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Effects of conditioned media from human umbilical cord blood-derived mesenchymal stem cells in the skin immune response

Hlghligts

USC-CM (&, Th2 {fifa& B #ifaDREI 28U TREORELEICHEEZSZAET,

USC-CM (&, 7 hE—BEDOREKASEEHNIEMUL. TEWL (BRKDPEME) MBI LIIL%E
ErTHELX UL,

e 5 DREFRIE. USC-CM HMEHERPEREMELTO7 NE—ERBRBEDREHBENICH
TWBHAREDNHS I EZEZTRBRULTVWET,

USC-CM &, 7a—Fvr—tII v/t (1) PEERTT IRNE—XTAL, /L I-ROERTHS
Kang Stem Bio Tech & D= MEARES EER T,



Contents lists available at Sciencelirect

Biomedicine & Pharmacotherapy

£N0

[. -_-[ SEVI [[( journal homepage: www elsevier.com/locate/biopha
Original article
Effects of conditioned media from human umbilical cord blood-derived S

mesenchymal stem cells in the skin immune response

Yoon-Jin Kim ', Hee-Jin Ahn “', Seung-Hee Lee ”, Mi-Hye Lee °, Kyung-Sun Kang ****

* Derma Science R&D Center, Primoris Intzrnational CO., LTD,, #1504, A Blde., 60 Hachn-ro, Gwangmyeong-si, Gyeonggi-do, 14332, Republic of Korea

" tern Cells and R generative Bioeng ing Insti Kang; Biotech Co., Ltd., 2nd Floor, Biotechnology Center, #81 Seoul National University, 1 Gwanak-ro,
Gwanak-gu, Seoul, 08826, Republic of Korea

© GMP Center, Kangstem Biotech Co., Ltd., 6nd Floor, A Bldg., 60 Haahn-ro, Gwangmyeong-si, Gyeonggi-do, 14332, Republic of Korea

 Adult Stem Cell Research Center, College of Veterinary Medicine, Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul, 08826, Republic of Korea

¢ Cytotherapy R&D Center, PRIMORIS CO., LTD,, #1504, A Bldg., 60 Hachn-ro, Gwangmyeong-si, Gyeonggi-do, 14332, Republic of Korea

Abstract (#94%)

7 FE—HEEX (AD) &, T LILEF—HD 2 RXERFHIEBEFREERICTREERBRETT, XL TlE. REFERS
NTW3 AD BEDREAE TR CEDRIERD ) RV HMMEVHRNGAREAE LT, b MESIMRIELESER (USC-CM) D
MAEMRZFAE L F LTz, USC-CM IFMAEMNR EBET DR A GMERTEY A FAAVERFOTVWAIEEZRERLEL
fzo RT-PCR & &K U ELISA S#frld. USC-CM HY TNF-a/ IFN-y R HaCaT MARICH VT 2 B A b A1 VB KU EHA VKR
PLUTEMACASE T EAAC> (TARO. INF-aB LU IL-6 DLANIVEBEETZZ EERLE LR, T5Ic. USC-CM & Th2 #
D IL-4 BT IL-13 LNIVEBEELE LTz, LIeHD T L DHIZEDERIE. USC-CM A B Mgtk E Bt BT &k
Z%E5 071> (IgE) 2D EICEEEY B TNF-a/IFN-y ®iE HaCaT $iEIC W TIMREMNREE T D EERL, fA
e 5D invivo DFERIE. USC-CM #EED AD £EDRZEIC 4 BREIEAYT 5 &, Corneometer DLNJL% EIS | EREKHE
% (TEWL) DfEZETIFRT ElckY . BREN\UT7H@tEnNaZ EERLE LR, EaE LT, BERIE. USC-CM hMetEmd
FUEEMELTDAD DBRENREZET DuEENHDT EETRBLTVET,
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1. IFColc

7 FE—EEEA (AD) . RRFHEEICKDOTEIERITNZZOEESLIURETL ZHHME T HIBEREER
EERETY 1,2 AD (& T U2 /\BRDERE. Y1 bAAVROEE, MIEEREOET. %&/07) > E (9B O
BINEEORBEFNER, FEFNER. KEOELCFNIMREEEDV OONDERICKI D TFERIEINET 3-5]
IgE [FMRPICHFET 2RBEZV/INVETHY . 7 LIVF—MRIEDHEREIE. IgE BKXV IgE Z 1 L TzBEHHEAE & FFELER
DEEMDAD ICHF5T 2T 72T LTVET [6],

I, AD PERAGT LILF—MHERENMEML TEY . AD ORAGBREENERINTVET, LHL. REEBEEL
LTERINTL2RENFEIPATOA Ficld, REMERRORBOIEF LD HIcKY . BEFEZBA THEAL
[EBBICDHREND EEEELENERANSLY £, INSDFIRZERRT Bleddlc, BIERDY XV MEVHRNEF
BhEEE / BEEE R T D2RRADUEMDH Y ET,

> NEITCIE. THIREAMETEL THMET 2 & IFN-y BN, MEESGERMRE TMEOMBE/ERICKY CD4+T
MR ThT MRRICMELE T, KT IL-4. IL-50 IL-13 % Th2 fRaIC 5 Ly IL-17 & 1L-22 % Th17 #R8ic b LE 9,
BUAMIREIE. T4 A PHTOT—Z2—DHEBEEELCT. INSD THEDDEICEELRREERZLET,
BHR#EREIE. YA b A VPRETOT—E2—DFDRREEBEL T, NS5O T MEEDLICEELGREERZLED,
ESIWIEADDTZF /A MEZEDTrEAHA AR L TR THRE. ZDMOBMEKDEB/ANDRAZHFHEL.
CCL27. CCL17/TARC. CCL22/MDC Iz EDRIEABINET VXY [7]l. TDTEAHA I, CCRA =L T Th2 HRZDiEE
EEREBUANDZEEFHEL. Th2 BEISEESIETREI T ENTISNTVEY [8-10l, 7 EAH A > (TSLP.
RANTES. CTACK. LARC. MDC. TARC) E4 D&M, Th1 #MAREICH L Th2 @M. 1 A~ (L-10. IL-4,
IL-5. TNF-a7x&) DB, IgE EEDIEMIZ AD DRBFIERE L THRETNTVWEYT, HEOREBISEICEET S
TZF /A . Th2 #ifE. B e, BIUORKIEMREIZENE TSI Lid. AD DF LUVAEEIS AT 2RI8eEN S
WETD,

—RRH9IC. AD DDERFRAMEFHICIE. KB/ 7 DBHEIC K Y BEEDHPHPKENSENET [11], AD DEEFRISHAE
AETBoic. REBDFREERB/N) 7IRERIE. AD REBDXRE/N FHEEDERELZI—H—& L TRERRKDE
& (TEWL) & Corneometer ZfEF L CFHMBTCEE S (12,131,

BMRAEIE. AADOBECARENERAMRBICEEGN\AF 77 /0Y—%2FERLT. ABDOTADKFEARES S
HLOWEZATDBREETT, INE. BIFEONBNEIEENEEDRAZRRT 2ETY, D, MERMAE
(MSO) "DEOHERIARBEDTHY . MSC EZDEMLIBMDESHARENTVEY [14]l, MSC [F. TEETEEHEMIC
Rk T 2ZREIEMIA T, FICHEHMm (UCB) HRD MSC iF. D MSC ICHENTREEWVEMRTSH Y. #lifadH
TRLENFUEEBERNZR ODTVET [15-17], REDARTIE. b MESMBAREERERME (UCB-MSO) B
RIEEPAER DD MZEN L CRENEZIRZ TS I EHNTEN. AD OFLTAKR7 7O0—FELTEEENTVET,
[18. 191, fefZL. MSCs BIMLEEDIARIERNRIFLLEBIREITY o

