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[(FEE] B8 3T 5 S 2E B T BT 1k 0% AL (SPZP) IR P J5 90 7 38041 3 10 A0 L A 1 el 3 < A s (AS) Y ALY
FUATII IR . 3% K 60 H SD K ERBEHLAS A28 AL BEAILL | BH A 24 41 (b SE RPN 1 53, 0.125 mg-kg") & SPZP A .+ i 7
1 241(540.1080.2 160 mg-kg"), B4 10 H o SR JHON I A +E SRR IR A R S 1 TR 6 55 (LR A 4 AS LAY s B D) Js T
21 dOb o 383 IR AR FR AFHEL(HE ) G 0 005 il 21 200 #1484 5 MEIE S 2 W2 BRI 72 72 (ELIS A ) G I K BRI 15 S 2 3R 2 11 E(IgE ) 7K
-5 355 ST HUBE (TEM) W88 N J5i 190 5 0 T AR 45 ) 3 o K BRI 21 2 1R A7 5 S 4 (RN A-seq) 0T , TR AR FT SPZP F L AS 1943 F WLl ;
JEA A AR IC 2 (TUNEL ) 4% (046 00 41 i 8 7% 5 25 1 9328 ED k% (Western blot) #3020 21 C/EBP [R] i 2 FH (CHOP) B 4 g ik [
Jei-2(Bcl-2) M1 ¢ X # A (Bax) \Bel-2 8 R B KT . RAGEZME T A RS LR A (BEAS-2B) #0568, 432 25 41
BRI SPZP A = 7 24 T 2 38 ek 200 B A% ol B L A 2 5 TEM ML PN Joit ) A AR 45 ) 5 37 X 4 AR 60 40 e 7
T2 PG (IF) WS CHOP 25 11 19 40 A AZ N SR AL B0 5 S B 980l o b 55 T % =02 M7 (Real-time PCRO) G I 40 A v 1A J5i 1) A G
55 B 5 B 1 78 (GRP78) % 5 5% I T 6 (ATF6) . Bax . Bel-2 mRNA 33k ; Western blot 4 Il 4 ff1 ' GRP78 .CHOP . ATF6 .
Bax.Bcl-2 . B U ) Bt K 5 -3 (cleaved Caspase-3)F £ ik . SR WL as R Won, 525 F 4 b, 55 2H IR B0 2
S BE I R | D TG Sl R L T AR AR A DR T 20 2 B R BRI L R BT | S RE AN R A R R R B
N R Bk Y (TR A 2T IR 1 45 L 3 1B K TH R (P<0.01) 17 SPZP 4 Al Bt 3% b iR 455 (P<0.01) ; RNA-seq 23 7 i
IR, A SR AT 515422 TN B SRR AT 1 852 N2 T LN, 744122 T AS SR L N B 2 S5 T AN 1
Je N5 R i T 38 % . TUNEL 3 (8 5 Western blot fi 7w, 1525 1141 Fb g, #6548 21 K BRI 4 2 i i 0 72 R I 3% 1 T+ (P<0.01),
CHOP Bax 2 [ 3315 .3 F M (P<0.01),Bcl-2 8 1 . F M (P<0.01), 1l SPZP T Fil 4l & & ek 36 LR K M F5 45 (P<0.01) . #fsL
B 7R, SPZP 2 24 IfiL Vi 52 700t A0 b B i BEAS-2B 20 A7 6 (P<0.01) , O A MBS A5 ZE L e 62 BT BEAR | 1N O 190 i ik 7 4 1)
PG, Ui 2SI AR 45 R T 8 3 % (P<0.01) ; GRP78 ,ATF6.Bax mRNA 2 GRP78 .CHOP ,ATF6 . Bax . cleaved Caspase-3 &
#FIK T (P<0.05,P<0.01),Bcl-2 mRNA & Bel-2 % 11 L8 (P<0.05,P<0.01) . £5i8 R4 SZEGE 52, SPZP T 71 AS 7 fig 5 %
GRP78/ATF6/CHOP {55 538 3 B VT , Va5 N O X 2 38 A R 1 T B A I T G
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[Abstract]
improving bronchial asthma (AS) via regulating apoptosis mediated by endoplasmic reticulum stress based on transcriptomics and

Objective: This paper aims to explore the mechanism of action of Shengjiang Pingchuan Zhike pills (SPZP) in

