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Abstract

BACKGROUND: Abnormal activation of osteoclasts plays an important role in the bone destruction due to spinal tuberculosis. During the pathogenesis of
osteoporosis, miR-155 knockdown activates adenosine phosphate-dependent protein kinase (AMPK) by increasing the expression of leptin receptors, thereby
inhibiting osteoclast differentiation and bone resorption. However, the role of miR-155/leptin receptor(LEPR)/AMPK axis in the bone destruction due to spinal
tuberculosis remains unclear.

OBIJECTIVE: To investigate the role and mechanism of miR-155/LEPR/AMPK axis in tuberculin-induced osteoclast formation.
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METHODS: RAW264.7 cells were cultured and treated with different concentrations of purified protein derivative (PPD) (1.0, 2.5, 5.0, 10.0 IU/mL) and
transfected with negative control (NC) sequence or miR-155 inhibitor, NC siRNA sequence or LEPR siRNA sequence. Tartrate resistant acid phosphatase staining
was used to detect the number of osteoclasts. Fluorescence quantitative PCR was used to detect the expression of miR-155. Western blot was used to detect
the expression of LEPR and p-AMPK. Double luciferase reporter gene was used to verify miR-155 targeting LEPR.

RESULTS AND CONCLUSION: Compared with the control group, the number of osteoclasts and the expression level of miR-155 significantly increased, while
the expression level of LEPR and p-AMPK significantly decreased in 2.5, 5.0, and 10.0 IU/mL PPD groups (P < 0.05). Compared with NC+5.0 IlU/mL PPD group,
the number of osteoclasts and the expression level of miR-155 significantly decreased, while the expression level of LEPR and p-AMPK significantly increased
in the miR-155 inhibitor+5.0 IU/mL PPD group (P < 0.05). Compared with the NC group, the fluorescence activity of LEPR wild-type double luciferase reporter
gene was increased in the miR-155 inhibitor group, and decreased in the miR-155 mimic group (P < 0.05). Compared with si-NC+miR-155 inhibitor+5.0 U/
mL PPD group, the expression level of miR-155 had no significant change, the number of osteoclasts significantly increased, and the expression levels of LEPR
and p-AMPL significantly decreased in si-LEPR+miR-155 inhibitor+5.0 IU/mL PPD group (P < 0.05). To conclude, tuberculin can induce osteoclast formation by
increasing miR-155 expression and inhibiting downstream LEPR expression and AMPK activation.
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PE7~ miR-155/ 38 2 52 4k JAMPK il 5 85 i i o 4 A5 5% A
FELE %A R BIE S & I, miR-155 15 R IA 5 k45 % 5l &2 1)
HERE RBER A 26 ™, (2 miR-155 7E 4544 14 2154 5 RAW264.7
YA R B A AR T BB R AN ? =R IA ) miR-155
&5 I R U E S R JAMPK (R R B AT R ? H R IX
L) @Y R . AUk, EEF AT S B R 5 T RAW264.7
S 73 e D ik 4 B A 28 U % miR-155/ 98 3K 2 A& JAMPK
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1 #EIF1A5E Materials and methods

1.1 3%t 4 sEsEE.

12 BfRAME ST 2017 4F 6 [ % 2019 4 12 A1ETH
A NIRRT A0 5258 % 5E

1.3 ##+

1.3.1 408 /N BRI RAW264.7 1M E AR -
TR L

1.3.2 ) SERBE R VESE (A% 50 1U/mL, 1 mL/ 3C) T
B AL 5T 5 AR P A R s miR-155 HHIA S A . [
XHHRFP I, 324K SiRNA [ 31, [ 1 X B siRNA F 371 24

H S YLA A 40 1R 5 &% 3 Promega 2] ;
PO A TR A 1 Tl R T 4 €2 7)) B T T RO A B s miR
FEEUAY B &L . miR cDNA 25 —8E & B & miR 236
AR I B I R A F]; RS2 —HWE Abcam
AF]; AMPK. p-AMPK —HiIH [ CST A#].
133 fx# BB A Nikon AH]; 984 E & PCRAUEH
ABI 7l HLIK RSB AE R G B FilEREE A .
14 7k
1.4.1 RAW264.7 QI RF 540 4 e 45 %) RAW264.7 41 i &
BRI Sr % 10% 525 1MIL3 ¥ DMEM $% 3% B 3k 1T I BE 1 9%,
2 M %5 FE K 28 80%-90% J5 FH 0.25% & w1k, H£RE
(2 B P AE 55 7R AR N AT 2 LT 20 P 23 2 T s
B0 NUTR 4 N5

