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Interventive effect of TNF-a monoclonal antibody on silica-induced pulmonary fibrosis in rats

ZHANG Hua“, GAO Lei, TAN Rui-xia, SUI Jun-na, GUO Jian

( * . Center of Occupational Disease Prevention and Control, Qingdao Municipal Ceniral Medical Group, Qingdao 266042,
China)

Abstract: Objective To observe the inhibiting effect of TNF-a monoclonal antibody ( infliximab) on silica-induced
pulmonary fibrosis in rats, to explore the possible mechanism of infliximab in silicosis treatment. Methods Forty-eight Wistar
rats were randomly divided into treatment group (n=16), model group (n=16) and control group (n=16).50 mg SiO, dusts
were injected into trachea of the rats of silica-exposed group and intervention group, from the second day of silica-exposure the
rats of intervention group received 15 mg/kg by s. ¢ injection of infliximab for 5 days, the rats of silica-exposed group were injec-
ted with N. S; while the control rats only administrated with N. S both trachea and subcutaneous injection. 7 and 14 days after sili-
ca exposure, 8 rats of each group were killed, respectively, the lung tissue were stained with H&E and Masson’s trichromedye
for observing inflammation and fibrosis, TNF-a levels in serum and bronchoalveolar lavage fluid ( BALF) were measured with en-
zyme linked immunosorbent assay ( ELISA ), NF-kB p65 expression was measured quantitatively by Western blot method.
Results The resulis showed that after intervention of infliximab, the severity of pulmonary inflammation and fibrosis all were
improved, the levels of serum TNF-a (7 d, 14 d) and BALF TNF-a (7 d) were decreased, and the rising of NF-kB p65 pro-
tein expression (7 d) was also inhibited ( P<0.05) . Conclusion The results suggested that TNF-a monoclonal antibody can
reduce TNF-a level, inhibit NF-kB signal pathway and alleviate the progress of pulmonary fibrosis by silica in rats.

Key words: Infliximab; tumor necrosis factor-a ( TNF-a) ; nuclear factor-kB ( NF-kB) ; silicosis

Chinese J Ind Med Dec 2016, Vol. 29 No. 6 <411 -

Bl 27 AE AL I i) EL A BEBIL i 52 2% HLAS W Al
1 RIT 149 JCAT A58 300 2 RV A M A A JR 14032 T 25 40 A
Jrik o AR IR ALE i, RN T R 4
Yi, JUHIEARME D 1A S A S T AR T 2T 4
P EORE 2 B2 R, L, FHREL m b fiti
S M T v SR B AR DR B H A S A A
MRy i A A DR Y TR, PR R AE I F - (TNF-

IFSEHEA. 2016-09-26; fEEBHE. 2016-11-07

E&WB. H9 A LEESIHRITE (KJZD-12-23-nsh)

EFEE N, K% (1971—), 2, FIFAEEMN, F5RIrm. A2
HIZW AR

BEES. 8, F(FEN, E-mail: 18563967171@ 163.com,

o) B LPYE AN S AR A M AL, B
DA Y i e A I 44 U L 5 9 e 20 B
FU4 TNF-a A2 W3R 2 8006 NF-xBY | Hif5 5
WIS TNF-a /S i i o 727 . Hubbard
BRSO | B T-cB 1T LU E S A0 S 4
SERIEFAAL R MO AN - S0 4 TR0 3 PR
A7 P TN -oc S0 BELIGT TNF-oc 55 32 (285 45 T
Bl NF-«B {75538 6 33 1 il £ 2k A0 5 Wi (9 BF 55 20 A5 4
B, ARUFFECRHAE RS R KRR, L
TNF-o0 A it 6 85 e Bk —— SR 74 15 3
FEMERY TNF-o 454, BHIE TNF-o 5 40 i 35 16 32 14



<412 - RETESZE 2016 4F 12 A %5 29 %55 6 i

Chinese J Ind Med Dec 2016, Vol. 29 No. 6

FEREEa, TR TNF-o BRSCRERTIAXT TNF-o T i NF-
kB {553 I 1 T VR B B A A i 48 4k A Y T
1Tk,
1 #MelEnAx
1.1 M

