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[ Abstract] Objective To explore the regulating effects of tonic herbal compound on the IL-17A
expression induced by influenza virus-like particles in peripheral blood. Methods 42 BALB/C mice were
divided into 7 groups(n= 6 for each group) , involving single VLPs group, VLPs combined Yigi recipe,
VLPs combined Buxue recipe,, VLPs combined Ziyin recipe ,and VLPs combined Zhuangyang recipe group,
VLPs combined cholera toxin group was considered as positive control ,and PBS only group was considered
as blank control. The mice were immunized with 10jg VLPs each time through intranasal administration in
day O and 14, and herbs were intragastric administration with 200 mg/Kg from first day to day 13. The
blood was collected to make serum and PBMCs at pre-immunization and day 13 and day 28 after
immunization. The TL-17A level in serum was determined by ELISA ,and spot forming cells ( SFCs) of TL-
17A were determined using Elispot assay. Results (1)No matter in the early stage or late stage, influenza
VLPs could induce IL-17A expression in serum, especially, Yigi recipe could increase IL-17A level

compared to single VLPs group (P<0.01). (2) Elispot technology can effectively detect the secretion of
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IL-17A positive cells in PBMCs. The SFCs of I1.-17A was much higher in the Yigi recipe and Ziyin recipe

(P<0.01), especially at day 28 after immunization. Conclusion

Yigi recipe and Ziyin recipe can

effectively increase IL-17A expression induced by influenza VLPs,which could be considered as new type

adjuvants for influenza vaccine.

[ Key words] Tonic herbal compound; Influenza;

H T 3L B 7 2 1 B B AL AL S AR A
A ek H ETI AR S A R O
AN BB A2 220 AL B BE , PR LM S 2 i
P TR A R R E T AR TR IR 2 A RIS A
FIZ0 0/ 2 17 A (interleukin 17A,IL-17A) J& F %
BEOTE T 40 17(T helper cell 17,Th17) il IR
() ELAT 22 i A W2 00 R 2B IR, o] LA S AL
FEA R AN P T AR T L ARORE SN W) T BT
A PR 1, R AR G 8 A 3 B A b 2 4 R AR
F o BFFEIESE TL-17 {7530 B i 2 1) /N BRI A2
Ji R B SRy 5 R RN A B R B AT LA o
Th17 Z0MIA S5 FHA0 T e &,

WEFEAIF 9T 2 B 22 Fh b 55 25 A £ 07 1] 19 B 8
T, BERZ AR T HLIR Y S B D RE, D HOR RN 2R
Jegy™ | FTISC G P IR B R Bl i 2R E
Hh 2 B A% 14 5 I S B AR UKL (virus like particles,
VLPs ) 5 B I, (H S G2 /N B TL-17 A B 2%
TRV B ) W AN VS AE O AR A S A I AN ] rh 2
WA VLPs 8 5 S5 5/ N AR RS TL-17A 43
WK 22 52, it — 25 B B D 25 2 v 24 1 R 4 351 %
FEG PV TAE FH 3 AL, R R FH b 25 28
Oy {5 B B SR

1 #RFI7EE

1.1 SE5esh¥)

BALB/C /NI A |~ AR B2 505 sh b,
AP AT IE 5 SCXK () 2014-0035, 3k 42 H |
P ,6 ~ 8 JEWS M (20.5+2.3) g, W3R FIRYITH
5= N EEBE SPF s 5086 2 |
1.2 R

ARHIGE 530 LA 250 FR I8 B H: BE A 2 7 R
) AR B S Ab 25 25 2 05 h 24, b 25 <5 HR
W20 g FEEE 10 ¢ RE 10 g A FR M5 i 24 H
15 ¢ AT 15 g I 2 10 g 40, #E B 7 i 2 &
15 g MIAC 15 g A ik 10 g 20 B H BH 5 | v 2F 2
15 g AMEHE 10 ¢ MAE 10 g AR (LA B rp 2y
gyt TR BRI R F AR — O 2
Al AE PR S 140813, 1 o/48 ) 4 WIAH Y T4k 25 &

Virus-like Particles;

IL-17A

H 410 g EE 10 ¢ KEF 10 ¢ 40010 g FAS
10 ¢ HIE S5 g 410 g ML 10 g A 10 g 7
FES ¢ AMVEIES ¢ MAFE 10 g0 IERLER
(cholera toxin,, CT) 1 k2 IEA% 551 PH 1 % &, PBS 1k
R as A BR 4 AR
1.3 SR

