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Expression of Thymic Stromal Lymphopoietin in Keratinocytes of Atopic
Dermatitis Patients and Normal Controls

Wen Hao Wu?®, Chang Ook Park'? Ju Hee Lee'?, and Kwang Hoon Lee'?*

Department of IDermatology, *Cutaneous Biology Research Institute and Brain Korea 21 Project for
Medical Science, Yonsei University College of Medicine, Seoul, Korea

Human thymic stromal lymphopoietin (TSLP) is a novel IL-7-like cytokine produced by human epithelial,
stromal, and mast cells. TSLP-activated human DCs produce Th2-attracting chemokines such as TARC and
MDC but not IL-12. TSLP-DCs induce the generation of CD4+ Th cells with a pro-allergic phenotype and
also induce the differentiation of CD8+ T cells into IL-5 and IL-13-producing cytolytic effector cells. It has
been reported that TSLP is highly expressed in the lesional keratinocytes of atopic dermatitis but not in
the non-lesional keratinocytes of atopic dermatitis and other types of disease with skin inflammation. We
performed our study to verify the differential expression of TSLP in keratinocytes from lesional, non-lesional
sites of atopic dermatitis and normal control. We also observed the expression of TSLP in normal
keratinocytes treated with various cytokines. Our study shows that TSLP is expressed all by keratinocytes
of normal controls, lesional and non-lesional sites of atopic dermatitis patients. However, TSLP is much
highly expressed in lesional keratinocytes of atopic dermatitis than in non-lesional and normal keratinocytes
using confocal laser microscopy and immunohistochemistry methods. TSLP expressions did not differ among
untreated keratinocytes and keratinocytes treated with IL-4, TNF-a, TGF-f and KGF.
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o= YA YAT 78 Wo)de] FAAE o} 9T
3 welA A e

#4719 ohEslnie BAe) G2z} 7)o
= O IgBe] Tdo] FvtElo] glan IL-4, IL-13 F9] AL
OB 1 eAlel W D 4] Aol EARIS Ak
W TAE7F 2750 Qg™ uba interferon (IFN)-y 2
ARkl TAIEE Haso] T, olgv]s Ry gald
A Tha AfelE7}9le] 4]t IgE HIwkg & sk 47
Hel felewA, Q2] Sole F SR T L
24 94 2 A, Ale]EsRle) Rls) Ighe] T 5
el A ARE Feld ohesn P dosli) Ak

74719 ohEsm)3edo]x Th Welwkgo] SHEH 1}
Bl wlellE of2] 7k g9lo] B g IL4 84
ZAA}Fe} signal transducer and activator of transcription factor
(STAT)-6 f-371e] T4 & a4l LAz g &
9 wEA WHSE Ao|EAlolY FUHDAL BF
5ol Th2 AZE A7) E QAR Baudw Yot S
d THlZoAM CD2 F8&A9] w& Edd} CD2 oE4
L2 A o e ey WEe] Thig) Wejuhgol
=57 R4 Thizh The] F@o] A7 Arks wa
e EEEIBC LR EEEREE R
XA ol 4] EH) &= thymic stromal lymphopoietin (TSLP)
7Ty el onel fRd £8% 48% o Aow
A A

TSLP:= IL-73} §AFSE F25 2ha Sl Aol E7Rlo R
21* murine thymic stromal cell lineo|A] #-& H¥HA= )
B8 Agkel TSLPE Te] ZRGMAE, AT, B
ZAE % o] AHEAL Sl TAHD BAL, TAE,
FAVIAE, AQEAZ, A FAE, AAAE GolM e T
do] A e Aom WaHo) k. szl TSLP:
%7] BAIES} TAIES] 315 FAIAT)AINE FA] A 3o
el E 2hgo] mFg Aom RuFITy. o]d Hlslo
Abgte] TSLP= CDllc+ FAIIAIEES S5 71m 243}
e FAAAEE THAEE FE IL-5, IL-13, tumor necrosis
factor (TNF)-a 5] 28 Alo]E7}919] 0] & Z21A7]H7,
IL-107} IEN-vy&} 22 13 Apo|E7IQIS] #H|E Alst=
A8 Foll dulErAd AENkee #oste R ¢
A Sl

