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Abstract

AIM: To investigate the effect of formaldehyde
on miRNA-21 and its downstream proteins
tissue inhibitor of metalloproteinase 3 (TIMP-3)
and reversion-inducing cysteine-rich protein
with Kazal motifs (RECK) in the liver of mice.

METHODS: Forty female Kunming mice were
randomly divided into three formaldehyde
groups (low-, medium- and high-concentration
groups) and a control group. The three
formaldehyde groups were intraperitoneally
injected with different concentrations of
formaldehyde at 10:00 am daily. The control
group was injected with equal volume of
normal saline. Real-time quantitative PCR
(RT-PCR) was used to detect the changes
of expression of miRNA-21 after 30 d.
Immunohistochemistry and Western blot were
used to test the expression of TIMP-3 and RECK
in the liver.

RESULTS: The relative expression levels of
miRNA-21 in the low-, medium-, and high-
concentration groups, compared with that
in the control group, were 1.16 + 0.18, 1.61 *
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0.29 and 2.48 * 0.49, respectively. There were
significant differences in miRNA-21 expression
among different groups (F = 38.02, P < 0.0001).
The expression values of TIMP-3 in the control
group, low-, medium-, and high-concentration
groups were 1.30 + 0.058, 1.04 + 0.083, 0.85 *
0.070 and 0.23 £ 0.067, respectively, and there
were significant differences among different
groups (F = 125.8, P < 0.0001). The expression
values of RECK in the control group, low-,
medium-, and high-concentration groups
were 1.24 £ 0.057, 1.11 * 0.056, 0.68 + 0.042
and 0.35  0.066, respectively, and there were
also significant differences among different
groups (F = 158.7, P < 0.0001). The relative
expression of miRNA-21 showed a negative
association with expression of TIMP-3 and
RECK (r=-0.990, P = 0.01; r = -0.974, P = 0.026,
respectively).

CONCLUSION: The expression of miRNA-21
in the liver is significantly increased by
formaldehyde in a dose-dependent manner.
Formaldehyde can decrease the expression of
TIMP-3 and RECK in the same dose-dependent
manner.

© 2016 Baishideng Publishing Group Inc. All rights
reserved.
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i# 33 5% @ (reversion-inducing cysteine-
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20 RIFLL 20 P miRNA-2169 &5 5, Fl ot
JAWestern blot. %% 2B 27405 = F 4m|
A0 RIF 2R 2% P TIMP-3/#RECK & & #)
Fik L.

LR KR EM, PREN., HREAT
A miRNA-2148 3¢ T 2 BB 41649 £ ik & 5 %)
A£1.16+£0.18. 1.61+£0.29, 2.484+0.49, 41
R A R £ F(F = 38.02, P<0.0001). *+ 72
20, JROREM., PIREM., HREAF
HTIMP-3% & #9403 2k 58 2130+
0.058. 1.04+0.083. 0.85+0.070. 0.23+
0.067, 2819 7 91 2. £ F(F = 125.8, P<0.0001).
SR, ROREME. PIREM. HIREH
¥ HRECK& @ #9 A1l R ik 24 512 1.24 +
0.057. 1.11£0.056. 0.68+£0.042. 0.35+
0.066, 2813 A 8 £ £ 5+ (F = 158.7, P<0.0001).
W £ He Ak R E 69 3 n, miRNA-2148 %+
Ak FETIMP-3Mast A E 2 AARE(r =
-0.990, P = 0.01), 5RECKAR M £ £ ¥k 2
$i A8 (= -0.974, P = 0.026).
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Awrged, ATHRT-PCRAMmMIRNA-21, H
Western blot. S LU0 0kl =L~
Ui DR 7 5 0T 4 R 2 1 B A 2L ) PR -3 (the
tissue inhibitors of metalloproteinase 3, TIMP-3)
MPEAKazallk 5 5 & DR 118 3 7 3
I (reversion-inducing cysteine-rich protein with
Kazal motifs, RECK)&E H, 7r#T B iA ik
FE 5 DA b =35 A5 AL 23 b ik B 22 (8] 1 56
&, TR R I miRNA-21 & H i
TIMP-3MIRECK R IE B2, fEmiRNA K &
FI7K - AR R of JHE IR P 8008 4 .

