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=B H K. 58 miR-96-5p (i T2DM #H6¢ PTB /) B 41 40 v i 25 % R 35, M ) miR-96-5p 7l LAy 45 fili 41
LU LT AE AL AR B 05, BE AR T2DM AH ¢ PTB /) BUI 20 23R TE o 40 i 4 R (interleukin, TL)-6 B IRFEH F o
(tumor necrosis factor-a, TNF-o) Fil 1L-18 fJ /K, &K T2DM A 36 PTB /) B 240 21 Ff FEA F = Bt H 3l K 5,
p-JAK2HI p-STAT3 7£ T2DM #H5¢ PTB /N A A h R ik B . JTAK/STAT 15558 B 30 1 5 (AZD1480) 7] LA
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The mechanism of miR-96-5p regulating inflammatory response of mice with type 2 diabetes
mellitus-associated pulmonary tuberculosis via the JAK/STAT signaling pathway
YU Wen-zhao
(The Third Department of Tuberculosis» Infectious Disease Prevention and Control Hospital of
Heilongjiang Province s Harbin 150500, China)

[Abstract] Objective To investigate the role of miR-96-5p in the regulation of type 2
diabetes mellitus ( T2DM )-associated pulmonary tuberculosis (PTB). Methods A T2DM-
associated PTB mouse model was constructed. Real-time quantitative reverse transcription
polymerase chain reaction (qRT-PCR) was used to analyze the expression of miR-96-5p in lung
tissue of mice with T2DM-associated PTB. Masson staining and HE staining were used to analyze
pulmonary fibrosis and lung injury. The expression of Janus kinase (JAK) /signal transducer and
activator of transcription ( STAT ) signaling pathway-related proteins was detected by
immunohistochemistry and Western blot. The levels of free fatty acids (FFA) and triglyceride in
serum were analyzed by kits. Results MiR-96-5p was highly expressed in the lung tissue of mice

with T2DM-associated PTB. Inhibition of miR-96-5p could reduce fibrosis and lung injury in lung
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tissue, reduce the levels of interleukin (IL) -6, tumor necrosis factor-a (TNF-a) and 1L-18 in

lung tissue and serum of mice with T2DM-related PTB, and reduce the levels of FFA and

triglyceride in lung tissue of mice with T2DM-related PTB. The expression of p-JAK2 and p-
STAT3 was up-regulated in the lung tissue of mice with T2DM-related PTB. JAK/STAT
signaling pathway inhibitor ( AZD1480) could reverse the promoting effect of miR-96-5p

overexpression on pulmonary fibrosis and lung injury in T2DM-related PTB mouse model, and

could weaken the promoting effect of miR-96-5p overexpression on the levels of 11.-6, TNF-a and
IL-1B in lung tissue and serum of mice with T2DM-related PTB, and reduce the levels of FFA and

triglyceride in serum. Conclusion

miR-96-5p promotes inflammatory responses of mice with

T2DM-associated PTB by regulating the JAK/STAT signaling pathway.
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2 TR JR % (type 2 diabetes mellitus, T2DM)
245 % (pulmonary tuberculosis, PTB) ) — 4~ &
ik B RN . T2DM B & B PTB 1y KR 2k
T2DM R 1 2~8 5, W4 ik By T2DM
AT 45 A2 BR A 3L TUA A Ok 1 8 R Pk AR, 3X 1 A
T2DM HI PTB & A 32 22 (4 fa e (] A, i HfleE
ZE % 43 B FF B (mycobacterium tuberculosis, MTB)
YR PTB M EZH K. T2DM AL 8
MTB I8 & B . i 23 38 3 52 Wi %< g 28 30 19 m xof
PTBIAYT 19 TC KW Pk LA KR ST R M 52 & MBE T 1Y
WU, i PTB Y™ E R A, Bk, SRR 5
T2DM AH5E PTB 1y % i Bl 2= K H 2. miRNAs
JE—RAE G RNA, 2 5 645 & 5E Fl 5 5 0 78
P 2% A B AR ST RIE TR 2 e PTB
#E B miRNA, miR-30c, miR-29a-3p. miR-378.
miR-892b, miR-199b-5p F1 miR-582-5p % 7& PTB

Sw ROk, ATREVE N PTB A9 2 ks & gt 190,
Yuan 45 238 , miR-196b-5p 14 - 14 38 i3 ¥ 1) 41
MR T 5 51 S #1513 (suppressor of cytokine
signaling 3, SOCS3) & [ T 1 0 0 40 AH OC 1 2
PE i 45 4% (8 B R A b iy STATS 4 ok ss R
AT, miR-96-5p J& I il 3 1 2 15 B0 iF
JEME T F. Qin % &, miR-96-5p AJ g ik
FUIRIE L RS . Lin 7 408 . miR-96-5p i i # [4]
Rho GTP Wi 7% % 4 6 (rho GTPase activating
protein 6. ARHGAP6) & [ it 1 fiff i 48 44 4 | i 7%
28 TEMEEAE B9 AT 5E b & B, 12 3R 45 S 7 JIK it
7 (ubiquitin-specific protease 7, USP7) i@ id £z &
1t V8 SRY &% 3 F 9 (SRY-box transcription
factor 9, SOX9) Ay F ik, SOX9 i iF 5 miR-96-5p
Ja B F X 45 & il miR-96-5p A9 3 35 . M i A it
NOD #52 {5 $8 8 F 45 B 3O < 8 H 3 (NOD-like

