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Anti-Allergic Rhinitis Mechanism of Bikangfu via Regulation of IL-35/STAT3, Inhibition of

Eosinophil Activation and Improvement of Immune Function
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[Abstract] Objective: To investigate the mechanism of interleukin-35 (IL-35)/signal transducer and
activator of transcription 3(STAT3)inhibition of eosinophil activation against allergic rhinitis(AR) by Bifukang.
Method: One hundred patients were randomly divided into a control group and a treatment group, 50 cases in
each group. The control group was given mometasone furoate nasal spray, and the treatment group was given

Bifukang by nasal packing. The course of treatment was 28 days. The clinical efficacy, nasal classification and
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visual analogue scale (VAS) score of the two groups were observed before and after treatment. Enzyme linked
immunosorbent assay (ELISA) was used to detect the expression levels of inflammatory factors [ interleukin
(IL)-4,IL-10,1L-17,1L-35] and Eotaxin and CC chemokine receptor-3(CCR3)in serum and nasal secretion of
the two groups. The expression levels of STAT1,STAT3 and STAT4 were detected by real-time polymerase chain
reaction (Real-time PCR).The content of immunoglobulin G (IgG) and the ratio of CD4"/CD8 were detected by
ELISA and flow cytometry. Result: After treatment, compared with before treatment, the levels of IL-4
and IL-17 in serum and nasal secretion in 2 groups were decreased, while the levels of IL-10 and
IL-35 were increased (P<0.05, P<0.01). The expression of STAT1, STAT2 and STAT3 in nasal
secretions were significantly decreased (P<0.05). IgG and CD47/CD8  were decreased, and the
differences were statistically significant (P<0.05, P<0.01).After treatment, compared with the control group,
the levels of IL-4 and IL-17 in serum and nasal secretions of the treatment group were decreased, while the levels
of IL-10 and IL-35 were increased (P<0.05). The expression of STAT1, STAT3 and STAT4 in the treatment
group was significantly inhibited compared with the control group after treatment (P<0.05). In addition, the
post-treatment serum CD47/CD8" and immunoglobulin G (IgG) levels were reduced in the treatment group
compared with those of the control group (P<0.05, P<0.01). During the treatment, there were no abnormal
changes in heart, liver, kidney function and routine blood and urine tests in the two groups. Conclusion:
Bifukang has a good effect on allergic rhinitis, and its mechanism may be related to the regulation of IL-35/
STAT3 pathway, the inhibition of eosinophil activation and the improvement of related immune function.

[Keywords] Bifukang; eosinophil activation; interleukin-35(IL-35) ; immune function; mechanism of action
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Table 1 Primer sequence

fats J¥ 51 K /bp

GAPDH  [:Jf 5'-TGCTCCCTCTCTGGAATG-3' 50
TS5’ - CTCCTTGCTGATGAAGCC-3'

STAT1  [{j#5'-TGCTCCCTCTCTGGAATG-3' 186
TS5’ -CTCCTTGCTGATGAAGCC-3'

STAT3 LI 5'-GGACTGAGCATCGAGCA-3’ 139
T 5'-GCCAGACCCAGAAGGAG-3'

STAT4  L{if 5'-GAACACTGACGCACAGGA-3' 147

Fi#5'-CGCTCTCTCAGCACAGG-3'

1.8 Siitefab B ffiF SPSS 23.0 #k 14 w47 K 48 4>
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EORE R B (%) Ron , Bl L BCR PR 5, LA
P<0.05 £/RERAG I L,
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WY RG22 S R R34 8 L (P<0.01) 5 5 X BRZH
BTG L, W58 4 45 TURE AR PP 43 B AR SE 0]t L 2
£ 5 A 2#E X (P<0.05,P<0.01), WiE2.
22 WABFGIKITRILE WA LABER
93.62% (44/47) , /& T Xt B AL % 77.78% (35/45) , %
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Table 2 Comparison of visual analogue score between two groups (x+s) Ui
i VASit4p
2151 Bi%L i 7] -
B3 Bk M5 1 bRz L RPN I
popiiekitl 45 VR HT 7.39+2.51 7.25+2.42 7.51+3.01 7.72+2.36 7.68+2.72
BT IR 3.97+0.34% 2.69+0.21% 3.01+0.29% 2.82+0.26” 3.7540.53%
pUE =Stk 47 bepagii] 7.23+2.31 7.38+1.55 7.64+2.47 7.88+2.50 7.79+2.26
BT IR 1.53+0.18%% 1.49+0.37>> 1.34+0.24>% 1.22+0.30> 1.97+0.35%%

S ARH IR AL Y P<0.05,7P<0.01; 5% B 4H A TR H#k P P<0.05,Y P<0.01(F£ 4-F£ 9 )

SHAG 2 L (¥=5.95,P<0.05), WF3,
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Table 3 Comparison of clinical efficacy between two groups

