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Elevated plasma concentration of IP-10 in patients with type 2 diabetes mellitus

Hiroshi SATO, and Sadayoshi ITO

of Medicine, Miyagi, Japan

Recent studies have shown the important role of proinflammatory cytokines and chemokines in the
pathogenesis of atherosclerosis and diabetes mellitus (DM). Interferon-inducible protein of 10 kD (IP-10/
CXCL10), a member of the C-X-C chemokine superfamily, is a potent chemoattractant for activated T
lymphocytes and is reported to be involved in various disease states including atheroma plaque formation,
inhibition of tumor angiogenesis and maintenance of podocyte function. However, the involvement of IP-
10 in type 2 DM, especially in its vascular and renal complications, is largely unknown.

To elucidate the etiopathological role of IP-10 in type 2 DM, we measured the concentrations of IP-
10 together with IFN-y, TNF-«, IL-18, IL-6 and MCP-1 in plasma samples from 103 type 2 DM patients
with various degrees of nephropathy.

A significant difference in the plasma level of IP-10 was observed between the patients and the control
subjects (183.3£12.5 pg/m/ vs 65.6+9.3 pg/m/, p<0.05). IP-10 correlated 1L-18, IL-6, TNF-« and
MCP-1. The IFN-y level was below the detectable range. IP-10 levels became higher with the progression
of nephropathy : IP-10 levels were 148.9+14.5, 174.2+17.2 and 231.9431.3 pg/m/ in patients with an
urinary albumin creatinine ratio of <30, 30 to 300 and >300 xg/mg Cr, respectively. Similarly, IL-18,
IL-6, MCP-1 and TNF-« levels in patients with overt albuminuria were significantly higher as compared
with those without albuminuria (IL-18, 367.3+45.6 vs 203.5+17.6 pg/m/ ; 1L-6, 1.61+0.26 vs 0.87+0.13
pg/ml ; TNF-o, 1.83+0.48 vs 0.61+£0.07 pg/m/ ; p<0.05, respectively) in consistent with previous
reports.

These results suggested that IP-10 may have an etiopathogenic role in type2 DM and diabetic
nephropathy as one of the downstream effectors of proinflammatory cytokines.

Jpn J Nephrol 47 ; 2005 : 524-530.

Key words . diabetic nephropathy, chemokine, IP-10, IL-18

=1

Honglan XU, Kenji NAKAYAMA, Susumu OGAWA, Akira SUGIURA, Taro KATO, Toshinobu SATO,

Division of Nephrology, Endocrinology, and Vascular Medicine, Tohoku University Graduate School

¥ on |

VLA, BEN ORI AIEEE O Z v, FEREOFE

TELWEML DO H 2, WERIFEE DK 37 %A, 10 F[E D
MR 2R T % < &b —DIFBE R & L& & HHE %
E2L T2, FERIEICHE S &S HHE O BRI IS
2RI 0 BRI M B 1R PR 1 I E O — D T,

1998 FELIREENT A DR D 1 L2 ->THBH, Z 0D
EIHEIIEA O FHRUED AL ST, BITEARELRD
EERBEEIRO S TOEETH B, 2 WPHRE CIZIEE 7
VT VRS BIENOFIERIL 83 %T?, MET VTS
VRIS BREANDHERIL 531 % EMESI N TV B, PEER
TRHEBME OFAE - EEEF IOV TIE, T CEILEEC
o MlENRBRY, Yo7 4 v FF—¥ C O,

FALRFRFBE R FAPIFER NRIRIE S « ST - NOBFS

(GFRE 17 44 A 14 H32H)



