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Imiquimod Inhibit Scar Formation by Regulating the Expression of Th1/Th2
Cell Related Chemokines in Rabbit Ear Hypertrophic Scar Model*
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ABSTRACT Objective: Immunological factors play an important role in the formation of hypertrophic scars. Our researchis aimed
to investigate the influence on the expression of Th1/Th2 cell related chemokines CXCL10, CXCL12, CCL2, CCL3, CCLS, CCL7 and
CCL13 in rabbit ear hypertrophic scar by imiquimod which is a kind of immunosuppressors and to discuss the inhibitory effect and
mechanism of imiquimod on rabbit ear hypertrophic scar formation. Methods: Sixteen New Zealand White rabbits were employed in this
study. Rabbit ear hypertrophic scar model was builded on the basis of the previous literature of our laboratory. Four round wounds were
cut in each rabbit ears ventral that diameter of 1cm, bilateral symmetry. All the right ear wounds were treated with 5% imiquimod cream.
The blank control group contains all the left ear wounds and were treated with vaseline ointment at the same time. Every wounds were
applied cream after healing, once a day, for a month. Normal rabbir ear skins were harvested on 0 day and both of the groups were
harvested at the same time on the 21st, 28th, 35th, 42nd, 49th, 56th, 63rd day after operation. Two rabbits were killed by air embolism
every time. Hematoxylin-eosin staining and Masson trichrome staining were performed after fixing to observe morphological differences.
The expression of CXCL10,CXCL12,CCL2,CCL3,CCL5,CCL7 and CCL13 was detected by Real-time PCR. Results: The sections of HE
and Masson show that compared with that in the blank control group, the level of the collagen deposition reduced significantly in the
imiquimod group. The SEI of the blank control group shows the degree of proliferation peaked at 28 days and it was significantly higher
than the imiquimod group(P<0.05). The mRNA level of Th2 cell related chemokines CCL2,CCL3,CCLS,CCL7,CCL13 were significantly
lower in imiquimod group than blank control group and the mRNA level of Thl cell related chemokines CXCL10,CXCL12 were
significantly higher in imiquimod group than blank control group at every time point(P<0.05). Conclusion: Imiquimod probablely inhibits

scar formation by regulating the expression of Th1/Th2 cell related chemokines in rabbit ear hypertrophic scar model.
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A: area of scar
B: area of excision

A4 A
cartilage wound base

| FRRIEAEIR BN E T £
Fig.1 The way to measure Scar Elevation Index(SEI)
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Table 1 Design of PCR primers

Gene Sequence Optimal Annealing Temperature( C )
GAPDH Forward Primer:5'tgggatggaaactgtgaagag3' 55
(GenelD:100009074) Reverse Primer:5'agagcaccagaggaggacg3'
CCL2 Forward Primer:5'ctccagcatgaaggtctc3' 55
(GenelD:100009130) Reverse Primer:5'getcattagectettcactg3'
CCL3 Forward Primer:5'gctctcagcacccaggtett3' 57
(GenelD:100348776) Reverse Primer:5'gagcactggcetgetggtete3'
CCL5 Forward Primer:5'tatgcctcggacaccacg3' 57
(GenelD:100348266) Reverse Primer:5'cacacctggeggttette3'
CCL7 Forward Primer:5'tgctgctacagattccac3' 55
(GenBank:JX000252.1) Reverse Primer:5'gtcagcacagacctctcg3'
CCL13 Forward Primer:5'aggcagcaagcatgggageg3' 57
(GenBank: JX020977.1) Reverse Primer:5'gggecctttggettagaaggeg3’
CXCL10 Forward Primer:5'cctccagtctcageaccatgaate3' 57
(CHkIRIE) Reverse Primer:5'gatgcaggtacagcegtacagttcta3'
CXCL12 Forward Primer:5'cccgtcagectgagttac3' 55
(GenelD:101532824) Reverse Primer:5'ggttgttgctcttcagee3’

B2 RE 35 RRENE

Fig.2 Photos of the 35th day after surgery
EREE 35 RERART AN BAMEEERARRR(A: ZAXRA; B IREESAH)
Note: At the 35th day after the surgery, we can see the degree of proliferation in the imiquimod group was significantly reduced compared with the blank
control group(A: blank control group; B: imiquimod group )