B1(%)
il A4 GRS Tk B
X} 21 23(51.11)  12(26.67) 10(22.22)  35(77.78)
WERA 29(61.70)  15(31.91)  3(6.38)  44(93.62)

e A AR S HA e 08 L(P<0.05). 34,

Table 4 Comparison of inflammatory factors in serum between two groups (x+s) ng~L'l
41 5] 151 %5 i B IL-4 IL-10 IL-17 IL-35
Xt BE 41 45 TRIT T 72.65+11.98 50.12+8.73 319.53+26.75 132.76+14.61
BIT A 49.83+6.87" 71.43£12.49" 209.78+15.51" 281.54+19.15"
BT A 47 BT 73.54+10.48 48.7242.52 310.34+27.83 135.64+12.21
RIT A 30.94+7.49% 89.97+9.37%% 157.23+12.61>% 345.12420.15%%

2.4 AL B T A M R T A KT B

TEIT R, WG 4L R B 4 WA ) v 45 T 56 1 T K
L2 RG22 . WRITIR S AR
B, PR VG RN B 43 WP IL-4 (IL-17 7K F- W]

x5 BAREESWYWPRERFRER (=9

W B K, IL-10. TL-35 7K °F 81 & J+ & (P<0.05,
P<0.01) ; 5 X BAIIGIT 5 LR, WEE 41 IL-4 1L-17
JK B S ARG L TL-10 . IL-35 K F FH B 5 5, 22 5 A
Y2475 X (P<0.05,P<0.01), W5,

Table 5 Comparison of inflammatory factors in Nasal secretions between two groups (x+s) ng L'
2151 111 %% I 7] IL-4 IL-10 IL-17 IL-35
XJ HR 26 45 TRITHT 8.98+1.61 7.13£2.19 294.13+36.33 128.52+10.95
BT IR 5.53+1.42" 18.59+3.69% 145.83+12.76” 223.18+31.57%
U234 47 TRITHT 9.02+1.56 8.24+2.66 283.01£27.94 117.31+14.08
BT IR 3.12+0.93%% 27.12+4.58%% 87.29+15.26>" 321.95+32.89%

2.5 THYLEE B WY STAT mRNA % ik /K-
b WFFRE IR WoRIA I HT, AR & B iy
STAT mRNA KK ZR LRIt FE L. SAAH
16 J7 WL B, IR 97 J5 W 41 STAT1 ., STAT2 ., STAT3
mRNA 7K -2 B {2 [ AR (P<0.05) ; 5 %F B4 VR 97 5
Fe#, M%< 4H STAT1 , STAT2 . STAT3 mRNA 7K °F [%
fRSE SN B 2, 41 E) b A 22 v B et i L (P<
0.05). WL3Ke6.

2.6 P4 I P Eotaxin CCR3 & L HF
45 BoR IR YT AT, W 4L B A I YE H Eotaxin
CCRIGHEHUEER LGIT¥E X .. SRR
Fe 48,167 I P4 B Eotaxin . CCR3 /K - 14 B I [
il (P<0.05, P<0.01) ; 5% AR YT I Ho A, W4 4
H 113 H Eotaxin . CCR3 7K V- B A T 4 B 2, 2 [
I 2 % B A 4t 2% & X (P<0.05, P<0.01) .
W7,
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*6 MWMABREBESN YR STAT mRNA K FELLE (f+s)

Table 6 Comparison expression levels of STAT mRNA in Nasal secretions between two groups (x+s)

2153 1% s i) STAT1 STAT3 STAT4

Xt AL 45 TR IT T 1.78+0.12 1.83+0.15 2.07+0.17
BIT A 1.46+0.21" 1.36+0.19" 1.85+0.19"

JRIT A 47 TRIT AT 1.83+0.16 1.98+0.10 2.04+0.12
BTG 1.29+0.17" 0.94+0.12"% 1.31£0.11"%

*R7 WHBEHEMEP Eotaxin.CCR3ISELLE (5+s)

Table 7 Comparison of serum Eotaxin and CCR3 levels between

®9 WMABFRFTAIERBINEELR (3£

Table 9 Comparison of immune function between two groups

two groups (x£s) ng L' (X£s)

EIEI8 1/ I 17§44 I 8] Eotaxin CCR3 215 I E] % IgG/g-L" CD4/CD8"

XA 45 VAITHET 288.13£22.90 39.56+6.36 X Al IRIT T 45 14.27+2.10 1.86+0.29
BIT A 198.32+18.74% 23.49+5.71" BT IR 45 10.42+1.38" 1.52+0.26

BT A 47 VAITHT 274.79+24.35 37.17+6.12 BITA TR T 47 13.34+1.09 1.79+0.28
BT IR 126.94+15.23>%  16.45+5.03> BT R 47 6.07+1.06>"  1.32+0.37*Y

