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-, Kl HaCat4 i K LF 45 #6358 INEP300 T /5 KRT1 78 8l T X KLF445 & 7K V- S 41 8 FAH3 LB AL K - o fegse 2Tt
(co-immunoprecipitation, Co-IP) #llKLF4 5 EP300MIFH EAEH . R AREHRAL L IS KLF4% KK KRT17/H 3T
X KLFA%5 67K K418 A H3 Z B K-35 5 0 R AR AR (P<0.01) o S5 Yuxt FRATAH L, KLF4id K 4IKRT1748
KK TR (P<0.01); KLF43d A & MEP300 T A KRT 17335 /K ik TKLF4i3 % 35 20 (P<0.01) 5 e it B 40
(P<0.05) . S gLxt BZEAN L, KLF43d K HKRT17)8 8§ X 4 485 H3 Z Bt KF- T8 (P<0.01) ; KLF43d K358
EP300 T4 2HKRT17J5 8+ X 412 FTH3 Z ALK AR T KLF4id 23520 (P<0.01) FIXS BHZH (P<0.01) . Co-IPiiESCKLF45
EP300REIE R IR AR, &t o FRIAMKLF4E S P A EP300 I HKRT17)H 30T X 48 FAH3 ZWEfb K, -4 )8
G R AR PKRT1 7L BE 55

[x@i|m] W MPUERAR  MEALT kppelFfR T4 EIAZSE D300

Molecular Mechanism of KLF4 Up-regulating Keratin 17 Expression in Keratinocytes ZHANG Shuai, TAN Yuan,
YIN Xiu-gin, LUO Hong" . Department of Dermatology, the First Hospital of Changsha, Changsha 410005, China
A Corresponding author, E-mail: lhdoctor@yeah.net

[ Abstract] Objective To explore the role of Kruppel-like factor 4 (KLF4) in the regulation of Keratin 17 (KRT17)
expression, and to reveal the molecular mechanism of overexpression of KRT17 in psoriatic lesions. Methods The skin
lesions of 18 patients with psoriasis vulgaris were taken as experimental group and 10 healthy persons as control group.
Real time-PCR and Western blot were used to detect the expression of KLF4 in psoriasis and normal skin
samples, and the changes of KRT17 expression in HaCat cells after transfection of KLF4 overexpression and EP300
interfering plasmid. ChIP-qPCR was used to detect KLF4 binding and histone H3 acetylation levels in the promoter
region of KRT17 in psoriasis and normal skin samples, and the changes of KLF4 binding and histone H3 acetylation
levels in the promoter region of KRT17 in HaCat cells after transfection of KLF4 overexpression and EP300
interfering plasmid. Co-IP detects the interaction between KLF4 and EP300. Results The expression level of KLF4,
KLF4 binding level and histone H3 acetylation level in the promoter region of KRT17 in psoriasis group were significantly
higher than those in normal group (P<0.01). Compared with the control group, the expression level of KRT17 was
significantly higher after KLF4 overexpression (P<0.01). After KLF4 overexpression combined with EP300 interference,
the expression level of KRT17 was significantly lower than that of KLF4 overexpression group (P<0.01), slightly lower
than that of control group (P<0.05). Compared with the control group, the histone H3 acetylation level in KRT17
promoter region in KLF4 over-expression group was increased significantly (P<0.01). After KLF4 over-expression
combined with EP300 interference, the acetylation level of histone H3 in KRT17 promoter region was significantly lower
than that in KLF4 overexpression group (P<0.01) and control group (P<0.01). Co-IP confirmed that KLF4 and EP300
could form protein complexes. Conclusion Excessive KLF4 increases the level of histone H3 acetylation in KRT17
promoter region by synergistic EP300, and mediates the over-expression of KRT17 in psoriatic lesions.