receptor thermal protein domain associated protein

3. NLRP3) (3 3k . iF 1 i Ji] Jik 2 5E 5 | A2 14 .0 L4
BiFnoe BLAn i g2 =0 B AT & T miR-96-5p 7E
PTB A A 4E FI R 2 B o & o] 0, A F 9% 38 o 4 57
T2DM #f & PTB /) B AL, #8 & miR-96-5p 7
T2DM #H2¢ PTB By 4 ik . BT A& 45 19 VE e AL
il JF#E— PR miR-96-5p T Ui A 45 2 . [ 28
I I AE R USSR YT B R s A SRR T2DM &
#H PTB #E R X $2 5 T2DM #1256 PTB & 1
BT IR BTERIRIT 259 . T,

1 85 7 &

1.1 s B R kg g d# T B IR AR
(streptozocin,STZ) % T H) T2DM /AR, 4
# C57BL/6] /NI [ Vital River 525 % (China) ,
L 5 d HE S O 85 IR /F B & (streptozotocin,
STZ)(60 mg/kg) . #RJG . &Sk A 1 WK,
it 16.7 mmol/L R Al 41 4 s T i 57 T2DM /) ]
BERY  AHIF 9T 28 I g sh W) 40 B 2% B 2x b ufesd ot . i
A LA TS ARRIVE 481 .

W 8  f T2DM /) B R 3 47 MTB.
H37Rv (ATCC, USA) &b, F +1i% 5 /Ml PTB,
Ve AN TR TE THO M85 37 56 o i 35 2 b3 B0 KBy
B SRJEAE—T70 C R R. B THECERN 7245 T B
% e R L & B (oleic albumin dextrose
catalase, OADC) i 7H10 B FE AR 47, X+ F
Y KA AE 10 mL R K PR B E 0.5 X10° T
T B #47 (colony forming units, CFU)/mL.1X10°
CFU/mL.2X10° CFU/mL 1 3X10° CFU/mL, %k
JRREAGZAIR P AT R IR R TR . TERIE L,
AR 3 H/NR, B8 T AE H37Rv #E <
I 15 min, 24 b5 A /N BUSEHE 22 SR AE  OF
T 2 R L AR S S L Bk Y S R B A S A T
HEBR O MEBR A5 00 T BE M . SRS L A il A0 R O TR



e B R OK 2 2 R

H45 % 11 *« 1303 -

BIES A OADC () 7TH10 3RS MR b, ££ 37 C Al
5% CO, F 22 d J5, MEMA LU CFU,
A e e 5 U0 18 E it SR DT B 24 100 A 40 T B TR EE
XFHRZH T2DM /) BB B 45 T PBS 4b 3,

1 1™AJE ¥ miR-96-5p AntagomiR (5 nmol) .
miR-96-5p agomiR (5 nmol) \JAK/STAT i 41l 1
FI(AZD1480) (1 mg » mL "' « kg ') i i 18 s 14 5
2 W, RIT 2 B JE S RN T E RIS . AR Il
T8 FH T 2 200 e L 1 U0 WAC 432 iy 41 280, 0 A ) 2 21
YIS BEAT 20 2300 2% e €0, 0K A 000 28 23
PR IEAT RNA R (A 5 Fak kil ,

1.2 LR ird Hah ikt adl. B 10 J,
PBS 4 (T2DM /) AR 45 F PBS 3497 s MTB 4
(T2DM /) B A % 25 7 MTB 4k ) ; miR-96-5p
AntagomiR #H (T2DM /) R A 45 F MTB &b 3 5
4T miR-96-5p AntagomiR 87 ); agomiR NCH
PBS 41 (T2DM /) L % 24 F MTB 4b # J5 it 47
agomiR NC Al PBS J4J7) miR-96-5p agomiR+PBS
4 (T2DM /) B 25 F MTB 4bBJS #E 4T miR-96-
5p agomiR Al PBS i 7 ); miR-96-5p agomiR +
AZD1480 41 (T2DM /s BUEL 1 484 T MTB kb B 5 1k
1T miR-96-5p agomiR 1 AZD1480 1497) .

