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Abstract: Various biometerials have been researched and
have been developed for treatment of some disease through
transplantation to body. They have been evaluated by in vitro
cytotoxicity test using some skin-derived cell lines for prediction
of their biocompatibility in vive. However, the results of
experiments using mesenchymal or epithelial cells could not be
considered ir vivo immune reaction. In this study, we evaluated
the biomaterial-elution (elute from high density polyethylene
film) using some cell lines (1.929, Jurkat, U937) in vitro, and
then that results were compared with in vivo results from
guinea pig sensitization test. In sensitization test, saline and
elution of syringe could not induce erythema, but only DNCB
(hypersensitive chemical) induce erythema at guinea pig
sensitization test. In cell experiment, the cytotoxicity results of
inflammatory cells (Jurkat; T lymphocyte, U937; monocyte) was
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no difference with 1.929 (fibroblast) in the overall trend. However,
inflammatory cell lines were only secreted inflammatory
cytokine (TNF-a, INF-y) in some materials (biomaterial-
lution, FAC, DNCB). And the biomaterial-¢lution did not
have toxicity to the cells, but it induced the inflammatory
cytokines in inflammatory cell lines only. So, we were predicted
inflammatory reaction through the cytokine resultes of
inflammatory cell lines, and it was more correlated with in vivo
results than cytotoxicity test. Therefore, we suggested that the
inflammatory cytokine assay using inflammatory cell lines are
more effective method in vitro for evaluation of biocompatibility
of biomaterials or chemicals.
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A 27] (allergy)t AANA oAH F72 B4 tigt
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A ] o] gl o] Eoix| 1L i), o) AR

- 7¥d A1E (skin sensitization testing)S- S20) %7}
AN AHFE] 7YoL (guinea pig)E A&t
AT 3], 7IHel]E o) g5t W o R 5o WA
AMEER= guinea pig maximisation test®} occluded patch test
7F 0Tk [6,7]. AT o] WPHELR: Ha el & H8y)
3L AR, B A ok AsE B R g 72k
oJafigl7 )= ot} [3]. 1AL Be8lo] MEST (mouse ear
swelling test), LLNA (murine local lymph node test) -2
Aol IBIARE, 9N 7k o) thE ANEFE
o] 2183h= Zo|t}[8,9]. OECD Aol i 12 1Ed
off thgt Wi-go] wiadslo] QAR H2 AAH R NEFE
off theh ABEe] FHo| THEANE 22 Yge] X%
Aoz P v} [10,11]. 222 Avt 2009 A 73}
FHAY egFel gk £ (EU Cosmetics Directive)©l
= s dse] ARl A el wigs, 7Y
op] 1 59) of7] AFFTEES AMESH: AL FXslgith
18 B AARE0] ARFES o) 4% S AR &
S WS sk A8kl SAdo] AlAlE o e}
LhaL glom, A5 g AEES o] 83 okt Ads
o} SAskaL Sl FAlolt) [12-16).

e AR o] o A BEER S olgs)
o 2877 9 AApA ] SEE] vl A& e A
de S st Al R wlgke] gafEe] Qg deley)
T RS grksitkal WAlEo] Qluk o)) x|
R AR HE Aok AR A, Hola) Egkalo] so)=
FAC (Freund’s adjuvant, complete) -£2Y, &4 el 3
WE721R) DNCB (3,5-dinitrobenzoyl chloride)”} v}, 12
I AIEEAAIY (cytotoxicity) -2 AH-FAES] NCTC
clone 929 (1.929), QU7+ A-REAFL MRCS 2 WI3S, Q17+
SAMEL Vero, 2E] AFEAEL C-13 F 174 o9
AIEFE Adelsle] AlsskAl Hofqlek SRk AR Al
T RN Falg BEst AETFol7] wie) 1 A}
7 A ] Aael BEAe] sl olHY. =
oM Fefdt AEEEE AR 2 s8Ede] A )
(in vivo) FEUE-E A5 5= k= Zelck sAut 3%
Hkgol Aolahe AIEEQ] 4 BTN A LRk tiek
2 AOIE714 (eytokine) 9] & FAFEO=H ofZo] 7Fs
2 Zlolek, 193 A et SEhEAol} SJokE Slale
AT TAE wl7le] BA 9 (in vitro) T2HE] The 7
o] 2hks] sy Ik [13]. wlbA A -olA AXEkaL ¢l
= AR gl AT AEE ASAETFE AARDA
7S 9% Alglell X @A A} HrslaA} she B4 &
AR BA o 7 32wl AENbE-o] TFsAde A3 9
oM 5 & 5 AS Ao ek,

