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Surufatinib attenuates radiation-induced pulmonary fibrosis in mice via suppression of
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Abstract: Background Radiation-induced lung injury represents the most critical dose-limiting toxicity in radiotherapy for
thoracic malignancies. As a late-stage adverse effect, radiation-induced lung fibrosis currently lacks effective treatment options.
Objective To investigate the therapeutic effects of surufatinib on radiation-induced lung fibrosis and the underlying mechanisms.
Methods Ten 6-8-week-old male C57BL/6 mice were randomly divided into control group and treatment group, with 5 mice in
each group. The treatment group received surufatinib (dosage: 20 mg/kg; concentration: 4 mg/mL) via oral gavage for 4 weeks,
while the control group was administered an equivalent volume of saline using the same method. The toxicity of surufatinib was
evaluated through H&E staining of tissues and serum biochemical analyses, including creatinine (CRE), blood urea nitrogen (BUN),
alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), and creatine kinase-MB (CK-
MB). Thirty 6-8 week-old male specific pathogen free-grade C57BL/6 mice were randomly divided into normal control group,
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irradiation group, and irradiation + surufatinib group. A mouse model of radiation-induced lung fibrosis was established with
thoracic y radiation at a single dose of 20 Gy. Irradiation + surufatinib group mice received surufatinib via oral gavage (20 mg/kg/day
for 4 consecutive weeks; concentration: 4 mg/mL) starting at week 8 post-irradiation. At 12 weeks after irradiation, the degree of
lung fibrosis was evaluated using lung coefficient, H&E staining and Masson staining, and the expression levels of a-SMA and
collagen I were detected using immunohistochemical staining. Total proteins were extracted from lung tissues, and the expression
levels of Arg-1 and YM-1 were detected by Western blot. In vitro experiments, RAW264.7 cells and BMDMs were treated with
surufatinib after the administration of IL-4 and IL-10. The expression levels of Arg-1 and YM-1 were determine by Western blot.
Results In vivo experiments, no signs of toxicity were observed in mice treated with surufatinib according to histological analysis
and biochemistry test. Histopathological analysis (H&E staining, Masson staining, and immunohistochemical staining) demonstrated
that at 12 weeks post-irradiation, the irradiation group exhibited substantial collagen fiber deposition in lung tissues, accompanied by
elevated lung index, a-SMA, and Collagen I expression. These pathological alterations were significantly ameliorated in the
irradiation + surufatinib group (P<<0.001). The expression levels of Arg-1 and YM-1 were down-regulated in the irradiation +
surufatinib group (P<<0.05). The CCK-8 assay results indicated that both types of macrophages exhibited a decrease in cell viability
at a concentration of 4 uM. Experiments in vitro further confirmed that surufatinib inhibited the M2 polarization of macrophages
induced by IL-4 and IL-10. Conclusion
inhibiting the polarization of macrophages to the M2 phenotype.

Surufatinib has a therapeutic effect on radiation-induced lung fibrosis in mice by
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Fig. 1 Effects of surufatinib administration on the vital organs of mice
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Fig.2 Changes in skin, body weight, and lung coefficient of mice in different treatment groups



244 R EE2ERE A Acad J Chin PLA Med Sch Mar 2025, 46 (3) https://xuebao.301hospital.com.cn

® HEJ: {5 Masson#j {6, © B Uk 2E e

a-SMA (100x)

n S LW ?
ransn
]

FAL I

73
H

PN

s

i

D38 ® 40 ()81 P<0.001 P<0.001 - L
P<0.001 P<0.001

of £=20L p<o001 ¥ 20l EEEWL pepom 6 ,?:ﬁ fiﬂé
"  P<0.001 3 ——— P<0.001 . - R 4254
B s R
Z = e
s 4t = 200 =4
< i =