#OALDE 7 % 525

advanced glycation endproduct(AGE), B{LZX F L A7 &
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REDTENA OGN EH SN T w5, Furuta 5'9
DOHELLE, BERBEEBEOERICE XY ¥ 7 A5
Dxr7a7 7 =Y OREPEELREERILTWSE L
PEHENTBY, ZO~r7ua7 7 —YOREICTEHA
Y ThHdMCP-1 BEELEEZ T LG shTn
%,
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w72 Vv 7F=, R, av X7 a—n, HDL O
VAT u—vzefllEL HEHbALcH E K E I T
glycosylated hemoglobin Alc(HbAlc) ZHIE L7z, 7z,
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IFN-y ELISA Kit(PA_E Biosource International, CA,
USA),
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(FELERSHTIC T L 720 p<0.05 ZiffiEHFRICHRE &
HE LTz,



526 2 BUMEFR % & T 0 1P-10 DREES

Table 1. Patient profiles and laboratory findings

Control Normo Micro Overt

n=38§ n=29 n=145 n=29
Age (year) 33.0*2.1 62.1*t2.2 64.5%£1.7 61.7x2.4
BMI (kg/m?) 22.0£0.4 24.6%0.7 25.2%0.6 25.2%0.9
Duration (year) 12.8%1.7 17.6%10.5 18.5+1.8
uAlb(ug/mg Cr) 13.1x1.4 101.8x10.5 1,543.5+227.8
Ccr(m//min) 92.2£5.1 95.1%5.8 88.2%6.1 83.6%8.7
TG(mg/d/) 131.9+33.9 119.0%14.6 125.7+13.7 127.5%17.4
T-Cho(mg/d!/) 192.0£6.9 202.1%8.6 185.4£8.6 194.9£9.1
HDL (mg/d7) 61.0£5.2 48.9+2.8* 50.0£3.0*
HbA1c (%) 7.02x0.27 6.71£0.16 6.85%0.25
SBP (mmHg) 113.9£4.5 131.0£4.2 139.2+£3.7 150.7+5.3*
DBP (mmHg) 73.3£3.3 76.2%2.4 75.8+2.7 82.2+3.4

Normo, normal albuminuria ; Micro, micro albuminuria ; Overt, overt albuminuria ; BMI, body mass
index ; uAlb, urine albumin excretion ; Ccr, creatinine clearance ; TG, serum triglyceride ; T-
Cho : serum total cholesterol ; HDL, serum high-density lipoprotein ; HbAlc, glycosylated hemo-

globin Alc ; SBP, systolic blood pressure ; DBP, diastolic blood pressure

Table 2. Plasma levels of IP-10, IL-18, IL-6 and MCP-1 for type 2 diabetes mellitus

(DM) patients according to uAlb

Control Normo Micro Overt

n=28 n=29 n=45 n=29
IP-10(pg/ml) 65.6%£9.3 [48.9%+14.5 174.2%17.2 231.9%£31.3*
IL-18 (pg/ml) [21.0x15.2 203.5%17.6 276.6*19.6* 367.3+45.6%%*
IL-6 (pg/m1) 0.30£0.04 0.87£0.13 1.41%£0.26 |.61%£0.26*
TNF-a« (pg/ml) <0.5 0.61%0.07 1.02£0.11** |.83+0.48*
MCP-1 (pg/m/) 125.4+9.0 148.8+£9.9 182.9£10.4* 183.0£10.0*
adiponectin (pg/m!) 8.71%x1.20 8.80+0.81 10.98%1.20 13.85+£1.79*
HS-CRP(mg/d/) 0.19£0.04 0.13%0.02 0.17£0.03

IP-10, interferon inducible protein 10(CXCL 10) ; IL-18, interleukin 8 ; IL-6, interleukin 6 ; TNF-
a, tumor necrosis factor-alpha ; MCP-1, monocyte chemoattractant protein-1 ; HS-CRP, high

sensitivity C-reactive protein

*p<0.05 compared with values in Normo, **p< 0.0l compared with values in Normo, *p<0.05

compared with values in Micro

- |

BEORBIEE X Table 1 TR Ui, RFT7T VT S >
(uALb) FEMt 5 13545 482. 74 g/mg Cr, Normo #4529 4,
Micro FE25 45 6], Overt #E29 B TH %, MG 7 v 7 F =
X VEFE L7z Cer 133 87.3 m//min, Cer 50 m//min
LTI 186 T H %, F#p, body mass index(BMI),
HbA lc, Cer, BE&E CRP 1% Normo, Micro, Overt @ 3 F£[H]
TLWINLBEEREDNASNZ»oT, BEDEE
HDL 2 vV A 71—/ )% Micro £, Overt #C Normo F£IZ
HANBRCECIES, Mav AT a—n, hiEElZ &
SHMTHERREN IR oIz, WHEIRIME I% Overt T

