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LY294002 alleviates psoriatic inflammation by intervening with Th17 cell differentiation

CHU Gaoping, LIN Yawen, WANG Zilong, DOU Yue, MA Lei
(Department of Dermatology , Binzhou Medical University Hospital , Binzhou 256603, China)

Abstract Objective To assess the therapeutic value of LY294002 in the treatment of psoriatic inflammation, we evaluated the inter-
vention effect of LY294002 on Th17 cell differentiation and tested a possible mechanism involving the blocking of the AKT/mTORC1-
STAT3/HIF-1a/RORyt axis. Methods Mouse psoriatic models were established by applying 5% imiquimod and then treated with dif-
ferent concentrations of LY294002 to measure lesional severity, histopathological changes,proportion of Th17 cells in skin lesions, and
expression levels of key signaling molecules in skin and spleen tissues. As a complement to the in vivo experiment, spleen mononuclear
cells from mice were cultured in vitro and treated with LY294002 to determine the effect on the proportion (%) of Th17 cells and level of
expression of key signaling molecules. Results 1.Y294002 significantly alleviated the structural and histopathological features of pso-
riasis. Treatment with .Y294002 changed the proportion of Th17 cells in skin lesions and the mRNA expression of HIF-1a:, RORyt ,and
IL-17A ,as well as protein levels of p-AKT, p-mTOR, p-STAT3, HIF-1a, RORyt, and IL-17A, both in skin and spleen tissues. The inhibi-
tory effect of high-dose LY294002 was similar to that observed in the anti-IL-17A antibody-treated group. In the in vitro assay, high-con-
centration 1.Y294002 was found to significantly inhibit the proportion of Th17 cells and the expression of key signaling molecules in spleen
mononuclear cells, which is consistent with the result obtained for the anti-IL-17A antibody-treated group. Conclusion 1.Y294002 may
ameliorate psoriatic inflammation by blocking AKT/mTORC1-STAT3/ HIF-1a/RORyt axis, thus inhibiting Th17 cell differentiation and
IL-17A secretion.
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FHC1 (phosphatidylinositol 3-kinase/protein kinase B/
mechanistic target of rapamycin kinase C1, PI3K/AKT/

mTORC1) {5 5 i# B 7ETh 1 740 i 3 fliod A v 4 o
SRR R R S0 7 2 AR IR A 4 Th17
AL oAk, A S IR R4S 5 - 1o (hypoxia induci-
ble factor la, HIF-1) 35, 15 T 15 55 4% 5 5 3 SR
i PR3 (signal transducer and activator of transcription
3,STAT3) s 2 R W IR AL, T Th 1 748 Jif 45 S5 1
Si A -4 R A DG A 32 1yt (retinoic acid-related
orphan receptor yt, RORyt) iR 5 AR IR
PIPI3K/AKTH il I LY294002i# i AKT/mTORC1-
STAT3/HIF-1o/RORYytf& 5 i #01  Th 172 731k
TR AR 0 SR AE S L ) P e mT REAIL AR
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1.1 SEKsh¥

HEVEBALB/e/NER (61 AT 18 ¢ + 2 o) T H T
LS 0 3 W) BB A IR W] R TN 22 2= B
B s = BESPEFEN ) b7 , A RIS AR A5 3R B sl ) 18 3 22
FAAEiE (20190104-15) .
1.2 FZEGAA