2 AelME A Sl AEEIA el AR Y
AETRI L929 (AHEAE) 9} ARSEIA] oo 9l <1z
Felel FEAER Jurkat (T FEP), U937 (1S 87
ShaAk sk SR ES AlEalete] Helste] vjokstiar,
7] AE 7ol 9y 7N E Azl Aekxjo] A

A
[}
Hlmi-Ad st APEEQ s ol 1o] FulE ol

N
—r—‘-r’IA

i o o

Aol AAE Aok & Hesle] o]
5 AN ES AAlska, 1 ¥9E s 23784
o & 2AWs) Ul S-S A EITh Tk 7 M EE
Al AAEE H7k Alzujordls o831 vkl
Hjofo] ehael & AlEEHE B AEbAE &Y, g5
AllEZIR] Fulg 5748 S8l A Mol W wigs B}
sioiek gt Aoe A G ad: Felofed e
(High density polyethylene film) 887} W5 R &4 7
ORI MEEAJO] QL= DMSO (dimethyl sulfoxide) ~12]
i FEAY A3l AAE FACSF DNCBE ARE3HIT)
T8 AR A A9 vlusie] 54 W A
AEEol digk Al 2 Agge nmiA st

2. A= 9y
2.1 Mz} 9 2SN 534

APEEAJ S-S sl ARESE Al v ) A A
¥ A|ESQINCTC clone 929 (1929), 91ZF 219 T ¢
T AR Jurkat 3 T AIESFERQ] U93T70) BE A|EE=
A5 AET-238) (ATCC; American Type Culture Collection)
oAl Eektor Adle] Akgselct.

1929+ F2amek AlsEo|m 3dmit} Alcaekatsict. wljek
HiA]= DMEM/10% FBSE ARE-3}15] 0., vljekafi=]of] 5%
(v/v) DMSO (Sigma-Aldrich Inc., USA)E #7510 WER.
FE3c}. Jurkat 7} U937-& F-{ulloF AEEo]H 2-3Umr}
Aciueratsict oAl 5 AlE 25 RPMI-1640/10%
FBS (WelGENE Inc., Korea)Z AR5} 0.0 | ujofu]| =] o
5% (v/v) DMSOE #7lsle] WarnEsigict.

1929, Jurkat, U937 AlZT55 7F Ao vllelliA]E o
a1o] 1 x 10° cells/mL 2 L2 69 Zejo|Eol AEs}19)
on, ZF AF 3ugE AEACE AEAE T vk
2ol ¢k 1 em® 1UE Z¥ogd AE (Hatano Research
Institute, FDSC, Japan), 3% (v/v) DMSO, 0.1% (v/v) FAC,
0.01 mg/mL % 0.1 mg/mL DNCBE 712}t Hzlaled 297¢
Hjokalgion, At A9k 1% FAC (Sigma-Aldrich
Inc., USA), DNCB (Sigma-Aldrich Inc., USA)o|t}. ZF A5
O] viekiA R Akt As vl o Seleh. Al
o] ghmE ¥ A M A7) (Scepter™ & 60 pm Tips,
Millipore Corp., USAYE ol-g5lof 2} A0 & AlXsE
7delar, ot st v]wste] Aid Al Mels 4=
aFlet. olw L929+= H-Ejor MEOIHER 0.05% EHA
(trypsin)& ARESto] AIXE F5st & S48t

2.2. Aol E7Q] &3

AlsEreto] ek F 7} AlEAee] wieluiAE: sio] Alo]
BT 57881300t Jurkath U937 -k Ao
= kst S B Aste] f14ie] (800 pm, 537
2 A E FREs AT oA Ty 35t
b L929% wigaRks A% & ddieslo] Y RES
HANA wllefiliAE Sastaint. St meRiAs tumor
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necrosis factor-o (TNF-0) EASIA kit (KAC1751, BioSource,
Belgium)$} interferon-y (IFN-y) ELISA kit (KHC4021,
Invitrogen, USA)E AME-310] H-0]¥ TNF-a9} IFN-y2] ¢
£ SAsIh

