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ABSTRACT

Background: Transforming growth factor-f1 (TGF-Bl) directs class switch recom-
bination (CSR) to IgA isotype, which is a predominant antibody in mucosal surfaces.
Although IgA is preferentially committed in mucosal lymphoid tissues, it is not definitely
established whether hallmarks of IgA CSR such as IgA germ-line transcripts (GLTa),
post-switch transcripts (PSTd) and circle transcripts (CTd) are readily expressed in such
tissues. Therefore, we compared the expression of these transcripts among mouse Peyet's
patches (PP), mesenteric lymph nodes (MLN), and spleen. Methods: Levels of GLTs,
PSTs and CTs were measured by RT-PCR in isolated PPs, MLLNs and spleen cells.
Results: GLTa and PSTa were well expressed in PP and MLN cells but in spleen
cells. Similar patterns were observed in the expression of GLY2b and PSTV2b. On
the other hand, these transcripts were only inducible in spleen cells upon stimulated
with LPS and TGF-Bl1. In addition, CTa and CT¥2b were detected in PP cells.
Conclusion: PP B cells readily express IgA GLT, PST, and CT. Overall expression pat-
terns of these transcripts were similar in MLN cells. Thus, these results suggest that
microenvironment of PP and MLN influences spontaneous IgA CSR, which lacks in
systemic lymphoid tissues such as spleen. (Immune Network 2005;5(4):215-220)
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oAt S vl Hebaoln 2xe] Wolg
F3l= T3 dhAo]t}. Peyer’s patches (PP)= gut-asso-
ciated lymphoid tissue (GALT)2] s}1}Z IgA CSRo| ¥o]

= 83 Aol PpollA A% B cell me-
senteric lymph nodes (MLN)S A F#& 53l PHo
2 U ol % B el Yol 2A 02 o) Fehi
d] WAe] 7§ lamina propria® homingdt % plasma cell
2 B3}5]o] dimericd 2] IgA FAE FAI gL o] A
= AIAEE s A EH]E] IgA (secretory IgA)E
Hol A7er Frlxck@).

Transforming growth factor-Bl (TGF-B1)< IgA &
FAe FEshe 2H3 cytokineo 2 A G St
(9-11). A3k B cello] <1e] A=3 37 TGF-p12|
J3FS Whom JgA CSRS G531 wh$-2-of| A= IgG2b
CSRE ¢-53H}(12,13). X3, TGE-B12 IgA GLT (GLT
0 WAE vhes AR Erlold Z7HAZIEk14-19)
ob-2#] TGF-p1<- LPSE A5 uk-$-2 H]4 B cellol| Al
IgA PST (PSTq)¢} IgA CT (CT)S §-E8}iL PSTW2b
¢} cTwbe] WS S7HAZIEHS,7). vhAT e 2wk
2~ PP2] B220'IgA" A|ZEoAE GLTa2| walo] %
2 vk 9lehQo). ek obA7kA g AZZA6lA TgA
CSR®| A %7} ¥]& GLT, PST, CT AAA| wkalof] thzl
A ez 249 v ik

B Aol AAS S ek ul ) vl el
W4 A2 A0A) TgA CSRo] AAZ SAHA <
ojub=A1E IEsich. 5 PP, MLN, HA B cello] W&l
SHE IgA GLT, BST, CT 2] #H S w5t 2Aksh]
PP2] B cell> IgA GLT, PST, CTE $-Alls}A] wrdslg) o
™, MLN B celloll 4] = v| 523t @4o] s gt o] 9}
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9l PP} MLNS 2 Z3}o] 20 ml9] 0.01 M PBS7}
271 petri disholl #7] ©hS cryotubeol] o} x| 40|
Yol dzlvh21,22). Aol ALE wf AU Halfslo]
RNAE Eelssich
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sttt 255 Al2Zo) 0.83% ammonium chloride 5 ml<
Yol AYF7E 93 5 HBSSE 39 A3 ¥ 10%
FBS RPMI-1640¢]] S1Ets}9ict. AlZuoki o 2 10% FBS,
penicillin (100 unit/ml) 3! streptomycin (100ug/ml) &3}
Lo (Sigma Chemical Co., St. Louis, Mo. USA), 2 mM
L-glutamine (Sigma), 5 mM HEPES (Sigma), 50pM<]
2-mercaptoethanol (Sigma)< 3F-3-3F RPMI 1640 (Sigma)
S 022um =719 filter2 ol¥}slo] AE3tR o, 5%
CO,, 37°C] 95% F=7F A== wiek7]olAl wikslsd
o} w2 AW Z3 TGF-B1-S R&D system (Minneapolis,
MN, USA)9IA T£9lste] 1 mg/ml BSA7} 38 4 mM
HCl bufferel] 3] 43}o] A&}, LPS (Escherichia coli
serotype 0111:B4), RPMI-1640Z} HBSS+ SigmaZ-5-E]