5% Wk SRR ZLE (DU R 250 A7 FR BEAE A
A)) ;1.Y294002 (32 EMedChemExpressZs 7]) 5 1L-17A
YAk (S2ER&D Systems/A Al \JL [Eabcam/A F]) 5 —
FH 3T B0, (dimethyl Sulfoxide , DMSO) 8% £5 2% wh ik
(phosphate buffer saline, PBS) 4 Jifiii 4 . TR1zol (_I-
AR A TR R A 5 /0 BRI 5 A% 41 g
(spleen mononuclear cell ,SMC) 43 B 38 7 £ (Kt
WA AR D AR RS A R 5 BRREIV (SEE
sigma-aldrichZy 7)) ; WA AZHEAZ TR 1 OF RZ -
21 (hematoxylin and eosin, HE) 4 @ i 5] & 4% % &
FH I RIPAZ A i (A st R E R AR A A
CD3e.CD28 .y T4l % (interferon-y, IFN-y) IL-4 IL.-2
Pk (S Bio X Cell/A ) 5 EAL-1B. 55 fb A K
FB1 (transforming growth factor 81, TGF-81)1L-6 IL-
23, APC-CD4 \PE-IL-17AHifA (3£ E BioLegend A ] ) ;
TR A TR AR RA S5 T8 K ([HeBioscie-
nce/A Fl) s Evo M-MLV Ji2 % 5% #il 1R #4371 £ .SYBR
Green Pro Taq HSTI i BUqPCRIK 7 & (8 g SR iy
Y TRARA ) s AKT .p-AKT (Thr308) . p-AKT
(Ser473) .mTORC1 .p-mTOR (Ser2448) Hifk ([

Cell Signaling/A 7]) ;STAT3 ,p-STAT3 (Tyr705) ,B-actin
P (RDCZ M s A URHCA PR S W) ) s HIF-1odit
14 . DyLight 549 5 DyLight 488%5 iCIgG [ F} A (% 7%)
A=W ARG PR A ] s RORyHLAR (G100 = 8 A= W+
RABRAF]) ; CDAPiAk (35 ESanta’s 7)) 5 CFX96
Touch™ Real-Time PCRE&IM £2 55 (3 [EBio-Rad /A 7))
HOCIE R AR R (TE[E] LeicaAH]) o

13 Jrik

1.3.1  /NERAT A B A IS 9ok s BEREFL (imi-
quimod , IMQ) ¥ PR /1N B 78 B 0k il 4 1 s i A J
RAETY K /IN AL 2324 XF B (Vehicle) 41 #5575
(IMQ) £ .25 mg/kg LY294002 T #il (IMQ+25 mg/kg
LY) 41 .50 mg/kg LY294002F i (IMQ+50 mg/kg LY)
21 .10 mg/kg PUIL-17ABTARA H] (IMQ+Anti-IL-17A)
H, B H6H . IMQZ . IMQ+25 mg/kg LYZH .IMQ+50
mg/kg LYZH FIIMQ+Anti-IL-17A20 %5 H 14 $K62.5 mg
IMQ, VehicleZH i 3 45 551 it 11 ML AR ZE R IRIMOQJS
LY294002- 112 37 RIS s TS DMS O A LY 294002
TAER25 mg/kgMI50 mg/kg IMQ+Anti-TL-17AZH G i
TESTPBSIE M PLIL-17A SR TEREDTIA 10 me/kg, Vehi-
cleZH S IMQZH Ji i 13 5 25 57 i DMSO- 5 PBSIR A5 1K o
DL EARBEYS 1R/, ESE6 do AR IRALBE24 his kst
/INEROT B IO R FTFEE ZH 21

132 ERRALHES A 59 BUN T ER290.5 em x
0.5 emK/N R HRALZY, FK A 2URF A GE 4% %
R E 2, A WA YA HEQL 65 T 564
BRI,

1.3.3 /N R FNSMCHE I 535 K Ak, - K 2 I
A Y05 em x 0.5 em K /N, FHO.5%J5 2 [ it 0% &
2 hy PSR E AL IR T 0 L i IV 3
EHZ 1 h;40 wmZH ARG P38 5 3 000 r/min Z5.0010
min ; YA I 5 58 4 o B0/ DN BRI 5 A, e a0
Ui AT AT AR 40 E A T 5 10% FBSHYRPMI
164087 77 3 wp K Bz IR AISMCE R B 855
pe/mLBT/NRCD3e R FEFEDLIA .2 pg/mLbit/NELCD28
BT REBUR A 12FLAR 5 BEALT X 10P4H L, FH 52 4Kk
TRV B AR AL2 mLIR AR ; BRI A LMk B2
10 ng/mLEE 2H FUI1-18.2 ng/mLEE 2H F{TGFB1 .50 ng/mL
FAH FUL-6 .20 ng/m LI ZH FUL-230) K 10 pwg/mILAT/)N
FRIFN-y  IL-4 L2504 Th 1 740 MIp A .

