High Serum Concentrations of Soluble E-Selectin Correlate With Obesity But
Not Fat Distribution in Patients With Type 2 Diabetes Mellitus
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Serum concentrations of soluble adhesion molecules, eg, intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1), and E-selectin are elevated in patients with type 2 diabetes. However, little is known about the role of
obesity or abnormal fat distribution in inducing upregulation of adhesion molecules. To investigate this issue, soluble ICAM-1,
VCAM-1, and E-selectin levels were evaluated in 40 obese and 30 nonobese patients with type 2 diabetes. Both groups were
matched for age, sex, and glycosylated hemoglobin (HbA,_) levels. Computed tomography (CT) was used to measure the
abdominal subcutaneous and visceral fat areas. Soluble ICAM-1 and VCAM-1 levels did not differ significantly between obese
and nonobese patients. However, serum concentrations of soluble E-selectin were significantly higher in obese than in
nonobese patients (90 = 7 v56 = 4 ng/mL, P < .01). Soluble E-selectin levels significantly correlated with body mass index,
subcutaneous fat area, and visceral fat area (Rho = 0.48, 0.37, and 0.30, respectively). Stepwise multiple regression analysis
showed that body mass index (F = 16.7), but not subcutaneous and visceral fat areas (F = 0.29 and 0.01, respectively),
significantly and independently correlated with soluble E-selectin levels. Our results suggest that obesity may induce
endothelial activation or increased shedding of cell surface E-selectin that leads to subsequent increase in soluble E-selectin
levels. The high serum concentrations of E-selectin closely correlated with increased total fat volume, but not with regional
fat distribution.

Copyright 2002, Elsevier Science (USA). All rights reserved.

EUKOCYTE ADHESION molecules are thought to play SUBJECTS AND METHODS

important roles in the development of atherosclerosis a total of 70 Japanese patients with type 2 diabetes gave informed
through leukocyte adhesion, migration, and foam cell forma-consent to participate in this case-control study. The study protocol was
tion.! Indeed, upregulation of various adhesion molecules isapproved by the Ethics Committee of Sasebo Chuo Hospital. Type 2
observed in atherosclerotic plaquesin patients with type 2 diabetes was diagnosed based on the criteria of the World Health
diabetes, high serum levels of soluble adhesion molecules, sudprganizatiort” Seventeen patients were treated with diet alone, 41

as intercellular adhesion molecule-1 (ICAM-1), vascular cell patients were treated with oral hypoglycemic agents, and 12 patients
! were treated with insulin. Obesity represented body mass index of more

adhesion molecule-1 (VCAM-1), and E-selectin have beer"than 25 kg/m. Forty obese patients served as the obese group. Thirty
reported in many studiess? The exact mechanism of the ele- nonobese patients who were matched for age, sex, and glycosylted
vation of soluble adhesion molecules is not fully understood,hemoglobin (HbA,) served as the control. The clinical characteristics
but some investigators suggest the contribution of hyperglyceof the nonobese and obese patients are listed in Table 1.

mia, hyperinsulinemia, and insulin resistafce. A blood sample was drawn in the morning after 12-hour fast. Plasma

Obesity is strongly related to both insulin resistance and typeglucose was measured with the glucose oxida_se met'hod (Kyoto-Daiichi
Kagaku, Kyoto, Japan). HbAwas measured with a high-performance

2_ diabetes and is qn |mportant' .I’ISk' factor 'for atherosclero-quuiol chromatography (HPLC) method (Tosoh, Tokyo, Japan). Total
sis1213 The metabolic abnormalities in obesity are known to

cholesterol and triglycerides were measured with the enzymatic method
correlate with total fat volume, as well as fat distributigri> (Kokusai Shiyaku, Kobe, Japan). High-density lipoprotein (HDL) cho-
However, whether obesity and abnormal fat distribution inducelesterol was determined after isolation by a precipitation method
upregulation of adhesion molecules in patients with type 2(Kyowa, Tokyo, Japan). Soluble ICAM-1, VCAM-1, and E-selectin
diabetes remains unknown. In this regard, computed tomogratere measured by commercially available _enzyme—_linked immunosor-
phy (CT) scan can precisely measure cross-sectional abdomin8f"t 255 (ELISA) kits (R&D Systems, Minneapolis, MN).

