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ABSTRACT

Background: Millions of people in the world are suffering from atopic dermatitis (AD),
WhiCE is a chronic inflammatory skin disease triggered by Th2 immune responses. The
NC/Nga mouse is the most extensively studied animal model of AD. Like human AD,
NC/Nga mice demonstrate increased levels of IgE, a hallmark of Th2 immune
responses. Adaptive immunity cannot be generated without help of innate immunity.
Especially natural killer T (NKT) cells and marginal zone B (MZB) cells have been
known to play important roles in linking innate immunity to adaptive immunity.
Methods: 1Phrough flow cytometric analysis and ELISA assay, we investigated whether
these lymphocytes might be altered in number in NC/Nga mice. Results: Our data
demonstrated that the number of NKT cells was reduced in NC/Nga mice and IFN¥
production by NKT cells upon t+GalCer stimulation decreased to tl%e levels of CD1d
KO mice lacﬁing in NKT cells. However, reduction of NKT cells in NC/Nga mice
was not due to CD1d expression, which was normal in the thymus. Interestingly, there
was a significant increase of CDE‘gh ®B220" cells in the spleen of NC/Nga mice.
Further, we confirmed that CD1d™'B220" cells are B cells, not dendritic cells. These
CD1d"¥"B220" B cells show IgM™"CD21"¢"CD23"", a characteristic phenotype of
MZB cells. Conclusion: We provide the evidence that there are decreased activities of
NKT cells and increased number of MZB cells in the NC/Nga mice. Our findings may
thus explain why NC/Nga mice are susceptible to AD. (Immune Network 2005;
5(3):137-143)
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g etAl Aol IENy £H 7F 248 TH6,7). o=
SR AFE Th Ao oJ3tel Ao A3t w4
22l Thl AWrg o2 AT LA gITh(s.9).
olEy I|RAZe FEEIZE NC/Nga AF7F &
&2 ATH10). NC/Nga A F = EF specific pathogen-
free A= WHo] X &3 conventional Z 710 A
6~75 A=) AN ol WRAT FAG A8
ol AAH 0.2 WAL o o] E o] WA 7}
slw o 16~18% AHAA Hzd] LA Dok 16~
8F H =9 NC/Nga A olA, 3571 A=) A At
U]_q woko] Ao g WSty Ax gukdl AR tﬂ
st} 228402, NC/Nga AF ol A Yelhde o3
-2 hyperkeratosis, acanthosis, parakeratosis 2|
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Qo] AgHGo = Wdaty] s Qs
S 9938 A= T B AlEZ7} ) Natural
T (NKT) A| 32} marginal zone B (MZB) Al| 37} 9]
o] 2%TH(12,13). NKT A ¥ TCR 4879 NK A ¥
ol F&AE Al Tdsty Jom Artadd
HEg Ag o T 22 ks ‘?4_0—317.%5}(14)""’\1
dx4d 28-S Fdst= T AxY 3 FFolg Thi
Aukg-o o) w7 E = Qdad- -42” Xﬂl?ﬂ R
E X oA adoptive transfer®] 2|3 NKT A|3E2] &
<771 A, canonical NKT A3 TCRSl Val4-Jal8
o] transgeneS =Y ZH B AAS JAAZ F
A= Harzk JTh(15,16). BS0], NKT A ¥ A E
g ”E] 47 glycolipid?] 31} n-GalCer] WHE
ARl FAE Th2 &S FEFC2ZHN TS AT
%= 9lthe H17} 9TH17). NKT A 29| ueke]E MHC
TI‘/\]' £A+Q1 CD1d7} #i-§- 5238k CD1d KO Aol
T NKT A7} A5 o] 3lth(18). 3, MZB A E=
2 Y1749] marginal zone®| &o] EA|3t= 5 B Al
¥ T2 2 A blood-borne microbial pathogen®l] U] g o
£ 933t MZB Al£< B AlE FES AA 8=
follicular B A £ 9}= H];i_}}_”i of HHE 1 Qe EAo
A FEEY MZB Al ZE IgM™'CD21"'CD23CD1d"™"
o] xA@Y L AAT(19). ZA FEA<91 CD21 EA7} =
< FToE BEsty] W BAo Zdd whe o}
g B A2 wgS FIAAZTHQ0).
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4 %1 NC/Nga B FoAlA WAHGT} A-gHAS
3= NKT A E9} MZB Ao W] J=A=
SHATH NKT A9 47} ok E AF o vls) A
) Q1S Bul ofu)gl NKT AlE 84 Ao 24
IFNve] 4= Zol50] S #Fs At 183 5
FAE NKT A 22 #3249 CD1de) wao] 5
A B3 = A EFo] NC/Nga A F oA 2~3u) Z7}
Ho] Qi o]E AE7} MZB AN EYS BTk

ol_EOQFN ofN
=IO )