1.3.4 /INRSMCA3 21 : 4/ INERSMC 5324 Control 2H (A5 7Y
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(Model) 21 \LY25FILYS50 T2l (25 mol/LF150 mol/L
L.Y29400243 Ji 4 F F 5 8 FRSMC) . IL-17A-antibody
2H (10 ng/mL BT TAHUAVEHT TAALEASMC) .
1.3.5 i =X 40 AR S I Th 1740 At L 451 B.3.3F0
1.3.41 %5 19 2% 41/ B SR FISMCE R A1 mL, 73 5]
HAL2FUH, FH & A 10 ng/mLAB IR |1 we/mLASE T
R LT EMM,37 C 5% COEFF] h,
FINALO pe/mLAG FAEfE& R A, L5954 h, APC-
CDABTIRSEA T F M e €5, [5] % 0 B8 5 HPE-IL-17 A%
AZ N YL, WU IITh 728 i e 491 (IL-17A7CD4*
T fI/CD4™ TAIHD)
1.3.6  SEitE EPCREGINHIF- 1o RORyt LA BeIL-17A 1Y
mRNAZE A 7K« R HITRIzol RNASRBGAFhR /N R
B R L L E 4 21 SMCHT BARNA, 5% FHlEvo M-MLV 2
e SR R ) BB RNAS B AMDNA , LAB-actin
N2, FISYBR Green Pro Taq HSTRIR %l qPCRiz
FIEAECFX96 Touch™ Real-Time PCRAGIN 255 I 37
A7 5] 7 FEPCRASI
1.3.7  Western blotting®zilllp-AKT (Thr308).p-AKT
(Serd73).p-mTOR (Ser2448) . p-STAT3 (Tyr705) HIF-
Lo, RORYUZIL-17 AR FH3RIA KT : RIPA R £ X
KU R ML Z X SMCHY B, SDS-PAGE
FLUK A B B FE R, AT, N AAKT p-AKT (Thr308).,
p-AKT (Ser473) .mTORC1 ,p-mTOR (Ser2448) .STAT3
p-STAT3 (Tyr705) HIF-1a .\RORyt K IL-17A (1 :
1 000% F¢) B-actin (1 : 10 000K B) —¥id4 CHEH
IR TBSTIRIE s AL+ 5 000Fs Bl P 2 1R 007
H45 min, B3 )5 K FHImage AT K FEE
1.3.8  HPEHCHG I Kz Jik S SMCHTh1 748 g e A1)
W/ BBz Bk 4 8URISMCAE J& T 0K 149% 22 5 i
[ 2 .0.3%Triton X-1008 I 415 min; 510%101 =
METEE R FBEE 1 h, BHBTEHER HE 6; HTCD4
(1 : 500%FE) FUIL-17A (1 = 2005 %) —Pid CIE
712 h;DyLight 549 DyLight 4887 ¢hric P % i
WEOGMERE 1 h; DAPIAH A% G 0 )5 B s Ot IR SR 4R
W IR,
1.4 BEitegomr

K FISPSS 19.04¢ i 51 1 #4743 A, 1 1 55k
PUx + s3e7 , W FH Shapiro-Willoks: 36 15 #E 4 7 1E S PR
B, M4 Levene J7 25 55 14 A6 56 I W 5 25 42 15 5% o
PAPRIZR Ty 22T AR A 2R 22 5%, Tukey K B0 3E1 722

FEILK ., P<0.0SHESAGITE L,
2 SR

2.1 AL/ E AR AL

KRG 2524 Wi, VehicleZd /)N Rz B 1R & &
AT B i R0 v 4 JRE IMQZE /) B S R 4 B
i A LT BE G T N I i 4 R T e A R AR AR
LY294002 1 J /)N BRUER 18 S A F2 28 i 1) 1) 4 0
5, HLAIMQ+50 mg/kg LYZH 5 o0 BH (5, HO 0 7 i
EIMQ+Anti-IL-17AZH AL, ULIET1A
2.2 AU/ A S B