1.3 HEURH2E @ AL A Z R R
5 48 h A IRAE A s VI . SR JE X0
PEAT 75 KRG A1 4 4 Chematoxylin-eosin staining,
HE) 4 (6 i1 5 Fy (Masson) Y2 o, X T HE 3o, 6
RG] R 25401 B 95 ARG TR 20 9% 8 LR A7 H 2
R AT, KT Masson B 8, YJ A 4R H I3 A K Al
AACER TR AL BE R A TR AL B L AR JE iRk brp
PERE . A8 IR R ot HE Y1 vl i i BRIR B . 4R
Jei AR fii 4 20 Hp A 98 E ¥ T E AT 41 20 B AE T A
AR 0~4 4350 45, TRAE: 1 48, 1% ~
S5U R A 2 43, 26 % ~ 500 = AL 3 4,
51% ~750 =T AR 54 43,76 %6 ~ 100 Y6 3= 1 T AR,

12 AU T E AN A R, BEALIE $E 8 I L
VAR LT 4E H 20 L %, /] Image-ProRPlus 6.0
B (Media Cybernetics, USA) | 7 £ 4E 4L T FH .
1.4 HBEALY XMARY RS H
100 pL 3% H, O, ZEMRAR AL HE 20 min, BH KT P I8
P ALY B . AT 5 R R T A8 S Mk AT e s
& . H tris buffered saline tween (TBST) 2% ik #%
Ry 5 Vo B IR 2R 3 £ D) JE =R IR T A 20 min,
RJE . EFEWET B A p-JAK2, p-STATS
ik (Abcam), 75 4 CHEF L&, YA M =
(Abcam) H5%% 20 min, YA FH 2. 4-—&AE TR T
O IR ARG S G, WA T W%,

1.5 i BE 4o % W B 52 3 (enzyme linked
immunosorbent assay, ELISA) i Ji #H W # /& &
& ELISA 35 & (bt JH 35 B 2R W H R By A7 R 2
] - China) I 5 1M 35 A1 40750 3 v B9 1 40 L A 3R
(interleukin, IL)-6., IL-1B 1 ff 5% 3K 5L B F «
(tumor necrosis factor-a, TNF-o) & F /K, 7E 96
FLAR b BEAT I & IRl 2 6O B A E 450 nm
BT O (R

1.6 MUARAKF-IN5E X i 2R A7 0, WO IV
3 3o 75 ol 4 2 7 £ (Solarbio, China) I 2t it 25 i
B8 (free fatty acids, FFA) FI =B H il H K,
1.7 S SE SR 5 B 55U (real-time
quantitative reverse transcription-polymerase chain
reaction, qRT-PCR)  f#i F§ RNApure Total RNA
Fast Extraction Kit (BioTeke Corporation) 4% B fiili
HA R B RNA, Jf 4% Bl 0 & n9 U W) i
PromeScript RT Kit (Takara Biotechnology Ltd.)
B L cDNA, f# ] iQ SYBR Green Supermix
kit ( BIO-RAD) 7 ABI 7300 {¥ #% ( Applied
Biosystem) F#47 qRT-PCR, LI U6 {5 miRNA
NS A 27220 Jr sk 2 B Y 5 Y A X 3%
ik, qRT-PCR 5P H LK 1,

% 1 oRT-PCR 5| #1 /% 7l
Table 1 qRT-PCR primer sequences

E 5| IETT 519

Fan R

miR-96-5p

5-ACGATGCACCTGTACGATCA-3'
uUsé 5'-CGCGCTTCGGCAGCACA-3'

5-TCTTTCAACACGCAG GACAG-3'
5'-AAGCGAAGTGCTTAAAGCGT-3'

1.8 AR REELNLEL (Western blot,WB)  &HH
BB L ). Western Blot K56 i AH & 2 38 2% Qin
S gk AT, — P E A BT Bactin |
JAK2/p-JAK2.STAT3/p-STAT3 (Abcam)., ¥
HIZEHi % IgG (Thermo Fisher Scientific, USA),

1.9 il Jyik W SPSS 21.0 itk ¢4 43 #r

s, THEERR R ¢ K5 R R 20
Ml SNK-¢ K636, P<<0.05 NEFAGIT¥E X,

2 & S

2.1 miR-96-5p £ T2DM A3t PTB /) B 1 rh 3%
BN #S72T T2DM #H5& PTB /D B, I 3%
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£ T miR-96-5p ik, Masson Y25 5 BoR 16 IL-6 . TNF-o Fl IL-1B 7K B & 50, 2% %4 5e it 2%
T2DM 8¢ PTB /s B 0 52 2] i 41 21 245 4k 4k (1A BN (P<<0.05), W% 2,3, 5 PBS 4 lL#& ., MTB
1A), HE a5 R B8 .7 T2DM #15¢ PTB/MNEL dl/NEUR AL 21 h miR-96-5p.p-JAK fl p-STAT3 %
{18 fil 41 28 K T R AR A 240 L 32 i R B S Al A5 R KR B, 2R A G E X (P<<0.05), WLk 4,
1B)., 5 PBS 4 4. MTB 26 /)N BUIN 40 440 1fi 35 5./ 1C~D.,