stgiet.

RT-PCRE E3% GLT, PST, CTY ¥d =4, Fu]sl
AZE(0.5~1x10)= TRIzol (Invitrogen, Gaithersburg, MD,
USA)& AH&3slod RNAE 2|3lsich. £H]H ZF RNA
2ugE 10 mMe| Tris, 50 mM<] MgClh, 27 1 mM<]
dATP, dCTP, dGTP2} dTTP, 20 US| RNasin (ribonuclease
inhibitor; Promega, Wisconsin, USA), 0.1].1g9] oligo (dT)15
(Boehringer Mannheim, Switzerland)¥} 50 U M-MLV re-
verse transcriptase (Invitrogen)& E3}s}+= buffer 20u7}
=71 PCR tubeol] 3L 37°Coll A 1X]7F 59t FHAA
71 % 95°CellA] 10 &<t FAelsta 4°Coll A A5}
Al Zth GLTE Z2A3}7] Y3 primers th23b 7o},
GLTieca: sense, (5-CTACCATAGGGAAGATAGCCT-3);
antisense, (5-TAATCGTGAATCAGGCAG-3); product size,
207 bp. GLTnab-cvb: sense, (5-GGGAGAGCACTGGGCC
TT-3); antisense, (5S-AGTCACTGACTCAGGGAA-3); prod-
uct size, 318 bp. GLTuicvi: sense, (5-CAGCCTGGTGT
CAACTAGS-3); antisense, (5-CTGTACATATGCAAGGCT-3),
product size 523 bp. PSTE ZA3}7] $]38F primer= th
I} Zt} PSTica sense, (5-ACCTGGGAATGTATGGT
TGTGGCTT-3); antisense, (5-TAATCGTGAATCAGGCA
G-3); product size 224 bp. PSTycwn: sense, (5-ACCT
GGGAATGTATGGTTGTGGCTT-3); antisense, (5-AGTC
ACTGACTCAGGGAA-3); product size 246 bp. PSTy.cy:
sense, (5-ACCTGGGAATGTATGGTTGTGGCTT-3);, an-
tisense, (5-CTGTACATATGCAAGGCT-3); product size
532 bp. CT2] Z4+}7] 913 primers 2 Ze}. Clicy:
sense, (5-CTACCATAGGGAAGATAGCCT-3); antisense,
(5-TCTGAACCTTCAAGGATGCTCTTG-3); product size
365 bp. CTrobcu: sense, (5-CCTAAGCTCTCTACCATAG
G-3); antisense, (5-ACCTGGGAATGTATGGTTGTGGCTT-
3); product size 425 bp. CTyi.cu: sense, (5S-CTGTACATA
TGCAAGGCT-3); antisense, (5-ACCTGGGAATGTATGG