[ Key words] Psoriasis ~ Keratinocyte ~ Keratin 17 ~ KLF4  EP300

IR P ke — NS M SR P Y B R TR, Y Y I Azittls TS S0 JERE SN AE AR S A (4 A B Fh 4y
PRERBUAELLHE, )8, 4f T3k B o TR o JREs e fe il THETA O, HAPHBIMET 41HE1(T helper cell 1, Th1) &
WK /BB AR AN TS Y o R o R ™ T R 17(Th17) 4L, T LL3E & 7 Az R R BE T - o (tumor
BB BRSERGE, v o] R4k A B YL . AR R ERELIN S & necrosis factor-a, TNF-a) , y-T#£ % (interferon-y, IFN-y )

A Jf5#{E# . E-mail: Indoctor@yeah.net {140 3 (interleukin, TL)- 17 A(IL-17A) | IL-17F, IL-




798 PNl (BE22 R

5515

225 HRLIE -, A RAE S Y R A

KEWFFEUESE, A7 1117 (keratin 17, KRT17) 7E 4R
JB 993 B 451 B9 £ J5 T 1% 40 Y (keratinocyte, KC) H ik B
TR, AR A R DA OEY, KRT17%
A 5 BE R MR AR 1Y KA, 31X 8 R A7 AT LA
Th1Z0 M. Th172H 7™ A 3 8 9 AH OC 48 i I 5~ IFN-y |
IL-17. IL-225%, 3X S 20 il K - )CRE5 T KRT17/ K3k,
AT ZE KRT 1780 T4 A 2 (818 J— A~ AH B A2 2F 1) BF i,
BRSNS 2R B SR S S B AR SR
T, 428 95 He % KCHYKRT 1736 35 5 4 19 43 T MLkl B B
A

ARHFFE IR TS XT KRT172E 5 )5 3 F DN A 41l #F
11756 725 A0 s B 4 M, K BKRT17)5 87
—137 ~ —442 bp X4 % 2% 5% K 7 KLF4(Kruppel-like
factor 4) 5 G 0 o oAk, FRAT 38 i 4 300 & B
KLF4 54 1 4B % B BFEP300(E1A binding protein
p300, EP300) fATEAH EAE Y AT BEPE . A5 #0038 3 T
SIKLF45EP300% KCHKRT 173 35 A 12, AR s 9
B IKCHKRT 17838 75 (143 L

1 F#AREHE

1.1 HARFTREIRARIIREL
PEFE20164F10 H —20184F6 A K Vb 46 — I B fz AR B

W A 18461 - TR S s KB S ISR X 42, AT A A
I 5 BB 38 43 B B 20 AR A AR B e 4 . L S
10051, L84, 4E#420 ~ 47(30.9+7.0) %5 S5 Hu10413 (1
B IR BT 5 A i N B JER 2 SRR A S e B2, I
Fafl, Lo, 4EHY19 ~ 50 (30.749.7) % . ARSI K
Wil —BE B e 2 5 43w it (KL-2016014), BT A ARAR
SRR ) R MRS RS P B A TR 15 .
1.2 ERTREEEPCR

FBR B RRBRAS B B T BRI 5 2 A4, T BT R ~
2 mm/NHUBA B P, IR RO GRS R e, B
Ja 8454100 mgfill A1 mL Trizol(Invitrogen, CA,
USA), IRA G AR . B O E Tk FIF sy
HARFITAIHL ~ 2 min. 2K JFIREG Y T12 000 r/min,
4 CEL5 min, BT IE R T Trizol i A 200 uL 7, 5
SR H ML Trizol 4R H BIRNA . (30 5% S50 &
PrimeScript™ RT reagent Kit (TaKaRa Bio, Japan ) &
RNA 5 i cDNA . RHISYBR Green% Y bkt 47
ST ¢ G R PCR(Real time-PCR) (Thermal Cycler
Dice™ Real Time System II, TaKaRa Bio), JZ hj 51 495°C
TS E30s, B 5 40N PCRIEHA(95C 55, 60°C 35s). Aol
FERE a3, 5 19 E s AR A RIS, LAGAPDH
FEFA S R, 27l i H AR A A X ek i, L
fe FREXT 2 H SR A Rk o 1.

