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A comparative study on different modeling methods for inducing
pulmonary sarcoidosis in mice*

Li Han', Wang Yi-fei', Song Ling', Gao Yun-hang', Chen Teng-fei', Huo Wang’, Chen Wei-ya',
Jia Ling', Zhang Guang-ping'
(1. Institute of Chinese Materia Medical, China Academy of Chinese Medical Sciences, Beijing 100700,
China; 2. Department of Traditional Chinese Medicine, The Sixth Medical Center of
Chinese PLA General Hospital, Beijing 100853, China)

Abstract: Objective By comparing three construction methods of mouse lung sarcoidosis models, which
concludes MWCNTs, MWCNTs + lipopolysaccharide (LPS) intratracheal instillation, and MWCNTs + LPS
aerosolization to provide a basis for subsequent research. Methods Forty male C57BL/6 mice were randomly
divided into a control group, an MWCNT group, an MWCNT + LPS tracheal instillation group, and an MWCNT +
LPS nebulization group, with 10 mice in each group. Mice in the control group received tracheal instillation of the
same volume of physiological saline, while mice in the other groups received tracheal instillation of 60 uL of an 8
mg/kg MWCNT suspension. In addition, the MWCNT + LPS tracheal instillation group received concurrent tracheal
instillation of LPS solution (5 mg/kg, 7 days per dose). and the MWCNT + LPS nebulization group received
nebulization of LPS solution (5 mg/mL, 30 minutes per session, 7 days per week). The treatment lasted for 28 days,
and tissue samples were collected on day 29. Mouse lung function was assessed [tidal volume (TV), minute
ventilation (MV), specific airway resistance (sRaw), functional residual capacity (FRC) ], and lung imaging and
histopathology were observed. Immunohistochemistry was used to detect the expression of macrophage marker
F4/80 and lymphocyte marker CD3'T protein. Inflammatory cell counts in bronchoalveolar lavage fluid (BALF)
were determined, and lung injury was assessed using LDH and BCA assays. White blood cell proportions were
analyzed by blood cell classification, and levels of interferon-y (IFN-v), tumor necrosis factor- o (TNF-a), and
interleukin-2 (IL-2) in BALF were measured by ELISA. Results Comparisons of TV, MV, and FRC levels among
the groups showed no statistically significant differences (P > 0.05); however, comparisons of sRaw levels among
the groups revealed statistically significant differences (P < 0.05), with increased sRaw levels observed in the
MWCNT + LPS tracheal instillation group. Pulmonary imaging revealed that the right lung of the MWCNT group
showed a single round solid nodule, the left lung of the MWCNT + LPS tracheal instillation group showed patchy
ground-glass opacities, and the right lung of the MWCNT + LPS nebulization group showed a single small patchy
lesion. Pulmonary histopathology showed that the lungs of the control group were smooth and tender; MWCNT
group mice had black deposits in the lungs with white sarcoidosis on the surface; MWCNT + LPS tracheal
instillation group mice had a large amount of black carbon nanotube deposits visible to the naked eye, accompanied
by the formation of numerous white sarcoidosis; MWCNT + LPS nebulization group mice had tender lungs with a
large amount of black deposits in the central region and visible nodular lesions. HE staining showed that the alveolar
tubes and alveoli of the control group mice were well-organized; the lungs of the MWCNT group mice exhibited
multifocal mild granulomas; the lungs of the MWCNT + LPS tracheal instillation group mice exhibited moderate
multifocal granulomas; and the lungs of the MWCNT + LPS nebulization group mice exhibited multifocal mild
granulomas. Immunohistochemical staining results showed that compared with the control group, F4/80 and CD3'T
cells were slightly infiltrated in the lung tissue of the MWCNT group; in the MWCNT + LPS tracheal instillation
group, F4/80 showed focal infiltration with strong cytoplasmic staining, and CD3'T cells were distributed in focal
areas; In the MWCNT + LPS aerosol group, F4/80 and CD3" cells showed diffuse infiltration and were widely
distributed in the interstitial tissue. BALF cell classification showed that, compared with the blank group, the number
of neutrophils in the BALF of mice in the MWCNT group, MWCNT + LPS tracheal instillation group, and
MWCNT + LPS nebulization group significantly increased (P < 0.05), and a large number of macrophages appeared
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in the MWCNT + LPS tracheal instillation group. Lung injury results showed that there were statistically significant
differences in LDH levels in BALF among the groups (P < 0.05). Compared with the control group, there was no
statistically significant difference in LDH levels in the MWCNT group (P > 0.05), while LDH levels were elevated
in the MWCNT + LPS tracheal instillation group (P < 0.05). There were no statistically significant differences in
BCA levels in BALF among the groups (P > 0.05). Peripheral blood leukocyte differential counts showed that,
compared with the control group, the MWCNT + LPS tracheal instillation group had elevated monocyte and
eosinophil counts (P < 0.05); Eosinophil counts were elevated in the MWCNT + LPS nebulization group (P < 0.05),
while there were no statistically significant differences in neutrophil, lymphocyte, and monocyte counts (P > 0.05).
ELISA results showed that, compared with the control group, TNF-a levels were elevated in the MWCNT group
(P < 0.05), while there were no statistically significant differences in INF-yand IL-2 levels (P > 0.05); In the
MWCNT + LPS tracheal instillation group, levels of INF-y, TNF-a, and IL-2 were all elevated (P < 0.05); in the
MWCNT + LPS aerosol group, levels of INF-y, TNF-0, and IL-2 were also all elevated (P < 0.05). Conclusions
All three methods, MWCNT, MWCNT + LPS tracheal instillation and MWCNT + LPS aerosolization, could
successfully construct lung sarcoidosis models. Among which the mouse lung sarcoidosis model constructed by the
MWCNT + LPS nebulization method was able to effectively mimic a number of key features of the pathophysiology