Masson

HE

p-JAK2

p-STAT3

p-JAK2

p-STAT3

B-actin

®

1 miR-96-5p £ T2DM #3% PTB /I FRAZ 8Y fh R X 18 fn
A.Masson 446 fili 21 2148 4 AL ¢ X 200) s B.HE B2 @R Ml 35445 C X 2000 C.AR B H 2L 2% M p-JAK fil p-STATS3 ) ik
( X200);D.WB il p-JAK 1 p-STAT3 [ ik
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Figure 1 Increased expression of miR-96-5p in T2DM-associated PTB mouse model

%®2 PBS @M MIBHMNRMALRH IL-6 TNF-a Fl
IL-1B 7k F LL .
Table 2 Comparison of the levels of IL-6, TNF-a and IL-1B
in lung tissue of mice in PBS group and MTB group
(n=10,7 £s,ng/L)

#£5 PBS A MTB A/NRIMEALRH p-JAK2 Fn
P-STAT3 FHE B E & Lt
Table 5 The percentage of p-JAK2 and p-STAT3 positive
cells in lung tissue of mice in PBS group and MTB group
(n=10,7 +5,%)

21 51 1L-6 TNF-«a IL-18 21 51 p-JAK2 p-STAT3
PBS 41 16.52+1.07 11.14+1.21 13.1841.09 PBS 41 9.514+1.07 38.0444.59
MTB 41 68.464-2.24 74.5745.28 125.4246.58 MTB 41 12.1241.31 48.1345.54
¢ 66.164 37.029 53.216 ¢ fH 4.880 4.435
P& <20.001 <20.001 <20.001 P& <20.001 <20.001
%3 PBS @F MTB A/ M35 IL-6, TNF-a #0 2.2 i miR-96-5p A LAy T2DM AH3& PTB /)
IL-1B 7k b 82 BUBER [ 9 5 MU0 #4898 T 4 miR-96-5p Xt

Table 3 Comparison of the levels of IL-6, TNF-a and IL-1p

in serum of mice in PBS group and MTB group
(n=10,7 £s,ng/L)

251 1L-6 TNF-« 1L-18
PBS 4 12.3241.45 39.15+1.47 23.35+1.23
MTB 4 69.26+42.12 119.34+9.43 133.87+£8.76

tH 70.105 26.570 39.509

P A <<0.001 <<0.001 <<0.001

% 4 PBS HF MTB AR AR H miR-96-5p K F
Table 4 The level of miR-96-5p in lung tissue of mice
in PBS group and MTB group

(n=10,x *s)
21 51 miR-96-5p 7K ¢
PBS 4 1.004-0.11
MTB 41 4.6540.19
t i 52.574
P1{H <0.001

AntagomiR NC

=

Masson

HE

o T

2 #0# miR-96-5p BT LLE %2 T2DM 83k PTB /M BRAR B 5 5%

oiE F0 fi 45 157

T2DM A & PTB /I Bl A 2 4 F0 i 852 0 149 52 ol
Masson Je 625 R i /R, 5 AntagomiR NC 2 L%,
miR-96-5p AntagomiR ZH#I | T T2DM #H 5% PTB
INEUI i L 2R 4R A4k (K] 2A), HE 45 R BN,
5 AntagomiR NC 41 H. %, miR-96-5p AntagomiR
A T T2DM A1 SE PTB /BRI 45 CIEL 2B) .
5 AntagomiR NC 4 H. %, miR-96-5p AntagomiR
2 i 28 ORI 3 P 116 . TNF-o A1 TL-18 7K - B 2
FEAR, 2R A S8 X (P<0.05), W* 6,7, 5
AntagomiR NC 4]l #:, miR-96-5p AntagomiR #i
MLE o FEA F1 =16 H il K BT 5 R AR, 22 A g1t
R Y (P<0.05), 1L#% 8,

miR-96-5p AntagomiR

A.Masson Y (60 fili 20 ZUEF 44K (X 2000 ; B.HE e a6 0 fili 451 473 ¢ X 200)

Figure 2 Inhibiting miR-96-5p that can alleviate inflammation and lung injury in T2DM-associated PTB mouse models
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% 6 AntagomiR NC £ #1 miR-96-5p AntagomiR 48 /I\BR Aifi 48 28 1 IL-6 , TNF-o A IL-1B 7K F b 3%
Table 6 Comparsion of the levels of IL-6, TNF-a and IL-1p in lung tissue of mice in AntagomiR NC group and
miR-96-5p AntagomiR group
(n=10,x =s,ng/L)

451 1L-6 TNF-« 1L-18
AntagomiR NC 41 63.2941.32 67.4541.29 123.214+9.78
miR-96-5p AntagomiR 41 30.08+3.05 24.52+2.18 45.32+3.04

t 8 31.600 53.594 24.050

P {4 <<0.001 <<0.001 <<0.001

% 7 AntagomiR NC %1 miR-96-5p AntagomiR 48 /s B Ifl & 1 IL-6 . TNF-oc #1 IL-1B 7k T b %%
Table 7 Comparsion of the levels of IL-6, TNF-a and IL-1P in serum of mice in AntagomiR NC group and
miR-96-5p AntagomiR group
(n=10,x *s,ng/L)