TTGTGGCTT-3); product size 434 bp. P-actin: sense, (5-
CATGTTTGAGACCTTCAACACCCC-3); antisense, (5-GC
CATCTCCTGCTCGAAGTCTAG-3); product size, 320 bp.
RT7} £y} ¢cDNA productsE PCR buffer (10 mM Tris, 50
mM KCl, 2 mM MgCl, 27} 200iM dATP, dCTP, dGTP
2} dTTP)ol] Y 3 specific 5° and 3’ primerS ZH7ZF 25 pmol
9] FE& Y ¥ PCRS 33192 ‘Hot start PCR’ %
e R=3 O]%*Hi\?}. a transcripts, V2b transcripts®} P-actin
o] #9l& $]3t PCR temperature profile< 94°Col| 4] 303
7} denaturation, 55°Cel|A] 4527} annealing, 72°CollA] 1%
7t extensiond}o] 35~40 cycles Fe¥3}icth. vl tran-
scripts®] Q15 $]3k annealing temperature= 52°CZ 4~
et 2F O 2= cDNA §4A] RNAS WA &
£ A 55 AE3F T}l PCR product= 2% agarose gel’d
ollA] #2ls}9lt}. PCR product 10p2} load buffer 2ul-s
%33l aL Forever 100 bp Ladder Personalizer (see-gene,
USA)E size markerZ AM-83}912m 0.5x Tris-boric
acid-EDTA buffer7} ©7] A7]d%F AX] o4 10 ml agar-
ose gel B 0.512] ethidium bromide”} E3+% 2% agarose
geloll 70 VollA] 30~60+ &3F %1 7]°3-53l3ict.

= i
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o] vt zZAEA Tl Fig. 2A-1014 E-% PPS} MLNel|
A& GLTecoZt 8 E At 22} vl = A
WA E 2] gkofrl. EolE5L oju] H]Z B cellS LPSS}
TGF-p1& A3 4% GLTedt B =S 23] v
Aeh23). webA § ﬂdra gelslr] 93 ZA}*P A3},
o] 43l dl& )& B cellol| A = LPS9} TGF-p1E # &3k
73 GLTecZ} WHE $thEFig. 2A-2). o442 Ad=
PP9} MLN# 22 FHubtad gl ZzA ol A= v A=
2] IgA CSRo| AAH o2 dojd3 HolFr} TGF-pl
© 1gG2be] FAE Z7FAF| 2 E(12), GLTW2b (GLTy
2b—C\Qb)‘o’] l:g—o:] ]:/g"% /‘}ﬂc’i‘:} PPoﬂ/H GLlezb,Cyzb
7} Felo] Wkl ¥ 9l 31 MLNO| A = oFslz| b 1wk o]

BAE ek 2y vl A e GLTica’t 79 2
]2 ekskeh. sl LPSE A2’ 27 el A= GLTy

won’t WEEow | o] w] TGF-pIS A elstls ol
U5 Z7he] o ch(Fig. 2B) oozl AAWEAA =
23 A E AAsE= IgGl gAe] GLTe GLTvl
(GLTwi.cn)d W kA4S =AY} GLTavh GLTy
209+ thEA PP MLNO|A &= GLTycn0] WA E A
ook a v A A E A= vlslgiel. 28, vl B
celloll LPSE X 2l8}38 Wl GLTyi.cn?} 5 =3
th(Fig. 20). ©o]4<] A= 1gA9t IgG2b A AL
IgGl gAehe th2A] HrtzH ol F3tx]o] SolalA
ZAHEE A AR

PP, MLN, 1| &0l A4 2] PSTS g ZA. DNA FFol|
Al Ig CSRo] Yofupm 1 AHEEA] 3l heavy chain
constant -4 2}7} VDI 42 23k A z3te] =i 9
o Zelxv|= Yelel DNA7F Eel=lthFig 1). o]<+
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C N N =
GLTIp,Cu GLTy cqn GLT g, cyn GLTy, ¢
Ig CSR
¢ IgG1 CSR ¢ IgG2b CSR ‘ IgA CSR
VDJ  In gy cil VDJ I”SuS\ahC”ﬁb VvDJ  Ipguse Ca
m.__ == (= N — (= N
PSTycn PSTy, cqm PSTyy co
+ + + F.1gu.re 1. Dmngam of.DNA recom-
binations occurring during Ig isotype
switching. Rectangles and ovals repre-
sent exons and S regions, tespectively.
RNA transcripts are indicated beneath
Iyl C I2b (¢ Ia C . :
! ® ’ " '- " the DNA diagrams. GLT: germ line
= - B - Eh_— transcripts, PST: post switch tran-
CTpic CTyyan ¢ CTcn : : :
-Cu Frzh-Ca scripts, CT: circle transcripts.
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Figure 2. Detection of GLTs in PP, MLN and spleen cells. PP, MLN, spleen cells were directly used for the detection of GLTs.
In some experiments, spleen cells were stimulated with LPS (12.5Pg/ml) and TGF-Bl (0.2 ng/ml) for 48 h. Levels of GLTs were
measured by RT-PCR with specific primers of GLTiace, GLTvab-cvoab and GLTwicyi as described in Materials and Methods. Serial

5-fold dilutions of cDNA templates were prepared in panel A-1.
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Figure 3. Detection of PSTs in PP, MLLN and spleen cells. Cells
were prepared as described in Fig. 2. Levels of PSTs were
measured by RT-PCR with specific primers of PSTyce, and
PSTipcwn as described in Materials and Methods. Serial 5-fold
dilutions of cDNA templates were prepared in panel A-1.