2+ = 10} 2

0 0 0

XA el BEGHE XPRRAL Al U a-SMA Collagen

MUl Si2hi WAL Zh25H
A : HE % 7,(100x 1 400x) ; B : Masson % {4.(100x 1 400x) ; C : 578 41 414k 2 e (K51 a-SMA il Collagen I(100x , #5 L 0.2 mm ;400 , F5
0.05 mm); D: fli£F4EAL Asheroft 7430455 s E : Masson e (8 i Ak /0BT 45 L s F : a-SMA Fll Collagen TBHETAIFH .
3 FEEENRREBRBERRITES

Fig.3 Pathological staining results and scoring of mice in different treatment groups

o R o 4 A P<0.05 EBMDM
® ML SN MG S 254 ®\00 FE0.05 i R
YM-1 0 - e e . 44KU g
R
Arg-1 et 1 L ESO
— 8

rubulin - D - U

0 0051 2 4 8 163264128

0051 2 4 8 163264128

2y 1L

0.8 mxtUiZl mmoAiNAAl SR 4 Z5A 2 (pmoV/L)

BMDMs RAW264.7
i 06F PS00pogos  rP<0.0s Suniinih - - + TR
X [L-4+IL-10 - + + - % %
*ﬁm YM-1 T = W s v
=< r _
Z Al W s e sw
Rl -
B 02+ B-tubulin s s s - - - 55U

A: KRR EE SU X BMDMs 4t ff il RAW264.7 4 il ) A5200 ;. B
0.0

Arg-1 YM-1 ANFAL P BMDMs . RAW264.7 45 ARG-1 A1 YM-1 [ 2 (£ 1k

A: Western blotZ55%; B: ARG-1. YM-1ZEEA A HTEES5E .

4 AERIBANRIEL Arg-1 and YM-1 FRIE
Fig. 4 Protein expression levels of Arg-1 and YM-1 in the lung

tissue of mice in different treatment groups

Ko
B 5 SUTEHEMAH ARG-1H0 YM-1KE HRiXKE
Fig. 5 Surufatinib downregulates the protein expression levels of

Arg-1 and YM-1 in macrophages



R TR A R 2 B AR

Acad J Chin PLA Med Sch Mar 2025, 46 (3)

https://xuebao.301hospital.com.cn 245

FUHLRRAR, X 2B SU BB WS I /D 41 g S0 3L B LA
HA — @ P A E R . SU B2 2t JoA a5
e /N R R A 2 i — 2B B0 0E, FRATIEE R
B SU AT LIAE Ai6YT RILF B TEZ59)

RILF BYFFAE = B2 IR 21 4k 13 BE TR, 3
A0 p AL S TV, 1 U 2 4 A
YIReRets . HRA o Ml 42 1) S5 P A4 2T 4 440 it v]
AR UL A2 AL, JULRSCET 2k 448 AT 53 D0 4
ANIETT, 5 ALY LR ZT 4 40 i A7 B 1 i £F 41k 1
TE R, BT A M AR bR AR S a-SMA ik T
1= FBE R =) Collagen Iid FEUTA . FEARWFFEH,
HESRH /N U ZH 2 a-SMA 263k 2 5 FUIE S5 4
Collagen 175 B E T, 44 SURITIE TR, X
PEIR SU REIN il 45 5 5 | e ) T A A G £k, BRI
a-SMA FiE J5 =4 Collagen 13634, Mk 20 fili 20
BUP R IRLF DU, IR ET A R

