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Inhibition of TAK1 aggravates airway inflammation by increasing RIPK1 activity and

promoting macrophage death in a mouse model of toluene diisocyanate-induced asthma

YANG Shuluan, ZHAO Wenqu, PENG Xianru, LAN Zihan, HUANG Junwen, HAN Huishan, CHEN Ying, CAI Shaoxi, ZHAO Haijin
Laboratory of Chronic Airway Diseases, Department of Respiratory and Critical Care Medicine, Nanfang Hospital, Southern Medical
University, Guangzhou 510515, China

Abstract: Objective To explore the effect of transforming growth factor-g (TGF-{3)-activated kinase 1 (TAK1) on toluene
diisocyanate (TDI)-induced allergic airway inflammation in mice. Methods Thirty-two mice were randomly divided into AOO
group, AOO+5Z-7-Oxozeaenol group, TDI group, and TDI+5Z-7-Oxozeaenol group. Another 32 mice were randomly divided
into AOO group, TDI group, TDI+5Z-7-Oxozeaenol group, and TDI+5Z-7-Oxozeaenol +Necrostatin-1 group. TAK1 inhibitor
(5Z-7-Oxozeaenol, 5 mg/kg) and/or RIPK1 inhibitor (Necrostatin-1, 5 mg/kg) were used before each challenge. Airway
responsiveness, airway inflammation and airway remodeling were assessed after the treatments. We also examined the effect
of TDI-human serum albumin (TDI-HSA) conjugate combined with TAK1 inhibitor on the viability of mouse mononuclear
macrophages (RAW264.7) using CCK8 assay. The expressions of TAK1, mitogen-activated protein kinase (MAPK) and receptor
interacting serine/threonine protease 1 (RIPK1) signal pathway in the treated cells were detected with Western blotting. The
effects of RIPK1 inhibitor on the viability of RAW264.7 cells and airway inflammation of the mouse models of TDI-induced
asthma were evaluated. Results TAK1 inhibitor aggravated TDI-induced airway inflammation, airway hyper responsiveness
and airway remodeling in the mouse models (P<0.05). Treatment with TAK1 inhibitor significantly decreased the viability of
RAW264.7 cells, which was further decreased by co-treatment with TDI-HSA (P<0.05). TAK1 inhibitor significantly decreased
the level of TAK1 phosphorylation and activation of MAPK signal pathway induced by TDI-HSA (P<0.05). Co-treatment with
TAK1 inhibitor and TDI-HSA obviously increased the level of RIPK1 phosphorylation and caused persistent activation of
caspase 8 (P<0.05). RIPK1 inhibitor significantly inhibited
the reduction of cell viability caused by TAK1 inhibitor and
TDI-HSA (P<0.05) and alleviated the aggravation of airway
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Fig.1 Effects of TAKI antagonists on TAK1 and MAPK signaling pathway in mice with TDI-induced asthma.
Western blotting was used to detect the expressions of p-TAK1 (A), p-P38, p-ERK and p-JNK (B) in different group
with densitometric analysis of the blots for p-TAK1 (C), p-P38, p-ERK and p-JNK (D). *P<0.05 vs AOO, *P<0.05 vs

TDI (1=3).
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Fig.2 Inhibition of TAK1 exacerbates TDI-induced airway inflammation. A: Airway hyperresponsiveness assessed by RL. The
results are shown as percentage of baseline. B: Total serum IgE were measured by ELISA. C, D: Total (C) and differential (D)
inflammatory cells in BALF. Percentages of different inflammatory cells were calculated by counting a total of 200 cells in
HE-stained samples. E: Representative HE-stained and PAS stained lung sections in different groups (Original magnification: x
200). Semi-quantification of airway inflammation (F) and PAS staining (G) was performed. *P<0.05 vs AOO, "P<0.05 vs TDI. (n=4-6).
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Fig.3 TAKI inhibitor exacerbates airway inflammation and remodeling in mice after TDI exposure. A-C: Levels of 1L-4, IL-5
and IL-13 (A), IL-17A and IL-17 (B) in supernatants of cultured lymphocytes and IL-1@in BALF (C) measured by ELISA. D:
Representative Masson trichrome-stained lung sections showing collagen deposition in each group (x200). E: Semi-quantification
of Masson staining was performed using Image] software. *P<0.05 vs AOO, "P<0.05 vs TDI (n=4-6).
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Fig.5 Effects of TAKI antagonists on TAK1 and MAPK signaling pathway in RAW264.7 cells. A: Western
blots for p-P38, p-JNK, p-ERK and p-TAK1 in different groups. B: Densitometric analysis of the blots. *P<0.05
vs control; “P<0.05 vs TDI group with the treatment at the same time (n=3).

