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Abstract: Objective To identify and validate an in vifro photoallergy evaluation method with cell surface markers as research
indicators. Methods THP-1 cells were incubated with a variety of photoallergy agents, photoirritants, skin sensitizers, skin irritant
and negative subject respectively. After solar radiation or non-radiation treatment, the expression changes of cell surface markers
CD54 and CD86 were detected by flow cytometry and analysed to confirm the specific evaluation indicators and to validate the
accuracy, specificity, sensitivity and repeatability of the method. Results Among the 19 photoallergy agents, 15 induced a significant
increase in the mean fluorescence intensity (MFI) of CD54 expressed in THP-1 cells in the irradiated groups compared with the non-
irradiated groups (P < 0.05 and 0.01), and the relative fluorescence intensity (RFI) of CD54 in THP-1 cells in the irradiated groups

were all above 1.5. The photoirritants also induced the significant increase in CD54 MFI of THP-1 cells after solar irradiation (P <
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0.01), but the expression level of CD54 was significantly decreased after pre-irradiation treatment compared with direct irradiation
group (P < 0.01). Without solar radiation, the expression levels of CD54 and CD86 in THP-1 cells incubated with the two skin
sensitizers were significantly increased compared with control group (P < 0.01), while the expression of CD54 was slightly
decreased after irradiation. Both skin irritants and negative subject did not cause the significant change in CD54 and CD86
expression under solar irradiation and in the dark conditions. In this study, the accuracy, specificity and sensitivity of the
photoallergy evaluation method using THP-1 cells with CD54 as the evaluation index was 85.2%, 100% and 78.9% respectively, and
the method had good repeatability. Conclusion The cell surface marker evaluation index of THP-1 cell photoallergy evaluation
method was determined as CD54, and the evaluation criteria were as follows: (1) MFI of THP-1 cells expressing CD54 increased
significantly after irradiation compared with before irradiation, (2) The RFI of CD54 expression in THP-1 cells after irradiation
was = 1.5, (3) When all the above conditions are met, the test materials are pre-irradiated, and the results still meet the first two standards.

Key words: photoallergy; THP-1 cell; CD54; CD86; mean fluorescence intensity; relative fluorescence intensity; methodology
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Table 2 Changes of CD54 and CD86 expression in THP-1 cells induced by different concentrations of 7-methoxy-coumarin

(;:l:s,n=4)
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RS 85.63+0.56 83.00+0.56 8.39+0.34 55.23+0.34"" 14.86£022  3.60 0.79
70 E[1:840) 95.60+0.33 84.37+0.55 5.80+£0.33 22.88+0.38 13.95£0.53  1.19 1.27
F S 73.01£0.34  70.04£0.44"%  4.77+020 54.25+0.417% 13.46+0.56  3.48 1.13
10 FALFEAR IR} 95.56+£0.43  76.30+0.30 5.34£0.29 21.37+0.35 11.28+0.37  1.09 0.87
TALFEHE ST 92.38+0.78 86.54+0.28"*  6.54+0.26 34.37+0.38"*  9.83+0.39 1.91 0.81
20 FALFRAE B S) 95.38+0.19 79.87+0.23 5.47£0.28 20.89+0.48 10.37£0.28  1.09 0.94
TRALFEIE S 93.47+0.57 87.54£1.04™%  6.23+0.21 42.32+0.47"* 10.05£0.29  2.52 0.93
40 TRALFAER S 92.83+£0.45 82.19+0.48 5.87+£0.34 21.38+0.39 11.01£1.03  0.95 0.89
TALFEIE ST 83.27+0.29 82.37+0.37 6.09+0.23 43.38+0.91"* 9.87+0.54  3.57 0.93
70 TRALFEARIE S 94.29+0.47 85.19+0.45 4.89+0.35 21.39+0.47 10.65£0.38  1.20 0.85
5 TR TR A 45 E T R IR AL LR 82 - P<<0.01 5 5 [RI 4L IR IR A Ll ¢ - P <<0.01
P <0.01 vs control group under same irradiation conditions; P < 0.01 vs same group without irradiation
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LA TR IR G 2% R R LR P<<0.01 5 5 RV A A BU 2P << 0.01

P <0.01 vs control group under same irradiation conditions; “P < 0.01 vs same group without irradiation

