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the development and progression of diabetic vascular complications including cardiovascular or cerebrovascular disease, ne-
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The accumulation of asymmetric dimethylarginine ( ADMA ) has been demonstrated to be correlated with
phropathy and retinopathy. ~ ADMA can inhibit nitric oxide synthase (NOS) activity and reduce nitric oxide (NO) synthe-

sis, thereafter to promote endothelial dysfunction and mediate the occurrence and development of diabetic vascular diseases.
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RIRFRFE A 0, LU S S-I i A i oy
FLHb A 28 TORS 2R N-H L5 2 1l ( protein-ar-
ginine methyltransferases, PRMT) H! 3& 4k J5 7K i r=
A, PRMT A MR, PRMT [ #1 PRMT I, T A
PRMT(PRMT-1, -2, 4, -6, -8) fE7E T4 O EF
BHEZHEZ ) A] B AR 20 B A% N RNA-SS & 2R
F 4k % ADMA #i1 L- NMMA ; II # PRMT(PRMT -5, -
7, 9) AU H AL BERE AR 228 7 42 SDMA AT L-
NMMA'

KN ADMA fA1EZ R R R AR, IEW AR N
BFRFEH 245 300 wmol/L ADMA , Hi 1 #4550 wmol/L
USSR ZE B JE I H A5, K24 80%  #Y ADMA 7E —
FH R 2082 — P g /K f# 8 ( dimethylarginine dimeth-
ylaminohydrolase, DDAH ) /£ T A 4 — H e A I
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DDAH2,, DDAH1 F= 250 A T I | B E | Jigi <5 3 1k
#Z2 7 NOS ( neuronal nitric oxide synthase, nNOS)
FZLZL, DDAH2 250 F A O B I I 45
FRIKN 2 NOS ( endothelial nitric oxide synthase,
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BEhnm K ADMA 7K, 78 55 3% 09 A 5F ik 9 R 4
e, S AL UG %5 5 I 25 1 (oxidized low density lipo-
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PR ZE > [ B S 2 i A AE HE 25 I 3% AD-
MA 7KV B3 i T Bl X B ZH . 3003 fik ok A A b 2
S i AR AE ) 32 BN, Kanazawa %5 4
RILIMIE T ADMA 7K 5 2 708 FR 9 8 35 39 50 Jik
PR RS JEL B S SR G L Xia 250 R R IR 2 BUBE RS
B M ADMA T &, ~F- 35 5180 Jik A 5 5 32 3
i, BEHE 2 TR, 2 o0 [EHH 3B & 3L ADMA 7K
ST TR 5 B K BEHR T 1% E—FE AR T, ADMA
W% -5 ik 0L 657995 1 v A5 PR 28 33 8 Jok o e B A AH C 41
AT SRR NO & M2 e G I G 2R, DF 5T & 3
HMEPE ADMA W 5 5 R r 2l ok ORRE S 3l Dk U 4
B0 I R R L AE—TTURUE X R
SN ADMA BB G 1 it SRR, 32 5 3
JkRE AL FEHC, $E R ADMA 2 Jin 1fit 35 5k 7 4 51 22 P IR
PEVA S R, R RETEME PR ik 10 5 722 1 o 24 A 3
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T PR3 I 5 A B2 R B B O I L e
28 WV SUEE L LIS R B ( diabetic nephropa-
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B, 500 i ol A A B WA G
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J ADMA K5 T, o7 S 805 N ER E i R AR,
$27 ADMA RJ AR A ' JIE 40 35 A9 F B -, 7 b A
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O A8 5 11 & A SRR BE T %6, ] A T30 A
TR (14 WA AR R 2 JR Ay 28 A 301 B IO 3 4 ABE R 7
[, 7 2 RUBE PRI A, K ADMA %8574 DN 1Y
RAEFLE T ADMA /KPR . FR#FR IR,
ADMA J& DN KBRS G N E ™! B R
TE B AR A ) E B G B TR, ADMA W] i i 2R 1
PRI FE RIS BoR e 18 B i 3, I
K ADMA JKF-5 & R 2 W3 IEA G, (RSN E 5
7R, ADMA W] 38 = B3R B /N ERYE AL B s, 1 1 2K

HER R MEE AR, A TRERE R 1 s
TAEF 12 JEIAIT)R , 3% ADMA 7K 5 3 A1
BRI W, AR, B R E R
JEWFE I E ADMA K-, BFgT R, B /Nekig i %
AR R P2 A8, 8 1 PR AR B B Ya L 4 ADMA 7K
IR T REARAR ) R REA KR
G SN TH ISRV N i i e d) | NN % 4 &
J5 3 A TE Sh3 0, o8 Y 35 Ak A 2 1A K Ao 3
A2 HE ADMA B 26 R 55 S AL 3, 0
JIE DDAH i1, fff ADMA F#fisi/b . ADMA 5 A
PRA| B ) A B AR, e 2908 W00 A6 25, i
DN & i,

