The NEW ENGLAND JOURNAL of MEDICINE

Retinol-Binding Protein 4 and Insulin Resistance

TO THE EDITOR: Graham et al. (June 15 issue)t
report that serum levels of retinol-binding pro-
tein 4 (RBP4) correlated with the magnitude of
insulin resistance in various subjects. However,
RBP4 and plasma insulin levels were dissociated
in subjects who did not have an improvement in
insulin sensitivity after exercise.® Thus, we be-
lieve that the importance of RBP4 should be as-
sessed in more diverse groups.

We assessed serum RBP4 levels in 473 sub-
jects with normal glucose tolerance (fasting blood
glucose level, <110 mg per deciliter) who were
randomly selected from the Suita Study, an epide-
miologic cohort study.? Serum RBP4 levels cor-
related with triglyceride and uric acid levels and
tended to correlate with glycated hemoglobin val-
ues and levels of high-density lipoprotein (HDL)
cholesterol (Table 1). However, RBP4 levels did
not correlate with the fasting blood glucose level,

waist-to-hip ratio, body-mass index (BMI), systolic
blood pressure, or fasting insulin level. Even in
the 38 subjects with a family history of diabetes,
RBP4 did not correlate with the fasting insulin
level. Thus, it seems unlikely that RBP4 will be
useful for assessing the risk of type 2 diabetes
in Japanese people. The biologic action of RBP4
in relation to the action of insulin will need to
be clarified to explain this inconsistency.
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Normal Glucose Tolerance.*

Table 1. Relation of Serum RBP4 Level to Insulin Resistance and Associated Metabolic Values in 473 Subjects with

Characteristic Value
Male sex (%) 42.28
Age (yr) 64.84+11.09
Waist-to-hip ratio 0.92+0.06
BMI5 22.78+3.01

Systolic blood pressure (mm Hg) 125.10+18.64

Fasting blood glucose (mg/dl) 93.86+7.73
Glycated hemoglobin (%) 5.33+0.37
Uric acid (mg/dl) 5.07+1.32

Triglycerides (mg/dl) 100.18+63.15

HDL cholesterol (mg/dl) 61.69+15.41
RBP4 (ug/ml) 47.43+24.33
Fasting insulin (uU/ml)x 6.45+4.69

Correlation
Coefficient
Range with Log(RBP4) P Value
41-90 0.7119 0.50
0.68-1.14 0.0029 0.62
15.12-38.56 0.2703 0.34
84-196 -0.0526 0.98
68-109 0.5578 0.45
4.30-6.40 0.0673 0.06
0.60-9.00 0.5165 <0.001
29.0-820.0 20.4228 <0.001
31.0-129.0 -2.7709 0.06
6.29-208.73
1.00-29.70 -0.9591 0.11

* All subjects had fasting blood glucose levels of less than 110 mg per deciliter. Plus—minus values are means +SD.
Statistical analyses were performed with the use of the JMP statistical package (SAS Institute). P values were not cor-

rected for multiple testing.

7 BMI is the weight in kilograms divided by the square of the height in meters.

i Insulin data were available for 268 subjects.
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TO THE EDITOR: Graham et al. found higher lev-
els of RBP4 in subjects with type 2 diabetes than
in lean subjects with normal glucose tolerance.
We measured plasma RBP4 levels® in 234
patients with type 2 diabetes, impaired glucose
tolerance, or normal glucose tolerance; the groups
were matched for age and sex. RBP4 levels cor-
related with triglyceride levels, low-density lipo-
protein (LDL) cholesterol levels, HDL cholesterol
levels, and age but not with values obtained with
homeostatic model assessment 22 (Table 1). In
an analysis of covariance adjusted for age, sex,
and sex-specific BMI, the RBP4 level was lower
in subjects with type 2 diabetes than in those

with normal glucose tolerance (mean ratio,
0.91; 95% confidence interval [CI], 0.85 to 0.98;
P<0.01).

The correlation between the RBP4 level and
age suggests that the age differences between
subgroups with type 2 diabetes may explain the
contrasting findings. Furthermore, we did not
suspend statin treatment, which may have con-
tributed to the divergent results, since we found
a strong correlation between RBP4 and LDL cho-
lesterol levels.