1 #HRASE
1.1 A 2 BN R40 3, 250, 7K B h20 g
+2 g WH T SIREEAEE A R IRE AR,
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5 0E) N B A . UK. TRIZo 3R BURK
(Invitrogen’A 7]); miRcute miRNA cDNAZE—
BEE AR & miRcute miRNAK G E =/
MEAFR & BCAS B i € &R & (R A1
BHEAH IR A ); miRNA-2151%1. U6sI ()™
MG SAEMHEARGIR AR, RIURTIMP-3%
SREPUAR . P RRECKZ b fifA(db 5t
BAREDH AR R A F); PV6001 G A4k
F G DABRERAL R AL &M EYH;
ARABRAF]; HAR S A A EEARIC 1 E 5T %R
IgG(FEER K /R EHY); PVDFIE(P K); ECLE
R (RO Y TREA R AF). EEAYL
& WIEPCRAN. KR = E B O HL(Eppendorf
o), UK. HVKAE . RS (Bio-Red A
A, R 20 BRI R R S
(VILBERAA]); VIR ML HHAE R KA
REIR.

12 F ik

1.2.1 284 3 WRIHTER 1 wk, SRS BN
N RBERL 2 Fuxt R A3 YL iR 4H, FEHI0 K,
XTREZH N9 o/ LA AR /K, Yeai 2 FH VR 5 40 3l
920 mg/kg(IRIRFEL). 40 mg/kg(HHIKEE4L)
180 mg/kg (R EH). TELHA&IE T, KHME
s S 73, R B 0B S 1R, BRI
550.1 mL/10 g. Yeag 21 i S AN [ H RSV VAR
X P ZHVE S A H AR K. 30 dJiE AbBE/NER.
NP E B S BL100 mg TR BUE RNA, B
100 mgH THEIEH, FIRHRZ40 o/LFHE
W A, YR

1.2.2 3BT 420 ERNA: BUHTEERT 424100 mg
BTSN, N1 mL TRIZoHRBUK, vk L
PRI EE, WA, MZUEGLS sfFT
30 CHAMES min. JIN1/SETRARIA
115, WERRIREI15 s, 30 CIRAMES min, B0
(12000 r/min, 15 min, 4 °C). B{_EEWOIFd5 E
TERARER, ISR ) 7 I EE, BN EER S,
30 ‘CiRFHM A S min, 25012000 r/min, 10 min,
4 °C). 7 L3, hiwid #1750 mL/LZEED mL.
4 “CE.Ly, 7500 r/min, 5 min. 3¢ FIE, S5 T45
5-10 min, AN OGEETHIE SRNAKES
aifE.

1.2.3 miRNA# % 2 F 5RT-PCR: # ZRNA
W TFDEPCAEE/KH %20 pL. #miRcute
miRNA cDNAZE — A a7l & Ul B 34T
miRNA 3' K P oly(A)Ab K 8 5 5% [ i .
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EFEU6 snRNATE NN Z, #miRcute miRNA
P R IR R B U B R X S R AR AT
miRNA-215 B, miRNA-21 L3595 41
5“UAGCUUAUCAGACUGAUGUUGA-3', U6
5195 51 5'-GCTTCGGCAGCACATAT
ACTAAAAT-3', L5k AT EIRHIR AL 194 C
2 min, BPEFR K, ZEH194 °C 205, 60 C 345,
4SAMERR. FH2 2SR AR, ACE = Clyraa
1.2.4 %A B Hn: %P V6001 %k 4l
S 2R S U B U R AT S . PR S
. MEHEE. m—4. e, BE. 2
e WK ERE. SEEAY) T AE400 Xk
BE N BEHLL S 3N AN A PR ET, A ASRR T 0 2K
2004, TIMP-35RECK) LA i 57 H B
TR PH . 25 SR HE ()RR FE M e
SREETHr: A L1004y, A 2k,
NEFBATE, TH14; ARG R B, AR R
PE, TH24); AR IRER T s (B, TR
P, 11343, ()ARE FHPEAN AR Lm0 FE A
MR <5%, 1104); FHME4ERIL<25%, it
153 25%<FHPE4IIE <50%, 124r; FHMERIA
BAES0% LA E, 1F349r. LR WRP ) b vt it
oy AHTR N VT B Z S H B AR IA B R
4.

