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[E Y] #R99 Nd,0, Y M N R AR RIER F M R U EFEEUNERES RSN F
Smad2. Smad3 FXIEREIRIA, 4)27 [ERA Nd,0, BUNER AR (A RINLH],

[757%] ¥ 144 2 SPr R EBERLE M/ NR MM 29 1 DITERAF 3D Nd,0, AL AH, F4
36 1, RAEREXASREEINEZERL/NRMRGESR, 3 MNERLHASFEF 62,50 125,
250 mg-mL* BINd,0; BIR, JERMRFIN 0.1 mL, XTEBLALA T HARTINEIEEIK, HBIF R
B 7. 14, 8 RE AN FIAIE 12 F/NE. REHERBEEMRE FTURZANRIMAR,
WK AN E AL PEFBRER (HYP) &2, EBE T KA1t N iH A R R IR LA
F (TINF-a)« ATE 6 (IL-6) . FBILEKEF -1 (TGF-B1) . EHALEKRAF (CTGF) B2,
ST E 8 PCRIERMFHZAZE R Smad2. Smad3 mRNAMEXT KRR E , BEA R RBENT A1
M 250 mg-mL* FIELAFHLALE A Smad2. Smad3 K&E p-Smad2. p-Smad3 EHIEXRREE,

[ZER] HERBERET, F7RFLANEMAZRUKEEHNE, F14REGHENL
HIEYE, F3XRNSHEHIMMIRLTHLET, FAG5E 7. 14, 28 KBY, 125, 250 mg-mL™*
Nd,0; A E/NRATALE HYP R 2B T RA, 1155 28 KB 250 mgmL HIXEIRE, H
(1.87+0.19) pg'mglc SITRLALLEL | R 14 RTGF-BLSM, TR 7. 14, 28K, B Nd,05 3
EH/)NERAL FH IL-6. TNF-o. TGF-B1l. CTGF & E19FS (39P<0.05) ; IL-6. TNF-a 7
R 14 RA RS, 250mg-mL? Nd,0; H/NRALR R EE 954 (5502.96276.53)
(2484.58+71.82) pg-mg™ ; TGF-B1l. CTGF N R 275 28 KiAEI&E, 250 mg-mL* Nd,0; /)
BALTEEH 535 (0.71+0.08) . (6.17+0.19) ng-mg?s PREE 7 K Smad3 §b, L FE
18] s/ N BZR4R AR Smad2. Smad3 mRNATEXT FRIAEIIFH = (39 P<0.05) , Smad2. Smad37E
MRNAJKF EIERDE 28 KX RS, LAY 250 mg-mL* Nd,0; 2B /) E& i 4B 43 00 Smad2.
Smad3 mRNA 1T ZRIAE S 5179 10.0440.61. 11.87+0.88, 250 mg-mL* Nd,0; 2H/)\FR ffiZH4R
Smad2. Smad3. p-Smad2. p-Smad3 & B X RIAKFHEFITIRA (P<0.05), Smad2 ZEH
E5 28 RENAR GRS, AN FRIAEN 1.1640.16, Smad3. p-Smad2. p-Smad3 % 14 KIHIXZ!
B, EXRIAES 57 2.05+0.10. 1.37+0.05. 2.63+0.09,

[£51€] Nd,0, BREEF] 5|/ NRBAE R & £ RIE R WML 4E(L, EAFIRI8ES TGF-B/Smads &
BOVEER X,
KA WL | L AT BRUCERKETF -1 ; ARESRSDTF

Effect of neodymium oxide exposure on inflammatory factors and transforming growth
factor-B/Smads pathway in mouse lung tissues LYU Jialing, WANG Suhua, GAO Yanrong, LI Yibo,
SONG Haiyan (Baotou Medical College, Inner Mongolia University of Science and Technology,
Baotou, Inner Mongolia 014040, China)

Abstract:

[Background] Rare earth neodymium oxide (Nd,0s) can cause cell fibrous nodules in rat lung
tissues, but the mechanism is not clear. The transforming growth factor-p (TGF-B)/Smads
signaling pathway is a classic fibrosis pathway, but its role in lung injury caused by Nd,0s is rarely
studied.
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[Objective] This experiments explores the effects of Nd,0; on lung tissue inflammatory factors, fibrosis factors, and cell signaling
transduction molecules Smad2 and Smad3, and preliminary elucidates the mechanism of Nd,Os induced lung injury in mice.

