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IL-17A MR HF 11-6 (9 i, MifE F 1110 895000 JBKL 7EHBE 100 wg/mL B 6] MAPK {5538 % , 0 FEAI%
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Mechanism of Juanbi Granules Ethanol Extract Suppressing the Activation of T Cells
through the MAPK Signaling Transduction Pathway
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ABSTRACT: Objective To investigate the potential mechanism of the ethanol extract of Juanbi Granules (JBKL) on T
cell activation via the mitogen—activated protein kinase (MAPK) signaling transduction pathway, and to reveal the mechanism
of immunosuppression on the application of Yang—aided theory in rheumatoid arthritis (RA) treatment. Methods T cells and
B cells proliferation assay were induced by concanavalin A (Con A) and lipopolysaccharide (LPS), respectively. Splenocyte
proliferation and cytotoxicity were detected by MTT assay. The T cells were further stimulated in vitro with Anti-CD3 mAb
to establish Anti—-CD3 mAb-induced T cells activation; ELISA assay was used to measure the supernatant concentrations of
interferon—y (IFN-v), interleukin (IL)=17A, IL-10 and IL-6. The expression of MAPK signaling pathway related proteins
(p—ERK and p-p38) in purified CD4* T cells were detected by Western blot assay. Results Compared with the vehicle
control group, JBKL (30 pg/mL) significantly inhibited the proliferation of T cells induced by Con A and Anti-CD3 mAb, and
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the proliferation of B cells responded to LPS. Further, JBKL groups had no remarkable cytotoxicity in normal mouse spleen

lymphocytes. The levels of IFN—y L—17A, IL-6 content were obviously decreased in the JBKL (3~30 pg/mL) group and the

IL-10 content was up-regulated. The phosphorylation levels of ERK and p38 proteins were lower in the JBKL (100 pg/mL)

group than those in the vehicle group. Conclusion JBKL can significantly restrain the activation and proliferation of CD4*T

cells, which may be related to the inhibition of p—~ERK and p-p38 MAPK signaling pathways. This may be an important

molecular mechanism contributes to the effect of JBKL in rheumatoid arthritis treatment.
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A R O 55 A S B0 BF 5 F 52 < Gl AT X6 37 2
JHZE IR DT A B 25 R A4, BE VU208 A B I PR
AR, T C—R W & 11 (CRP) AT (ESR) 454 ik
JrHabR o A | SEYEORL X R B M DT 28 (AA)FI
ANBRURE SR 4 (CIA) AT 5 25 (Bt ¢ AR 7B FH >,
P BRI RIURE B 1A 28 KR G 4 5 M T 40 A
SR 38 SN 4 VITAR 56 o (224 A D) S 28 R 1 AL
A B, PR 0 S — 2 I LR T 2 AU G Ty
R FIEZFHLH

FOBTIRSE /RG22 24 )55 Ab 2R I (mito—
gen—activated protein kinase, MAPK) {55 %5 RA
I T 9k L A S A i P o i LA BB R L B
BCA RA 250367 0 52 VE PR AN . 1208 B 2
ERK .p38 Fll INK P& AL A1) o ABF9E I i gl 57 R oh
20 0 A AR 0T sl BORE i 42 ) (JBKL) X T.B
R L B RSN TR B2, SO MAPK {55 %%
ST 0L ASOS LI RIS, SRR BHEE TR T X
FENPSUESE KO OC T S AR HE BB MR FIR 27 BLa;

1 M#B5F*

1.1 A4 BALB/c /BN, METE,78 JH %, K55

(18+1) g,y AT VAR (AL ) AR B IR A, &

FAIE 5 : SCXK ( 5% )2019-0010; 52 5 5h 4 7E SPF %%

WA E 1 JRIRE R . FRET IR R 4 5 R (22 =
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1) CHI (55+5)%,12 h SE¥ . sh¥ A EHIBCK
P BT 2 B ARDRH R K o F A S 56 14 7™ A 4 BR S  5y
PIAR S5 T