of human sarcoidosiss, which provided a valuable experimental model for the study of the mechanism of lung

sarcoidosiss and drug development.
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S33198) , LPS| VG A% 3 7 B 23 ( [ ) B2 5 47 PR
), 1.2880], = ¥ Z [ (Tribromoethanol , 51| 44 + B[ {#f
THIViks R (L) RS A RA A,
T48402], W& [ /= ( K HE) b2l 0 A IR 2 A
201909201, i 5 4t & YL UE I (radioimmunoprecipitation
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A & =2 (Interleukin-2, TL-2) . it %8 IR 3E T «
(tumor necrosis factor— o, TNF-a) /Dl T IL & Y
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( ff [= Sartorius 2y &) ) , & 8 M F 1R 5 R &
(BX51, H 7 Olympus /A &) , ADVIA® 2120i Ifil ¥ 43
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440 ~ 100 kHz, 4 BH 30 min J&5 , VLB J2 75 47 H 1)
YK URL , A 0 RS2 AT, TCICA 4 °C ok A8 O-AF
M. AEWER /N Z 1.5% BT (0.15 mL/
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133 REMEERBEEE SRR A,
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TS B B A L 88 WA A HLTE 90 KV, A% R
B} 36 nm x 36 nm, JE17 M FE CT Wi Z 41, F 5 [R]
242 min, ] Simple Viewer 4 {4 5¢ i KR 5 £
134 FRARSE BIRLAHIGE 29 KT, 28 H
ANER, R RIS, ME E B JKkCR I 5 8 . 45 4L
AR, FE S IEY 1 3 AR I A IS
FEVEW (M E >70% ) , 1 000 r/min 50> 10 min LT
VE , R h 97 vl R R B, BV VRS S A .
s Bk ik B I W SR O 2 R 2 TR
(ethylenediaminetetra—acetic acid, EDTA ) Ykt e £ o
Al FH 4% Z2 58 W R I W 1, = IR ORAF T 3
oRU DS @SR ER71 Dkl E o
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1.3.6 Iz A ki B o fa i AR & M F4/80
foh B ieAr M CD3 TR A kik AW Z%
PE A1 2 Ak 2 A 0 3 7] b v R A 3 % i F4/80
PriR (1:400) F1 CD3 HLIAR (1:200) 7351 F 4 CHEF i
TR, LA 562 UL T8 A S B PR 6T B PBS R 4% J i
A FEA PR E , 12200 B i A AL 9 b iC B
5 3% M1 ZE (HRP-Streptavidin) &I , 3, 3'= & FERK K
Jie (DAB) i €5, 93 ARG &2 Y 2l A% e vr . E R e T
AU T LBt £ 41 Fh F4/80 FI CD3* (Y 2R (H 36 3k .