Normo B LEAREEICE - 7z (Table 1),

IP-10 21X U ETEH 4 A A »OHERF % Table
2R LTz, 2 BUBERIR B F O I IP-10 DR, 26
T 1833+12.5pg/ml, FEBERIE 2 > b o — L EE(65.6+9.3
pg/ml) IZEEREBE ML Tz, I IL-18 #EEE I JE
BEPRIR 2 >~ b v — VBRI SRR B CRE L
(121.0152 pg/ml/ vs 281.6+17.2 pg/ml, p<0.05), 2 #l
PEPR I BB O IfL R IL-6, MCP-1 2% & JEREfRIm 2 >~ b
o — VBRI HEREEICE o 72 (IL-6, 1.3240.14 pg/m! vs
0.30-0.04 pg/m/ ; MCP-1, 173.3+6.2 pg/ml vs 125.4+9.0
pg/m/ ; p<0.05), @D EN T, M IP-10 1% IL-18
(r=0.321, p=0.001 ; Fig. 1A), IL-6(r=0.378, p<0.0001 ;
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Fig. 1.

A : Correlation between plasma IP-10 and IL-18 in type 2 DM(p=0.001, r=0.321)
B : Correlation between plasma IP-10 and IL-6 in type 2 DM(p<0.0001, r=0.378)
C : Correlation between plasma IP-10 and MCP-1| in type 2 DM(p=0.0110, r=0.250).
D : Correlation between plasma IP-10 and HbA | ¢ in type 2 DM(p=0.0137, r=0.242).

(M) : Normo, (@) : Micro, (A) : Overt

Fig. IB), MCP-1(r=0.250, p=0.011; Fig. 1IC), HbAIlc
(r=0.242, p=0.0137; Fig. ID), M7 v 7 F = (=
0.340, p<0.001) & IEOFHBH 2 FED 7253, Cer, uAlb, IFE,
ZEHGHFIMRE, IMHARE, 774 K27 F B L UEBE
CRP L ZtHB 2B Loz, IP-10 ZFEE T 29 1 b
B A D WTIE, IFN-y 3IZIEEH CHlERELLT T
»HY, TNF-a IZEFEANTELEMERELLT T, FEIRE
B 103 FIr 51 IS HEBELL ETh o728, BREMT
D% TRRE L U Cifk-> 725 TiE, TNF-o 1X1P-10 &
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72 (231.9431.3 pg/ml vs 148.9414.5 pg/m! ; p<0.05, Fig.
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+45.6 pg/m/) T Normo #£(203.5+17.6 pg/m/), Micro #f
(276.6£19.6 pg/ml) I HANFEITE - 72 (p<0.05,
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Fig.2. Plasma IP-10 levels in the non-diabetic control

and type 2 diabetic patients

C : non-diabetic control, N : normo albuminuria, M : micro al-
buminuria, O : overt albuminuria

*p<0.05 vs non-diabetic control, **p<0.01 vs the non-diabetic
control, *p<0.05 vs Normo

1.79 pg/ml vs 8.80%0.81 pg/m!/ ; IL-6, 1.6140.26 pg/m!/
vs 0.8740.13 pg/m/ ; p<0.05, Table 2, Fig. 3B), MCP-1,
TNF-g X Micro #f, Overt £ X Normo B IC b RFEIC
EH LU Tz (Fig. 3C, D),
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D : Plasma TNF-« levels in the non-diabetic control and type 2 DM

