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Proteomic Approach to CD4+ T Cell Differentiation Protein by
Interleukin-12 in Patients with Atopic Dermatitis
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The pathogenesis of atopic dermatitis is based on an inflammatory mechanism involving type 2
cytokines such as interleukin (IL)-4 and IL-13. CD4+ T cells in atopic dermatitis express predominantly
T helper (Th)2 phenotype and they down-regulates IL-12Rp2. IL-12 is a major cytokine in the
differentiation of naive CD4+ T cells into Thl cells. This mechanism is closely related with the
expression of IL-12RP2. However, it remains unclear that IL-12 signaling mechanism in polarized Th2
cells. The aim of this study was to identify IL-12 responsiveness in CD4+ T cells of patients with atopic
dermatitis using a proteomic tools. CD4+ T cells isolated from peripheral blood of patients with atopic
dermatitis were treated with neutralizing anti-IL-4 antibody (200 ng/ml) and IL-12 (2 ng/ml) and parallel
cultures of untreated cells were also prepared. On day 3, surface phenotype change was examined using
IL-12RP2 antibody by FACS analysis and separate CD4+ T cells by two-dimensional electrophoresis
(2-DE). About 1500 protein spots were detected in the 2-DE gels by modified silver staining. Several
areas of the 2-DE map exhibited quantitative and qualitative changes after IL-12 treatment. Several regions
including actins showed variations according to the samples. A group of three spots detected in the area
of pI 6.0-10.0 with molecular weight about 40 kDa. In addition, decreased or increased spots were
observed in the regions of pl 6.5-7.0 with molecular weight about 20 kDa. The identification of these
spots must be established in further study in order to find targets regulated by IL-12 in CD4+ T cells of
atopic patients.
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= IgE9] o] =olA 9], interleukin (IL)-4, IL-13 52
type 2 Wbgel tojdhs Alo]EFQlat 11 EAS
A, 2213 Abe| EFRRlE Artelil= T A7t S7ks o] 9l
o interferon (IFN)-vE& A48l T Al3Ee 7HAaEo]
T olgA olEn RN type 2 Wukgo] SAEH
vehtes dHelle od 7k 89le] Aotk IL4 84
A9 thEd A (polymorphism), signal transducers and acti-
vators of transcription (STAT)-6 -3412] t}dA & A%
ol Q13 & =& A] EAdke Al EFRGIol gl AE
AES FF Fol el HE dAw BaHm Yt
CD2 &A9 v waF, CD2 9EA¢] IL-12 A5 tf
o e ZHA Wil T helper A|X (Thy)1e] weyhgol
FEEA Fex] Thizk Th2o] Hl&9 FF o] AA ==
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, AZFE-A17] (mass spectrometry: MS)S ©]-8-3F thdl
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e Tt s Rtk @le] feleg G
%37} immoblized pH gradient (IPG) 7|Ho] Tz H o 2H
o] FE)go] Folxla AP de 2HAE 4= F 3
Al ¥ et ofu)al, o] 7)ol matrix assisted laser desor-
ption ionizationftime of flight MALDI-TOF)$} electrospray
ionization (ESI) MSE %3l Z gk A 7|&o] HEH O M
thle] 7% EXatE Ao] fold Ay . o|gh tlEo]
A7) FAA Ao HlolE] o] 23} Ho] AHgo] 7hEE
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A ofdl W] ke AR Q17 Th A5 whA
Zo| A B8 Agte AlZ @A) gtk 19843d o murine
T, B A3 & mitogen© 2 ZJ3}A|7] & il kg Hsls
ozl A7 EHE o] &3t A4E Fo] HaEla,
20000+ Jurkat T A E2Eo] ZREL Ao i3t 5
dlolel o) 27t &57] AR, o] Az tgt
ARET AL FEAE B3 Aadded gt Aol gl
AHE S glou ThYTh2 E&fo] thgt At L)
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1 93 AE thilo)] )3k AR SWISS-PROTZ NCBI
protein H[o|E|u|o] 20| X AA o] Flgaht dapfjek AEE
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2 AFE T A2 Z2HE A7E o 1u|3 o)

