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Pirfenidone and nintedanib inhibit the lung alveolar regeneration in
chronic pulmonary fibrosis mouse
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Abstract: The aim of this study was to determine whether the anti-fibrotic effects of pirfenidone (Pirf) and
nintedanib (Nint) associated with the regulation of the alveolar epithelial type 2 cell (AEC I1)-mediated lung alveolar
regeneration in single- and multiple-dosage animal models of bleomycin-induced pulmonary fibrosis. All proce-
dures involving animal treatment were approved according to the Committee on the Ethics of Animal Experiments
of the Institute of Materia Medica, Chinese Academy of Medical Sciences. We found that the Pirf and Nint treat-
ment of mice decreased the lung weight index, inflammation level, and the content of hydroxyproline compared
with nontreated fibrotic mice in the single dosage model. Also, Pirf and Nint increased the oxygen saturation level
and improved the lung functions in fibrotic mice, indicating that both drugs have anti-fibrotic effects in this model.
However, the anti-fibrotic effects of Pirf and Nint were not observed in the multiple-dosage model. Further studies
showed that Pirf and Nint decreased the expression of S-catenin, Axin2, c-Myc, Cyclin D1, and inhibited the Wnt/
[ -catenin signaling pathway, suggesting that Pirf and Nint did not produce anti-fibrotic effects in the multiple-
dosage model due to their inhibiting the Wnt/g-catenin pathway and suppressing the stemness of AEC |1, namely,
suppressing AEC Il-mediated lung alveolar regeneration.
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Figure 1 Pirfenidone (Pirf) or nintedanib (Nint) attenuates lung fibrosis in single dosage of bleomycin (sBLM) group. A: Schematic diagram

of modeling and drug-delivering in the SBLM mice model. After 10 days of administration of a single dosage of bleomycin (3 U-kg?), the

mice were treated with Pirf (2 mg-kg?) or Nint (1 mg-kg*) for 10 days. Masson staining (B), lung index (C), SpO, level (D), lung function

(E), inflammatory score, and hydroxyproline (F) were evaluated at 21 days after bleomycin-challenged. “P<0.01 vs sham group; #P<0.05,

£4pP<0.01 vs PBS-treated group. IC: Inspiratory capacity; Crs: Compliance of the respiratory system

N5 it v, T 2B R 96 1) Wint/B-catenin 45 538 4% 1) 25 11K
AR S5 REEK B, Bk 24 h 4k, TGF-A1 Hil 5 1Y) A549
I AL P B-catenin & (AR IE 2 FTHEH, LRI
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OB b B 20 B e e RO AR S R YK
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AR X 35k, 1% P i 0 A 45 7 0 A ) P A A2 B T e,
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Figure 2 Pirf or Nint shows limited anti-fibrosis effects in multiple dosages of bleomycin (mBLM) group. A: Schematic diagram of modeling

and drug-delivery in the mBLM mice model. Mice were intratracheally instilled bleomycin (1 U-kg) every two weeks for a total of 6 times.

The mice were treated with Pirf (2 mg-kg?) or Nint (1 mg-kg?) 30 days after completing the last administration. Masson staining (B), lung

index (C), SpO, level (D), lung function (E), inflammatory score, and hydroxyproline (F) were evaluated at 30 days after drug-delivering.

"P<0.01 vs sham group

Figure 3  Pirf or Nint inhibits the stemness of AEC Il cell. Mouse AEC Il cells were cultured in 50% Matrigel with fibroblasts, the
exchange medium contained Pirf (1 mmol-L™) or Nint (1 umol-L?), the cells were cultured for 30 days. Spheres images were collected with

amicroscope (A), and the colony area (B) and colony forming efficiency (C.F.E, C) were calculated. ##P<0.01 vs PBS group