2.3. 95 ARG E L 2P

7Y o}] 71 (guinea pig hairless, albino)i= (F5)t]&hito] @

P FEobA ARSIt AN S BEEE

P H7F Al Axehs el we KegEsl o,

it ot AR Bk gke Ao Bt el

T, FHZ2G FAP] 859 (AEETE Sl 32

gk 5 7243 BRE37°C Qaplolele]) AgA|3lo] 3155t gy,

1% (g/v) FAC £94,0.1% % 1% DNCB (Z} 5% (gv)5

gkl Ho] Alx) AE HAAoT AT}

@ I K= 71Het 1] wzl9) F Alele] HE AR
3laL A7 ) ¥ (intrascapular region)®ll F8]8 7ol
< Fig. 4A)9] a, b, c8} 2o] EF3E 0.1 mLA =9
F (AP o= I FAksIin)

Q@ FHAfEdAl: ShFEeAVE gk A 7Y §F 10% SDS
(Sodium dodecyl sulfate, Biosesang Inc., Korea)S =¥
& 5 viARS FUEE SESSIYE el 2447 &
I FARFE 92 5 5T %8 om® 7] (2 em x
4 o)} HE (F5H ADF olg3lo] ol pEEE
o gk ) Rgoll 22t FaH o Bxe 7 I W9
2 S el deith oF 43A17k0] Fof SHAT HE
£ AAsI

@ AL SAFESWAT 25 FHell A2jskA] 9k ¥-9)
(F7EhE ARS F AN 747 iz or H4ea,
A =sIT) 1831 24 £ 2417 Sof) T HE
£ Aslar 48231 Bl 28995 st 3 sy,

@ A} AT 23S 10%E22) (formaline) 8-o]]
1271 o} W7 gt & SeiEE S WiEe] 2a)d
A gEo|=2 AR § SrEA3-o) 24 (hematoxylin
and cosin) AL AN|FJo} 2| Fej st 9l PZAL
A BEskith

3. 8% v

3.1 A ¥ B L AEESZHA

Fig. 132> AlZF50] 7} sjofg ol vk m&e 33t
dArldog Yt Adolut, 1929 F-Zujok AjEoln],
Jurkat¥} U937 F-50%F MlaEolth. 19299 3¢ e
el EE A (LB)E UIRT (LAY AR AlEe]
Felo} B271 = QIch 3% DMSO Ag] (LC)E AlEe]
718 ERIFE} EebA iAo R izgiel visle] A
Ao Alze] )7} Foluk Zlo] BRHSITE 1181 0.1%
FAC (LD), 0.01 mg/mL DNCB (LE), 0.1 mg/mL DNCB (LF)
9] AMel= vzl vls] ME5 (cell membrane)©] w723
Fokal A|EA (cytoplasm) Wl F-3E (vacuole)7} BAIE o]
5o EEITE. Jurkat (JA-TF)3} U937 (UA-UF)2] 729-

9% Zlodd D& X (JB,UB)oIA B Ax9
Fel= vz (JA,UA)F fARH #3E3IH 3% DMSO
(JC,UC), 0.1% FAC (JD,UD), 0.01 mg/mL DNCB (JE,UE),
0.1 mg/mL DNCB (JF,UF) A&l= izl H]ste] Y]
O7 Az S} ool Bk JIglow, AEe] He)
&2t ofel APEEE Al AR

Fig. 1. The morphology of cultured cell lines for 2 days. (LA)-(LF)
1.929; skin fibroblast cell line, (JA)-(JF) Jurkat; T lymphocyte cell
line, (UA)-(UF) U937; monocyte cell line, (A} Control, (B) 1 cm’
high density polyethylene film, (C) 3% DMSO, (D) 0.1% FCA, (E)
0.01 mg/mL DNCB, (F) 0.1 mg/mL DNCB (bar = 100 pm).