THIGEHMENE: Wistar KEL, 1A 180~220 g, M
SR TRt AR RE (Si0,) 4 B AR
i, 4N 99% , Kif EAR0.5~10 wm, 80%FE 1~5
pwm Z A (FEE Sigma AF]); FEHH TNF-o 555 B
PR (JERAIFE, Fit Cilag AG 2AF]), 10% 4
IRILARIR . A 2T Y Masson =833 (b
WS EYH AR ATF), NF-xB P65 St K A
PR (35 E Proteintech 24 7] ), K TNF-a
ELISA 7 & (36 RD A#]), FHifk —Hi, BCA
EHERRHA &, B marker (HE N2 A
Al), M8 ECL k= kotiAN & (TEE S RAEYH
ARAHE]), FEARL (FE Addcare A HE]) , TE K4
AT (% E Fusion Fx)
1.2 RYMRAR A ST 54

PR BN N 3 4, NP, Yehd . X
A, B 16 H, Yesh 4R 1A KRR i 1 Bk
GRS, SEE —KEEA 50 mg/ml A
PERETRAE 1 ml'") ) X R A S K T A AR K
HES 2~6 d, BRTHLL T 3 mg/kg F M P
GHA 0.2 ml 7 Fkg ", Yol Rt HR 20 45 e K
FAEBREK B RS, T 7 d. 14 d BASIHE] 4% 4H
A3 AIBEALEL 8 HR FUKE HARSE
1.3 s WA T 2 2 B2 s

KAt 10% 45 /8 AR () [,
ALY R, T HE 448 Masson Jeff, X4
UG R ML A TR IR S JehrifE. 0
R—TCM W 58 1 H—42 B i &%, 2 21 M <
20%; W —rp Rt s, =2 R i 20% ~
50%; WH—EREMHE R, 2 RMA>50%, iz 4
oreh: 0 F—rerdefe; 1| R—RETYEk, Z R
T <20% , SRR K MR T Bl S, il 25 A 3
Bl T R—AE L Il 5 4 Y 20% ~50% , WliZF2ifk
MBRETF LR AT A EAT R R s T —/R i Al £F 4
b, WARTER>50%, @G I EA Iz il S T g
MZETHL
1.4  ELISA K&l il 75 1 BALF H TNF-a [ 75 it

TR B ki, 4 °C, 3500 r/min B0 10
min, B . KF 2 ml KA BER K SR8 1 AN,
DLZERAE WG R . A, [RIRR 30 s JE gz ig mih, ¥

(LR AR B AT, an e dfEdh 3 Yk, 2 ml 7 A 3
W, UKHE BALF 29 5 ml FHAHKE H, BIKCRZA
80% . WrHER) BALF, 4 °C, 1500 r/min &.0> 10 min,
BB . ELISA BRI TNF-a &4,
1.5 Western blot #:iMifiZH 21 NF-kB 25 1363k

IREHER )3 Ja PR U 1, AR AR BCA LI 2 &
EHAE, BfL EFE 40 ug, 17 SDS-PAGE HJk, H
FIE 555 2 PVDF 5 1, 5% RS 05k = I8 & 4]
3h, MA%RPLE NF-kB —3, 4 CHHEL®K, PBST
VEME 3 ¥k, BER 1S min, FHRITERFE 1.5h,
PBST ¥R 3 ¥k, 4K 15 min, fIA ECL W @5], B
. Wi, R Imagel2x #4747 400, W %
WHPEHOE % (OD) A, Db B-actin fEN 2,
NF-kB 4577 55 B-actin ) OD {H Y HL{H #2725 NF-kB &
EESSININY ROV G N
1.6 Seil=br

FIT A B B R B e hn e 22 (wxs) Fom, M
FH SPSS 22. 0 #7801 27500, BORER R R
T (one-way ANOVA) , P4 4 (8] 19 b 82k
LSD-t #:36:, L P<0.05 2 RA G4 L,
2 #R
2.1 HE 4eff I Masson 40 ffili 25 225 Bl 2 P AR
2.1.1 HE @558 LRIEVE5r X IR il 1 215
IEH RIS, YR KR 7 d Bl Py B K
F IR L 9k O 4 R Pk A IR 0, X R
P> 4 RN T AL B 4 P R BE 4 4 R 0. 625 =
0.518, 3.375+1. 061, 2.375+0.916, =#H[A] i
ERWHSH¥E X (F=20.83, P<0.05), 14 d
Ak e Al RN P4 A il L U s I, AT L 2 kb A
Aefbsl, WEZEM 2 | R, RUE M, G
R T R E VT (2.500£0. 535, 2,250+
1.035) FIXFIRZH (0.625+0.518) i 2% RAHYL
2R (P<0.05), {HFFd 5y m 2%k
St R (WE 1),