*p<0.05 vs the non-diabetic control, **p< 0.0l vs the non-diabetic control, *p<0.05 vs Normo,
ttp<0.01 vs Normo, °p<0.05 vs Micro, mean=xSEM

% = |

bivbhid45E, 2BERBFEZEZRE LT, M
IP-10 BERHE L7z, ZOFER, 2 BBERKEEE QM
IP-10 JREE I NICHE~NAERICEAL, BHET VT S~
JR% 27 2 PERFHBERE CRICERFLTBY, KEME
YA bHA IL-6, IL-18, TNF-a BLI U7 EH A >~
MCP-1 EfHBIL Tz,

2 BUMEPRIR, BHICZOBIEICE W TO MCP-1 12 L T
BV OLIME SN T VLB R, T Y > 88K/NK Mg o
BMEBLU0ZDT7EHA Y THSIP-10I2OVTIRIFL
AEIREINTORY, | BFEREO IP-10 ZFR L L7z
WHeO—HEL LT, 2 BUBERRS BE O I TP-10 JREE A3
HENTVWDZIDATHEO, ZOHETIE, 1P-10 X
382 pg/ml L EH HAIF) D 41.5pg/ml L HEEE T &
Mo Ty, BES U TERIDY 9 B & g < BHE A EREIRIR O
BHHEDEEIC L 2RI TR B WD, BEDOEPE S
A= bR DUREENR V. SEbILDLI ORI &

D, W T 2 THERIEIC B W TIMH IP-10 2380 & 22 |
AL, BEOERICHFVEELZRT Z RS, IP-10
DIFERIE & 2 O EPHEICBEG 9 2 ATREME LY IR < R S
%,

IP-10 DBEHEBIC BT 2 &ZENCEAL T AN %E
VWV, b NEFEMEB AT B W T IP-10 SR ERIE THIL L
ZFDV L 7Y —CXCR3 D X2 F 7 AHEFHEMEERALIC —3
LTHRBT 2 LRESN T Y, b MEEATF YA
HAMIE CXCR3 ZFEHLL, IP-10 12 & D % OHGEs R &
nN32, ZhoDWENS, LHLIZIP-10 32> F
LR T & U CBE DR « HEEC ) < FIREMEDSHEE X
Nz, —7, FERBEEBIEDREICB T 2 IP-10 O 1%E
ZOWTOIMERFVEL R, IP-101F~v 27077 =YD
W3 E R T X e, Th #il/NK #1058 ) 7%
WERFTH 5P, PERIFEMEERE T Thl MHICBE T 2
FFEEA LRV, BINREEEHE EFRET U > SBRAHY IP-
1012 X D RERRICIRIE L, FHBREEME @ < ATaetE b %
ZO6N5, FEE Furuta 50 %, BERFEEEEE OB E



#OALDE 7 % 529

BHRRIC B W TREkKIcv 7 a7 »—v L & bic THlkE
LML TW2 EHELTBY, 20 THIOER I IP-
10 2B5. 3 2 "fREE+0%F 2 S b,

S 52 IP-10 W@EIFEHL ~ 7 A TIEBIC B T 2 Mt i3 2
ENTVRWAH, FFICB T 2 REORH & AIGHEEDR
HEOPlRESIN TS, 2ARRFEE CE I EA LT
IP-10 HME ORERR 75 SAES G OFEfE IC B 5 L, KIE 5
X UHIEIRGEZE 2 b7 LTWAHRE b HEZ 5 b,

—hGT, IP-10 RBEREFECEHT 22 LbF 20N 5,
B IC B TIP-10 &R ¥ A » Ok & BEEHER I &
BECThdIE, FiIP-10HKIC X D Thyl.l B A HETE S
52 EDVHEINTEDY, BIETHEINER YA b
PRET LD EAL TR O TBETE 2\,