ofEw|uF-le] ZAH YA EAA TSLP7L FEE =
g Holw A Hlg A4, HE9 T o 3FAg
e AARAALE TSLPA A4 thatel] vlsled 2 v
315 Ho|A| %o} TSLP7} ol eS| 3]Gl Folgto] A%
Ao’ TSLP7} of®l 7]1%el] o] ste] W E Ao dis)A
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AAY QAN EE 2 9 FAgoA oA 74A] 2= ¢
&l IL-4, TNF-q, IFN-v -5 T}kgh Alo| E71Q1S A7 HH] o}
™ transforming growth factor (TGF)-B, keratinocyte growth
factor (KGF) 5ol theh Tt Al E7IQl 8418 2t
AT} IL-4% F= Th2 A|3EolA s o] oy d g 2
At LA 9lom® B Ao IgE AT} wgA £
245l F23 2L k. TNF-axe 93 Alo]|E7}1919)
A3, Axe] 37, 23 aela AR AL 8 AL S g
& el #olshe A AlETRICE e St

TR TGRpE B RAAES 2AdA WNEE EA
25KDag] o] %) B A el A Helug, Aol
F47 B, AAN%, A4 B, 20 AT
3ol Belale o5 d AoEASIeR delA A,
KGFE 249442 ¥ahzdel Bolshe Aol Erkle
2] n}-$-22] thymic stromal cell lineol| 4] TSLP2] %3-S

7 ZATE BRavt gk,

B AFNNE FA okETRY B 247
AN TSLPS] W] Afol7k QA E ohEw]s] ¥
3} B9 E Aol E70150] AR YA Ee] TSLP 2AL
A 5 QA dohur] e A, Bele) By o
obES WY B WA N2} FASR2A A I
A joe AP PATAN WA A F2A
golA @3dn AAE Fof TSLP 23| apol& #&
oL, &4, WG A ZEAH (flow cytometry), =
%, reverse transcriptase polymerase chain reaction (RT-PCR)
= ol&sto] At g7 AP 2ol IL-4, TNF-q,
TGF-B, KGF #|2] & TSLPe| T sE #2350t
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A olguet Muaagy 99 g g2
54 ZeYol Welslo] Hanifin 2 Rajka’ 2] 715 ]q]
olEF el or Avkyd A2 U shsick

2. ZHYH

o}EH Y BN ARzAYAL AP F 27
S HHste] 0.C.To] Y1 Ao A8 A7HA] -70°C
X SRRV AT 29 AREL 0% ] 4
A the PBSO] AlHsto] 20N AHARAES dA} ¥

Zlstith
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4 9 Wu Ayzdan TSP HEE B b
sheep polyclonal anti-human TSLP 3}H]| & o] &3to] W%
Aghered AL a9itk 0.CTo| 47 24< 8ym 27|12 5
A Aslo] saline coating Fefo] =of F-2A]F] Thg ofAlE
oA 30%-7t 113} phosphate buffered saline (PBS) O .=
ARG} v Eo)d AL AAE7] 98] 5% normal
goat serum ©. & 2034 F<F A2 o
713k PBSe] 1:2002.% 3]A3} sheep polyclonal anti-
human TSLP (R&D Biotechnology, Minneapolis MN, USA)
galo] Aed 247k WA AT ejo|=E PBSE 33
A7 e t}g peroxidase-conjugated rabbit anti-sheep IgG &t
A (R&D Biotechnology, Minneapolis, MN, USA)| 30% =
oF Wh-gA 7tk vhA] PBSE 33] A7 3ke] ACE (3-amino-9-
ethylcarbazole) &9 0 & HHAAI7] TS counter A& A]3)