conduct experimental verification. Methods: Sixty SD rats were randomly divided into a blank group, a model group, a positive
drug group (dexamethasone injection, 0.125 mg'kg") , and low- , medium-, and high-dose SPZP groups (540, 1 080,
2 160 mg-kg') , with 10 rats in each group. An AS model was established by intraperitoneally injecting the mixed solution of
ovalbumin and aluminum hydroxide combined with nebulization challenge. After successful modeling, the rats were intervened for
21 days and then sacrificed for sample collection. The pathological changes of lung tissue were observed by hematoxylin-eosin (HE)
staining. The serum immunoglobulin E (IgE) levels of rats were detected by enzyme-linked immunosorbent assay (ELISA). The
ultrastructure of endoplasmic reticulum and apoptosis was observed by transmission electron microscope (TEM). The molecular
mechanism of SPZP intervention in AS was explored by RNA-sequencing (RNA-seq) analysis of rats' lung tissue. The apoptosis rate
was detected by in situ terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining. The protein expression
levels of C/EBP homologous protein (CHOP), B-cell lymphoma-2 associated X protein (Bax), and B-cell lymphoma-2 (Bcl-2) in
lung tissue were detected by Western blot. Human bronchial epithelial cells (BEAS-2B) were induced by lipopolysaccharide to
establish injury models, which were divided into a blank group, a model group, and low-, medium-, and high-dose SPZP-
containing serum groups. The cell morphology was observed by cell imaging microscope. The ultrastructure of endoplasmic
reticulum was observed by TEM. The apoptosis rate was detected by flow cytometry, and the nuclear aggregation of CHOP protein
was observed by immunofluorescence (IF). The mRNA expression of endoplasmic reticulum-related glucose-regulated protein 78
(GRP78) , activating transcription factor 6 (ATF6) , Bax, and Bcl-2 in cells was detected by real-time fluorescence quantitative
polymerase chain reaction (Real-time PCR). The protein expression of GRP78, CHOP, ATF6, Bax, Bcl-2, and cleaved Caspase-3
in cells was detected by Western blot. Results: Animal experiments show that compared with those in the blank group, the rats in the
model group present frequent wheezing with stridor, coughing, reduced activity, rapid breathing frequency, and other symptoms. In
the lung tissue pathology, the airway epithelium of the rats in the model group was shed, and inflammatory cells were infiltrated. The
airway wall was thickened. In the ultrastructure, the endoplasmic reticulum was dilated, and chromatin was condensed. The cell
nucleus was pyknotic. The serum IgE level was increased (P<0.01), while the SPZP intervention group could improve the above
results (P<0.01). RNA-seq analysis shows that there are 515 differentially expressed genes in the blank group and the model group
and 1 852 differentially expressed genes in the model group and the high-dose group. 74 differentially expressed intersection genes
were significantly enriched in asthma, apoptosis, and endoplasmic reticulum protein processing pathways. TUNEL staining and
Western blot shows that compared with the blank group, the apoptosis rate of lung tissue cells is significantly increased (P<0.01),
the protein expression of CHOP and Bax is significantly upregulated (P<0.01), while Bcl-2 is significantly downregulated (P<0.01)
in the model group. The SPZP intervention group significantly improved the above detected indicators (P<0.01). Cell experiments
results show that SPZP-containing serum dose-dependently increases the survival rate of BEAS-2B cells (P<0.01) and improves the
disorder of cell morphology, chromatin condensation, and endoplasmic reticulum swelling and rupture. The apoptosis rate was
significantly decreased as shown by flow cytometry (P<0.01). The expression of GRP78, ATF6, and Bax mRNA, as well as that of
GRP78, CHOP, ATF6, Bax, and cleaved caspase-3 proteins were downregulated (P<0.05, P<0.01), while the expression of Bcl-2
mRNA and Bcl-2 protein was upregulated (P<0.05, P<0.01). Conclusion: In vivo and in vitro experiments confirm that the
intervention of SPZP in AS may be related to the regulation of the excessive activation of the GRP78/ATF6/CHOP signaling pathway
and the alleviation of epithelial cell apoptosis mediated by endoplasmic reticulum stress.

[Keywords] bronchial asthma; Shengjiang Pingchuan Zhike pills; transcriptomics; endoplasmic reticulum stress; epithelial
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PUAHE TR AS ST R LR IEE A
P A O VR T PO A A B AS B VR FR AL
T B AEATY N B R DR R I S A2 AR RN
A ) 1
40 v B DR L AT 300 AR OBAS H %2 42 1 o i & 2

Ko, HoAz D e TR &S BHIE IR IR o 78 % Wi 5
JiE H il AR R, B R AR, A L R 4 &R
BUIAR SO T B 5 5 i i A8 A 5 Bl e e,
SRR E R AN BT LR EER, K
WE FARUEL T FHREF i 1k % L (SPZP) L i 7 RN
T B2 G il B TR) A O S, B R B R R
L] (4 )5 ZL202210416245.7) . Hi W16 K 5 %L
Tlt BfF 55 400 4 9IE 52, SPZP Xt AS (1 1 HUE I vl fig 5 14
5 200 JE R T S PN 9 s O R T AR AS
I SiE ME A ML, 1T SPZP RE 75 3 o I 45 P4 R
P 7 i B AR AE L H R A R — 2B R SY
I A 7E 481 3 F RNA-seq 45 51, 8 i R Y A 41 512
5 58 IF, 2% P9 I I 8 R T IR AR YL B A
87~ SPZP T 1l AS B )2 AE R, A% 07 700 49 s
PRI FH 4 At B 58 43 (0 B8 4%
1 ##
1.1 4tk AR L 410 & (BEAS-2B) , 17
S CI14, 1 3 Bl RE AR ARA A G2
5 ST A sE 5 .
1.2 ¥ EEL60 2 SPF %% SD M K B, 1R i i
(180+20) g, T E EFF K gh ¥y rboc f2 4t fm 5= 78
T HBEPRR 2 SPF RS 5, iR (22+3) °C, &
(50+10)% , 5% 5 3 ¥ & #% UE % SCXK (7% ) 2020-
0001,
1.3 o3 ARPEEHY LR H T EER KR
S DL 4 W Al o, /835 JACUC-NYLAC-
2024-139,
1.4 259 5iK70 B 4 M bk 298 -2 (Bel-2) #H 3¢ X
& 1 (Bax) . Bel-2., 57 ¥ (%9 it X 2 11 il -3 (cleaved
Caspase-3) . PN Jii M AH 5¢ ) 45 15 &8 B 78
(GRP78) LR (VLI SERHE W5 o A BR A w02
5 4y % AF0120. AF6139, AF7022. AF0729) ,
C/EBP [d] i % 1 (CHOP) . %% 5% A T 6 (ATF6) i /&
(BTN A2 W H AR A B AL 585 43 5 2 ET1703-
05.HA601321) ,B-L 3l & 1 (B-actin) HT 14 . 75 5t &
FR AR A R 4 2 T AN A AT LR
g [ 2 W (RICTRAE R A=W R A R A AL 9855 41
5 2H GB15003-100, G4003-100mL . G1101-500mL .
G4021-100mL . G1102) , 1l 3 Bt /) B %2 9% BR 28 H
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(Ig)G(H+L)594 2t E [ & 47, 6- K228
SL| W (DAP) | Ll = 1 3 3 P (LU AR S RHE AR
BEARARAA, 55 5 5 A ZF-0516. EE0015 .
EE0008) , 4> 2 [ 32 Bl ) 6 I 28 (1 V-l 1 5
I 4 0, %¢ 6 75 14 (Annexin V-EGFP)/filt £k 14 4% (P1)
XL 240 98 T S D R & (L o L A W 1 R TRy
AR 2 Al 525 4 5 KGB5303-50, KGA1101-
10) , 5 TN s T i B e v Uk (PAGE ) 6 i P 3t ] 45 1K
F & MR BV BE R Omni-Basy ™ B FH /R 1 5 &
% (BCA) & & 1 il 0 & L JC 2 1 PRk 3 Ao ( 1
ViR il AR ) R 2 R A BR A F) L B85 4000 D PG 12
PG610.2J102.PS108) , M 51 5 Ak 27 & 't (ECL)
b2 % IR & L 40 /4 41 B RNA PR 2 B 7
& AN B S AT ( CCKR-8) it 7 8 (I M o 28
FAEVRHE AR, 525 53 51 C6005.P10100
M5105), I Z 8 . H 5T (b 50 R 3EE R A BR
2w, 85 4 B & L8880, D8371) , TB Green®
Premix Ex Taq™ (Tli RNaseH Plus) | PrimeScript™
RT reagent Kit with gDNA Eraser (Perfect Real
Time) [ % H BEADH AR (G50 AR A A, 585 55 5
4 RR820A \RRO47A |, 7R R Ye A% A1 9L Wi (B
Mg DR AW HARA R A A, 525 50 5 BA-4041
BA-4024) .