Leh 2T ZOMEDEMNIE, b FEFMAREZERMAE (USC-CM) DEILIE D, 75 F ./ U b Th2 #lik2. B #HAa.
RIEMRE. BXUL D7 FE—ERBICRIEFTHEBZRANDETT,



2. RERAE

2.1.USC-CM D¥z&

UCB-MSC DfRst, BEHS KURHE bIFgIchRzEB Y ITiThNE LTz [20] . UCB #&fAlE FORMIZ WOMEN's Hospital( v
)b, EE ) TIREITNE L, ZOREBIEIE 2018 F 8 B 09 HEREHEEEZES (IRBN0.219255-201305-BR-001)
[CKWESBEINE LTz, UCB-MSC Tl&. 10% M FBS & &1 (FBS. Gibco) KSB-3 ZMNZ T, 37°C. 5% D CO2 &£H4T6
MAETHEIELE LIz, UCB-MSC(2x105cells/ flask) (&, T-25 7> X Olc#EfEL. FBS10% T KSB-3 ICHWT 48 B5fEiEE
TNE LTz, PBS T2 @yt lzBEsEid. REKRREEF (EGF) (10ng/mbL) &EXN@HMEBRET (bFGF) (10ng/mL)
%83 DMEM (Gibco) ICEEEN. ZORDIBERARIE %6 B TL T,

USC-CM ZIXE&E L. 1500rpm T 5 DR ODEE LT, RIEMIC0.22um 71 )L Z2—%Z AL CRELELE LT,

22 & b RUINGBIET LA

b ~Z /X7 ElE. Human Antibody Array1000 (#AAH-BLM-1000-4. RayBiotech) %R L T. METDIERICKE D TH
WLELTze AV TLVREENY 77— ERLTBRATNGEESZERALIMLE L, REE Image) V7 T
7 (NIH EnIEEmsRrn) 2EAL T 70)IVAZZAF v LIZEGREEL TUEBLE Lz, Y7 HIVEBEIR. RO
BIZREBDRT T« 737 FO— U L TERbEENE LT

2.3 . MpasgsE 7 v A

E FEBETSF /4 MR (HaCaT #EB2) 1k, ATCC 5 CKE) hhSAFLE LTz, HaCaT Az (1.5%105 cells/
well) % 24 )V FL— MTEEREL. 10%FBS Z5&3¢ DMEM/F12 (Gibco) T 24 BSREELF Lz, Mz L — kIC
FTEETERE. USC-CM ZW DHDEE (1. 10, 50, HKT 100%) THUEEL. TNF-a (10ng/mL) HEKT IFN- DEHE
ICHDOSITREBLE LTz, y (10ng/ mL), 24 BEERG#%. Cell CountingKit-8 (CCK-8) (Dojindo. USA) %{#EM L THifRLETE
KEAELE LIz, CCK-8ARED TIVICIMA. iR ESIC 2B, F+aX— L& Lz, .40/ L—kR—
A — (Tecan, Switzerland) Z{Ef LT 45nm TREEEAELE LTz,

2.4.mRNA D538k~ (DNA 558, E& RT-PCR

6 TV L— D HaCaT #HE2 (3.5X105cells/ well) ZEEETEHEEE (50 HKU 100%) D USC-CM T 1 BERIRTALIE L |
E5IC TNF-a/IFN-y (&% 10ng/ mL) T 6 BRI L £ L1z, Mig&xEUR L. RNA ==+  (Invitrogen) ZfERAL £
HHAZ RNA Z 3 L7z  DNA & RF v I (Bioneer) Z(EH L THEE#1TWVVE LTz, (DNA & SYBRD Y1) — PCRY XX —
S w 4o X (Applied Biosystems) && TS5 A X—%FRALIEEM PR EITWVWE LTz, FBEFREBELAN/IVIE. N\UXF—
Eryarbo—)bELTRPLIBAEFERL TCERILENE LTz, 7514 <—EHIEER 1

25 BERBEEAIEE (ELISA)

6well plate @ HaCaT #fifig (3.5X105cells/well) ZEEETEHRE (50 HKXU 100%) D USC-CM T 1 EERHLEL.
TNF-a/IFN-y T 24 BRI LE LTz (% 10ng/ mL), EB%ZEUIL. 12,0009 T 5 AEEODBELE Lz, TEAHAY
TARC. TNF-a. B&U IL-6 DLANJLIE, ELISA v + (R&D systems, KE) &> TEETOTO M IJVICHED THIE
ThElLfe,



2.6 RMHMERMAR (PBMC) DEE

PBMC (ATCO) l&. 10%FBS %#sh0 L fz RPMI 1640 55 (Gibco) T 37° C, 5% CO2 THEELF LTz, Mg (1Xx106cells
/ 24well) 1& USC-CM ZEE T CHUIFN-y (1 ug/ mL)(IL-2 (5 ng/ mL) . IL-4 (10ng / mL) .CD3+CD28 ik (T 1) >/ \EREMEAL)
TA4HBRBLE LTz, EBZEN L. &ETD 70 bV D TIL-4 B KT IL-13 ELISA(R&D systems) THRIEL £ LTz,

2.7. U266B1 D5 D IgE 53 DRIE

B b U266B1 #lifa (ATCO) I&. 10%FBS %N L7z RPMI1640 BT 37° C KU 5%C02 THELF LT #MiE
(1X106 #f cells/ 24well) %, USC-CM DTFIE R CTURZHE (LPS) (1Xug/mb).IL-4 (5ng/mL) T3 BEFIEHLE LT
EEZEEUL. U B F ELISA (Abcam. USA) IC&B IgE 7 v A ZITOE LT,

2.8. £ FD invivo FE&

E ;@D invivo iiE&lE. CHONNAM NATIONAL UNIVERSITY CLINICAL TRIAL CENTER (Gwangju, Korea)

lcBWTEBEINE LTz, TOFEEIE. 2017 £ 11 B 15 BIC CHONNAM KEmRHSEFBAEERIc K D TEARINE
L7z (IRB. CNUH-2017-293), 28 ADFE M ELZEEXTRICITL. T X MRIICBWERE ICEHIEZ 1T E LTz, Corneometer
& TEWL DT, BLRDZERE. 2Hh% 2B/ME 4 BRE%ICRELE LTz, RBOAIEIX. CorneometerCM 825 7%1&#
BLTHEINE L, (KILY bOZwY), HED TEWL IE. 77 X—2— (Tewameter TM300. K1) Z{ERAL
THAELE LT

2.9. fREHRMT

2TCDT—2IFFY £ 1Z%FE (SD) LLTRLFELS,

JIV—TREDFETICEZE R ZEIE. GraphPadPrism5 V7 U T 7 & FERA LT t REICK D TEMBiTNE LTz, P B <0.05
IFEETCTHDEREEINE LI, *P <005, **P<0.01. **P0.001 &L THISRENTWVWET,

Table 1
Primers used in research.
Gene Species Primer
TARC Human F 5'-actgctecagggatgecategttttt -3°
R 5'-acaaggggatgggatcteecteactg-3°
TNF-at Human F 5'-ctatctgggaggggtettee-3°
R 5'-ggttgagggtgtetgaagga-3'
IL-1p Human F 5'-cagecaatetteattgetea-3°
R 5'-geatcttectcagettgtee-3°
IL-6 Human F 5'-aaagaggcactggeagaaaa-3'
R 5'-caggggtegttattgeatet-3°
RPL13A Human F 5'-geacgaccttgagegeagee -3'

R 5'-categtggctaaacaggtactg-3'
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USC-CM IFZRTERREF YA b AA >V ZEBT 2.

