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Abstract

BACKGROUND: c-Myc is a well-known oncogene overexpressed in many cancers. Alveolar macrophages are important functional cells of the lungs, not only
involved in the immune defense of the lungs, swallowing bacterial particles that invade the lungs, but also secreting large amounts of biologically active
substances to maintain the normal physiological functions of the lungs and the body. Superoxide dismutase has a close relationship with tumors.
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OBIJECTIVE: To observe the effects of superoxide dismutase on cell proliferation and c-myc expression in lung fibroblasts activated by supernatants of

silicon dioxide (SiO,)-induced rat alveolar macrophages.

METHODS: Alveolar macrophages were obtained by in situ alveolar lavage technique to prepare conditional culture supernatant: superoxide dismutase
culture supernatant (superoxide dismutase+alveolar macrophages+serum-free DMEM), SiO, supernatant (SiO,+alveolar macrophages+serum-free DMEM),
SiO,+superoxide dismutase culture supernatant (SiO,+superoxide dismutase+alveolar macrophages+serum-free DMEM). The supernatant was collected

at1, 2, 4,8, 16, and 32 hours after culture. Inducted culture of lung fibroblasts: passage 3 lung fibroblasts were taken and induced by the combination of
conditional supernatant and 5% fetal bovine serum-DMEM in a 1:1 ratio. There were five groups in the experiment: negative control group (2.5% fetal bovine
serum-DMEM culture), positive control group (10% fetal bovine serum-DMEM culture), superoxide dismutase supernatant group, SiO, supernatant group, and
SiO,+superoxide dismutase supernatant group. Culture time was synchronized with the above time points. MTT, immunocytochemistry and RT-PCR methods
were used to detect lung fibroblast proliferation, c-myc protein and mRNA expression. The study protocol was approved by the Animal Experiment Ethics

Committee of North China University of Science and Technology.

RESULTS AND CONCLUSION: Compared with the control group, cell proliferation and expression of c-myc protein and mRNA in lung fibroblasts were
singificantly increased in the SiO, supernatant group. Treatment with SiO, and superoxide dismutase could inhibit the elevation of cell proliferation, protein and
mMRNA levels of c-myc (P < 0.05). To conclude, superoxide dismutase can attenuate fibroblast proliferation and high expression of c-myc in rat lung fibroblasts

induced by supernatant of SiO,-treated lung macrophages.
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1 #EIFI753E Materials and methods

1.1 &t IRAMMRAASEIG A AR, T ZE T aE A SNK G
1.2 BfEAME SEIGT 2019 4F 3-12 AR4RIb T K224
JVE U 2 S5 2 5

1.3 A

131 FEZEGUGH S0, Bk (P B R REE ST AT ),
SOD Fll MTT(Sigma 7] ), &AM, DAB. 5|47 (dbi4Esk
L THEAT ), HGAILiE (Heclony A7), c-myc Hifk. 4
2 AR G (3 [ SANTA CRUZ A ] ), [ % 5% iR 77 &L (Takara
A1l ), PCRIRFIA. DNA marker( Fig4 THEAHE ).

1.3.2 SZIREIY) 1.5 H# Wistar KR, MEPE 25 J, HEdE 75
W, Wfis 200 g i fy, WAE TACEBREAEDEARAIR A
A, YFATIES: SYXK( ¥ )2015-0038, ¥ T-4EJL¥E T oK%
VRS . SIS TR IR TR = 3 s Rk e, FH

JCIREDEH, B/KFAEBI, K1 R 503 HE% 54
Wistar K o

1.4 ZE¥7k

141 REMEEGMRAERRE B4 HSCE R
FEVE ARSI SRS EVEN A . 47 il e 4 B FH A AR 2 3
10% fifi 2= IfiLi# DMEM 55 7% 0 F Bk 42 5x10° ik B, $efh T 24
FLEEFEIR