1.5 {¥#% JXFSTPRP-CL %Y % 4 #F B8 AL ( |- 73
S & RA R ), LDZ5-2 BB O HL (L 5t
b A HLAE FR 2 &) ) , Multiskan Go %Y Ef f5 {3 .
StepOnePlus #Y 52 B 9% 5 & B & B 5 =X & 1
(Real-time PCR) 1Y .EVOS xI core % 2 il )i 1% &R 52
155 A ) W BE (36 B FE IR R R B A F)
Imager 680RGB #I 1 R ff £ 1) A W& 1% 14 ( 3£ =
Cytiva 22 7] ) , TP1020 A 4 { 2l 41 41 i /K #L .
RM2255 # 4= [ g & 5% =00 35 U1 7 #L  H11220 A5
J L k4R 2 ), BX43 B98O s ( H AR B
MRELHT A F] ), 8024 1ESOS U U b fid 1 % 3 T A Tk %
ENRG [ 2 AR (1) A A BR /A ] ], BVT-4
TG B A PR AN (R TR R A R A R A D) S

2 A#E

2.1 WA G R TENPEE R T AL AT
1421 K8 & TE 5 10% R iE 25 H (OVA) Fl Z A4k R
TRA W1 mL B, WEER B —BOIRAS 268 28 R
KU E 7E 39 emx29 emx23 em 1955 AL 4E L R
FH 2%O VA F1 & & AL 55 T A % W 55 16 UK 30 min,
W% 380 R Bl H I N IR Wi L DR S I G A e
WA UL S T R PICAERE R O B R T AR
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TR T i R BB B 2 D BT 2 BH M 25 AL
SPZPAIK b i AL, B 10 HL 55 35 KRR B
A1, 25 4 H 2%O0VA 554k AR 4 K B N i 14 2 T
FR Y 25 (g 4] FR AR 41 45 T A= B K HE L B
P 25 21 4 T M ZE KA VR BT 0.125 mg-kg', SPZP K
] 77 5 4 45 T 540.1 080.2 160 mg-kg' i £ T i
3R AN R E 5 AL, W25 AT 0.5 hiE B iRYT .
2.2 FEACREE ST 3% 1B B 22 AV TR i
KB, ME S BRI , # % 1 h, IWWETE 4 CH.O
(3 000 r-min™, 10 min, .04 10 cm) , 47 2% #)
2 mL A7 P BT - 80 CCUK AR IR A7 o 5 37 S it
T Y 22 B 20 2000 ) AR 1 mmx2 mmx 1 mm fY B
N\ HL B T VA, A A il ) 22 5 HR T I o A A I
Yl A7 il H 2R A T -80 °CUKAE

2.3 R ER-PHL(HE) G4 8 0052 Jifi 20 23 95 B 27 A8
b K il 4 20N 22 B H R v IO L B OK A L
VIR L 45 4~6 pm JEA Y], 45 4 h Kk iE AT
TSR B L BEE K CHE Ykt vk i I
R U0 R ERESOREE 4540 B P R A7

2.4 TR G 9% W FRE O A 5 (ELISA) K K B I v
IgE K DA UKAE HCH ¥ R s FEA, 2 IR 2818 2
Tk 5 TR) ) BBL A i o e 4% B2 L B0 o A Wl b Al oy
S B bR HEAL 2 FAL S REAS AL AR O AR B bR
Y S LA R R B A TR T L R TR 4 B R &
BEVEWRE . 1 E AR AUAE 450 nm ¥ KT I 2 L
WY A S ARG I 3 Yk, BT (B H TR Sk
BETTH 5 0 HT .

2.5 EESRCENT N EH AL ORI SPZP
7 R BRI 4L 20 B S RNA L 52 4R BUAY RNA
M) e RN T B . RE AR KGN A A% S5, FH AR A Oligo
(dT) My R Bk & % H &% £ ¥ 1) mRNA, il A
fragmentation buffer ¥ mRNA #F 17 F L 47T Wr . LA
mRNA Sy 8 Al , FH 75 B & B AL 51 4 (random
hexamers) & & ¢cDNA 5 — 4% , SR J5 0 A 2% #h W .
dNTPs #1 DNA polymerase | & i cDNA 2 4% , Bl
J&i K| 1 AMPure XP beads £l fb X% cDNA . #lifk i1y
M HE cDNA TR #E47 R o8 5 A B I 7% 2200 3 42
3k, SR 5 I AMPure XP beads ¥ 17 F Bt K/ % |, i
J5 AT PCR & 4219 B 2419 cDNA SCJE Xt SO 1)
1 A B B (insert size) FA &80 BE E A5 R I, |
BLIT o D b 5 Hie 20 o 4% 5k D8 AR B 307 91, & L
Xof 7 f A5 B L N R Ak H B ff ) R i 7 DESeq2 fU
(v1.38.3) ik 22 R RIKFLFA , L |log, 2 F 5K (FC) |2
1.5 H P<0.05 Jy B {A , # 22 5 FE K 5 A DAVID %5 4