B 3 R[5 35 KB HE £ 8(C =EXHRAE, D HKEREFFA)(* 100 ££)
Fig.3 HE Staining of the 35th day after surgery
EAREE 35 X, IRE=AXMNBARFRFEHZRKX, EMFIAGRENR, BRRS B % (C: TEXHRA; D IREE A HE Staining
100))
Note: At the 35th day after surgery, we can see the collagen fibers of blank control group was dense and coarse, the structure of the specimen

was disorder and many cellular components was abnormally deposited( C:blank control group; D: imiquimod group( HE Staining 100))
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2.3 Masson ftBHER

B R ARG 35 R, 258 O BRZA 2R 4 BUR HLR , S50 31
FLEBEAR . R SERr 2 I S 2T 4oL , HED 3 (& 4)

4 RIFE 35 X Masson &
Fig.4 Masson Staining of the 35th day after surgery
EAREE 35 REAMBERFEFERZEKX, EHFIAFTRENR(E: T AR A ; F:LKE 5544 Masson Staining 100))

Note: At the 35th day after surgery, the collagen fibers of blank control group was dense and coarse, the structure of the specimen was disorder. (E: blank

control group; F: imiquimod group(Masson Staining 100))

2.4 FRIRIEAEIEH
Wi SCRFLTEAR S5 5 21.28.35.42.49.56 K 63 KIRIRTHR
B4y B A 168 + 0.32,1.81 £ 0.35,1.75  0.27 146 + 0.29,

143+ 028.1.37+ 0.31.1.25+ 021, i 25 & % BB 241 4% 521
1.86 £ 0.34.2.88 + 0.32.2.49 + 0.29.1.84 + 0.28.1.67 + 0.32,
1.58+ 0.21 .1.49+ 0.21,41% 2 Fis.

%2 FATEE SEI itk
Table 2 The SEI statistical table of every time point

Groups 21d 28d 35d 42d 49d 56d 63d
Imiquimod group 1.68+ 0.32 1.81+ 0.35 1.75+ 0.27 1.46x 0.29 1.43+ 0.28 1.37+ 0.31 1.25+ 0.21
Blank control group 1,86+ 0.34 2.88+ 0.32 2.49+ 0.29 1.84+ 0.28 1.67+ 0.32 1.58+ 0.21 1.49+ 0.21
Wcontrol ®control
60 *E *

Simiquimed

CCL2 mRNA level

N 214 28d 35d 424 494 56d 63d

5 BREREYSF T T CCL2 Rz ER
Fig. 5 The expression of CCL2 by imiquimod treatment

i :Real-time PCR #&ill 45 R , AT LBk E B HF4H CCL2 RiIZFK T EH
JTRAE SR E R R T, ZAAM CCL2 EREE 28 REXRIET

I, *P<0.05,**P <0.01, ZEREGZITEFEN(N AEE REEKALR)

Note: Compared with the blank control group, the expression index of

CCL2 in the imiquimod group was significantly lower at every time point.

The degree of proliferation in the blank control group was peaked at the

28th day after surgery.
(*P<0.05,**P <0.01, “N”stands for normal rabbit ear skin)

Gt brE , WK B2 525 B IR L B P<0.05, 22

SR G TF R L A ]S SELE I TH AR R 255 a0k 2 e
TIN5 A% I IALGE A A O IR 2L TR A 48 B AR 2% T K i By

Bimiquimod

CCL3mRNA level
= R Y - )

6 BKEEE T H1 T CCL3 jiRiETHR
Fig.6 The expression of CCL3 by imiquimod treatment
Real-time PCR #ill45 5 , T WK EEEE 4520 CCL3 RikkFRZ=HAITR
ZA7E 21,2835 R TFE, 35 RIAEW A CCL3 RIELHBER,
*P<0.05, ZREGITFEN(N AEEEREEKHAR)
Compared with the blank control group, the expression index of CCL3 in
the imiquimod group was lower at the time 0f 21,28,35 days after surgery.It
showed no significantly difference between the two groups after 35 days.