BRI RUR I B IR 4% . PRI 289.4 o BHIFLN
RLE  HZE A A 58 42, R HUS A CBER
5, HEOEEE RN 80%, LA 12 h 5 B0, LT
WL TR, TR B 2 B, 15 BN 25 M B R
HE T HA TR TR 2 d, 15 3 m0R: [ &
B 3.658 o T 2 - 1 g BEERYIAH S T 79.11 ¢

RPMI -1640 15 5% 5L 1 [ GibcoBRL A ] (life
Technologies , Grandisland ,NY , USA ) ; Jifs 4= IfiL 15 (fetal
calf serum,FBS)Fl MTT 2Jl4EF Hyclone /A F] ( Lo-
gan, Utah,USA); JJ 8 A(Con A)FI4H T I§ 2 b
(LPS)¥JIy [ 92 [# SIGMA /A 7] (St. Louis, MO, USA );
IL-10 .IL-6 .IL-17A FI IFN—y 4ii Jfl Xl 7~ ELISA 5l
F & Anti-CD3 $Ti&31 { BD PharMingen 23 ]
(San Diego,CA,USA );#t phospho—ERK1/2, phospho—
p38 W [l Cell Signaling Technology ; & i 1 iy [
SrHTal,

Megafuge 11.0R &5 .0>#L (7[5 ThermoScientific
Heraeus ) ; ALk 55 55246 14 H 52 [E Thermo—Fisher;
Epoch % 2 % 1< i b5 A% >k H 3¢ [F Bio-Tek 24 A ;
DM2500 1F & 5 i (FE S - RS AT PR A FD s A 2k
/NS TR P UK R A e P L VKA 164-5070 (3% [
Bio—Rad) \ODYSSEYCLx # 4 £ 4 (£ LI-
COR 2] ).

1.2 MKt thiil CDAT sl % BEEHELD
FE/IN R, 47k SBUGLIEE , AT A HBCJEE 200 f 2 R, FH 40 4 i 28
fif M SR LT A0, ] PBS Bk 2~3 I, B0 B8RS A
T 2% FBS f) RPMI-1640 12115 F1) I8 bk (2 41 i, If
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VLA B TR R . SRS Bk A3 B ik (B MR i
), I A/NRBN R 1-Ad/b RSN R 156
SEBREER, BR L SRETRES A 1-A+ PR ok 2 41 RN Tg+
() B 40HE, FRAS AR T 4. CD4* T 4 ik 4l ik 7e
EFaRai e A& R AL CD8 Biikbric iR, BRk
CDS'T 40fE, 158 4ifk CD4 T 41 . Pl EEA/EYT I
FRALHE,

1.3 JBKL %5/ Ak S tm jodg s s eh Hom LU S
x 10°/4L 1 BALB/c /Iy s I 7k L2 400 Ji %542 b T 96 fL
M, 25 0 Im AAK rf L Rl A (3.10.30 pg/mL) 1)
JBKL, i /iINA 5 pg/mL ConA B LPS(10 pg/mL) %35
T.B bk ELAHMIE G . 5540, A G A2 iy =5
FIAL, DL SO ) i % BRAH A 37 °CL,5% CO,
WEFeaf, B 44 h 5 BALIA 5 mg/mL MTT 20
pL, B 4 h 50005 R BIE , BfLINA 100 L
DMSO, I # %5 78 5375 i B S5 () MTT 45 i, il
FRAXHE 570 nm P Ab K I 45 L O B . X T
Anti-CD3 mAb i T 403454 , 77k 40T 5 peg/mL
Anti—-CD3 mAb Ffi BEVE W (B 2 +h 2% vh W0 %
pH 9.6) G0k 96 FLEE IR, 15 T bk L 4 MO 34 5 , T
37 CH M PICE 2 h 5, ZEFWAK, T PBS ¥
1V, A IS B 40 (5 x 10%/4L) FIUAS [ 3¢ B JBKL,
Z G WA R B MTT BEA

