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BELLTAR B B8/ (P<<0.01);5 41 Ifil IL-17A*CD4* Th17 4Hfi &2 5k/> (P<<0.05), Foxp3*CD25"CD4* Treg & #14 il (P<<0.05),
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Effects of Yangyin Recipe on imbalance of Th17 and Treg cells in ApoE™" mice
under HSP6S attack
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Abstract: Objective To investigate the effects of Yangyin Recipe on atherosclerosis (AS) lesions, helper T cells 17 (Th17), and
regulatory T cells (Treg) in apolipoprotein E knockout (ApoE™") mice under the heat shock protein (HSP) 65 attack, and explore the
potential mechanisms. Methods ApoE~~ mice were fed with normal and high-fat diets respectively, and injected with sterile PBS or
HSP65. Simvastatin was used as the positive drug to study the effects of Yangyin Recipe on blood lipids, plaques, Th17/Treg cells and
related inflammation indicators in AS model mice. Drugs were all intragastric administrated with equal volume of normal saline as a
control. Serum total cholesterol (TC), triglyceride (TG), low-density lipoprotein (LDL) and high-density lipoprotein (HDL) were
detected by esterase method; The area of aortic plaque was determined by oil red O staining; The amounts of IL-17A*CD4* Th17 and
Foxp3*CD25"CD4" Treg cells in anticoagulated blood were determined by flow cytometry; Serum IL-6, IL-17, IL-2, TGF-, and IL-10
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were determined by ELISA; mRNA expression of Stat3, StatSa, Foxp3 in spleens and Stat3, Stat5Sa in aortas were detected by qPCR;
Protein expression of phosphorylated STAT3 (pSTAT3), phosphorylated STATS (pSTATS), FOXP3 in spleen, and pSTAT3 in aortas
were determined by Western blotting. Results Under the influence of Yangyin Recipe, serum TC, TG, LDL levels decreased (P <
0.01), and HDL increased (P < 0.05); Aortic plaque area decreased remarkably (P <0.01); IL-17A*CD4"Th17 cells in peripheral blood
decreased (P < 0.05), Foxp3*CD25"CD4" Treg increased (P < 0.05), and Th17/Treg ratio decreased drastically (P < 0.01); Serum IL-6
decreased (P <0.05), IL-2 (P <0.01), TGF-f and IL-10 (P < 0.05) increased; Protein levels of pSTAT?3 in spleens decreased (P <0.01),
but pSTATS (P < 0.01) and FOXP3 (P < 0.05) increased; Aortic Stat3 mRNA (P < 0.01) and pSTAT3 (P < 0.05) protein decreased.
Conclusion Yangyin Recipe can improve hyperlipidemia and AS in ApoE '~ mice during HSP65 attack, and regulate the balance of

Th17/Treg in peripheral blood and the secretion of inflammatory factors to improve inflammation, which may be related to attenuate

IL-6/pSTAT3 and enhance IL-2/pSTATS signaling.
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AT ; S417R B EESO ML (42 [E Eppendorf 2
F]); Infinite M200PRO Fghri% (5fi - TECAN A H] );
FACSCalibur it 241 ffd{% (3£ [ BD /A 7] ); NanoDrop
One A1 Wt 6T (£E Thermo
Fisher A ] ); Veriti 96-Well Thermal Cycler £ 5 1%
#53% PCR 1% (3£ Applied Biosystems 2 ); 7500
SERF R ER PCR (gRT-PCR) 1% (ZE[H Applied
Biosystems A ] ); EPS 300 XUz € i LKA (H
RAEAT]); GelDoc XR+4: H st g4 (3 H
Bio-rad A #] ).
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=WEHM (TG, K% EMER (LDL). Mm% E N
A (HDL) W a7 & (G o A TR 72T
M O MR (AL ZEEERHEARAAD; 1IL-6
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W RHNE  (BLISAD k76 (Rt AR A R
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AH]); MasterMix-LR qRT-PCR %% ¥} i it 7 &
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(Abmion A#]); RIPA ZfER GLAPIEAEYHA
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SDS-PAGE & H P CGE = REIIFIAR A F]D;
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(Abcam A 7]); %Pt STATS phospho Tyr694 Hiik
(Cell Signaling Technology A#]); %Pt B-actin ik
(Abways A #]); 2P 1gG HRP(Biosharp A ] );
AR Rt HRP JEY) (Merck Millipore /A ).
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R IR R 22 (PBS) ] ¥k H & itk T 4H i b7
2 KA A R S CUINEE. AS HAER2,  HA /N
B sc ZEARFATE B PBS o ig 4 25 5 i R AR & IR HEA T
29 R IR RS A CEAthyT 3.3 mg/kg; 771
7733 gkg, MTE S 5EMEAEZAEI 1D 1); X
H. =RrEdkEmIERE S HSP6S A ig 44T
SARFRAE TR K. RS 21 FAAEERE, HRAEN
S MIERE TR I & ELISA 43 #r, 3 it i A
i FH TR AR A R EBNIK. O E TR
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4%%Z W (PFA) T T a4 4.
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Maplnfo 7.0 (3[E, www.mapinfo.com) {4l
HEFKBEIR A, FErhE R G i A
) L AR
2.4 HMNELFE 4 A A A