1.2.5 #BATALR E& G BUHTEERT 4121100 mg
BRI, IO mL4H i 2@ (RIPA :
PMSF : cocktail =98 : 1 : 1), vK_EBE A EHT
B USHE AT, B50(12000 t/min, 15 min, 4 C),
iSRRI, 1 2BC AR A E &l
UL P SR AS R KR

1.2.6 Western blot#il: TIMP-3FEH 4 &
21 kDa, E#55 B AR %N 12%, RECKEE 431
104 kDa, 1E5E5) 525 RIS H8%, WA IR
B95%. BEARE A& R 40 ng/fl, EREAE
10 pL. FR4E & FEAE AR EE M E3E o mA
AHR loading FIELARME, & EH (95 C, 5 min).
HLVKTE RS0 V, fi 2k iy HE N2 B IR 5 e LR N
120V, £§ H &7 52 2 T, B GAPDHE A
YENNZ, T4, FE R IR TR 130 mA, B
[H] TIMP-32530 min, GAPDH 460 min, RECK
110 min. AR H5H; £ P2 h, TBSTHEAE 10 min
X3, B—i, 4 CIHR. TBSTHALI0 minX
3, BB, HiR2 h. TBSTHEAR 10 min X 37K,
HATRECCDA, FFusionCapt Advancefk
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1 RT-PCRAGMIEZLAMIRNA-21ZHAIEND. A: I HEHhLL,
B: AfRARLZE.

AT P A 2% 58 A AT, SRAFER.
it # 4 FGraphPad PrismSHA4FHEAT
Gt i, HoE &R Limean+ SDIEAE
N, ZREAREICECRH BR R T Z 0, £
S R A S50 500 1R 7 7 L BCR L S DYAREAT 43
Mr, MRS R HPearsoniZ, AL, LA
P<0.05NZEFA G AR L.

2 #R

2.1 RT-PCRA&M 25 R o4 314 il 28 3 IH o
SR BB AR #% DLE S 9% O BB 2 TR AE A2
PEXR R, LR BE & IR (E1A). fEPCRR
56 B I HEAT Rl i 26 4 T, miRNA-21 1) fil
fife i 2 153y B0 LT BG PR B, [ I A
BE—BIRAE T SRR R 5 TS (B 1B).
2.2 miRNA-21 /& 20 % & kAt o F B
R ENMGEA 22705 B ab BT 15 4% 52
UGBS, IR, PIREA. mikE
A FmiRNA-2 VX T X B4 1) R B & 5
MAE1.164+0.18. 1.614+0.29. 2.48+0.49,
AR W &2 S (F = 38.02, P<0.0001). LSD
HRB S A miRNA2IRIEEZER, 4531
EoREIREH SRR A IR AL,
miRNA-2 1 RIEHEH 5, ZREFITEENL
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2 GRBLRSRENEZEENEBRABER x 400). A-D: TIMP-3[JFiK; E-H: RECKAYFKIX. A, E: X [H4; B, F:
RIKEELH; C, G: FIREELH; D, H: SIREEA. TIMP-3: 254 EE AL UIHIA T—3; RECK: FEA KazalZiFF & &2

HERAVIEAE T S E .

(P<0.001. P<0.001), H A& LH SR LA
b, miRNA-21RIE BT &, ZRBEASRITR
X(P<0.01).

2.3 fipta AL F A A TIMP-3/2RECK &
& W Rk WE2ATR, B NS IHLRY) A,
TIMP-3FIRECK & ¥ 33k T I 4 i 1) Jfw Jot
W Qe BRI A RN (. BB ER T E 5
Mot & HEAS T B & REET
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gy, SHHREH . MRIREELH . FIREE . Rk
HTIMP-3 55 [ R IE & 53 /2 7.72 £ 1.55.
6.42+1.82, 5.02+1.98. 3.41+1.59, 44
B2 5 (F = 67.52, P<0.0001). LSDFAG 4% %
HIFTIMP-33 15 & 7 5, 4550 BRI .
IR, FIREH., e EHAHTIMP-3%
LR R IR, AR R 2 A et
#3 (P<0.05. P<0.05. P<0.05). Xf 4.
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XERE

RIREEA HiREEH IR

TIMP-3

GAPDH

RECK

GAPDH

3 Western blotiillZ4ABINEBREBEIR. TIMP-3:
E4 R E B LHIHIA T -3; RECK: fEHKazalkify
R EER LS SR .

IR, PIREH. mikEAHHFIRECKE
F 2Rk B2 5 2£8.00 £ 1.44. 6.73+1.76.
5.50+1.85. 3.83+1.66, Ala1f W& EFE =
33.37, P<0.0001). LSDiZA:56 %41 M RECK#
EEER, SRERRA, RIREA. ik
FEAH . AR EE444HRECK K IA & 2 BA AR
/b, FHARPI AL IE] 22 5 3 R 1 2 5 XL (P<0.05.
P<0.05. P<0.05).