USC-CM DRERRF E VA b AHA VERET DIl & k7 L+ 1000 ZEAL T, USCCIM OEXEE YA bAA >
EOMLELZ, AV TL7ICiE. 1000 BEODRERFH LUSEEICHT DHMEMNMEREINTWET, L-507 AV TLVIE
9 DDRI T4 7aAv bA—ILE 7 DDRAT« 7 bA—)%ERL, L1493 XTI 9 DORI T 7> O—Ib
E8DDXATA7aAv rO—ILERLELIE (B 1), & FEREFET L 1 DFER. USC-CM & EGF. TIMP-1, IGFBP-7,
FOVRRRY DY -1, T4V /=52, 74707 F DL ICEEREODHRERFPRXELRDT 1 bHA 2V EER
LTWBZENESHEGYELTE, 2FELT. INSDFERIE. USCCM ITIFETETEERERFN G Y. Y1 A1
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2. HaCaTHERBICH 9 % USC-CM DfEREE R, MFRERFERIF CCK87 vt A ZERL CREETNE Lz, &ifllaz247 1
WL —FIcHEREL, SETEHRED USC-CM T 24 BRIBLE LTz, (A) —MRMGIREER 4 7D HaCaT MREICHT D
USC-CM DfRaE R, (B) TNF-a/IFN-y TRIBE iz HaCaT #falcxt g % USC-CM Dfifa s 3R,



3.2.HaCaT #lifalC 851+ % USC-CM DERaE 1%

HaCaT #flif2lcxd 9 % USC-CM D#faE = AIE T 2Tesdlc. CCK-8 7wt A =R L TRIADEFRZANE LTz, &%
HRERA T BIEDRED USC-CM (1. 10, 50 XU 100%) &b 24 BEEELF LTz, HMEFRETIE.
& TNF-a &S5 KU IFN-y 10ng/ mL 7% 1 BRPIBL & LTc, —RIGIREDZ A T TlE. USCGCM &, XfREF & tEE L T
INCDERE TCHEKEFNICHREEEZE TSRS LG HEEZRET 22 LickY . BEGHREEMNRE T
LEHATLRE (B2A), TNF-a/IFN-y RIEBRAEAFEL Cld. #IZEFEIE 50% BT LE Leh. USC-CM TREKTF
HIEBLHE, WRELRL THREFERDNER TSI EMBEINE Lz, LEHDT. RLMEIEBRENRD
HBDIF USC-CM DBERE%Z 50% 5KU 100% ERFELE LTz,

3.3. TNF-a/IFN-y TR E N7z HaCat fBZICE1F % mRNA DREINDFE,

E b ST /YA MMIEIFS USCIM DIMRAEEN Z 5B T S cslc. TNF-a/IFN-y RIElc &KW EE T NS HaCaT #ifg
ICBITDRIEFRMETENHA 2 ZRELE LTz, gRT-PCRICEK Y  TARC.TNF-a. IL-1 B IL-6 D mRNARIRZ DT L& LT,
gRT-PCR Tl&. TNF-a/IFN-y % 6 BFEIALIET TARC, TNF-a. IL-13. BKU IL-6 O mRNA RIRLN/LZBEITENEE
5 EmRLEL, USC-CM DETDRERICHSWNT. TARC, TNF-a. XUV IL-6 1. BFEI> FO—)LEEBLTE
BICFHEENE LT, IL-1BDIHE. USC-CM D 50% TIRIMEIIRD G Y A TLIZD. 100% DIRE TIFZRHFER
&Lz, UEDT EHS USC-CM ABIC K Y TNF-a/IFN-y SR MEOBRIFIRAREMEDY 1 S A0 > D TARC, TNF-a.
IL-1 BE KUV IL-6 MRNA DFEIRLNILHFEEENEEHNRENELE (”3),

A B
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3.INF-a/IFN-y THRIEBE iz HaCaT MBS B 2 1 b AA VB XUTTEHA Y DFEIRICHT 5 USC-CM DFEEMIR,
(A) TARC (B) TNF-a (O) IL-18(D) IL-6
mRNA DFIRIF. qRT-PCR ZEAL TRESTNE LTz,



34. USC-CM B TNF-a/IFN-y IZ & D THEHEND HaCaT RO T EA A VEEICRIFTHE

HaCaT #falc 8517 25 USC-CM DIMAIEE M Z EEBMICTAND e &I, HAlE. ELISA IZK DT HaCaT #RZICHF B IL-1 B ZFR
< TARC, INF-aBKU IL-6 Z/INTELANIVICHT B USC-CM D3hRZ734 L& LTz, TNF-a/IFN-y % 24 BsREIET 5 &
EBRDTEAA T TARC TNF-a. IL-6 DLANVHKIEIC EF L& LTz, TARC 2 /NI B LAN)LIF USC-CM TOaEIc &Y
INTCORETHEAFENICERICEEINE LIZ, INF-aB KU IL-6 DIFE. 2V /INTELANVIE USC-CM50% TOHER|C
KOTKRITHIFIENE LTze LH L. USC-CM100% Tl& TNF-a & IL-6 DRV INTBLNVICBEEMREZRIFLERATL
e (®4), LIeB2T. TNSORERIE. USC-CM b HaCaT MERZICH L TIRAIEERZB L. ADRRRIE FCD 28T A B
A VBRUT TN VELEZBET 2N D LT LELT.

3.5. PBMCHSD Th2 Y4 b AA VDEEICHT B USC-CM DR

Th2 MBIDFMZIREET Hcsdlc. PBMC CGRIEIMEZEK) H5 Th2 MildEFELE L, Th2 @ 5D Th2 1 FAA >
DEEICHT 25 USCCM OB ZRHELE Lc. INiE. Th2 MO IREF & IEERIc. USC-CM TR L Fz 8 DIAAENE
YA MHATD ELISA DIRDFERTT, 1 IFN-y. IL-2, IL-4 B&KU CD3/28 T 4 HEMET DL, EERD IL-4 BLUT
IL-13 DL ANJVIFKIBICIBMLE LTz, ZDFER. USC-CM50% S&T 100% TOMEITE Y. BBHERRBELERLT IL4 B&
U IL-13 27 IN7ELANVEEIENE LTz, E51C. USC-CM (F. IL-4 LT IL-13 DiEMEZE 100% ORETENZTNK
72% BXU 63% B<PAELELE (B5), TOT—RIF. USC-CM D Th2 B b A4 >V OBEEZRD Th2 Mk ERERT
BT EERLTVWET,

3.6.U266B1 #Hf2IC &51F 2 IgE DELEICH T B USC-CM DFEEE M4

U266B1 #HfRIC &k B IgE AT 5 USC-CM DMRZET A M LE LTz, DdENTz IgE LNV ZRIET BTzl USC-CM
F7zlE RPMI-1640 HBHIDTFIE T T U266B1 #ifa%Z LPS (10ug/ mL) HXU IL-4 (5ng/ml) T3 BERBLE Lz, T5IC,
BEEBFEROD IgE EEDLN/V% ELISA ICK D TRIE LTz, KiIC, B6 ITRT KDIC. LPS/IL4 Ik BRIBIE. U266B1 D IgE
LNIVZEMEEE LTz, TORRUSCCM BEIE BB ELR LT IgE EEZBRICRD T EE LTz, INSDERIF.
USC-CM H' B ffifatk ClEME b nNa 2 &lc kY IgE R =PRETESD I AR LT