beut d vi | fat th t stud All patients underwent CT (HiSpeed Advantage; General Electric
subcutaneous and visceral fat aréas the present study, we Medical Systems, Milwaukee, MI) to measure cross-sectional abdom-

measured serum concentrations of soluble ICAM-1, VCAM-L1, 4 subcutaneous and visceral fat areas. Patients were examined in the
and E-selectin in nonobese and obese patients with type gupine position, and CT scans were performed at the umbilical levels.
diabetes and investigated the correlation between adhesioidipose tissue areas were determined using commercially available
molecules and fat distribution assessed by the CT scan. software (Fat Scan; N2 System, Osaka, Japan).

Data are presented as meanSEM. Comparisons between nonobese
and obese patients were conducted by Mann-Whitdiggst or contin-
gency table analysis. Correlation coefficients were calculated by Spear-

From the Departments of Diabetes and Metabolism, Endocrinology,man’s method. Stepwise multiple regression analysis was used to examine
Radiology, and Rheumatology, Sasebo Chuo Hospital, Nagasaki, Jathe relationships between soluble adhesion molecules and adiposity. Dif-
pan. ferences were considered statistically significanPdess than .05. In
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RESULTS
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0026-0495/02/5107-0018$35.00/0 By definition, obese patients had significantly greater body
doi:10.1053/meta.2002.33354 mass index (Table 1), together with larger subcutaneous and
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Table 1. Clinical Characteristics, Adiposity, Biochemical Data, and 250 ®
Soluble Adhesion Molecules in Nonobese and Obese Patients With |
Type 2 Diabetes = 200
Nonobese Patients Obese Patients \a B ]
No. (men/women) 30 (18/12) 40 (24/16) g’ 150 1
Age (yr) 60.6 + 1.9 59.5 + 2.0 ~ ]
Duration of diabetes (yr) 6.9 1.0 5.9 + 0.7 E 100 1 °
Body mass index (kg/m?) 229 + 0.3 29.4 + 0.7* "S L4 °
Subcutaneous fat area (cm?) 131.1 = 9.0 222.7 * 15.8*% 2 i &g [ L J
Visceral fat area (cm?) 104.6 = 8.0 165.9 = 7.8* 8 501 ® =
HbA,; (%) 77+03 78+0.3 r:: .
Fasting glucose (mmol/L) 7.6 £0.3 7.2 +03 0 T T T 7 T T T T T
Total cholesterol (mmol/L) 51202 51202 17.5 20 22.525 27.5 30 32.5 35 37.5 40 42.5
Triglyceride (mmol/L) 1.3+ 0.1 1.8 = 0.2* .
HDL cholesterol (mmol/L) 1.4+ 0.1 1.3+ 0.1 BOdy mass lndex (kg/mz)
ICAM-1 (ng/mL) 206 + 14 241+ 15 250
VCAM-1 (ng/mL) 866 * 41 830 + 24 ®
E-selectin (ng/mL) 56 + 4 90 = 7* = |
NOTE. Data are mean = SEM of number of patients. \E 200 B [ ]
*P < .01 v nonobese patients. b0 [ ]
8 150 - b o
= o® o8 *
visceral fat areas, compared with nonobese patients. Fastingt; 100 7 o g ® o
glucose and total and HDL cholesterol levels were comparable~3 1 M@::@% °®
between the groups. Triglyceride levels were significantly ;3 50 7 L ]
higher in obese patients than in nonobese patients. Serum levelfq 1 s g
of soluble ICAM-1 tended to be higher in obese patients than 0 : : . : :
nonobese patients, but the difference did not reach statistical 0 100 200 800 400 500 600

significance P = .07). Soluble VCAM-1 levels were compa-
rable between the 2 group® (= .286). Soluble E-selectin

Subcutaneous fat areas (cm2)

levels were significantly higher in obese patients than nonobese 250 °
patients P < .001). = i

