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IL-37 downregulates ET-1 to alleviate PM, -induced airway hyperresponsiveness and airway remodeling
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(1.the First Department of Pulmonary and Critical Care Medicine, the Second Hospital of Hebei Medical University,
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[Abstract] Objective To investigate the protective effect of interleukin-37 (I1.-37) against fine particulate
matter (PM,;) -induced airway hyperresponsiveness (AHR) in mice and its relationship with endothelin-1 (ET-1).
Methods Wild-type (WT) and I1L.-37 transgenic (IL.-37tg) mice were used to establish four groups: wild-type
filtered air (WT-FA) , wild-type PM,; (WT-PM,,) , I1.-37 transgenic filtered air (IL-37tg-FA) , and IL-37
transgenic PM,; (1L-37tg-PM, ). The PM,; exposure groups were exposed by oronasal inhalation for 4 h/day for 90
days. Airway resistance (Rn) , respiratory system resistance (Rrs) , and respiratory system elastance (Ers) were

measured. Hematoxylin-eosin (HE) and Masson staining were performed to assess histopathological changes in lung
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tissue. Collagen area was semi-quantitatively analyzed by Masson staining, and airway wall thickness was quantified as
wall area/total basement membrane perimeter (W At/Pbm). Enzyme-linked immunosorbent assay (ELISA) was used
to measure endothelin-1 (ET-1) and transforming growth factor-g1 (TGF-81) levels in lung homogenates. Western
blotting was performed to detect the protein expression of TGF-#1, a-smooth muscle actin (a-SMA) , and Vimentin
in lung tissue. Results Compared with the WT-FA group, the WT-PM,; group showed increased Rn, Rrs, and
Ers (P<<0.05), aggravated pulmonary inflammation and collagen deposition, and elevated collagen area percentage,
WAt/Pbm, ET-1, and TGF-B1 levels (all P<<0.01). These indicators were all reduced in the 1L-37tg-PM,; group
compared with the WT-PM,; group (P<C0.01). The expression of TGF-81, «-SMA, and Vimentin in the WT-PM,;

group was upregulated compared with the WT-FA group (P<C0.05), whereas it was decreased in the 1L.-37tg-PM, ;

group compared with the WT-PM,; group (P<Z0.05). Conclusion

1L.-37 overexpression reduces ET-1 levels and

downregulates proteins related to the TGF- B1/Smad pathway, thereby alleviating PM,;-induced airway

