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Abstract

De Lorenzo and coworkers have recently described a class of women with normal body mass index (BMI) and high fat content (normal
weight obese syndrome [NWO]). This observation prompted us to study the possible role of acid phosphatase locus 1 (ACP1) in the
differentiation of this special class of obese subjects. Acid phosphatase locus 1 is a polymorphic gene associated with severe obesity and with
total cholesterol and triglycerides levels. The enzyme is composed by 2 isoforms—F and S—that have different biochemical properties and
probably different functions. The sample study was composed of 130 white women from the population of Rome. Total fat mass and
percentage of fat mass were measured by dual-energy x-ray absorptiometry. Thirty-six women had a BMI less than 25 and percentage of fat
mass greater than 30 (high fat, normal BMI [HFHB]), and 94 women showed a BMI greater than 25 and a percentage of fat mass greater than
30 (high fat, high BMI [HFHB]). In the whole sample, the proportion of low-activity ACP1 genotypes (*A/*A and *B/*A) was higher than in
controls. However, whereas HFNB showed a very high frequency of ACP1 *A/*A genotype, high-fat, high-BMI women showed an increase
of *B/*A genotype. These 2 genotypes differ in the concentration of F isoform and the F/S ratio, which are lower in ACP1

*A/*A genotype
than in ACP1

*B/*A genotype. The genetic differentiation of the class of women with normal BMI and high fat content from the class showing
a concordant level of the 2 parameters supports the hypothesis that HFNB class represents a special cluster of obese subjects not revealed by
BMI evaluation. Because ACP1 is present in adipocytes, the present observation suggests that F isoform may have a specific role in the
regulation of quantity of adipose tissue.
© 2009 Elsevier Inc. All rights reserved.
1. Introduction

The term obesity indicates an excess of body fat
associated to health problems. Although body mass index
(BMI) is still considered the cornerstone for classification of
obesity disorders, it can provide misleading information
about actual body fat content. Correlation analysis has
shown that only 58% of the variance of fat content in
adolescents and 66% of the variance of fat content in adults
can be predicted by BMI [1,2]. This indicates that, besides
factors that influence in a concordant manner both
parameters, there are many other factors that influence fat
composition but not BMI and vice versa.
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The relationship between BMI and fat content is
influenced by age and sex. Moreover, the correlation is
different among ethnic groups [3]. Besides environmental,
cultural, and alimentary factors, it is likely that genetic
factors have an important role in ethnic differences and in the
degree of correlation between BMI and fat composition.

1.1. Acid phosphatase locus 1 genetic polymorphism, BMI,
and blood lipid

Acid phosphatase locus 1 (ACP1) is a polymorphic gene
located on chromosome 2 showing 3 common codominant
alleles: ACP1

*A, ACP1
*B, and ACP1

*C. The corresponding
6 genotypes are associated with different enzymatic activity:
Spencer et al [4] found the following activities (micromoles of
p-nitrophenol produced in 30minutes per gram of hemoglobin
at 37°C): ACP1

*A/*A, 122.4; ACP1
*A/*B, 153.9; ACP1

*B/*B,
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Table 2
F and S isozyme concentrations in relation to the ACP1 genotype

Total quantity of
F (μg/mL RBC)

Total quantity of
S (μg/mL RBC)

F/S ratio

*B/*B 16.4 *C/*C 20.6 *B/*B 4.2
*B/*A 12.0 *C/*A 12.7 *B/*A 3.6
*C/*B 11.3 *C/*B 12.1 *A/*A 2.4
*A/*A 7.9 *B/*B 3.9 *C/*B 0.9
*C/*A 7.5 *B/*A 3.4 *C/*A 0.6
*C/*C 5.7 *A/*A 3.3 *C/*C 0.3

The quantities of enzyme are given per milliliter of packed red cells [12].
RBC indicates red blood cells.
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188.3; ACP1
*A/*C, 183.8; and ACP1

*B/*C, 212.3. The *C/*C
genotype is very rare, and its activity is about 240.0.

At present, the term ACP1 is used to indicate the gene,
whereas the protein product is called low–molecular weight
protein tyrosine phosphatase (LMPTP).

Two functions have been suggested for LMPTP: flavin
mononucleotide phosphatase and protein tyrosine phos-
phatase. By catalyzing the conversion of flavin mono-
nucleotide to riboflavin, LMPTP may have a role in
regulating the cellular concentration of flavin adenine
dinucleotide, flavoenzyme activity, and energy metabolism.
As protein tyrosine phosphatase, the enzyme may have an
important role in modulation of glycolytic rate through the
control of insulin receptor activities and of band 3 protein
phosphorylation [5].

Low–molecular weight protein tyrosine phosphatase is
involved in vitro in the negative modulation of insulin signal
transduction [6] and is able to in vitro dephosphorylate the
adipocyte lipid binding protein (ALBP) [7]. ALBP belongs
to a family of binding lipid proteins present in various
isoforms in many human tissues. In adipose tissue, ALBP is
phosphorylated on Tyr19 after insulin stimulation; and this
phenomenon seems to impair its fatty acid binding ability
[8]. In the adipose tissue, the double activity of LMPTP (on
insulin receptor insulin transduction and ALBP phosphor-
ylation) could partly compensate each other.