1.4 MTT #m] JBKL %/ Rk € 4m e 4m R PEAG )
A 96 FLAR NI 4 x 1054119 1E 5 /)> BRI B 4n
[ A JBKL(0.3.10.30 pg/mL). 37°C.5% CO, 1%
FAETEESE 44 h 5, BALINA 20 pL 5 mg/mL MTT,
AL 4 ho FEFRGTRNT, 72250, BALINA 100
pL DMSO, 5550 W il 25 &, AR AL T 570 nm 40
FEMWIEIE

1.5 JBKL #F Anti-CD3 mAb % % T %8 ft. 2 i B T
FAMHh ikl CDY T IREL 4N (4 x 1074L) 3%
P FA#E anti-CD3 mAb(5 pg/mL)Y 24 FLEF TR
rf Ta] B i A [] 9 B2 9 JBKL(0,3.10,30 pwg/mL).
S BRZH A2 anti—-CD3 mAb., 37 °C,5% CO, 53546
HESE,36 h R T, 2500 (5 000 r/min,
4°C,5 min) , HRHEAH N 1L-10 . 1L-6 . IFN—y F1 IL-17A
(1 ELISA 38550 5 158 BH 5 4G 00 40 i 5% 73 i v 4% 200 B A

T &E,

1.6 CD4*T %8 i, MAPK 12 5 i $5 49 48 % & & R A
K-F PBS FiFEfY anti—-CD3 mAb(5 pg/mL) I A 24
LI TR, T 4 CHpEd R, A PBS Uk 2 . A
CD4* T kL4 AL (5 x 10941 ) .anti-CD28 mAb(2 pg/
mL ) FIAS ] B i) s MORL S ) (0.3 .10,30,100
peg/mL) il 30 min, 5335 TR FRZH . B 4 it
T Eppendorf & 1, B 43 A S5 1 0 S48 S TR
(RIPA . 2 1100 T 500 Rt R Ak 28 g 30 1500 ), 4 <C
44 30 min, &0 (4 °C .10 min .12 000 r/min), W% HX
AT S . S I BCA B vk A
SR U0 B 00 2 i P R 9 B — 3, BB ] 4
FRE LI AGE & SDS, 100 C/KIA 5 10 min 281
R OB B A TR B UK B I AT R
I3 AINABUIAR p-ERK Fil p-P38,4 CHFHE 6 h, e,
IAARR —H0 = s R 1 h, A P E T
ODYSSEYCLx M A LLAMBOE UG AX EHRE, A Im-
ageStudio AP REFHTE F 4T BUR o LhH I -3-
PRI AU (GAPDH) 4 585 J P 2

1.7 it F o4 H SPSS 17.0 B 44X Kot 4 5 ik
FE50 T, AT B AR ARIEN + ARt 2% (v +5) FR , 41 1]
FLA AT HT ¢ A 30 R B IR 2R 5 22 43 B Ab 3L, P<0.05 R 25
SAGIFE S

2 #R

2.1 JBKL /v SRk & 4m fe, & P A 2w oL 35 1 04
Hra EBIIA G5 R EoR, IEH/NELT bk E A0 7E 22
Z5t Con A V5T T WEMAE ; S A L,
JBKL 30 pg/mL 25415, REME W& Con A
PE/ N T b A G AR R . BT 1B SRR 5
VRS BB 20 A He L JBKL 30 wg/mL 2 2 0] Anti-
CD3 mAb 55 1% /)N BUMLIE T bk EL 40 05 Ak . (&
1C Z5 R W], LPS &35 Il HOE 5 /N B B bk 40 A &
AEYEEE , SN B AE LG, JBKL 30 wg/mL 254
90 G I R /N BBk B A0 A Y A T
FAD 251 R0, 5 Xt 41 M L, IBKL 78 i &
(3~30) pg/mL X 1E 5 B4k L 40 A 7% B2 0 B 2 1Y
SR, $2 R JBKL 1 (3~30) pg/mL X 1E % /N Btk
ECL 200 it ) Sk 40 L PR A o iR 5 SR B, JBKL
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B 1 AERESESRERZY(JBKL)X ConA(A).Anti-CD3 mAb(B)#1 LPS(C)iFS M
IEE /)N FR B B 40 B S 3 1R 22 M AN 4R PR S 1% (D ) (7 +5,n=3)