PLbED & 50z 2 BUBERRFE, FHCEREDORRRIC BV T IP-
10D ERAMEEZBASE I HAIZEHTH I, Zh
L HIREDBIED Tz DML T 52, W7 O REMDS
EzoN5D, Eb5DEETH-> T HHHRBOINE&GH
TEDRREZBRIET 2 5 2 THRERIBE I LT L
FFThdeFEzoh, & RPIP-I0HEZIZICOE
RO DLETHL b s,

2 RUBEPRIR O IR 1P-10 Y& 23 E - 7253, 1P-10 D FE
e LT OF, BIRBELES, OmMENK, HEK?,
QMFfiss, RERAMIE, ZEBEZOND, 2T DEER
WELTRD3IEDBHEZHND,

1) SIFES 20 b D

2) IMMHTERELTW2S TNF-a, IL-6, IL-18 7 £ 23
iy L < JEFTTO IFN-y & #3[5 T 1P-10 O FEAE T
H53 2 IR

3) PERBHEBEOE BT CIuEI NS AILY,
forming growth factor-beta(TGF-3)29 & vascular endoth-
elial growth factor(VEGF)? 72 E238iftd L < 1X IFN-y
Z/ L CIP-10 O_EF 1@ < ngEsE®

1) 22w T, IP-10 X ZZE RS & 3B 2 6
b DD, HbAle L IFEREICHBEAL Twic, KRR
EAHTHZH, MFa > ba— VB3R RTHS I L
IP-10 %/ L CHERE M BIE B T 2 e b %,
2) 3) WOWTRESEER BN ZEHT 2,

SEOBET CBHEEDERE £ £ b ICMED ERASAS T
#3, IP-10 LIMEIXHRIL 2o 7eo JERERE T > b o —
WEEE Normo B L CIMENFBRETH DI b b 5T
IP-10 EREC LA L TEBY, MEEMELSIP-10 D LFI
B ATREE 3w e Bbh b,

BRE DHERICFEOIREEE CH 5 HDL AV A7 10—

trans-

HET L TWwiz, & HDL 2 L R 7 1 — )L 2SR 1 B
DERDIVRAI 7 7278 —=ThdEVIHEND 205,
IP-10 £ HDL 2 v 25 u— k OFBEIZED Sz dr o
720 IP-10 28 IL-18 R IL-6 7c E D RIEWY 1 b h 4 > &
WFAEEE S 243, Cer & uAlb & FEHBMHEL 2 WHEE L L
T, Cor R uAlb BNRIEMWY A M4 YDA ST, [
FE, i, @R L EEBORTFOREEZ T Tw5E
EWNEZSND,
BREOHEBIENT T4 KA F Y 3EMEERD, 6K
DI E—F L TWwiz0 5, 1P-10 L IZEELMHERA 5
niin-oiz,

filiam & LC, 2 BUPEIRINIEE C, R BEOERITHE Y
M IP-10 5 L WV IL-18, 1L-6 OIEEEIFHGHNL, IP-10 i
IL-18, IL-6 L HHBE L 72, 2o DFER D S IP-10 HSLAE
YA P B A DT effector & U THERIFEBE DI
g5 L cws eFEzon, PRTHEIRTE L COMHEE
HEHED, TOFBEZOVWTSEBIFE2ER T LD
BEThHL b s,

DI/

1. Grimaldi A, Grange V, Allannic H, Passa P, Rodier M,
Cornet P, Duprat I, Duc-Dodon P, Lemaire A, Liard F,
Eschwege E. Epidemiological analysis of patients with Type
2 diabetes in France. J Diabetes Complications 2000 ; 14
242-249.

2. Forsblom CM, Groop PH, Ekstrand A, Totterman KJ, Sane
T, Saloranta C, Groop L. Predictors of progression from
normoalbuminuria to microalbuminuria in NIDDM.
Diabetes Care 1998 ; 21 1 1932-1938.

3. Tanaka Y, Atsumi Y, Matsuoka K, Onuma T, Tohjima T,
Kawamori R. Role of glycemic control and blood pressure
in the development and progression of nephropathy in
elderly Japanese NIDDM patients. Diabetes Care 1998 ;
21 2 116-120.