54

W
n ] bl

. * " REi

£ 3 T

5

X o

7d 14d
I [

H. HxPRA i, * P<0.05,
B 1 HE 40 500 B 14y



hE TV ES#AE 2016 4F 12 A5 29 55 6 1) Chinese J Ind Med Dec 2016, Vol. 29 No. 6 <413 -
2.1.2 Masson Je 055 0 N AP 4i b5 X BRZH K B

2 TEH D VF I IR AT e oA, Yeck 7 d i, Yok
205 T LR il ) BT A D i RN, S AT 4R LT
4343 R 1,250 £ 0. 164, 1.750 = 0.250, 1.500 +
0.189, &4 2 R LGt L (F=1.500, P>
0.05) . 14 d B e 2 A FRU i v i K% [l Joi g JE 0 AR
R EN 2, X T T4 £ i A TE 5 Ry
1.250+0. 463, 3.250+0.707, 2.375+1.061, 4%#d]
SWAGEE L (F=13.51, P<0.05), WK 2,

5=

W A

4 T erp]

I : Bl T

R 34
=
b
Eoi ]
§ 2
&
& 14

0- T T

7d 14d
iifie)

. SxHRYIHE, * P<0.05,
2  Masson YL 4 4ifLFR BTy

2.2 %M BALF # TNF-a & 751k

Xof BEZH K BT P TNF-o SR 2655, Yesbh
ZH TNF-o & 57545 B ) 2 3808 TXT IR, T Hdi7E
FEF R F Y, 25 A5IT¥FE L (P<
0.05) , XFHEZH KBl BALF H TNF-o ZRfIE I 3k,
Yot TNF-o s 7EYe 2 7 d BPEH B TR, T
TNF-o FEALFYbd, ZRAAGIF¥E L (P<
0.05); {HAEYLA 14 d B, T4l SYbd xR
TGt R, R,
g1 NREEHEAME A BALF F INF-a F827284E (x2s) ng/L

IR7:) BALF
Ei|
74 14d 7d 144d
MIRAL  42.974£12.392  45.580£14.591  36.463x12.441  38.554:12.916
YAl 86.405£20.494 % T7.064+11.829%  69.456+23.580 % 50.764+16.580

THH  66.565£19.850"  58.734x16.335%  49.132£17.223%  47.350+12.989

T SHBAILE, = P<0.05, HRAMILE, #P<0.05,
2.3 Jiligh4! NF-«B & 12 AKF

5xIE2H (0.617+0.103) ek, 7 d Bpyesda
2020 26 11 NF-«kB p65 #H X 3Rk w3 m (0.990 +
0.228), THidl (0.779+0.160) (K TYeshd, % H
K #E Y (F=9.518, P<0.05); 14 d i, Jezb
2 NF-kB p65 Fikm 5 T4l 2R LG X,
NS

65kDa _mNF-KB
43kDa | L B -actin
1 2 3 1 2 3

1.54
Wl R
B X . Yesheg
® )
) 104 P [ et
#®
i [ [
=
=
a I l
4
z
O'O_ T T
7d 14 d

iy i)
. SXTE4L, = P<0.05,

B 3 A[EHE] A ZH NF-kB 8 R A KF
3 itig

TERZ S S A 4L A+, TNF-o 1
AR R T EF A PG R, XY il 0% e A LR
HESCEEPEVE T, TNF-o 252 R 5 i 6 AR it (] Joit = e
YR, I S HANM A TN S22k (TNFR) 45
Bk HEEY S IIRE, ARFFEIESL Y, ANEE 4
TNF-o VRS il 7 44k, PTE M TNF 32K 8t TNF-a
UK P& B il S0 3 TNF-o 2RI ) e 2 KR
WA KA i, W] TNF-a & HZ AR S (S
S= S 41T 1 4 4 A - a Y