Fig. 2= Aol 9R8 5 AkEshn gl ARl 5
2 HEF AEER7)E S5ste] o ulaste] Ao
Q HEZE2-5E Ve TR0l Table 19 AIEEAS
F 71E9 o] 715 AR Sl Fig. 29] AHE FAFFeh
FAZSAETE A48 Aolth BE AN 1U%



HEMETE OIS MANE 520 ) WHREM Gt

251

Ejollddl Ag A= AxsAo] gl A 05HoE v
Bt} 0.1% FAC A2 19299} Jurkatol|d 23719 A
=4 (158)S Boluh, U937oMe MEZtAgo] oF 9%
71E (10% vThET ol AlEEA0] gl 2 (05 HOE
YERSETE 3% DMS02) Al L9290 F31e] Al E=A
(2FH)= B, Jurkat?} U937 et AlEEA 3%
e WERALE 0.01 mg/mL B 0.1 mg/mL DNCB #jg]=
BE Ao F7e] AEEA 259)E Hols R v
Wk Aol digh b MEFEe] AXAAE) AR FAL
3 A7E Hol 1w QIlrk kAU 1929+ 0.1% FACE #9)
3 TR E oM urkato (Lt U937l Hls) Al EAEE0] Al
o7 A vepdth 3 DMS02] #2)= 1929 AlE BTt
Jurkat™} U9379lA4] gt /o] vehdar glgo] 2=
o} ¥ DNCBE B& M¥oA SRS 548 Bo|n
itk b wE2EE B2 vl 71 (F W 22)o] g
AFEEC) HEE3leE Aol EAERs Ao R Vel 3k
R ZEPgAR FACS] Aehs Sl 3 712 o4
Hhgo] Q)70 g Holx] AkAul, A A oA Al o
2 wjekst ASNkE-S 5ol A} FARIAl A 2elM i oA
FoF okke] MEEAS Sl 20 LR} A4 W)
AFART}F MR ABo] = Zo7 it

Table 1. Standard of cytotoxicity level and decreasing rate of total
cell number

MEZFeH AXTAE (HIEF di) Interpretation
0 0% HEHA Gl
1 10% ofzte) M54
2 30% FATY HEEA
3 50% et MEsA
Film DMSO FAC DNCB! DNCB2
L929 MEZA44E& 1% 45% 29% 20% 33%
NE=ZSSH 0 2 1 1 2
Jurka AEDAE 0% 73%  16%  39% 42%
t MEEESF 0 3 1 2 2
037 MELT2AE 2% 65% 9%  36% 43%
AZEALSE 0 3 0 2 2
14
_— <ontrol
EEEs Film
12 | sy pMSO
EZ] FAC
10 | HEEE DNCB1

EESE DNCB2

U837
Fig. 2. The cell viability assay. Total cell number was counted after
2 days from initial stage (Control: no treatment, Film: 1 cm’ high
density polyethylene film, DMSO: 3% DMSO, FAC: 0.1% FCA,
DNCBI: 0.01 mg/mL DNCB, DNCRB2: 0.1 mg/mL DNCB).
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Fig. 3. The inflammatory cytokine assay with culture medium after
cell culture for 2 days. (A) tumor necrosis factor alpha (TNF-a),
(B) interferon gamma (IFN-y). (Control: no treatment, Film: 1 cm’
high density polyethylene film, DMSO: 3% DMSO, FAC: 0.1%
FCA, DNCBI: 0.01 mg/mL DNCB, DNCB2: 0.1 mg/mL DNCB).

3.2. 43S B Aol EF & F
AZHRSo] dofufa Edske Y (lymphocyte) % th2]
A3 (macrophase) 4] AT #8]%= TNF (tumor necrosis
factor), IFN (interferon), IL (interleukin) 58] Alo]E7IR10]
93 AES . A 2 AqtelME Tekgl Aol et
9l & TNF-a8} INFyE Mejslod ¥uld k& 43}
TNF-ai= 2 ZVgshe ot 4l 2 A E go) Enlshd,
SHHEE S B ofjEt A el ZhEato] ThAlAE
o} At Aallahg, TAXS] B4 f5, BAIES] Al 8AE
Ast REAAEA G AE T2 S V) eE T
INF-y& 5318 939" Folx] F2 Ealuy], AJIAAE
gl 7 A|EFR] Bl dsle] FRks W=tk tiAIEE &
A3t A)71H, A7FEe] Bl ujole A F]lel] digte] A3
e A o] MEEE A=she E4olt) ojg)h 22
APIEFRI Fo] F7kH Hd 9579 g3 v d
¥ el 5718 fEsk] Fig 5 (BF)9F #o] g4
o) 7} 9 Aol dolwht) [17-19]. 1elRR AZARE
Eslod HA8 4 Qe Alo| BRG] 7= A Wl F
WS dE5e ¢ 9l AoR ddsislt