4, Tellides G, Tereb DA, Kirkiles-Smith NC, Kim RW,
Wilson JH, Schechner JS, Lorber MI, Pober JS. Interferon—
gamma elicits arteriosclerosis in the absence of leukocytes.
Nature 2000 ; 403 : 207-211.

5. Moriwaki Y, Yamamoto T, Shibutani Y, Aoki E, Tsutsumi
Z, Takahashi S, Okamura H, Koga M, Fukuchi M, Hada T.
Elevated levels of interleukin-18 and tumor necrosis factor-
alpha in serum of patients with type 2 diabetes mellitus :
relationship with diabetic nephropathy. Metabolism 2003 ;
52 1 605-608.

6. Suzuki D, Miyazaki M, Naka R, Koji T, Yagame M, Jinde
K, Endoh M, Nomoto Y, Sakai H. in situ hybridization of
interleukin 6 in diabetic nephropathy. Diabetes 1995 ; 44 :
1233-1238.



530

10.

11

14,

17.

19.

Aso Y, Okumura K, Takebayashi K, Wakabayashi S, Inu-
kai T. Relationships of plasma interleukin-18 concentra-
tions to hyperhomocysteinemia and carotid intimal-media
wall thickness in patients with type 2 diabetes. Diabetes
Care 2003 ; 26 - 2622-2627.

Banba N, Nakamura T, Matsumura M, Kuroda H, Hattori
Y, Kasai K. Possible
chemoattractant protein-1 with diabetic nephropathy. Kid-
ney Int 2000 ; 58  684-690.

Apostolopoulos J, Davenport P, Tipping PG. Interleukin-§

relationship of monocyte

production by macrophages from atheromatous plaques.
Arterioscler Thromb Vasc Biol 1996 ; 16 - 1007-1012.
Furuta T, Saito T, Ootaka T, Soma J, Obara K, Abe K,
Yoshinaga K. The role of macrophages in diabetic glomer-
ulosclerosis. Am J Kidney Dis 1993 ; 21 © 480-485.

Chow F, Ozols E, Nikolic-Paterson DJ, Atkins RC, Tesch
GH. Macrophages in mouse type 2 diabetic nephropathy :
correlation with diabetic state and progressive renal injury.
Kidney Int 2004 ; 65 116-128.

Luster AD, Unkeless JC, Ravetch JV. Gamma-interferon
transcriptionally regulates an early-response gene contain-
ing homology to platelet proteins. Nature 1985 ; 315 : 672~
676.

Taub DD, Lloyd AR, Conlon K, Wang JM, Ortaldo JR,
Harada A, Matsushima K, Kelvin DJ, Oppenheim JJ.
Recombinant human interferon-inducible protein 10 is a
chemoattractant for human monocytes and T lymphocytes
and promotes T cell adhesion to endothelial cells. J Exp
Med 1993 ; 177 © 1809-1814.

Gomez-Chiarri M, Hamilton TA, Egido J, Emancipator
SN. Expression of IP-10, a lipopolysaccharide and interfer-
on gamma-inducible protein, in murine mesangial cells in
culture. Am J Pathol 1993 ; 142 I 433-439.

Frangogiannis NG, Mendoza LH, Smith CW, Michael LH,
Entman ML. Induction of the synthesis of the C-X-C
chemokine interferon-gamma-inducible protein-10 in
experimental canine endotoxemia. Cell Tissue Res 2000 ,
302 1 365-376.

Mach F, Sauty A, larossi AS, Sukhova GK, Neote K, Libby
P, Luster AD. Differential three T
lymphocyte-activating CXC chemokines by human ather-
oma-associated cells. J Clin Invest 1999 ; 104 : 1041-1050.
Anderson S, Jung FF, Ingelfinger JR. Renal renin-angioten-

expression of

sin system in diabetes : functional, immunohistochemical,
and molecular biological correlations. Am J Physiol 1993 ;
265 . F477-486.