SBLM HH AR A 0 22 3] b iz 48 B 1 38 2E T £E mBLM 4]
A S AEC 4R A S . mBLM 5 sBLM
Hh bR T IR S 22 e, T BB R LI £ 4 A 259
TEA R FEITAAEZ R ) — DN EEE R Fxt
bt T sBLM #5528, mBLM #5828 B8 A1 3 4 7t il 47 4 44 24
oIk o

i R AR 23 B N B AEC 14T, 76 5 /8 R 2T 4
411 H Mg 20 i 3t 47 3D 4L 1% 7% J AT LR B, Pirf A1 Nint
I RE % 22 30 /N BAEC 14 A R 3k 1 2 R LA B B
B XA R R, Pirf AT Nint B8 5% #10H] AEC 11 480 g

MFPE. AEC I 20 i B A 140 B e 1, 45047 )5 e
H 3 B LR AEC T 418 sBLM 5 mBLM
PSR AL b RS B W) 22 5, mBLM A
H AEC 140 A 5 5 38 4, AT BE /2 AEC L4 4 F5 1
S L 1) RE ) B A, BRI B, 440 BT i J T o T Pirf AT
Nint 3 — 2 301 7 AEC 11 40 i T PE 45 55, 48 AEC 1
REME R A T B

B — 2 W 8 B ok, Pirf A1 Nint 7] DL 1] Wnt/g-
catenin 15 5 1@ %, GSEA 4% 4> 1 th [ & & I, Pirf
Al Nint t2 A 411 1] Wnt/g-catenin {5 5 38 B 1 .
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Figure 4 Pirf or Nint inhibits Wnt/s-catenin pathway. A549 cells were incubated with TGF-41 (10 ng-mL), with or without Pirf (1 mmol-L?)
for 48 h. The expression of f-catenin, Axin2, c-Myc, and Cyclin D1 were analyzed with Western blotting (A, B). The relationship between
Pirf treatment and Wnt/g-catenin pathway was evaluated with GSEA analysis (E). A549 cells were incubated with TGF-A1 (10 ng-mL™),
with or without Nint (1 umol-L™) for 48 h. The expression of s-catenin, Axin2, c-Myc, and Cyclin D1 were analyzed with Western blotting

(C, D). The relationship between Nint treatment and Wnt/f-catenin pathway was evaluated with GSEA analysis (F)

Figure 5 Schematic diagram of the difference between Pirf or
Nint treatment in sSBLM or mBLM animal model. After sBLM
injury, the lung still has the ability to regenerate, but after mBLM
injuries, the lung loses the ability to regenerate. Pirf or Nint not
only has anti-fibrotic effects but also inhibits the lung regeneration
ability

Nabhan %581 % Hil Wnt/g-catenin 15 5 il % /& AEC I 47
{5 441 i 3 R 1 DG B, B Axin2 BH M 1) AEC 11 41 i
Wt {5 5 38 6 5 IR, 25 FF Wint Sl 85 (1) 7 41 Bl 43 2 1k
N AEC |, 1fi 52 51 i) AEC 11 7] DL E O30S Wt {5 5l
S 15T 20 M 8 22 B A8 0K (1 AEC NH4E R B & T
ST T B 2 FE Wnt A5 538 2 T DA I 34k, 490 ) D042
HEAEC I 734k . A B 5T & L, Pirf #1 Nint 7] F£ 1K -
catenin. Axin2.c-Myc.Cyclin D1 ) 5 [ £, i iX 4 fif
EAS AEC N1 THEZ DI, B4R Pirf 5 Nint
(1) 70 il 25 4 Ak AL 10 AS 7], {5 P4 3 350 0T R 2 ad o 40 i)
Whnt/B-catenin i@ % K 5200 | AEC 1401t . AUtk
5 IPF A o F5 i A8 B 55 0 9 B8 1) AEC 114 Jif 5 fe
AT IE 5 T4 M Th BE A2 IPF 597 P RO S s . X ]
RE 2 Pirf A Nint 42 A8 A 77 % 21 v B2 10 i £ 44k B3 1

AT R B, Pirf A1 Nint B R 254 7E sSBLM.mBLM
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