(*P<0.05,"N"stands for normal rabbit ear skin)

A, HAF 28 REFIRFNE(E, Bk SERERR S0 6l S B PR 1Y
e AREER SR FRAONE 4518 R — B .
2.5 Real-time PCR #&ill|Z5 R
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7 BRERYEF T T CCLS BRiXfER
Fig.7 The expression of CCL5 by imiquimod treatment
i :Real-time PCR #il| 45 5, AT BKIEE #5348 CCLS RIKXKERZ=H
X HBLATE 28,35,42,49,56,63 REAR T, HEHM— M THER. =B
i CCLS FERFE 35 REFRILAFIE, *P<0.05,**P <0.01, % R A%
WEEX(N AEESREFKAR
Note: Compared with the blank control group, the expression index of
CCLS5 in the imiquimod group was significantly lower at the time of

21,28,35,42,49,56,63 days after surgery and it showed a downward trend
in imiquimod group. The degree of proliferation in the blank control group
was peaked at the 35th day after surgery.(*P<0.05, **P <0.01,“N”stands

for normal rabbit ear skin)

@control
16 ok

Bmiqaimod

CCL13mRNA level

o M s o ® 0o

9 BKEEEHFFHIT CCLI3 MRIAER
Fig.9 The expression of CCL13 by imiquimod treatment
iE :Real-time PCR #& |45 5, AT WK ER 44 CCLI3 RiZKFRE=R
JTERZATE 21.28,35.42 RETHARE TF%,42 XIAEHA CCL13 RikFE
BHEZER,*P<0.05,**P <0.01, £ R BAFHITEEX(N AEERE KK
piz
Note: Compared with the blank control group, the expression index of
CCL13 in the imiquimod group was significantly lower at the time of
21,28,35,42 days after surgery.It showed no significantly difference

between the two groups after 42 days.( *P<0.05, **P <0.01, "N"stands for

normal rabbit ear skin)
3 ¥fig
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8 BREEE4F T T CCL7 MFRIEER
Fig.8 The expression of CCL7 by imiquimod treatment

i :Real-time PCR #2455 , AT L BKIEEEH54E CCLT RiZKFR=R

WRAESHESAE TR, HEH—HETERER, TEAN
CCL7 TERIGHE 42 REFRIEBIE,*P<0.05,**P <0.01, ZRAHit%

BX(NAEERERKAR

Note: Compared with the blank control group, the expression index of
CCL7 in the imiquimod group was significantly lower at every time point

and it showed a significantly downward trend in imiquimod group. The
degree of proliferation in the blank control group was peaked at the 42nd

day after surgery.(¥*P<0.05,**P <0.01,"N"stands for normal rabbit ear

skin)

W control

Bimiquimod

CXCL10mRNA level
LR S P A

10 BREEE4FTF T CXCLI0 fFRiZER
Fig.10 The expression of CXCL10 by imiquimod treatment
i :Real-time PCR #1455, AT = A X BR4H CXCL10 EAT FKik, T
PKEEEHF4H CXCLI0 EZ B R mRIE, FTARE 35 RHEXRIES
I, *P<0.05,**P <0.01, ZR B FHITFEEN(N A IEERERKEASR
Note: The expression index of CXCLI10 in the imiquimod group was
significantly higher at every time point, and was peaked at the 35th day
after surgery while in the blank control group it showed almost no
expression or a trend.(*P<0.05, **P <0.01, "N"stands for normal rabbit ear

skin)
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YA RIE B e HE FEAE P, Th 4 = 2= A A0 A 7
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Wcontrol

Bimiquined

CHCTA2ZmRNA level

11 BREEE4FTF T CXCLI2 FRIZER
Fig.11 The expression of CXCL12 by imiquimod treatment
i :Real-time PCR #&ill455 , AT 2 B 4 CXCL12 EARTTFRIE, TRKE

B4 CXCLI2 EEME AT FRIE, HTRE 2 RHERETIE,

*P<0.05,**P <0.01, 2R AGITFEN(N AEEEREKKHER)

Note: The expression index of CXCL12 in the imiquimod group was
significantly higher at every time point, and was peaked at the 42nd day

after surgery while in the blank control group it showed almost no

expression or a trend.( *P<0.05,**P <0.01, “N”stands for normal rabbit

ear skin)
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