J% (https://davidbioinformatics.nih. gov/) ¥ 17 3 K K
R(GO)UIfe s i 5 AN 5 RN A A R4
(KEGG) il s & 4 43 Hr , 938 i i 4 45 F 65 (http://
www.bioinformatics.com.cn/) #17 0] Ak Ak 3

2.6 &S (TEM) WAL Il 412U G 25 4 BB
fisf T 1) 20 il 20 2 A H B T W, T TR R DT TR B
FEM P E B 1 mmx2 mmx1 mm 29 B 4k 25 &
FE VR DK AL A B R Y e, 2 T TR -
FRE TR E YL (A )5, B T TEM T ULEE N T 1 45 4
JiL 8 TR S A

2.7 R AR S FRIC B (TUNEL) 4% 66 W5 il 24 23 40
MU TR el S wm J5 A Il 412U B Y0 RO )
F 4 h, B SR AT B &2 K, 10 U0 R in A TUNEL &
RAW, &5 T 37 ClRah#tiE 1 h, 25 B
8 22 v (PBS) I Uk 3 K, 5 I 5 min; #Hif /il DAPI
Y 0, W, 0O % R B 20 min, [A] £ 1 PBS I 3
3 VKRS min; s i PLKIE MR R A a5
o A R A R

2.8 F M B B (Western blot) #6  fifi 2H 21
CHOP.Bax.Bcl-2 & [ # ik K F  FREUA A7 19 il 21
21, TV 1 40 B 2R 1 mL, [ S o AT 7 e
il 58 10 L, A 1B AR 1 WL S R O i T R
(PMSF) 10 wLiR2A), 7K FARAFERE L Y8 VRIEE LI
BCA & & , il % BE 5, vk , #% 1%, CHOP(1:5 000) ,
Bax.Bcl-2(1:1 000) B-actin(1:3 000)—¥7 4 °CHF & 1
B, 41 (1:50 000) % I £ JKE B 1.5 h, TBST ¥ I
3R, RFR 10 min, W52 AR BERA 5 1 LIRSS I F
% |, F Image J#A4 537 .

2.9 SPZP & 25 I VE WY il & % U SPF 4 I 14 SD
KB 12 H R (180+20) g, B HL 4 M 25 114 Al
SPZP 1,137 1 . SPZP 1% F SPZP(2.16 g-kg")
HE SHAS TEHENEABEKES., SHAZ
3L 7 d . RWANEE 1 h s, I8 3 8 bk o )R
FEIMFE, W EAE 4 °CE 0 (3 600 remin', 15 min, &
L2242 10 em) RLARAS ML TG o 28 56 °CoK i 5 K%
30 min, H 0.22 pum JC B 8 B A 8, A5 21 28 1 I3
% SPZP LI , L FF i DRAFAE-80 °C .

2.10 ZUMERE3E 495 BEAS-2B UM, %I & 10%
Jif 4 178 (FBS) & 1% BUHL [ RPMI 1640 5% 4= K5 7%
BE L E T 37 °C L 5%CO, 4l i Ky 5% 46 b ow BB 5%, W
SR M 3G KRS TR A0 AR K Rl A B 1k 21 80% LA I
BF i A i A T A Ak B B S AT A A AT R
17, T IR SE M 5

2.11 CCK-8 ¥4 il BEAS-2B 40 Mo % /1 ¥ XF %&
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4K B BEAS-2B 400 LA 8x10° 4~ /FL 42 Fh 2 96 FLA ,
Oy NS A R, SPZP AR b L R R 24 0T
M, BHBE SR, 2 AL T2 F G R
RUZA AR 28 (AL JE Rl 45 T IR 2 05 10 mg- L il 3%
24 hi 51 SPZPAIL L v o AR o B 2 v 4 i A
Jei 43 i AR BT BUH 5% . 10% . 15% 2 25 135 T
i, 9% & 24 h, 1@ BEFLINA CCK-8 % ¥ 10 pL, 5 7
AN E 1 b, AR O 2 7E 450 nm Ab 1Y WO
£ A,
2.12 TEM M %5 BEAS-2B 40 it P4 S N 45 175 25 44

S ERAE ) 2.6 T F )5 ¥k .
213 i 3 40 AR A I BEAS-2B 41 A 59 0 T R

FHN & EDTA 1) e i 3 Ak I 42 40 i, FH PBS Uk i
40l 2 Y%, B A Binding Buffer 500 wL %% 5% 0% 57 i 2
4 Jfl = W, Il A Annexin V-EGFP 5 pL fil Propidium
lodide 5 pL, BHRIRA) A =l GBOCAM T,
5~10 min, FHLAEI
2.14 L (IF) K BEAS-2B 41l il CHOP % 11
%%  BEAS-2B 4 il 42 70 T I€ F Ji5 28 AH I Ab 2,
4% % B W & [ € 15 min, 0.1%Triton X-100 i %
10 min, 5% 4 IfiL ¥ 1 & 1 (BSA) £ 4] 30 min; il A
— #L CHOP (1: 100) 4 °C ¥ & & & , 28 ot = 41
(1:300)Z 5 & 1 h,DAPI YL 5 min; 946 i i 4
T HT
2.15 Real-time PCR £;illl BEAS-2B 4 Jifi GRP78.
ATF6 .Bax.Bcl-2 mRNA ik 764 4 40 fE i i i
S AZL @ RLT Lysis Buffer 350 wL, & i 5 & 784
S IE A% He IO ) & U I B AR IRCEL RNA T 4
RNA ¥k B, 230 5 5 453 5] cDNA, B 47T B ALY 1S,
N AR P R 95 °C Wi AR PE 30 5,95 °CAE T 5 s, 60 °C
iRk 30 s, 40 A9 FF o DUH I -3- W R B A
(GAPDH) N N Z, K H 2“1k 115 mRNA A8 Xf &
LB T AEY TR(E)BROA RN A A
B, 51 F 50 L3 1,
2.16 Western blot ¥ illl BEAS-2B 4fl Jifi GRP78.
CHOP ,ATF6.Bax ,Bcl-2 . cleaved Caspase-3 £ [1 4
AN A 3 1 25 ZE 240 R O 4K 3 min JE AR 4>
A B B R & U 4R A 2R 1, BCA AE Y
JE A B, WUk, B I, — BT GRP78(1:800) .
ATF6 (1:500) . Bax (1: 1 000) . Bel-2(1:1 000) .
cleaved Caspase-3(1:1 000) .B-actin(1:3 000)4 °C
W H A, H TBST ¥E M 3 1K, 48 IR 10 min, — 4t
(1:50 000) % IRFHE 1.5 h, B WU 1: 1R
) S5 T TR e T RO , FH Image TR AT o
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Table 1 Primer sequences
GiEY] FEFI1(57-3") ¥ /bp
GRP78 f GACAAGAAGGAGGACGTGGG 173
T GCATCGCCAATCAGACGTTC
ATF6 f CAGCAGGAACTCAGGGAGTG 96
T AATGTGTCTCCCCTTCTGCG
Bax -3 AAGGTGCCGGAACTGATCAG 81
T GTCTTGGATCCAGCCCAACA
Bcl-2 _Fiif GAACTGGGGGAGGATTGTGG 164
Fiff CATCCCAGCCTCCGTTATCC
GAPDH ¥ CAGGAGGCATTGCTGATGAT 138