5 40 16 A il 21 24 Ak 2o A b 0y Y T A
GO DR T 5 4T P R G R 4 3 [ R R il
P05 B 16 B SR WU 3 AR R I . EL
MR T R E RN 1) R BN, fEHBURE .
YR SRS A S i 5 AR Y, 1
RILI i & & Rt R v, R [RIA A2 1) I 4
L ELA AN ] G A 2 50y - 2 BILRETS B ML R
20 A2 0 S S VT, AR R A RE 8 405 v o S
£ 1 M2 B4 E WA A 2R EAE A, 78 RILIIG
LRG3 ST RS e o Ve i NS R TSl s e A 1)
K. A ST 2 W I 2T 2 Ak g 2 i v v kv b
CSF-1Fh,  FF 38 5 w41 i F1 s 1 k4 i = 5 41
AL TE L, WF9E & L, CSF-17EMtLTdifb i
PR R IE T, XA dEfba (R E T . e fsE
FHRB TR AL CSF1/INERUR RO 8
/N R EF AR FE D 2. Zhao 5P 9 & BRAE
Mg /N BUS AL, M2 Y I 4 i 2 5 i 2T 4
JE R, - ELAHE ] CSE-1R 1] 300 6 3 i o 1 v 400 i
REAE NI LT 4 ik & ' . Zhou Z5PIF5E T IL-34 38
1 CSF-1R J8 75 A Jili Ji 21 24 41 it 412 32F 98 e A 2 IL-6
FIIL-8 By 430, i CSF-1R B3 REHT AR I A R AR
AT 2 20 A AR R A T, — 2B WL 1 B 3
MAPK , PI3K-Akt, JAK. NK-kB#479497. Joshi
SECOVRIRGE T ili 21 4 A A A 5T b S 20 AT A 1) il
V8L W 2 i <% 3] CSF-1/CSF-1R {5 S8 B4, 78
AR ST AN RS fifF CSF-1 B
BB s 4 77 PLX3397 BHLIET CSF-1/CSF-1R {5 5
A S Lol /> LA A Ak ) Bl 9 A L T

VAR ET 4EAl . Zhang ZEPFSE W, FE RILI A
W, MR FanIL-4, IL-13 2t E
WA R AL B M2 B S A i, S 3 am i A i
JE IR, B P ECLF AL A B AE . M2
Y 20 A RILL v 06 309 m ] L 7 JUL S £F 24 40 i
G, 383 TGF-B/Smad i 1215 5 % Wi iR b T I
HAEAL, fedk RILF Ry . [RlEF, il CSF-1/
CSF-1R BEE 8 /> M2 1Y 5 I 20 B (4320, 1 fifi 241
U BLAT AR R A W A0 e 3 B g ARk, 4R
7 CSF-1/CSF-1R 3l % %} M1 % [ 105 40 it 7% A BH 5
PHEERM, el W, THFEE WA, LR
M2 RS WA, TR Al 2T 4R AR50 wFoE & 3
TG IT R RV A 4E AR R 25 ) JE. 38 Je A [ A B 6% 38
i ¥ ) CSF-1R BHE/EH, $27R CSF-1/CSF-1R J&
IRITIBET AEAL I RSP, B2, CSF-1 /&1
5 L A0 i oy AL R 5 1 T, i A CSF-
1/CSF-1R i 38 1 5 ) 5 W 4 B A £k, a2 it £F
Ak, J&RILF PREFEIRIT R AL TEATFSRAR Y 52
¥rh, SUAE A—Ff CSF-1/CSF-1R M &l T
PA T RS E /DN U ZH 2 M2 1 I 4 AR DG A i
Yo TEARSN LS, FRATHI IL-4 + IL-10 AL Y)
U E RN ) M2 UM AR, 3 a3 ATT M2 B Ik
YA AR G Arg-1, YM-1 RS AKF, BHHG
T SU REREAM T M2 8 F g 4n i i fk . X 6k B3R
B SU AT LA 2k 410 461 s 240 B M2 B Ak, ok 2% i
RILF A/ R A

AR IR LS RS E 128, B
TEZ Y BEE 22 WS 3] il 2 20 ) Jie D 41 4 0 A %
T £F Ak A A0 o A AR AR A, (HL A0 8 E T G B e i)
ROPAN SURIPE AT RE 2T HAA IR IR Lo AHF5E
25 L AR SU G S 41 1] 1 s 240 L M2 i A 3 T
RAFRTTHS PRI 4E A BT R, (B SUTREEE
W 210 B A A B BLAR R i o AL AR B B, A F
i — R ARG . DFR R W], B g A fh R 45
3% F| PI3K/Akt {55 5 i % Notch 15 5 18 Y
JAK-STAT {55538 B 46 Z P (5 5@ B W15 . CSF-
1/CSF-1R "I i 38 4o fuf 755360 (8 8 42 5 1 &4t L )
M2 U4k, A REiE— 2D RSR .