[Methods] A total of 144 SPF-grade healthy adult male mice were randomly divided into one control group and three Nd,0; exposed
groups, with 36 mice in each group. Non-exposed tracheal injection was used to establish mouse lung injury models. The three
exposed groups were perfused with 0.1 mL Nd,Os suspension at 62.5, 125, and 250 mg-mL?, respectively. The control group was given
equal volumes of normal saline. Twelve mice in each group were sacrificed 7, 14, and 28 days after exposure respectively. Lung tissue
morphology was observed with hematoxylin-eosin staining (HE staining); hydroxyproline (HYP) was determined by alkaline hydrolysis
method; tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), transforming growth factor-B1 (TGF-B1), and connective tissue growth
factor (CTGF) in mouse lung tissues were detected by enzyme-linked immunosorbent assay; the relative expression levels of Smad2 and
Smad3 mRNA in the lung tissues of mice were evaluated by real-time quantitative PCR; the relative expressions of Smad2, Smad3, p-Smad2,
and p-Smad3 proteins in the lung tissues of the 250 mg-mL™ group were detected by Western blotting.

[Results] The results of HE staining showed that after the mice were exposed to Nd,0;, compared with the control group, the exposed
groups showed inflammatory exudation on the 7th day, fibrogenesis on the 14th day, and cell fibrous nodules on the 28th day. The HYP
levels in the lung tissues of mice on the 7th, 14th, and 28th days after exposure were higher than those in the control group, and the
250mg-mL™ group on the 28th day reached the highest level, (1.87+0.19) pg-mg™. Compared with the control group, the levels of IL-6,
TNF-a, TGF-B1, and CTGF in the lung tissues in the exposed groups were higher than those in the control group on the 7th, 14th, and 28th
days (P<0.05), except the TGF-B1 level on the 14th day; the levels of IL-6 and TNF-a rose to the highest on the 14th day, and the levels
in the 250mg-mL™* Nd,0; group were (5502.96+76.53) and (2484.58+71.82) pg-mg™, respectively; the levels of TGF-B1 and CTGF reached
the highest on the 28th day, and the levels in the 250 mg-mL™ Nd,0; group were (0.71+0.08) and (6.17+0.19) ng-mg™, respectively. The
relative expression levels of Smad2 and Smad3 mRNA in the lung tissues of mice at each time point after exposure were higher than those in
the control group (P<0.05), except Smad3 mRNA on the 7th day; the mRNA levels of Smad2 and Smad3 reached the highest on the 28th
day, and the levels in the 250 mg-mL™* Nd,Os group were 10.04+0.61 and 11.87+0.88 respectively. The relative protein expression levels of
Smad2, Smad3, p-Smad2, and p-Smad3 in the 250 mg-mL™ Nd,0s group were higher than those in the control group (P<0.05); the Smad2
level reached a maximum of 1.16+0.16 on the 28th day, and the levels of Smad3, p-Smad2, and p-Smad3 reached a maximum of 2.05+0.10,
1.3740.05, and 2.63+0.09 respectively on the 14th day.

[Conclusion] Nd,0; exposure can cause inflammation and fibrosis in the lung tissues of mice, and the mechanism may be related to the
activation of the TGF-B/Smads pathway.

Keywords: rare earth; neodymium oxide; pulmonary fibrosis; transforming growth factor-1; cell signaling transduction molecule
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(connective tissue growth factor, CTGF) B & & U &
TGF-B/Smads i& & = Smad2. Smad3 mRNA 18 37 & I8
2. FEERAE, BRI TGF-B/Smads BERTE Nd,0;
/NI AEERRIER, #14 EBA Nd,0; B/ ER
A IR,

1 WNERE5FE
1.1 EEAFISNEE

Nd,O0, I FhES L HinEHE 85, MEEA
ZRZEWNTHRERERENEYRZERAE, BB
RRERMAIAFIEWFHRERXEERETAT, 2
RNATREN. RER. LXK EE PR UNRERRN
1Mt &3 EF3=[E Promega A Fo

FESEBE O (TDz-Ws) = FHE LB
YBR[, Cycler®96 instrument PCR YT ZE[E Applied
Biosystems 2 &, BAYGENE EB 7%k 1X (BG-Power600k) 13
FHEIREREMEAGRAT, ZIEERFLIRIG
MERL (Synergy HT) T 2£[E Bio Tek 28], SYNGENE
B ARG K 73 i RN T 2R [E SYNGENE 28]