1.4.2 SiO, By A= R b W 4 2% A R o Bl % F
Sio, ¥y b H PBS Bl 1 g/L =2, KW Ja#H. FEEHGH#*
WP RS FR, NN TCINE DMEM $53:3%, 43I Sio,.
SOD A1 Si0,+SOD % 1 mL, BT Fif . D SIo, 75 3% i
SiO,( £ B 2N 50 mg/L) 5 5x10° ik FEE fii v 15 ek 4 S i 7
) DMEM F5 F= i 3L [RIFF & @ SiO+SOD #5577 LiF: SiO,( %4
W PEN 50 mg/L) il SOD( Z&9& & 4 1 000 U/mL) 55 5x10° ¥ &
JIi Y6 [ e 248 AN I 37 () DMEM 15 2 ¥ FL R & s (3 SOD
B 7% i: SOD( £k 1 000 U/mL) 55 5x10° ¥k B il 5
g 20 S AN I I F) DMEM B2 =L R E » LA L &2 4 BleE
1, 2, 4, 8, 16, 32 h A[EIWf A AW Hig, £UpEasEd
KR, 4 CHRAEEM.

REAEEREARNERREE

AR BIvERTHRZE . ARF1 43 %1 2.5%FBS-DMEM #5753 ;
FEPEXS B2 4153 0 10%FBS-DMEM 55515
SOD ¥53: Fif4H: SN SOD 5 MLi# DMEM 15759k s
Sio, #i 9% Eis4l: A Si0, 51N DMEM 5%
Si0,+SOD }5 7 _LiE4dl: A SiO, Al SOD 57K i i) DMEM % 7:3
1 7R A1) BUHSRILEL, 2, 4, 8, 16, 32 h AR jA] U i
IR JEAR AN
ML E 5 B B e ™Y
RIBFEHOE: LR RALIIE T R¥ Y LRI Z 0 ek, fituESh
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1.4.3 KBS 4E40 I SREU 43 40 B2 Wistar K BRUIE
MR, 2Ty U G Ao B 20 B B BT 4 4 . B
55 3 AR RCAT A, BE 4 & AR 45U 5%FBS ] DMEM,
5% M B35 5 AR 43 £ 5%FBS ¥ DMEM #ZHE 1 1 Ehfl
BCH AT S SRR PR IR (2.5%FBS-DMEM %
F2 ). PBHMEXTHE 4L (10%FBS-DMEM £53% ). SOD £53% I i 4.
Si0, £3% LB . Si0,+S0D ¥53: ig 4.

1.4.4 MTT JLI0 52 BAT 4Edm s s ™ sesb 41 1.4.3. %
ils R 2T 4 41 i $2 5x10°/ FLEERP T 96 FLAR P, FEFLA» AN 2%
PE3E 7R i 5 %5 & 5%FBS-DMEM 15 77 VRV &3 100 pl,
fHW 6 MR, FBMREFRE. Al TFFmL, 2, 4, 8,
16, 32 h {345 L%, 4 FLJI0 100 uL DMEM #5 7% 3 A 10 pl
5g/L MTT i, 37 CHAMFTIEE 4 h, FERFRE, WA
100 puL —H AR, FHEGARXTE 595 nm bl &L A 1H,
WINESE 3 K.

1.4.5 A AL SRR AT 4E 4R M c-mye R (I RIE 52
IR 1.4.30 HUEE 3 RN MR £ 4E4n B B, K 2% 1
iE 5% & S%FBS-DMEM £ 2R &, AR E 1, 2, 3,
4, 5, 6, 7 ho ¥ SP A GAAT RPN HL = HAE, BB
BUE 3T RGEHEAT 8 &40, BUHLR WOR EEE h # Ak
EiL