A 11 Cc
i CCLINTARD) .'.: i [ S
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i, : i -
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: z :
] i s e s
= L4 £ = = » L4 K
N alfy =Y ANy

4HaCaT #ERalcB1F 2 TNF-a/IFN-y FEMDY A b AA VEKUT EAA VDOEEITHT % USC-CM DFEEZNR.
(A) TARC. (B) TNF-a. B&KU (O) IL-6 DEZEIF. TNF-a/IFN-y TRIEE Nz HaCaT MfADEE LECRESNE LTz,
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5. Th2 #RIICHF S Th2 A b AHA VEEICKHT S USC-CM OFEEMR, (A) IL-4. KU (B) IL-13 DEEIF. #1 CD3
/28 R PBMC D1F&E BB CRIEENE LTz,

IgE Table 2
Demographic information of subjects.
600- Variable Treatment group (n = 28)
Age (average + standard deviation) 24.68 + 4.32
Gender (M:F) 15:13
3 -
= 4004
-2- Table 3
k=] Value changes of lesion and non-lesion in Corneometer and TEWL after product
& application.
-
7]
- Treatment group
E 200 k. Content Vist N 8 y
Q Lesion Non-lesion
;ﬂsﬂ 28 Dif ol }}68 + 7.82 ;55.;&.:!:
Corneometer (a. )
0- . . u] Vs 2 Difeemet 17487 1445
. . LS QQ 3 28  Difference”  3.99 £5.69""  0.99 £ 6.31
N Visit . —10.06 + —0.53 +
2 28 Difference™ 1o gy 4.60
+LPS, 114 TEWL (g/m?/hr) 28 Difference’ ;;ifﬁ_i ;?}fgi
Visit3 i %
= N _ " , -5.03% —2.56 +
[ 6.8 HRKEIC BT B IgE EEAEICH T B USC-CM DFEEE 28 Difference” o0 B

a.u: arbitrary unit; Visit 1: week 0; Visit 2: week 2; Visit 3: week 4.
! Difference from Visit 1.
2 Difference from Visit 2.
* P < 0.05.
" P < 0.01 (Paired t-test results within each group).

3.7.USC-CM 2 HE1LiERicid. ABDIV2F A -2 —AE@EZREL. TEWEL [EZ AP T EDMRIBY LT

invivo 7 X FDz®ITEIENT 28 ADEEIC USC-CM BEL V) —LX—XD{bHESm%Z. IRB &RE. BEDRFRE LIFFE
IC1H2E4BEEBRLE L, R 2 & TDinvivo 77X MMCBIT 2#EEDERERL TWLWET, Corneometer BRLT
TEWEL LNJVIE. BEBLUIBRZIC 4 BREAEZERT a1 R LT BEEMREZTRLELE (R 3), AER 4 BE
DIREHB L UIERZED Corneometer D LAV GRERTE LB L T.ZNZN15.67au. 5K U 1449 a.u. EAIBITEINLE LTz,
TEWEL DLANJLE, SBERICZFNZN 15.09au $KU 3.08au. BPLELTz, 2FELT. IRTOT—2RIE. USC-CM I
BENDMERHLNAEBOERBEZHEL. RELIFREDOEADEE/N) 7 E#@btTdEmRLELT

4, ER

7 E—HEER (AD) & ECHERERBEEROEBEHEEERICK D TIIERITNBZITENHSNTVEY, BR
TNRIETVRE, BEELS T LILF—HEREBELO/INS IS4 VIR EN LI RERERENICH L TE < OBENZ AL
TNREF O TVWATENRETNTOET [21-23],



BIZIE. Kim 5ic&B &, b MsEBAROBERSMAZIE. MIP-2, miR-122a-SOCS1. BKLT Th1/Th2 [EEDHIR%
EHTAHIELICE DT FE—ERBREERT AT EERELE L 24, B, INETICRESNEIET VX Tl
UCB-MSC H* AD AET DR EEF O TVWBT EERELTWET, Park 5iF. b Ew MABAROMERSHERND WS S
TGF-Bl&. TNF-a & IgE DD EPRET 5T ET7 FE—MHEBRERETHEMEITNTOET 251 Lee Sid. HEEFR
BMIC 7oA 7Nzt bR MRIE. <V ADRBEHT FE—MERBRZNRMICKET S ERELE L [26],
KimSldElz BREBREEC THEENSEED AD BEDHRESE L TDOUCB-MSCOBEMMEZRIEL £ LTz, 27], T5IT,
Liu 5ldb ESREREEEIEEE#IE,. invivo BELT invitro CERFEEICIAEERAN DD EREINTLET [28],
LTehoT. ZOWZEIE. ADEBEE L TD USC-CM DIAIEREN AR L TVWET,

BIDFERIE. USC-CM A EGF, TIMP-1, IGFBP-7. FOAVRARY IV -1, T4 TV /=52 T4 7AXTFUEEDR
ERFPHA FHAVEZLEATWAZ EAETRELE LI [29-31], LEIOMZETIE. EGF I& AD 7z & D BEREDAAEM
BBOEERS T T EHRENEGF DIRAEMRISADAEE L THERINTEE L2382, T5IC.WKDHDHETIE. 7 1
TOXTFVDIMRIERRIDMEE 2B MXENEREDABRICER TER I ENRETNTUVET [33,34],

TOF /YA MNIBAEBOERICAARGHETSHY .. REDREBICEDIZENSLIUEELGFERFE L THEL. TFE
FHEAMICE DT T MlRAEEHLLL. SEIEEYA bHAVEDBT BT EICK D TREICEET BT ENREETNTL
£ [35], LIeHD T ABAZETIE. TNF-a/IFN-y IC& D TFHFEET NS HaCaT MfITxTd 5 USC-CM DIAIED I REME &
HEITAHIEEBNELTc, TORER. TEITEHREED USC-CM MEH. TNF-a/IFN-y TRIBE Nz HaCaT Mzl
AiEEEE LITEEHFE I NE LTz, USC-CM IE. TNF-a/IFN- y TR E Nz HaCaT #RZIC 5L T TARC. TNF-a . IL-1 8.
IL-6 7 &M Th2 BEHE EAA D mRNA 2 BEET 5 & ARLE LTz, BEBRRONT &I, BT USC-CM I, Th2 ERISIC
PWT, TELGKEFEMES A bHA > Th? TARC 2N\ VEDLNVEBERICEELE Lz, TEIEHEREERFD
T, Th2 BEES EAA VIGKEMMIEEEELEY., LIeDD> T, Th2 BES EAHA DBEEIR. AD Ik EDIEMREBERE
ICARIEERZERIF T RIREMD D Y £9, TARC I&. CCR4 ICHEREZ D T2 BT TEHA 2V THY .. 7 LIVEF—EREDF
S LIIBFRICHIRABBI S B2 —@DT EHA ~TT, TARC . HEDKERISICEWTHIHIDREZRIc I fcsd. BHEIE
& L THEAET B RIBEMED YD W 9, IL-4 | AD O2MHERITIEBIL. IFN-y DW= BEEL. B U/ \ERZF#L T IgE =5
WLET, B1ER2ITRTEDIC 4 BEKU 5. USC-CM Id. RIEET IV —TEHEBEL T, IL-4 BELUIL-130 T5TIT AD
BEEY—H— IgE ZERICRD T EE L, INSDERIE. USC-CM B PBMC TEAEINZ A FHC Y 14 BKU
IL-13 ZFAE L. B #HB3D IgE BT ZFEIT 5 Ltk EEBREDEBUAERDICEEEL TWAZEA—BLTRLTW
£,