3lal 80% glycerolS Wojrmal & B3I Th

4. YAZHUAM ZESMME 171

5% bovine serum-<

MEINRY BN NREAAS NPT F 27
= Az 70% L] A4l ths PBSOl| Al #sta Fag
A ol g3kl 21515 AAD 7 I ARG WBE] 100
mm Bj o] Y3 5mle] 0.5% trypsin (Sigma Chemical
Co., St. Louis, MO, USA)&-91-& 7}8le] 37 ColA 127 ¥
23 & FIEZ Bste] o) 0.5mle fetal bovine
serum (FBS, Hyclone, Logan, UT, USA)S A 7}3}e] trypsin
S FINAT o2 1-287 AFan AeolA o 387
DR EEECERE F AL} DA
27h 747 2 5] FHANE Holo] 04% bovine
pituitary extract (BPE), 0.1% human endothelial growth factor
(EGF), 0.1% insulin, 5% fetal bovine serum (FBS), 0.1%
hydrocortisone ©]
(Cambrex, Walkersville, MA, USA)S A}8-3le] 37T, CO,
L7 ol A Alhal Faksich

AN

33%¥ human keratinocyte medium-2

5. 3%

20X B0lZ AAt

Bz A el et ZEPAAE TSLP 23 &
Fap) floi] AQNAYR JAL AP F 22 o
A @ n]7 (Leica TCSNT, Heidelberg, Germany) 2.2 #2&
9t} Lab-Tek chamber slide (Nalge Nunc International,
Naperville, IL, USA)dl] HAFole] v ¥ %7 olEyuto] &
ZEE FEEEESEIEEPESEREEE RS

ir_ﬂ

S:olEd g AP A A F 2] Thymic Stromal Lymphopoietin 23] 95

AAEE 2 x 10" wjFsh th-8 methanol 2 1083+ 1178 4]
71 & Ax}3HA| sheep polyclonal anti-human TSLP (R&D
Biotechnology, Minneapolis, MN, USA)E 1:2002.2 3]
ste] A7k - 303t Aol WA|SH3iTE PBS®E 33] A%
% peroxidase-conjugated rabbit anti-sheep IgG 3}A] (R&D
Biotechnology, Minneapolis, MN, USA)E #7}3+ & 44
Aeold 3082 HeA The ALART. WRY e
TSLPe] WS 224 o)A AnRE olgalel B

6. Y& HALME HCHupe

7+ 2 8 A A X (Cambrex, Walkersville, MA,
USA)E Fdste] ARgeisith. A PAEE  FH 8t
0.1% Ael& A2l =2 wjg87]o14 KGM-2 (Cambrex,
Walkersville, MA, USA)Z A}&3to] 37T, CO, &-27] 0l A
Al F8k3i et

ZHESEMMZ0 AIOIEFIR! A2

Passage 3712 AlthujoFe A EE 6 well vt
o 32 & & 7}z 800 U/mle] IL-4, 25 ng/ml2] KGF, 10
ng/ml2] TGF-B, 20 ng/mle] TNF-a& #7}sle] 16A]7F vl <k
Epii=g

8. HofHy

FHERAMY

At 711 A lahA] o2 AA P AL At EFIRI
£ A3 A EZ 5mM EDTAS} 1% BSA7} 3
¥ HBSSE 21 }_3‘. Hjkdo 2 HE] AXE £33
HBSS 2 33] A1 & A< ﬁOH 7y Al Ro 2 st

At} BSA-PBS = mgo] 38 & o} g4 = 8 TSLP
polyclonal antibody (R&D Blotechnology, Minneapolis, MN,
USA)E, o]z} g4 & FITC-conjugated rabbit anti-sheep IgG
(R&D Biotechnology, Minneapolis, MN, USA)E A}-&-35}o]
oAAl T FACSE A|gatoict Alxd Ao 27 wjokgo
2HE A|EE 33 Z PERM solution (Sigma, St. louis,
MO, USA)< 500 ul& 3 7}3to] Aheo] obalojA] 1057+ %]
gaich oA 7pA] Al E7IQl At Al wel| et
1 0.5%2] BSA7} 3h-4-5 PBSZ A3 3|43 Axaka &
Zh Al@ el 10 plA e & A3 EoflA] 3077 ¥HEAT)
3, BSA-PBSZ 33| 4|3 %, BSA-PBSZ o] &30 1:200.
Z 3|3k o] A S Yo 3087 WAl ZiTt) BSA-PBS®
oA 33 AM|E3e 3 fluorescence activating cell sorter
(FACStar, Becton-Dickinson, Lincoln, NJ, USA)E o] -3}
TSLP £7te] & = S
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9. Western blot £

