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[Abstract]

Objective To investigate the effect and mechanism of pomalidomide (POM) on airway inflammation and mucus

hypersecretion in rats with chronic obstructive pulmonary disease (COPD). Methods Thirty-six SD rats were randomly divided
into control group, model group and POM group, with 12 in each group, half male and half female. The COPD model was established
by smoke exposure combined with Klebsiella pneumoniae infection in model group and POM group. The rats in POM group were
treated with POM (0.5 mg/kg, once a day for 1 week). The lung function, lung tissue pathology, the proportion of inflammatory cells
in bronchoalveolar lavage fluid (BALF) and the levels of serum inflammatory factors tumor necrosis factor-a (TNF-a), interleukin
(IL)-1B, IL-6 and IL-13 were observed and detected in each group. AB-PAS staining and immunohistochemistry were used to analyze
the proliferation of goblet cells and the secretion of mucin (MUC) SAC and MUCSB in airway epithelium of rats. The expression
levels of TNF-a receptor 1 (TNFR1), IkB kinase (IKK), phosphorylated IKK (p-IKK) and P6S protein in lung tissue were detected by
Western blotting. Results Compared with control group, model group showed significant decreased of tidal volume (TV), minute
ventilation (MV), forced expiratory vital capacity (FVC), 0.1s forced expiratory volume (FEV0.1) and 0.3 s forced expiratory volume
(FEV0.3) (P<0.05), increased of the mean linear intercept (MLI) of the alveoli (P<0.01), decreased of the mean alveolar number
(MAN) (P<0.01), increased of the proportion of neutrophils and lymphocytes in BALF sediment (P<0.05), and decreased of the
proportion of macrophages in BALF sediment (P<0.01);increased of the levels of serum inflammatory factors TNF-q, IL-1[, IL-13
and IL-6 (P<0.05), the proportion of goblet cells in airway epithelium (P<0.01), the secretion of MUCSAC and MUCSB in lung tissue
(P<0.01), the content of TNFR1 and the ratio of p-IKK / IKK (P<0.01), the content of P65 in nucleus (P<0.01); and decreased of the
content of P65 in cytoplasm (P<0.05). Compared with model group, after one week of POM treatment, POM group showed
significant improved of the TV, MV, FVC, FEV0.1, FEV0.3, MLI and MAN of rats (P<0.0S5); decreased of the proportion of
neutrophils and lymphocytes in BALF (P<0.05); increased of the proportion of macrophages (P<0.01); decreased of the levels of
serum TNF-aq, IL-13, IL-6 and IL-13 (P<0.0S), the proportion of goblet cells in airway (P<0.01), the secretion of MUCSAC and
MUCSB (P<0.01), and the expression of TNFR1, P-IKK and P65 (nucleus) (P<0.05); and increased of the level of P65 (cytoplasm)
(P<0.01). Conclusions POM can improve airway inflammation and mucus hypersecretion in COPD rats, which may be achieved by
inhibiting TNF-ot/NF-kB signaling pathway.
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Fig.3 Effect of POM on lung inflammatory cell and serum levels of inflammatory factors in COPD rats (x+s, n=6)
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Fig.4 Effects of POM on airway goblet cell and mucin secretion in rats with COPD (s, n=6)

FAEFT, 33k S G 20 s Bl 8 5201450 22 il
KRR A AN, B2 ZUR SE R
B AR R AN TNF-o, IL-1B. IL-6 #1IL-13
J& COPD RHE I/ i) 5 FE Bk . TNE-o /E R R 41
MR, EEAIERE AN H AR
IR EL A 23 IS TNF-o 2 i 5 5 4 By S
ATz —, WS HAL R TR, e
HER MM RER . R ARSE, T RRIERY,
TR iR R, COPD SR I TNF-a
KT, HS5MTAER AT, 1B Al f ik
PERLAN AR B R R A, B AR R, T IAE S
SAEFBK M, BRI 2, S IE R,
IL-6 A] # COPD (1 fin S 4 %, 75 J& R4 -5 0T G 3
HRAEDS, TL-13 7Efili 1) 35 2 3 COPD [ R AUEA
RAE . B AE LT 4 8 2R AN 41 28R 1 K
T O, ABFSE R B, COPD K Bl BALF It it
PR PR R L A 22, B>, 5

COPD K B il 41 23 9% 1L A5 fb — 85 1L 35 TNF-«.
IL-1B. IL-6. IL-137KF-FhEr; 1 POM A i 4% ik #6745
1k, 4875 POM Rl H% COPD A B IR IEE 4 4E