(1) 58— 870 20 B S 560 W0 B2 AN [ R 225 A% 1 % % Al i 4
JiL 534 S miR-155/ J8 35 52 44 /AMPK Sl (¥) 520 248 fifd 43 2 of
FRVZH S AR MR 4 A% B 2 4. S BRAE B S 35 25490 1) DMEM
B A EE, S HRAS R EHSE Y MRS RS E
1.0, 2.5, 5.0, 10.0 IU/mL £5H% 5 2593 513 ) DMEM ¥5 35 3%
LR, EREIE 7 d, B 2d Bl 1R, BT e TR AN AR
HACHE M RE S NELE.

(2) 55 30 47 2 i S 56 W %€ miR-155 7 45 4% B & AR #E
B A A SR R AR JAMPK AR Ao R
FXTRRZE . BT IR . BAPEXT R +5.0 U/mL g54% % 241 .
miR-155 ##4) +5.0 IU/mL S EH =H. =ANRARANSE
211 DMEM R IR 34058, [P x) I 20 37 Je B PR X HE 7 31
F 1 36 B +5.0 1U/mL 45 2% 1 22 20 2 e [ 1k ok B8 e 37 5 i N &%
K% B 2 T SR A L 2R AL $1) 5.0 1U/mL, miR-155 )il 47 +
5.0 1U/mL Z54% B 3 2H % % miR-155 | P I I G4 13 21 1
S AR B IS F 5.0 lU/mL, 3835 7d, & 2d 1K,
Bl il Ja T ok AR, B RES MEE.

(3) 25 =30 7 4 M 52 56 WL %€ miR-155 # ) 3 52 44 48
B 5 B S EZH . miR-155 BEAUAEH . miR-155 #i|4)4H
V4 2R ST AR [P XU s ZR B o DR e it N S, I
FEZH . miR-155 BEfI 4. miR-155 01 i 40 41 43 ) %% e B 1k
SR FEFI . miR-155 K534, miR-155 #i4, 3Lis3% 24 h,
A RE S ANEE.
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(4) 55 VY0 53 240 o SI 56 W 2294 2% 52 AR 7E miR-155 1 47)
) 45 1% R 2R 3 AR A R A AR s 4R ) S R
S, B MEXT R SiRNA 2. B P 5% B SiRNA+5.0 1U/mL &5 % 1
. B B SIRNA+mIR-155 1|4 +5.0 1U/mL 45 4% B 2
Y. 98 255244 sSIRNA+mIR-155 HI4 4 +5.0 1U/mL 45 2 1 2541
X HEZH B AS & 2590 () DMEM B 77 6 40 2, [ 14 Xf R SiRNA
Y 5% LB PEXT R SIRNA 7 41, B M X6 I siRNA+5.0 1U/mL 25
1% B 2% AL e I PE X6 B SIRNA 7 81 N 65 4% B 2 7 S
FLAIREIEF] 5.0 IU/mL, BH 40T R SIRNA+mIR-155 #Ii|4) +
5.0 1U/mL 45 1% 18 2% 41 5% YL [ 4 X 1 siRNA &2 miR-155 #1147
FEINN G5 4% 1R R SR A L 2R A #1) 5.0 1U/mL, 8 3524k
SIRNA+mIiR-155 #1154 +5.0 1U/mL 45 1% [ 2 40 5% Yy 25 524k
SIRNA & miR-155 il 4 I i N 45 2% 14 2% 1A S 0 £of L 44k 8
EF] 5.0 1U/mL, EHiFR7d, fF2dHl 1R, BIRHTE T
WA, AL EE 5 MER
1.4.2 ZHPAETE R RAW264.7 1B FITE 96 FLEGFEMR
W, GHAREERIR R 1x10°7 LY, $efbhiE 200 ul/ fL, rd4h 2 )E
24 h SR MTS W7 G AT 5250, LN 200 pb A% I,
37 CHFE 4 h JoERE b AR C S, THE s,
1.4.3 TEANMTE AT RAW264.7 4R F7E 6 FLIGFRIR
W, GHAREERIRE 1x10° LY, M 1.5 mL/ fL, A )E
7d H 40 g/L 2 T FRE [ e 40D, R FH U A T I o R g
AR E AT e, RN Y5 E R FRENLMEE 5 4
FREET , SXoF PV A T T P Tl R T I 1 4 2 B 200 P A7 -4
1.4.4 miR-155 mRNA 15 K5 Il RAW264.7 41 fily 3 Fh 7F 12
FLIEFRARA, 40 MR 1x10° L7, B 1.0 mL/ fL,
Y25 7 d SR miRNA $2 B2 2305751 45 49 5 40 i )
mMIRNA, 1fij J& 5% 1 miR cDNA %5 — 4% & sk 771 &0k 48 i o 12
HUA3 2 1) miRNA 5655658 ¢cDNA, 5 i K H miRNA 5 &
for 77 4 3 AT PCR B, 44 R WIR: cDNA 2 pL. PreMix
10 pL. 10 pmol/L 13514 Bk 7) & s F il 51 70 % 0.4 pl.
F BT IKANE A 20.0 pL. 7E 56 E & PCR (X H % HE 4 F 72
JF T R 95 °C 15 min J5 94 °C 20s, 60 °C 34s, # 4 40
AMEIR . B H G A AR 2k, 19 295 R RE Ct, LA
U6 AN Z, THHE miR-155 [fI3RIA /K.