1.4.6 RT-PCR LI 5E LA 4E 4 c-myc mRNA 3£ 34 1!
FH Trizol 8 7] $1& MUl B £F 4 40 B & RNA,  33E 4T J % 5% il PCR
= Mo 5% % N: c-myc(548 bp): (forward primer)5’-AGT
GCA TTG ATC CCT AGT GGT CTT TCC CTA-3’; (reverse primer)5’-
CAG CTC GGT TCC TCC TCT GAC GTT CCA AGA CGT T-3’; GAPDH
(389 bp)5’-CTT CTG AGT GGC AGT GAT GG-3’; 5’-TGG CAC
AGT CAA GGC TGA GA-3', DJx it bi: M4 42 C
15 min, 95 C 2 min; @ PCR Jx M: c-myc ¥ 3 Jx |37 2% {1tk
94 ‘C 20s, 58 ‘C 45s, 72 C 45s, 31 M{E¥; HJ572°C
KA 7 ming 4 S I GAPDH ¥ 3 )x I % fF y: 94 ‘C 50's,
57 ‘C 50s, 72 °C 1 min, 24 MEH; )5 72 ‘CHEfH 8 min.
PCR P~ 4 EAT 1% B i W vt e L vk o 13 FH MR 0 T R G %
TKEEATEAT M, DLH 46 A1 GAPDH 251 WG B LU Al %o
c-myc [RARXRIE .

1.5 EZ2ESAR OMA4EARIGHELS R @mzaliuit
et c-myc B AR IE; @RUETF4ELH I+ c-myc mRNA [
Fik,

1.6 ZeitFE a4t K SPSS 11.0 AT ST =50, Fif
THEFORUE DL xts Rox, AFEHZ 5 LA T Z 504
LA LR A SNK A 36 o 35 ) (18] i 25 A R 7% RIEREAREH n
E

2 458 Results

2.1 MTT SRR R e mfiesg 745 R SO, J 9% Bl T et
KRB AT e 4t f 3G e, o DL 4 h (2 3 5 A A ek Sio,+
SOD #5757 |15 1 Jil 21 4 4 o 3% 56 e /) £ 24T 8 h I i i,
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SOD Hi 7% it T 4 M i e 1) £ 2T 16 h I demy, L
%+ 1,

F 1 | fiRERYR A EINE TR & BT A R IE) S AR AT 4 ARAa
SE1ER (x+s,n=6,A1H)
Table 1 | The effect of conditioned supernatant of alveolar macrophages
in vitro on the proliferation of fibroblasts at different time points

[fE)  SOD K7 L4 Sio, Hige Lif4l Sio,+SOD £53% Fiif4H BRIk HRZE vt e 2
1h 0.539£0.012°  0.650+0.009*  0.615+0.010™ 0.836+0.059 0.533+0.043
2h 0.566+0.005° 0.77130.014*  0.6320.016™
4h 0.584+0.008" 0.786£0.002°  0.6550.005™
8h 0.586+0.015° 0.712#0.017°  0.693+0.008™
16h  0.6120.012°  0.670£0.019  0.647+0.007"*
32h 054240005  0.643%0.006°  0.606+0.016™

FVE: SRR BBA LR, *P<0.01; 5 SOD 3 R HE:, °P<0.05, P<0.01;
55 Si0, ¥ 7: LG H#, P<0.05. SOD: FM4EALYE LG

SEES R MTT VERT I ) A (B -5 FIPEXT R A {5 1) b AR 5
AfIKE, &AHFH1, 2, 4, 8, 16, 32h [ A (HIGKE,
Si0, ¥53% FiE 4 N 122%, 145%, 147%, 134%, 126%,
121%; Si0,+SOD #% 35 I ¥& 4 4y 7l 4 115%, 119%, 123%,
130%, 121%, 113%; SOD ¥% F I35 4 4y %) 101%, 106%,
109%, 110%, 115%, 102%. LA b4%S2864H 5 [ s 4 b
BEREERER, UL R E R & TR B
AT AR R AT 4 2 3G 7
2.2 HEMIBAREELT comye B Ay E AR IUEHRE
2T 24 24 0 84 L R 7 e ek T [R] st 0 il v W 2 s 7 3
SERETR 4 h [ Si0, }i 9% Fig . 359% 8 h 1Y Si0+SOD #5375
LiE K K57 16 h 1) SOD K592 1iE, 4l A il s 41
ALY B AS [ B ) A, %4 c-mye B A B R IA S IE I AE 3 h,
Wk 2.