Aol BRI R Aed 2P AA| Ee A TSLP Thiof
TEwstE HEsly] Yate] WY B2 At Aol
E7RIS AesiA &2 AAdAMES 2 Al BT
Ag)er A TS 22 microcentrifuge tubeo] 7]
lysis buffer= 2033t A2] g F 10,000 X g, 4Tel|lA 105
AR §F ASHS st 2 234 T
Aqlteler & A5de AA AE Ll gL AlERE ARES)
S th. SDS-PAGE gelel|l A A7) %5 A A]3}aL nitrocellulose
(NC) membrane ©. 2125 mA 2] Z7 skl A 1A]7F Aol E A
At Blocking 959 (5% blotting grade blocker non-
fat dry milk solution, Bio-Rad Laboratories, Hercules, CA,
USA)°| membranes: @11 EEHA 6057t blocking S 4
Al&Fit}. Blocking €& o human TSLPo] o gt & 2}akA]
sheep polyclonal anti-human TSLP (R&D Biotechnology,
Minneapolis, MN, USA)E 200 ig/mle] L2 3 sl 7}
hal 605 A= whs-A)Zith TBS-T ¢ o 7 554 33
A% A ML 2 blocking $E Mol 1:20000.3 3|4
3l HRP-conjugated rabbit anti-sheep IgG (R&D Biotechno-
logy, Minneapolis, MN, USA)Z o]z} &A= &to] A7}t
F 6037t E’}%J\liii}. TBS-T g5 o= 554 33] iHEg]
A ME& & 33 55-tetra methylbenzidine (Sigma, St. louis,
MO, USA)o = {haule-S o o 7t}
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10. RT-PCR

1) % RNA Z2]: Ao| E7IRIS 16Xt Aejeh A3
MEe} A tZTE RNeasy mini kit (Qiagen Co.,
Hilden, Germany)E ©]-&3to 3 RNAE £2lsi3ich
RNA9] %1 260mme] 3Hge]A UV-1601PC 57433
=7 (Shimadzu, Kyoto, Japan)& ©|&3}o] =74 3}%T)

2) First strand cDNA $FAl: E2]3} & RNA 2 g 2 HE
Ist strand cDNA synthesis kit for RT-PCR (AMV)
(Boehringer Mannheim Co., Indianapolis, IN, USA)¥}
GeneAmp PCR system 9600 (Perkin Elmer Corp.,
Branchburg, NJ, USA)S ©]&3}o] cDNAE A %3}
t}. First strand cDNAS] A4 HEE &7] 3l A4
¥ ¥H-2-2HE 10 pl, Taq polymerase (Takara Shuzo Co.,
Shiga, Japan) 0.5U<} human beta actin primers (sense
primer: 5’-GTGGGGCGCCCCAGGCACCA-3’, antisense
primer: 5’-CTCCTTAATGTCACGCACGATTTC-3)& 2+
7} 20 pmole®] E3tsle] PCRS Al3lsleith. PCRE
GeneAmp PCR systerm 9600 ©o]-&3lo] 95T oA 5
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HESAIZL B, 94T oA 30%, 60TCA 30%, 72°C
A 3025 233] Aldstal 72°TCoA 1083 §EgA]
T} PCR AHE 10 WE 2% agarose gelo|A] A7|9 %
@ % 238bpe] WEY FTB BB