HRANVG N B A A TNF-o PRTTREBTIA, 18
ot SV AR B TNF-o0 454, FHIE TNF-o 548
W R TET AR 1) 2 AR R S 45 A, AT R 8T TNF-a (1)
YRR, BEHHER TR R | RAETE
W . SR YR B AR R AR B AIRTTY . BAR, IR I
XY RN PG 5L AL O RAATE—E S, (HEH
WRERAE P PR R PG TNF-a 558 BEHLIA,
AT LLAGE fift Bl A A S 1 Al i ZH 2L BRI, FEI
S/ PR T S B ) PRI | W s ) S L
e BN R R S i A R —E R E
FES YRGS e S P A S AT A 250 55 13k
HRBFINGAYEAL, B A 5 Jo 80U 2 48 4k /0 R
FAMT S ARG a4 T Y 2B KRR R R P T U
KU TNF-oo Fe35 32 2401, i i R 5 Ik 55
(7 d), Ml Rn e B e SR DRIk > (14 d) , R
P AT A 275 S 1 O BRI A A S 1 AT 4EAE
BALF H' TNF-o {X7E 7d B FEAK, 25 58 555 il £F 4 fk
JE I BALF H TNF-o FERIEES , KFFREA S,



- 414 - E TR E 2016 4F 12 A5 29 445 6 41

Chinese J Ind Med Dec 2016, Vol. 29 No. 6

NF-kB {Eh —FPEZ W RN T, 22MES

W FIBARRISTIC AL, TR T AH A F Y 52 2% R 45

IR BRI, NF-xB 54 44k

KAV, NF-«B 5 ZH0AHC N 7 K5 2h 1~ 2l 5

T kB PO R AR SR S, R R IR T2

5B AEAIE B, B AR F S AN NF-xB 7

TEANZRIE"2 T NF-B (10 3 A T B 55 0 2 5

(], T B e ARG ARBFSER T d B

BER AN TG T AT 08 TNF-o 25283%, T8 NF-xB p65

FIKHTE 14 d BEHIR W 3 PE 22 5 . S R AP el

HIM 430 (7d) TNF-o 5 NF-«B il G, 9

TFERTEF 4E LI (14 d) BALF 1 TNF-o fili 2121

NF-«kB p65 Ff-o S B0 i (0 F #4315 b # ) 2

RAVGHEHT TNF-o0 419 NF-kB 38 % 32 2550 1o BH i

b7 il L YA 0 9 R BT, DT BEL 1 s o 2 il 21 24 £k

(R Je , EXH 1 o it 2 2 D T AR AR FH T RE O AN TR

BR o BT 7R FHOB 7 v LIS DL TNF-o g 420 48

S 5 30 (e T R LA I R YA T Y il 2T AL 1Y

ARGEAE, B H T8 0 B I8 £F 78 T TR 0 5

(AN

SEH

[1] Miyazaki Y, Araki K, Vesin C, Garcia I, et al. Expression of a
tumor necrosis factor-alpha transgene in murine lung causes lympho-
cytic and fibrosing alveolitis [ J]. J Clin Invest. 1995, 96 (1):
250-259.

[2] Piguet P F, Collart M A, Grau G E, et al. Requirement of tumor
necrosis factor for development of silica-induced pulmonary fibrosis
[J]. Nature, 1990 (344). 245-247.

[3] Gossart S, Cambon C, Orfila C, e al Reactive oxygen
intermediates as regulators of TNF-a production in rat lung inflamma-
tion induced by silica [ J]. J Immunol, 1996, 156 (4):
1540-1548.

[4] Ortiz L A, Lasky J, Lungarella G, et al. Upregulation of the p75
but not the p55 TNF-a receptor mRNA after silica and bleomycin ex-
posure and protection from lung injury in double receptor knockout
mice [J]. Am J Respir Cell Mol Biol, 1999, 20 (4). 825-833.

[5] Hoffman A, Levchenko A, Scott M L, et al. The IKappa-NF-
KappaB signaling module : temporal control and selective gene activa-
tion [ J]. Science, 2002 (298). 1241-1245.