1.2 A SHRE

SPF4R C57BL/6 T/ NS 144 R, A& 20~22¢, T
BHREHNE ER) EMEABRAE, £/7=F9
IES @ scxK () 2019-0010, FrE/NRIIEFEAST
HREAFELEFRIRDYF L, BRERNIX
Ko KARZELEZRCEFEZRA ST [t
ES  BELE2018% (020) S, AFRMG : EB
= HI7E (2443)°C, ZERIEE (50£10) %, 12 h [B]HTERER,
BRRY, TNHNRS, RIEEALESE. TEE
HE,

SLIRThYIREN 9 0 1 DT BBAF 3 N REA, &
tA36 3, ¥ 121°C. 20min BE K E EHIN,0: 78 F
T B & 38 5 Kl B 62.5. 125, 250 mg'mL™* Nd,0; &
&, BEFHAOBHSE LSRR, FR=RIEMEENR
&> PAERERE N0 BRZ01mLIBTIERER
—RUREENEER, STRAETF 0.1 mLAEEEEK,
FLEDANTFET 14 28 K= E] RSN,
A IESIYFE 12 2, BXFHALFHTHM,
1.3 WMIERR A&

1.3.1 fALREFNE FEZEBVNRAMAHE
LNEET 4% ZRBAESD, HITHERE, T20052
™ TR,

1.3.2 WKEENEMALFHYP S22 FREVNESA

MIFH£E4R 80 mg T 10mLEL B, INKARR, KB 12
HinERA, BAMpHETH, REAHMEBEREE
1Ee MNWNEKEZIE L, BUKBRIE R, BYE
B, R EBNEYR, BOBEBEMEHR, 5minf5
MEG&R], BRKARMEB O LE, WEKAS
[&F 550 nm K T ZEE,

1.3.3  ESEX 5 W B i 30 42 M At 2B 28 AR TNF-a.l IL-64
TGF-B1. CTGF &= EX10mg/NERATELSE F 2.0mL
BLOESR, STOANBMREE P RIZBREARNLL
1g:9mLBEYELBIHI AL LELR S %2, 5000xg B /L) 10 min,
BB, idFI SRR BAIRIES BB B BE 2 B TR
MEEFITNE

1.3.4 BT IR A TE £ PCRIE K T fifi 48 48 & Smad2.
Smad3 mRNAZZIA=  fEFH ReliaPrep™miRNA Cell and
Tissue Miniprep System 13 5| & He EXffiZA £ 5 RNA, fF
BitRE2XEEYMEABTRAT AT351-01 I #
THER, ZEHITERINAEHEZPCR RN, F M
RIGB3INEF, UB-actin ARE, A2t ER
MBI mRNATESTRIAE, 5|1¥H EBEYTIEER
NEEN, SEESIYFYINEK 1, %R 95°C, 1205,
B 1% ;95°C, 15s B 50K ; BERETSCH
mRNA SEBY R FEEE PCR R N 5T %o

x1 51¥MFFIR
Table 1 Gene primer sequence
EEER s -3 TiHEsIH 53
Smad2 ctc tcc aac gtt aac cga aat g cac cta tgt aat aca agcgcac
Smad3 att cca ttc ccg aga aca cta a tag gtc caa gtt att gtg tgc t
B-actin cta cct cat gaa gat cct gac ¢ cac agc ttc tct ttg atg tca ¢

1.3.5 EHREEENIE ML Smad2. Smad3.
p-Smad2. p-Smad3EHFTAZE BENZRLFEA
INRAFLELR HE B HYP YRR, & ILTE 250 mg-mL?
Nd,O; FIE T, NEMBARAFLENWIRGRAAE,
b 4R %EEY 3 R/NER, H2MIAHZE4R 5 Smad2. Smad3.
p-Smad2. p-Smad3 EH KA E, BUNRELRTE
30mg, BIHEEMAEBRBER, TKEWEAR,
HEBLOENLEREAERE. T, 28K ¥
R, HH. WE. EERE, UHHE-3- B RS
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
A S # 1T Smad2. Smad3. p-Smad2. p-Smad3 & H
X RIXERTNE
1.4 %itESR

2 A SPSS 22.0 R = 1T 34, ITEHE R LAY
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Wi EERT, WHIEHTESHREN A ZEF4
K239, Smad2. Smad3 EHHENKRAER ST ESHH
BAZE, RAMIMIIIFAR 10K, HYP. IL-6. TNF-a.
TGF-B1. CTGF. Smad2/Smad3 mRNARAEXR B HE
D, BEFTHEIERA LSD-t #ITHIELER ; 4
55 7 R HYP. TNF-a. Smad2/Smad3 mRNA 3R A &, Z
L5 14 K Smad3 mRNARIA 2. F 4 5 28 X TNF-a
BE2HETST, EH Dunnett’s T3 I HI TR LI,
K250 7K A 0=0.05,

2 #R
2.1 —RIEANE

ERMB TS T, RANYIAERE ST E])E
AR, S NRAERIME 1.