3) TSLP primerZ ©|-83%F PCR: TSLP primerE ©]-&35}o],
94X 58, 60T 45%Z 353] A|gsla 72°Co
A 1057 ¥-2-AlZ T} PCR AR 15u1E 2% agarose
gelo| A ArjdEsed & e F575 dFsiich
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Aﬂ#a welste] Aiujda 5 TSLPO| & #2d 2
o RE wolM dAJAE Al o 54 dEaEn
TSLP°l Tdo] BEHAT oflE v R fxte] HH
I i i B i R S e I A B o B
L i B s P = L B e i e B B s Rl el
TSLP7} 55lo] Zs dadS #2sioit (Fig. 2).
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2. MOIEFI2IE Xx|et Hah ZEALMZ0A TSLPEH

1) MY SMESAY A7
IL-4, TNF-a, TGF-B, KGFE AX& ZA@MA L2
FACSZ Alg)slo] TSLP| W&l W3e B38 A7 Alo&
NS AREA @AY, ANG FAGHAT BFA
287

TSLPS] walo] #aA= Q) 18}, Alo] S
oko LA A A Fol| B)F Alo] EFFO1S )3 7
FIA )3k TSLPO 8 ajo]& #ZE 5 %Y} (Fig.
3).
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Fig. 1. TSLP expression in normal tissue and non-lesional, lesional tissue from atopic dermatitis patients. Normal, non-lesional and lesional
tissue is all stained red (B, C, D), in contrast to negative control (A). Lesional tissue (D) is more strongly stained than non-lesional (C) and
normal tissue (B).

C

Fig. 2. TSLP expression in primary cultured keratinocytes was detected by using confocal laser microscopy. TSLP expression is also detected
in primary cultured keratinocytes from normal, nonlesional and lesional skin of atopic dermatitis. (A) negative control, (B) normal, (C)
nonlesional, (D) lesional keratinocytes.
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Fig. 3. TSLP expression in normal keratinocytes and various cytokine treated keratiocytes. Flow cytometry shows that there is no difference
among non-cytokine treated keratinocytes (A) and IL-4 (B), TNF-a (C), TGF-p (D), KGF (E) treated keratinocytes.

roue [ fee o
Fig. 4. TSLP protein expression in
various cytokine treated keratinocytes
by western blot. There is no signifi-
cant different expression among non-
cytokine treated keratinocytes (b) and
| H ; 2 A i J IL-4 (c), TNF-a (d), TGF-B (e), KGF (f)
a b c d e f

treated keratinocytes. a: recombinant
human TSLP.

Azt 7} 3ke]l TSLPE| el 2bo]7} giitt (Fig. 4).
3) TSLP mRNAS| RT-PCR 274

A7 G gA M T At EFIRIS A A ehA] 42 2 @AM E B IL-4, TNF-
o]-&-ste] TSLPO| & #2T a, TGF-B, KGF& 1643 22§ 242 g A4l ol 4 RT-PCR
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Fig. 5. TSLP mRNA expression in
various cytokine treated keratinocytes
by RT-PCR. TSLP mRNA expressions
do not differ among non-cytokine
treated keratinocytes (a) and IL-4 (b),
TNF-a (c), TGF-B (d), KGF (e) treated
keratinocytes. B: actin control.
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#3te] Aol gl9lek (Fig. 5).
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25 TSLPe| lg A7k o] WA nh§-2oA
TSLP7} BAIE A4 #go F= uroq AT Q7oA =
TSLP7} A4 29} A FE]o] 283t Aoz delA 9
¥ TSLP:= Thl A%} Th2 Al %o #3< 243l
2% 98 ke Alo|EFICl o2 TSLPE] $A/3A4 &
o] gl digte] HE B2 7zl WAL 3
TSLPd] 9l3le] BA3lE FAFAEE T2 xfol| 23]
g4 stE A $-9= 2] naive CD4+ TA E] F24]& =3
AT A FH Aol EAIS APSA L @R Th | Ee]
Bake feehe
ated chemokine (TARC)¥} macrophage derived chemokine
(MDC)& ). o]l A4 5 TSLP/L Zel2r1y 2
24 Sa ZBAAR A52G4 AN, 21
o] Aolx del Y d5Eg 53] ofEd IR et
o Wl W3z o] 2 A H Eo 1{— B9 3222l