ZE LTk, ARWFTREEREH, SURT LIk
S SR AL AR, SEZE RILF (& J . AL
S A A M2 A Ak . A R A A L A A
X AHFFEAIHEH & B SU Rl IA YT /N B RILF,
M ARIATY RILF 248 T3 % .

HH sk whEAR, KRF . AERE. KA



246

filp TR A P 2 B AR

Acad J Chin PLA Med Sch  Mar 2025, 46 (3)

https://xuebao.301hospital.com.cn

RuFE, XGRS ZAR; BHRAZ: AR FEE,

,i/\

EXET; BAER.
XS SR RAE . LREK, BIEL AT

i/\

X FF: BARET,

IR MBI Ak,

AMBHRR AL FARS B R,
BB FFR R AR K R TIRIE S22

2 AAEF 4RI, Email: 624832019@qq.com.,

S& 30k

1

Chang ST, LvJC, Wang XZ, et al. Pathogenic mechanisms and
latest therapeutic approaches for radiation-induced lung injury: a
narrative review [J] . Crit Rev Oncol Hematol, 2024, 202:
104461.

Yan YJ, FuJM, Kowalchuk RO, et al. Exploration of radiation-
induced lung injury, from mechanism to treatment: a narrative
review [J] . Transl Lung Cancer Res, 2022, 11 (2) :
307-322.

Wang P, Yan ZY, Zhou PK, et al. The promising therapeutic
approaches for radiation-induced pulmonary fibrosis: targeting
radiation-induced mesenchymal transition of alveolar type II
epithelial cells [J] . IntJ Mol Sci, 2022, 23 (23): 15014.
Jiang YY, Cai R, Huang Y,
fibrosis: from pathogenesis to therapeutic targets
Death Discov, 2024, 10 (1): 487.

Wang Z, Du KL, Jin NK, et al. Macrophage in liver fibrosis:
identities and mechanisms [J] . Int Immunopharmacol, 2023,
120: 110357.

Cheng PY, Li SY, Chen HY. Macrophages in lung injury,
repair, and fibrosis [J] . Cells, 2021, 10 (2): 436.

Zhang L, Wang Y, Wu GR, et al. Macrophages: friend or foe
in idiopathic pulmonary fibrosis? [1]. Respir Res, 2018, 19
(1): 170.

Lei FY, Cui NW, Zhou CX, et al. CSFIR inhibition by a small-
molecule

et al. Macrophages in organ
(3] . Cell

inhibitor is not microglia specific; affecting
hematopoiesis and the function of macrophages [J] . Proc Natl
Acad Sci USA, 2020, 117 (38): 23336-23338.

Fu CL, Odegaard JI, Hsieh MH. Macrophages are required for
host survival in experimental urogenital schistosomiasis [yl .
FASEBJ, 2015, 29 (1): 193-207.

Meziani L, Mondini M, Petit B, et al. CSFIR inhibition
prevents radiation pulmonary fibrosis by depletion of interstitial
macrophages [J] . Eur RespirJ, 2018, 51 (3): 1702120.
Koumarianou A, Kaltsas G. Surufatinib: a novel oral agent for
neuroendocrine tumours [J] . Nat Rev Endocrinol, 2020, 17
(1): 9-10.

Liu DM, Kong FX, YuanY, et al. Decorin-modified umbilical
(MSCs)

induced lung injuries via regulating inflammation,

attenuate radiation-
fibrotic
factors, and immune responses [J] . Int J Radiat Oncol, 2018,
101 (4): 945-956.

Bickelhaupt S, Erbel C, Timke C, et al. Effects of CTGF
blockade on attenuation and reversal of radiation-induced pulmonary
fibrosis [J] . J Natl Cancer Inst, 2017, 109 (8): djw339.

Guo XD, Du LH, Ma N, et al. Monophosphoryl lipid A
ameliorates radiation-induced lung injury by promoting the

cord mesenchymal stem cells

polarization of macrophages to the M1 phenotype [J] . J Transl
Med, 2022, 20 (1): 597.