A3 FE. Balb/c, C57BL/6 (B6), 18] 1L NC/Nga Y=
YE SLC (TLHFTE)ZHH FH3tA . CD1d KO
2§ = Dr. Ablert Bendelac (Univ. of Chicago, USA)Z 5
B Qo] AlFtdn FEAMSACAA FA A H“}
A HFALE 9} autoclavedt 8 AFEA HAHAAA
RAZE g 218 FASA T

AbgullA] 2 A E vl 9k, RPMI 1640 (Gibco, BRL)l 10%
FBS, HEPES buffer, L-glutamine, penicillin-streptomycin,
2-mercaptoethanol S % 7} 3 complete mediumS AH&-3}41
=3

NKT A2 &4 &4, vZAE o] NKT Alx9] 84
S =43}7] $8F9 round bottom2] 96well plateo]
10°wellI =2 WIAN LS PojF 3 7)o NKT Al X
A EAF2] aGalCer (100 ng/ml)S Aot 72417+
o] AEujd FFHE o] Aol EFFQI IFNvS] &<
ELISA W o 2 Z43dnt

DZEANE, HZAE, FAAE L T HZF9 3
& AFAT~10 FHEHFH d4E B o, oE
Lympholyte -M (Cedarlane, USA)°l| Ao ¥4&2] (3,200
pm, A& 208)E 314 lymphocyteTHS 2] 31T} H]
o] A9, vAS HZE3}S frosted microscope slide
(F1sher USA)E A3} single cells suspension®. 2 Tt
€ T, ACK lysis buffers AH8-3lo HE1E A A3}
ATk PBS buffer= /‘ﬂ ek T M Eujg 2 antibody
staining®] ©]-&3tATH FHMEY HdE LS W
M-S o] &3} antibody staining A F S ATt THol A
9] NKT MEE XA 93t AFHE PBS buffer®
perfusiond}e] 7tol| £l AHNEE AAS F, 7+
S &3} frosted microscope slideE AF-8-3}4] single
cells suspension®. 2 WHE T} Lympholyte-Mol] Ao] €
A1 %2](3,200 rpm, 22, 20%)3}te] lymphocyte TS £ 2
sttt

FAIE B4 2 A ¥, Flourescein isothiocyanate”}
A" STCR, IgM, CD239} PhycoerythrinZ} 2 H3h &
NK1.1, CD1d, CD2138}4)], Tricolor7} 2% 3B220 3+
£ o] &3t AEZE FAe3Th AntibodyE FA G Al
X o] ¥4 FACSCalibur (Becton Dickinson, USA)E- ©]



&3tk 1x10°A| 20 ZF §AS FM4°C, 45~50%)
3 & FACS wash buffer (1% FBSS 33+ PBS)Z 3
M #3}FL 1% paraformaldehyde 2 A Zth. B Ao
AH&H anti-TCR, anti-NK1.1, anti-DX5, anti-CD1d, anti-
CD21 ©Z2A = BD Pharmingenol A T Y3IH
anti-B220, anti-IgM, anti-CD23 T2 4| & Caltagoll A
T8t aAt.
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ELISA. 0-GalCer< A 2]ato] wjat A2 i 43
fo = IFNve] &S FH57] 98t EE sand-
wich ELISA & AHE-3FATH2L).

4 ot

Lack of NKT cells in NC/Nga mice. NKT ¥+
GalCer 9} 2 ligando] 93 A 43 € wj] IFNvy, IL4
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Figure 1. Lack of NK1.1"T cells