/)N BB EL 40 i 43 75 9 ( DKW33-R0100) 1 1 3%
ITKFE 9 49y 23 Bl s DMEM (12491-015) | Jif 2 LY
(fetal bovine serum, FBS, 10437-028) ¥l H 3£ H
Gibco 24 F) 5 IL-17 A il 5k 4 92 460 0 18055 & (M1700)
W 22 E R&D 2 Al 5 IL-17A PR 50 R A B T A4 (sc-
374218) EMESRIC P (sc-7927) AR L L)
BEEbRIC ) S P0R TgG (se-2004) #1 H 32 [F Santa
Cruz 2~ A ; /8% VLPs B 1 B R 8 2 /5 499 5 47 1
#5002 I RE B AR LA CO, A0 BE 3R A Ok 36 1
Thermo Fisher 23 7] 7= it ; Elispot SE5U R Gl H 1
AID W],
1.4 BASH & FMEAE IR
141 HBEdy S Sl % A0 i 24 4 i ) i
& N BN RN 42 H/NRS R VLPs 4 |
VLPs+35 374 VLPs+F£ 1L 7 20 VLPs + % B Jr 4
VLPs+H: P77 240 VLPs+7E {17 2 41 F1 PBS 2 7 4,
A6 H, T 0 M 14 KL &Ll 10 we/ K
TR VLPs S0, 1E%5 1 KREH 13 K, VLPs
+25 ST U VLPs+ 3% 1ML )5 21  VLPs +3% F J5 20 . VLPs
+HEPH 4 B K B O A SR R
#M 5 B T KRBT, Hh 24 AR 2 4 200 me/kg
FIE R AR 0.2 mL/10g (R E 8 E L
BRI | g/ W, 51T 0 K (RPERT) (13 K
(e —WR s ) I 28 KR A4/ R AN E BT
FHPTBRIM ", B O ARG M, —80°C {447, A% 4m
R FH %5 B AR BE B0 ¥ 43 85 A0 T i BR A% 4
( (peripheral blood mononuclear cells, PBMCs) , A7
TR EH,
1.4.2  FIH ELISA & M2 b 1L-17A /KSF AR
IL-17A ELISA 250 & Ui 45, 15 56 ) Bl Aw Al oA
100 pL Assay Diluent WG {EHUIER, ZJ5 A 100 L i
HEIRMEE 3 /M, PBST YR 3 I, A 200 pL



IR BEZG 2016 4£ 5 A5 9 %455 8] Global Traditional Chinese Medicine, May 2016, Vol. 9, No. 5 555

ffibr — U= WBER 1 /N, PBST PR 3 WJa InA
200 pL JIEPIHEAT 500 R J5 4l FH 22 ) R il A 43000 2
450 nm WHGCREE, fJE MR PEARIE I Zef A i OD (B
FORE R
1.4.3  FIH Elispot #: PBMCs H/3 IL-17A f4H
Mgy A A R PR TL-17A FE P v b
okl 3 weg/mL, 17 96 FLAHAIA 100 pL/fL,
4°CHR ., #5454 s g /N PBMCs % 1. 0x10°/4L
B, RIS I AL R 2 pe/mL 4 VLPs #E473
,37°C 5% CO, 51F F 1535 36 /Nif, PBST $Ei4% 3
W, R AP bRiC A U i A Ak A
TCRRFIZR ) I 05 AR AR TR 118 BXE A 500 i 4t
ATk K ek, 2 OPER)E, 1€ Elispot 12
ARG H S, O BESE AT
1.5 Siite#absg

ARG MERFIVESIH GraphPad 5.0 458
B THEGORME A B AR 22 (v 2s ) Fom, 2411
ORI e T IE A A SRR I AT A
SRR AR K T 2250 BT (one-way ANOVA ) #4714
PILLAL, A AN R SR WR FHAE S Bk 5 (BN
K6 ) ik, LA P<0.05 N2ZEFASG R,

2 R

2.1 A ERZEE AR VLPs /0 B 3%
IL-17 AR IR 7K B 52

B HE 13 K, VLPs ) VLPs BEA T 25345815
SN BN R I P TL-17A gk, Hirp s R 4l
IL-17 A 9 (59. 849.0) ng/mL, £k K Fo i, &
gl VLPs AL, 2 R A G152 5 L (P<0.05),
PG A 28 K, VLPs K VLPs B4 2G40 1L-17A
FIRAKT i — 24, AT DA 4% RO 4T R e ok B
ik (75.3+8. 4)ng/mL, i F i T4l VLPs 4]
(P<0.01) . JTCie &AE fue R 2 00 s 1, HoAth
BRE e S5 gl VLPs 2 R RS iH5E X, 4
RUWEL,
2.2 #EERE TR ENT VLPs g/ PBMCs
A3 TL-17 A 20 U 5 0

