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BAFERE BN ERE FREEEZHAGAERA R R L2147 DNA TRIALER S A RS
Eo R HE AN LR R ERSESF T2DM A H BRI H R E G EE/EA, A% DNA ¥ AL A
T2DM 7| A2 9 48 & IF & 5% 4o 3 Ik #5 AR AR AL B AR %8 LR 5 P e A2 ALH . DNA F R 4LiE % £ T2DM & 3 5
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Abstract: The incidence of Type 2 diabetes (T2DM) is regulated by genetic and environmental factors. In
recent years,more and more studies have shown that epigenetic modifications represented by DNA methyla-
tion have important role in the occurrence and development of diabetes, aging, tumors, etc. DNA methylation
is a key link between the pathogenesis of T2DM and its complications and environmental and genetic factors,
therefore, this study focuses on the the regulatory role of DNA methylation in the physiological and pathologi-
cal mechanisms of T2DM, such as insulin resistance, insulin insufficiency,intestinal flora imbalance, immune
inflammatory response, and the regulatory mechanism of DNA methylation in the related complications of
T2DM, such as atherosclerosis and diabetic cardiomyopathy. The regulation of DNA methylation plays an im-
portant role in the occurrence and development of T2DM and its complications, which can enhance or silence
the expression of genes related to T2DM and its complications and promote its development. Therefore, in-
depth study of DNA methylation is conducive to more clearly reveal the pathogenesis of DNA methylation in
T2DM and its vascular complications. It may provide a new perspective to explore the pathogenesis of T2DM
and related complications,and provide a certain theoretical basis for the discovery of new therapeutic targets.
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JER A DNA B3 )7 51, 5L g & A4 T vl st fe 1
AL IF IR A P ECR M A 2E R, T RS
B 2 T 336 R T A AR Y DR I 3 O st A% 18 U BT RE B Sk A
PRI B H I e i T B3R 97 R A5 . DNA b1
N H HTRE R AT IS e 78 0 9 F s AL HLA S L B
b2 Rk B o F 0 B, 2 d o DU e 19 28 0 38t 1% A
0 W Y R L E R AR Z —, AR
it T2DM K H I & E 7l g & 4= DNA B b & 0
i A% AR FL ] L LA A U 3G YT T2DM K HIE %
i $ AL B R WS
1 DNA BE4H

Ky 40 % M N AEH G 8+ X 3R+ X &
A M 1 E - 5 WSS (CpG) A% 1 R B AL 7 91 1) IX 335 i
XA ERERELIF I KR CpG i, B
JRiE B CpG 5. A2% DNA AL £ LT CpG 5
L mEnE L . DNA L b e Zlsh b £ 2 2 45
1 DNA H REE R [ (Dnmts) #EALVE T OB SR
&R - i H IR 3] CpG il Jif 18 g 7k 1Y 5/ Bk
Uit I R 5-F B I BE (5 mO) i3t B2, 5mC KB LAk
BN E—FEFa R DNA I REAL R R, e g 18 @ )
HAE MBS, Dnmts £245 Dnmt3a. Dn-
mt3b F1 Dnmtl,Dnmt3a 1 Dnmt3b 2 5 M 3k Dnmt,
Dnmtl 25 DNA Z#l" . DNA H AL & A4 75 5
AN AR L IR T R IESE 5 T2DM &0 A SCY
b g Erh, EE T2DM PR & R mitik, &
241N DNA B I AL AT R4 S 3F 4L T2DM KR i
BHRVEY bR B . BRIk Z 4. DNA % B R AL G £
%iis TET %%, 45 TET1, TET2, TET3, &1
DNA F b fn 25 54k i) 2225, DNA F 3 fk
Ak A U R IERIE T A A K kT Mk
LN ST TR SRR S A R B VS S0 Lo
AR
2 RBEEELS DNA BERL
2.1 BHNERFRZ(UGR) 5 DNA H %4 TUGR
AT S BB 5 A G 3 R 3R 1Y Kk A R AT M 2K TR
M5 WG Lk 8, 0 H & B R-1 38 W [R5 R HE 1
(PDX-D W3Rk ., PDX-1 J& i #F R B 240 B & & Al Al
PR A WA T IR /N BRI Bk 4
i 3 o B 1 o ) ik R ] S BB IR R AN 4L N T R AR
BRI, AP KM IUGR KB PDX-1 KE T
B, AE L 1 S T FE D 2 b A 3 4 004 A A6 0 i s g
L A el A, ok 6 A7 51 R0 PR s 5 A 1 2 05 & s
B A e o7 55 . dr kAl 0L, iR )L & B I TUGR
FE) DNA b o A4R o] 58 5 5 A= 5 FBROE PR 9% 1
fa A
2.2 WMETkE (HFD) 5 DNA H 34k K HFD
SN BRI A 3 B M PR s B P S AR e R
Wi OB G B B £, KELEHER %Y BF 58 & B,