Fi# GAAGGCTGGGGCTCATTT

217 SGiite# a8t ffi ] GraphPad Prism 9.5.1 #£47
G541 43, 4T Shapiro-Wilk 1F 25 14 4 % &5 Levene
JrEFTHRE 2 4 E) AR R R Iy 2087,
2 ) 9 5 L3R LSD-e A 36 I R X £ s 8
N, LA P<0.05 A S A G FE X

3 &R

3.1 T AS SRR — MR A K il 4 2 95 B ok AR 1 5
M s 2K BT L R ORE IR HE Y 68 30 R
FHE I R s g A RETE, 400 %5 K A AT L S RE R
Pl 4 A0 40 Jf AR /1>, il 96 78 285 R0 0], 6 3 I K ik 55 95
HAR  RIE R A LUEE ; 525 A4 i, B
21 R BRI i B | R I R B B B R
PZEBE TR B D AR B4 HE 3
0 SO A RE ] R R )R T T A 2 AR, T 0
ZAE Ry, B RE ] B R AR K R
i 20 0 5 5B R 2 e, SPZP AR | Hh ] A R BRUVE I
AR EE R (H AT A W L HE e 68 SR A REAT
AR PEG R AT DL SR A R AE A /D A RE A L
1B 32 9 A B A A 4 2 YR A% 5 BH Pk 24 2 FN SPZP i
i 2 KBRS PR S W I R T T AR e B R AR
1Mk VHE Y o I UE S5 M2 B %, S RE R L
B o6 R G RE L, ) B R RE A0 A /D il 3T A
[/ AN

3.2 X AS K FUIMTE IgE KRy m 525 4 ke
B, B 41 K ORI VE TgE £k K P B E TH
(P<0.01); SHAVAL L%, 4 10 21 K BRIl 1gE 3%
TRIKOF B 3 AR (P<0.01) . W32,

3.3 BRSO T WA SPZPAEH T AS AL
il %25 P4 A4 SPZP ) 4 UE AT RN A-seq
WFE AT, 2 HA SR A 515422 53 H , H
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A B C
TE A2 HAL B CIME 25 20 D.SPZP IG5 it 4 ; E.SPZP 55 4k 21  F.SPZP i 5] dit £ (1] 2- 11 4[] ) 5 7R (5 77 Sk < 18 JA) i ¢ i 240 M

A X
El1 SPZPX ASKRATALRREKERI M (HE,x200,x400)
Fig. 1 Effect of SPZP on pathological changes of lung tissue in AS rats (HE, x200, x400)

2 SPZP3F AS KRR IMLIE IgE MM (x+s,n=3)
Table 2 Effect of SPZP on serum IgE in AS rats (x+s,n=3)

215 i /mg kg IgE/ng- L™
2 H A 91.97+5.78
L 2 543.37+7.81"
PR 25 41 0.125 167.50+8.90%
SPZP IG5 41 540 427.68+9.60>
SPZP il k41 1080 356.33+8.27%
SPZP &l k4l 2 160 273.03+10.03%

TE 528 T4 8 VP<0.01; SRR 4 [ P<0.01 (£ 3 ik 4 [F])

VR 3704, RN 1454 B 4] 5 SPZP
LA 1 8524 2= AL Horp B SE [ 4034,
THEE 1 649153 L ERAC B AT 7441 22 S5 FE A, X
HHTE L. GOMIfEw LR BN, Y
(BP) 3= 2 55 20 Jf0 v e A% SO0 40 B O T SR OG
ML 5 (CC) B 5 A0 2 T iMiE =2 A Al
HSNX IR L, 0 T U fE(MF) 18 52 K454 s
PE DNA %5 & GEIETE MM C . KEGG & #4500 ik
N, 225N S Th1/Th2 408 o0 Ak R T B R ok L B

D E F

3 (PI3K) /4K 18 B(AK) {5 538 i W Wi . P 5T
I8 3 % 28 D) AF DG, R4 T3 T 5 © UE 5 SPZP AR
T Th1/Th2 40 i1 43 4k  PI3K/Akt {5 538 % i Bl
AHFSEFE AR TS SPZP ¥ PN 5T I 1 8 5 1) 4t A 0
TXF AS MRZI o ULIE S R R A L