145 Y2, p-AMPK A RIBEIN RAW264.7 21 %
FULE 12 FLIGFRARAN, AR EERRIR S 1x10° LY, $:fh i 1.0 mL/
L, UL Z)E 7 d KA RIPA 2RI [, WlE &
IR 30 ug |EAFEA NI SDS- B A M EL Ikt .
VK B RS 4 PVDF B, FH 5% Mg 4= W3 4E = il 4 P41 PVDF JE
1h, FI1 : 1000 F5 % (1) 25 52 /4. AMPK, p-AMPK — 4718 1 :
2 500 FiFE (1) B-actin —4i 4 ‘CHEH PVDF it &, X HPEM 3
YA 1 0 2 000 FBER) —PUE I E PVDF I 1 h, HJSTE
LI BB AR RS B B 1 2R T R AR, LA 3R 244/
B-actin, p-AMPK/AMPK f{] HLAB1E 9 8 A ik 7K.
1.4.6 RURGEBER A B S0 MRS Y98 20 52 R BT A2 R0
DG FR A A 5 R B A TR R0 s ZR R 15 i DR ) 9 ke R
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ZH. miR-155 B ZH . miR-155 | W) 4L 4H g, Y 24 h
i SR LRI o 2 Tl ot 2 PRI 0 4 7) 6 00 5 240 e g ok o %
WSS T, IR ALK A GTE D) /W E UORE 1R
U 2 i A o i DR R 5 i 1k

15 EEZWRALEF O MAFIER: O & 4 M E;
(® miR-155 FKIL/KF; @EEZE. p-AMPK FiEIKF-.

1.6 ZitFo4r KH SPSS 21.0 BRI, THE TR
xts Ko, ZHIFLECRH T 20T, P<0.05 NEFHEE
PR XESIFF T ALESERE NREREN ST
EERG .

2 Z58 Results

2.1 RE)RE 44 H £ 2 RAW264.7 tn it 7% £ 69 %0 1.0,
2.5, 5.0 U/mL 45 1% B 25 41 RAW264.7 2 fil [ 15 3 22 5 % R
MR TCREMER L (P> 0.05), 10.0 IU/mL 5% 5 =4
RAW264.7 4TI g (1 77 % 28 5 %6 HE 20 LU e W3 J PRI (P < 0.05),
L 1,

2.2 RFRE &A% E £ xF RAW264.7 40548 4 3t i bd
#om 1.0 1U/mL Z54% 1 5 20 RAW264.7 48 i 74k i B 4
ME RS RAEEEm HESFTEEEZ X (P>
0.05); 2.5, 5.0, 10.0 IU/mL 4% 5 &= 41 RAW264.7 41 g 501k
N AN R A S e IR LU X, E R A RS R
X (P<0.05), WA 2.

2.3 FRE 44 E &2 RAW264.7 8 i F miR-155. & &
ZAK. p-AMPK & iA 848 1.0, 2.5, 5.0, 10.0 IU/mL Z5#%
#2520 RAW264.7 41 )l 1 miR-155 ] mRNA 33k 7K 5 % I
LB R Im, HRZR. p-AMPK [ 8 R IE KT 5 X
TR B R R, ZRAEEMER L (P<0.05), WA 3.
2.4 miR-155 37 4| 4% B£ 4 5.0 IU/mL £ 4 i & 5t RAW264.7
Mg EE AR FANIRA. BAITEX IR, BATEXSIE +
5.0 IU/mL 25 1% 1 2540 . miR-155 k4% +5.0 1U/mL 45 4% 14 2%
#H RAW264.7 4 j £ 175 26 LU 3 22 S5 T W 25 14 = 3L (P > 0.05),
LE 4.