B /INBRBE AL B /NG (R BT 2T 4E AL & DN (1) 8 2L
FRHELAAE . ADMA R S30E I/ NE R T4 Ak, B
JEF I, ADMA L FEAIE NO & &, S 20R /NVE T
BN S, B I s, T & BN TR
2871117 R S 4 i B0 = 1 TR £ Y
K F-B ( transforming growth factor-B, TGF-B) J& &
INERFIVEF /NS TR AT b i 215 7 1 ¥, ADMA
AL TR, R B /NER N K 4 L TGF-B 4%
K AR B /NER RN A 27 i1k, DDAH 53 2 3k A [
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DR J2A R e 0L 00 S i 8 I &, J2 B IR
WREEE WM FER A, HN R, DN 284k
A5 A 595 42 ( nonproliferative diabetic retinopa-
thy, NPDR) 138 5 %00 ] B35 A2 ( proliferative dia-
betic retinopathy, PDR), NPDR LI ¥ i35 175 1 4
ORI 35 HE Ok 3 L B4R AE ; PDR ) 32 B
FEIW A A PR R B AR R A S B A . 2 WY
KB, ADMA 5 DR % YIHHE, sh¥) S8 o, 78
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7 ADMA 7E0E PRI I8 X I 28 1 & AE & R v i B



CN 43-1262/R " [H shfikffifb A5 2015 4F55

23 &5 8 849

ZRVER .

ADMA 5 DR E@*Rﬂ%ﬂﬁﬂ%%ﬁﬁ W K s
AR AKSF- P IR R AR 2D PR I R I 4 5 3 M ek
Az *rééﬂiﬂ’@/z/lﬂmfrﬁtmﬂH;%Vﬂﬁéﬂiﬂ’@ﬂt&ﬁ
IOF 5 G VEE A i A A A A R R R, AR T R
ADMA A] E3i 12 HE ROS FI4H M 2 P55 138 0m , [
TR B R Rk WL W i3 3 7k | 2 1F DR
K,

5 HiE5RE

Bl XT ADMA 75 PRI B H: 1l 48 01 i A
Fﬁéﬁﬂsﬁw)\ P o R ADMA 235 145 TN K2 3
B, A R M PR I A8 I & B IR R B s A, HE
*ﬂﬂfﬁﬁ ADMA [ 8OR HLE, JF A& H REBE R R
AHET T ADMA 7K, I HLRE i % NO A= 4 14 Al
OB PRSI A5 0 5 14 24 ) S VR AE B A 5 5 1
A, ADMA TEIG RHFSE 53697 h 09 Hu oz, 415 7%
e RFEE S I ARG RN, b it — 28 i LIRSS

[ 5% 30k ]

[ 1] Zakrzewicz D, Zakrzewicz A, Preissner KT, et al. Protein
arginine methyltransferases ( PRMTs ) : promising targets

for the treatment of pulmonary disorders[ J]. Int J Mol Sci,

2012, 13(10) ; 12 383-400.

[2] Kittel A, Maas R, Konig J, et al. In vivo evidence that

[

Agxt2 can regulate plasma levels of dimethylarginines in
mice[ J]. Biochem Biophys Res Commun, 2013, 430(1) :
84-89.

[3] Sena CM, Pereira AM, Seica R. Endothelial dysfunction -

[

a major mediator of diabetic vascular disease[ J]. Biochim
Biophys Acta, 2013, 1 832(12) . 2 216-231.

[4] Rochette L., Lorin J, Zeller M, et al. Nitric oxide synthase
inhibition and oxidative stress in cardiovascular diseases:
possible therapeutic targets? [J]. Pharmacol Ther, 2013,
140(3) . 239-257.

[5] Das UN, Repossi G, Dain A, et al. L-arginine, NO and a-
symmetrical dimethylarginine in hypertension and type 2 di-
abetes [ J ]. Front Biosci ( Landmark Ed), 2011, 16:
13-20.

[6

[

Dayoub H, Rodionov RN, Lynch C, et al. Overexpression
of dimethylarginine dimethylaminohydrolase inhibits asym-
metric dimethylarginine-induced endothelial dysfunction in
the cerebral circulation [ J]. Stroke, 2008, 39 (1):
180-184.