BEICKAEYIRL D DMAIEERICEET 2MENMTONTEFT LD, SMRBRRNEDOHEIFARTETY [3637, D
zElE. e mEsEOMEZ BRI 2MRERIELE LT

FHWT, invivo DIER(IE. USC-CM Bk FDEED AD EEDIEMRBRADERNEBERET S EETEBLE LT
USC-CM EERERAN—X DEEMZBFMNICREBLIZICEDDDE T, HEDKDICEET Z2RERNEZII/IETH S
Corneometer DLANIVHAER L. BB/ 7{RFERESIDIBIZ TH KD EBERDLANIVHKIBICIETLE LTz,

51&lE USC-CM IZEENZZHOBMERF ET A FAHA VDEEDIHIHDBETY, 51, AD O TARC/CCR4 ¥ J+IVE
ERRICHITD USC-CM DI EHR— b BEEGEAAZILIE. TE5EEZIREBIIRIAVEE LET, [HROMETIE.
AD DBEDERIIMRIEF DGR A HZ XL EFRDBLEFERDITBHT ENFERICEETY,

e LT TOMKIE. USC-CM OB EEFH. AD G EDERERBADERRRE ChH 5 TARC DEE=EIHI L. Y1
HAVEBH L. PBMC D IgE ZIIFIT DT LICK DT Th2 RREEZINH T2 & ARLE LIz, £lz. AD DERFREIEF
e FOEBTHRETNTVWATEERLELRE (K1), eBEDRAERERIF. USC-CM Z1etEsm & LT, Eizldk AD D&
SEEEREDREY —IVDEE L TERT AT EICDVTOHFLWVEAREZTREL TWET,



Protein array using USC-CM

Cytotoxicity test by CCK-8 on HaCaT cells

Normal condition

Induced inflammation

condition
Gene expression Protein expression
by RT-PCR on HaCaT cells by ELISA on Th2 cells
TARC. TNF-a. IL-1p. IL-6 IL-4, IL-13
Protein expression Protein expression
by ELISA on HaCaT cells by ELISA on U266B1 cells
TARC, TNF-a, IL-6 IgE

Clinical trials on patients using USC-CM contained cream

Lesion

Non-lesion

Corneometer, TEWL

Chart 1. The research methodology.
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ARTICLE INFO ABSTRACT

KeYWf’dei i Atopic dermatitis (AD) is an inflammatory skin diseasein which type 2 allergic inflammation plays a critical role.
Conditioned media from UCB-MSCs In this study, the anti-inflammatory effect of conditioned media from human umbilical cord blood-derived
USC-CM

mesenchymal stem cells (USC-CM) was investigated in order to apply it as an effective treatment with a low
risk of side effects that can overcomethe limitations of AD treatmentwhich is currently in use. We found that
USC-CM has various growth factors and cytokines associated with anti-inflammatory effect. RT-PCR and ELISA
analysis showed that USC-CM inhibited the levels of type 2 cytokine and chemokine Thymus and activation-
regulated chemokine (TARC), TNF-aand IL-6 in TNF- @IFN- ystimulated HaCaT cells. In addition, USC-CM
inhibited IL-4 and IL-13 levels in Th2 cells. Therefore, the results of our study demonstratedthat USC-CM has
anti-inflammatory effect in TNF- ¢/IFN- ystimulated HaCaT cells which associated with the inhibition of the
immunoglobulin(lgE) secretion by activating B cell line. Our In vivoresults showedthat when the USC-CM was
applied to lesions of patients with the mild AD for 4 weeks, the skin barrier was strengthenedby increasing the
level of Corneometerand decreasing the value of transepidermal water loss (TEWL). In conclusion, the results
suggestthat USC-CM may have therapeutic effect for AD as cosmeticsand drug materials.

Anti-inflammatory

Atopic dermatitis

TARC

Type 2 allergic inflammation

devised. However, immunosuppressantsand steroids currently used as
treatments have various side effects that appear only when used in
excess of the existing amount due to thinning and sagging of the skin
during long-termuse. In order to overcometheselimitations, thereis an
urgent need to develop effective prevention strategies/therapies with
low risk of side effects.

In the lymph nodes, IFN- yis secreted when T cells proliferate and
differentiate, and CD4 + T cells differentiate into Th1 cells due to the

1. Introduction

Atopic dermatitis(AD) is a chronic inflammatory skin disease char-
acterized by pruritus and skin enzema caused by immunological ab-
normalities [ 1,2]. AD is causedby several factors such as activation of T
lymphocytes, abnormalities of cytokine system, decrease of cell medi-
ated immunity, immunologic abnormality such as increase of immno-
globulin E (IgE), physiological factors and skin biochemical defects

[3-5]. IgE is animmunoproteinpresentin the blood, and the functionin
allergic inflammation suggeststhat IgE and IgE-mediated mast cells and
eosinophil activation contribute to AD [6]. Recently, AD and various
allergic diseasesare increasing, and various treatmentsfor AD have been

interaction between antigen-containing dendritic cells and T cells.
Consecutively, it secreteslL-4, IL-5, IL-13 into Th2 cells andIL-17 and IL-
22 into Th17 cells. Dendritic cells play a critical role in the differentia-
tion of theseT cells throughthe expressionof cytokines and co-promoter

Abbreviations:AD, atopic dermatitis; USC-CM, conditioned media from human umbilical cord blood-derived mesenchymal stem cells; TARC, thymus and
activation-regulated chemokine; IgE, immunoglobulinE; TEWL, transepidermal water loss; MSC, mesenchymalstem cells; UCB, umbilical cord blood; UCB-MSCs,
human umbilical cord blood-derivedmesenchymalstem cells; FBS, fetal bovine serum; EGF, epidermal growth factor; bFGF, basic fibroblast growth factor; TIMP-1,
tissue inhibitors of metalloproteinases-1;IGFBP-7, insulin like growth factor binding protein-7.
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molecules. Furthermore, the keratinocytes of AD express high numbers
of chemokines to induce inflow of dendritic cells, T cells and other
leukocytes into the skin to increase inflammation, including CCL27,
CCL17/TARC and CCL22/MDC [7]. This chemokineis known to induce
Th2 cell migration and infiltration into inflammatory sites via CCR4,
leading to a Th2 immuneresponse[8-10]. Increased chemokine (TSLP,
RANTES, CTACK, LARC, MDC and TARC) production,increased number
of Th2 cells comparedto Th1 cells, increased cytokine (IL-10, IL-4, IL-5,
TNF- g etc) production, and increased IgE production have been re-
portedas immunological symptomsof AD. Targeting keratinocytes, Th2
cells, B cells, and inflammatory cells involved in the skin immune
responsemight constitutea novel therapeutic strategy for AD.

In general, clinical features of AD include disruption of the skin
barrier due to severe itching and inflammation [11]. To investigate the
clinical characteristics of AD, skin moisturization and skin barrier pro-
tection ability can be evaluated by using transepidermal water loss
(TEWL), and Corneometer as accurate markers of epidermal barrier
damagein AD skin [12,13].