215 1L-6 TNF-a 1L-18
AntagomiR NC £ 73.384:1.37 69.17+1.94 113.76410.04
miR-96-5p AntagomiR ZH 32.3242.04 29.45+2.48 35.54+£2.76

t 4 52.839 39.892 23.756

P {d <0.001 <0.001 <0.001

% 8 AntagomiR NC £H#1 miR-96-5p AntagomiR 42
NI FE B FFA #1 = B Hh ok E b 5
Table 8 Comparsion of the levels of FFA and triglyceride in
serum of mice in AntagomiR NC group and miR-96-5p
AntagomiR group
(=10, +s,mmol/L)

2451 FFA = H
AntagomiR NC 41 0.43+0.02 0.86+0.06
miR-96-5p AntagomiR £ 0.2840.02 0.6340.07

t 8 18.496 8.203

P1E <<0.001 <0.001

23 Wl JAK/STAT i i vl LLdi 4% T2DM A 5%
PTB /N EUBE A (Y S5 M4 #4898 T X miR-96-
Sp il JAK/STAT i@ i Xt T2DM #H5¢ PTB /N
F) 48 RE TN 53473 9 5208 . Masson Y (o 25 3 ok, 5

» -K}},

Masson

HE

L
B 3 P& JAK/STAT i@ B AT

o ~A KN V4 [ .
LR 2 T2DM #83% PTB /s FR 45 BY 54 2 i F0 Al 452 45

miR-96-5p agomiR+PBS

agomiR NC+PBS 4 H.# , miR-96-5p agomiR 2 fi¢
#E T T2DM H 26 PTB /s BRUAG ili 4 20 2F 4 Ak A i 461
B, T #E — 2 B JAK/STAT @ #% #0 # #
(AZD1480) Ab B 3% % T T2DM #f 3¢ PTB /)N i
miR-96-5p agomiR A4k P X fili £F 4 £k A1 fiti 352 475 A4 41
HEER (K 3A.B), 5 agomiR NC+PBS 4 H % .
miR-96-5p agomiR 41 filfi A1 21 Fl 1 3% H 11-6 . TNF-«
A IL-18 7K B T » Wk — 2B i AZD1480 &b
G T X — S5 2 R A G L (P <<0.05),
W% 9.10, miR-96-5p agomiR 4 I35 # FFA F1=
e H 30 AP B T L VR AZD1480 Ak B iy v Hh
FFA F0 =156 H ol B9 K F B, 22 R A i 2 X
(P<<0.05), L& 11,

miR-96-5p agomiR+AZD1480

A.Masson Y4 €& k5 W Jili 2 20 2F 4 4k ( X 200) ; B.HE J4 @46 0 il 35 45 ¢ X 200)

Figure 3  Inhibiting the JAK/STAT pathway that can alleviate inflammation and lung injury in T2DM-associated PTB mouse

models
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K9 BANBRMALD IL-6 TNF-o 1 IL-1B /K T LL &

Table 9 Comparsion of the levels of IL-6, TNF-a and IL-1p in lung tissue of mice in each group

(n=10,x *s.ng/L)

4153 1L-6 TNF-a 1L-18
agomiR NC-+PBS #4 65.26+1.38 69.16+1.34 126.3449.21
miR-96-5p agomiR+PBS £ 103.16+9.07 " 124.53+12.11" 230.39+13.04"
miR-96-5p agomiR+ AZD1480 £ 59.37+6.057 62.33+7.12°% 117.04+12.377

F 14 140.292 175.285 291.274

P fH <0.001 <0.001 <£0.001

% P {6<C0.05 5 agomiR NC+PBS 4 [L# # P {<C0.05 5 miR-96-5p agomiR+PBS % (SNK-¢ £ %)
£10 BAMNRMFD IL-6 TNF-o # IL-1B 7k F EL B
Table 10 Comparsion of the levels of IL-6, TNF-o and IL-1p in serum of mice in each group

(n=10,z £s.ng/L)

i 16 TNF-« IL-1B8
agomiR NC+PBS 41 73.3841.37 69.8645.06 111.6549.06
miR-96-5p agomiR+PBS 41 132.38+12.04~ 129.49+7.43" 235.52+14.23"

miR-96-5p agomiR+ AZD1480 4 69.5947.287 65.524-5.287 103.2449.377
F 14 186.101 352.698 441.929
P1H <<0.001 <<0.001 <<0.001

* P {§<C0.05 5 agomiR NC+PBS 4 L% # P {6<C0.05 5 miR-96-5p agomiR+PBS H.4 (SNK-¢ ¥ 4)

F 1 FHNABRMFEFR FFAM=ZBHiBKFEER
Table 11 Comparsion of the levels of FFA and triglyceride
in serum of mice in each group

(n=10,7 +s,mmol/L)

25 7] FFA =R H
agomiR NC+PBS 41 0.42740.03 0.88+0.05
miR-96-5p agomiR+PBS 41 0.7840.08" 1.7740.07"
miR-96-5p agomiR+ AZD1480 2 0.39£0.05%  0.7940.09%