HFD 2 28 i PR 95 F1IE Jie AH DG 55 PR 19 2% 3K i H 3
b NERFRE A 4 356 A3 BRI R GE AT 7 000 £ 4~ 3
R AL SR B A 6, 22 5 Ak X3k AE e 1 o
T e S A5 A L RS Bl 00 3 DX s XY
AR R G v T 3 DR A e X3, 3 B AR A R T
HFD i hid EEAEA

2.3 =35 DNA W4k i3 3l 2 A 0 PR 9 A e
R Ny e 11 S FA ey = W /1 W 4 O -2 )
LIU 55 e — 300 56 F v [ A AT A BE A9 BIF 58 b e B T
1032 #5283, W 58 45 S BB 1 4t it DX 5 5 90 il
I+ (SOCS3) DNA H JEAL7E A AL ] 5 T2DM Z
B E A S E . K FE S5 T2DM & fi %
(P<C0.05), RONN 2" 5y — 15 56 T 23 ] gt g 58
JE Wi 2041 DNA H R ALTE 6 4> H iz 30 T il 5 i BF 98 &
.7 663 NIEREL R H Y 17 975 4 CpG i & 7R
DNA H ALK &AM A, 29 1/3 DNA H 36 4L g 28
L X0 15 8 RNA(mRNA) K fF7E 2 5 45
RALBP1.HDAC4 #l NCOR2,

3 DNA BEWLS5 T2DM % fwHl#

3.1 IR 5 DNA FI3E L IR 48 AT HE B 8 L4 50
A B SO R 2R 0 R T L 2 T2DM HLA Y
WG HLARRAE . LR R T BERR S AE TR 1Y & % LI b & 4%
HEZEMER AL E SN LR R AW & A
FIRE 22 7] RE 23 5% i 2R R T fig, R 20 IR A1 T2DM,
2R R R EE S 7 ACTFAMD R 242 ki /K DNA 4E 4%
T s FE B R L IF S IESE TFAM JE s F DNA H
HAL 5T DR IR RRPLEIAR ™ . Sk K 5
il 55 20 85 1 P R 5L RS B R Dnmts 25 2 U0 8 44 8 45 A
FHAIC , b 4 ] fEJE DNA L5 IR 22 8] 56
WA WL . YOU 25 () — 35 BF 58 55 B ik
B4/ BURS 7 45 5 M Dnmt3a J5, A DA%/ BUIR Al
T T e A2 P Y 25 L B D Fef21 DX 5L 19 25 4 4
YEH , 73 ¥E Dnmt3a 7 L3 Dnmt3a S0 IR;
7 T2DM &, Fef2l i 519 DNA H 3L 4L K F 7t
LI SR Fef2l IIFRBEAME, BRItz
Ak, PGC-1a Hf PPARGCIA HFH 4t . J& PGC-1 K%
WA Z—. PGC-la Z 515 05 5 4= 4% 5 7 4
L P V2 35 5 7 AR B0 % LT B 7 R ) AR
5 JRE A 2 W TS R A DN BRI R A W L 4R R IR AR
AU A WS A R R T A R R A B
o 40 DNA 78 PPARGC1A K& P 3 s f3 36+ 14
6 4~ CpG i (—816,—783,—652,—617,—521 Hl
—515 fii) i B AL KPR LS 3 F CpG i £i-783
F4 B AL K- 15 0 8 3R A SO A