2 Ao A= Th2 Feo] A3k IL-12RB2 o] |3t
Fo] & olENI AL I FAloA Eel3 CDa+ T
Ao A Z2HS A7 o]&3te] IL-124] 23] 24
He il S FA%Ro 2 ofE s 3R o] HRIT| A
A CD4+ T Aol )3t IL-129] <8to] AF 7|2 A5R
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Ardietar o)Feel 74 ABgage dear] S
Agz 9 943 st Hanifin 2 Rajka™9] 7]Fo]
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AT oL 9 At A 3]l 9l AdElel A 20 ml
o] oL 2R dte] HeparinC Z Feldhil EwFe] Ficoll-
Hypaque (Amersham Pharmacis Biotech, Uppsala, Sweden)-2-
93 700 goll A 1587 A4 Beldt F 2Eel AEE Het
of Bl QAL Held F, Aeo] Aea] AAA
Anr A 4 Hysisiv
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A negative selection® 2 CD4+ T | X& Ea|eliv) Eal
3ol R#A3 ©@elG1E 5% bovine serum albumin (BSA), 2
mM EDTA & &&= phosphate-buffered saline (PBS, pH
7.4 % 33 ¥hE A& g U} hemocytometer & o]-2-3to] A
X5 STk

Tt 3 CD4+ T A|3EE hapten-antibody cocktail (anti-
CD8, anti-CD16, anti-CD19, anti-CD36, anti-CD56)%} anti-
hapten microbeads®} ¥H2-A|Zl TS MidiMACS system
(Miltenyi Biotech, Auburn, CA, USA)S- o] 83l Ado| &
2 ga FAves AEXEES sedton Eelsisith
SxP oA Felgt &TE 30 gm nylon meshol] F-FA|
A F& Axs BoEs AAS v 4589 PBS/5%
BSA/2 mM EDTAZ A& 3}¢lth A Z 10’3 80 09 g4
AL lete] AEE A O, AT 1079 20 1]
hapten-antibody cocktail 2 & 7}3lo] 1087F 4 Col|A] ¥HE-A|
71 & 23] A|=]8}aL, 20 p02] anti-hapten microbeads & &7}
gl 4 TN 1527 WEA L 28] AL ATE
mjokal= Bk MidiMACS AHAd)| LS ZHE S 718 e 5
it 9l eggolen Aaso] Esh, AES 500 el o
T A FiAA 2R A 10me] fEgdon
98 Aol B ghu Felho AL Wop R
#eld CD4+ T A28 FFET FACStarE )83t
A9tk o] & M|3EE CD4-FITC (Becton Dickinson, San
Lose, CA, USA)E AA8ta o] A|XE 3 3Felr] Yaix %
YU M| E7E mouse IgG1o 2 I3 T H)m, EA5Tk
Belshe HgolA Hagel ASRE 7] fetel D
microbeadE ©|-&-3} positive selection WH-S AFE3A] &L

o

do oAl of

hapten-antibody cocktail ¥} ¥H-$-A]7] T negative selection2-
%3} 910w CDAFITC 1% o] 23t0] a3kl ¥4
A3} £el3 CD4+ T Al ZE 93% o9 ¢rEs Byt

2) CD4+ T Mzl ufef

ohzsl3 RS AW B BAelA g CDa+ T 4]
ZE T celle 2370 SHA7E =42 2 Zeidl
10 ng/m¢2] phorbol 12-myristate 13-acetate (PMA) (Sigma, St.
Louis, MO, USA), 100 ng/m¢ ionomycin (Sigma), 2 ng/ml2]
recombinant human IL-12p70 (Pharmingen, Franklin Lakes,
NJ, USA)9} 200 ng/m{ neutralizing anti-IL-4 antibody (Phar-
mingen)7} 3Z3H5]o] 9= RPMI 1640 (10% FBS, 2mM L-
glutamine, 50 M 2-mercaptoethanol (2-ME), 100 U/m{ peni-
cillin, 100 pg/mistreptomycin sulfate, 5 gg/m¢ Funsion)ol| A
Hj ket A} x| gEo s iRt s AEE FHeaL
344 FACStarE %3] R-phycoerythrin (R-PE)-conjugated rat
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anti-human IL-12RB2 antibody (Pharmingen)E ©]-8-3}c @&
A EAT