Han GD, Koike H, Nakatsue T, Suzuki K, Yoneyama H,
Narumi S, Kobayashi N, Mundel P, Shimizu F, Kawachi H.
IFN-inducible protein-10 has a differential role in podocyte
during Thyl.l glomerulonephritis. J Am Soc Nephrol
2003 ; 14 2 3111-3126.

Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton

20.

21,

22,

23.

24,

25,

26.

27.

28.

29.

30.

2 BUMEFR % & T 0 1P-10 DREES

B, Hamm LL, McCullough PA, Kasiske BL, Kelepouris E,
Klag MJ, Parfrey P, Pfeffer M, Raij L, Spinosa DJ, Wilson
PW. Kidney disease as a risk factor for development of
cardiovascular disease. Hypertension 2003 ; 42 : 1050-1065.
Shimada A, Morimoto J, Kodama K, Suzuki R, Oikawa Y,
Funae O, Kasuga A, Saruta T, Narumi S. Elevated serum
IP-10 levels observed in type | diabetes. Diabetes Care
2001 ; 24 : 510-515.

Romagnani P, Beltrame C, Annunziato F, Lasagni L,
Luconi M, Galli G, Cosmi L, Maggi E, Salvadori M, Pupilli
C, Serio M. Role for interactions between 1P-10/Mig and
CXCR3 in proliferative glomerulonephritis. J Am Soc
Nephrol 1999 ; 10 : 2518-2526.

Bonacchi A, Romagnani P, Romanelli RG, Efsen E, Annun-
ziato F, Lasagni L, Francalanci M, Serio M, Laffi G,
Pinzani M, Gentilini P, Marra F. Signal transduction by the
chemokine receptor CXCR3 : activation of Ras/ERK, Src,
and phosphatidylinositol 3-kinase/ Akt controls cell migra-
tion and proliferation in human vascular pericytes. J Biol
Chem 2001 ; 276 : 9945-9954.

Luster AD, Cardiff RD, MacLean JA, Crowe K, Granstein
RD. Delayed wound healing and disorganized neovascular-
ization in transgenic mice expressing the IP-10 chemokine.
Proc Assoc Am Physicians 1998 ; 110 : 183-196.

Mihm S, Schweyer S, Ramadori G. Expression of the chemo-
kine IP-10 correlates with the accumulation of hepatic IFN-
gamma and IL-18 mRNA in chronic hepatitis C but not in
hepatitis B. J Medical Virol 2003 ; 70 : 562-570.
Shanmugam N, Reddy MA, Guha M, Natarajan R. High
glucose-induced expression of proinflammatory cytokine
and chemokine genes in monocytic cells. Diabetes 2003 ;
52 1 1256-1264.

Yamamoto T, Nakamura T, Noble NA, Ruoslahti E, Bor-
der WA. Expression of transforming growth factor beta is
elevated in human and experimental diabetic nephropathy.
Proc Natl Acad Sci USA 1993 ;90 : 1814-1818.

Wasada T, Kawahara R, Katsumori K, Naruse M, Omori Y.
Plasma concentration of immunoreactive vascular endothe-
lial growth factor and its relation to smoking. Metabolism
1998 ; 47 © 27-30.

Lin CS, Lin G, Chen KC, Ho HC, Lue TF. Vascular
endothelial growth factor induces IP-10 chemokine expres-
sion. Biochem Biophys Res Commun 2002 ; 292 1 79-82.
Shoji T, Emoto M, Kawagishi T, Kimoto E, Yamada A,
Tabata T, Ishimura E, Inaba M, Okuno Y, Nishizawa Y.
Atherogenic lipoprotein changes in diabetic nephropathy.
Atherosclerosis 2001 ; 156 © 425-433.

Koshimura J, Fujita H, Narita T, Shimotomai T, Hosoba
M, Yoshioka N, Kakei M, Fujishima H, Ito S. Urinary
adiponectin excretion is increased in patients with overt
diabetic nephropathy. Biochem Biophys Res Commun
2004 ; 316 - 165-169.