P A ELAT I 25 1 S g 400 10

2.2 JBKL *f TCR 455 # F 49 CD4* T # & 21 ie tm
Mo B F = A d e S iE— LR ST JBKL X 41 il A
TS e, AT 58 ] ELISA 246 I JBKL Xf
Anti-CD3 mAb %5 CD4* T i [ 40 i 40 Jfd I8 7=
AEMSE A . ELISA A& 45 5 S 7R, CD4* T ik B4 4 i

2 Anti—-CD3 mAb 35 3 J5 70 W B 2 /) IFN -y |
IL-17A \Treg 4L A+ (IL-10) FI4E & 40 i [H 7
(IL-6). T ARWER IBKLAEHE, mAM
IFN—y I IL-17A 1 A T S0 RRA o [ i R i
HETN Treg 7R 72 4AE 7 (IL-10 ) A 43 b i, B AIG
IL-6 24K (R 1),

F1 BEFHERY(IBKL)X Anti-CD3 mAb S CD4* T A 4A E FHIE N (3 +5,n=3, pg/mL)

21 5 )/ (wg mL™) IFN-vy IL-17A 1L-6 1L-10
TCRHG 20 99.18+45.43 100.29+45.43 18.39+0.93 11.37+3.63
TR AR 2 590.50+30.59 623.45+17.17 154.69+30.74 361.34+27.66

JBKL flkik 22 3 2 289.68+331.41 474.07+29.06" 146.52+14.43 354.43+34.43
JBKL e el 10 2 032.73+256.24  471.22+102.78 108.42+16.37 401.56+61.56
JBKL =i 2l 30 2 129.47%16.66" 324.26+35.63" 89.18+23.54" 571.75+81.75°

T SR R4 LA, 'P<0.05, 7 P<0.01

2.3 JBKL F /5 ,CD4* T # & 28 e & B2 4L p38 F=
ERK % & K -F % 4L 2 25 R WK, 30 pg/ml i
100 pg/mL JBKL 1F H]J5 #i B2 fb ERK 2 ik & B0

38

I FRZE /0 o T AE R 100 wg/mL, JBKL & 24
il p38 W ia 1k =ik K F, #278 JBKL ] g3 o 1F H
T ERK-MAPK Fl p38—MAPK {5 5 il #% 3 & 4% 41
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JBKL (pug/mL) = - 3 16 30 100
anti-CD3/CD28 = + o+ + o+ +

GAPDH D D WD G S S

— o —

B2 #HESKiEREY(JBKL )X Anti-CD3 mAb 5
CD4* T itk B £f il MAPK 15 5@ I A 521

il T 40 T A AR o
3 g

T 20 LA 5 10 5 92 B B A 2 5 5 RA S5 R 4L
P H B G R I BB 22— K R £
BORA BE MR, BRI e B h
FRAE , JF EHLAERS A W) 0 R 2L T, 93 28 1) B/
ORI B BN KOG, Fe 5 R ™ H 1 SRR B M, (H
T R R R A AL B R G R B T R L 4 AR
Shy 3 IO B 93 IO 2 1 2 0N A0 i, A ) S R
PR AN IR B o B 0N, 5 3 40 I A S 2 i IR 1
SN A3, DT 2 5 90 5 1A R O 88 L2 L R R S
IR B e St AR BRI, 2R KU DG R 1Y
K GEPRE BB T kA0S R T A A
A -

RO SE W, s 0K A A 254 ) DNFB 5|
J% 0938 & RGBS W (DTH) . DNFB 8% 3134 T 41
JHL 3 Ak, T8 A R 19 40 i DL R0 A RE A I, R R
PERIT o T, FRATT i — 2D WY R 0 il URY,
0 3 WOGE FE S FE /N ROCT 4, 4ERF Th17/Treg
20 S, DD BRI TL=17A 43I i, {2 a4 28
TR 7 TL-10 RO R, ShPp A Bl S5k ] 45 7 i
OB J5 BE BELAS T 48 B S 08 Ak K AR 1) 4 92 1
2, BT LU BRI URIIA YT RA A58 R 5 AL (e S
RN . HIL, ARS8 R A ConA (Anti—-CD3 mAb Al
LPS 53 4UE T B Ik U 48 i 38 78 (9 AR SRR AL, 5 Jom
A IBKL; MTT Z5 3R 75, T B 4 35 5 7% P 7E JBKL
T U o LA M S A 45 SR R W] JBKL X 1E
i TG L 20 i TG S A s AR L HEBR T JBKL