2.5 miR-155 47 4|45 B44 5.0 IU/mL 45 4% i % *F RAW264.7 4@
FooA A B R mie ey Fem BPERT IR 241 RAW264.7 41 i 431k
SRR A R S s (A IR B iR 2 R R R (P>
0.05); [FIPEXTHE +5.0 1U/mL 25 4% B 2 41 RAW264.7 il 7314
SRR A D T 5 I Sk R A L A B R (P < 0.05);
miR-155 1] 4] +5.0 1U/mL &5 4% 18 2 41 RAW264.7 41l ffil 73 ft.
SRR L B0 5 B PR +5.0 1U/mL G5 A% B R 4H L
Bk (P<0.05), ULES.

2.6 mIiR-155 44|45 544 5.0 IU/mL 25 4% ) % *F RAW264.7 4@
fod miR-155. )& E /K. p-AMPK £ ik 8930k  BITEXT B4
RAW264.7 4fi ffl 1 miR-155. Y& 524K, p-AMPK [1) &k 7K F
HrEpx Az R LR EMNE (P >0.05); BT+
5.0 1U/mL 45 % 1 25 41 RAW264.7 4ilfifd 7 miR-155 ) mRNA 3%
KT 5 A X IR A LA Y RN, R A2 AR p-AMPK [
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a BlvE: HxiIR41tE:, °P<0.05
Bl | TEKRKEEZEZ
RAW264.7 4 RE7FE R AIELNT (n=5)
Figure 1 | Effect of different
concentrations of tuberculin on the
survival rate of RAW264.7 cells (n=5)
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Figure 2 | Effect of different concentrations of tuberculin on the
differentiation of RAW264.7 cells to osteoclasts (tartrate resistant acid

phosphatase staining, x400)
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Figure 3 | Effect of different concentrations of tuberculin on the
expression of miR-155, leptin receptor and p-AMPK in RAW264.7 cells
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£ .00 B ERE BN
t; Figure 4 | Effect of miR-155
g % inhibitor combined with 5.0 IU/mL
= tuberculin on the survival rate of
i RAW264.7 cells
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BREAR, JEEZR. p-AMPK (18 [ KK K5 B 156 IE +
5.0 IU/mL 45 4% i 2 21 LA iR 389 (P < 0.05),  TLIE] 6.
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LA 41)_ [ A EdL
n AL i
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Figure 5 | Effect of miR-155 inhibitor combined with 5.0 IU/mL tuberculin
on the differentiation of RAW264.7 cells into osteoclasts (tartrate resistant
acid phosphatase staining, x400)
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Figure 6 | Effect of miR-155 inhibitor combined with 5.0 IU/mL tuberculin
on the expression of miR-155, leptin receptor and p-AMPK in RAW264.7 cells

2.7 miR-155 ¥e @) & & ARG A W AE & F o AWK b E
B AR e SEME B0 T, J8 % ZAR K mRNA
3'UTR &3 miR-155 45 A A0 s . SR R E R 55 £ A
SEO, 5 B R 2 B, miR-155 A AUl 4 4H 41 i g 3
ST AR BT A R R O 2R i AR o 2 DR ) 2 i 7 BH R R AR (P <
0.05). & 3 524 AR UL s 3 g i o = DR (1 9 3% 0 TG
AZAL (P> 0.05), miR-155 Hi il ¥ 2H 2 A w8 2% 52 Ak By AR 7Y
RUE 6 2 B 5 5 R 1) ¢ 66 71 B B3 I (P < 0.05), %
AR TEAR YR ' 2R AR R DR 1 2 63 1 6 B R AR A (P >
0.05), L& 7.

2.8 B & AR SiRNA 2t miR-155 4 4| 4 37 4] 5.0 1U/mL 45 4%
B E 5 RAW264.7 20 ot h 208 e e #em BT R
SIRNA 2 RAW264.7 4H 7344 A i B 20 i 1 2 5 0t R A L AR
ZE O VE R L (P> 0.05); [JIPEXT R SIRNA +5.0 1U/mL 25
1% 1 2 41 RAW264.7 21 i 434 9 e i 200 e %) 5 i 55 9 4k %o
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Figure 8 | Effect of leptin receptor siRNA on miR-155 inhibitor inhibiting
5.0 IU/mL tuberculin induced differentiation of RAW264.7 cells to
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