in the NC/Nga mice. The number
of NK1.1" T cells in the spleen
(A) and liver (C) of NC/Nga mice
was reduced to the level of CD1d
KO mice which lack NKT cells.
(B) While the number of splenic
DX5"TCR[E" NKT cells in NC/
Nga was decreased to that of CD1d
KO mice, the number of NK cells
(DX5"TCR[E) in NC/Nga was
not significantly different from that
of the control mice. (D) Splenocy-
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tes from NC/Nga mice did not
produce IFN¥ upon stimulation
with GalCer.
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3= NKT A7} o}ET] 3
AF A A AGAA opdAE v w3t T B Z ol A
©] NC/Nga A#+= oFA 31 Be A= 9 HlaLs}
NKT A9 7} A3 ZaH] U= A
3L o] = NKT Al 2] ool vf$- Z23 A3t Q47
4# A J= MHC class I3 A & d
AF e A9 vlIzs 79 NKT A27F J5S flow
cytometry w45 B3t & & AATHFg. 1A). T2E
INELE Bt T4 AT S 3 2 vpriA =
NC/Nga A FH A NKT M E7F A3 Zo S &
4 31 th(data not shown). A NKA| E populations
23}7] 3l pan-NK M XE A2 d2] 220]= anti-DX5
FAE BAAEE A8 NKL1o| et A S
AHE-SE A 3ol Ao} w7 2 NC/Nga A F ol A DX5'
TCRE & NKT M E7} dA] a5 J5S g3k
CHFig. 1B). 28]al o] &3k dAo] NKT Al Xl =3he
Ao] oba AA| 29 DX5'3 A 2] o] 71918+
AJNAE 913l7] 93] NC/Nga AF S DX5TCRE
NK A|ze] vl&S 27} vHlusta E atel7h §ls
< ¢ 5 AUAAJT o]9F B2 A= NKTH 27 52 H]
&2 EAe oM 2 AFE AJth(Fig 10).
o]’o] AF S Z NC/Nga AF = NK AZ7} o}bd NKT
AzoRE FHo 2 ZFAE UFS HAth 18n
NC/Nga A F ol EA8}= NKT A E9 A8 =AM
95kl NKT AlEo SAEAE 4R aGalCers 72
Az &S AEs § ERlEE 1IN S of ¥
CD1d A<= A F| o 4] ELISA & 53te] vl
NC/Nga A§F ol Al NKT AlZe] &2 ¢ s o] 3l
= A& gl A thFig. 1D).
Expression of CD1 in NC/Nga mice. NC/Nga AJ %] ]| A
NKT A EZ9] 7F47} NKT Al £ 22o] A3k 421 CD1d
Ao Wy oot FeEo] J=AE A ¥
A NC/Nga A7 2 F4A2] CD1d &¥&E flow cyto-
metry O Z B FA ST ok Be A ol 4]
¥y Bl wsE w FHMY Chld B HEe 2
kol 7h flATh(Fig. 2A). 5o, HIGH dx Yl
Aste A EoA) CDId B AEES 9 2
S B3t 241819 AWbE o2 CDId Tl o]
of YIAAT, FTHFALE oY AF e vuy o
CDIdE "% A3tA wdste Axde] dos T2
% th(Fig. 2B).
CD1d"™®" cells are B cells, not dendritic cells. CD1d= 3
2 T, B AX, FASAE, NYAE 53 22 hema-
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topoietic AE A F= LdsI= o2 A Ut
(2324). 1E W, WA Z A Z7HE CD1d #A7} of
H FRe AN ZoAM A=A oY WIAE
SolZAE o] &3t ZAMeIATE B AE FARARI
B220S Ldsl= A2 YRVt CDIE Wi =4 24
s #EsATh B220 #AE LdsE A XE UiJl B
Aol AW HZ Bl w2, FAGAEY TR
9l plasmacytoid A3 A L= B220E Ld3= Ao
& A ATH25-27). WEkA S CD1de] EE S Hole
B220" M X7} oW M EA HEgstA FEEE7] 98]
B AXoe LA i FAGAE T B == A
EXAEAS CD11cs), FAZA LA = THAE A g
B Al¥owt @dEE= CD19 MEXHERS] dde
flow cytometry 8-S &3t w48t Th. Fig. 3014 ¢}
o] CD1d"™B220" A ZT< gatedt ¥ CD199} CDllc
o] ML vt 27, BT CD19 AT B =
Ao ®ol CDId™" B220" M ETS FAFAHE7} of
Yi B AEAS & & ATk

MZB cells are increased in NC/Nga mice. &4 -2
NC/Nga©ll A} CD1d"™" W& ste B Al 271 433 715
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Figure 2. CD1d expression in the NC/Nga mice. (A) Whole
thymic CD1d expression in NC/Nga mice is not different from
that in wild type mice. (B) CD1d expression of PBMC (top
panel) and splenocytes (bottom panel) from NC/Nga mice is
increased compared to that of wild type mice.
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2}, NC/Nga Aol Al MZB Al 9] 7} 5oy Sle
2] MZB M Z oA LEEE oy Aﬂ ¥ B Eo]
=z ] sl;q]é o] g3l 1 A RS A¥E T B220
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7} CD1d¢] o] Et+= oA
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Figure 3. Increased B220*CD1d""
expressing cells in NC/Nga mice
are B cells, not dendritic cells.
Splenocytes were prepared from B6
and NC/Nga mice. These cells
were stained with antibodies against
B220, CD1d, CD11c, and CD19.
Subsequently flow cytometric analy
sis was followed to 1der1t1fy B220*

CD1d"®" cells. B220*CD1d"®" cells
in the spleen from NC/Nga mice
were increased in number (A) and
these cells are B cells (B), but not
dendritic cells (C).