7e 5 %age

AEF}12] thymus and activation-regul-
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SROER FEEEECIRES EEE R E R
W 5 2% 2 YA EIA TSLPZE 28 WA
obET|SHG Bl WH T2 AP A ZAA T 2
A ) BIo] W) B AFHE w9z
% 293 A = TSLP Balo] $2H9A) okEe 3]
B o] W 9Rad AAGPA T E M vl
$xd AAYYA TN 2 PSS Rk of

HAZANE YA oE BEE D
ohEss R BAe] WH B RRY oA 2AAR] J

&Ig J?l_. HJ Olﬂ
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ghol] FaH0l 2712 HolZE Aoz AJgEY AT
o] g slw TSLPo| 49l Wgle] wa} ks wow]a
AtsH T

B Ao e 2 Alo|E71Q13} TSLPe| #A7F <A
UA] ko 23 Al EFIRIQN IL-4, TNF-a 9 7FH 24
o] 35l #osl= Abo] E7IRIQI TGF-B, KGFE AlE]sto]
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A3z A TSLP ol mX = @2 a3t
it mp$-2 thymus epithelial cell lineS ©]-2-3le] TSLP2|
WS #E Ao KGFE A X|81A] 22 Al 3o H]&)
KGFE X8t ¥4 TSLPEd S #3331 TSLP Ha
o] KGFdl| 93] 249< Hustgey. a2y ofd 74 A
Zo] zHo)x TSLPEAZHd #3 AFE HZud np}
St} - AP ZA I} mouse thymic epithelial cell lineof| A <
© 2] KGF/} Ats 24334 TSLP o] J&&
A ¥alglon] 28 Alo|E7}01E¢] IL4, TNF-a 2 TGF-p
= ZA9AAE TSLP Bae] da] gles Basdrk

2 Qe A3 44 24 2 okzssnge) vy 7
TR Wi 95z TSLP7F @el] EAHAT:
Ak ZbA 8 A ol A ] TSLPE western blot, RT-PCR-S-
ALt A3} Abol EFIQIS A2t I3 Abo] ETIRIS A2
a7 ke kel o)} Gsch. ol B4 24BN T ok
ohEs7) e eAjel 7P AT A TSLP B S 2
she 714e] thE b5l slom ohessrele] Bolg
HA2R027F TSLP WS 24E 7Hed& Holerh g
B AT AgalA) e e Aol 9d 2RFAAE
o TSLP @] o] Yol HSAE 3

5 AT oSSR el B B
N ZHAYAATE % Belst] ole) elafol] o3 TSLP
Bgzd 48g Bdsel £ Pavt gdom Yz,

2B

B AT e BR1H ol Re] fate] ZHH gAY
*ﬂ:LOM TSLPS] &Rlof Zo]7} SleA] & ofE v 3] -3}
A Alo|EFICIE0] ZAAYAA L] TSLP #HA S 24
Fis -’F AEA dotily] Ha) Ag/dle] oFz2 5l olEy
5 gate] W R T A2 LAt vl
&gt ZAA G QA Foll A TSLP Ta <] 2ol & #Esglon
A8 g N ¥l IL-4, TNF-a, TGF-B, KGF
A2 & TSLPe] H3sts dZsio vt 22 234=

L 990 % obEs] 3% DA M, B )%
E3)9] 233 A4 TSLPS] o] BAELch

2. ok pel kel Wl ¥ xA ) A YA Eo
A e AR2AT} okE TR Fe] g
sz 2AAYYALA vE) B TSLP B
HME}.

3.ujekst A4 AAFGMFTAAME flow  cytometry,

.
) 7.¢)

10.
11.
12.
13.
14.

15.

ol k) A 8ks] A : 4] 12 W A 4 5 2005
western blot, RT-PCR ZAAM} TSLPS] W& o] #zty
9ict.

4. A EFIRIS MREHA] ke A-PAA E w3 IL-

4, TNF-a, TGF-B, KGFZ A& Z-A& A El|A

TSLPo] W&o &2t zo|S @28 4 ¢k

B Ae B3 A3 dH LA TSLPe] @& o] o

of Wl BAste} Aol des & & ATk
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