1.3.7 ¥ A F B R 3 2k & (bronchoalveolar lavage
fluid, BALF) ¥ ¥ JZ 20 oo 3+ 4 SR K -7 1)
% e (o 3 K6 I BALE = 9 41 B 450 i, B S E AT bk
KA M8, L BRI T - O A BL20 WL YEVRIR , ¥
ASIHE R, BT R BB GE 10 mine QYD - B G -7
W = YL Y €6 5 min S5 MR G IR . QBT AT B
( x 10) W14 PFAh U R A, 16 9% 40 M o3 A 34 40 IX
5 AR (% 100) BEHLIT 5L 200 A A . Hodek
2 L 248 XoF = b MORE A L 0 L x AR R

1.3.8  LDHA=BCA F#&n 44 HL 60 wL LDH
57 5 120 wL BALF © 3% T EP & H 7o 401k
5], WG SR TT 37 CHEE 30 min, N 2 Ik JE
%96 FLAR , R FH A SR 490 nm 35 4 4b 45 FL WG
S EEAE , AR M LDH B % (% ) =[ ( SZ 3% 4 -
25 4 )/ (100% 28 40 - 25 4 )] x 100%, 1 &
LDH B (% ) o K 4 M3 118 11 (BSA) A5 o 5
(0 ~2 000 wg/mL) Fl BALF £ 5 4% 20 wL il A 96 fL

M, AL 200 w7 i e i 1) BCA TAEW, IR 7%
TRA130 5,37 CHROEIET 30 min & , R I EEbR ALK
W 562 nm I 4 4b W B {H 38 i b v ih 20 R
AW,
1.3.9 ey kil amiesfiti BUNE
HhJE I, SR H ADVIA® 21204 1 43 B A 43 # v
7 0 I A0 L B T i AT I TR R A0 i Y
4yt 5 40 i 46 B ( x 10°7L) .
1.3.10 ELISA # | BALF + IFN— Y. TNF—o . IL-2
K F Sk ELISA 3 1 & & Il BALF 7 IFN-y |
TNF-o 5 1L-2 7K, A6 0 25 B8 7™ # $42 B 500 £ 6
HERVE (o
1.4 Sit=FiE

IR 43 T R FH SPSS 25.0 G it 4k o 1T vk
DA + R 22 (x 2 s) Rom , RBCR I 22500, 4
W9 F ] LSD—1 K6 5% Dunnett's T3 85, P <0.05 4 2%
A FE L,

2 R

INFRAMIh RERG 45 R
B /N TV MV 2 FRC K - FL &8, 405 #
ST, ZF BTG E L (P>0.05) . £ 4H /N
() sRaw 7K P L8, 2607 22501, Z R B A Gt # &
(P <0.05) ; MWCNT+LPS <4 i 71 41/ Bl sRaw 7K
ERETAHA(P<0.05). WEL,

2.1

F1 FARAERSHFT/NROMINGERFME (n=8, x=s)

205 TV/(mL/kg) MV/(mL/min) sRaw/(mL/min) FRC/(mL/min)
2 HA 0.36 +0.1 86.72+ 138 21905 0.39+0.1
MWCNT 4 0.37+0.0 7377 +74 256+0.3 0.34+0.1
MWCNT+LPS T TE 0.33£0.0 81.15+14.3 4.03+0.5' 0.29+0.1
MWCNT+LPS E k4] 0.34+0.0 77.95 + 14.5 329+ 1.0 03100
F1E 0.443 0.542 4725 0.920
P1H 0.735 0.667 0.035 0.474

T P HE A, P <0.05,

22 HBHENMBRMEIMHEFZEZWL

i CT A 71, 25 1 2 /0N U ¥ S0 B 3 I, 3 i
FEXET, BeA i v w0 BT R, B AL
6 R R B 52 s MWCNT 20 /0 BRUA il T DL — 2[R B
SAESE (LLART k), 10 S AL T s MWCNT+LPS X,
A T AN BT UL A R R B R B (O (B