VehicleZ] /)N R B2, F1~2)2 40 41 18 5 IMQ
2H /0N R R B Y S G A L AR Al B R B 2 ) T A
i1, ff A A4 DX AT D Ao e 48 it 28 45 B Munrofsf i
TR 1, L B 989 4 ALK F 34, AT U i A T k.
LY294002 T J5 /)N R 3R B 14 JE K L {2 98 ik 44t L 2
T B A B IMQZE BH S 0 8, IMQ+50 mg/kg LY 2 Uik
IR N 5 IMQ+Anti-1L-17AZ1 5IMQ+50 mg/kg
LYZH Aol i 22 5, WLET 1B,

2.3 HA/NRUZ AL Th1 7208 H A7)

T AT ARG T 25 SR % IMQZEL /N Bz 84 41
ZUHTh 1740 MY B 451 B & 55 F VehicleZH (P < 0.05),
LY294002- 8 f5 Th1 720 g L A51] 1 2 FEAIE (P41<0.05),
PAIMQ+50 mg/kg LY ZH AR A i (P < 0.05), IMQ+
Anti-IL-17AZH 5IMQ+50 mg/kg LYZH 48 T 45 i 2%
255 (P>0.05, F1C) A 45 ] o
221N B B0 B v Th 740 M B 191 45 G 1 4 4 20
HRTh 748 A Lb 522 Ak e 35— 3, ILEND .

2.4 F /N AR SR A 2 DGR A
T RIEAKE

S B E FEPCRES S I 7R (1), IMQZH /)y Bz 46
ZH 25 L 2 20 R HIF- 1o RORyFIIL-17AFmRNA
157K SE-29 01 5 5 T VehicleZH (P)<0.05), 1Y294002
T I2H KAk K P 1 8 25 AR T IMQAH (P14<0.05), L)
IMQ+50mg/kg LY ZH [ I B O W 5 (P#<0.05) . IM-
Q+50mg/kg LYZH LA b OCHETS U455 70 FmRNAK P
HIMQ+Anti-IL-17A4 LA TeHe 1225 57 (P4>0.05) o

Western blottingZ 5 i 7k (62 1612), IMQZH /N R
AL S AFZH 2 p-AKT (Thi308) . p-AKT (Serd73)
p-mTOR (Ser2448) . p-STAT3 (Tyr705) HIF-1a., RORyt
JAL-1TAZE 1338 7K - 35 1 25 755 T VehicleZ (PH)<
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0.05), LY294002 T4 Bk B S 59 Fkik DL SCEE GG 50 FEARE KT 5IMQ+Ant-
TR 2B AR TIMOQZ (P¥1<0.05), AIIMQ+50mg/kg  TL-17A4H FARTC 41225 5 (PY9>0.05) .
LYZH AT N B i (PY<0.05) o IMQ+50mg/kg LYZH 2.5 £54HSMCHTh1 740 il He 45)

Vechicle IMQ IMQ+25 mgkg LY  IMQ+50 mg/kg LY  IMQ+Anti-1L-17A
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A, representative images of mouse psoriatic inflammation; B, skin pathological characteristics revealed using hematoxylin and eosin staining ( x 200) ;C,
proportion (%) of Th17 cells (IL-17A"CD4" T cells/CD4" T cells) in skin lesions, as determined using flow cytometry analysis; D, ratio of IL-17A*CD4" T
cells/CD4" T cells in skin lesions determined using immunofluorescence ( x 200). *P < 0.05, **P < 0.01.
BE1 LY294002M8 BB RIBRIER R TERE., RERRARAFTH7HMLELS]
Fig.1 LY294002 alleviates psoriatic inflammation degree and decreases Th17 cell percentage in psoriatic skin lesions
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F1 BEANREBEREEASPFHIF-10, RORytFIL-17A mRNAZR LK F