I 38 808 425 20 b e COPD Y o — T B B0
COPD SB35 IA b R AR 4 A Le G138 e, i Ak
PR A0 B 2 P S 2 Y R BRI 2 — . MUCSAC Fll
MUCSB J2 W 1 5 22 (1) P I 3 26 28 1120, AR
B3 p v T ST I B ZE | Bl R T B RS YL A 5
el AR A I, POM Al {E#E COPD K U< iE
AR AR A, /> MUCSAC FIMUCSB 43l
$27% POM R[] COPD ¢ BRI B 1) 73006 o

NE-kBAVE R — R sk 1, SRR . R
FE SN MM e A RN AN A I T A A Hed
FEE VI IER GO T, NE-kB 7 7E T 40
o, RAEEMERAS H S s R R R M
TNFR1, AJif5 53 IRK @R AL ; Ui 25 1Y NF-«B #H0E
AR B A0, SRILH W «BIF ARz,



X HR AL FERIA POM#L
pakk| B e D GND S M
Jiiadoiy
IKK|' Somm twv e S e |87kD
TNFR1| o e o [s0kD
— Mtz
GAPDH s - s e =T|37kD
2.0- [ D0 B1GEA
@ Y]
e @roM4]l
“ﬂﬂ'ﬂ 1.5

A PO ST
e

e
w
1

L[]

TNFR1/GAPDH

®

P-IKK/IKK

POM. JH B FEHE; COPD. 18 PERH ZEVERTBR ; TNERL BRI IRSEH F-a Z 1A 15

AR B. P6S AN IR E; *P<0.05, **P<0.01

E's POM %I COPD K FUifiZH 41 TNF-o/NF-kB {55538 {4 £ 1 TNFR1 .

Wi (xts, n=3)

Med ] Chin PLA, Vol. 49, No. 1, January 28,2024

X HEAL PRI POM4

P65|.-- == = -- 65KD

GAPDH[- e e e v S |37kD

P6S‘~';--.‘|6SkD

LaminBl| e —— N ) |68kD

2.0 (mm PORHGESE
@ A
_«_ @rom4l
i 1.54
B
"
T 1.0
=
a
¥ 054
0
P65/GAPDH P6S/Lamin B1
IKK. IkB # M ; P-IKK. BiRfLIKK; A TNFR1, P-IKK
P-IKK/IKK . P65/GAPDH #l P65/Lamin B1 ik Y5

Fig.5 Effects of POM on TNFRI, P-IKK/IKK, P65/GAPDH, and P65/Lamin B1 of TNF-a/NF-kB signaling pathway in lung of rats

with COPD (x+s, n=3)

SHIEIN R RIK , IR B GRE R F F A A R 1 9 43

W, WITNF-a. S1008EFZKKE . MUC K% . ILEK
sl - ORBF 9T & B, COPD K Rl 4 41 v Y
TNFRI. p-IKK Fl fifs 1‘? ) P6s & wE MG N, W T

TNE-o/NF-kB il 1% ;
3 [ AT AR

i LT, AR5 EBL, POM X COPD K FlAY
B SAE PR B 3 WA — 2 A EIE R, T RE
Sl S 4 TNF-o/NF-xB {5 53l B2 P ey, {His A
REHERR FEZEHLAME LRI A AT RE . esh, IR
POM [ A &5 2 A1 ] BB (1 A R N i i itf — 25
W5

Z2POM T )5, TNF-o/NE-kB

(&% k)

[1]  Lareau SC, Fahy B, Meek P, et al. Chronic obstructive pulmonary
disease (COPD) [J]. Am J Respir Crit Care Med, 2019, 199(1):
P1-P2.

Lozano R, Naghavi M, Foreman K, et al. Global and regional
mortality from 235 causes of death for 20 age groups in 1990 and
2010: a systematic analysis for the Global Burden of Disease Study
2010[J]. Lancet, 2012, 380(9859): 2095-2128.

Wang C, Xu J, Yang L, et al. Prevalence and risk factors of chronic
obstructive pulmonary disease in China (the China Pulmonary
Health [CPH] study): a national cross-sectional study[J]. Lancet,
2018, 391(10131): 1706-1717.

King PT. Inflammation in chronic obstructive pulmonary disease

and its role in cardiovascular disease and lung cancer(J]. Clin Transl

Med, 2015, 4(1): 68.

Ridzuan N, Zakaria N, Widera D, et al. Human umbilical cord
mesenchymal stem cell-derived extracellular vesicles ameliorate
airway inflammation in a rat model of chronic obstructive
pulmonary disease (COPD) [J]. Stem Cell Res Ther, 2021, 12
(1): 54.