Stem cell therapy is a new type of therapy that treats incurable dis-
easesof humansusingadvancedbiotechnologyon cells with self-healing
capabilities in the body. It is a medicine that overcomesthe limitations
of existing surgical or drug therapy. For this reason, interest in mesen
chymal stemcells (MSCs) hasrecently increased, and the MSCs and their
conditionedmedia are beingwidely studied[14]. MSCs are multipotent
cells derived from various tissues. Especially MSCs derived from um-
bilical cord blood (UCB) are the youngeststem cells comparedto other
MSCs and has the most outstanding characteristics and regeneration
ability of stemcells [ 15-17]. Recent studies have shownthat the human
umbilical cord blood-derivedmesenchymalstemcells (UCB-MSCs) have
an immunosuppressive effect through the secretion of inflammatory
inhibitors, and it is a promising therapeutic approach for AD [18,19].
However, the anti-inflammatory effect of MSCs conditioned media is
relatively unclear.

Therefore, the aim of this study was investigating the effect of
conditioned media from human umbilical cord blood-derived mesen
chymal stem cells (USC-CM) on the keratinocyte, Th2 cells, B cells, in-
flammatory cells and AD human skin.

2. Materials and methods
2.1. Preparationof USC-CM

Isolation, culture, and characterization of UCB-MSCs were per-
formed as described previously [20]. UCB sampleswere obtained from
the FORMIZ WOMEN's Hospital (Seoul, Korea). This work was approved
by the Korea National Institutional Review Board on August 09, 2018
(IRB- No0.219255-201305-BR-001). UCB-MSCs were cultured and
expandedup to passage6 at 37°C and 5% CO, in KSB-3 (Irvine scientific,
Santa Ana, CA, USA) with 10 % fetal bovine serum (FBS) (Gibco, grand
Island, NY, USA). UCB-MSCs (2 X 10° cells/flask) were seededin T-25
flask and cultured for 48 h in KSB-3 with 10 % FBS. After washingtwice
with PBS, the culture medium was changedto KSB-2 media; DMEM
(Gibco) containingepidermal growthfactor (EGF) (10 ng/mL) and basic
fibroblast growth factor (bFGF) (10 ng/mL), followed by incubation
period of 96 h. USC-CM were collected, centrifugedat 1500 rpm for 5
min, and finally filtered usinga 0.22 um syringe filter.

2.2. Humangrowthfactor antibodyarray

Human proteins were analyzed by using a Human Antibody Array
1000 (Cat. No. AAH-BLM-1000-4, RayBiotech, Norcross, GA, USA) ac-
cording to the manufacturer's instructions. Membraneswere developed
using detection buffer and quantified using a densitometer. After
developing, films were scannedand theimagesprocessedand quantified
using Image J software (National Institutes of Health, Bethesda, MD,
USA). Signal intensity was normalized to internal positive controls for

Biomedicine & Pharmacotherapy 131 (2020) 110789

Table 1
Primers usedin research.
Gene Species Primer
TARC Human F 5'-actgctccagggatgccatcgtttt3’
R 5'-acaaggggatgggatctccctcactg-3
TNF-a Human F 5'-ctatctgggaggggtcttcc3
R 5'-ggttgagggtgtctgaagga-3
IL-18 Human F 5'-cagccaatcttcattgctca-3
R 5'-gcatcttcctcagcttgtee-3
IL-6 Human F 5'-aaagaggcactggcagaaaa-3
R 5'-caggggtggttattgcatct-3
RPL13A Human F 5'-gcacgaccttgagggcagee3’
R 5'-catcgtggctaaacaggtactg-3
comparison.

2.3. Proliferationassay

The human skin keratinocyte cell line (HaCaT cells) was obtained
from the American Type Culture Collection (ATCC, Manassas, VA, USA).
HaCaT cells (1.5 X 10° cells/well) were seededin 24-well plates and
cultured for 24 h in DMEM/F12 (Gibco) with 10 % FBS. After attaching
the cells to the plate, USC-CM was treated with several concentration(T,
10, 50, and 100 %), and stimulated with or without TNF- a(10 ng/mL)
and IFN- y(10 ng/mL). After 24 h, cell viability was measuredby usinga
Cell CountingKit-8 (CCK-8) (Dojindo, Gaithersburd, MD, USA). CCK-8
solutions were added to the well and the cells were more incubated
for 2 h. Then, the absorbancewas measuredat 450 nm using a micro-
plate reader (Tecan, Mannedorf, Switzerland).

2.4. mRNA isolation,cDNA synthesisand quantitativeRT-PCR

HaCaT cells (3.5 X 10° cells/well) in 6-well plates were pretreated
with USC-CM at various concentration (50 and 100 %) for 1 h, and
stimulated with TNF- @IFN- y (each 10 ng/mL) for 6 h. Cells were
collected, and total cellular RNA was extracted with usingan RNA mini
kit (Invitrogen, Waltham, MA, USA), followed by a reverse transcription
using a cDNA synthesis kit (Bioneer, Daejeon, Korea). The cDNA was
followed by quantitative PCR using the SYBR Green PCR Master Mix
(Applied Biosystems, Foster City, CA, USA) with each primer. Each gene
expression level was normalized with RPL13A as a housekeepingcon-
trol. The primer sequenceswere listed in Table 1.

2.5. Enzyme-linkedmmunosorberassay (ELISA)

HaCaT cells (3.5 X 10° cells/well) in 6-well plates were pretreated
with USC-CM at various concentration (50 and 100 %) for 1 h, and
stimulated with TNF- d/IFN- y(each 10 ng/mL) for 24 h. The supernatant
was collected and centrifugedat 12,000 g for 5 min. The level of che-
mokines TARC, TNF- g andIL-6 were determinedby an ELISA kits (R&D
systems, Minneapolis, MN, USA) according to the manufacturer's
protocol.

2.6. Peripheralbloodmononucleacells (PBMC) cultures

PBMC (ATCC) were cultured at 37°C and 5% CO, in RPMI 1640
medium (Gibco) supplementedwith 10 % FBS. The cells (1 X 106 cells/
24-well) were stimulated with anti-IFN- y(1 ug/mL), IL-2 (5 ng/mL), IL-
4 (10 ng/mL), and CD3 plus CD28 antibodies (T-lymphocyte activation)
in the presenceof USC-CM for 4 days. The supernatantswere collected
and measured with IL-4, and IL-13 ELISA (R&D systems) according to
the manufacturer's protocol.

2.7. Measuremendf IgE secretionfrom U266B1 cells

Human U266B1 cells (ATCC) were cultured at 37°C and 5% CO; in
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Fig. 1. Human antibody array analysis of USC-CM. Representative images from human antibody arrays demonstratingthe reactivity of USC-CM to arrays L series

(1,000 proteins).

RPMI 1640 medium supplementedwith 10 % FBS. The cells (1 X 10°
cells/24-well) were stimulated with lipopolysaccharides (LPS) (10 ug/
mL), IL-4 (5 ng/mL) in the presenceof USC-CM for 3 days. The super-
natants were harvested for IgE assay by Sandwich ELISA (Abcam,
Cambridge, MA, USA).

2.8. In vivo humantest

In vivo tests on human were performed by CHONNAM NATIONAL
UNIVERSITY CLINICAL TRIAL CENTER (Gwangju, Korea). This work
was approved by the Chonnam National University Hospital Institu-
tional Review Board on November 15, 2017 (IRB, CNUH-2017-293).
Twenty eight males and females were tested and each subject was
informed with directions beforeapplication. Evaluation of Corneometer,
and TEWL was performed before application of the product, 2 and 4
weeks after application. Skin Cormeometerwere measured using Cor-
neometer CM825; CK' Electronic). Skin TEWL was measured using
Tewameter (Tewameter TM300; CK electronic GmbH, Cologne,
Germany).