*1 LHEHKEEPCRSIYFSI

Table 1 Real time-PCR primer sequences

Gene Forward Reverse Length/bp
KLF4 5'-GCTCACCCCACCTTCTTCACCC-3' 5'-AATTTCCATCCACAGCCGTCCC-3' 237
KRT17 5-GCTTTGGGGGTGTTGATGGG-3' 5'-CGGTGGCTGTGAGGATCTTGTT-3' 234
GAPDH 5-ATGGGGAAGGTGAAGGTCG-3' 5'-GGGTCATTGATGGCAACAATA-3' 108

1.3 EA®REEIT ( Western blot )

H100 mgl& 5 J5 K kAR A, 5985 A2 mL3E RS 5]
Segsieh, RIS 1%PMSFRYRIPAZA# 300 uL, B T
UK EHATAIH . 24#30 min)5 , BAERFS £ 1.5 mLEL
B, 4 °C, 12 000 r/min[>5 min, [ IE BRIk B R
W MEREAE RIS, B DA 30 pg S T
SDS-PAGEBE LUK, I HFZENFIPVDEKE ., 5% MtAE 4
WAy J ATV 2 T B PR BT h, S A—$T Anti-KLF4
(%M1 : 300), Anti-KRT17 (41 : 300) M Anti-
GAPDH#L{& (3% #71:1000) ( Cell Signaling Technology,
MA, USA), 4 CIEE I . RS MAZIUE R F 1h,
BAUE IS W52, 0T T Image] SRR R AR 251 IR BE (B T 2 A 46
B KEEH S GAPDHI(E y B 198 AR 3

14 FAFRERETE ( chromatin immunoprecipitation,
ChIP ) M KRT17B3 FXKLF4AEE R AEBHH3Z B
kE

fifi FHEpiQuik Tissue ChIP Kit(Epigentek, NY, USA) i/
ATChIPSESG KB SIS B JRAEAS BT T ~ 2 mm?/ Nk, i
ANLARFRGIECR 1% H W 2 RS20 mine JiTH 2R £
W BE0.125 mol/L, IR 215 T2 I T & 5 minZ 1L 52
Ko B SHRAF I ZUIIA 50 0 & 9T il A\Homogenizing
BufferifFf T2HZfHES . 4 °C, 3 000 r/minES.[»5 minU & f#
A0S HEAT 24T A ST ITDNA . 435I fin Aanti-
KLF4 (%% M1 : 200)2kanti-H3ac G A1 200001k,
4 CRPWR . iInAprotein ABEIRHEER, VTIE L EH -
DNAR &Y. KHWZ0.2 mol/LALEN65 C it 5 Bk i
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P BPCRIGIN A 41 DNA B 4E i (279 ) . KRT17J3

3] ChIP-PCR/qQPCREI YT HI W32, 938 v Befo iy
—42 ~ —198 bp iy 5 | W H T 521 5t 2 S PCR, Al 4541

% 2 KRT17)231FChIP-qPCRE| 13
Table 2 ChIP-PCR primers for KRT17 promoter

Fragment position/bp Forward Reverse Length/bp
—42--198 5'-GGCACTCAGCACGAGGATTT-3' 5-TGGGCGTAGCGATTACAACA-3' 156
—-361--443 5'-GAGGGAACAAGCCCCAA-3' 5'-ACATCCCCAAGGTCCCA-3’ 82
-707--778 5'-GGGTTGTGGAGAAAGGC-3' 5-CATATTATCCGCTGATAG-3' 71

KRT17)5 8l XKLF4 & 5 M H B FH3 LBt KF- .
1.5 #EHIE ( co-immunoprecipitation, Co-IP ) I
iEKLF45EP3001E E4& &

B o AR A e A SRR 1, 4RO L R
GPEEN . R T Aanti-KLF4HK, 4 CHFE
W . fin Aprotein A/G PLUS EfRHEER, ZiRMF &2 hilkf7
TPETUNE . B OISR BN HEER, PBSURA M U5 i A
eI E A E AW, ) Hanti-KLF4 (A1 © 200)
Janti-EP300 (J B A1 : 200) B4 1 7 Western blot (53§
[[]1.3), K2 1 & Y b2 A /7 /EKLF4 & EP3004K |1,
HEMIESCKLFA 5 EP300MAH B 45 . SEIR A 31K .