Zhang JL, Yang CQ, Deng F. MicroRNA-378 inhibits the
development of smoking-induced COPD by targeting TNF- o [J].
Eur Rev Med Pharmacol Sci, 2019, 23(20): 9009-9016.

Singh S, Verma SK, Kumar S, et al. Correlation of severity of chronic
obstructive pulmonary disease with potential biomarkers[J].
Immunol Lett, 2018, 196: 1-10.

Al-Rashed F, Ahmad Z, Iskandar MA, et al. TNF-« induces a pro-
inflammatory phenotypic shift in monocytes through ACSLI:
relevance to metabolic inflammation[J]. Cell Physiol Biochem,
2019, 52(3): 397-407.

Albrecht FW, Maurer F, Muller-Wirtz LM, et al. Exhaled volatile
organic compounds during inflammation induced by TNEF- a in
ventilated rats[J]. Metabolites, 2020, 10(6): 245.

Lee SU, Sung MH, Ryu HW, et al. Verproside inhibits TNF- o
-induced MUCSAC expression through suppression of the TNF-at/

(10]

NF-kB pathway in human airway epithelial cells[J]. Cytokine, 2016,
77:168-175.

Engelhardt M, Ajayi S, Reinhardt H, et al. Pomalidomide[J]. Recent
Results Cancer Res, 2018, 212: 169-185.

[11]
[12] Jung Y], Tweedie D, Scerba MT, et al. Neuroinflammation as a
factor of neurodegenerative disease: thalidomide analogs as
treatments[J]. Front Cell Dev Biol, 2019, 7: 313.

Fouquet G, Pegourie B, Macro M, et al. Safe and prolonged survival

with long-term exposure to pomalidomide in relapsed/refractory



20244E1 H28H  £549%: Al

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(24]

(23]

myeloma[J]. Ann Oncol, 2016, 27(5): 902-907.

Tsai YR, Chang CF, Lai JH, et al. Pomalidomide ameliorates H,O
(2) -induced oxidative stress injury and cell death in rat primary
cortical neuronal cultures by inducing anti-oxidative and anti-
apoptosis effects(J]. Int ] Mol Sci, 2018, 19(10): 3252.

Palmas MF, Ena A, Burgaletto C, et al. Repurposing pomalidomide
as a neuroprotective drug: efficacy in an alpha-synuclein-based
model of Parkinson's disease[J]. Neurotherapeutics, 2022, 19(1):
305-324.

Tabata C, Tabata R, Takahashi Y, et al. Thalidomide prevents
cigarette smoke extract-induced lung damage in mice[J]. Int
Immunopharmacol, 2015, 25(2): 511-517.

Ghaderi M, Oryan S, Yousofvand N, et al. Inhibition of airway
contraction and inflammation by pomalidomide in a male wistar rat
model of ovalbumin-induced asthma[J]. Iran J Allergy Asthma
Immunol, 2019, 18(2): 209-217.

Hikichi M, Hashimoto S, Gon Y. Asthma and COPD overlap
pathophysiology of ACO[J]. Allergol Int, 2018, 67(2): 179-186.
Wang JY, Huang YN, Chiu CC, et al. Pomalidomide mitigates
neuronal loss, neuroinflammation, and behavioral impairments
induced by traumatic brain injury in rat[J]. ] Neuroinflammation,
2016, 13(1): 168.

Liu Z, Geng W, Jiang C, et al. Hydrogen-rich saline inhibits tobacco
smoke-induced chronic obstructive pulmonary disease by
alleviating airway inflammation and mucus hypersecretion in rats
[J]. Exp Biol Med (Maywood), 2017, 242(15): 1534-1541.

Shen Y, Huang S, Kang J, et al. Management of airway mucus
hypersecretion in chronic airway inflammatory disease: Chinese
expert consensus (English edition) [J]. Int J Chron Obstruct
Pulmon Dis, 2018, 13: 399-407.

Bu T, Wang LF, Yin YQ. How do innate immune cells contribute to
airway remodeling in copd progression? [J]. Int J Chron Obstruct
Pulmon Dis, 2020, 15: 107-116.

Zhou JS, Zhao Y, Zhou HB, et al. Autophagy plays an essential role
in cigarette smoke-induced expression of MUCSAC in airway
epithelium[J]. Am J Physiol Lung Cell Mol Physiol, 2016, 310(11):
L1042-L1052.

Bodas M, Moore AR, Subramaniyan B, et al. Cigarette smoke
activates NOTCH3 to promote goblet cell differentiation in human
airway epithelial cells[J]. Am J Respir Cell Mol Biol, 2021, 64(4):
426-440.