1 REREFERE FEHSE THP-1 4K % CD54 F1 CD86 B MFI (x+s,n=4)
Fig.1 MPFIexpression of CD54 and CD86 in THP-1 cells induced by different concentrations of fenticrol and thiochlorophenol
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1.0 7245 LR, FLA G BUEOR 51 EE 40 il 3 75 CD54 1
RFVMEITE 1.5 LA Fo 2l iz J5k SCBOR) A 248 B G B 5
A4 R ik CD54 (1 RFUE & T 1.5, U 5 I
B o R IR o R0 S B 52 AR A HE S A 41 i R A
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#3 ARERES-MOP 5| THP-1 4B R % CD54 F CD86 KIZEAL (xs,n=4)
Table 3 Changes of CD54 and CD86 expression in THP-1 cells induced by different concentrations of 8-MOP (xts,n=4)

21 5 Lﬁf%%zrg“/ R 2% A AR Ly CD54"/% CD86"/% CD54"MFI  CD86" MFI D34 CD36:
(pgrmL™ Ee/% RFI  RFI

X I — A e 95.32+0.23  60.23+0.25 8.92+£0.92 22.08+0.26 12.02+0.21 — —
— RS 95.62+0.19  60.54+0.67 8.87+£0.27 23.29+0.25 11.09+0.24 — —

8-MOP 30 A R G 86.65+0.26  64.26+0.27 9.98+0.25 22.98+0.26 12.896+0.52 092  0.94
RS 86.25+0.25  75.28+0.76™*  10.03£0.27 40.27+0.27"* 11.78+0.27 242 093

50 JEMEAT4 84.55+£0.26  61.27£0.25 9.87+0.25 21.29+0.28 11.09£0.26  0.96  0.92

FR S 83.27£0.28  76.87+0.56"*  8.86+0.26 42.37+0.26*  12.08+0.24  2.60  0.91

60 B[] 83.56+0.18  60.98+0.54 9.08+0.26 20.37+0.27 9.76£0.26  0.95  0.89

S 78.27+0.28  77.86£0.257%  10.02+£0.26 45.66£0.27"*  10.08+0.27  2.87  0.90

30 FiALFRARR ) 88.65£0.34  62.39+0.28 9.02+0.25 21.28+0.27 13.08£0.24  0.98  0.88
TRALBEFE ST 87.98+0.65  75.67+0.19""  9.54+0.23 25.62+0.29"*"  12.09+0.25  1.19 091

50 FALFEAERE S 80.87£0.24  63.27+0.26 7.82+0.56 21.98+0.26 11.08+£0.65  0.97  0.90

TRACFRIE S 84.7840.19  75.67+0.56™%  8.09+0.26 26.62+0.27""  12.38+0.26  1.28  0.89

60 FiALFRARR ) 82.37£0.24  62.98+0.27 9.02+0.36  19.28+0.26 11.07£0.26 090  1.01
TRALFEFR ST 75454028  76.54+£0.22"%  10.08+£0.56 27.08+0.27*  12.07+0.25 132  1.00

A R R 2% 2 T R R L T P<<0.01 5 15 R AR B2 - PP <<0.05 - ¥ P<<0.011 5 15 AR ] 711 T 2 MR 4 b e - 2 P<<0.01
P <0.01 vs control group under same irradiation conditions; “P < 0.05 *P < 0.01 vs same group without irradiation; “*P<0.01 vs direct expo-

sure group of same dose

607 " - 601 kst
ok H# ## mﬂ"éﬁ]‘
= 40 T n []#an || #an geo| emBULIEERS
= Z | conuemms
b )
820- 820-
o A CIRNIENN TIMAA NOAM NOAD NONE
poi 0.10 0.20 0.25 pagicct 0.10 0.20 0.25

WY €/ (ug-mL™") WY BE/(ng-mL™)
50 T R 2R A TN AL LR - T P<<0.01 5 5 R AL AR IR LU 4 - "P<<0.05 #P<<0.01 5 15 4 [l ) LR MR AR 48 LA 22 P<<0.01
P <0.01 vs control group under same irradiation conditions; “P < 0.05 P <0.01 vs same group without irradiation; “P<0.01 vs direct expo-
sure group of same dose

2 REIRENIES| A% CD54 51 CD86 B MFI (x5, n=4)
Fig. 2 MFI of CD54 and CD86 in THP-1 cells induced by different concentrations of fenticrol and thiochlorophenol (;:ks,n=4)
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wa JIOLIN 7 JLIL L[]
0 r-llrl T T T

SLS 60 pgmL !

g ,Hﬁ SLS 60 pg-mL™!