2 Aol dojupi FulE 2 DNAA L o] &
oA tA A& mEAut pST CT7F WA E ) ulehA
PSTO] el Fof] dojuih= 3l Al P4 & 5T
T U T3k AXE FEH I Yrk5). o]et L o]
= PP, MLN, 12| 3L H|#¢] B cellol| 4] PSTS] W3S
zA st Fig. 3A-1014 E5%, GLTa¢t §-AFstA] PP
¢} MLN B cellol] 4] PSTae] ¥H& =i}t 28} Ee=
H|7Z B cellof| A= PSTa®] ®Halo] FalebA] ofoket. sk
H, zFo & F4)5 H|A B celloll LPS®+ TGE-p1-S
X elsk 75 PSTa®] Wdo] 2= rh(Fig. 3A-2). &
H, 7o u|So]H W7} HolAut PSTae} 3] 24
= PSTV2be] Wl FFE v|=al i chEFig. 3B). o]
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Figure 4. Detection of PSTs in PP, MLN and spleen cells. Cells
were prepared as described in Fig. 2. Levels of CT's were measu-
red by RT-PCR with specific primers of CTiacy, and CTiab-cp
as desctribed in Materials and Methods.

At AElZzzZ o= H|A B cell®] 75 LPS$}
TGF-p1o. &2 A% EHE F+ A3 o] ofu| =4
Hol 55 HoFh

PP, MLN, H| Aol 4 9] CTS] W8 ZA}, Isotype switching
< A& T I AEEZA CTE 5ol g4l 9t
Npst goZ Yol productive Ig transcripte] & 3}
A As] #HA glo] Lol AAA S Wil
ufizolch whehA] CTE W2 4 Qlrhd o= AeF o
E isotype switchinge] foldvh= £2 FAZ A=d
< ot} o]g]gt wj7 ol A4 PP, MLN, 2] 3 H]& B cell
o A¢] CT W& vla ZA ) o 33id = pp
B cell o4& CTad] Wdo] F213}3) chFig. 4A). 1]
U GLTa$} PSTa®] 7Z-$-9}+= ©FEA] MLNollA CTad
W o FFalslA) ootk 1@} MLN B cellol| A= PP
B cell?} §-AskA] CTv2be] Bt o] x| 9] th(Fig. 4B).
23, H|A B celloll A& LPSl| 93l CTv2b7} =59
i, o] wj TGF-plo] A&l= A& Wl AA= U5 S7het
gt ol4el ZAIE MLNOAE CTag] Hhdo] 9w
oAt AnkA o' Hutg] Z 22 o] A 9] CT Wl