Figure 4. B220" B cells increased
in NC/Nga mice show a char-
acteristic phenotype of MZB cells.
Splenocytes were prepared from
the indicated mice and were stained
with antibodies against B220,
CD1d, IgM, CD21, and CD23. On
B220* %ated cells both IgM"e"-
CDldh‘g cells (A) and Csz“gh
CD23"™ cells (B) were increased in
NC/Nga mice.

¥ 3= B A7 NC/Nga

Ao A o E A7l B69F Balb/cd] LA X T} 3~5H)

e wo] ZATLS o 2

2 9tk a8la w3 B220° S

A|3Eol| A CD213} CD23«] HAE AV Y (Fig. 4B).
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5749

CD21""CD23"" 8 A FE 0] NC/Nga A F oA @o] &
7HH 0] &S & F AT
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o &

2 A7lM WAES TS B AlZ= 23 kgl
83 YIS vA= NKT A E e} MZB A|E7} o} ET]
52 g FEEAL] NC/Nga AF o)A opd g A9t
= 29 FHoz wgHol s 2s3th NC/Nga
AFE o83 71E] A5 AHEY AE A 2
HIAZ = 24 59 7 e S7EE O] 9lEo
H s 9l31(28) obEy] A FAg fAtol X 2] dA
Eo) opeto] A tha Apolrh drhe Hik 9}
th29). AT H-EHAAEL TS B Al £ Foll=
A7k fle A2 B EA Ivke). TEE 29, ?—_}
a7 53 22 4 gukg-o] =&

dery e v
a0 %, WAE AR A9l 3

ol Agusurgo 2o Aoz AT Aojn weA

obEs] B RAF B AAT Th AGWS WY 2

ol 47 w=ZHele A od 2AE Evj=,
Oﬂjl]_ 2 OEHiQIﬂQ oy =

NC/Nga A5l WAH
AIEZ2) NKT Al Z 9 MZB Ao %2 <l W3y} =4
ZAFSHA T WA, NKT A2 495 43X, NKT
MAE7E AL AojE o] Sl CD1d KO A F 9} HlS=8t 4
FA A ASS S2l3FA T Habu et al. 03—?(6)

o ,]o}ttl NC/Nga %9 7% TCRE AF&9] VRS
A} BB A£o] . VS NKT A X9 TCR &
AE °1$—t— 23 79240 EE NC/Nga A7 A
o] NKT A X ZAE oA A7S nf¢ 2 EJHW?‘SH?‘—
01 & 4 St} S NKT Aol HAHS 84
Toll-like receptorE©] W@t lvhe Bzl U th(per-
sonal communication). ¢+ &F oA Eo]LA He o
2 pathogen®] TLR ligandE< 1|3} 2 A} Z IFN
vo} 22 Thl B} S Aol EFRRI #HIE =28 T U
=< on| gtk NC/Nga B F A= o] 2§ NKT A
gAo] AA FaEe] o] Boh Thl B Y9 ‘?io—d:‘ﬂ'?
o] ¢tstE]o] UElE 7hsAdo] At olEY $xte] A
NKT A Z 9] 7} Ad<le va dAstA & k=
His w9 F7ETH30).

SHH, blood-borne pathogensoll T17a}A ¥H-g-35ho] &
—‘ﬂ@‘ﬂ}%ﬂ 2 43S v XE MZB HEE NC/Nga A
FolA 3~5u) H= F7E O] e RS FEAT F
2 Z27] ARGl #st= MZB A E7} lupus &
E x4l NZB/NZW A F oA F7 o7 Wol Z715 o]
AT FH|EZE Bt Jok@3l). o= MZB Al XY F
t7F Th BRkg B o] S Al E94
OS2 NKT AE9 & 749 MZB A X9 F7l=
NC/Nga B F7} ff o} E9] 2R WS Hgho] £L2 wdlo]
2 7 AeAdd gig Aol dva Ao o=
MZB A 327} o} E9] 35A %o whdke] ojujst Y-S

j_,o

H X =2 ZAEE AL w4 SRS ot ob&d,
MZB A2 &4& 28 F e s 2490
Boh e olEy X84 g Be =50l 2 Aol
il AzkEd
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