F2 | ROMEFEH EETAA R B SXT R FLEMES cmye BEE
=oAL (xts, n=6, B3O EEAH )
Table 2 | The effect of in vitro conditioned supernatant intervention at
different time points on the expression of c-myc protein in fibroblasts

INFE] SiO, #1797 L4l Si0+S0D %i7: L4l SOD K7 7: Lildl PR AL BITEXTHRZL
1h 21.102+1.551°  15.891#0.715™ 5.254+0.402°  3.4460.343 19.015+1.370
2h 23.278+1.348"  17.556+1.012° 10.535£0.565  10.020+0.403 28.313+2.294
3h 35.783+1.895™  22.368+1.218™ 13.99240.716™  10.691+0.592 49.220+2.146
4h 31.256+1.572"  17.383%0.949™ 11.75240.518"  9.793+0.502 36.725+1.487
5h 20.182+0.926™  13.341+0.823™ 8476:0.493°  6.005:0.413 26.547+1.053
6h 19.535£0.834°  7.9130.756" 6.308:0.412°  3.6930.322 24.731:0.842
7h 10.24130.623"  7.461+0.503"™ 6.223:0.385°  2.6980.213 10.572:0.631

Tk SHMEXTRALLES, °P<0.01; HRHMEXRALEL, P <0.01; 1 S0, #3%
ABALEL, AN, P<0.01; 5 Sio, 3% LiE4A SOD Ki 3R RIHALLEL,
°P<0.05. SOD: LAk

Gy AL e 8 c-myc [EPE e B0k M, R
Iy AT T ANMAL N ROZ R b, 2R A B A . SiO, BE
7 G EEFE 4 h B Xl AT 4R 0 B c-myce Ik H BRI
HHEA, MRz ts B, TLE 1A;  Si0+SOD £53% I
TE BT TR 8 h I X il AT 4E 2N AL c-mye Rk AR 21 F B 4R
WY, AL SRR, JLE 1B, SOD 1% 3% b ik 4t il sl T
HEAI M c-mye RIB A SR, 40 SART A, WE
1C. EGHT AR RO BE A v, 85K B2 AR 45 AN B[]
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Si0,+SOD 1577 |3 40 Jfi FSe 2T 44 4t it 35 7% I il il 21 24 240 e 1
c-myc FIAE I BAKT Sio, F57F LiE4H (P <0.05).

Il\? (‘B »ﬁN ‘\01\"‘"

: ’ * N -\ \N
\ A~ »,,
’:-'" 0‘ /'“t";‘*' "":»?}

£ 4 ahi r NSNS LY

D ' o

l

A# I« =4 he -

Bly: B A 9895 4 h [ Si0, 5595 B4 B JyRiJ% 8 h 1 SiO,+SOD 1
Fr FIEA; C 3R 16 h ) SOD #5357 R4 D AMITEXT A, E A
PEXTHEZH . SOD: A ALG

B 1 | &4iER LB ESMALTH MR ERE cmyc R 2R A
SFLELER (SP A DAB £, x400)

Figure 1 | Immunocytochemical staining of c-myc protein in lung
fibroblasts after 3 hours of induction (SP method, DAB, x400)

2.3 RT-PCR % M & A% 4F 4 48 J F c-myc mRNA & ik 2 %
GAPDH Iy 2 % i I # #45), 447 0 T 389 bp &b, T K4
548 bp 4 7] WL c-myc BL—2%47, Sk ia T I, WL 2.