Insulin signal transduction is well known to be modulated
by other cytosolic insulin tyrosine phosphatases that act with
higher affinity than ACP1 [9]. Two transmembrane phospha-
tases in adipocytes that are responsible for the phosphorylat-
ing ALBP with high affinity have been isolated [10]. The
effect of LMPTP may become evident in the regulation of
metabolic signaling only in pathologic situation when other
control systems usually acting with higher affinity are failing.

Low–molecular weight protein tyrosine phosphatase
shows 2 isoforms—F and S—that have different biochem-
ical properties. Stefani et al [11] have studied the depho-
sphorylation of tyrosine phosphorylated synthetic peptides
by rat liver phosphotyrosine protein phosphatase isoenzymes
and have found differences in main kinetic parameters of F
and S isoenzymes for insulin receptor and B3P phosphory-
lated peptides (Table 1). Acid phosphatase locus 1 genotypes
show different concentrations of the 2 isoforms (Table 2).
Table 1
Kinetic parameters of F and S ACP1 isoforms for insulin receptor and B3P
synthetic phosphotyrosine–containing peptides (modified from Stefani et al
[11])

F S

Km
Insulin receptor 0.4 0.6
B3P 1.4 0.4

Vmax
Insulin receptor 3.1 4.6
B3P 68.0 10.5
Acid phosphatase locus 1 dephosphorylates a tyrosine
residue of erythrocyte membrane protein 3 (B3P). Band 3 is
the erythrocyte anion transporter. Tyrosine phosphorylation
of the anion transporter prevents binding of several
glycolytic enzymes and results in elevated glycolytic rates
[13]. Thus, a mechanism can be constructed whereby the
genotypic differences in ACP1 activity regulate erythrocyte
metabolism via an interface with glycolysis.

Acid phosphatase locus 1 has been found to be associated
with severe obesity [14]. The ACP1 genotypes *A/*A and
*B/*A that have the lowest levels of total LMPTP activity
are significantly higher in severely obese nondiabetic
individual. The ACP1

*A allele has been found to be
negatively associated with the levels of total cholesterol
(P = .002) and triglycerides (P b .001) in obese white
subjects in the United States [15].

The pattern of association between the ACP1 genetic
polymorphism and clinical variability of obesity suggests a
multipoint action of this ubiquitous phosphatase. Its
expression in adipocytes suggests that ACP1 may affect the
behavior of these cells in a genotype-dependent manner. A
function as flavin mononucleotide phosphatase to regulate
the overall rate of respiration and metabolism could explain
at least some of these observations. Dephosphorylation of
insulin receptor is another possibility. Recent experiments
using specific antisense oligonucleotide to reduce LMPTP
expression both in vivo and in vitro indicate that the enzyme
is a key negative regulator of insulin action [16].

De Lorenzo et al [17] have recently described a class of
women with normal BMI and high fat content (NWO [18]).
This class of women is similar to the class of overweight-
obese women not only for lean body mass distribution but
also for cardiovascular risk indexes values [17].

In the present note, we have searched for possible effect
of ACP1 genotypes in the differentiation between the
2 classes of women.
2. Subjects and methods

The sample study was composed of 130 white women
from the population of Rome. Thirty-six women had a BMI
less than 25 and percentage of fat mass greater than 30, and
94 women showed a BMI greater than 25 and percentage of



Table 3
Distribution of ACP1 genotypes in HFNB, HFHB, and healthy adults from
the white population of Rome

ACP1 genotype HFNB HFHB Healthy adults

*A/*A 22.5% 8.5% 8.6%
*B/*B 41.7% 37.2% 43.9%
*B/*A 22.2% 45.7% 31.6%
*C/*A 5.6% 4.3% 3.4%
*C/*B 8.3% 4.3% 12.2%
Total n 36 94 416

Table 5
Odds ratio analysis

OR 95% Confidence interval

ACP1
*A/*A vs other ACP1 types

A vs controls 3.01 1.17-7.58
B vs controls 0.98 0.40-2.29
A vs B 3.07 0.94-10.10

ACP1
*B/*A vs other ACP1 types

A vs controls 0.61 0.25-1.45
B vs controls 1.81 1.12-2.93
A vs B 0.33 0.13-0.88

OR indicates odds ratio; A, HFNB; B, HFHB.
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fat mass greater than 30. Circumference at waist was 71.84 ±
4.80 for the first group and 90.17 ± 13.57 for the second
group (P b .001). Circumference at hip was 96.05 ± 8.07 and
108.70 ± 23.06 for the first and the second group,
respectively (P b .01).

None of the individuals had either impaired glucose
tolerance/diabetes or clinical history of cardiovascular risk.
No individuals were taking any medication. Participants
were randomly selected among all the participants to the
studies on the basis of body composition and energy
metabolism at the Unit of Human Nutrition of Tor Vergata
University, Rome, Italy.

Informed consent was obtained from all the participants
before the beginning of the study, according to Medical
Ethics Committee Guidelines of the University.