2.4 Western blot# | & 21 TIMP-3F=RECK #9 &
ik WE3TR, TIMP-3FIRECKE 7 AT
A I Rk B YL R BE I T s> FH B
K& T7 Z 9 T4 114 FusionCapt Advance {4
LTRSS AR, WTIRAE . IR AL,
WREEAH . Rk I TIMP-3%& (A AT R
EE M Z1.304£0.058. 1.044+0.083. 0.85
+0.070. 0.23+0.067, HEHHEERE =
125.8, P<0.0001). LSDyEA % %418 TIMP-3
KiLEER, SR REREH ., kB,
MR E 5 )R AR EE, TIMP-338 A B9
b, ERA G E L (P<0.001. P<0.001.
P<0.05), HEkEHSPREH. GRKEH
AELG, TIMP-3RA B B, ZRARITFE
X (P<0.001. P<0.001), 7k JE 4 5K &4
AHEE, TIMP-3RIA LA i 2% 2 5 (P>0.05). Xt
PR RIREEAL. IRIEA . mkEHS T
RECKH H AR XS Ik & 73] & 1.24 £0.057
1.11£0.056. 0.68+0.042. 0.35+0.066, 4
B4 BH I8 % 5 (F = 158.7, P<0.0001). LSDj%
U0 % HIRIRECKRIA 2 57, 45 R ERmk
R FREEH S XA AL, RECKKIA

2148

37 _e— miRNA-21
= TIMP-3
w2 | A RECK
)
i’
1]
0

MR RREH HIREEAE sk

4 mRNA-21MBNRIAE STIMP-3RRECKEBENT
IKERWEFRIME. TIMP-3: FLFi 48 & BB SUIHIA -3,
RECK: P Kazal B & L iifeis S .

BIWLR >, 72 5 H gt 4 5 L(P<0.001
P<0.001), HARIREA . FikEH. K&
HIHRECKHKIE LB AHFEJk b, AH AR 2 1) 2=
S Gt & L (P<0.001. P<0.001), KK
xR L, RECKEIE LG22 257
(P>0.05).

2.5 miRNA-21485 % 3% 5 TIMP-3%RECK
F ot ks B0k BEE YK
FERIBE TN, miRNA-21AH%F KL & 5TIMP-3
FHN A B R SR = -0.990, P = 0.01), 5
RECKAHX FILEIF RO K(@E = -0.974, P =
0.026)([&4).

3 1¥iE
HEEIEA—MBERZ /A2 HERERIASE
B, R NARE TS AR A AT
B IA RS, LA EUF RS, H27
RIFHE, EANSG 2 A a5 A I M
BHOS PR A Sk rh B 2 1Rk s o
FEUT R B R AT LA N AR P9 R R R AR
B3 2 DA R B A TS PR BRI, T 2 H
PR 38 R T kAR I AR A R AR &
FEYIN 8% (malonaldehyde, MDA), i %S5
EAR . RBREEVM RS THILHRES. A
W R/ BRSESS, U N YRS, RF2E28 d,
W5 JH AT 4H 2R A B A A B AL B (superoxide
dismutase, SOD)i& /1. W H Bk (glutathione,
GSH) MDA &, 4553 Bos HEE Qg a5l i
JHRE P HUE A TEGSHE &b, $iabiESOD
TG AEAS, PAAE PO A AL 2 YIMD A 4
I, B A AR A 2 T T R MR LR 2 —
S, H AT O R ) R AL AR DL A
75 R AL, W 7 AN 58 3.
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miRNAsKH H it 2 51 2 Fh gl s
B, BFEK. AW, . HMERET, B
2 ORI R T A L BT R I,
Al DL B3 i s R I b R 4 e DA R i 2 i
FImiRNARILZFEL, HX NKIFR RS0
miRNAFFERAPELER?Y, ZOVHREER
JH-Je BOLHI B FE SR A 1R A R R . LA I A
7N, miRNA-21{E A R ] e 2 5 2L R 3R
KRR, AR RS R R R g e T
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