hyperresponsiveness and airway remodeling.
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Figure 1 Animal grouping and exposure protocol
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Table 1 Comparison of pulmonary function parameters of mice among the groups
(n=6,7=%s)
Rn(cmH,O+s/ml.)
gl SRR LR BCR VR E ZBE BRI LR B LW B VR T RO R
0g/L 3.125 g/L. 6.250 g/1. J#12.500 g/L 25.000 g/1. 50.000 g/1.
WT-FA 0.29+0.09 0.34+0.11 0.42+0.19 0.50+0.22 0.54+0.24 0.66+0.28
IL-37tg-FA 4 0.25£0.04 0.32+0.07 0.29+0.15 0.46+0.13 0.49+0.14 0.53+0.21
WT-PM2.54 0.28+0.02 0.36--0.03 0.41+0.05 0.73+0.30 1.094-0.15% 1.4740.20°
IL.-37tg-PM2.5 4 0.34+0.07 0.41+0.10 0.47+0.12 0.60+0.15 0.75+0.10% 1.0340.30°
Fa 2.144 1.471 1.927 1.925 16.414 16.590
P 0.126 0.253 0.158 0.158 <0.001 <0.001
Rrs(cmH,0+s/mL)
41 CWEW B R W BT IRBOECR W SR IHBOOR HE CBE IR R S IR R R o P IR Rk
B 0g/L 3.125 g/L 6.250 g/L. 12.500 g/L 25.000 g/1. 50.000 g/1.
WT-FAZ 0.5440.05 0.59+0.07 0.6740.20 0.7840.16 0.824-0.20 0.9540.19
IL-37tg-FA 4 0.54+0.04 0.64+0.09 0.690.13 0.89+0.25 0.93+0.26 0.94+0.22
WT-PM2.54 0.55+0.06 0.70+0.07 0.85+0.10 1.6840.71" 2.2140.65° 3.2940.59°
IL-37tg-PM2.5 4 0.55+0.07 0.64+0.06 0.83+0.23 1.0540.29 1.1740.37° 1.654-0.61"
Fii 0.117 1.812 1.777 5.749 14.488 36.699
P 0.949 0.177 0.184 0.005 <0.001 <0.001
Ers(cmH,0/mL)
4151 SN RRBR L HWe  CBEH IR BOOR W LB G R R E SR IR W LB RO R £k YRR B K e
JE0g/L 3.125 g/L 6.250 g/L. 12.500 g/L. 25.000 g/1. 50.000 g/1.
WT-FA4 19.99+2.55 20.494-2.58 20.834-2.62 21.8041.86 23.224-2.96 27.844-4.07
IL.-37tg-FA 41 20.694-1.12 22.454-1.93 22.6641.69 23.824-3.63 24.714-3.32 26.634-3.90
WT-PM2.54 21.2541.51 21.8141.84 26.884-3.36" 31.0245.91° 45.3045.46" 68.624-3.98"
IL-37tg-PM2.5 2 21.86+1.52 23.05+1.79 25.25+1.80 27.59+2.13 31.77+4.637 38.88+7.95%
FAi 1.242 1.701 7.130 7.144 34.299 82.679
PAi 0.321 0.199 0.002 0.002 <0.001 <0.001
PE<C0.055 WT-FA4L L “PIEH<C0.055 WT-PM2. 54 Lb# (LSD-2#: %)
2.2 IL-37 ¥ 7 PM2.5 i 5 09 ili 2 20 5 B #5815 1 it [ Joi m] LR i B R TR, 11L-37tg-PM 2. 5 41 i

EQt R, WT-FA4 5 IL-37tg-FA @ ili g
S5 K6 T O AL R, SRR R FELOR DL I AR P A R

1] 5 WT-PM2. 5 41 il {0 BE 8 J= |
Vil it 90 J P AT L 4

Jii 0 45 FA) B IR
B, SO Rl i T

AL R LA R 40 R 7 40 S T Y 48 4

JeL 3 5

PM2.5 W% (F2).,

Masson %

IL-37tg-PM2. 5 41 I i 5 L4t 73 38 WT -
e R, WT-

FA 21 A AE S U8 BE R il 18] 5 AT D/ i 40 Jie Dt 21

AT, WT-PM2.5%4 %5 &

BESMJRE | A RE K]

JE UL LB WT-PM2. 5 410 />, 1L-37tg-FA 44 5

WT-FA4LAML (F 3.

4 24 il 2H 21

i B DT

WAL/Pbm K JiE 5 A 73 25 7 8 A g il v &

X () P<0.0D):
BFWT-FA4l (¥JP<0.0D),
Piag WT-PM2. 5 4l [ AR (¥ P<<0.01),

WT-PM2. 541 F iR 33548 45 15
IL-37tg-PM2. 541

IL-371g-

FA4 S5 WT-FAHZERH LG IT¥#E L (¥ P>

0.05), W32,
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Figure 2 Representative HE staining of lung tissue of mice in each group (X100)
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Table 2 Comparison of lung histopathological injury
scores, bronchial wall thickness, and collagen fiber area of

mice among the groups

(n=6,7+s)
i WP WAt/Pbm JBE S5 2T 4 i
an (pm?/pm) D
WT-FA4 0.674+0.52 13.80+4.11 5.59+0.58
1L-37tg-FA 41 0.674+0.52 12.10£0.74 5.44+0.79
WT-PM2.54 9.00£1.41" 28.60£1.35" 24.9445.00
1L-37tg-PM2.52 4.834+0.75"  18.66+1.34" 15.324+2.10°
F1y 123.208 62.735 68.297
Py <0.001 <<0.001 <0.001

PE<C0.055 WT-FAA L& “P{i<<0.055 WT-PM2.541 It
B CLSD-# 560 .