[7] Yuan Q, Hu CP, Gong ZC, et al. Accelerated onset of se-

nescence of endothelial progenitor cells in patients with type

2 diabetes mellitus: role of dimethylarginine dimethylamin-
ohydrolase 2 and asymmetric dimethylarginine [ J ]. Bio-
chem Biophys Res Commun, 2015, 458(4) . 869-876.

[8] Kitajima S, Furuichi K, Wada T. Impact of dyslipidemia
on the onset and progression of diabetic complications[ J].

Nihon Jinzo Gakkai Shi, 2013, 55(7) . 1 280-286.

[9] Novella S, Laguna-Fernandez A, Lazaro-Franco M, et al.
Estradiol, acting through estrogen receptor alpha, restores
dimethylarginine dimethylaminohydrolase activity and nitric
oxide production in oxLLDL-treated human arterial endotheli-
al cells[ J]. Mol Cell Endocrinol, 2013, 365(1); 11-16.

[10] Ercan M, Firtina S, Konukoglu D. Comparison of plasma
viscosity as a marker of endothelial dysfunction with nitric
oxide and asymmetric dimethylarginine in subjects with
dyslipidemia[ J]. Clin Hemorheol Microcirc, 2014, 57
(4): 315-323.

[11] Abd EDS, Battah AA, El-Shehaby A, et al. Asymmetric
dimethyl L-arginine, nitric oxide and cardiovascular dis-
ease in adolescent type 1 diabetics[ J]. J Pediatr Endocri-
nol Metab, 2014, 27(5-6) ;. 437-444.

[12] Nolan CJ, Ruderman NB, Kahn SE, et al. Insulin resist-
ance as a physiological defense against metabolic stress:
implications for the management of subsets of type 2 dia-
betes[ J]. Diabetes, 2015, 64(3) : 673-686.

[13] Sydow K, Mondon CE, Cooke JP. Insulin resistance; po-
tential role of the endogenous nitric oxide synthase inhibi-
tor ADMA[J]. Vasc Med, 2005, 10 Suppl 1 S35-S43.

[14] Stuhlinger MC, Abbasi F, Chu J W, et al. Relationship
between insulin resistance and an endogenous nitric oxide
synthase inhibitor [ J ]. JAMA, 2002, 287 (11):
1 420-426.

[15] Rochette L, Zeller M, Cottin Y, et al. Diabetes, oxida-
tive stress and therapeutic strategies[ J]. Biochim Biophys
Acta, 2014, 1 840(9) : 2 709-729.

[16] Jiang DJ, Jia SJ, Dai Z, et al. Asymmetric dimethylargi-
nine induces apoptosis via p38 MAPK/ caspase-3-depend-
ent signaling pathway in endothelial cells[ J]. J Mol Cell
Cardiol, 2006, 40(4) . 529-539.

[17] Ortega E, Amor AJ, Rojo-Martinez G, et al. Cardiovas-
cular disease in patients with type 1 and type 2 diabetes in
Spain [ J]. Med Clin ( Barc), 2014 [ Epub ahead of
print ].

[18] Celik M, Cerrah S, Arabul M, et al. Relation of asym-
metric dimethylarginine levels to macrovascular disease
and inflammation markers in type 2 diabetic patients[J].
J Diabetes Res, 2014, 2014 . 139 215.

[19] Cavusoglu E, Ruwende C, Chopra V, et al. Relation of
baseline plasma ADMA levels to cardiovascular morbidity

and mortality at two years in men with diabetes mellitus



850

ISSN 1007-3949 Chin J Arterioscler, Vol 23 ,No 8,2015

[20

[

(21]

[22]

(23]

[24]

[25]

[26]

(27]

[28

[

(29]

(30]

referred for coronary angiography [ J]. Atherosclerosis,
2010, 210(1): 226-231.

NP SIS 2 S e e | D O G i B (o N ]
PPN B AEL A0 S5 R R Bl fo A R S AR OGP [T ]
R Sk 4, 2014, 22(11) ; 1 127-131.
Krzyzanowska K, Mittermayer F, Wolzt M, et al. Asym-
metric dimethylarginine predicts cardiovascular events in
patients with type 2 diabetes[ J]. Diabetes Care, 2007,
30(7) . 1 834-839.

Hsu CP, Hsu PF, Chung MY, et al. Asymmetric dimeth-
ylarginine and long-term adverse cardiovascular events in
patients with type 2 diabetes: relation with the glycemic
Cardiovasc Diabetol, 2014, 13(1) . 156.
Protopsaltis I, Foussas S, Angelidi A, et al. Impact of

control[ J].

ADMA , endothelial progenitor cells and traditional cardio-
vascular risk factors on pulse wave velocity among predia-
betic individuals [ J ]. Diabetol, 2012,
11, 141.