F {H 155.955 553.792

P {H <<0.001 <0.001

* P {§<C0.05 55 agomiR NC+PBS 4 [t # # P {H<C0.05 55 miR-
96-5p agomiR-+PBS 3 (SNK-q %5

3 i it

T2DM E Bk PTB Ay 56 5 XU PR >0,
BRI R, PTB 8 #5325 25 YT A OG
I, 5 5005 FR GEAR G 1Y PR 3R IR A0 45 A% 1) B S E
FEMRAY . 7E PTB (& A F k& o 72 v, A7 76 4
PR AR T S e B B . 2 55 A O e 5 I 2 T 4 L
A 45 I 200 ML T 9k EXL 40 A 38R O 40 4 e
— ISR R B, 2 5 S5 A% G % A I A0 e TR 4
& Thl BU4A M 1, 40 1L-2 FI T4 % v(interferon-7v,
IFN-7) , Th2 B 248 ffg A -4 TL-5 A1 1L-4, DL KA &
AP T4 TNF-o IL-1 F1 1L-6, 24 Jili &5 5% 31| 25 %
G3ACRT R B0k I o 5 4% 43 R TR 0 D A
23 VO i L 4 B 7 A R TR, B TNF-a Al
1L-2. B, 94 B 02 a0F il 3 s 40 i fn S <048
R AN A TL-6. 40 R RPN EE R RO A
T 20 1 T % S L W TNF-o F1IL-6 8 FF 52,

ARBFFELE S R . T2DM A6 PTB /) BB Y il 2 2
HMLIE P 1L-6 , TNF-a FITL-1R389 7K - 5 3 14 hn L 8
B T2DM G PTB /)N BRI 20 2047 K T AR AR 4 4
ML . 8 e A miR-96-5p AntagomiR Ab B
T T2DM A8 PTB /N B fili 21 20 4F 24 Ak 1 il
Bt » I FEAR T Bl 41 ZUR il v H 1L-6 . TNF-o Al
IL-1819 7K F- .

miRNAs 4 H 2 5 6 56 & 5 Fl 5o 82 0 7E
P4 Fh Al i FE S . 7E PTB B BFsE . & 305
Z miRNAs X PTB HA5 1R & 1912 W i (A, F 2. n]
REAVE N2 W MBS bR . Sun AR K
M. miR-378 75 PTB s fE Rk IG A KA & T
TEAEZH L% miR-378 635 >1.490 £ PTB 2 Wi
FLA 3 v Y R B RRE S B2, miR-378 11y K 3k Tl
NG R 45 )R &%, Wang %00 i, #
it ft STAT3 # # microRNA-19b/1281 fii =&
T2DM #5¢ PTB /NI 4645 . AP 45 5 R,
miR-96-5p 7& T2DM #H & PTB /)]s BUAR 74 fifi 4 41
BFE B, WH miR-96-5p Al KL 4% T2DM # 56
PTB /N BURE B (14 5 58 A 4853 453 . e i F 9% 41 38
miR-96-5p 7E B § 98 H 5 3K 3K, circFBXO7 3 4%
miR-96-5p/MTSS1 #h ¢ #F op & 3k JBPY . Park
SERS R miR-96-5p #L [ B /R Pk G 5 9K ) 2R 1 1R
JE#) (phosphatase and tensin homolog, PTEN )4
5375 B A0 6 4 9 o B JE R TR I 25 . AR SRE
MEERHE D, Wa 2T H 8, IncRNA ZFASL BT
BRI o A T M EEE T miR-96-5p /4 Ak N I I
B 1(oxidative stress responsive kinase 1, OXSR1)



- 1308 - WL BB A

{1

H45 % 11

R R Z M T 2O 45 45 . Chen %50 4238
miR-96-5p £E 47 A= LI IS w38 axk #0 1a) 8 P B e iR
A28 7 % T R0 R 39 4% TR B 3 AR U8R AR RE R D
AW E RAE PTB HHES T miR-96-5p i3k, L
K miR-96-5p 7€ T2DM #5¢ PTB /)N B A AE J2 hif H
Ve B 2r T ML, i & 3 miR-96-5p i #% JAK/
STAT il f& vl LA T2DM A ¢ PTB /) BUEE R Y
%ﬁﬂ%ﬁ%o
WA JAK/STAT {5 5 1 i 9 17 2 0 53 0E

Eiﬁﬁﬂﬂlﬂﬁéiiﬁﬁj‘ﬂﬁﬂﬁ]t&iﬁfi@%ﬂﬁﬁfiﬂi
HOEHE SR AR DY I miR-203 i i HE [
SOCS3 P47 JAK-STAT 18 4 1 [ it 97 i 41 ity 185
B, I 40 08 720 s miR-409 R JAK/STAT
3 [ D09 A L . A A B b R B, Ab
FHIE F07 A S8 o B 8 i JAK/STAT /75
B [ ] Zh ok s A E AR R ESY . L AEVT AR gE R
B, O T BE R IR PTB R BRUAT LB AIR
PTB KR 2Uh B iR 1k JAK2 FIB§ R b STATS3
A K. A5 S JAK/STAT {5 5 i #%
AZD1480 4t ¥ T2DM #H 3¢ PTB /) BB Y, & 3L
AZD1480 4b B 3% % T T2DM # % PTB /b |
miR-96-5p agomiR Ab # X fii £F 4 £k F0 il $57 155 1) 42
HEEH .