0 T 9 O 200 i 8 A AR T A B R P R L
T B0 A P 5 R — 5, I S g Ok EL AT I
PEPDHITEPE , X 0] fe 2 S RURIG YT RA F 2 MK
iz — e,

F1 40 i 3 AR Bt JL 3(CD3) 2 — 2500 A T 4N i Ji
FEUE A9 (M 5, CD3 T TCR AKEE (o B oy) LIRS
SRR HE TR R CD3-TCR & &4, 15T 5N T
i T 4 TG AL, KAEBFSEIESE Anti-CD3 mAb AJ
BT JER B B VR F T CD3, A T 41 b sk %
FE34%E , {23 Thl " Th17 . Treg %5 T 20 7 ¢ 73 W5 41
B B A AE A R, 25 SR B, JBKL 30 pg/mlL
i E AR T IFN—y (IL-17A Fl IL-6 fI/KF, % 2
TR T IL-10 7K. IFN-y B TH0G B
Wik 4 2 #2270 I 968 200 0L AN A i 90 R LAk, iR A
S EJE A VE F ) Th17 2043 0 09 TL-17A A3 %5
SRIGIERAEMEH, 78 RA MR 2045 ik Ji8 vh 2 4 5C
FERUS, S8, Th17 4HMIAE 1L-6 P T & kA1
AR TL-6 36 0T LIV 16 B Wk EL 40, & 4 LA
Ui 3 T 0 R S MRV S 2 RN o R Treg 20 B 53
WA TL-10 S22 7 e if 52 1 SCSEE A 7, AR Ik F
A G BEVESRIR & o U AT S A S S P DY
REIRI L B JBKL B8 4% Th17 4l 5 Treg 4 i
A, IR R T IL-17A F3EP . ARBFFEAEAASL
20 M R - 22 36 AR B 1E— 2B R S JBKL g #2 Th17/
Treg 20 J V-4 , 3X AT BB J2 85 UKL I ¥ 28 KU O¢ 1y
R RIEFHLR Z—

1E RA S, MAPK {5 5@ %2 2 5 TCR {75
R EERR . T MRS E 5 2 R
A%, Hrb MAPK {5 5l 22 5 TCR {5 55
S E RS . MAPK 19 3 Ff 24 : ERK JNK L
K P38 5 5 T AU ol E MAPK {55
MBI ZMEHEREHE T, 25 T 4008 G n & it
RO, T, FRATEE— 2 0 ] Western blot £ il
JBKL %I MAPK {5538 i thAHOCER s . 451 3R
1, IBKL 45 25 )5 B R 1k ERK Fl p38 FEik[EAK, /R
T MAPK {75538 6, P E 2 sl R G 328 00 1 4
FBRIT ZE MR 5 1 4Bl 22—

R LTk, ARSI RUESE T JBKL 38 i 5

39



2022 4F

mR R

bl H45 %

MAPK 15 5 3 b p38 Ml ERK & IR 1k,
T T 4 AT A3 5 A 2R X750 0 o AR B 5 1Ty
TRASRIT T 25 52 7 Sl JURL IR T 7 28 R 565 4 I AR
FAMLHI R BERL 2 B Rl

SE 3

[1] XU4ErE, 2238 5, T, 45 Sl UR e R s S e 1y
AR/NE Th17/Treg 40N AR VE AR SE[)]. KRG 5

KAT % ,2014,3(4):31-33,38.

Pz 2R, XULERE 45 SRR 3R Y7 28 KU G 1Y

4 40 Bl RIT AOMER [T = Fg h B P2 2% 3, 2009, 30

(12):12-14.