3.4 X AS KRR A 28 1o 25 AL B A R R T Y
M) 2 P 20l 2 20 et A IR S R A, N T )
S Tk Kozs Ak AR HES | []E 4 Al A
SERE YL (h T4y A H4 5] TUNEL et n] UL, 25 (4
PTG 5 I AL U T A FAOKE . 5251
A1 P TR A R T R 05 S D R B
i ik 5 T B K B P A L A A e O O R
G A 40 M7 HE S ZE L E 43 XA AT UL T
PTG s Bl 2L 2R T B T, 2 R B G
B (P<0.01), SHIEIL AL, 43R 97 A 05 2
TR E AR B A < PN I e B L R R R R
8, 5T B 4 B R /D [m] I 43R T 4 19 TUNEL %% 8
JHT G5 ¥l i g 2L 1% 8 3 T R (P<0.01) .
ULE 2 E 3,553,

C

B
T« 41 (7 S 7% 20 I A 5 e 0 i o5 0 e oA I 4 e i

B2 SPZPXf AS K RATHL BN Z MM (TEM, x2 000, x12 000)

Fig. 2 Effect of SPZP on ultrastructure of lung tissue in AS rats (TEM, x2 000,x12 000)

- 95 .
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DAPI

TUNEL

Merge

A

El3 SPZPXf ASKRAALRMMATHR
Fig. 3 Effect of SPZP on apoptosis of lung tissue cells in AS rats (TUNEL, x200)

%M (TUNEL, x200)

#3 SPZPXIfAS KRAALMMATEMIM (x+5,n=3)
Table 3 Effect of SPZP on apoptosis rate of lung tissue cells in AS

rats (x+s,n=3)

ZH 51 i /mg- kg TR /%
Rk 1.86+0.47
AT 2] 27.26+1.52"
FH 1 25 241 0.125 2.21+0.40”
SPZP i 5 41 540 13.40+2.37
SPZP i 4] 1080 6.10+0.91%
SPZP = 7 i 41 2160 2.50+0.95%

3.5 XF AS KU 414X Bax \Bel-2 .CHOP %& [ £ i&
Bz 5 A A, BB 2 Bax 5 CHOP HE H
Fak B F L H (P<0.01) , 1 Bel-2 & F T M
(P<0.01); SH AV L #4576 97 411 Bax 5 CHOP
EHEIEEFE FM(P<0.01),Bel-2&EH XL R E E
W(P<0.01), WLIKI4 .34,

Bax | S —— 21 |D:

B2 [ — 1 D:
crior | S — 27 D
-actin a
[-actin (GG S 12 kD

A B G D E F
B4 ASKRAGTLHLE Bax.Bel-2.CHOP & B RiA Rk

Fig. 4 Electrophoresis of expression of Bax, Bcl-2 and CHOP

proteins in lung tissue of AS rats

3.6 X BEAS-2B#HMIfFIG R M S 4
B, BB 20 A M AE I R 3 T B (P<0.01) , HREAI
2H LA, SPZP #5591 5t 7 247 1ML Vi 2 40 W A7 1% 2% 0 3 T
=5 (P<0.01) , [A] B} 25 7 AN [W] ¥ B2 1) SPZP % 24 1L ¥
T 4B A I R R R RO R T . IR S,
3.7 % BEAS-2B 4 M JE 25 1 45 14 1 52
.96

A

X4 SPZP X AS KRR A4 41 Bax.Bcl-2.CHOP & H RiZ B &I

(x+s,n=3)

Table 4 Effect of SPZP on expression of Bax, Bcl-2 and CHOP

proteins in lung tissue of AS rats (x+s,n=3)

a3 Fillh=:s Bax Bcel-2 CHOP

/mg kg /B-actin /B-actin /B-actin

skl 0.65+0.03  1.14+0.01  0.67+0.02
I 2 1.27+0.02"  0.46+0.01"  1.08+0.02"
PR 25 20 0.125 0.81+0.02”  0.8+0.01> 0.84:+0.02”
SPZP /&4l 540 0.89+0.05  0.84+0.01*  0.91+0.02%
SPZP 4l 1080 0.87+0.01”  0.96+0.02>  0.84+0.02%
SPZP 4l 2 160 0.74+0.05”  0.97+0.01*  0.83+0.03%

#5 SPZPEZHINEXT BEAS-2B M TFE RN (T+s5,n=5)

Table 5
BEAS-2B cells (x+s,n=5)

Effect of SPZP-containing serum on survival rate of

4151 B 50% FEIE 1%
YISk 99.20+0.84
LT 2] 63.20+0.54"
SPZP IR 57 4 5 24 1fiL Vi 21 5 78.40+3.58%
SPZP 57 5 24 1 75 41 10 86.80+2.17"
SPZP & | 5 £ 24 1ML i 4 15 92.80+1.79%
525 4 R VP<0.01; 5858 T 4 H 4 P<0.05, Y P<0.01
(Fo6-%£ &)
Yy 5 B WL %, 25 14 1Y BEAS-2B 4 il 5 58 B A1
E/NR z:_ﬂ/,éﬂﬂﬂ@/\%ﬁl@/? Y 2 2 JfL %% B AR
AT U 25 4 4 B A0 M SPZP 5 24 1ML TR 4 v 45 4 20 i
() B8 U /L, A R AT BT RS . TEMOWLEE , =5

20 BEAS-2B 41 Jitd i# 13 45 ¥4 1E #
LS K=y N oY L |

, PR I 3 452 5T
< Y04k R B, R i 40 i R

et I o A 34 50 5 5 23 H AL PR, B A1 N T I A

B B SR IR AR AL AN OO, B AR R
e 5T R AL A M 9 B AR T A A ZR L s SRR 4
FL A, SPZPIG | AP e 5 24 M3 Y N S5 48 45 A
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o3 P 5 AT A7 A8 b ik Bl & RO BR 42 5 1T SPZP &
) 24 113 4 H PN TR R 25 A T S R T A8 T A i

S RS AR RS LR i i 7 5k S5 40 3 B AR T

éi,élﬂﬂﬁfém nAR A K. WA S,

AL 4L BRI 4], C.SPZP IR 77 i 5 25 1L 15 41 ; D.SPZP I & 25 25 1L 35 41 ; E.SPZP = 77 1 75 24 1f
I AV 14 200 i B PN 5 IR A ik L