29

- XPHRLH
28| w625 mg-mL* Nd,0340
27 || + 125mg:mL* Nd,034H
< 250mg-mL! Nd,0348

EIPS EYPN F14K F28K

POAN: )|

1 Nd:O:RLEF/NREFELN (n=12)
Figure 1 Changes in body weight of mice after Nd,Os; exposure
(n=12)

2.2 HE R&Rigst

SFIESKGRAMBEHMTE, NEEET
Nd,O: &, B7RMALURMEBERNE, F14XE
BARMLT L84, B 28 RN BT E BINMA LT 2L
o TE 2,
2.3 HYPEE

R 7. 14, 28 KAY, 125, 250 mg-mL? Nd,0;
FALAHYP EESTXERA (P<0.05), BERLG
%28 K, 250mg'mL! Nd,O; HEHYP E B X IR S,
79 (1.87+0.19) pg-mg?s R 2
2.4 IL-6. TNF-a. TGF-B1. CTGF &£

PR14 RTGF-BLIM, AL FHE7.14. 28K, &
Nd,0; % &5 20 /)N R ffi 2B 43 AP B9 IL-6. TNF-a. TGF-B1.
CTGFE 2B TXIERA (39 P<0.05). ERLFH
14 KBS, /NEATALH IL-6. INFaHNEEXRTRS ;
RAHENWEFTGF-B1. CTGF S EEE 28 KA TR

GE] A : 33884 ; B : 62.5mg:mL™ Nd,0;4H ; C : 125mg:mL™ Nd,05 48 ;
D:250mg:mL*Nd,0s4H, 1: 567K ;2: 514K ;3: 528K,
2 Nd,O; FA 5/ R4 HE R LR (X200)
Figure 2 HE staining results of the lung tissues in mice after
Nd,0; exposure (x200)

K2 Nd,O; RELEHHA/NRIFHL HYP SELLIR
(x*s, n=12)
Table2 Comparison of HYP levels in the lung tissues of mice after
Nd,0; exposure (xts, n=12)
B4 (Unit) : ug'mg?

G

2851
FIXR E14K E28K

XTHRZH 0.77£0.01 1.01%0.09 0.94£0.00
62.5mg-mL" Nd,0; 41 0.9440.01° 1.10+0.09 1.24+0.08°
125mg-mL" Nd,0; 48 1.49+0.13" 1.5340.06" 1.50+0.02"
250mg-mL™ Nd,0; 48 1.54+0.01° 1.63+0.08" 1.87+0.19°
F 104.93 43.147 44.36

P <0.05 <0.05 <0.05

CE] a: 5X3HRALLIR, P<0.05; b : 562.5mg:mL? Nd,0; 4BELER, P<
0.05 ; ¢ : 5125mg-mL* Nd,0; 2BEbE%, P<0.05,

2.5 Smad2. Smad3 mRNABIRIX

bR B 7K Smad3 9, AL FHET. 14 28K &
Nd,0; % 22 20 Smad2. Smad3 mRNA BIFE T RIAE1Y
BFXHRA (9 P<0.05), BMERLFENHS, 3
LE/NEFMALH Smad2. Smad3 mRNA BYFE T ik
EEZIIE LA, LL250mgmL? Nd,0; A HEXT &
KER%D, 4% 28 XAY, 250mg-mL? Nd,0s £H/VER
Fii2B 48 H Smad2. Smad3 mRNAFEXT RIA = 5 55X F|
10.0440.61. 11.87+0.88, TL3K 40
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#£3 Nd,O: L EFEA/NEMLEL IL-6. TNF-a. TGF-B1. CTGFEE (x£s, n=12)
Table 3 The levels of IL-6, TNF-a, TGF-B1, and CTGF in the lung tissues of mice after Nd,O; exposure (xts, n=12)
831 IL-6/ (pg:mg™) TNF-0/ (pg'mg”)
ENES HF14KR $28K VPN H14K #H28K
XPERLH 1178.67+7.08 1378.79+140.91 1430.23+19.75 1066.27+41.66 1374.01%23.65 1366.82+113.12
62.5mg-mL" Nd,0; 28 1653.59+39.86° 3943.34+262.64° 3115.10+144.43° 1580.83+7.67° 1760.26+8.01° 1660.53+18.48°
125 mg-mL" Nd,0; £ 2653.424119.7° 4438.41433.14% 3392.30+28.02" 1817.04+16.02° 1964.75+10.61%° 1871.53+4.01°