WA MAFEA 2 EIREN 1 mg/mL 1)
JF 40, BE S FORE S AL AT 2 A ARG 4T
LIRS A EAR I A IR A T AT A1 e i
R EL G 2y B VR B S AR A S, P ] e 2
5. EAURIRT, F PBS Yeikkeih, H AR
MRACHEREA . FFREI IL-17A°CD4* Th17 #ifI
PIREA I b R AL EE . A S Ui, AT (A
E, WA EET PBS 1, EAURI,
2.5 ELISA ;&N E MiE P 2mpaE FkFE

3T ELISA &G7 &€ g+ IL-6. IL-17.
IL-2. TGF-B F1 IL-10 7KF. EAE42500 & i B
FHAT, FFl S AR E -
2.6 qRT-PCR JE#&MARREA =Pk P HEXER
mRNA FIAKF

{5 I TRIzol 15455 M ER = Bl ik R $2 B RNA
WAL SRR DNA R, RNA B Rtk
BB BEAE RNA SERA 100 ng/ul, FaIbKE RN
40 ng/uL. qRT-PCR #:1E S [ 3 2% A #2157 i idid
BT, R 5Bt bigE TAEM THEER
AN AR @ 27048 (N2 GAPDHD
i
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ERARIEKTE
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BCA VENE EAREREG, A RSl
100 C4 )@ 28 10 min. 2 FAFEF L 30 pg i
A 10% SDS-PAGE #EixH . Ik WG, HEEH
BRI R M OEE L. PuikmE e, FHET
TBSTCE 0.1%% 1LIBLHE 20 () = L BEHZ 2 SR V)
I RE DA Jt P o PR ZE R, AR 2 o PR AR G
TR EESEEE, HERBET 5% s H &
W —PURE HRP P E . 98 4R a i
FH TBST &%, i@ &AL 2% Kt HRP R JG 754
H B AR A RIS R, A Image Lab
(Bio-rad A ) 4.0.1 B AFH7
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KM SPSS 17.0 AFFEATIUN ¢ Krde Bk
Two-way ANOVA 74T, GraphPad Prism 5.02 £
B, BAELL X 5 £R o
3 #R
3.1 FFAFAXT ApoE~~/FR MLAE 7K IR MG

X HRAAEL, 20 M AR B ApoE7 /)
RIS A ) TC (P<0.01). TG (P<<0.05) Al LDL
(P<0.01) K VEZEFE, HDL /K TFEEFHE (P<
0.05), RN T R IMEEIRZS . &IFF HSP6S
K AgHE— 20 0 AR URE /S BRI i R, (2S5
MRALEL RS, mfR I & 9F HSP65 4/ TG KT+
HECONEE (P<0.01). 15 mIRIKE &3 HSP6S

E |

AL, RIS T YRR BB BRI TC (P<
0.01). TG (P<0.01) 1 LDL (P<0.01) /K°F,
WA HDL /KF (P<<0.05). 45 R H, F5FAJ7fLhE
—EFRENE ApoE /MNRVILGZFRE, HA
N5 RHEZGSE AR AT T A 2. S5 R 1.
3.2 F[AFXT ApoE /)R EFNBKBER I B Y 200
WL O Beth )5, mllRi e 2i s B LT R 2H T
THIRMPIE (P<0.001), 1fif HSP6S [ S #E—5
Bahn 7 miig /s B BEE AR (P<<0.05). HEllE &
&I HSP65 AUAHLL, FREA T & i 1 BEHL ik e
(P<<0.01), HACRIEARAITE AR ZE (P<0.05).
8RR FRIN T e — s B R B R
JEMAE /N R AS . 2RI 1.