3.2 BB ESWZHE DNA HE T2DM %k
M REER R 2 — & 5 B 4 M T fs 1 3 80 B 5
WL, PGC-1a 3 H (PDX-1 F A | 41 i % A
T 4a(HNF4O RHERHMMRE L BKEENS
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JE 2 B A0 B R AN SE R I . DNA 3k 7E
XEIERP R B SHBE PR HELEETEEZEM. LING
ST L B, T2DM B 19 R & 41 P PGC-1a 3 37T
DNA H AL LA B AN T 2 £i%,

PDX-1 /& 4t 45 ok 5 40 i & & F1 3 6 Fr 0 75 1) 5%
SR WERR O R R & 7 1R R Y R O R R A
VR4S 0 45 1 A 0 22— L TR 40 O B D RE TR 2 PDX-1
ERIAKF . R K ML 7E T2DM & Fl T2DM K
R H 35 7 X CpG i 45 1) DNA H #:4L 5 PDX-
1 Fik7KF S8R A 56, PDX-1 7 5 B 35 Ak i 384 i 1
fIK T R PDX-1 2 [ 19 238 7K, MUTT 52 M fik 55 T
AE BB B R4 L S — TR K B, R A 2
ik PDX-1 BXA RS R IR 97 T A 8075 5 58 IR 9 /s BUBR
Ji R T e R R 5 B 40 T A L T BOE B B 40 A A
130 5 /N BB R

JE PR e 35 o 7 SR B AR B SRR T B 1 4
BRI DNA 71 6 5 B 7 RN 5% Si 2 B 5548 31 A
B I HNF-da & —F 5 2 (0 5 s 08 35 1 76 T
FE IR B 2236, HNF-do #5961 5 29 13 % 19 JFF Ik
FEDR L 11 %0 i B 15 3 N, BF 98 & B, HNF-4a 7
5 H R G SR TS R ARR T v P2 ) 8 F . HNF-4a 1)
IR E S NEAM KR P2 B3 7y CpG I 34k 7k
P2 6 AH O, AE — Bl K BRUEE S % 4 i R BRIN
&I HNF-4a mRNA £ikKFAEH AL, 7£ P2 JH 8h
Ab Al v AR

ZE LT . DNA H 3 A6 78 0/ 32 0 5 K 0 W A 2%
FEFN IR R Jerh R E BV AR, 5% 1) DNA
Ak ] i 2 5 S 2 R 3 3 A0 U0 R ke i L AT S 3K
T2DM k2,

3.3 WiBEWRS DNA H3E{e BlEweEeT =4
MR A K B, MR B, X% B G EESS
FRRARI LA AR SRR SR AR L X JE DNA M4l & A
HIEfL g E Ry Ao 8. il R AR A
AT RE I I A A IR A ARG 5 RN S B i R S
A i B LA, DT 3 ok 2 36 /KO i B A8 L T DNA H
FeAb 5 05 IR B 2% VDA G, Rk, DNA H 3 fE T
B J2: 7 T TR R 5 W W DR 0 e A — 00 E ML AR

3.4 ¥ RAERIYS DNA HItfk  T2DM HLA 7
o BRRAIE S 4 B 2 20 2185 B B AR v AR P R
SiE oGS AN AE AL AR AR Al rpole % F G EH B A
FH o 93 40 B3 3 3 06 4R E PR T a1k R 1 8T
R 75 & IR S B 4l T ae Rt 30 T2DM 4§
FRBHESG . T2DM B & A 5 G0 5 20 i 33 A8 AH 5%
Mes 1E 0 56 K o % & 48 K nl sl B35 43 78 T2DM
AR e i B B BEAMEM . AR R X
HEZH 5 i IE T2DM BB 38 22 [ d3ke afi AL P o 40 285 1
() Mo I IEARBE RO A 2 BLBT5 19 M1-Mes 3
Cfb.Serpingl5 1 Tnfsfl )3 37 5 B & K B &