TNF-a2] #8]= @y dialAEollA o fojxl=t|, &
AT Z U937AIEAARE S7d0] HTH (Fig. 2(A)). &
H]H TNF-02] 2 1% Eejolgdd IF, 0.1% FAC,




252 Korean Society for Biotechnology and Bioengineering Journal 26: 248-254 (2011)

0.01 mg/mL DNCB, 0.1 mg/mL. DNCB &3 4202 L&}k
STt HbEe] 3% DMSO AH2l@eiis S357] dghed),
ol2ldt A= M¥EAAE A #EXge v A2E49)
et AIEEG O R Qs FAT] T Y AlEEAeR 9l
31 V15 AdiFoE ] gl Aow sden

IFN-y9] FH|%E GFAEAA YR R=d], 2 dFo)4
& L929°XE FHHA ekgko, Jurkats} U937olA
7% 30Tt (Fig. 2(B)). Jurkat®] 73-$- 0.01 mg/mL DNCB,
0.1 mg/mL DNCB, 2% g3l 9E 0.1% FAC2
O E JFN-ye] #ujgo] 27 ey}, 283 193794
= THE NS o] i Zejolgdll IE 0.1% FAC,
0.01 mg/mL DNCB, 0.1 mg/mL DNCBo|A] SAFHA] &4
HAt o] ARE AELY Je AESAOR QT 2
AZTE] A W AZE0 2 Qsly 7)15g Ao g
AP 2 o7 k)

87| AAEHE] GFAEL] 5ol wepr] el Ao
E71R19) F5r9t ool deixlE AS #aet = glglom,
Aol E7RRlo] Hu)E ] AH S A oA BFurs-g
72 & 5 Sl 2R Yehgon, A o el FAC,
DNCBE @5HEg0] f=30ct. 2] Zejolddo) A4
AEZ ANgEo] SHA AR & F3) A HE o]2e 3=
ZAAAE B3l oS E BAYS 1, o]Hd Zlog
A 27 FAZR AT O R Q3 GFAEES] Hoo] By
thz Zlo] ofn] ok 1S o8l e ATt [20-23]. ¥ A
T8 AT YA ] wkS3 v R 2 9Fuke Ay
QAR TNF-08} IFN-y2] £4|7} 25 tiz wrt &4 &
AEQIT 1y 1T ZElejdd 98-S FACSH: U=
Al YA 9] Mzl AEse] vt EER] ¢k
el FEdel dist 71sAS A 9 AEjeke Eat
A EAAE HERho 2= o 5= Qiolvh et 9FAEe]
ARIEZIRI 278 B3l AEEA0] 79 gl Exlolz} 3l
oHe A Yelr] AEue-S e 7FsAS AA 9lellA
T8 Atk 22l3 o AEEA 15R)olEE 9
+ FACS DNCBS] AHz2l& L9295 A|9)3t Jurkat ™} U937
oM FFTA AREC] U A 2450 A4 )
ARET, MEEA A3 AlolegRel 24 At Az dnt
o] S Holgea k. TEE g A AN Bt
of o] 8Eh= 1929 MES 508 AAE AZEAZAA IO,
2 A O 95T A3 deio] ¥Esitta sty
o, GFAIES B AEEA 9 9589 QRKEe] Wl
tislo] 71802 golghbd AA vle] Al o} M
3l A58 ¢ QS Flol, o] B FEAY NN
TE W HEss s 2Y 4 98 ZAow wddrt

33. AR NE L =P

Fig. 42 A8EER) 7IUoly 1) AAS o248 9)
g SRbEARIA iz (B1), BG4 (B2), AP
£29 (B3), 1% FAC (B4)olAl= T4 (erythema)o]t} 2
% (edemayo] TEER] ¢49ko1L}, 0.1% DNCB (B5)9} 1%
DNCB (B6)ollX= 34t (sMt®)o] #axqet w3t x5
o] TEE F AYPTLE o] FH A Tl FuFEal