H T 40 I IL-17A KSF 8K, T Elispot
FEARIERL M PBMCs H 506 TL-17A 1) 40 o %k, HEBiE
RBURER IL-17A PHPEAIAEEL, 5 ELISA £,
TR ERES PR, A0 1 IR R Y
PBMCs H1 IL-17A B 28 AR I B e B 5 25 57

LG oM, K BRAE S 5 5 13 R FNSS 28

K, g8 ST AL 7 A 268 2 4R v IL-17A BN
TEAETEEL, 554l VLPs ALY , 25 A Seitrm X
(P<0.01), T 37 IfiL 5 A BE 7 % IL-17A BE 55 il
LB R E  Z R G E R R 2,
F 1 ARFEGRETT M BALB/C /5 BUE A [R] 8] s
AN IL-17A W (3£, pg/mL,n=6)

K HfiL s} ]

20 51 - ; y y
950 R(BPEERT) 5513 K %28 K
VLPs 6 12.6+3.3  46.5+5.6  60.7%3.2
VLPs+35 305 6 11.1+3.8  59.8+9.0* 75.38.4°
VLPs+%M L J5 6 12.7+4.2 50.7+6.2  63.5%6.9
VLPs+#% 175 6 12.7+3.4  46.8+6.6  64.4%6.5
VLPs++:BH 77 6 12.2+3.3  49.2+5.9  61.9+6.3
VLPs+ZEFLEHE 6 12.4%4.4  51.2+6.4  59.0%8.0
PBS 6 11.122.6  13.0+3.4  13.0%3.2

. 5 VLPs M HE,*P<0.05, "P<0.01,

F2 AT BALB/C /N BUAEAS [R5 ] 25
PBMCs 1 IL-17A BE ST AR 550 (e, BEALEL/10° 400)

13 K It ]
%0 K(HBIEER) HF 13K %28 K
VLPs 6 9.5+4.0 48.8+5.3  70.5%3.3
VLPs+t5 50 6 9.5+3.2 64.1+6.2° 93.8+9.0°
VLPs+£M L J5 6 10.5+5.0 54.6+3.9  71.5+11.1
VLPs+{#% FA 7 6 9.8+3.5 61.5£6.9* 95.5+10.0"
VLPs+{t:fH A 6 10.1+1.9 52.1+4.9  72.3+4.0
VLPs+ZEFLER 6 10.5+4.0 61.3+5.9 100.0+6.5
PBS 6 9.6+4.2 11.1+2.8  16.7+11.8

H. 5 VLPs ML, “P<0.01,
3 iTfig

1L-17 EZJE Th17 45 5 W6 0 41 B X7, %
FIGEALLE 6 B Y BCAR (TL-17A ~ IL-17F) Fi1 5 4~
ZAR(IL-17RA ~IL-17RD F1 SEF) , 85T 8 & B
FLA SRR I 2 5E VR FH A 240 it IR 7 0%, BB S 4%
Tl G 28 2 7 A P T A, PRt B EL A e g g i
P E X I gL o U Yamazaki L8] B 9% B R
IL-17 A 55 57 FRBH R 1) 1 €0 A BR AR L A G, (s
PRGN B ERN IL-17 A kAT, IL-17A
W 5 40 RY A 5, Montgomery %5 i & FAIL-17A
4 O AR TR R JER IR P B R

TIAMBA IS K B, 7E S MR B IR /N
FRBEARY T TL-17A 554 i PR 20 ., (B2 Bt = 411
FIREE R HIAER " L BRI R IL-17A 1645
FERYESG ) K A K SR R I rp s A

24 e AR E G I 20 6 R R, IR BF TL-1 (102
1L-12  RiZ0 -5 w20 4 7% I R+ . TR



556 HERPEEZG 2016 4E5 A9 %55 5 8] Global Traditional Chinese Medicine, May 2016, Vol. 9, No. 5

PBS VLPs VLPs #3177

VLPs+£h L7

VLPs+ il #: %

VLPs+#E [ 5

VLPs+IH:EH s

1 Elispot B AN 420 G e /NS E i PBMCs 7 IL-17A BE S8 AETE 5L

(interferon , IFN) 45 4 i AT 7 1 43 25 , S0 38 o i 40 g
FRIVEF, B AL A 40 it e 8 PR TR e 28, TG Ak
AMA SR LA R S TRe, e A IR, S
AN ZGIRREAR RS T AN, i Re 20 Lol T2
B H T LIS B e T 4D Be, HA 25
M g2 RE A S R R BRI T RGE
ZHREMETHY TL-17A (77, ey )AE D IiE g k31
i i T A 24 R A o AT 0 Wit 5 76 A BRUA/M L I TL-17 A
(763K, Wang 26 (B R AN B 25 <P 2 e i
2 BTN T BE M Bl E TR N 1Y TL-17A 33K, A
TR AT U JRy 3 A i B2 17, (HLJE v 2 RE 75 A RO
JE& VLPs 551 e N 24 i ANV 28