1k, 1M Plxnd2., Argl, Nrpl,Cxcrl, Fes 1 Cdk4 % 0]
SO B M18-Mos 2 9 )7 8 7 2 8 3% & W 3L 1k,
I LS 40t 7E 6 AE SRR R IR Y KR v k4% B B AR
™Y, 78 T2DM B b5 TR AH G B ik [ 40 i %
& DNA #8 54k, 7T RE 1Y R I 2 —J& DNMT3a i 1d
FRT e Ah BB & R0 2 TR B 40 (TLCs) s
ERWRSPREFEEZWIH/EM. DNA F 1 b
A ILCs A3 5 L FIThRER A1 S 5 T2DM Y
KL
4 DNA REHE T2DM H % %iE

T2DM B3 b F R 202 P o R 2, Bk
b T 12 5 RE AN H 3 S AR I PR BT B E T A4 g
WS BORE RIS AR S, T2DM K I 48 95 728 & A2 R
1o TS 25, B8R L P8 23w L 9 0 5 0 e G A B
%5, T2DM it 550 8 9 K AE 1 & A A O IR 3R
B A PR 5 9 W T A A0 0 R A L R AR 4 o
XA PR 9 B HL I RE A FE A S, X B AR S
12 B IAHLAAR AL T o 0 85 L Bl R IR O R 3 b
VRAZIE W I AT S A7 A2 A 35005 . SR AT X AR 5
WCAZ B FALRIOF oD (HR Ok 2 M iF 58 %
Y, W35 14 4 7T BE SR AR IO AZ W e A B HLH] . =
B S A L K S 307 DNA 5 B3R 5 | 0 255 PR 35T
SR W PR M A 5 A8 P R T Y SR I 9 3 W AL B A
. DNA H AL 5 T2DM K H i 45 9 & 5E i TF 58
Xt T2DM & i W00 & B0l 367 HoAA B & L.
4.1 DNA 3 Ak Fngh ks £ 6 1L (AS)  AS &
T2DM & I I 45 5 A8 1Y 9 B LAl o AS G0 I 55 952 9
SR PR I R IE Bk VBRI E R A . AS KR
BILTH B 5C 75 25 P9 B2 40 M 35 Ak . P B2 40 TS £k B v T i
$iE M3 ZE AL (DB R ek N & /v F . DBF 515
i) AS f1 DNA H 34 iE$ . 7€ DBF 5310 AS shiy
FERLH ILEE B DNMT1 % 5% i 8 3% B E L, X — 48 4k
F=H mTOR/p70S6K {55538 &3 19, 7 il DNMT1
TP AT LA Y B I e A A AST L DN B T RE R
T 5 B0 g A0 i oAk L L E AR N M2 [ M Bk L i
S A0 Tl R 1 B 0 32 MR-y (PPAR-Y) 7E B W 248 Jfg A
e EEAEA . DNMTL 76 AS #8780 5 35 B /N B
5 I 24 R S M ek e SR B, 5 0 R A AH L, W A A
FIL 2 B ML B Ak 7= A i A2 56 M 4 i R K S T
AT K B PPAR-Y B3 i) 3 F 8 DNMT1 #
Ak, T 25 BEOE PPAR-y 1 s 20 2 48 M 20 i P 7
(77 A 3 BT BH 1k AS B KBS B Bk i ILAN e
HIE F5 R 5 2 AS ) ELREfE, HILTUNEN
VRGP AE N N BRIV SRR A 1 AS i 7R
Hh % 3] B Jik T 1 UL 20 i 3 PR 4 00 G R Ak L I R S
EAFTET AS BV L b, JF AT RE S . AS 9 kb 19 4
Ji 484 58 AN KL PR Fe 5k, T H HILTUNEN 465U BF 58 ik
KB Dnmts tL7E AS R 45 sf # 5., B DNA H 31k
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4 DNA % H Z A 7E AS K HL ik b & ¥ & AR
o fE—T0 AS /) R RIAF 5T R EsE, TET2 i &3k
FEAIR T A e i o AH DG 58 R 3l 7 09 F 3R Ak K OF
T AN, BER AT AS BIERSY .