2 4 6
DNCB/(pg'mL™)

2 4 6
DNCB/(ugmL )

AR ) S 2% A R IR AR B % TP <<0.01
P <0.01 vs control group under same irradiation conditions
B3 A [E%REDNCB 3| &4 ME%iA CD54 F1 CD86 I
MFI( x+s,n=4)
Fig. 3 Different concentrations of DNCB induced MFI of
CD54 and CD86 (xts,n=4)

B4 SLS3E|E4A% % CD54 1 CD86 i MFI(x+s,n=4)
Fig.4 MFI of CD54 and CD86 induced by SLS (wts,n=4)
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Fig. 7 RFI of CD54 of four kinds of photostimulants and
four kinds of photosensitizers in direct irradiation and pre-
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2 HE S ZHL 240 g 22 08 RFTARARTE 1.5 LA b, {E 2 TR 4
AbFR DAJG , TR S 2H 5 e O 2 B B R 35 18
B, EIIERI 1S DUR . TR ST AL EEXT 4 Fhok #
BGRI 51 2 gl f ik CD54 1) RFI JE 52 .

3.3 M IERRANFEFRERTE

T Ik A [ 2 B g 52 X4 5 | S B T S THP-1
4f ff1 3% 1k CD54. CD86 5i 5 11 43 #r L85, A% ¥ 21
AN THP-1 48 i % [ CD54 1) % i5 58 & (MFI
RFD 0] R R S EAN 323 b SO 1 B AR f
W 1% 5 T B e BURRE A b AE B — D
J9: (DG S THP-1 48 g 15 CD54 1) MFI L 45 i
SRR 2 PERE N s (2) )G I8 5 THP-1 4 fifd % 75 CD54
I RFIZ=1.5; (3) 24 3R 25 A4F 353 2 i), ) 52 ) gk
AT T HE S A 3L, & SRATY AR5 A2 T 2 A b
3.4 LLCD54 AN B FRE L BIEUIAIMTEN AR
I E

Gy X Z TR HER P R e RS VER
PEHHAT IR . M OCFRAR IO ik R 4 i . #E
Biff M A2 BT A S 1 52450 R I R 1) 2 R BH A
S PESE AT & 1), B (at-dDGat+bA-c+DM, AHF
FHZ TR B %N 15/19=78.9% , B B P %
N 8/8=100%. fE BH 14 %y 0/8=0, % BA 14 %y 4/19=
21.1%, HERAPE AN (1548)/(19+8) =85.2%. J5ik4F
S RARTE — RIS Ty vk, A B 2 R I
it 455 00 S BH P T LA o AT S0 5 1) 7 1 e R AR
36 vh BT AT D' BRI A 52 P LE A e O B R
PN 100% , R BN EFHMEE B 78.9% , 7F H AE¥
H S5 RN 55 G BUBOR S B PR PE . S MR TR E AR
Ha’mﬁ%«ﬁc? o BRI 1) 75 v 22 Uk EEL A AR I8 3R

REE R —8M. KRG E 3~4

/M’EH@%UE,ﬁiﬁﬁ?ﬂﬁﬁﬁﬁ%fs#?fﬁlﬂﬁ
&) M 5E 3 %, AN [FHIE 2k [A] CD54 1 MFIG S 3 1t

®4 HEXIEHHTE

Table 4 Calculation of related indicators

IS5 R W S Rt

FHEC4) aC L BHME) bUEFH D a+b
BAMEC—) CELERED) dCEBMH) c+d
it atc b+d a+c+b+d

a- PR 2 B F 58 B B R s b-BIE 52 sl ) e D i B 1
R 5 - B 32 B 4 e B A P ) B8 5 d- 9 P sz sl 10 E
PRI ; a+ R 1R BE 4 32 104 e 280 b+ d- R i 4 523
B at bR 25 SR BA (0 B s o d- R 4 SR B I B s et
b+c+d-Frf 2l E

a-number of positive subjects judged to be positive; b-number of
negative subjects judged to be false positives; c-number of positive
subjects judged to be false negative; d-number of negative subjects
judged to be negative; at+c-total number of positive subjects tested; b+
d-total number of negative subjects tested; a+b-number of positive test
results; c+d-number of negative test results; atb+c+d-number of all

subjects
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251 HL 3 RS BRI 22 2 7E 20% LAY, B
HRIFEEM
4 iR