1.6 AKEN R R AMHaCathyEE I S AR

HaCat#ii il & TDMEMB; P (HP T HFHER
100 U/mL, $5%5 %100 ug/mL, 10%FBS), 7E37 °C . {AF/
H5%CO, MR F2 4 v 1 35 . Oexh B K 24m g,
FEHe AN B T ofL AN ML B TR AR rh Ak S s % . $eRh
Yo R 32H, BIXFREZH . KLF43d 36840 | KLFart A S
JNEP300 F42H, F2H AL &3 FATFL. AR Ik50% ~
60% A BERT, {8 FlLipofectamine™ 2000 Transfection
Reagent(Thermo Fisher Scientific, MA, USA ) #E47 Jiuki %
Yoo XA YepCMV6 TR +pRS UKL . KLF41d ik 40
EEYepCMV6-KLFAFURL . KLF43d 3358 MEP300 T4 £
#EYLpCMV6-KLFAJFUR +pRS-EP300JFUHE, T A Fkr 141
F OriGene/A ). Y72 hig WM, 7 il #E 5
RNA KGR [, % 1.2F11.377 L T 52 i 98 S PCRAN
Western blot, ¥4 2HEP300 X KRT171F kK. %
1.4 /7547 ChIP-qPCR, Kiilll £ 41KRT17)3 8 F X 41 5
HH3Z IR s 3K
1.7 SitFH*

IESA AT EER A £ s8R o SR ST FEAR G
5 LB AL T B PR A Y5, 2 4185 1 F one-way
ANOV AT L 07 25504, I8 FHLSDAG 56 1547 19 75
Fe#, P<0.050 22 A Geit 2= 5

2 #R

2.1 REBRKIEE KKEARRKLF4HRIE

SRS E HEPCRES AR (KI1A) o, 51E 5 41k
FrAKH H, B3 )8 5 4 5 #5120 2L KLF4 mRNA Kk /KF-T+
E1(P<0.01), Western blotdiiE 71X —4558(P<0.01), UL
1B, 1C,

[\S] w
T d

Relative KLF4 mRNA level

(=}

Healthy Psoriasis
6 controls patients
Healthy controls Psoriasis patients
1.0

Relative KLF4 protein level

Healthy
controls

Psoriasis
patients

1 3RBHAE (n=18) FMEEA (n=10) FHRHEEHRKLF4REKFE
=5
Fig1 The difference of KLF4 expression in skin samples between the
psoriasis patients group (n=18) and healthy control group (n=10)
A: Real time-PCR; B: Western blot; C: Quantitative analysis of the band
intensities for KLF4 in Western blot . **P<0.01, vs. healthy controls.
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2.2 RBRRIEEKKEARPKRTI7/E3FXKLF44
EKERAEAHIZEBLKTELLE
ChIP-PCRZ; HAIF 2, KLF4fE4E & TKRT17)3 8 F
—42 ~ —443 bp[X I, ChIP-qPCRE;H /R, 5 1E 7 LA
L, #2805 41 KR T17 )5 8l F X KLF 445 & /KT 5

Anti-KLF4 IgG Input

-

—42--198 bp

"~

w
T

(8]
T

—
T

Psoriasis
patients

Healthy
controls

@ Relative KLF4 enrichment level

Anti-KLF4 IgG Input

~361-—443 bp

(P<0.01); KRT17)73 8l F X 41 8 (1 H3 Z Bk AL K SF- 34
(P<0.01), JLKEI2,
2.3 KLF45EP300#8 E{EFRIIEIE

Co-TPZ5 L /R, KLF4RE S EP300M B.45 G, JTE iR
HEAK. WIE3,

Anti-KLF4 IgG Input

-707--778 bp

Relative histone H3 acetylation level

Psoriasis
patients

Healthy
controls

B2 BARKEARRKRTI7EHFRKLME S K PRAZAHIZBLATER
Fig 2 Differences of KLF4 binding level and histone H3 acetylation level in KRT17 promoter region between two groups

A: ChIP-PCR results; B-C: The results of ChIP-qPCR (B: KLF4 binding level in KRT17 promoter region; C: Histone H3 acetylation level in KRT17 promoter region),

n=6.**P<0.01.