2.9. Statisticalanalysis

All the data were shown as meaning = standard deviation (SD). The

A

Cell viability (%)
: 3

&

1A

statistically significant differences betweengroups were assessed by t-
test using GraphPad Prism 5 software. P values < 0.05 were considered
significant. *P < 0.05, **P < 0.01, ***P < 0.0001. The values are shown
in the figures.

3. Results
3.1. USC-CM containedvarious growthfactorsand cytokines

In order to determine growth factors and cytokines in USC-CM, we
analyzed 1000 different cytokines in USC-CM using the humanantibody
array 1000. The membranewas printed with antibodiesfor 1000 growth
factors and receptors. The L-507 membrane showed nine positive and
seven negative controls, and the L-493 membraneshowed nine positive
and eight negative controls (Fig. 1). Results from quantification of the
human growth factor antibody array showed that USC-CM contained
high concentrations of growth factors and cytokines associated with
anti-inflammatory such as EGF, tissue inhibitors of metalloproteinases-1
(TIMP-1), insulin like growth factor binding protein-7 (IGFBP-7),
Thrombospondin-1, Fibrinogen and Fibronectin. Overall, our results
demonstratedthat USC-CM has various growthfactors and cytokines are
associated with anti-inflammatory effects.
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Fig. 2. Cytotoxic effect of USC-CM on HaCaT cells. Cell viability was determinedby using a CCK-8 assay. Each of cells were seededinto 24-well plates and treated
with various concentrationsof USC-CM for 24 h. (A) Cytotoxic effect of USC-CM on HaCaT cells in the general condition type. (B) Cytotoxic effect of USC-CM on TNF-

dIFN- ystimulated HaCaT cells.
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Fig. 3. Inhibitory effectsof USC-CM on cytokine and chemokineexpressionin TNF- o/IFN- ystimulatedHaCaT cells. The expressionof (A) TARC, (B) TNF-qg (C) IL-1 3

and (D) IL-6 mRNA was determinedby using a qRT-PCR.

3.2. Cytotoxicityof USC-CM in HaCaT cells

In order to determinethe cytotoxicity of USC-CM on HaCaT cells, we
examined a cell viability using CCK-8 assay. Each conditional type was
incubated with different concentrationsof USC-CM (1, 10, 50 and 100
%) for 24 h. In theinflammation-inducedtype, each TNF- aand IFN- y10
ng/mL were pretreatedfor 1 h. In the general condition type, USC-CM
had no significant cytotoxic effects by promoting cell growth without
reducing cell viability in a dose-dependenmannerat all concentrations
comparedwith control group (Fig. 2A). In the TNF- @IFN- ystimulated
inflammation-inducingtype, the cell viability decreasedto 50 %, but it
was investigatedthat the cell viability increasedwhentreatedwith USC-
CM in a dose-dependentmanner compared to the control group.
Therefore, we determinedthe optimal concentrationsof USC-CM to 50
and 100 %, which has the mostsignificant cell growth promotingeffect
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(Fig. 2B).

3.3. Effectsof USC-CM on mRNA expressionin TNF- @IFN- ystimulated
in HaCaT cells

To evaluate the anti-inflammatory activity of USC-CM in human
keratinocytes, we measured the TNF- IFN- ystimulated production of
pro-inflammatory chemokines in HaCaT cells. We analyzed mRNA
expressionof TARC, TNF- g IL-1 BandIL-6 usinga qRT-PCR system.qRT-
PCR analysis indicated that TNF- @IFN- ytreatmentfor 6 h significantly
increased mRNA expressionlevels of TARC, TNF- g IL-1 SandIL-6. In all
concentrationgroupstreated with USC-CM, TARC, TNF- aand IL-6 were
significantly inhibited comparedto positive control. In the case of IL-1 3
50 % of USC-CM had no inhibitory effect, but it has at 100 % concen
tration. Consecutively, we demonstratedUSC-CM treatmentinhibits the
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Fig. 4. Inhibitory effects of USC-CM on the TNF- &IFN- yinduced production of cytokines and chemokinesin HaCaT cells. The production of (A) TARC, (B) TNF- g
and (C) IL-6 was measuredin the culture supernatantof TNF- dIFN- ystimulated HaCaT cells.
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Fig. 5. Inhibitory effects of USC-CM on Th2 cytokines productionin Th2 cells. The productionof (A) IL-4, and (B) IL-13 was measuredin the culture supernatantof

anti-CD3/28 stimulated PBMC.
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Fig. 6. Inhibitory effects of USC-CM on IgE productionin B cell line.

TNF- d/IFN- yinduced overexpressed inflammatory cytokines TARC,
TNF- g IL-1 Band IL-6 mRNA expression levels (Fig. 3).

3.4. Effectsof USC-CM on TNF- @IFN- yinducedproductiorof
chemokinesn HaCaT cells

To quantitatively examinethe anti-inflammatory activity of USC-CM
in HaCaT cells, we analyzed the effect of USC-CM on TARC, TNF- aand
IL-6 proteinlevels excludingIL-1 Bin HaCaT cells by ELISA. TNF- (IFN- y
treatment for 24 h significantly increased the levels of chemokines
TARC, TNF-aand IL-6 in the supernatant. TARC protein levels were
significantly inhibited in a dose-dependentat all concentrations by
treatmentwith USC-CM. In the case of TNF- aand IL-6, proteinlevels was
significantly inhibited by treatmentwith USC-CM 50 %. However, USC-
CM 100 % had noinhibitory effecton the protein level of TNF- aand IL-6
(Fig. 4). Thus, these results suggestedthat USC-CM may have the anti-
inflammatory effects on HaCaT cells to inhibit type 2 cytokine and
chemokine production under AD-like inflammation.

3.5. Effect of USC-CM on the productiorof Th2 cytokinesfrom PBMC

To verify the characteristics of Th2 cells, we induced Th2 cells from
PBMC. We investigatedthe effect of USC-CM on the production of Th2
cytokines from Th2 cells. This is the result of ELISA analysis for anti-

Table 2
Demographicinformation of subjects.

Variable Treatment group (n = 28)
Age (average *standard deviation) 2468 £432
Gender (M:F) 15:13

Table 3
Value changesof lesion and non-lesionin Corneometerand TEWL after product
application.

Treatment group
Content Visit N Summary
Lesion Non-lesion
Visit 28 Difference! 11.68 £7.82 1548 =
2 6.53""
Corneometer (a. + +
u) Visit 28  Difference' 15'67 822 ;49;‘17
3 28  Difference’  3.99 +5.69** 0.99 £6.31
Visit . 1 -10.06 = -053 =
2 28  Difference 1280 469
_ + _ +
TEWL (g/m2/hr) 28  Difference' 15'0? - 308 &
Visit3 1342 3.67%"
. -5.03 £ -256 =
28  Difference’ 11.73% 416+

a.u: arbitrary unit; Visit 1: week 0; Visit 2: week 2; Visit 3: week 4.
! Difference from Visit 1.
2 Difference from Visit 2.
" P < 005.
" P < 0.01 (Paired t-test results within each group).

inflammatory cytokines after treatment with USC-CM in contrast with
the control group in Th2 cells. Anti IFN- y IL-2, IL-4 and CD3/28 were
treated for 4 days, and the levels of IL.-4 and IL-13 in the supernatant
weresignificantly increased. As a result, thelL-4 and IL-13 proteinlevels
were suppressedby treatmentwith USC-CM as 50 and 100 % compared
to positive control. In addition, USC-CM strongly inhibited the activity
of IL-4 and IL-13 by approximately 72 % and 63 % respectively at the
concentration of 100 % (Fig. 5). This data demonstratedthat the Th2
cytokine inhibitory effect of USC-CM directly in Th2 cells.