Tab.1  mRNA expression of HIF-1a, RORyt and IL-17A in skin and spleen tissues of mice in each group
Group Skin Spleen
HIF-1a RORyt IL-17A HIF-1a RORyt IL-17A
Vehicle 0.46 +0.43 0.55+0.33 0.37 + 0.34 0.49 +0.35 0.70 + 0.27 0.44 +0.37
IMQ 3.93 +1.24" 3.20 +0.66" 3.79 + 0.42" 3.65 +0.98" 3.51 = 1.06" 3.29 + 1.45"
IMQ+25 mg/kg LY 2.12+0.83” 1.29 +0.54” 1.42+0.18” 2.40 +0.90” 226+ 1017 1.86+0.77"
IMQ+50 merkg LY 0.58 +0.57 0.50 +0.29 0.47 £0.19" 0.63 +0.63" 0.74 +0.35” 0.52 +0.39”
IMQ+Anti-IL-17A 0.59 +0.75 0.51 +0.22 0.38 +0.18 0.65 + 0.54 0.72 +0.32 0.52+0.23
1) P <0.05 vs. Vehicle group;2) P < 0.05 vs. IMQ group;3) P < 0.05 vs. IMQ+25 mg/kg LY group.
F2 FBHEMNREKREFALPEXEQRIEKTE
Tab.2 Protein levels in skin and spleen tissues of mice in each group
A o B i B R B 00
Vehicle
Skin 0.49 +0.26 0.54+0.13 0.48 +0.20 0.36 +0.16 0.19 + 0.07 0.42 +0.09 0.29 +0.03
Spleen 0.57 +0.14 0.54 +0.22 0.59+0.11 0.67 +0.24 0.57 +0.10 0.58+0.16 0.50 +0.17
IMQ
Skin 1.68 +0.19" 1.65+0.22" 1.59 +0.24" 1.53+027" 1.18 £0.13" 1.32+0.12" 1.08 +0.06"
Spleen 1.29 +0.26" 130 £0.21" 1.21+0.16" 1.39 £0.19" 0.99 +0.10" 1.32+£0.15" 1.04 £0.23"
IMQ+25 mg/kg LY
Skin 1.10 + 0.08” 1.09+0.18” 1.02 +0.04” 1.05 + 0.08” 0.82 +0.04” 0.82 +0.23” 0.84 + 0.09”
Spleen 0.95 +0.20” 0.91+0.18” 0.96 +0.16” 1.07 £0.16” 0.81 £0.12% 0.97 £0.19” 0.76 +0.13”
IMQ+50 mg/kg LY
Skin 059020 055015  054£0177"  062+0.07"7 0492009  039£003”"  0.62+0.04"
Spleen 0.64+0.09"%  055+020""  071£0.15”"  075+0.17"" 0612006 0.63+024”" 050+ 0.06""
IMQ+Anti-IL-17A
Skin 0.50 + 0.06 0.49 +0.10 0.53 +0.08 0.56 + 0.08 0.29+0.18 0.40 +0.21 0.49 +0.01
Spleen 0.73 +0.16 0.58+0.21 0.77 +0.11 1.03+0.15 0.63 +0.06 0.61+0.16 0.50 +0.13

1) P < 0.05 vs. Vehicle group;2) P < 0.05 vs. IMQ group;3) P < 0.05 vs. IMQ+25 mg/kg LY group.

Uit A ARG I 45 2R 73, Model ZHSMCHTh17
i 451 BH 5 755 T Control2H (P < 0.05) 5 £481Y294002
TN HELS , Th1 740 A2 b 134 37 S R#AIK (PY<0.05),
PALYSO+ #0415 A B 2 (P < 0.05), 11-17A-antibody
HHLYS0 T iR gt it #2257 (P> 0.05), W
FEI3A B 38 o H A I 45 ZHSMC I Th 1 740 g Eb 451, 245
5 i M AR 25 R AR a3k, ULIEI3B,
2.6 &LHSMCHHIF-1a RORyHIIL-17A I mRNAZ
KIKF

ModelZHSMCHTHIF-1o: RORytFIIL-17AfmRNA
FERIK P 5 85 T Control2H (PH<0.05) ; Z8LY 294002
TP BRS , HFR IR K P24 i B AR (P34<0.05), LA