[6] Perkins N D. Integrating cell-signalling pathways with NF-kB and IKK
function [ J]. Nat Rev Mol Cell Biol, 2007, 8 ( 1). 49-62.

[7] Di GM, Gambelli F, Hoyle G W, et al. Systemic inhibition of NF
kappa B activation protects from silicosis [ J]. PLoS One, 2009, 4
(5): 5689.

[8] Gozal E, Ortiz L. A, Zou X, et al.Silica-induced apoptosis in
murine macrophage: involvement of tumor necrosis factor-alpha and

nuclear factor-kappa B activation [ J]. Am J Respir Cell Mol Biol,
2002, 27 (1): 91-98.

[9] Hubbard A K, Timblin C R, Shukla A, et al. Activation of NF-kB
dependent gene expression by silica in lungs of luciferase reporter
mice [J]. Am J Physiol Lung Cell Mol Physiol, 2002, 282 (5):
1.968-1.975.

[10] Lacher S E, Johnson C, Jessop F, et al. Murine pulmonary inflam-
mation model: a comparative study of anesthesia and instillation
methods [ J]. Inhal Toxicol, 2010, 22 (1). 77-83.

[11] Triantafillidis J K, Papalois A E, Parasi A, et al. Favorable re-
sponse to subcutaneous administration of infliximab in rats with ex-
perimental colitis [ J]. World J Gastroenterol, 2005, 43 (11):
6843-6847.

[12] Szapiel SV, Elson N A, Fulmer J D, et al. Bleomycin-induced in-
terstitial pulmonary disease in the nude, athymic mouse [J]. Am
Rev Respir Dis, 1979 , 120 (4): 893-899.

[13] Cai Y, Cao Y X, Xu C B, et al. Infliximab alleviates inflammation
and ex vivo airway hyperreactivity in asthmatic E3 rats [ J]. Int Im-
munol, 2011, 23 (7). 443-451.

[14] Guzel A, Gunaydin M, Guzel A, et al. Infliximab attenuates acti-
vated charcoal and polyethylene glycol aspiration-induced lung injury
in rats [ J]. Experimental Lung Research, 2012, 38 (3):
147-156.

[15] Zhang X Y, Zhang C, Sun Q Y, et al. Infliximab protects against
pulmonary emphysema in smoking rats [ J]. Chin Med J, 2011,
124 (16); 2502-2506.

[16] Guzel A, Kanter M, Guzel A, et al. Anti-inflammatory and antiox-
idant effects of infliximab on acute lung injury in a rat model of intes-
tinal ischemia/reperfusion [ J]. J Mol Histol, 2012, 43 (3):
361-369.

[17] Altintas N, Erboga M, Aktas C, et al. Protective effect of infliximab, a
tumor necrosis factor-alfa inhibitor, on bleomycin-induced lung
fibrosis in rats [ J]. Inflammation, 2015, 39 (1). 65-78.

[18] Natoli G, Constanzo A, lanni A, et al. Tuning up inflammation .
How DNA sequence and chromatin organization control the induction
of inflammatory genes by NF-KB [ J]. Febs Lett, 2006, 580
(12) . 2843-2849.

[19] El-Khouly, EI-Bakly W M, Awad A S, et al. Thymoquinone blocks
lung injury and fibrosis by attenuating bleomycin-induced oxidative
stress and activation of nuclear factor Kappa-B in rats [ J]. Toxicolo-
gy, 2012, 302 (2-3). 106-113.

[20] Kang J L, Pack IS, Lee HS, et al. Enhancement of nuclear factor-
kB activation and protein tyrosine phosphorylation by a tyrosine phos-
phatase inhibitor, pervanadate, involves reactive oxygen species in
silica-stimulated macrophages [ J]. Toxicology, 2000, 151 (1-3):
81-89.

[21] Castranova V, Porter D, Millecchia L, et al. Effect of inhaled
crystal line silica in a rat model: time course of pulmonary reactions
[J]. Mol Cell Biochem, 2002 (234-235). 177-184.

[22] Porter D W, YeJ, Ma], et al. Time course of pulmonary response
of rats to inhalation of crystalline silica; NF-kB activation, inflam-
mation, cytokine production, and damage [ J]. Inhal Toxicol,

2002, 14 (4). 349-367.



