernatants

were collected for cytokine ELISA. Values represent mean & SE. The ratios (IL-4/IFNy) were obtained through dividing amount
of IL-4 by amount of IFNy in the same culture supernatants. Statistical significances (p<0.05) as followings; *: vs 3 weeks old

FVB & and %, 6 months old BTBR & and % mice, ': vs 6 months old BTBR 4 mice. Data were expressed with meantSE.

Table 2. Distribution (%) of CD4 helper T cell, CDS8 cytotoxic T cell., and B cell in mesenteric lymph node

helper T cell Cytotoxic T cell B cell
3wk 8 60.6+0.8° 30.6+1.9* 48%1.9
3wk ¥ 53.5+0.8" 29.0+0.8* 11.9£3.3
BTBR mouse m
6 month % 54427 22.6%0.1 10.3£0.87
6 month ¥ 54.7+£2.0° 222+13 1424047
3wk & 66.51+1.2 26.3+0.9°% 5.1+1.1
3wk ¥ 67.2£0.5 27.4%0.1°% 3.7£0.7
FVB mouse
6 month % 662114 18.9£0.3 7.0£0.5
6 month ¥ 652%1.5 19.7£0.8 6.6+1.4

Mesenteric lymph node lymphocytes were stimulated with immobilized anti-CD3 mAb for 48 hours, and the culture supernatants
were collected for cytokine ELISA. Values represent mean+ SE. The ratios (IL-4/IFNY) were obtained through dividing amount
of IL-4 by amount of IFNy in the same culture supernatants. Statistical significances (p<0.05) as followings; *: vs 3 weeks old
BTBR ¥, 6 months old BTBR & and ¥, 3 weeks & 6 months old FVB 8 and ¢ mice, ™: vs 3 weeks & 6 months old FVB
d and % mice, *: vs 6 months old BTBR & and %, 3 weeks & 6 months old FVB & and % mice, §: vs 6 months old BTBR
& FVB 8 and % mice, : vs 6 months old BTBR %, 3 weeks & 6 months old FVB & and ¥ mice, : 3 weeks & 6 months
old FVB 3 and % mice. Data were expressed with meantSE.

3. &7t 2™ T 2= i virro EAMSI0| O} H IL4 (pg/mD)EFES I[FN7 (ngmD)Fo 2 UiE H|E

[=]
& solsviel gy ¢§ 2y FEIT} (Table 1), A4 AREZ 742} W alle o
A0 B AE FOIA T AT antiCD3 37 53 vh9E S BAHOR ol

AV o|830] THIATT IL4SF PNy Z50] & BbAY BTBR 5927} FVB oh2o] el 3
A 378 mhe-28] 4% BTBR #R-227}F FVB thx < ratios Btk olHF A= 2T FVB vk
o uhe-2ol] HE) =2 A FES AT (Table 1). 228} ¥]wsiglS W BTBR mhe-29] g7kt glazd
a8y oY vke2olE BTBR 573 o227} W EAlshs B2 T "X Sol4 type-1 helper
FVB 7 wh-20) H|s)| frolatA] Aste IFNy -+ T cell (Th1)ell Y13l type-2 helper T cell (Th2)<] 7]

& Bl AL ALsalE F strain?t IL-4, IFNy A ol AUHoz M rsAds F3A st
Aol f2l3k 2ol @itk Thl B T Y=o 1)

3 Th2 22 T JZ37t Aoid ez S5 A=A 4, M7t o™ Fo Y MNE FMH|

2 Hrlsbr) 9lste] Y AE ujekeifo] A4 H) Azhet YAy F9 WA Ee ZANES B4

http://www.kseh.org/ J Environ Health Sci 2012: 38(6): 541-549
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3t Az} FVB vk$-2o] H]3] BTBR vF$-204 K
% T PZ72] v go] Yokt (Table 2). 221} Al
X 939 T Y=xFe] ¥]&2 357% BTBR, FVB 7t
$-27} z¥zb 67§1€% BTBR, FVB vh$-220|] H|3]
FrelaHl =k B3 2 A dielA= BTBR v
$-27} FVB uh-2HT 8 AE 93 T g2
H&S B3tk B "] 49 35% BTBR £7
-2 ALEa 333 BTBR & vRe-2, 671
9% BTBR &2, 74 w927t 742 5% 4 2
A% FVB vH-2ut w2 vl&ol3leH 539 6
NEE e A= FAASE Folgh ztol& BT

v.o1 %

2 dye S $E F IRl vehte
gHA oVl e HAHAAAA L] ol FAN-E
A7) flste] FREUT H2 AAS A 2
3t 52 Zd2 BuE BTBR THf) vk$-29b AL
3]4do] & 2o ¢zl FVB vh-AE i
Fe-atslar, Aol AR ws} 3
ol #F3] fl8te] olf717F At 3FH vhes
Aol A 124 %) 9 o eE e AF
o] A% s wasich 49 A iz vt
2ol Hls felaA FE EF F IgA, IgE
Fo| BTBR vh-2ollx #ZHJL T3 3577