The high RBP4 levels in subjects with type 2
diabetes may reflect high LDL cholesterol levels
rather than insulin resistance. The RBP4-lower-

Table 1. RBP4 in Univariate and Multivariate Regression Analysis.*
Characteristic Univariate Analysis Multivariate Analysis
Regression Regression
Coefficient Coefficient
(95% Cl) P Value (95% Cl) P Value
Homeostatic model assessment 2 1.00 (0.90-1.11) 0.88 0.96 (0.85-1.09) 0.57
(per factor-of-10 increase)

Trunk-to-limb fat-mass ratio (per unit increase)

Female sex 0.50 (0.08-2.81) 0.43 0.34 (0.01-6.89) 0.48

Male sex 4.19 (1.53-11.42)  <0.01 1.09 (0.25-4.64) 0.90
BMI (per unit increase)

Female sex 1.00 (0.99-1.00) 0.70 0.99 (0.98-1.01) 0.78

Male sex 0.99 (0.98-0.99) <0.05 0.99 (0.98-1.01) 0.92
Waist-to-hip ratio (per 0.1-unit increase)

Female sex 1.08 (1.00-1.16) <0.05 1.07 (1.00-1.15) <0.05

Male sex 0.94 (0.89-0.99) <0.05 0.95 (0.89-1.01) 0.12
Plasma CRP (per factor-of-10 increase) 0.97 (0.89-1.06) 0.56 0.99 (0.91-1.08) 0.89
Plasma albumin (per increase of 1 g/liter) 01 (1.00-1.02) <0.001 1.00 (1.00-1.01) <0.05
HDL cholesterol (per factor-of-10 increase) 1.19 (0.92-1.53) 0.17 1.67 (1.24-2.26) <0.001
LDL cholesterol (per increase of 1 mmol/liter) .09 (1.05-1.12) <0.001 .06 (1.02-1.09) <0.001
Triglycerides (per factor-of-10 increase) 1.28 (1.14-1.44) <0.001 1.42 (1.24-1.63) <0.001
Age (per 10 yr) 1.04 (L.01-1.07)  <0.01 1.02 (0.99-1.05) 0.05
Male:female sex 1.16 (1.08-1.25) <0.001 3.02 (0.99-9.22) 0.05

5

RBP4 levels were log-transformed to approximate a normal distribution. Regression coefficients and 95% Cls were

back-transformed, hence estimating the factor change of RBP4 level attributable to a 1-unit change in the predictor
(given in parentheses). The ratio of trunk-to-limb fat mass, BMI, and waist-to-hip ratio indicate diverging results be-
tween sexes. This difference was significant only for waist-to-hip ratio (P<0.05 for homogeneity of slopes). CRP de-

notes C-reactive protein.

i BMI is the weight in kilograms divided by the square of the height in meters.
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ing effect of physical training might be ascribed
to the effect on blood lipids. We propose that a
strategy of lowering LDL cholesterol levels might
lower RBP4 levels.
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TO THE EDITOR: Graham et al. showed that RBP4
is an adipokine that is elevated in the serum be-
fore the development of diabetes and appears to
identify insulin resistance. Their data (in Table 2
of the article) indicate that the RBP4 and fasting
insulin levels were dissociated in the group with
a marginal response to exercise training. It leads
me to wonder about the baseline values in certain
studies. It would be particularly useful to know
whether there were baseline differences between
the group with a marginal response and the group
with improved insulin sensitivity after exercise
training in the 2-hour glucose result of the oral
glucose-tolerance test, fasting insulin level, rate
of glucose disposal, and RBP4 level, according to
the Wilcoxon rank-sum test. The baseline data of
these two groups may distinguish them up front.
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THE AUTHORS REPLY: The correlations shown by
Takashima et al. support our overall finding that
serum RBP4 levels predict key elements of the
metabolic syndrome. Furthermore, these correla-
tions remain despite considerable differences be-
tween the Japanese study group and ours, includ-
ing older age and different genetic background,
diet, and lifestyle. In our view, fasting insulin lev-
els are not a surrogate for the measurement of
insulin resistance with the use of the clamp tech-
nique, especially since limited insulin secretory

reserve is a major pathogenic factor in type 2
diabetes in Japanese subjects.!?