4.2 DNA H AL FBE R0 UL (DCM) - DCM J&
W IR G W WY IF RAE 22— 2 129 B IR 3 %
DCM 521, DCM i R % B A 0 JUL 41 i AR K L0 LR
HeAb L RN = Ty RE BRS04 AR BR O WL AE L, 35 T 0 )
T FNFE T B AU . IFIE X 2K o (LXRo) J2 fIH [#
P A A R o A 2 R A R O T R L i B
S A B R I BE. CHENG %Y & ¥l LXRa 1Y
25 F AL S HLAE B PR R B WL 3 3k 488 o 1) R
B, L3R Caatp i (SERCAZ2a) 7545 52 28 F1.0 ) fig
Pl EEER A5 A Tof-o #2758 DNMT K,
MM 3858 SERCA2a Ji 31 X 38k i B 3% Ak . 328 17 R AR
T L4 SERCA2a ik , SERCA2a &35 T i
Al 5| & R T R R AT B 2530 DCM. 19 & 2 31 il =
FH A AT BE R — BB 10 S RE R R P Mg, LI
DSBS R B B3R IGFBP3 5 31 T DNA H
HALIF i S B4R HUVECs H IGFBP3 B9 5 17 .
T B8 T A PR3 /DN UG 22 0 =5 ) R o 1 A A4 L D 2>
T O NER DO 8 VEGFR2 #1 VEGFA B33k,
I LAF AR 00 T 2048 B A AR R, PR ST R B A G
FER ) Fe ik 32 DNA H IEAE i £, v BB 7 DCM 1Y
s B A B R HCHU R R IR Y R B AR .

4.3 DNA H3Ab 58 R 5 55 (DN) DN 2B IR
S Bl L A 99 e Y DL B I R =2 — e i O PR K
W B WY R I, ECAMWASAM 257 B 58 4IE
W17 DN R IR 7ERRE CpG i sl A A A DNA
F AR5, O LA 6 6 CRISP2 #l PIWILL 7] fig
HAE R0 MR 30 DN ARG . DN 1 & 4
Bk T SRR AL A G, 18 5 A Ak B AR TR R M O
OBA %S B 58 UE 52 16 P 4 (ROS) 3o 7 A 5 20000 B
PRI /NS R B4R h Tefbl DNA (92 3 4b S 3
) Tefbl i F ik J& DN i J 1 18] 2 858 21 4 fk 1) % 4
&, R T Tefbl ik, LA L7 Tempol ¥ 5%
DNA 5% B 3 Ak /N R R 41k, L2
ILACT I A) HA 38 K iy e Ak B 48 L 8 45 2 Wt %
SAERLL TN A 8 ok 30 1) & 0 5 5 89 ROS, X DN A
BV ER W58 & & B AE DN /N BUBL AL, 5 8% JR
i B A O FE R W Nmu, Fgl2, Glo 1 Kenip2 By
DNA BB R4 T, T ARITF AR E T
DNA I EAL R R 35 . 25 ERFR  DNA H 34k
16 DN A= F i i o # b & 4% 36 B 2 19 /R . DNA
H AL nT BEAE A B DN A 28 91 bR . e nl B8 78 ok
YERIG 7 DN fl 2 A0