IP: Anti-KLF4 Anti-KLF4 IgG Input

KLF4

[ 3 Co-IPHKLF4SEP300MIIHE &S
Fig 3 Detection of the interaction of KLF4 and EP300 by Co-IP
2.4 TRIEZKLFAK FHEP300/5 X KRT 175 1% B 84 0E
SR G AE S PCREG AL o, 5 7 Ykt HR ook 4 AH
ke, KLF433 2R KRT17 335K - T (1.0540.17 vs.
6.94+1.16, P< 0.01); KLF43d KB MEP300 T )5,
KRT17% 35K AL TKLF43 %3540 (0.75+0.11 vs.

6.94+1.16, P< 0.01) F0XF AE2H (0.75+0.11 vs. 1.05+0.17,

P<0.05), WLEl4,

Western blot# 5 7R, 5% Ye X 8 ORI 241 48 L,
KLF4id £ HKRT17K 3K KT+ (0.69+0.05 vs.
0.97+0.07, P<0.01); KLF43 3k & MEP300 T4 )7,
KRT17 £ 5K PR F KLF45d #3541 (0.5240.06 vs.

0.97+0.07, P< 0.01) #1%F FE2H (0.52+0.06 vs. 0.69+0.05,

P<0.05), NLIKl4,

2.5 T RIEKLFARTFHEP300/GX KRTI7RH FXAE
BH3 Z Btk K TR 50

ChIP-qPCRZ5 IR W oR, 55 Y xf BEUBOR 2 A1 L
KLFAI FIR M KRT17)5 8 F X R A H3 LBt ALK T+
57 (1.0620.11 vs. 2.19+0.18, P< 0.01) . KLF4idZRikE
EP300 T#L)5, KRT17)i3 3+ X 40 25 FAH3 Lt AL KPR T
KLF4i3 3%41(0.3940.06 vs. 2.19+0.18, P< 0.01) FlIX B4

(0.39+0.06 vs. 1.0620.11, P<0.01) . WLI&l5,
3 iFig

B R R RS AR A IO LA L R A K A
HHKRTL7, id ZHKRT170] 1 58 84 ATh1/Th17
A FHIRIE RN . T WLKRT177E4R JE I 14 & A % e
AR R R EEAE T (EAR JE e AR A R i
KRT173 B3R5 0 JE R H AT AR . ASBH ST 38 18 S0 5
UESE, 5IEH R A L, % 5% R KLFAZE AL B s Bz it v
Fik R FE B, HHAEKRT17) 8h FIX B 254t i
W2 ; fFHaCat il i Fe IR KLFARE L IHKRT1719 3535

REZE IR, i Y KLF4R] RE 2 2R Bk s it
FPKRT175%34 53 B (1 B R
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Relative histone H3 acetylation level

Relative KRT17 mRNA level
I
wu

0
pCMV6+pRS pCMV6-KLF4 pCMV6-KLF4
+pRS-EP300

pCMV6-KLF4
pCMV6+pRS pCMV6-KLF4  +pRS-EP300

KRT17

GAPDH

=

v
J
*

*
*
*
*

Relative KRT17 protein level
& =

0
pCMV6+pRS pCMV6-KLF4 pCMV6-KLF4
e +pRS-EP300

4 3 REKLFAR FHEP300/3 3 KRT17R % M #
Fig 4 Effect of overexpression of KLF4 and interference with EP300 on
KRT17 expression
A: Real time-PCR; B: Western blot; C: Quantitative analysis of Western
blot. pPCMV6+pRS: Control group; pPCMV6-KLF4: KLF4 over-expression group;
pCMV6-KLF4+pRS-EP300: KLF4 over-expression combined with EP300

interference group. n=3. * P<0.05, ** P<0.01.