3) CD4+ T M=ol oAt TI|HE

CD4+ T A3l IL-12F A3 A9} 27t A EE &+
Hgk T o2kl WY ES Atk A ZE pH 8.0, 1M
Tris, 0.3% sodium dodecyl sulfate (SDS), 3% dithiothreitol, 1
mM phenyl methyl sulphonyl fluoride (PMSF)7} 332 £
AZN 50 ook HE F 95T oA 5EZF 71dsisinh AAA
EE 7TM urea, 2 M thiourea, 2 mM tributyl phosphine (TBP),
4%  3-[(3-cholamidopropyl) dimethylammonio-]-1-propane-
sulfonate (CHAPS), 0.5% carrier ampholytes, 40 mM Tris,
0.002% bromophenol blue dye7} 3 & HAV|G%E AR
A5 400 =2 3 A3 T sonicatorg AHEEt] A|EZE F
7|31 endonuclease 150 Uiml= oA AofA] 258 & U}
& o] AIRE 20T, 12,000 rpmel A 2037 LA EE o]
A R AT Sl R AlRE W 18
em®| pH 3-10 non-linear (NL) IPG AE% (Amersham Pha-
marcia Biotech, Piscataway, NJ, USA)S & Wo| Y xZ &}
o Fal 24A12F WA sl AesAFAT) IPG-phor (Amer-
sham Phamarcia Biotech, San Francisco, CA, USA)& o|&3}
o] Z 100,000 vhr= 543} (isoelectric focusing: 1EF) A|Z1
2~EY-S 3.6¢9] urea, 2% SDS, 5M Tris 2 mé, 50% glycerol
4ml, 25% acrylamide 1 ml, 200mM TBP 250 u¢7} 3%
T4 fFdox] 25 7 F2 3} (equilibration) A]7)31 10-
16% gradient polyacrylamide gel (1.875 M Tris buffer, 40%
acrylamide stock solution, EF- oA o2l AV|AES
AR

o]zY A7 TS AA3 AL modified silver 941 WA
S o] g3le] AZES 71A3} AP WA, acetic acid 50
m¢, methanol 200 mf, &F-<F 250 m(2 15 ¥4 F 2] 174
A% &, methanol 150 m¢, 5% sodium thiosulfate 20 m¢, sodi-
um acetate 34 g, SFH<r 330 M= 30 E7F 2= AlAY 10
B7F 3 AlA 8k &, 2.5% silver nitrate® QA3 T thA] 1
A % g AEEith A& gt A& sodium carbonate
12.5g, formaldehyde 200 yf, S&F< 500 & AA|7| 1,
EDTA 73g, =75 500 m2 S Fuh7l 3 2R/

500 me = 554 3z MAsH

4) Z2E|F X[Eo HlW 24

Qae] 2R F okEsls iy B4 IL12 AH A%l
CD4+ T Ao 0|29 A7|d%E AL GS-800 Calibrated

Imaging Densitometer (Bio-Rad, Mnich, Germany)& ©|-&3&}

) ghs] B A 7288 %) A 10 A3 & 2003

% PDQuest® ©]u| x| A AZE o] (Bio-Rad)
= ool ~3E QkAS W BAM3la TEHE
AEE AT

A, #Ha peak, 27| HEE 2Adt] AEE Zold

+ edit spot tool& ©]-&3fe] A 7he] H|mE Bl 23E9
A7 e AABE L AR BE AL 3t matchset O 2
w0l IL-12 A% A3 X T5 A2 replicate 0.2 A
&}l statistical analysis sets& THEo] ZF 7ke] AFES
A, HAH o= vln, EA% T 7t T reference A
& A dke] matchsete 242t THFE a1 high-level matchset ©.
2 AT vk 77te] Aoa] 23E s gRlskch

=P

5 MALDI-MS &4

PDQuest & ol &30} olulx] BAE 3Hel sl S =
ASAG 22, GelAAY AR 4 T 2ES Hohd
T AL ZAehfo] e-tubeo] & th Silver nitrate 2 A o]
Ho] 907 vjEo] WA 30mM potassium ferricyanide, 100
mM sodium thiosulfateE 1:1 H]-E&E 4lo]A] AAH silver
& FEU SHFE o8 W AFEATE 200mM am-
monium bicarbonates F7}eke] 208 F<t vortexingdlal
100% acetonitrile (ACN) 2.2 A ZZzto] B-Em3A] g uj
A g AATE 56 ColA] 308 <t 10 mM DTT/25 mM
ammonium bicarbonate2 A7) TF2 AF=l-E- vlg]3L 55
mM iodoacetamide = ¢Z! 3} (alkylation)3F3Th S A
A3t & 100 mM ammonium bicarbonate® 3% F<t vor-
texingghPa A A 27k A|2Ea 100% acetonitrile = €
Al A} o|EA 1|8k A 27t 100 - 400 ng/ul 2] trypsin
< ¥ 20402 25 mM ammonium bicarbonate® ¥-& TS
37 ToAA 1627+t Aeto| =B & Wlrh. Fete| =}
25 AL UE e-tubed] 7] AZFZH| 50 mM am-
monium bicarbonate®} 100% acetonitrile 2 ¥HE-3lo] = glo)
2% 22 dg dE Fud §7 B9 el F