Taner A, Unlu A, Kayrak M, et al. The value of serum

Cardiovasc

asymmetric dimethylarginine levels for the determination of
masked hypertension in patients with diabetes mellitus
[J]. Atherosclerosis, 2013, 228(2) : 432-437.
Tanhauserova V, Tomandl J, Pacal L., et al. ADMA, SD-
MA and L-arginine/ADMA ratio but not DDAH genetic
polymorphisms are reliable predictors of diabetic nephrop-
athy progression as identified by competing risk analysis
[J]. Kidney Blood Press Res, 2012, 36(1) : 200-208.
Muraga K, Nishiyama Y, Otsuka T, et al. The asymmet-
ric dimethylarginine level is associated with the predicted
stroke risk in Japanese women[ J]. J Atheroscler Thromb,
2014, 21(7) . 640-647.

Wanby P, Teerlink T, Brudin L, et al. Asymmetric dime-
thylarginine (ADMA) as a risk marker for stroke and TIA
in a Swedish population[ J]. Atherosclerosis, 2006, 185
(2).271-2717.

E i, ARV V4. ADMA R IMT 55 3h ik R il
PEPERGRESERYSC AR [T]. PEBEZiRE, 2011, 23 49-
50.

Kanazawa I, Yano S, Notsu Y, et al. Asymmetric dime-
thylarginine as a risk factor for cardiovascular disease in
Japanese patients with type 2 diabetes mellitus[ J]. Clin
Endocrinol (Oxf), 2011, 74(4) . 467-472.

Xia W, Shao Y, Wang Y, et al. Asymmetric dimethyl-
arginine and carotid atherosclerosis in Type 2 diabetes

mellitus [ J ]. J Endocrinol Invest, 2012, 35 (9):

[31]

[32]

[33]

[34]

[36]

[37]

[40]

824-827.

Faraci FM, Brian JJ, Heistad DD. Response of cerebral
blood vessels to an endogenous inhibitor of nitric oxide
synthase[ J ]. Am J Physiol, 1995, 269 (5 Pt 2).
HI1 522-H1 527.

Lajer M, Tarnow L, Jorsal A, et al. Plasma concentration
of asymmetric dimethylarginine (ADMA) predicts cardio-
vascular morbidity and mortality in type 1 diabetic patients
with diabetic nephropathy[ J]. Diabetes Care, 2008, 31
(4): 747-752.

Alpoim PN, Sousa LP, Mota AP, et al. Asymmetric Dim-
ethylarginine ( ADMA) in cardiovascular and renal dis-
ease[ J]. Clin Chim Acta, 2015, 440 36-39.

Yilmaz MI, Sonmez A, Saglam M, et al. ADMA levels
correlate with proteinuria, secondary amyloidosis, and en-
dothelial dysfunction[ J]. J Am Soc Nephrol, 2008, 19
(2): 388-395.

Mihout F, Shweke N, Bige N, et al. Asymmetric dimeth-
ylarginine ( ADMA ) induces chronic kidney disease
through a mechanism involving collagen and TGF-betal
synthesis[ J]. J Pathol, 2011, 223(1): 3745.

Ojima A, Ishibashi Y, Matsui T, et al. Glucagon-like
peptide-1 receptor agonist inhibits asymmetric dimethyl-
arginine generation in the kidney of streptozotocin-induced
diabetic rats by blocking advanced glycation end product-
induced protein arginine methyltranferase-1 expression
[J]. Am ] Pathol, 2013, 182(1): 132-141.

Chen Y, Xu X, Sheng M, et al. PRMT-1 and DDAHs-in-
duced ADMA upregulation is involved in ROS- and RAS-
mediated diabetic retinopathy [ J]. Exp Eye Res, 2009,
89(6): 1028-034.

Krzyzanowska K, Mittermayer F, Schernthaner GH, et al.
Renal function but not asymmetric dimethylarginine is in-
dependently associated with retinopathy in type 2 diabetes
[J]. Cardiol Res Pract, 2011, 2011 260 191.

Sugai M, Ohta A, Ogata Y, et al. Asymmetric dimethyl-
arginine (ADMA) in the aqueous humor of diabetic pa-
tients[ J]. Endocr J, 2007, 54(2) : 303-309.

Chen YH, Xu X, Sheng MJ, et al. Effects of asymmetric
dimethylarginine on bovine retinal capillary endothelial
cell proliferation, reactive oxygen species production, per-
meability, intercellular adhesion molecule-1, and occludin

Mol Vis, 2011, 17 332-340.

expression[ J].

(HESCH /NS