Hogg JC, Chu FS, Tan WC, et al. Survival after lung volume
reduction in chronic obstructive pulmonary disease: insights from
small airway pathology[J]. Am ] Respir Crit Care Med, 2007, 176
(5): 454-459.

Baha A, Kokturk N. Physician's attitude against COPD guidelines
and the choice of first-line treatment for COPD[J]. Respir Med,
2021, 176: 106273.

Magnussen H, Disse B, Rodriguez-Roisin R, et al. Withdrawal of
inhaled glucocorticoids and exacerbations of COPD([J]. N Engl ]
Med, 2014, 371(14): 1285-1294.

Yang Y, Wang D. The relationship between the lung function and
the level of TNF-a in serum in COPD department of respiratory|[J].
Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi, 2010, 26(9): 887-888.

(29]

(30]

(31]

(32]

(33]

[34]

(35]

(36]

(37]

(38]

(42]

(43]

Barnes PJ. The cytokine network in chronic obstructive pulmonary
disease[J]. Am J Respir Cell Mol Biol, 2009, 41(6): 631-638.

Lai H, Rogers DF. New pharmacotherapy for airway mucus
hypersecretion in asthma and COPD:
signaling pathways[J]. J Aerosol Med Pulm Drug Deliv, 2010, 23
(4):219-231.

Lv J, Hua Y, Wang D, et al. Kinetics of pulmonary immune cells,

targeting intracellular

antibody responses and their correlations with the viral clearance of
influenza A fatal infection in mice[J]. Virol ], 2014,11: 57.

Wang Y, Xu J, Meng Y, et al. Role of inflammatory cells in airway
remodeling in COPD[J]. Int J Chron Obstruct Pulmon Dis, 2018,
13: 3341-3348.

Kubysheva N, Boldina M, Eliseeva T, et al. Relationship of serum
levels of IL-17, IL-18, TNF-alpha, and lung function parameters in
patients with COPD, asthma-COPD overlap, and bronchial asthma
[J]- Mediators Inflamm, 2020, 2020: 4652898.

Eurlings IM, Dentener MA, Mercken EM, et al. A comparative
study of matrix remodeling in chronic models for COPD;
mechanistic insights into the role of TNF-alpha[J]. Am ] Physiol
Lung Cell Mol Physiol, 2014, 307(7): L557-565.

Che L, Yu C, Chen G, et al. The Inflammatory response induced by
RELMbeta upregulates IL-8 and IL-1beta expression in bronchial
epithelial cells in COPD[J]. Int J Chron Obstruct Pulmon Dis,
2021, 16: 2503-2513.

Huang H, Huang X, Zeng K, et al. Interleukin-6 is a strong predictor
of the frequency of COPD exacerbation within 1 year[]J]. Int J
Chron Obstruct Pulmon Dis, 2021, 16: 2945-2951.

Chen L, Shen Y, Liu L, et al. Interleukin-13 -1112 C/T promoter
polymorphism confers risk for COPD: a meta-analysis[J]. PLoS
One, 2013, 8(7): e68222.

Kim V, Criner GJ. Chronic bronchitis and chronic obstructive
pulmonary disease[J]. Am J Respir Crit Care Med, 2013, 187(3):
228-237.

Ma J, Rubin BK, Voynow JA. Mucins, mucus, and goblet cells[J].
Chest, 2018, 154(1): 169-176.

Caramori G, Di Gregorio C, Carlstedt I, et al. Mucin expression in
peripheral airways of patients with chronic obstructive pulmonary
disease[]]. Histopathology, 2004, 45(5): 477-484.

Radicioni G, Ceppe A, Ford AA, et al. Airway mucin MUCSAC and
MUCSB concentrations and the initiation and progression of
chronic obstructive pulmonary disease: an analysis of the
SPIROMICS cohort[J]. Lancet Respir Med, 2021, 9(11): 1241-
1254.

Karin M, Yamamoto Y, Wang QM. The IKK NF-kappa B system: a
treasure trove for drug development[J]. Nat Rev Drug Discov,
2004, 3(1): 17-26.

Shen J, Cheng J, Zhu S, et al. Regulating effect of baicalin on IKK/
IKB/NF-kB signaling pathway and apoptosis-related proteins in
rats with ulcerative colitis[J]. Int Immunopharmacol, 2019, 73:
193-200.

XuH, Sun Q, Lu L, et al. MicroRNA-218 acts by repressing TNFR1-
mediated activation of NF-kappaB, which is involved in MUCSAC
hyper-production  and
bronchiolitis of COPD(J]. Toxicol Lett, 2017, 280: 171-180.

R TLE T )

inflammation  in  smoking-induced