FeFAF 3T ApoE " /NRIMAEZKFHIFM (X £5,1n=16)

Table 1 Effects of Yangyin Recipe on serum lipids in ApoE™ mice (X Ls, n = 6)

e FE/(gkg™) TC/(mmol-L™) TG/(mmol-L™") LDL/(mmol-L™") HDL/(mmol-L™)
ot I — 20.75+2.04 1.7940.21 2.30£0.16 2.08+0.60
R — 44.2346.52" 433+1.17 5.58+£0.74" 0.92+0.50"
R E A I HSP6S — 44.234+5.96" 4.6240.81™ 5.78£0.89" 0.61£0.52"
FARAIT 0.003 3 22.1745.04% 1.81£0.38% 2.32£0.76" 1.5240.11%
FEBITT 33 22.43+7.83% 1.78+£0.91% 2.72+1.04% 1.9140.39*

SxtEA R *P<0.05 **P<0.01

P<0.001; HERIRE A HSP6S 4lLhE: #P<<0.05 #P<0.01 *#P<<0.001, FI[H

*P<0.05 "P<0.01 ""P<0.001 vs contrl group; P <0.05 #P<0.01 P <0.001 vs high-fat diets + HSP65 group, same as below
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4 J HSP65
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80+
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404

T

0 T —1 —T T T

Xof HR mlEE mIRRE ERMT R

4 J HSP65

1 FBAF X ApoE " /NREFBKBEREFMFM (X L5, n=4)
Fig. 1 Effects of Yangyin Recipe on aortic plaque area in ApoE™ mice (X x5, n=4)

33 FBAFTRE ApoE /NRSMNEMF Th17 & Treg
SRR T RIS

MAMPARGIRE R, FIRREE ApoE” /)
A ML TL-17A°CD4" Th17 4HJE/K-F Honf i 2H
B A (P<0.01), TWit— S HSP6S #i i #
Hu3E 0T Th17 4EMAI/KF (P<<0.001), FHHS5M

A EREE (P<0.00D). I SEEREE
I HSP65 AL, FRBHTH (P<<0.05) H¥ARfhyT
4 (P<<0.01) HJ Th17 4HM/KFE3E . mIRKE
RBELAESNAE IfLF Foxp3*CD25"CD4" Treg 4AMfIII/K
¥, {HTE HSP65 [I1ER T Treg 4HML/KF Lbx HEZH 2
# B (P<<0.05). SmEllREE I HSP65S AHELEL,



° 1126 °

¢ 3% Chinese Traditional and Herbal Drugs % 50 % 25 53§ 201943 A

FETT REE— 10 Treg ANIUAYECE (P<<0.05).
XML, SRR /NRAME L Thl7
5 Treg 4 L5 (Th17/Treg) &3 LT+ (P<<0.05),
1 5 HR X B & JF HSP65 411 Th17/Treg i 5N ]
B (P<0.01), AS5mEEREAMLEREE (P<

0.05). SERRESIF HSP6S ML, FRAT S
AT $ A8 52 PR Th17/Treg (P<0.01). 453
KU, FATTRN — B EWEPURBGE T AS
/IR TL-17A*CD4" Th17 55 Foxp3*CD25'CD4" Treg
AL R SR 2.
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a, 4 B
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10° SR . 10° — : 10° ; ; 100 : ‘ 10
100 102 10° 10* 10° 10' 10> 10® 10* 10° 10' 10> 10° 10* 10 10' 10> 103 10*
X R mlRRE R A I HSP6S AR R
CD25 in CE4 gate aThl7 2.
e 100 oTreg ’
& # sk
= s 801 PRES —r_
SE 40 Hok ok E
== * = 104 i
40 =
Z = i = s
| - # 0.5 H
BE 20 # -
= i = —— ##
A 0—x oy = = oy = 0 ' ! — v
S @é 8 EBEELEE B AP AR BARUCR EARAbTT FER
RESER E FEgEx B £Jf HSP6S
= ﬂ; - = ﬂ; <
BT & E RN

2 FBAFEX ApoE/NFANEMA IL-17A*CD4* Th17. Foxp3*CD25'CD4* Treg #MPf7k S K 5 40 B bt 150 B9 220

(X*£s,n=5)

Fig. 2 Effects of Yangyin Recipe on levels and ratio of IL-17A*CD4" Th17 and Foxp3*CD25*CD4" Treg cells in peripheral

blood of ApoE™" mice (X s, n=5)

3.4 FRBAFGXT ApoE"/NRILEH Th17 & Treg 16
5% 40 i El F- 7K S RS2

2: ELISA i&5E, SXIRAIMLL, mlgikadl
NRIMFEH IL-6 KPR ZE TR (P<0.001), il
ST HSP6S AKRAgit— iR IL-6 /K. SXTHRA
AL, gl E AR e R REUE IL-2 & TGF-B /KF,
1M = B & A 5+ HSP65S 41 IL-2 2 TGF-B /KT
# TR (P<0.05. 0.01), H TGF-p /KF&EELT
EIEIREY (P<0.001). 5XTIEALLE:, FRRE
H 5 m st &9t HSP65 4Ry IL-17 5 IL-10 /K°F

BIARMAE .