3k ) s MWCNT+LPS 55 fb 41 45 Jili ] UL — 58 % /NBE AR
AR (L) S WL 1.
2.3 INEETEPARRIEZTL

/I BRI S L2 235 B 4, 4 1 /)N U S O v
JoT B, To 2% Bt s MWCNT 21 /s BRI A A JR (TR |
KA A AN s MWCNT+LPS 48 % 1 28 7 B
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2.4 HHAMNRMALF4/80F1CDITEHKIL
523 FUH A L, MWCNT 48 /) B F4/80 F1 CD3*T

YA it 20 2 v /b 332 1 5 MWCNT+LPS 87 i 12 41

(1) F4/80 52 At IR 2 0 , 5T % €5, 5% BH M, CD3*T 4 Jfd
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B TELH
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4 &HNRANLALSF4/80F1CD3'TEARIL
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(56.0+6.0)% , & T ZnmM, ZRA%it¥EX
(F =75.718, P =0.000) . =5 4 21 /N B BALF )tk £

MWCNT 41

o

MWCNT+LPS A5 140

(B UL G4 4, x 200)

4 M Sk F 5 A T A AL, MWCNT 41 b 1 bz 41 i
B s MWCNT+LPS 48 T 1 20 10 U 2 1 v e ks
£ S S N S S G A U A S A
MWCNT+LPS 55 1k 2H /Iy B Hb P bz 41 Mg AR 38 T 25 B
41 8, {2 4> T MWCNT+LPS < & i i 4 .
WS,

e
Vi g

MWCNT+LPS 2 fk4i

GO STRIK AN, 2165 R T YRR AR , 1 (05 S 7 At
B 5 &4E/NMNRBALFARES KSR

2.6 HH/PMRITHRGESR
41/ B BALF () LDH i FL 5, 22 07 2253 07
ERAGHFE L (P<005); 58 HAMIL,
MWCNT 2 LDH {8 2= 5% JC 48 i1 2% & L (P >0.05) ,
MWCNT+LPS < 4% ¥ 1 41 LDH {8 7} 7 (P <0.05) .
2% 41/ BUBALF 9 BCA &8, )5 22570, 2 57 6
Giit#m L (P>0.05), W2,
2.7 FHH/PMRIMNEMAHAIESFEITE

25 4 /N BRAI B I B A2 40 R 1 TR A 40
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4151 LDH BEHR/% BCA/(mg/mL)
EIREE 1.00 0.1 0.44 £0.1
MWCNT 41 1.54+0.9 0.49 0.0
MWCNT+LPS <4541 3.75+ 1.3 0.56 0.1
MWCNT+LPS k41 253+18 0.52+0.2
F1H 5.825 2.064
P1H 0.005 0.137

T P A E, P <0.05,

o 27 .
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*3 HBAMNRINEMBMES LS ITELLR

0.05) ; MWCNT+LPS 5% 1k 2 /)N Bl H8 JiR 1 67 440 i 31 %%
Tt (P <0.05) , H P4 40 g | 9k 2 400 . A% oA 400 it
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205 WBC/( x 109/L) rh LA /% LA /% AL % FER LA /%%
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MWCNT+LPS 45 1 11 241 19 INF-y . TNF-a , IL-2 7K
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x4 &HENFEBALFHIINF—y. TNF-a 5IL-2 K FE L
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FAH
P1E

135.55 £ 19.07330.70 = 12.7° 98.59 + 7.3

68.583 387.556 71.107
0.000

TS A, P <0.05,

0.000 0.000
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R o R ADL N S ) 2 T RN 24 W S ke S B AF Y
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TP ke — B i) B AT N BRI R
PR SR B Y DR 2R A A il 4 Y s AR L 5
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TR REAE S DA ZE I A R AN SR R B
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Tsc2 e P 8 A8 53 I A B i 2 S N 2485 715 7 XU 141
%, H mTORel 1Y 5 & 4502 & 2 LA 5| k& N FEBAR
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P 5 NG AN R 0 R A, A 45 Bk 200 e A ) Bl
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T MWCNT+LPS 254k % 3 FloAR [R) #5580 52 i 7 1155 5
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« 28



4191

RS, A AR S 7 Q4

/NI B LLBCRITSE

117 25 A AT A LPS 342 43 A DI 08025 1 Jeg 360 3 3845
FER g SR 5 m R K 22 B0 445 77 A 1 M D R
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