2.3 IL-37BEMLPM2.5% S ET-1 1 TGF-Bl &

Fik
2.3.1 ELISAZ &K 44HMHA K BET-1

M TGF-BLAKF I ZRHA G T FE L (¥ P<
0.001), WT-PM2. 541 ET-1. TGF-81 /K¥#& F
WT-FAH, ZRA%5%1H7#E L (B P<0.0D);
1L-37tg-PM2. 541 ik T WT-PM2.541, 2% A4
e Y (B P<0.01); IL-37tg-FA 45 WT-
FAH W ERB TG I ¥ E L (B P>0.05,
L2 3.

-

WT-FA IL-37tg-FA

B3 &H/RAEL Masson £ (x200)

®3 HFHANMRMARILK/ET-1MTGF-P1KFILE
Table 3 Comparison of ET-1 and TGF-p1 levels in lung
tissue homogenates of mice among the groups
(n=6,7=%s,ng/L)

4151 ET-1 TGF-p1
WT-FA#H 1.38+0.40 123.93412.02
1L-37tg-FA #H 1.20740.32 116.9410.80
WT-PM2.5% 2.6140.29% 455.54+48.11"
IL-37tg-PM2.5 4 1.54+0.207 286.11437.27°

FAH 24.559 155.503

P1H <0.001 <0.001

‘PIEH<<0.055 WT-FA4L L4 “P{H<<0.055 WT-PM2.541 It
B (LSD-145 5

2.3.2 ET-1#4Ed gz il fgdl g
YR, WT-FA SRS LR A0 0L ore
RO PES (A, WT-PM2. 520 3524 b f 4 il
e 08 0 it [R] 3T AT D K o A B BH PR 3R 55 TL-371g-
PM2.5 4 F ¥ & € m AU WT-PM2. 5 4 il /b
IL-37tg-FA 1 5 WT-FA M ik (& 4) ., 44
ET-1 AL ¥ R EFARITFE
X (P<<0.001): WT-PM2.54 %/ F WT-FA 4,
IL.-37tg-PM2. 5 4K F WT-PM2.5 4, 25 H %
e L (P<<0.05), IL-37tg-FA 45 WT-FA
HEF G FE X (P>0.05), WHF4.

WI-PM2. 5

Figure 3 Representative Masson staining of lung tissue of mice in each group (X200)

2.4 1L-37 # 4l PM2.5 1% 5 () <38 & 9 A 6 E
Z% ik Western blot M & 7~ , 4 ZH Jili 4H 41 TGF-
Bl. p-Smad3. «-SMA K Vimentin & H 3% ik K

i 25 WA I%E X (¥ P<0.00D,
t-Smad3 Rk KFE LB EZ R LHITHE X (P>
0.05) . WT-PM2.5 41 TGF- gl. p-Smad3,
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Figure 4 Immunohistochemical expression of ET-1 in lung tissue of mice in each group (X200)

x4 FBENBRRHARETA REALTHILR

Table 4 Comparison of ET-1 immunohistochemical

scores in lung tissue of mice among the groups

(n=6,7+s)

gl ET-1%ik
WT-FA 4 13.49+1.26
IL-37tg-FA4H 13.54+1.81
WT-PM2.541 29.674+3.15"
IL-37tg-PM2.5 24 18.8041.497

F{d 81.687

P{E <0.001

"PAH<C0.055 WT-FAA IL# “P{H<0.055 WT-PM2.5 4 [¥
B (LSD-t4 5

«-SMA 2 Vimentin £ ik ¥ & T WT-FA 4 (1
P<<0.05), IL-37tg-PM2.5 4 ¥ % WT-PM2. 54
BEAR (¥ P<<0.05), IL-37tg-FA 415 WT-FA 4]
ZRHILTHRITFE L (¥ P>0.05. WK
5. %5,