HEle &It HSP65 AL, 3R 77 41/
ik IL-6 /KFEE T (P<0.05), IL-2. TGF-B
5 IL-10 /K FEZETHE (P<0.05. 0.01), HIEHT
KEeFZm 1IL-17 /KF. IL-6. IL-17. IL-2. TGF-B
J2 IL-10 [7KSAAE SEARARTT 4 A8 21 BH S5 o2
S5IREW], FRIIJTREANHI PR LT ApoE /)
B Th17 MEE S T IL-6 B0, 123t Treg S
KIF IL-2 AR S e il R 7 TGF-B & IL-10 17~
Ao SR IE 3.
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Fig. 3 Effects of Yangyin Recipe on serum IL-6, IL-17, IL-2, TGF-B, and IL-10 levels in serum of ApoE™" mice (X %5, n = 6)

3.5 FFAFXT ApoE /R AEPEH STAT3. STATS
K FOXP3 Fik R ER 1L /K 952N

qRT-PCR &5 R EIR, mllB K& A FF HSP6S 41/
FUIERY StatSa mRNA KPR KT RRA (P<
0.01) FIEAEREH (P<0.05). HlEK &4 Stat5a
mRNA G E TEES, (HEFAEE (P>0.05),
M5 % R AL A EE, Stat3 mRNA 7K AS 32 5 g e uk,
HSP65 520 . IRk & A I HSP65 41 Foxp3
mRNA 2 E KT HRA (P<0.05). H5ERRE
HIF HSP65 AAHLL, FREAJTZHAY Stat3. StatSa J¢
Foxp3 7L/ LA H B, W RihiTH
Stat5a & Foxp3 7K EF (P<<0.05).

285t Western blotting 43 #7, =1 Bk £ 2 AT
STAT3 & A KIBERR L (pSTAT3) /K 5.3 & 1%t
4 (P<0.05), i HSP65 M4 #E— LT
pSTAT3 /K7 (P<0.01), HHEANFRZEEEZ ST
FERE A (P<0.05). 1 STATS #fR ik (pSTATS)
KV K FOXP3 2 R IE KA % g k& 8k
HSP65 520 . 5 /lek A IF HSP65 4AAHLL, F=]
7748 pSTAT3 #H H /K83 T & (P<<0.01), pSTATS
J FOXP3 HE /KT RET A (P<0.05. 0.01), 1M
SEARAIT AN B8 5525 B2 M FOXP3 (&1L (P<<0.05),
SRR, FRMTRe AT PR SGE N AS N EUE
JIE STAT3 & STATS HIEEE 1L IK-F-, {21k FOXP3 1)

Fik. ERILHE 4.
3.6 FPBAAXT ApoE/NREBNRKkF STAT3.
STAT5 FRik KB4 7K A 220

MR EZNK ) qQRT-PCR 45 Bl & i, 51
AL, WAEKE A HSP65 4 Stat3 mRNA 7K
BET R (P<0.01), TMiZ/KFHISAR/E =R &
HAMME]. Stat5a [F) mRNA K7 & fR & sk
NE A I HSP ¥R KA RS R TAHE
FEARMITAP Stat3 HFKFHEERRESIE
HSP65 #H i # F#{%(P<<0.05.0.01), Ifij Stat5a mRNA
I 7K TR R BLR E AL

EEAKT, ERREH pSTAT3 KTFBEH
TXHRAH (P<0.05). iE— D4 HSP6S fii 7 i
HEFE (P<<0.01). 5=ilaK & &I HSP65S 4HAHLL,
FRBAJTH I pSTAT3 /KFRZFERL (P<0.05), T
FESEARAB T 4R B B AR . STATS HIRERR 1L /K
TAESHII A MR B2 5. g8 RERW], R
fe— B AR PR ST AS N R E Sk
STAT3 HIflgth. 53R WK 5.
4 g
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