KLF4&—F7E iz il AL B g EUp Tz RIA B B
SRR N, 2 5 0BT L SAE RN | I 20
B WG B S B A A AR RS SE,
KLF45 RAE RN K R %], TNF-a., IFN-y3R5E HF-fig
W] 0 A1 3 5 W 400 L T KR4 3K, DTG 15 W 24 i,
JINEE JRAE S ", TL-1B 7T 38 13 PI3K/AK TR 518 15
N SR A P KLE4 R 3k, 1T 38 P R TL- 18 S HoAth
it 98 P F i A AL B -2 (cyclooxygenase-2, COX-2) . HLf%
44 LA -1 (monocyte chemotactic protein 1, MCP-1)
FIIL-61 7= AR K LSS S8 AP ] il S 40 i FP K LF4
HYZRIRHE N, FECTh 72405 2734k, kel 7 8 e vk
B, KLF4i g EYHIL-1B. 1L-6. 55 4R 1 (A il

w3k

ok * 3k

N
w

IS
(=}
T

—
w
T

—
(=}
T

o
wn

0
pCMV6+pRS pCMV6-KLF4 pCMV6-KLF4
+pRS-EP300

[ 5 ChIP-qPCR#&il| KLF4id %5 R EP300 FH /EKRT17/ 38 FREE
HH3Z Btk F
Fig 5 Histone H3 acetylation in KRT17 promoter region was detected by
ChIP-qPCR after overexpression of KLF4 and interference of
EP300
**P<0.01.

13(matrix metalloproteinase, MMP-13) fE ¥ il H ) 335,
Z 5B RIRHESCT RGBSR HERE" . H AT, KLF4 558
99 V14 AH DG BIF 5 140 ke, DAL T Al AT 22 0 ) 56 3R O AS B
T, ANA SR AEBIFST & IRKLEATEAR 8 £ 35 e fit e
Fk T IER KR, X — 851 5ATR AR5

YR I H3 Y £ BB 5 35 PR 3638 1 16 BR % DI AR
Ko A FTH3M NI R 9 LIRS A L
B3 A, (DN A5 A1 [ 1] A e 51 7 Fnas [ 37 B A,
2 15 A M A FHUBEES, DNAG) T 3R, Rl TIN5
DNARERAHZE G, JETHOE 52>, EP300J8 T 2414 M
LR RS I, A 08 AR 1 S B R b R AR
FHEe AR ST T KLF4BE S5 EP300JE iidR 1142 A1k,
HAEHaCat4fiff it A KLF4)T, KRT17)5 8 X4 1
H3 ALK B Tt 5, [RIBTKRT17835 7 55 KLF4
1 FRBHNEP300 T4, KRT17)8 8 T IX 413K FAH3 2.1
oK - 53 25 AR, AH R BOKRT 173835 WA T2 4l KL Fasd
FERL ot IR RIS, FRAT U RS AR S v R A
KRT17JE 8 T XA E HH3 L WAL K B 2w T IEW K
Jk o ZR ETIR, AR E R R R o i A KLF4 P R] HLAK
#iFEP300, it EJHKRT17)5 37 X 41 8 FAH3 Btk /K
-, JREKRTI7A KA . FMBG2EMLH T F &,
AEERL B [ AR A, IR AT 48R 1 R 3B A . AR
TR LA, 45 A B B 4%, AN
A7 1118 PP R A8 A T LA S 5 PR 2 S 1) O ]
KLF4 & 75 7] DA o 1815 40 28 11 Y S Ak 81, 8 KRT17
23R H TR A, S AAIF ST A BRI 0] B, A
WA R Z AL, JG 25T, AT TH i — PRI KLF4
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