6 54 3 210 6543210 6 543 210

c-myc 548 bp/|
GAPDH 389 bp|

B B A NERSE 4 h ) Sio, 5577 Eif 4 B JNEZFE 8 h [X) SiO,+SOD £%
F¢ biE4H; CONEEFE 16 h 1) SOD #53% Li4l. 0: Marker; 1-6: 435k
% H 1-6 ho SOD: HBEALYIEALES

E 2 | £HiE7x EFE SR T Y LB ERTE c-myc EE RT-PCR 4]
BRRE

Figure 2 | Gel images of RT-PCR product of c-myc gene in lung fibroblasts
induced by conditioned culture supernatant at different times

7t B Quantity One 44 2> #r, 112 i) c-myc/GAPDH
ECAR . W LA H il AT 4E 4T i Y c-myc mRNA 7E 1 h It 2247
ik, 3hikBEg, BSOS TN . K ILARAEEE I
MR A Bk (P <0.01), BB 3 4L 47 7E 7 7,
fE A S B, SiO,+SOD 55 7% b i AL U pl 21 4t 41 iy
i c-myc FIA M /E I BRT SOD ¥ 3% LB, 1 55T Sio, ¥
7r i, Wk 3.
#3 | SO, 1EF LiELH ., SiO+SOD &5 L iELAFN SOD ZHAY c-myc/GAPDH
L& (xts, n=5, c-myc/GAPDH)

Table 3 | c-myc /GAPDH ratio of SiO, supernatant group, SiO,+superoxide
dismutase supernatant group and superoxide dismutase supernatant group

I ) Sio, HiF Lis4l SiO+SOD #i7 LifiZH  soD ¥ik Risdl
1h 0.2160.034 0.141:0.016° 0.085:0.002"
2h 0.514+0.042 0.2460.019° 0.125:0.003"
3h 1.153+0.062 0.523+0.028° 0.4860.011%
4h 0.926+0.031 0.2030.020° 0.1070.007%
5h 1.048+0.053 0.098+0.008° 0.027:0.002"
6h 0.338+0.027 0.024+0.005° 0.009:0.001%

Fik: 5 Sio, B3 iR, P<0.01; 5 Si0,+S0D #i% FiB4L L, *P<0.01,
SOD: AL

3 12 Discussion

1967 4F, HEPPLESTON ‘& i SiO, i75 5 [ Jili yfu 5 W 4 ffa
R 9% LB AT A R A, 2 X T R AT 4
S BfIX  F AT ) 56 BT T KRR AL, A5 SRASRAR R B
PRSI MTT SRR I ) A {55 B I8 A {1 LB 5
AEIK A, 0 K BRI 6L W 2 P 4% 1R i 7 I S8 R R
YN RIEAE . MTT vE327R, N\ SOD J5 F £ Sio, Hll ¥ i
it v 5 4 55 9% 3 (2 P T 4 40 P 346 5 e 0 B SR A T 4l
HH SiO, IV v Wk 40 i i 77 B3, T T 4l (g SOD
WL A A IR . MK BRI B R GH i sio,
O B JE IV R A R AR R R T R N,
Jn N SOD Fiil b ¥ J5 P B N SiO, #ill 4, SOD &4y BEWT 744 |
HAE =4, il B R B R R B R >, PR,
Si0, HIMCE L i\ SOD T AN T iy SiO, Hil 8 it e 240 Aty 45
I I AT SR A A B AR AT A 2 s, 17 e SOD K
itV M 55 7 I VA ST0, T 0 B i A s 3 3
BV o X FHRIRAMIEE SOD I S 4 BH WMy [ 5 4 i 7=
AT B, R SiO, IS B R AT 4 4 i B R
FTRESA R S A e GBI TR — 8 R R, BT HERLR
YEem A G, i 4MNEME SOD WIS H Fh 3 T 0 R AT 4
YT 35