2.7 PHEH L E B W) Botaxin ,CCR3 & f AL
IRITHT, P48 553 W) T Eotaxin .CCR3 7% &
b 2RI E L. SARMRITH R IRIT
J& P 20 % Botaxin, CCR3 /K V- ¥ [& % (P<0.05,
P<0.01) ; 5 X% B 20 3 97 5 b #¢, W %% 41 Botaxin,
CCR3 /KRR Sy B &, 21 1) L 4 25 5 LA S0t
S L(P<0.01), WS,
*8 WHEZEBS WY T Eotaxin, CCR3 & B L (F+s)

Table 8 Comparison of Nasal secretions Eotaxin and CCR3 levels

between two groups (x+s) ng- L'
25 1) %% st ] Eotaxin CCR3
XL 45 RITRT 312.24423.07 165.69+11.25
WBITIE 242.09+20.41" 78.39+9.06%
RIT A 47 VRIT T 324.13+24.67 175.27+10.56

BIT IR 138.17+14.61>% 49.12+9.39>

2.8 WAHBHREDRE LB WA R FIRIT T
CD4'/CD8" \1gG R LG T Lo SARAIGITHI
F AL JR9T 5 I 4H 5 3 1gG .CD4"/CDS 14 Fir A%
P Gt 7 L (P<0.05,P<0.01) ; 5 %t B 403877
J& H B, VA 9T 40 B CD4'/CDS’ | 1gG M i [ IK (P<
0.05,P<0.01). W39,
29 ARRMNAEANEN T H AT AR
O VB SRR A i R E R B S O
3 itig
ARTE R J& “ B BU 7005 4% 58 B2 2 JIE R

IR BRI Z A IERA R, TRARE , JTC I L 4
A, R FER AT ML 28, RIFTIE U =2 &, 9 S i
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B BhME T 40 M 2(Th2) 43 A6 s fr 51 & 19 Thl Th2
LU 18] 2 A7 B2 98 95 PE T 4 (Treg) 34 2\ Treg/Th17 41
it S 7 2 R % VD AR 2P, FE AR AR ML L R
AT LA WILTEZMIER . 1IL-4 AT Th2 %40
Jitl K R 51 TgE A= A, BHL IR EOS $£4E R, I 2 fiff
HAPA T 78 2 3075 % AR & & 2] 55 1F HT 5 1L-10
A3 o 00 AL AR B R S L RIS T A0 i 2 S L I
TRIALAAR RV R S TL-17 2 5 [ B Z Mk 4
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JiE P , 1T i S EOS 12, il # AR SR IL-
35 F A E T 408 A W, X AR (B A B R T A
ML, 250K A 8 50E et smn B4 K. —
J5 11, TL-35 ] 38 5o 7 T 4 fe , 98 55 Th2 ok 77 il
HERE N e AR R 7R3k 5 5 — 7 i, /E N Treg
40 it BT T 04 B KT MW B, TL-35 AT 5 B 0 Treg
40 0355 1 L P07 Treg/Th17 40 iS4 | ek 52 5% hn & #L
PR R AE S W2, A, TL-35 7] i S5 STAT1 . STAT3 .
STAT4 W MR 1L , 3 5 i B8 V8 75 T g0, Ho b STAT3
E A 5 7 Wi 25 25 B I PE R E TR R E AR, T
0 AR 0 B 02D B T 40 T DA T O %
AR IREIREY T L EOS %418 Sy 32 14 5 i 0 M 4
JiE 2 AR A= B A 0 IR AT AR B HE
J'& 5 BEOS Jt i 5t — Fh IE A & R P, Botaxin 7E Ky
EOS 3t #: M e ik i #a Ak K 7, 3@ 3 5 CCR3(CHAE
ZAR)GES R IEME T, EOS 16 8 5 I F 554 12
85, A, CD4" . CDS 41 43 5l hy 4l Bl i % 1 4
T 40, 3 3 LA G2 F A0 i AL A G 1) T g, W )
CD4"/CDSE AT T fiff AL G 12 T BE K F-

W FE 7, S e A AT AR A2 & A IL-4 J IL-17
1) 22 38 7K, i 4 48 I IL-10 . 1L-35 9 3R 3k 7K
S, DT A 5% E SR, & HE BT AR AE L L X
IL-35 {9 U8 ¥ 5 o B & 5 [R] i, AT R I STAT .
STAT3 STAT4 3K ik 7K V-, Horf X} STAT3 454 H &%
5% 5 3f Al $1 # Eotaxin 2 CCR3 Bl , Il 52 AR AE IR .
TE G 5 J7 T, S bR A2 AT B IR CD47/CD8™ E M2 1gG £
KA, s AL S T e

Li ERTR, BB X AR HOA RLUFIT R, W ol
R I A RE AR LGB T R L LT P R R R B A
KAF AL T8 B (EOS 23k , Horp Xt IL-35 . STAT3
PR W, JF AT A ] EOS 1k K F- Eotaxin
M H 22 1 CCR3 ik, #7m Hobt AR (9 4E F ML 7T B
558 ¥ IL-35/STAT3 i f# 70 il EOS & b M ¥ 5 #H
KARPETREA K.
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