&Fgol PSTE] A9k vlehs HolErh

=}
=

& dTellA = PPE MLNZ} 7% Aatgl Zz2A oA
IgA FAFA S A5 5 AU Sl =
zAskdch A4l A S i sl v
tt2A £ £2l% PPet MLNellA GLTq, PSTa7l =
Frog wiE gt oju] @ A5 Sl PPt
Lo GALTIA = IgA lA| et o] AelF o Z o] Fof
Icha Hax]o] gtort24), ol 7|22 & JgA CSR &
o] FAEA Golvh=A a2 e ARl A=
742 IgA CSROll gk thi29] A& vhg-22ollA = H]
B cellol] th3l], 2|3 *}EH 3ol Hxg oLt
H Aol ZA8l= B cellol] thal] dAtEo] gt} 2 A
72 B TGFE-plo] A&F o & JgA CSRS FE3tch
3 4R 913(10,11,25,26) 53] TGF-pl 424 knock-
down 485 &3l TGF-1°] IgA CSR& FE3l= AE
Al wiANAL = 215 2 eh27,28). whekAl, Aukel 227
o] $7o] IgA CSRE AHH 02 §E8 Flo|n ojulx
TGF-plo] 2 &g FEA o Z TFd 7o g FAE]
o] skrh. et} olof 2 AL olalEly] sl & <
T-9F Zro] AAA Wdlo|gl A E Fll FAHLR v
A3 A% vlaste] =A% Aol vk & AT AHE
K H]2e] B celloll 4] IgA CSRe| Lolubr] flaliAl+=
HEEA] LPS$} 752 polyclonal activator?} 2 Q3}31 o}
2] TGF-p1<] ZP%OI 9lojofut [gA CSRell #HH AA
A7 i E S & 5 ek 22} PPF MLNoJ| A & o]
o} 2 455 A ok £ EElH B celloll A AA
A7} W= g}k, Z IgA CSRo| Loli}r] A Aol e}
U GLTa9t IgA CSRe| ¥oiut $ol vlel}= PSTa
7b A= ek o] 4] -2 IgA CSRe| PP} MLNe]|
A AAZre ' dojua ke £ TAE Algdith
Z, PPollAl = AAH O & IgA CSRE AT st 4ol
ZAsk TGF-plo] FFE L o= AlAR

7 ATellA 5718 AL MLNelA % GLTad]
o] FElo] 3 Adolrt o] Aol A= 5
'3—] ?'JT;L% L:L_L}Q_Ho] oh;]_ om}z—l o=, ;d. W=z _ﬁ_%}g}
FALZ M cells 53l PPE HA2Ew, of 7]ol|A] ] &
o] 4 IgAE sl B cello] HFEol A A ¥ 1L, ﬁléﬂ
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MLNZ F& FE2 o8 PPIlA] RZF7L o|FH &
dralmng Az G gk 2y, B AFoA 1B
% MLNoj|A GLTo} ke Aies of7]ddAE
IgA CSRe| AAE dojubx Qe SAE A3
H| 5 2 olFol|A= CTa7} MLNel|A] &els] 2= 7]
SEkAE PSTa7h W= Ao Hol MLNoA =
PPe} bk 2 A IgA CSRo| &ibstA] Poful= e
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FAHL o] Azt B AFellA] W Fas dF
olw 1 W Ae|THA ool A= FH FAH L
2 A7 devt vk

TGE-p1o] up-$-20llA] 1gG2b CSRS Z7 A1tk B
3wk Qlek(12). BEjE FH ol Bl ZFolA = vk
H] 7} B celloll A TGF-p1o] IgG2b CSRe 4X} F-E3}
IgA CSRE Y 27|+ Y™ sequential switching &< H
313k v} gleh29). o] 28 sequential switching 342 IgE
A A M . I 9 El, IL-47} [gG CSRS £3
IgE CSRS ¥o vty Rys »F 9rh30). o9
Ay oA A ZEE] B 2504 PP MLN B cell
of| A 9] IgG2b AAA ] el A o] Atk Ew|EA
S PPollA] GLTW2b9} PSTW2be] Htdlo] fFglo] x|
R, T AEE AT MLNo|A = 7= A AA7E el
25 49 -’F At} o]4re] Ay PPLF MLNoIA
% IgA CSRo] IgG2b CSRS E3f o] Fold & &g
A AL 2R, fA7EA] = 1gG2b A= Zdﬂﬂd%ﬂ oﬂ
A 71%5% Ho|E IgG class® ¢#A 9J&oz ppot
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Wk 22 Aukdy] 23l &3] J74ol EAlsl=
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A Qtk@31). o] B-1 o F A EE EEHAY MLN<
Fl T8 2F lamina propria® o]t LA
th(32,33). L&} 2 QA= Aol A&3h AlEFol
Al B-1 cells whE FelsbA] ekoket. whaba] MLNS| A
Al T B-1 cello] 7|33t AEE B AFolAs FHEE

7} gic} o1& lamina propria®ll A = B-1 cell?} B2 cellS
T8 & JgA CSR¥E A AL 24l -& _‘—;’.@, ]—1:]-‘14 LH;L
xJul—zzqoﬂ/q x-]EuxJ o7 HLO:]QL g o
A712e Fsted 24 7148 & 9}-% OID}.
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