Z 893} A3 SpeedVac system< ©|&3to] 10y A%
.1

cyano-4-hydroxycinnamic acid (CHCA)7| 39 50% ACN/
0.1% TFA<} & 4)o] MALDI plate] 2t loadingdli # e}o]
e ~FEHE AYrt Ao webds C18 ZipTip (Mil-
lipore, Bedford, MA, USA)S- o] 83l A8 AA| 34 7
2 & BTk o|fA dojxl ~HEE Peptident
(http://expasy.proteome.org.auftools/peptident. htm1)1}  MS-Fit
(http://prospector.ucsf.edu/ucsthtml4.0/msfit. htm) ¥} 722 d|o]
Ello| g ZAst] BB A
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1. OIELH| 2 XA IL-120] 2|8t CD4+ T MIE
EM L-12Rp2 Q| HE HE|

obE|T RS A1 fapel WERBG A Feld CDa
T A9 IL-12 XXl W& IL-12RB2 9] 9& S FACStarE
ol g3to] LA A7 R F BER At AT
% 28]t (Fig. 1A)9)] ¥l 10 ng/m¢ PMA, 100 ng/m¢ iono-
mycin, 2 ng/m{ recombinant IL-12p70, 200 ng/m{ neutralizing
anti-IL-4 antibodyZ 713l T A EE B EA|AH A kst
o (Fig. 1B)oj|A] IL-12RB2 o] F7he 2l #aisivk
g} ofujg} 27t 72, 96, 120 A|ZE A2l A3} WAkl
<7l me} IL-12RB2 o] A& Ao I
(Fig. 2).

Apell Al Qe F71-120] €] CD4+ T A X
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2. OIEMISY BX} LXHH CD4+ T MEO
Hlgs 22

| OIxI&

PDQuest® o]u|x] Al AZE9 o] (Bio-Rad)E AH&-3}o]
ol e Bxte] BEREY CD4+ T A9 w23
okArE- B89t} Silver nitrate® A 3F 79~ ok 1500 74
of el ~3EEo] 7ASE I (Fig. 3). o] FEoA A
Aaks A& = SlSler A8 e QoA vrekdE

B9l om (Fig. 4), EA}Zo| ok 40kDao|3L pI7} 6.0-10
2 (Fig. 5A)7} Ex}Zo] <k 20 kDao]x pI7} 6.5-7.09 T
Yol ko] o] A= irt (Fig. 5B).

3. IL-12 AX[0f| O}Z OFEI| IS &XI CD4+ T
MZ2| O|RtEl MI|EE A

IL-12% A2 39} A2eiA] $e ¢ shfe] matchset

A B
Fig. 1. The expression of IL-12RB2 in
=1 CD4+ T cell of patients with atopic der-
matitis by FACS analysis. The cells were
¥ cultured for 72 hours with media only(A) or
with treatment of PMA, ionomycin, reco-
2 mbinant human IL-12p70, neutralizing anti-
IL-4 antibody for 72 hrs (B). They were
2 stained with R-phycoerythrin (R-PE)-conju-
gated rat anti-human IL-12Rp2 antibody
= and analyzed by FACStar. Expression of
IL-12RB2 was increased in the group
= treated with IL-12 (solid histograms: iso-
T 1° 10! 10 type control antibody, outlined histograms:
IL-12RB2 antibody).
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Fig. 2. Changes of the expression of IL-12RB2 in CD4+ T cell after
treatment with IL-12. IL-12 was treated in 72, 96 and 120 hours.
Expression of IL-12Rp2 in CD4+ T cell was increased in 72 and 96
hours, and it was slightly decreased in 120 hours.

