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Resistin is a recently described secretory protein produced in adipocytes that is thought to be involved in insulin resistance,
diabetes, and inflammation. While resistin can be detected in mouse and human serum, very little is known about the
regulation of serum resistin levels, especially in humans. To test whether resistin levels are affected by type 1 diabetes
mellitus (T1DM), we measured serum resistin levels in samples from 5 healthy volunteers and 6 patients with T1DM pre- and
3 months post-islet transplantation using a human resistin enzyme immunoassay (EIA). Interestingly, serum resistin levels
were significantly higher in T1IDM patients before transplantation compared to normal controls, but decreased to normal
levels after islet transplantation. Thus, our results suggest that human resistin may be involved in the pathophysiology of
T1DM and thereby reveal a heretofore unappreciated aspect of human resistin biology.

© 2004 Elsevier Inc. All rights reserved.

ESISTIN, also caled FIZZ3 (found in inflammatory zone
3)1 or adipocyte-secreted factor (ADSF),2 is a secretory
protein produced by adipocytes.3 Resistin was first identified in
a screen for proteins that were downregulated by the insulin-
sensitizing antidiabetic drug rosiglitazone and it was shown to
cause insulin resistance.® Although till controversial,* evi-
dence suggests that resistin plays arole in glucose homeostasis
both in mice and humans.57 Resistin is also thought to repre-
sent a novel cytokine* and to be involved in inflammation.t
Resistin is measurable in mouse and human serum,3810 put
data regarding human serum resistin levels and its metabolic
regulation are very limited. In this study we therefore investi-
gated whether human serum resistin levels are affected by type
1 diabetes mellitus (T1DM) associated with impaired glucose
homeostasis, as well as autoimmunity/inflammation, or by islet
transplantation, a treatment used increasingly for selected in-
dividuals with TIDM.11

MATERIALS AND METHODS

Patients were enrolled in the islet transplantation protocol approved
by the National Institute of Diabetes and Digestive and Kidney Disease
(NIDDK) Institutional Review Board of the National Institutes of
Health and provided full informed consent.12 Since all 6 islet recipients
were Caucasian females, 5 healthy Caucasian female volunteers were
used as controls. The mean body massindex (BMI) was 24.9 = 3.6 for
controls and 22.3 += 2.7 for T1IDM patients. Average diabetes duration
was 33 * 13.2 years, average daily insulin requirementswere 0.5 + 0.1
U/kg, and mean hemoglobin A, (HbA,) was 8.1% = 1.1%. A fina
mass of 4,000 to 13,500 islet equivalents (IEQs)/kg body weight was
infused into the portal vein and recipients were treated with tacrolimus,
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sirolimus, and daclizumab as described previously.1112 Fasting serum
samples were obtained from healthy volunteers and from T1DM pa
tients before and approximately 3 months after islet transplantation and
frozen for later analysis.

Serum resistin levels were measured using a resistin (51-108) en-
zyme immunoassay (EIA) kit (Phoenix Pharmaceutical Inc, Phoenix,
AZ) according to the manufacturer’s instructions. This kit has been
validated by the supplier, demonstrating a high specificity with no
cross-reactivity with other peptides such as insulin, leptin, ghrelin,
orexin, or neuropeptide Y. The test was further found to be sensitive
with aminimum detectable concentration of 5 ng/well. Intra-assay error
was less than 5% and interassay error less than 14%. Standard curves
were plotted on a lin/log scale and R, values ~0.95 were obtained.
Positive controls included 5 ng/mL resistin peptide (51-108), resistin
standard in EIA buffer, and normal serum spiked with 2 ng/mL peptide
(51-108). Bovine serum abumin 1 wg/mL served as a hegative control.
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Fig 1. Human serum resistin levels. Bars represent average serum
resistin concentration (ng/mL) + SEM as measured by human resis-
tin EIA in 5 healthy controls (OJ), 6 patients with TIDM (m), or the
same 6 patients 3 months after islet transplantation (£). All measure-
ments were done in duplicates as described in the Methods. The P
value was calculated with a 2-sided Student t test. Serum resistin
levels were significantly higher in patients with TIDM compared to
healthy controls or to post-transplant values. No significant differ-
ence was observed between post-transplant values and normal con-
trols.

RESULTS AND DISCUSSION

The average serum resistin level in healthy control subjects
was 30.7 ng/mL (Fig 1). Interestingly, based on several base-
line measurements, serum resistin levels were significantly
elevated in patients with TIDM before islet transplantation
compared to healthy controls (Fig 1). Potential explanations for
these findings include insulin resistance associated with long-
term insulin therapy of T1DM, suboptimal metabolic control
pre-islet transplantation, and the autoimmune/inflammatory
process presumed to underlie TADM. However, we did not find
any correlation with patient age, weight, BMI, insulin require-
ment, or HbA ;- (data not shown).

Even more surprisingly, we found that islet transplantation
normalized serum resistin levels (Fig 1). Three patients became
and remained insulin-independent,12 but again no trend be-
tween transplant outcome and resistin levels was detected
(data not shown). The 3 insulin-independent transplant recipi-
ents were assessed for insulin sensitivity as described previ-
oudly,1314 and demonstrated a mean fasting glucose to insulin
(G/) ratio of 10.6 = 5.6 and an insulin sensitivity index (Si)
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(calculated using the frequently sampled intravenous glucose
tolerance test and the minimal model) of 7.7 = 3.4. These
values, both within the normal range, suggest that no major
insulin resistance was present in these patients, at least in this
early post-transplant phase. While we did see a reduction in
mean body weight from 60.8 + 6.5 kg pretransplant to 58.3 +
6.5 kg post-transplant, no correlation was found between the
amount of weight loss and the reduction in resistin levels (data
not shown). This makes loss of body fat mass as an explanation
unlikely and suggests that islet transplantation and/or the im-
munosuppression may have improved the pretransplant condi-
tions.

In summary, we found that resistin levels are elevated in
T1DM and are normalized by islet transplantation. Our results
raise the possibility that resistin may be involved in the patho-
physiology of T1IDM and provide new insight into human
resistin biology.
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