R 20 TR S 200 M P O T S I 5 20 (8 Sk s A B L

AL (& 6-18 7)) ; B A5 Sk R IE

El5 SPZPEZ5IMiEXY BEAS-2B MR SFBREHI A ({8 E L 5B, <10, TEM, x12 000)
Fig. 5 Effect of SPZP-containing serum on morphology and ultrastructure of BEAS-2B cells (inverted microscope,x10; TEM, %12 000)

3.8 X BEAS-2B4Ifd =R pysgm S A4l
A, TR 21 A B O T 2 T (P<0.01) 5 SRR R 4
L3, SPZP A [R] 57 1 55 247 1L ¥7 20 4 Jt O T 2 B B
FEAR (P<0.05, P<0.01) , HL 52 5] d 4061 M B AIC, SR
SPZP & 24 IfiL 7 AJ 91 i g Z #5155 7 1) BEAS-2B 4}t
P o DL R RSB AR B 3K 6.

3.9 XfBEAS-2B4Hf CHOP EH M Sa5H
ZH Ho A, B 2 th CHOP 41 (5 98 6 ] 3 R4 T 41 i
1 DB, AR 5 v B W] 1 1 o, 22 W1 2 bl
Wi 5 CHOP [m] 4 JfL A% 9 3R 4 5 BB 24 L 3¢,
SPZP % 24 IfiL %5 4H A #% N CHOP %6 6 L& 5 0 7>

K6 SPZPEZ5IMEX BEAS-2B AT EM N (x+s,n=3)
Table 6
BEAS-2B cells (x+s5,n=3)

Effect of SPZP-containing serum on apoptosis rate of

4151 RT3 E0% PTR/%
2 HA 2.71%0.15
LT 4] 26.16£0.21"
SPZP I 571 4t 24 1fi 75 41 5 23.23+0.27%
SPZP 5 & 75 24 1 375 41 10 12.37+0.25%
SPZP & 5 12 2 24 1ML W 21 15 6.49+0.16"

Vi B SPZP & 24 1L 1 v 41 il
AN CHOPZ N4, ILE 6

gL BHi% S BEAS-2B

- -----
- -----
D E

6 SPZP&Z5INiEXI BEAS-2B 4Hfl CHOP EA KL

21 (IF, x400)

Fig. 6 Effect of SPZP-containing serum on CHOP protein expression of BEAS-2B cells (IF, x400)

3.10 Xf BEAS-2B 4f Jifi GRP78. ATF6, Bax. Bcl-2
mRNA FIERM 525 A R, BiAIZH b GRP78,
ATF6,Bax mRNA 3£ ik 8 3 I 9% (P<0.01) , 1 Bel-2
mRNA %3k i 3 F 8 (P<0.01) ; S A 4] L%, SPZP

£ 7 A 2 1L 2 i GRP78 . ATF6, Bax mRNA # ik
B R 3 (P<0.05, P<0.01) , &2 5 & 4K 41 | ifif Bel-2
mRNA £k W3 [ H(P<0.01), 5B SPZP & 24 IfiL.i% Al
DAYSES P9 5T I A T A R TR LR T

. 97 .
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&7 SPZP R Z5MiEX BEAS-2B £/ GRP78,ATF6,Bax.Bcl-2 mRNA RIZHIFM (X+s,n=3)
Table 7 Effect of SPZP-containing serum on expression of GRP78, ATF6, Bax and Bcl-2 mRNA in BEAS-2B cells (x+s,n=3)

205 1RG50 /% GRP78 ATF6 Bax Bel-2
S 1.000.07 1.00£0.04 1.00£0.06 1.00£0.05
R ZH 2.23+0.09" 2.28+0.12" 4.25+0.02" 0.28+0.02"
SPZP IG5 i 2 25 1 7 41 5 1.71£0.11% 2.06+0.15” 3.64+0.18% 0.43+0.01%
SPZP H i i 25 1 i 41 10 1.43+0.11% 1.19+0.02% 1.79+0.04> 0.49+0.01%
SPZP & 5 5 75 24 1. ¥ 21 15 1.07+0.16> 1.02+0.01> 1.57+0.02% 0.55+0.02%
3.11 X BEAS-2B 4l it GRP78/ATF6/CHOP {5 5 i BRI TR, SPZP T 57 & 24 1M v 4

BENRBEWER S04 LK, BT
GRP78.ATF6,CHOP . Bax. cleaved Caspase-3 £ [
Rk FE B (P<0.01), 1 Bel-2 2 1R 3k W35 T
(P<0.01) ; 5 BRI 4 LT, SPZP IR B 5 24 It 5 41

1y GRP78, ATF6.CHOP  Bax, cleaved Caspase-3 &
1 235 B & F I (P<0.05, P<0.01) , Bel-2 % 4 % ik
BFE EW,2ZRABA S0 e E X (P<0.01), W
ER N

®8 SPZP&ZMiEXt BEAS-2B 4iffl GRP78/ATF6/CHOP {= S BB E AR IKMHIN (3+s5,n=4)
Table 8 Effect of SPZP-containing serum on protein expression of GRP78/ATF6/CHOP signaling pathway in BEAS-2B cells (x+s,n=4)

CHOP/B-actin

Bax/B-actin ~ Bcl-2/B-actin cleaved Caspase-3/B-actin

215 B4y %5/% GRP78/B-actin  ATF6/B-actin
S 0.51+0.07 0.45+0.12
IR 241 1.32+0.09”  1.22+0.13"
SPZP IG5 & 2 24 137 21 5 1.03£0.10"  1.16+0.10
SPZP Hh i i 25 17 41 10 0.88+0.017  0.65+0.18"
SPZP i 7 ik 5 24 1fiL 7% 41 15 0.68+0.02"  0.57+0.11"

0.26+0.17 0.58+0.05 1.03+0.11 0.22+0.11
1.37+0.08"  1.23+0.11Y  0.38+0.10" 1.17+0.11"
1.14+0.05 1.18+0.08 0.85+0.05" 0.9240.15