25 LTk miR-96-5p il i 1 JAK/STAT 17
538 P TN EE X 2 BB BRI AH G il 25 4% D B
RAER N, X 42 KK miR-96-5p 7 PTB H i1y
YEFIPLE] . ABEFE AR F miR-96-5p 7€ PTB
(R WAL 2 75 85 K HoApb PR R AL v AN AL
AN R FEALIGAE T JAK/STAT 38 % i 0 I 75
PI3K/AKT By I RE I 75 76 )5 22 52 o rh i — 2P R 1),
KK A REER miR-96-5p/PISK/AKT 44 M 4 Y B
PRBLE] I8 2 miR-96-5p fE K PTB IR Y7 #5119
AT,

(&% 30wk ]

[1] Al-Rifai RH, Pearson F, Critchley JA, et al.

Association

between diabetes mellitus and active tuberculosis: A

systematic review and meta-analysis[ ] ]. PLoS One,2017,12

(11):e0187967.

[2] Ayelign B, Negash M, Genetu M, et al. Immunological
impacts of diabetes on the susceptibility of mycobacterium
tuberculosis[ J ]. J] Immunol Res,2019,2019:6196532.

[3] Workneh MH., Bjune GA, Yimer SA. Prevalence and
associated factors of tuberculosis and diabetes mellitus

comorbidity: A systematic review[ ] ]. PLoS One, 2017, 12
(4) :e0175925.

[4] Furin J, Cox H,Pai M. Tuberculosis[ J]. Lancet, 2019, 393

L6l

(7]

(8]

Lol

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(10181):1642-1656.

Dheda K, Barry CE, Maartens G. Tuberculosis[J]. Lancet,
2016,387(10024) :1211-1226.
N, Kornfeld H.
tuberculosis[J]. Eur J Immunol,2014,44(3):617-626.

Martinez Diabetes and immunity to
Dooley KE,Chaisson RE. Tuberculosis and diabetes mellitus:
convergence of two epidemics[J]. Lancet Infect Dis, 2009,9
(12) .737-746.

Iwakawa HO, Tomari Y. The functions of microRNAs:
mRNA decay and translational repression[ ]J]. Trends Cell
Biol,2015,25(11) :651-665.

Nejad C, Stunden HJ, Gantier MP. A guide to miRNAs in
inflammation and innate immune responses[ J]. Febs J,2018,
285(20):3695-3716.

Spinelli SV, Fernandez RDV., Zoff L. et al. miR-30c is
specifically repressed with active pulmonary
tuberculosis[J]. Tuberculosis (Edinb),2017,105:73-79.

Angria N, Massi MN, Bukhari A, et al.

in patients

Expression of
miRNA-29a-3p and IFN-gamma as biomarkers in active and
latent pulmonary tuberculosis[ J]. Ann Med Surg (Lond),
2022,83:104786.

Sun X, Liu K,Zhao Y,et al. High miRNA-378 expression has
high diagnostic values for pulmonary tuberculosis and predicts
adverse outcomes[J]. BMC Mol Cell Biol,2022,23(1) :14.
Zhang Y. Zhang X, Zhao Z, et al. Integrated bioinformatics
analysis and validation revealed potential immune-regulatory
miR-892b, miR-199b-5p and miR-582-5p as diagnostic
biomarkers in active tuberculosis[ J]. Microb Pathog, 2019,
134:103563.

Yuan Y, Lin D, Feng L,et al. Upregulation of miR-196b-5p
attenuates BCG uptake via targeting SOCS3 and activating
STAT3 in macrophages from patients with long-term
cigarette smoking-related active pulmonary tuberculosis[J]. J
Transl Med,2018,16(1) :284,

Qin WY ,Feng SC,Sun YQ,et al. MiR-96-5p promotes breast
cancer migration by activating MEK/ERK signaling[J]. ]
Gene Med,2020,22(8) :e3188.

Liu Z,Cui Y,Wang S, et al. MiR-96-5p is an oncogene in lung
adenocarcinoma and facilitates tumor progression through
ARHGAPS6 downregulation[J]. J Appl Genet,2021,62(4):
631-638.

Gong X, Li Y, He Y, et al. USP7-SOX9-miR-96-5p-NLRP3

network regulates myocardial injury and cardiomyocyte
pyroptosis in sepsis[J]. Hum Gene Ther,2022,33(19/20) :
1073-1090.

Liu W, Li WM, Gao C, et al. Effects of atorvastatin on the
Th1l/Th2 polarization of ongoing experimental autoimmune
myocarditis in lewis rats[J]. ] Autoimmun,2005,25(4) :258-
263.