250 mg-mL " Nd,0; £

abc

3493.35£231.4

abc

5502.96+76.53

abc

4368.02+127.32

abc

2300.58+10.89

abc

2484.58+71.82

abc

2467.69£68.36

F 307.89 639.57 780.84 2426.75 726.07 243.48
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

3 TGF-B1/ (ng-mg™) CTGF/ (ng-mg™)

a7 P Tl o

BIXR F14XK 528K ENEN F14X #28K

X1BRZH 0.23+0.00 0.25+0.04 0.24+0.05 2.97+0.07 2.94+0.14 3.38+0.03
62.5mg-mL" Nd,0; £ 0.29+0.04° 0.30+0.02 0.3520.03° 3.1340.16 4.670.13° 5.1840.13°
125mg-mL ™" Nd,0; £ 0.31+0.01° 0.38+0.05™ 0.38+0.01° 4.46+0.03" 5.14+0.14™ 5.29+0.13°
250mg-mL" Nd,0; £ 0.4240.01° 0.440.07" 0.7140.08™ 5.5640.14° 6.09£0.15°" 6.1740.19°"
F 72.29 14.89 88.52 575.46 425.473 381.06
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

[3E] a : 5XTEBLALLER, P<0.05 ; b : 5 62.5mg-mL" Nd,0; 2BELER, P<0.05 ; ¢ : 5 125mg-mL™ Nd,0; BELER, P<0.05,

&4 Nd.0; L EEANRIELR Smad2. Smad3 mRNARIMERSRIXE (xts, n=12)
Table 4 The relative expression levels of Smad2 and Smad3 mRNA in the lung tissues of mice after Nd,O; exposure (xts, n=12)

851 Smad2 Smad3
) ERES ERUES 228K ERES ERUES 228K
STERZH 1.000.00 1.00£0.00 1.000.00 1.00£0.00 1.00£0.00 1.000.00
62.5mg-mL" Nd,0; £ 3.49+0.40° 4.60%1.00° 4.85+0.88" 1.79+0.43 4.37+0.16° 6.70+0.86°
125mg-mL™* Nd,0; 43 4.70%0.57° 5.64+0.76° 8.70+0.83° 3.0240.53° 8.67+0.15 9.62+0.27°
250mg:mL " Nd,0; £ 5.43+0.63° 7.81+0.96° 10.04+0.61° 5.32+0.70° 9.37+0.28° 11.87+0.88°
F 78.8 56.91 162.04 58.96 2448.89 261.74
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
[E] a : 5XIERALLER, P<0.05,
1.4 a 2.5
2.6 Smad2. Smad3. p-Smad2. p-Smad3 ZEHKIFA " :
- = 3 ~ mlmﬂ 2.0
f£250mg:mL* Nd,O; FIE T, REF/NEAMAR B0 4 .
N #o.8 15
A Smad2. Smad3. p-Smad2. p-Smad3 & H Xt K iA i ! .
= = (=] ' ®10
B TFXIRA (P<0.05) , Smad2 EFEWTRIAEE Soa4| o . i
3 \ —_ 5 5, n0.5
RLEHE 28 KIAERS, 5SmRNAKILER— ; M 02
= 0
Smad3. p-Smad2. p-Smad3 EAHEXFRIXEESE 14 K HEIR  $FUK  $K $E7RK  $FUK  FK
| " ZeABiE] LB
RE RS, F28 KHIM T, IWE 3. B4, 16 3.0
1.4 : (0] :
’ oy 25
ERPS LuUx EPLPS B o :
a b a b a b 1) 1.0 % 0
A il a
Smad2 W v - ‘ e 08 % 13
0.6 T10 a
Smad3 S po—" o £ 0.4 &
—— —— ey % oa 205
P-SMad — o | —— —

HBIR  F1aR  FwK HBIR  F1aR  FwK
AN e AN
O x$884H W 250mg-mL* Nd,0:40
[F] a : SXERALLE, P<0.05
B4 250mg-mL* Nd,Os A/ AfiZA4R Smad2 (A).
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Figure 4 The relative expression levels of Smad2 (A), Smad3 (B),
p-Smad2 (C), and p-Smad3 (D) proteins in the lung tissues of mice
in the 250 mg-mL™ Nd,0; group (n=3)
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Figure 3 The protein expression bands of Smad2, Smad3,
p-Smad2, and p-Smad3 in the lung tissues of mice in the
250 mg-mL™ Nd,O; group (n=3)
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