PM2.5 B4R = T8 # HAR<2. 5 ym W & 77
BOkL, EZORE T TRk . Hlsh R M a
KROBHRbE o DICRLAR /)y, PM2. 5 a] B IR I A
i IF IR, R R R . 2T R R
J S AT LA T A S IO R S IR BT, A
SO BRI K R v R R R T |k

1 2 3 4

TGF-p1 | Wl G S e— | 44 000

‘““-~|54000

Vimentin

a=SMA | — ---|42 000

p-Smad3 |- — e -l 58 000

t-Smad3 | NS S Se— -l 58 000

Tubulin

-~-—|5500

B5 SHANRIALTGF-B1/SmadiBiE RS EEBHEX
EBRIE

1. WT-FA 4 ;2. IL-37tg-FA 41 ;3. WT-PM2.5 4] ;4. IL-
37tg-PM2. 541 ; Tubulin § H & HE H

Figure 5 Expression of TGF-f1/Smad pathway proteins
and airway remodeling-related proteins in lung tissue of
mice in each group

SIEBEI R | BRI UTAR O LG AR S A5 A Tk
AR, e S BUUIE ORI RUIE S N B K
Az T HT PM2. 5 A Gl A 3 14 43 TR 45
AN e, T AR OCHE T BUR SR I R BT R
AEERE L AUFEEIREY, PM2.5 R fE
W B ET-1 LR TGF-pLAY Rk, dEiifk
T g SLNE B R A B 5 TL-37 i 3R
BAEBE ET-17KF F 8 . TGF-B1/Smad {5 5 8 ##
T A9 A R AR «-SMA | Vimentin %5 5 % b5 &
VIR, AR T PM2.5 T8 a0

F5 HBEANBREARTGF-B1/SmadBE R SESTLEHEXEORIELER

Table 5 Comparison of TGF-B1/Smad pathway proteins and airway remodeling-related protein expression in lung tissue

of mice among the groups

(n=6,7=+s)

21 51 TGF-p1 Vimentin a-SMA p-Smad3 t-Smad3
WT-FA# 1 1 1 1 1
IL-37tg-FA 4] 0.984-0.05 1.0140.08 1.007=0.04 1.0340.07 1.0340.10
WT-PM2.54 3.024-0.32" 4.024-0.14" 3.6474-0.43" 3.87+0.47 1.0640.14
IL-37tg-PM2.5 4 1.5740.147 1.9540.097 1.6140.227 1.7940.18 1.0640.08

FH 90.435 704.065 79.845 85.490 0.250

P{H <0.001 <0.001 <0.001 <0.001 0.860

PAE<<0.055 WT-FAH ILHE “PE<<0.055 WT-PM2. 54 L4 (LSD-r & 3)
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PM2. 515 5 <18 & ¥ 19 o7 F HLHI I & 2 & A5
PSR RS IRIE PM2. 538 A
p38 % ZL R 3G 4k H % B  (mitogen-activated
protein kinase, MAPK) /# B F - kB (nuclear
factor-kB, NF-kB) i F il 25 B W /)N BLUASE 598,
X4 1 F8 Y TGF-B1/Smad il 4 300 2 5K 3 <
HIE R0 I . AR BESE T PM2. 5 B 58 41/ B
Rn. Rrs & Ers ¥ bR, il 20 229 345 405 9F 43 36 Jn
HE % (& n] UL filf 960 25 44 i 38 £ 28 M 40 i 3= 0
Masson e 475 32 S48 BE G R RO R LR . 1 ik 2
RO B A FR I BT PM2. 51 %R
T RN M R, ET-1 i A0E A # A4S N
A, it N R A/BRIZ K (endothelin A/B
receptor, ETA/ETB) /v 3Nl ZE, JFE0E
TGF-B1/Smad i #% 2 5 47 44k > %', PM2.5 7]
A A RS SR ET-1 40 W O, AR HFSE PM2. 5
BREAMHLN KW ET-1 XTI TGF-p1 K F
AT, e AR B8 ET-1 78 3058 b Rz 4
b kB oR, 5 ORI — 2 A,
ET-1%&1k 5 PM2. 5% S 00 B B0 B U0 AH %