The results of Spearman’s correlation coefficient between sol- g 200 °
uble adhesion molecules and total adiposity (body mass index) andgp . Py
fat distribution are listed in Table 2. Adiposity did not correlate f-,' 150 o
with soluble ICAM-1 and VCAM-1 levels. However, total adi- g . .. ® ° o®
posity and regional adiposity significantly correlated with soluble -g 100 1 = ® ® [ °
E-selectin levels (Table 2 and Fig 1). Stepwise multiple regression @ 1% & % %é.. .0 °
analysis showed that the soluble E-selectin level was predicted by & 501 <& mm s ' ] =
body mass index (F= 16.7) and HbA, (F = 8.8). However, = E@@ L PN
subcutaneous (F 0.3) and visceral (= 0.1) fat areas did not 0 &. O
predict soluble E-selectin level. Thus, soluble E-selectin level was 925 75 195 175 295 275
significantly related to total adiposity (body mass index), but not to Visceral fat areas (cm 2)
regional fat distribution.

Fig 1. The relationships between soluble E-selectin levels and

DISCUSSION

body mass index, subcutaneous fat areas, and visceral fat areas in

Upper body fat distribution or visceral fat accumulation was Patients studied. (X, nonobese patients with type 2 diabetes melli-

reported to be associated with various metabolic abnormalities i

Table 2. Spearman’s Correlation Coefficient Between Soluble
Adhesion Molecules and Total, Subcutaneous, and Visceral

Adiposity
ICAM-1 VCAM-1 E-Selectin
Rho P Value Rho P Value Rho P Value
Body mass index 0.19 .108 0.03 .829 0.48 <.001
Subcutaneous fat
area 0.18 .143 0.04 .759 0.37 .002
Visceral fat area 0.12 .310 0.09 476 0.30 .012

ﬁus; ®, obese patients with type 2 diabetes mellitus. Spearman’s

correlation coefficients are listed in Table 2.

nondiabetic and diabetic paties?° In contrast, Abate et &
reported that subcutaneous rather than intraperitoneal or retroper-
itoneal fat volume was associated with insulin resistance in pa-
tients with type 2 diabetes. With regard to adhesion molecules, to
our knowledge, no studies have demonstrated a correlation be-
tween fat distribution and serum levels of soluble adhesion mol-
ecules in patients with type 2 diabetes. In the present study, we
have shown that obesity may induce endothelial activation and
subsequently increase serum levels of soluble E-selectin. The
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elevated levels of E-selectin closely correlated with total fat vol-nese patients with type 2 diabefg$dwang et &l° also reported
ume rather than regional fat distribution. that soluble E-selectin, but not ICAM-1 and VCAM-1, corre-
The reason for high serum concentrations of E-selectin inate with body mass index in subjects in The Atherosclerosis
obese subjects may be partly explained by adiponectin. AdiRisk In Communities Study. Therefore, the impact of obesity
ponectin is an adipocyte-specific secretory protein, which ismay be stronger on E-selectin than ICAM-1 and VCAM-1.
reduced in obesit§2 Ouchi et a#3 reported that adiponectin We recently reported that serum levels of E-selectin decreased
inhibits the expression of adhesion molecules on human aortifollowing diet therapy, as well as oral hypoglycemic agents and
endothelial cells. Thus, an increase of soluble E-selectin in thénsulin, in patients with type 2 diabeté&sPatients treated by diet
serum may be related to a decrease in adiponectin in obesitylone showed significant reductions of body weight and E-selectin
Another possibility is that the same amount of E-selectin sur-levels2é These results suggest that reduction of body weight in
face expression may be occurring throughout the vasculaturegbese patients with type 2 diabetes may also result in reduction of
but the shedding of E-selectin, although the mechanisms arserum concentrations of soluble E-selectin.
poorly understood, may be sensitive to fat-derived mediator. In conclusion, although our study was performed in a limited
Further examination is needed to clarify these hypotheses. number of patients, our results indicated that obesity can induce
The reason for the lack of effect of obesity on serum levelsendothelial activation and increase serum levels of soluble
of ICAM-1 and VCAM-1 is presently unknown. In our recent E-selectin in patients with type 2 diabetes. In these patients,
study, ICAM-1 and VCAM-1 did not correlate with body mass elevation of E-selectin seems to be related to total fat volume
index, but only E-selectin correlated significantly in 150 Japa-rather than fat distribution.
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