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Bronova I, Smith B, Aydogan B, et al. Protection from
radiation-induced pulmonary fibrosis by peripheral targeting of
cannabinoid receptor-1 [J] . Am J Respir Cell Mol Biol, 2015,
53 (4): 555-562.

Ashcroft T, Simpson JM, Timbrell V. Simple method of
estimating severity of pulmonary fibrosis on a numerical scale
[J] .JClin Pathol, 1988, 41 (4): 467-470.

Jarzebska N, Karetnikova ES, Markov AG, et al. Scarred lung.
an update on radiation-induced pulmonary fibrosis [J] . Front
Med (Lausanne), 2021, 7: 585756.

Jin HE, YooY, KimY, et al. Radiation-induced lung fibrosis:
preclinical animal models and therapeutic strategies [J] . Cancers
(Basel), 2020, 12 (6): 1561.

Yarnold J, Brotons MV. Pathogenetic mechanisms in radiation
fibrosis [J] . Radiother Oncol, 2010, 97 (1): 149-161.

Deng LL, Ouyang BS, Shi HL,
bleomycin-induced pulmonary fibrosis by modulating macrophage
polarization [J] .J Ethnopharmacol, 2023, 317: 116810.
Chen SZ, Saeed AFUH, Liu Q,
immunoregulation and therapeutics [J] . Signal Transduct Target
Ther, 2023, 8 (1): 207.

Baran CP, Opalek JM, McMaken S, et al. Important roles for
macrophage colony-stimulating factor, CC chemokine ligand 2,

et al. Icariside II attenuates

et al. Macrophages in

and mononuclear phagocytes in the pathogenesis of pulmonary
fibrosis [J] . Am J Respir Crit Care Med, 2007, 176 (1) :
78-89.

Dakhlallah D, Wang YJ, Bobo TA, et al. Constitutive AKT
activity predisposes lung fibrosis by regulating macrophage,
myofibroblast and fibrocyte recruitment and changes in autophagy
[J] . Adv Biosci Biotechnol, 2019, 10 (10): 346-373.

Zhao JJ, Okamoto Y, Asano Y, et al. Sphingosine-1-phosphate
receptor-2 facilitates pulmonary fibrosis through potentiating IL-
13 pathway in macrophages [J] . PLoS One, 2018, 13 (5):
€0197604.

Zhou J, Sun XY, ZhangJ, et al. [L-34 regulates IL-6 and IL-8
production in human lung fibroblasts via MAPK, PI3K-Akt,
JAK and NF-«B signaling pathways [J] . Int Inmunopharmacol,
2018, 61: 119-125.

Joshi N, Watanabe S, Verma R, et al. A spatially restricted
fibrotic niche in pulmonary fibrosis is sustained by M-CSF/M-
CSFR signalling in monocyte-derived alveolar macrophages [J] .
Eur Respir J, 2020, 55 (1): 1900646.

Zhang H, Han G, Liu H, et al. The development of classically
and alternatively activated macrophages has different effects on
the varied stages of radiation-induced pulmonary injury in mice
[J] .JRadiatRes, 2011, 52 (6): 717-726.

Huang YJ, Zhang WQ, Yu FR, et al. The cellular and molecular
mechanism of radiation-induced lung injury [J] . Med Sci Monit,
2017, 23: 3446-3450.

Gibbons MA, MacKinnon AC, Ramachandran P, et al. Ly6Chi
monocytes direct alternatively activated profibrotic macrophage
regulation of lung fibrosis [J] . Am J Respir Crit Care Med,
2011, 184 (5): 569-581.
Hou JW, Shi JY, Chen L,
myofibroblast differentiation of LR-MSCs and are associated with
2018,

et al. M2 macrophages promote
pulmonary fibrogenesis [J] . Cell Commun Signal,
16 (1): 89.
Wollin L, Wex E, Pautsch A,
nintedanib in the treatment of idiopathic pulmonary fibrosis [J] .
Eur RespirJ, 2015, 45 (5): 1434-1445.

et al. Mode of action of

(CFHEEE 255 71)