Fig. 3. The result of 2D-electrophoresis of peripheral CD 4+ T cell
of patients with atopic dermatitis. About 1,500 protein spots were
seen after staining with Silver nitrate. Multiple changes of protein
spots were seen after treatment of IL-12.
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Fig. 4. The actin patterns of peripheral CD4+ T cell of patients
with atopic dermatitis. The patterns show variability according to
the samples. Also, the actin patterns show differences between
before and after IL-12 treatment.

o] thg replicate groupl & x|A3te] 7} 7S H|w
Btar Z4zke] 9] matchset2 THA| high-level matchset
AeA17 Zzte] A% $AIT,

PDQuest” (Bio-Rad)E o] g-3e] o|u|x] BMZA7} hzT
of Hle} IL-125 AR Tl 2389 S3b} g Lol At
PAE = ~ZS 3338 5= 9)9) vk PDQuest®2) analysis set
tool& o] &3] IL-122] AR A} A= T5 4, A
How wAAAt 329 B ZASAG 2
& 3t T2 Ho| ko] Alo)E 102 X}
Aisich g oR mjgRt Al wis) IL-127}
Ao A eER Al aEol A 8709 T 3ol Fof

/AR

2 fr o2
B

o)

ME pir

e e 9 oE
udk
L

Ao| A2H L, IL-12 # 2] A] 3712 whal ~Fo] =7}
o] A (Fig. 6).
FAA) BAME A A olMu HEE AL}

IL-125 AHX|3 oAl #2Es ~F 07 1o
Atk WA TEEo & wjokdl CD4+ T A oA #hze
23 F T e 2x3Eo] IL-127) E3he wiR] ol A] afg
CD4+ T A|Zo| A= FzkA] gt} (Fig. 7A). ¥hd w)7]
SEo 7 wjkE CD4+ T A ZollAE #A2HA] kor} IL-
128 AA 3 AEAA T Tl =3 370 S 2SI (Fig.

SAD
rLox v
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) ghs] B A 7288 %) A 10 A3 & 2003

A. Media only

Media with IL-12

B. Media only

Media with IL-12

Te e

Fig. 5. Comparison of proteome map of peripheral CD4+ T cell
of patients with atopic dermatitis. The CD4+ T cells from atopic
dermatitis patients which were cultured for 72 hours with media
only or with treatment of PMA, ionomycin, recombinant human
IL-12p70, neutralizing anti-IL-4 antibody were electrphoresized.
Most were 40 kDa, the pl was seen in variability between 6.0-10
(Fig. 5A), others were 20 kDa and the pl was between 6.5-7.0 (Fig.
5B).
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Fig. 6. Quantitative analysis of the protein spot in the peripheral
CD4+ T cell of atopic dermatitis patient treated IL-12. 8 protein
spots (blue arrows) show that cells were decreased in the IL-12
treated group compared to the media only cultured group. 3 protein
spots (red arrows) were increased in the group treated with IL-12.
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Media only

MW,
(kD)

After IL=12 Treatment

i Fig. 7. Qualitative analysis of the protein spot
in the peripheral CD4+ T cell of atopic dermatitis
. patient treated IL-12. Among the protein spots
that were only seen in the media only cultured
CD 4+ T cell, 7 spots (Fig. 7A) were not seen
the group cultured with IL-12. 3 Protein spots

pl

pl

(Fig. 7B) were only seen the IL-12 treated
group.

7B).
4. CD4+ T MZQ| MALDI-MS £AZn}

Modified silver QA 02 7lA|3} A A2 A 23 2
F AFoR Mol vl AZuk ARG B3 FA o]
7Vttt Silver2 @23t Ale] vl A2 MALDI-MS
2 FAMo] JhssA st AA Az EAlEE e
ol 400 g = ofof stk et & AT A&
ole 7+ AZo] thuloko ok g ﬂgf?.i silver &

o] &3]
WX 3 XA olu]R] BAL sk AL 7Fsdl o1 MALDI-

MS Axghs AV)oll & F55o] 9122# Nelz} 2o ohi
2 B4 o] 7hEkeint
o &

olEd T el #HaAg = glE G 49
U IgE 34 B gl 2l i g Th A o ©fsf
= waduteolgln delA] Qup L4, IL-5, 1L-13
AJo)E7ele] IFN-y 9} IL-127} w73k type 1 Hnk
i3t Aekatg-E sto 2 Th2 o] A|3HAl = ar of

olET] o] whEs H‘Al AT},

IL-12+ IFN-y 348 =32 Thl A|lx=2e 235 4

2073 olx}o]u}” QI7F T M Eol|A] Thl M Z9] X%
H5 = FAAE AR L 9% IL-12RB2E IL-12
7189l SleiA] BEARl EAloltt. ol BT -
Z Bl A E23 T AL W& IL-12RBZ7}
S M &R LEE Stk Hao) 140 Zeago ¢
sto] IL-12 w7 Wuk-g-o] At o] ofEw|y]iqlo] by
s Bart 9lo] ofEw sl WAy A IL-127}
3 dge a4 ¢ 5 dy.

ol)l
=
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