3.6. Inhibitoryactivity of USC-CM on the productiorof IgE in U266B1
cells

We tested the effect of USC-CM on IgE productionby U266B1 cells.
To measure the secreted IgE level, U266B1 cells were stimulated with
LPS (10 ug/mL) andIL-4 (5 ng/mL) in the presenceof USC-CM or RPMI-
1640 medium as a control for 3 days. In addition, the levels of IgE
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productionin the culture supernatantwere measuredby ELISA. Then, as
shown In Fig. 6 stimulation with LPS/IL4 increased IgE levels in
U266B1. As a result, USC-CM treatment significantly reduced IgE pro-
duction comparedto positive control. These results indicated that USC-
CM can inhibit the IgE secretion by activated in the B cell line.

3.7. USC-CM containedcosmeticincreasingCorneometeralue and
decreasinglEWL valuein human

28 patients were selectedfor in vivotest. USC-CM containing cream
baseswere applied twice a day for 4 weeks to patients lesion and non-
lesion after IRB approval. Table 2 showsdemographicinformation of 28
subjects who passed screening test to participate this in vivo test. The
Corneometer and TEWL levels showed a significant effect compared
with before applied the treatment in the lesion and non-lesion for 4
weeks (Table 3). The level of Corneometerof lesion and non-lesionat 4
weeks after the treatmentwas significantly increased by 15.67 a.u and
14.49 a.u, respectively, when comparedto that of before treatment. The
level of TEWL was also decreasedafter the treatmentby 15.09 a.u and
3.08 a.u, respectively. Overall, all data demonstrated that USC-CM
contained cosmetics improved the skin stratum corneum and
strengthenthe skin barrier for both lesion and non-lesion.

4. Discussion

AD is known to be caused by a complex interaction of genetic pre-
disposition and environmental factors. Accumulating evidence has re-
ported that stem cells have many potential beneficial effects on allergic
diseases and immunomodulatory ability through paracrine effects
[21-23] For instance, Kim et al. reported that human adipose
tissue-derived mesenchymal stem cells attenuate atopic dermatitis by
regulating the expressionof MIP-2, miR-122a-SOCS1 axis, and Th1/Th2
responses[24]. In particular, accumulating evidence has reported that
UCB-MSC has efficacy which improve AD. Park et al. reported that
TGF- Bsecrete by human umbilical cord blood-derived mesenchymal
stemcells ameliorates atopic dermatitis by inhibiting secretion of TNF- a
and IgE [25]. Lee et al. reported that disease-specific primed human
adult stemcells effectively ameliorate experimental atopic dermatitis in
mice [26]. Kim etal. also demonstratedthe effectivenessof UCB-MSC as
a treatment for moderate to severe AD patients through clinical trial.
[27]. Furthermore, Liu et al. reported that human umbilical cord
mesenchymalstem cell conditioned medium has anti-inflammatory ef-
fectsonrenal fibrosis in vivoandin vitro[ 28]. Accordingly, this study has
showedthe USC-CM's anti-inflammatory ability as an AD treatment.

The first result suggestedthat USC-CM contains the highestamount
of growth factors and cytokines such as EGF, TIMP-1, IGFBP-7,
Thrombospondin-1,Fibrinogen and Fibronectin, which well known to
be important for anti-inflammatory effect [29-31]. In a previous study,
EGF was shown to reduce the number of inflammatory cells in skin
diseasessuch as AD, and the anti-inflammatory effectsof EGF have been
used as an AD treatment[32]. Moreover, several studies reported that
the anti-inflammation ability of fibronectin can be applied for chronic
systemic inflammatory diseases treatment[33,34].

Keratinocytes are essential cells for the formation of the stratum
corneum and act as targets and the primary inducer of immune re-
sponses in the skin, which have been reported to be involved in
inflammation by activating T cells by various stimulation and secrete
various cytokines [35]. Thus, this study aimed to investigate the
anti-inflammatory potential of USC-CM to TNF- /IFN- y-inducedHaCaT
cells. As a result, the treatmentwith various concentrationsof USC-CM
proliferation was induced without cytotoxicity on
TNF- aIFN- ystimulatedHaCaT cells. We observedthat USC-CM inhibits
mRNA of Th2-related chemokinessuch as TARC, TNF- g IL-1 B and IL-6
in TNF- @IFN- ystimulatedHaCaT cells. Intriguingly, especially USC-CM
significantly inhibited the level of TARC protein, a key
pro-inflammatory cytokine, in Th2 inflammatory response. Among the
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Protein array using USC-CM

Cytotoxicity test by CCK-8 on HaCaT cells

Induced inflammation
condition

Normal condition

Gene expression

Protein expression

by RT-PCR on HaCaT cells by ELISA on Th2 cells
TARC, TNF-a, IL-1p. IL-6 IL-4,IL-13

Protein expression Protein expression

by ELISA on HaCaT cells by ELISA on U266B1 cells
TARC, TNF-q, IL-6 IgE

Clinical trials on patients using USC-CM contained cream

Lesion | Non-lesion

Comeometer, TEWL

Chart 1. The research methodology.

various inflammatory factors, Th2-related chemokines recruit inflam-
matory cells. Therefore, inhibition of Th2 related chemokinesmay have
anti-inflammatory effectson chronic skin diseasessuchas AD. TARC is a
Th2-type chemokinethat effects on CCR4 and a kind of chemokinethat
migrations cells to the place where allergic inflammation occurred.
TARC may works as a therapeutictarget, becauseit plays an early role in
the skin inflammatory response.IL-4 increases during the acute phase of
AD, which inhibits the secretion of IFN- yand stimulates B lymphocytes
to secretelgE. As shownin Figs. 4 and 5, USC-CM significantly reduced
IL-4 and IL-13 as well as AD-like disease marker IgE comparedto the
inflammatory group. These results consistently demonstrated that
USC-CM is involved in the chronic inflammatory responseof skin lesions
by regulating the cytokines IL-4 and IL-13 producedin PBMC, inducing
IgE reductionin B cells.

Research has been conducted on the anti-inflammatory effects of
natural plantingredientsin the past, butresearch on animal cell-derived
substanceshas beenincomplete[36,37]. This study has demonstrated
the effect of mitigating inflammation of substancesdispensedwith cord
blood stem cells.

Subsequently, the in vivo result suggestedthat USC-CM improve
clinical featuresin chronic dermatitis such as AD in human skin. Even
though USC-CM and cosmetic base mixture are treated topically, the
level of Corneometer,a representativeindicator related to skin moisture
was increased, and the level of TEWL, an indicator of skin barrier pro-
tection ability was significantly decreased.

There are still limitations in this study thatare not clear. Quantitative
analysis of numerousgrowthfactors and cytokines containedin USC-CM
is required. In addition, the accurate mechanisms which supporting
regulation of USC-CM in the TARC/CCR4 signaling pathway in AD re-
quires further experimental validation. In the future research, it is very
important to find out the immune regulation mechanismand the genes
for etiology that have a rationale for the treatmentof AD.

In conclusion, this study showed the effective factors of USC-CM
suppresses Th2 immune response by suppressing the production of
TARC, a major cause of chronic dermatitis such as AD, suppresses
cytokine regulation, and IgE in PBMC. In addition, it showedthat clin-
ical featuresof AD have improvedin humanskin (Chart 1). Our findings
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suggestnew insights into the use of USC-CM as cosmeticsor as drugs to
therapeutic tool for AD-like skin lesions.
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