K, 1 TDI-HSA BEA TAK L #1657 , 78 2 hiist
RIPK 1 BRI KSFE - TH(P<0.05) , BEGFEAG ., SR fdiF
TDI-HSA 4|3 RAW264.7, Caspase 8 7£ 2 h i FLi% 1k
(P<0.05) , B Heas A , i TDI-HSA B2 TAK 1456
5, H: Caspase 8 1A B FH5 , LGS — 5 (P<
0.05), #F—li F RIPK 1 75 P304 57 Necrostatin-1,
W S 52 TDI-HSA B4 TAK kI35 R A ARMTE 11
) TR (P<0.05) , TG -5k TAK A1 7515 [ ) 4 At
TG 17K MR B B2 (P=0.48) .
2.8 4% A RIPK1 474 7] 7T vA &k 5 TAK1 475 ) 7] A2 64
TDI%%7% s R AE K R A F By mE

5 RS TAK L4500 %F DTG/ N AR B
A F RIPKL 356 P 400 i) 7] T i 2 <1 40T (P<0.05,
7)), AL TgB e B Btk B2 3 IL-4 IL-13 J¢
IL-17F 7K Rl < B E 3 (P<0.05)

3 itig

AHIFFE 1 YR K BRAE TDIRER AR J07f] TAK 1 37F
—B N T TDIEERG NI E 908 , HpLH ] e 51
HEFE EARE RIPK 1A AT A G, AWFTHGE,
FE/IN SRR 75 S A0 JEA I 4 AR v | BB TAK
AT DAREAIRIL-6 IL-33 [ 3RIA1, SHPA AU LY, fifi
A TAK T 25 Rl /0N BRI S RE FE A B RH S 20 P
T RIS R, A TR 4 WG 7 (9 4 5%k 3 P38
MAPK JNK ERK % MAPK {5 518 #% 7 TDI ik Al
H I S T AL, BELUT TNK AE I 8 0804 S0E RE S Y
TAK 1 7EA MAPK {5538 4L Je ks, PRLke , FRA47 T35
FELUTDI B /)N BRI 38 98 4 R B TAK L 41 1] 550 I ik
o ZEHEIL, TAK L IR SE ] L)L 4] TDL
S MAPK {5 58 B 1005 1k . SR, JEH A R 12
TAK 50 E0 33— 25 0 & 7 TDI R /N FURAGE 58



http://www.j-smu.com

J South Med Univ, 2022, 42(2): 181-189 - 187 -+

Full length caspase 8 [ — — —

M,

Cleaved caspase 8 p41/43 | 4 s a= b o= S e o gé §§§

Cleaved caspase 8 p18 - - — — = {15000
| EEE

RIPKI | : 55 000

GADPH [ = = == = = = = — —]35 000

—_
(=
(=]

=Caspase 8 p18/full length caspase 8
“p-RIPK1/RIPK1

(=) o]
(=] (=]

N
(=]
*

Rel.protein expression (n-fold)

—

0
Time (h)control 2 4 6 8

TDI-HSA - + + + + + + +

5Z-7-Oxozeaenol - - - - - +

6 TAKI1#P#IFIFTRAW264.7 RIPK | (5S8R HIEZNT

-2 4 6

8 2 4 6 8(h

(TDI 80 pg/mL)

(5Z-7-Oxozeaenol 500 nmol/L)

C 120
e
s 100
é *
2 80 4
2 *
2z 60
£ 40
>
§ 20
0
o o » . o
R I N N
(¢ o
o $0‘L %6‘\ 0‘0‘5 Qio%
AT o W
> 7" o o\XQO
Qo ™
417 < o™
)
5

Fig.6 Effects of TAK1 antagonists on RIPK1 signaling pathway in RAW264.7 cells. A: Western blot for caspase 8 and
p-RIPK1 in different groups. B: Densitometric analysis of the blots. *P<0.05 vs control, n=3; C: RAW264.7 viability
assessed by Cell Counting Kit-8. *P<0.05 vs control, “P<0.05 vs 5Z-7-Oxozeaenol+TDI, n=6.
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Fig.7 RIPK1 inhibitors alleviate aggravation of airway inflammation in TDI-exposed mice treated with TAK1 inhibitors. A-C:
Serum levels of IgE (A) and Th2-related cytokines (IL-4, IL-5 and IL-13) (B) and levels of Th17-related cytokines (IL-17A and
IL-17F) (C) in supernatants of cultured lymphocytes. D: Representative HE-stained and Masson-stained lung sections in
different groups (x200). Semi-quantification of airway inflammation (E) and Masson staining (F) was performed. *P<0.05 vs
AOQO, "P<0.05 vs TDI, 'P<0.05 vs TDI+ 5Z-7-Oxozeaenol, n=4-6.
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