Sk F-9lol] Aot AFHbgo] AREICE: o) F WA
o] AR GEHEeo] A58 T8 s dns
Aol el S Fal 22y H3lE A3 (Fig. 5).
2T (A), e ET (B), TAV] €29 (C) Aelr=
AR F7e] o] Ik 3HANE0.1% DNCB (E)
9} 1% DNCB (F)&] Az|elxe SHES: (acanthosis) O F
3 ®IE 8K MFEZo] iz vl F7klo,
21315 (hyperkeratosis) 2. Q13 3] %- Zzlo] A& og
A deslA S-S 1 = AUk 18la Av)s
X} Heto] F] 1 AP ool FTEIloH (3R,
ZH O i Ad7Eo] AEE AL BEHUY E ).
1% FAC (D) A2]2] 739 AN E oldo] #EHA|
WSk O, 2RI = BIF U A7) P 41E0)
FRIFIE wepr] FR2PAES B3t Bl A8F
£ oj9e] SRR o e} 2AAAE 58 B2
o] Fepdsie}l AR 9 GFAEEY X ¥l
aLeslojop Brh et WrE Ui 4 She Ao R dhdc),

») a: 1%FACSH A S 112 835
g

b: 4
cAYBE 1R Z83H &N

Fig. 4. Skin sensitization test. Description of intradermal inducing
state (A) and the results of guinea pig skin sensitization test after 28
days (B). (B1) control, (B2) saline, {B3) elution from syringe, (B4)
1% FAC, (B5) 0.1% DNCB, (B6) 1% DNCB (arrow: erythema).
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Fig. 5. The immunohistology result of guinea pig skin by hematoxylin
and eosin stain. The skin biopsy was implemented after 28 days from
intradermal inducing state. Acanthosis (D-F), hyperkeratosis (E,F)
and vasodilatation (D-F) were arisen in FAC and DNCB treatment
group. (A) control, (B) saline, (C) elution from syringe, (D) 1% FAC,
(E) 0.1% DNCB, (F) 1% DNCB (arrow = vasodilatation and red
blood cells, bar = 50 um).

AE8HARA 7ol 3185 AL Sl TSt AT F &
HAARRARE MET, Yol ARSEA) a1 Qe AR
T5 27} vjofFste] 98- RAAIE W AlEsAd gkt
AT A8, A7 A APl ETRI F4& SRR
AeS F3t A U Al gk ¢i5 7}
L ERlgkaAL Sk, R A A Aeal
L AP 2 A SA 2 22ALlA ojulst
o I GFo] BEEA] AR FAC A 24
FAToARE vjelsl AFHbgo] FEE gl ol DNCB A2l=
29k gl ATNES-S ks Aol TAFHRI MEaE
Z48 B3 ALEHTMAN AREAEQ] L9299 95
AZ2] Jurkat¥} U937 A= HAH 0 fARE HEE 1
SAT, DMSOU FAC HleflA zlo]E Ko Axuirt =
JEA] WEgahs Aot Sl BRI 4 lqltt. e
A el A3 o]kl S A-F GEHheS sk 1L
U Zelodal DF2 A QoA Mzl As] VRt
A QktA |k, Ak ARE AR|ETIR] (TNF-0, IFN-y)

it
>,
:o&
oZ
__}h’
o

o} el vlate] EA| BulHsES GSAIES E8l 2l
g 5 it T v AREAEE JFHE AlETRNE
A2} AT 4= QlolA AR W AFREEE I5E o 3l
o}, @) al AEEAE e} iR AR Al Aol B}
Q) ¥w)e] Ago] AlolE Holal 5S BANT 5 SISk
AR 07 HAHGRAME 55 o83 A7k = A
A elelM ekl A W FikeS IS o Sl

AZHETE 0183t Alo|ETRI F4E F7E A5 A50]
7Fe Zo® veRdTh webs FEEAR E Tl
] A7} A= s AlFeAM A 9] Bl 9
AREFE o] 43 A% B Alo] &Il Alo] Frher
A SlofA) A U} AEEEE 5T & Bk ol
g} FEAYS RS A F e AoR k.

At

o] A= AFoekEebdd §olATIEItA] «oJokE 5
9]7]¢] Frlrle| =il Zdel] Fetk AT (101729)571415)”
o 2Jaf o]FojFl o oo FAREHUT
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