1E K kO B BOPE A 3 4 Rl 2 (adverse
outcome pathway , AOP) FH A 35 4 /4N B S AF): (1)
FEEL AN RSN 2611 T g i B2 B A 5 2 B A A 3
1K B Tk R BRI WSO BR JE BB IR AS S 5 Rk
WNEHAES L REA R E iR - a4 E
B s (2 M Mgk, SRR A5 5, i
B 5 A TR AR SRR A e BB A% 0 S 4 Rl 3R
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H R L R 2 A K B R T ) 1 Rk (i CD86
CD54.CD40 I CD83 %5 ) A4 Ha [ -1 ¥ B (TNF-au.
IL-8 TL-1B FTTL-6 %) 5 (4) BARS I 40 B 3T 78 2 =)
TR L, P s 25 Uk E A L, e R e M T UM
O 40 B A R A3 5, IR T B R SR FR LA
TR 4 foeh BSUROJ B T 20 M BT 5 51 28O0E S R
AW FL S FE T AOP & #% H 55 3 AN i B B BA A% M
1 35 A T 2 ST ) D BB S A T T

FEAR A SEEG 8 I 5 5 55 75 15 B 1R SR 4
RLECE A PR, AR R DU BB i 2 A7 AE DR 2
SRV T HE B B A 2 S S A DA B RS DT 2 i g
S AR T HE DABR AE A AT AL . THP-1 40 i —
N S BAZ s Ik EEL 40 B, i T N 1 JE I )
AN R, B 50 SR 20 M A0 00 14 J5g Ak A 4k
(RRE R o DR AR T 9 228 43 THP-1 28 M R 4 3 52 ik
W) 6 BB A Pl A AL DT CDS4 -t R 40 A 1) 26 B 43
TR TARERERBER R R A, BT 5 K2k
1) 3 7 1 5, A0 10 00 G Tk R 40 A RD 48 E 4 e S
VAL 2 24 T P 285 PR FH 38 o, 05 A N R i, Y
21 ¥ 1) B 40 i 5 A o TR AH LRl , AT 2 5 40 )
55 R I RN SO I I A A
A B B FENY . CD86 JB T ALl ar T, Tl A
{100 7 0 SR B8 T 4 4 5 I [0 9k E2 4 B A 5 1) 48 i
BEAEH 3 AT 38 9 T 20 L GE 0 i ) U, (i i g%
i 290

6 R W R S8 H g P 4 (reactive oxygen
species, ROS) /T [ 4F G2 1 s 202 Sl sl 37
285 TR S AL R S, AR T ROS 23 78 )6 HE 5 i i)
[F) PN 2R3, 24 P Ok 0 B 3k [ Oy i RO S L AN 2
o 2 7 AR AR AT AR S D6 BN B AL 5 ' 0GR
ANIRD, AN 2 i ROS X 48 A 7= AR sz i, it DL &
CD54 38 N AR FH AN 23 52 31 T30 HE S Ak 34 1 520
I AT FH AR 9 2 521 LA CDS4 R VAN 45 A5 1) THP-1

4 i ' BRI AR PEAN 7 1 5 501 D' BURIR AT I
7o B R EUCET THP-1 40 B B 2 vp , SR 28 6 R,
Z AP CD54 Fl CD86 [ MFI 5 X} ] 41 bb 45 34 (2
EIEN,CD86 MMM R, XRE&FEFESK
J& 4 2L (OECD) 47 3 Ji W) o 56 T+ N 48 i 5 0 ik
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I CD86 13 18 39 AN 75 22 % HE 30 , mT DL B 2
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FERRARAE A, X e g5 R 5 HBONE B AR K
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g B AR 2R 5% 4 o G SO R A ) 5 S D S5O B 12
X 4 FhO'G BUBOR B 6 BRI FE R 0, AT RE A2 PR H
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PEAN 7 IEA 2 2k T L BB AOP 18 2% 1 — AN G B 1
RN BETE 55 AT VAN 205, DR T A S s
BRI T BEAS BB IE A VEAN o 3t 42 L Ath — e 35 7 2
A S VEAY T3 35 B T I () 100 850, R b A 0 2 R )
HARAR O AR SN PN TR AT B S PR

AR TT RS 19 TG SO H ) 15 Bk E o
BB, REBE N 78.9%. AWK T AF 5
552 FE 1 6 BURGRE AT 56000 , 45 R B R % T IR R IR
Sl ARSI Y — 2 rh S5 R 55 (1) R BT . RFTZ 523K
) 41 CD54 5% CD86 () MFI {1 5 X} i 40 CD54 5%
CD86 MFI [ LAl CHI B R B0 fED o & R AEFIER T
9 M A B H Ot 5 BE B SRR B OH AR ORI L
MFT 55 Ay R ff , 2 17 B8 40 B 2% T s 25 4 2 08 o B2 11
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