TEARMEGE PR DA B 25 R FR M 6 P
B R 277 B B b T i L 3 R 25, 4k
J& U3 [6) AL % VLPs % 1 %2 % BALB/C /)N B, 3 i
ELISA F1 Elispot P 52 56 B¢ A 46 M 42 922 /1N BRL A1 S
ML2EA PBMCs H IL-17A (EIREM, &M 35307
AL A TN RSN R i R Y IL-17A K P
(P<0.05) , 1% TR E IL-17A 3k, 26507 M
B 7 ¥6E B4R TH(P<0.01) . LA E&5 B4R B
75 ] LATE AN KSR 00 TL-17 A 363k | i 250 MR
AT LA A 40 M N TL-17A K3k, B fE A & fe ik
IL-17 AR 705, T A S 532 B e e i 25 . ALt
2 IR A WL B S R AV Sk 3 28 1) G B AR 7], DT
P /R VLPs P 1 i S B RO

SRMTASIF ¥ AT 5 B30 2o I A 52 36 i — 2P 58 3%
T PE R R T G I 7 9% 3l A A AR BIL R 5
M IL-17A F2ik? JEAEdE IL-17A 55K F RORyt &
IR AT T i aE e Hok sy sE e W —
KRBT R A e, SRR 2E TL-17A k9
e IL-17A BAPUHA AR o WEEH , o B
FAAE TL-1TA S XPAILAA = AL i B AR 2 S8 S AE AT
LR JEE B 2 8] A e B 3k fe AR R B AR e LA A
FEN N AR — 8 TAEE A,

s % X #

[1] SuS,Bi Y,Wong G,et al. Epidemiology, evolution, and recent

outbreaks of avian influenza virus in China [ J]. J Virol,2015,

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[13]

89(17) :8671-8676.
Nascimento MS, Carregaro V, Lima-Junior DS, et al. Interleukin
17A acts synergistically with interferon vy to promote protection
against Leishmania infantum infection [ J]. J Infect Dis,2015,
211(6) :1015-1026.

Kudva A, Scheller EV, Robinson KM, et al. Influenza A
inhibits Th17-mediated host defense against bacterial pneumonia
in mice [J]. J Immunol,2011,186(3) :1666-1674.

N i P e R T B o~ ST R E S o (S R NS 3
BRI TS ) ] AR BOAREIR,2004,15(1) 19294,

TG ARAEAS IR R A TR 52 FR ST Y VAL AR
FLAYH A R E D], ARSI Al OR B2 245, 2015,29

(4) :357-360.

Bright RA, Carter DM, Daniluk S, et al. Influenza virus-like
particles elicit broader immune responses than whole virion
inactivated influenza virus or recombinant hemagglutinin [ J].
Vaccine,2007,25(19) :3871-3878.

Miyazaki Y, Hamano S, Wang S, et al. IL-17 is necessary for host
protection against acute-phase Trypanosoma cruzi infection [ J].
J Immunol ,2010,185(2) :1150-1157 .

Yamazaki Y, Yamada M, Kawai T, et al. Two novel gain-of-
STAT1
mucocutaneous candidiasis disease: impaired production of IL-
17A and IL-22, and the presence of anti-IL-17F autoantibody
[J]. J Immunol,2014,193(10) :4880-4887.

function mutations  of responsible  for  chronic

Montgomery CP, Daniels M, Zhao F, et al. Protective immunity
against recurrent Staphylococcus aureus skin infection requires
antibody and interleukin-17A [ J]. Infect Immun,2014,82(5) ;
2125-2134.

McCarthy MK, Zhu L, Procario MC, et al. IL-17 contributes to
neutrophil recruitment but not to control of viral replication during
acute mouse adenovirus type 1 respiratory infection [ J].
Virology,2014,5:259-267.

EAR YRR, P2 20 G KBTI R 1 BT S ok
[J]. SF&EE2E24R5,2000,15(3) :230-231.

R VPRIEE RS A AR e 24 0 i R B i 3 IL-
17,122 B[], WA R R 25 20 0K, 2014, 29 (2)
598-601.

Wang G, Liu B, Cao Y, et al. Effects of two Chinese herbal
formulae for the treatment of moderate to severe stable chronic ob-
structive  pulmonary disease: a multicenter, double-blind,
randomized controlled trial [ J ]. PLoS One, 2014, 9

(8):€103168.

(Wehs B 2016-02-02)
(A HidE . WhITAR)