LYS50 T 15 £H B IR 5 B i (P¥1<0.05), IL-17A-antibody
HELYS0 T4 A TS i 2 5 (P1>0.05), W,
E3C,
2.7 £ HSMCHp-AKT .p-mTOR .p-STAT3 HIF-1a
RORyt ZIL-17AZE [ IA7KF

ModelZHSMCHp-AKT (Thr308) . p-AKT (Serd73).
p-mTOR (Ser2448) . p-STAT3 (Tyr705) . HIF-1at . RORyt
FAL-1TAREE 13K K 724 1835 75 T Control 4 (P
¥1<0.05) ; Z61.Y294002F FAb ¥R )5 , A FA5 54> T8
IR /KT B B FEAIC (PH4<0.05), LALYSO T4
1% 5 9 W 2 (P¥<0.05), IL-17A-antibody4H 5LY50 1
T A, Togiit2422 5 (P>0.05), WIEI3D (33,
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A, skin; B, spleen tissue. 1, Vechicle group;2,IMQ group;3,IMQ+25 mg/kg LY group;4,IMQ+50 mg/kg LY group;5,IMQ+Anti-IL-17A group.
B2 &HANREKREEBIFALRP-AKT (Thr308). p-AKT (Serd73). p-mTOR (Ser2448), p-STAT3 (Tyr705). HIF-1o, RORyt#0 IL-
17AKIWestern blotting4s &
Fig.2 Representative Western blotting results of p-AKT (Thr308),

p-AKT (Ser473),
1, RORyt, and IL-17A in skin and spleen tissues of mice in each group

p-mTOR (Ser2448), p-STAT3 (Tyr705), HIF-

3 iTig
Th1 720 AL K H AN 240 B PR FIL-17 A7 4R T
Hhog R AR . PIBK/AKT/mTORCIE 5 i 4

S V4 20 L BE AR Ty B S DG B A ol L, 2 ETQHEI
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A, flow cytometry analysis of Th17 cell percentage (IL-17ACD4" T cells/CD4" T cells) in mice SMC ; B, immunofluorescence detection for the ratio of IL-

17A'CD4" T cells/CD4" T cells in mice SMC ( x 800) ;C,mRNA expression of HIF-1ae, RORyt ,and IL-17A in mice SMC; D, representative Western blot-

ting results of p-AKT (Thr308), p-AKT (Serd73), p-mTOR (Ser2448), p-STAT3 (Tyr705), HIF-1oe, RORyt, and IL-17A in mice SMC. 1, Control group;2,
Model group;3,LY25 group;4,LY50 group;5,IL-17A-antibody group. *P < 0.05,**P < 0.01.
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Fig.3 LY294002 suppresses Th17 cell differentiation through the AKT/mTORC1-STAT3/ HIF-1a/RORyt signaling pathway in SMC
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Tab.3 Protein expression of p-AKT (Thr308), p-AKT (Ser473), p-mTOR (Ser2448), p-STAT3 (Tyr705), HIF-1a, RORyt, and IL-
17A in SMC of different groups
p-AKT p-AKT p-mTOR p-STAT3

Group (Tht308) (Serd73) (Ser2448) (Tyr705) HIF-la RORyt 1177
Control 0.47+0.14 0.52+0.13 0.42+0.13 0.42+0.18 0.16 + 0.05 0.55+0.14 0.43+0.11
Model 1.40 £ 0.20" 1.58 +0.24" 1.36 £0.18" 1.19+0.25" 0.98 £0.19" 1.23+0.21" 0.99 +0.19"
LY25 0.99 + 0.33” 1.09 = 0.10” 1.03 £0.19” 0.79 +0.14” 0.66 + 0.08” 0.93 £0.13” 0.71+0.18”
LY50 0.60+ 023" 076+0.13”7  0.70£020”"  041+0.19"Y 0320177  0.57+0.09”7 044 £0.14”7
IL-17A-antibody ~ 0.60 +0.18 0.73 +0.17 0.67+0.22 0.61+0.15 0.43+0.12 0.55+0.13 0.44+0.11

1) P < 0.05 vs. Control group;2) P < 0.05 vs. Model group;3) P < 0.05 vs. LY25 group.
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