P 2R o, 55 SRS SORCHT 48 SR 1 ) 119 S 50

WFIE[CY/. W o v B 24 J e R R e S . dbae

FRAE R R 2% 45,2009 : 62-63.

[4] AT, L 20, 4. Sl ORI I 7 /N B
ST A FH K ALRIAFSET]. TP 2541 ,2013,36(9):
1505-1507.

[2

—_—

[3

—_—

[5] CHEN Y,LI H,LI M,et al. Salvia miltiorrhiza polysac—
charide activates T lymphocytes of cancer patients through
activation of TLRs mediated -MAPK and —NF-«B signal-
ing pathways [J]. J Ethnopharmacol,2017,200:165-173.

[6] JAKHAR R,SHARMA C,PAUL S, et al. Immunosuppres—
sive potential of astemizole against LPS activated T cell
proliferation and cytokine secretion in RAW macrophages,
zebrafish larvae and mouse splenocytes by modulating
MAPK signaling pathway[J]. Int Immunopharmacol,2018,
65:268-278.

[7] KLEBANOFF C A,CROMPTON J G,LEONARDI A J, et

—

al. Inhibition of AKT signaling uncouples T cell differen—
tiation from expansion for receptor —engineered adoptive
immunotherapy[J]. JCI Insight,2017,2(23):€95103.

[8] Zehk, gk, sk, 4. FEPEAFNF SRR T 4 e 1)
RESZ MR I BIE SO L)), = 7 TP B2 22 B 22 41, 2005(3) : 61—
62,67.

[9] XIAO BG,LINK H. Antigen-specific T cells in autoim—

mune diseases with a focus on multiple sclerosis and ex—

40

perimental allergic encephalomyelitis[J]. Cell Mol Life Sci,
1999,56(1-2):5-21.

[10] VANDERBORGHT A,GEUSENS P,RAUS J,et al. The
autoimmune pathogenesis of rheumatoid arthritis:role of
autoreactive T cells and new immunotherapies|[J]. Semin
Arthritis Rheum,2001,31(3):160-175.

[11] THE, I0AE A 25, 55 SRUNORL 2 2255007 )%
APEPEH AT T MR 5 5695 R ,2012,1 (5):16-
18,28.

[12] BLUESTONE J,PARDOLL D,SHARROW S et al. Char-
acterization of murine thymocytes with CDS -associated
T—cell receptor structures[J]. Nature,1987,326(6108):
82-84.

[13] ffAL75 , R Bh4e. T ik L Al i i b B LA AR TR )], Sk
B2 (G 2250 ) . 1991(2) : 60-64.

[14] farde. Pog ez M]. dbat: AR 1R, 2010:94.

[15] MIOSSEC P. Interleukin—17 in fashion,at last:ten years
after its description,its cellular source has been identi—
fied[J]. Arthritis Rheum,2007,56(7):2111-2115.

[16] KIM J,KANG S,KIM J,et al. Elevated levels of T
helper 17 cells are associated with disease activity in
patients with rheumatoid arthritis [J]. Ann Lab Med,
2013,33(1):52-59.

[17] LI G,ZHANG Y,QIAN Y,et al. Interleukin-17A pro—
motes rheumatoid arthritis synoviocytes migration and
invasion under hypoxia by increasing MMP2 and MMP9
expression through NF—«kB/HIF-1a pathway[J]. Mol Im—
munol,2013,53(3):227-236.

[18] PARK J S,KWOK S K,LIM M A,et al. STA-21,a
promising STAT =3 inhibitor that reciprocally regulates
Th17 and Treg cells,inhibits osteoclastogenesis in mice
and humans and alleviates autoimmune inflammation in
an experimental model of rheumatoid arthritis[J]. Arthri-
tis Rheumatol,2014,66(4):918-929.

[19] WHITMARSH A J,DAVIS R J. Transcription factor AP-
1 regulation by mitogen—activated protein kinase signal
transduction pathways [J]. J Mol Med (Berl),1996,74
(10):589-607.