There were correlations between the RBP4
level and both age (groups 1 and 2) and LDL cho-
lesterol level (group 2, R=0.47; P=0.003) in our
subjects. The correlation between the RBP4 level
and glucose disposal rate was independent of age
in all groups. With regard to the suggestion by
Erikstrup et al. that lowering serum LDL choles-
terol levels might lower serum RBP4 levels, two
studies showed no effect of cholesterol-lowering
agents on serum RBP4 levels.>* The observation
by Erikstrup et al. that the serum RBP4 level cor-
relates positively with both triglyceride and HDL
cholesterol levels is unexpected. Other differences
between our data and those of Erikstrup et al. may
reflect treatment with various medications or the
use of plasma rather than serum samples. Studies
show that the homeostasis model assessment of
insulin resistance (HOMA-IR) (used by Erikstrup
et al.) is not informative in subjects with diabe-
tes.> In our subjects, correlations of RBP4 levels
with HOMA-IR are weaker than with fasting in-
sulin levels or the glucose disposal rate as mea-
sured with the clamp technique.

The mean serum RBP4 levels reported by Ta-
kashima et al. appear high, reflecting the fact
that most RBP4 assays were developed to detect
low RBP4 levels in patients with vitamin A defi-
ciency and have not been validated for measuring
elevated RBP4 levels. We would note that differ-
ent commercial RBP4 assays reported widely dif-
ferent values for RBP4 in identical serum samples
from subjects with insulin resistance. Quantita-
tive Western blotting of the same samples yielded
RBP4 values that correlated most strongly with
insulin resistance. Therefore, we recommend thor-
ough cross-validation of assays for measurements
of elevated RBP4 levels. The original RBP4 sand-
wich enzyme-linked immunosorbent assay we
used (ALPCO Diagnostics, lot 09-14-03) is no
longer available. The replacement assay (ALPCO
Diagnostics, catalog 30-6110, lot 28-1-2004), which
differs in reagent composition and protocol, pro-
duces values that differ from those derived by
other methods, including the original assay. Since
serum-collection tubes containing clot-activating
agents or tubes with plasma anticoagulants may
cause spurious effects, we recommend the use of
additive-free glass collection tubes.

We did not report dissociation between fast-
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ing insulin and RBP4 levels at baseline in the
group with a marginal response, as suggested by
Oh, but rather dissociation between changes in
fasting insulin and RBP4 levels after exercise.
Baseline values in Table 2 of our article, analyzed
with the use of the Wilcoxon rank-sum test, did
not differ between the two groups.
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Molecular Mechanisms in Melanoma

TO THE EDITOR: The review of melanoma by Mil-
ler and Mihm (July 6 issue)? clearly characterizes
the linear progression of melanocytic lesions, from
the morphologic perspective to the molecular per-
spective.>3 However, the genetic alterations would
have more relevance if they result in kinetic ad-
vantage and progression. My colleagues and I have
studied a series of dysplastic nevi (92 low-grade
and 31 high-grade lesions) and melanomas in situ
(15 lesions) using proliferation (Ki-67 labeling),
apoptosis (in situ end labeling), and cell-cycle reg-
ulators (RB1, TP53, p21WAF1, and p27Kip1).# Our
analysis highlighted a clear topographic hetero-
geneity at the early stage of melanocytic trans-
formation: slow kinetics in the dermal compart-
ment of low-grade melanocytic dysplasia and a
higher incidence of TP53 alterations in high-grade
melanocytic dysplasia than in low-grade dyspla-
sia and melanomas. These findings suggest that
melanocytic dysplasia is a marker of the risk of
melanoma rather than a direct precursor.
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To THE EDITOR: Miller and Mihm suggest that
the gene encoding the microphthalmia-associat-
ed transcription factor (MITF) is a key oncogene
of the melanocytic lineage, since it was strong-
ly amplified in 15 to 20% of metastatic melano-
mas.b2 Furthermore, amplification of the MITF
gene and overexpression of the MITF protein were
associated with decreased overall survival among
patients with metastatic melanoma. MITF over-
expression was also associated with impaired sen-
sitivity to cytotoxic agents in melanoma cell lines,
suggesting that the number of copies of the MITF
gene is a surrogate biomarker of the response to
chemotherapy.? To validate these findings, we in-
vestigated MITF gene amplification in tumor tis-
sues from 90 patients with metastatic melanoma
before the administration of individualized, sen-
sitivity-directed chemotherapy.? Strong amplifi-
cation of the MITF gene (more than four copies
per cell) was found in only 4 of 90 tumors (4.4%),
whereas 15 of 90 tumors (16.7%) had intermedi-
ate amplification (more than two copies per cell).
We found no association between the number of
copies of the MITF gene and chemosensitivity, the
outcome of chemotherapy, or overall survival.
Hence, our findings suggest that the MITF gene
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