ARWFIER ] PM2. 5 45 & £ R 40, 55 W)
PM2. 5 ¥ JiE W5 U] 45 5 Sk 226~994 pg/m?, ¥ i
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T S I R S P A DL R DA ) S 2 R 1 R R 43
7, 3% — S W AE PM2. 5 il 5 45 A 5 v B A A &
F 0 R, ARBFFE AN S T Masson G 0 i S i £
e B 43 HT WAL/ Pbm b o £ 8 R JRE B O, A
JRE Vit 350 AR i R A R R B R 4 R SL T
11-37 X} 3H Y s R

IL-37 J& IL-1 40 [ ¥ e i i ot . HoA T
TP R RN G BE PR AR, TIL-37 5 IL-18 3%
& o« (IL-18 receptor a«, IL-18Ra) %5 & J5 1 55
IL-1%{K 8 (IL-1 receptor 8, IL-1R8, X Fi
BEER R MM 4 M A LM O 2 iR
immunoglobulin IL.-1-related receptor, SIGIRR)
e Z R E AW, Mifil MAPK ., NF-kB % {2 % i
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B Ah . A 5T i Masson 3t {4 2 & & 4 B UE 52

single

1L-37tg-PM2. 5 41 & J5t 0 AR 1 AR i 2 1 W 35 AR T
WT-PM2. 540, WAt/Pbm 54k 45 BE J5 1 I8 i 3%
TR, 2D e R S T IL-37 X E
FY B 3% 2500 . Huang %6 7 BIF 98 I 52 11-37 1] 4101 i
TGF-B1 5 51 1 LN i 38 5 A b Bz — (8] 58 3
fb . Feng %5 W /R 1L-37 & H 40 8 i+
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TIL-37 XA EFE W T HAEH, A5 7E 5L i
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PM2.5 % f AU R ZERE & RN, b
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P BARMIE, WUSEE 44 jE bR &Y «-SMA 1 T
[ N W 1= A = 11N = L S 1050 i ol 7
Vimentin [ /55 26 35 W w5 7R b R AT R & A4E T 1
Bz — I8 36 3 5 Ak, 2 A 8 IR s 55 R A RS fig
Bewr oo fH 8 E M JE, 4 4l 2 Smad
3 (1-Smad3) FEHERLXELEZRF LR ITFE X (P=
0.86), FH PM2.5 325l i 5 F Smad3 1 B2 {b
A, AR SO B A BUOR OIS I B . X —
45 5 BEAE 56 T TGF-B1/Smad 5 5 5% 5 LA # iR 1k
A% U A S RN AR L AR Ay AL E
i, ET-15 TGF-B1 2 [8] 47 75 A 42 3k i 1F 52 15t
X F o ET-1 1 #3% TGF-B1/Smad il i 3 L
«-SMA Fl Vimentin, 1fi Ft & i TGF-B1 X 2= #ill #%
ET-18 0, T A A 3B WS EIE R > 7 A B
FE R, IL-37 2k RIKFEBE ET-1 KR BEAL, %
A5 TGF-B1/Smad il 1% 1 76 F2 B 09 T B 2 2% A1
X, 5% Fif p-Smad3. «-SMA Fl Vimentin [
G . e, X — MU R AL T LR
A5 IR T IR VLR, NI AE D) e 5 45 4 3UE
e B T PM2. 5SS AUE | RN . WAL/
Pbm 7 5 45 H I8 i 78 3205 RE JRE B 3 A 1L -37 3o
FRE BEWR, NIL-37 4933 b a5
AE 58 B M B AIL TR A 2 K -

B W F 28 © UF 52 1L-37 X PM2. 5 5,38 35t 15 B
B LI ER . Wang 45 PV 78 I8 5 B /)
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