Body mass index was calculated using the following
formula: BMI = body weight (in kilograms)/height (in square
meters). Total fat mass and percentage of fat mass were
measured by dual-energy x-ray absorptiometry (Model DPX,
software revision 3.6; Lunar, Madison, WI). The ACP1
genotype was determined by DNA analysis as previously
described [19].

A sample of 416 healthy blood donors from the same
white population has been also reported to compare the
ACP1 distribution of the sample study with that of the
general population.
Table 6
The ACP1 isoforms in HFNB, HFHB, and controls carrying the ACP1

*A/*A
and *B/*A genotypes
3. Results

Tables 3 and 4 show the distribution of ACP1 genotypes
in high-fat, normal-BMI women (HFNB); in high-fat,
overweight women (HFHB); and in a control sample
(blood donors) from the same white population. In the
whole sample of women (including HFNB and HFHB), the
Table 4
Statistical analysis of data reported in Table 3

χ2 Test of independence comparison χ2 df P

A vs B vs C (all ACP1 genotypes) 18.673 8 .017
A vs B (all ACP1 genotypes) 8.680 4 .070
A vs B vs C (*A/*A vs *B/*A vs other ACP1 types) 15.089 4 .004
A vs B (*A/*A vs *B/*A vs other ACP1 types) 8.164 2 .017
A vs B (*A/*A vs *B/*A) 7.892 1 .005

A indicates HFNB; B, HFHB; C, healthy adults.
proportions of ACP1
*A/*A and *B/*A genotypes are higher

than those in controls (P b .025), confirming previous
observations on obese subjects [13]. However, there are
significant differences between HFNB and HFHB concern-
ing the proportion of ACP1

*A/*A and *B/*A genotypes: in
HFNB, there is a strong increase of ACP1

*A/*A genotype but
a decrease of ACP1

*B/*A genotype as compared with
controls, whereas in HFHB, the ACP1

*A/*A genotype is
not increased but the ACP1

*B/*A genotype is strongly
increased as compared with controls. The ratio of *A/*A
to *B/*A is 1.01 in HFNB and 0.19 in HFHB (P = .005).

Table 5 shows an odds ratio analysis. The risk for HFNB
vs controls is 3.01 for ACP1

*A/*A genotype vs other
genotypes; the risk for HFHB vs controls is 1.81 for
ACP1

*B/*A genotype vs other genotypes.
Table 6 shows F and S isoforms concentrations and F/S

ratio of HFNB, HFHB, and controls in subjects carrying the
*A/*A and *B/*A genotypes. All parameters are significantly
different between HFNB and HFHB and between HFNB
and controls, resulting in a statistically significant lower
F/S ratio in HFNB as compared with HFHB and controls.
4. Discussion

Body mass index does not discriminate between muscle
and adipose tissues and does not directly assess regional
adiposity. In general, measures of fat distribution are more
F isoform S isoform F/S ratio

Mean SE Mean SE Mean SE

A 9.88 0.37 3.34 0.009 2.94 0.10
B 11.45 0.21 3.39 0.005 3.38 0.06
C 11.03 0.13 3.37 0.003 3.26 0.04

t Test for difference between means
A vs B P = .001 P = .001 P = .001
A vs C P = .002 P = .002 P = .003
B vs C P = .125 P = .002 P = .125

A indicates HFNB; B, HFHB; C, healthy adults.
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correlated with cardiovascular disease risk factors and
diabetes than BMI.

The present data confirm the overall positive association
of obesity with low-activity ACP1

*A/*A and *B/*A geno-
types but show significant differences between ACP1

*A/*A
genotype and ACP1

*B/*A genotype concerning the pattern of
association with obesity parameters. The *A/*A genotype
shows a tendency to an increase to adipose tissue even in the
presence of normal BMI, and this may have importance for
the risk of cardiovascular disease and diabetes. Although
suggestive, the observation needs to be confirmed in other
clinical setting and in other populations before drawing
definitive conclusions.

Both ACP1 *A/*A and *B/*A genotypes show a low
LMPTP total activity but differ in F isoform concentration
and in F/S ratio; both parameters are sensibly lower in
ACP1

*A/*A genotype than in ACP1*B/*A genotype. In this
context, it may be interesting to note (Table 3) that the
frequency of ACP1

*C/*A and *C/*B genotypes that share a
low F and a low F/S ratio is higher in HFNB than in HFHB;
but these differences are not statistically significant.

As shown in Table 1, Km of F isoform is lower for insulin
receptor than for B3P, whereas Km of S isoform is higher for
insulin receptor than for B3P. On the other hand, Vmax of F
isoform is much higher for B3P than for insulin receptor,
whereas Vmax of S isoform shows similar but less marked
difference. This could be a biochemical basis for the
differences observed between ACP1 genotypes concerning
the glycemic level that have been observed in normal and
diabetic subjects [20,21].

As far as we know, similar experiments have not yet been
carried out on ALBP: differences in kinetic parameters of F
and S for insulin receptor and ALBP could be important for
fat disposal, thus explaining the pattern of association
presently reported. Further investigations in this area are
warranted and could be rewarding.
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