4.4 DNA H AL 58 IR v ¢ M B 9% 22 (DR) DR
A A A B R 9 M A I B RE 2 — S T B0 IR R

IS BRI 7 B Ay 3 R, R0 O BRI R 3R 9 T
LTI W5 PR 5 2 A T 32 B . DR By & HL ] 5 4R
AR R AE B A= LA S5 A OC  TT 2R U35t A% 15 M 1T fig
TE X SEHL ] bl 5 G B A AR T . OB DR e U R T 4
J& & F -9 (MMP-9) #5145 10 I JI5 28 7 1< , 2 32 S50k
Do 38, TS B AN M A0 M T, S 3 DR M & A
MMP-9 J& 3l ¥ B A 1 2 5 sk I 1 W 45 65 060 4 TE0E
PRI T IS 3+ 28 Dy 4 B LB A DNA 4k,
2R A Ak W I Ak B (SOD2) mf D 52 48 4k 13 38
AP R FaZs LB 1k DR B9 & 4 3l i it & ik SOD2
/N BT DA B A2 5 PR 5 5 1 MMP-9 )3 8l 7 Y b
R HHE S g o3 o] LA SE Bk, ik B, 5
JNEAH & 1Y 3 4. NLRP3, TGFB1, CCL2 #l TN-
FSF2 (1 8l 71K 77 56k 7T B8 2 38 Jin o 1= 30 % A B
DR 4 AU L 2 B 3 26 35 R AT fiE 2 DR A I FN36 97 /Y
TRTEAR Y 2 DR R, TN W, §
ES N RS G A N | = A S A R -
CpG H 4L 5F Wnt-MAPK {5538 % 5% # 25 4 5
A K 1) O e 3 S ] 455 400 ) B IO 5 1 F A Ak 92 9 [) B
o DR FF 0B 145 A B aE 44 A A oG 3 PR
ETS1.HES5 #l PRDM16""%, LI F#F5E 2B DNA H
FEAR T DL A A I L AR R R Il A8 A B A5 AL I
A7 DR AR F it
5 B ®

DNA ALK T2DM 5355 | L [ & % % Bk
Z ., AT HLE W T T2DM ] ok B 52 ik 38 4 11
], DNA H AL 57 T2DM K HIF R kK AL &
JE k¥ 2 AR L DNA IS T2DM Jz HoJf
R E AH DG 35 PR 3 3 19 0, o I90 2B L 3 el OF- i A1 B 3K T R
SEZFRBLAR AL, JF L T2DM i 3 oG 4 i
MM T30 T2DM K HoOf R k4. BF5E B3R, 22 XF
T2DM ¥ b 5 (1) DNA B AL R AT 06 %5 )5
SR N R4k K OE & AR Bl AR L TR OB I 2 A2 40 72 i
S AN R L e Ah, T2DM Y A 3% 5 T
W56 IT 5 FARIGIT 2 DNA H 3 Ak 1) 37 2 ., 4]
W7 iR R A R 24 0 A 9 R SRR KO S R A AR
SR, HETAH SCIF 58 K 245 88 A 52 50 7 1w, LA R FR
PE 7 PR 0 B0 AR 7848 L i IR A BIESE DNA
Al A F) T BV T 38 R DNA B3R AL 7E T2DM K
i 48 I & E T & L . AT R T S T2DM Je
I8 I %2 i 55 92 95 19 T 7 S s S TR YT 29 I T &
PR 2 U7 1), AT B T2DM 19 k& A 5XAE 2%
T2DM Jf & i (1 i Ji&

S % 3k
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Research progress in laboratory diagnosis of mycobacterium tuberculosis infection
ZHANG Zhuang',SONG Xiaoqing® ,ZHANG Xiaoge' ,ZENG Fanshen' \WANG Huaitang'"

1. Department of Medical Technology s Hubei Health Vocational College s Xianning s Hubei 437000,China ;
2. Department of Clinical Laboratory , Tuberculosis Hospital of Jilin Province/Jilin Provincial
Infectious Disease Hospital ,Changchun ,Jilin 130500,China

Abstract: Mycobacterium tuberculosis infection still has a certain prevalence worldwide,and China is also
facing a significant disease burden. Laboratory testing is of great significance for the diagnosis,treatment and
control of mycobacterium tuberculosis infection. This article summarizes the traditional and classic laboratory
detection methods for tuberculosis infection, as well as their corresponding advantages and disadvantages of
new direction detection technologies that are expected to be applied in the clinical front line in the future,in-
cluding microbiology, immunology, molecular biology, emerging technologies, etc. Laboratories at different
levels can choose suitable detection methods based on their respective conditions and characteristics,in order
to provide reference for early diagnosis and effective control of clinical tuberculosis infection. The existing la-
boratory testing methods for tuberculosis infection are generally time-consuming and costly. In the future,re-
searchers need to strengthen the research on rapid laboratory detection technology and reduce detection costs,
explore the improvement and perfection of different laboratory detection technologies, and provide prospects
for timely and accurate diagnosis of tuberculosis infection, which will provide certain assistance for personal-
ized and precise treatment in the future.
immunology; molecular biology; e-
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