Xia LL, Li SF, Shao K, et al. The correlation between CT
features and glycosylated hemoglobin level in patients with
T2DM complicated with primary pulmonary tuberculosis[ J].

Infect Drug Resist,2018,11:187-193.



TR

miR-96-5p 3 i J4755 JAK/STAT {5 53l i 0F 2 BUBE IR AH 5C 45 4%/ BUSAE RO R BLRI IS @

1309 -

[20]

[21]

[22]

23]

[24]

[25]

[26]

[27]

[28]

[29]

Yang WB, Wang HL,Mao JT,et al. The correlation between
CT features and insulin resistance levels in patients with
T2DM complicated with primary pulmonary tuberculosis[ ] ].
J Cell Physiol,2020,235(12) :9370-9377.
Dorhoi A, Kaufmann SH. Pathology and immune reactivity:
understanding multidimensionality in pulmonary tuberculosis
[J]. Semin Immunopathol,2016,38(2) :153-166.
Chae J, Choi Y, Tanaka M, et al. Inhalable nanoparticles
delivery targeting alveolar macrophages for the treatment of
pulmonary tuberculosis[ J]. J Biosci Bioeng, 2021, 132(6):
543-551.
Mayer-Barber KD, Barber DL. Innate and adaptive cellular
immune responses to mycobacterium tuberculosis infection
[J]. Cold Spring Harb Perspect Med,2015,5(12) ;a018424,
Aktas E.Ciftci F,Bilgic S.et al. Peripheral immune response
in pulmonary tuberculosis[ J]. Scand J Immunol, 2009, 70
(3):300-308.
Chen YC, Hsiao CC, Wu CC, et al.
miR-431-3p/miR-1303 as

Next generation

sequencing reveals immune-
regulating microRNAs for active tuberculosis[ J]. J Infect,
2022,85(5):519-533.

Wang X, Lin Y, Liang Y., et al. Phosphorylated STAT3
suppresses microRNA-19b/1281 to aggravate lung injury in
mice with type 2 diabetes mellitus-associated pulmonary
tuberculosis[J]. J Cell Mol Med.2020,24(23):13763-13774.
Wu M. Qiu Q,Zhou Q. et al. circFBXO7/miR-96-5p/MTSS1
axis is an important regulator in the Wnt signaling pathway in
ovarian cancer[ J]. Mol Cancer,2022,21(1):137.

Park SE.Kim W, Hong JY,et al. miR-96-5p targets PTEN to
mediate sunitinib resistance in clear cell renal cell carcinoma
[J]. Sci Rep,2022,12(1):3537.

Wu W, Zhong W, Xu Q. et al. Silencing of long non-coding
RNA ZFASI alleviates LPS-induced acute lung injury by

mediating the miR-96-5p/OXSR1 axis in sepsis[J]. Am ]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

Med Sci.2022,364(1) :66-75.
Chen X, Chen Y, Dai

L, et al. MiR-96-5p alleviates
inflammatory responses by targeting NAMPT and regulating
the NF-kappaB pathway in neonatal sepsis[ J]. Biosci Rep,
2020,40(7) :BSR20201267.

Wang F, Wang X, Li J, et al. CircNOL10 suppresses breast
cancer progression by sponging miR-767-5p to regulate
SOCS2/JAK/STAT signaling[J]. J Biomed Sci,2021,28(1):
4.

Huang W, Li Y, Zhang C, et al. IGF2BP3 facilitates cell
proliferation and tumorigenesis via modulation of JAK/STAT
signalling pathway in human bladder cancer[ J]. J Cell Mol
Med.2020,24(23) :13949-13960.

Owen KL, Brockwell NK, Parker BS, JAK-STAT Signaling:
a double-edged
progression[ J]. Cancers (Basel).2019,11(12) :2002.

Lin XM, Chen H, Zhan XL. MiR-203 regulates JAK-STAT

sword of immune regulation and cancer

pathway in affecting pancreatic cancer cells proliferation and
apoptosis by targeting SOCS3[J]. Eur Rev Med Pharmacol
Sci,2019,23(16) :6906-6913.

Zhang CS,Lin Y,Sun FB,et al. miR-409 down-regulates Jak-
Stat pathway to inhibit progression of liver cancer[ ]J]. Eur
Rev Med Pharmacol Sci»2019,23(1) :146-154.

Fu X,Sun Z,Long Q.et al. Glycosides from Buyang Huanwu
inhibit inflammation via JAK/
STAT signaling pathway [[J ]. Phytomedicine., 2022, 105:
154385.

Li JJ, Wu SF, Bai FX. Action mechanism of ethambutol

Decoction atherosclerotic

tablets on pulmonary tuberculosis rat model based on janus

kinase/signal transducer and activator of transcription
signaling pathway[ ] ]. Zhongguo Yi Xue Ke Xue Yuan Xue

Bao.2022,44(4) :555-562.
(K44 AW iE)