WP VR S 36 B85 2L A R T 4 4T 446 B R 0 e i PR T
iy W AN R 7% PR T s AT 4E A A, 5 2H c-mye
HARRIE FEY N 3 h, AW ER c-myc mRNA 7E & 4F
Yo i b A AR 1 T, c-mye mRNA (1) R IA 5 1§ R
30 MR RIS B SIO, 35 3R 1 4L AR A0 E B
K, Si0+SOD ¥5 7 FiEdH k<, )5 N SOD k7% ik 4.
Si0,+SOD #5 7% L 411 c-myc 85 H 3R & 78 % AN I a] 5 b #F
ik T Sio, ¥5 9% LI, T T SOD #5378 Eif4, #2&7 SOD
XoF Si0, Hll WA BRI V0. 5 W6k 400 Ak b 35 77 B3 2 R 4T 4 4t
M c-myc & H K3 s A E A . HEW,  Sio, NSO B
L E WA AR A 77 3 7 AR AR B H R AT AR AT 4 4 A Y
c-myc H5 F KPR, AT IR AT 4 41 B Y G . SOD mJ il

ok B R L Ve it 6 5 0k 24 o b A BB R A P AR A e-mye R UK

SRIAYRIT, WA AT A i

c-myc J&— 2 ST Z RN B, IR P&
7E G, HR % b R % B A A4 T 2, c-mye EIRI7E 41
WP B B B R SIS Sio, ok U
538 200 P A A 8% 97 138 T 4T 4R 4T Y c-mye mRNA 7K
W, 1M SOD X Sio, H K B IE B M4 p ik o5 77 Lig (R
JSZT 24 4 B Y c-mye mRNA 7K1 & A il AE . HEW sio,
SRR B VL 15 e 24 i ol 7= A 1 40 RS X c-mye mRNA 3%
EEIAEERH, HIAE B #2157 SOD J5 c-myc mRNA
Fik W Rk 5S, PR H IR I i AR — e e .
F LA 1 &5 SRR nT RE 7R il T it B e, Sio, K B A
T ENE AT P AR AR X e-mye RIS EIEM,
c-myc FRIAI my, ML RRET4EA BB TE, e FBU AR 4E1L .

Chinese Journal of Tissue Engineering Research | Vol 26 | No.14 | May 2022 | 2205



@7 PEERATEHR

www.CITER.com Chinese Journal of Tissue Engineering Research

EETUEk: MRS —EH IR R, #ATZRPIBE L, KESD
—MH AT R, TEAE S AR AT R, A Os
FRTE ARG, BREFAAH A R R AT IR, F R,

ZRHEIF: AXFEZT “BLTHEAAZHERFR L LT X
(131302912)” A= “iFTdb g BA T E FAF A 7R X (20130380)” 49
K. PIAVER BB, 2% LA B L ENE AR 45 B4
RSt B LR,

FIEEHZE: LFaEH By, ARMARALFHREILP R
HEA B R,

HASRIREIER: Fihr 2L T KF Y FI0RE R 24k,
FEAR AT BRLEEFHEBDS (X TFHMERERANGERTES
HGR) A RHBE KR, ERHWARE TR GFR, FEA—
WH N RRCSIE Y LT At

NEEE: LELERTCLEF LR DG LKL AR LHRITIAE

NESNE: XFLDRATIT ERREGIF, FATFAA LFH
STEAET &

MG EER: LFRHFEFF 2L I XFRitFERSE
EHZFAH.

XEMI: LFHMATLE L L REHRBRALE T BRI X
L.

FFHRENERR: X2 —BFAKRLFE, HBF (St ZH T
“E4 - T LB - MR 5 XKEF 407 KR, ESEIIAGKALT,
AFAAEF b B R T RIXA RS, ARy K, B AFE
TR P R FTE. FN. A, 3760, Aok, BBEEEZ K, FH
Z s w5, ARG ER L CIETAERE,
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