?;é

ol FEHEAS & F 3otk o] Ade g
Yzd FouNEE BNeE W ol v
20 H]8] BTBR "h$-27F B @ H|go] )
Ao g =okd Avelw dA7Ee] BTBR wh-2=0
A HISol Al A o] e& F57 P
TS 35+% o]d BTBR PRg-2=9] A7keh @y

T
Yz o= 711€% ol& BTBR vl ¥ 3%
3, old® o= o2 ET L4, IFN7 & Y
wol A3l deS & F AUTh 53] M2, of
By 95d 518 e 2dls Frske 3
o2 43l IL4E AZEHISHE type-2 helper T

rr

N
o *

IFN7 A4 type-1 helper T cell 7]% Alo]2] &4
281819 ryst A3l BTBR wp$-27F )& vf$
2o Hl&) Th2 YEZT 7)50] Atz oz dxlE ol

J Environ Health Sci 2012: 38(6): 541-549

= o s

2 AR H Aol B2 strain 2 ¢
7l C57BL/6 "}9-2=9 ®]3]l BTBR m}9-27F €3
Zol total IgG Fo] frelapl ¥ HzAd &
A IgG < IA =55 Basioh w3k g
A Foll EAlshs A=A gl sk A 9A
Ztol vgl] fFolaiAl 2 FEellen &
(keyhole limpet hemocyanin)oll Tt A GA] Tf
Zt w2l HlE| @Wol AAES I o
43 A4S EE BTBR k204 Algke] 219
I fARE AE e Hole A Aduee
Frpgh gxlo] AAE] = AFAASe] Tt
& AXEAT oH AP FVB thE v}
2ol vlE] WAxlE AAHS FFS AT 5 3
AT} (Fig. 1, Fig. 2). @34 IgGl, 1gG2a, IgE, IgA
FES B o iR vl e BTBR
20X FolalA w2 FES BT 53
olgg AAHAFe] gxlo] BTBR #h-27} Lol
7F Eojztol wt B % FE2AA ARE v A
L 3 ¢¥% A= ® Yo]E BTBR "%
o]-g&ato] AHF AL ALEEH 59 WskE
JQ7F I AAS} 34 BTBR PR

g 2 S
2el] tigh AlelE e S TR 3477 vt
F5E ol8F AT

AS FAtelA Hole izl Wy s
S4E 24 AY AEAEA 1567 SH 5] AE
ALR 2 Tkt Alarse] Atk S0l st
T M AdE AR Sl ok 2,

=
dlEE gAE HoRele] 7)5e Bolshed F

o> 0 & fo A

22 plasma cello] 1gA9] 8 A3 AX= 45A
ATE? 1gAS} AHElF AT Ao tisiA=
ORRZIA] EAAHR] At ST YA AT A
5 2 E 3RS ez 3 AFEddM s A
IgA 72 Wistel] disl dA == A74E HEA X
StaL ATE!Y B ApollA] IgAe] A 3FH vhe-
oM tizELF xle)7t YA e/l = oll4= BTBR
220 A IgA o] tiEatel HlE) ol sl
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Z7FHAL 357 BTBR #h9-22o HI|A L f-o] 5}
Al F7Fet olglst A3+ BTBR wh-2=9] 73
§- Uol7b Eojztel] wet IgA A S S
7= $70] &% 742 FAHA 0] o]Foix|= 4l
A 2HA sk 73S AlAlEkAL Aotk A
A 242 HAAFAZ Fo] shul HAREs
(schizophrenia) EAFEAA gliadin, beta-lactoglobulin,
casein?} 72 2]o] Tl &t Fo] IgA F<F
o] folatA F7tEAThs Barh ok mEgk
A g FAFAA 7Ieke s 57 B
oPAE Alete] FH Fof| [gA 0] TR
HIE Qo) 71&e] RyES Fxsid

AT A3} HeJE BTBR vR-2oA [gA 5

A7 AAF T4 F Rl A o)t

FAol ek A7 do ' HAHo 7 3 I
7F ok 2o}

B A77e < BTBR vk~ WA A7} AF
34do] =2 strain®Z 47l C57BL/G w920
H|ste] 2], olEy] #RYga} 22 dHEr1y A
Sk e w7 7ol He 13 FARInkgel] oigh

o] & o8 A9A UASS Balsisioh
3]

ko ox oo i

R

N
( _‘},

o2
LT

e
oX

E

kg welol] ik tiEA ] WA A&
ST}, BTBR vh$220] Foinie] 542
b ol oA = BTBR wh-27} t &t »
ol wlajo] 2], olEw e, opj ek~
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