0.89+0.09”  0.91+0.14”  0.69+0.07% 0.60+0.22
0.48+0.07°  0.69£0.07°  0.68+0.06> 0.42+0.11%

GRP78 [ soe S S s e s - s 72 kDa

ATFG [ o SRR S S - o W 75 kD2

cror I 27 10

Bax [ S S e 21 kDa

Bol-2 M S M e S e S 26 kDa

Coavel I 17 kD2
Caspase-3

Bractin DS S TS ——— 12 kD2

A B c D E

7 BEAS-2B 41/ GRP78/ATF6/CHOP 5 S BB E R KIAE K

Fig. 7

CHOP signaling pathway in BEAS-2B cells

Electrophoresis of protein expression of GRP78/ATF6/

4 itig
AS JE B CERREC WiIE Ve E R AL LR HE
B SR %O, I A A il AR T, (SRR R - i IE )
TR Z L MR AR, SPZP BT il
] 36 . T R[] 1 B30 2y, i B0 AF 9% 8 UF S AT R AR
A R AE K A0 A T R R 2 4 B
AN . A B S GE ok B SR A A R, 25 S R I
L A T 02 i 3 B | A0 A T R o R I AR 1T
Jon T B B s PN 5 R 30T BB = SPZP i 45 A TE
R PTG AS YOG EEAE A BB I AS B AR —
#: il ¢ GRP78/ATF6/CHOP {5 5 il % J& JT Ml 1 %

. 98 .

WE, 5 7E W SPZP B it AS #9453 F ML

SOE AR S HL R C R A B B A
S — 3 A BB B, HL 2 R o7 M L BE S W AS 19
T UE R R AT Eon , R AS U I KR
A K 2 4 L S B S 4 S L R B L B
G0 RGE 1B A0 AR 05 4 T IR 40 i TR] R O B
(1) 58 2% 1, 5 SO I8 57 o 3 3 1k T o £ o o R
T A5 AR NGB 15 & T R Jm 35 R i 5 R 3 R
B2 ARG b R A S P 5 N R S R A DDA G .
W 2 5 8 R T & 8 0 RS R S YRR, 2 4
L 07 38R IO P A O A TR 2 A R S EOR
HIT & WG, RIT &4 IRIT &R A K EE B, 4
)5 B R 3 B 8 S (UPR) LA E B F8 245 5 5 I 3
i 3R SRR L UPR G Hh AR P A5 5 5 M 2 i 1
55 R h A0 M R T R P2 O B 2 UE A
FE U, PN IO s R T R W L S M
PR i 2T 4 1 55 22 b I WL 2R G5 0 114 e (] 5 B AL
il ARBFIE B, AS KR4 20 B TE 45
W S RE R I3 1gB 583 Th e o A b Al
PN BT I I i s v e € 5 A R R T AN
EZ A S BEAS-2B 4 i £ BB S F 8 N R N
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bR FE P TR AS ASE 5 Y B A
GRP78/ATF6/CHOP il % 2 ] 45 PN Jox W iy 384 14
P T CHEE S . GRP78 A PN R M B4 25 Y
Bl AR i BRE T 5 ATF6 45 &, JHFF H 8
JEFE N ST TS N S5 R 98 & 2B I, GRPT8 B
M AR &R, R ATF6 B H B 2 &
IR BEAAR BT VIO L TE AL i BE A S AT B 3 b A
P4 T S K CHOP'™' . CHOP A Ky P 5 I )3 i 175
ST PAT A, AT o AR Bel-2 KRR KA
SEAfF A0 008 T2 8 1 Bel-2, B AR U T 1 Bax,
TR 385 1% 2R AR 8 12 &k 42 5 Caspase K L W, #¢
LAFE AT A ST R P Ah S 6 R
— 3 AR N S B, SPZP AT S AR AS K U 2H
LT F, T CHOP Bax 4 115, | Bel-2 3
ik, JF B3 il 2 400 AR 0 5 5T ) T 4G R S
W RN S SIE S, SPZP 5 25 1L 3% T T 98 GRP78 .,
ATF6,CHOP , Bax M cleaved Caspase-3 3 ik, I i
Bel-2 ik, FEARAIE [ R 240 M 08 1 2%, 00 o8 T )
WA E AN TS 1. RS SRR, SPZP Al 3d i
i GRP78/ATF6/CHOP {5 *5 i % b BF I8 |, Wkl 4%
PR I 17 A S B AT R A T, DA 2 HE Bt
ASTRYE o BEAEAFIE TR |, 2% 38 £F %5 I 4N it i
5 v 24y 5 5 2ok 0 P BT I N R i 2 21 4 i
PR SR Y 45 A B ENUE o — A AR T N
5 X80 37 98 0 S A 1 P P A R G 9 v B DG BREAE
i b AW ) | W], SPZP W dd i i 45
GRP78/ATF6/CHOP {55 5 i I , 41l il L1l b i 20 iy
b BE R T, R ACIE RIE  HE T 4% T T AS 1A
FH R 52 75 00 e DR 48 4 T 52 364K 4 5 388 S
o KR — R R H— U7 5
40 i )2 1 95 E T SPZP X GRP78/ATF6/CHOP 5 5
T 6 B A, SR I ER'S 38 % 4 S v 98 s ) s
00 590 2E A7 40 R S 0, Tk i — 20 B 2 B R
SRR SE N B R X SPZP & wEAT YR O b 5 G
PE A3 07 18 1 A A U 95 0208 B Y R0 2530
JiT s FL = RSS2 B0 AR F 5 — BEAS-2B 4 Jifd #k it
TFWF 5, JC 1 B LA P 22 40 i 28 B 5 2 B A 85
Jo SR EE X LA BN #b 78 ERS G B I R SE 5, 45
G I 2% 24 B2 RS I B R 7 398 5 O A0 0 P
gy TF AR Y A0 25 3050 5 2510 3h ) Sk ge ik —
A8 3% HAE IHLEIAR & | S iZ 5 07 10T & 4 it 57 1%
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