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We investigated the possible role of cytosolic low–molecular-weight protein-tyrosine-phosphatase (cLMWPTP or acid phos-

phatase locus 1 [ACP1]) in the mediation of age at onset of type 1 diabetes. ACP1 is an enzyme involved in signal transduction

of T-cell receptors, insulin, and other growth factor receptors. We studied acid phosphatase polymorphism in 189 consecutive

children with type 1 diabetes admitted to the Pediatric Clinic of Sassari University (Sardinia) and in 86 adolescent patients

with recently diagnosed type 1 diabetes from continental Italy. In both populations, females with medium-high activity acid

phosphatase genotypes had onset of disease significantly earlier than males. The data suggest that acid phosphatase

genotype affects the age of onset and probably also the sex ratio in type 1 diabetes. Sex hormones might modulate the

susceptibility to autoimmune diseases, including type 1 diabetes, through the influence of signal transduction pathways

involved in immune functions. Elucidation of the molecular basis for gender differences in the course and severity of type 1

diabetes could have important implications for treatment as well, because there might be gender-specific effects in the

response to immunotherapy.
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TYPE 1 DIABETES IS AN autoimmune disease with a
slight prevalence of males over females, whereas other

autoimmune organ-specific diseases are characterized by a fe-
male preponderance.1 It has been proposed that sex hormones
could affect the immune system by influencing the signal
transduction pathway involved in immune functions.2 The clin-
ical presentation and disease progression of many autoimmune
disorders differ between males and females. Elucidation of the
molecular basis for gender differences could have important
implications for treatment, because there may be gender-
specific effects also in the response to various forms of ther-
apy.2

We investigated the possible effect of the genetic variability
of cytosolic low–molecular-weight protein-tyrosine-phospha-
tase (cLMWPTP or acid phosphatase locus 1 [ACP1]), a poly-
morphic enzyme involved in various signal transduction path-
ways,3 on the age of onset of type 1 diabetes.

SUBJECTS AND METHODS

The study was performed in 189 consecutive children with type 1
diabetes admitted to the Pediatric Clinic of Sassari University (Sardi-
nia) and in 86 adolescent patients with recently diagnosed type 1
diabetes from continental Italy diagnosed by the Immunotherapy of
Diabetes (IMDIAB) group in Rome. Clinical features of these patients
are reported in Table 1. There are differences between the 2 samples.
The sample from Sardinia was collected in a single pediatric hospital,
was strictly consecutive and ethnically homogeneous, and the clinical
parameters for all subjects refer to the moment of diagnosis. The
sample from continental Italy was collected in various hospitals and
was not strictly consecutive. Informed consent was obtained from
patients or from their parents.

ACP1 is a high polymorphic enzyme controlled by an autosomal
locus showing 3 codominant alleles named ACP1*A, *B, and *C.4 The
3 ACP1 alleles show single base substitutions located at 3 specific sites:
ACP1*A and *B alleles differ for 2 base substitutions, a silent C-T
transition at codon 41 (exon 4), and an A-G transition at codon 105
(exon 6). The ACP1*C allele differs from the *A and *B alleles at
codon 43 (exon 3).5

Total genomic DNA was extracted from frozen whole-blood samples
collected in NA2EDTA using the procedure described by Kunkel et al6

with slight modifications. All polymerase chain reactions (PCRs) were
set up in 30 �L, 0.2 �mol/L of both primers, 0.1 mmol/L dNTPs, 1.5

mmol/L MgCl2, 0.5 U of Taq polymerase (AmpliTaq, Applied Bio-
system, Mannheim, Germany) 1� AmpliTaq buffer (PE), and 50 ng of
DNA template. The amplification conditions consisted of an initial
denaturation at 94°C for 2 minutes, followed by 35 cycles of 94°C for
45 seconds, 54°C for 45 seconds, 72°C for 45 seconds, and a final
extension at 72°C for 5 minutes. The annealing temperature, extension
time, and primer concentration for the 2-kb amplification product were
57°C, 120 seconds, and 0.1 �mol/L, respectively.

Oligonucleotide primers used for PCR amplification are reported in
Table 2.

The C-T transition at codon 43 and the A-G transition at codon 105
(indicated respectively here as C and A in Fig 1) generate, respectively,
a Cfo I and a Taq I restriction site that, together, were used for
PCR-based genotyping (modified from Lazaruk).5 A 341-bp segment
spanning the entire exons 3 and 4 was amplified using primers #263 to
#264 (Table 2). A 299-bp segment including exon 6 was amplified
using primers #267 and #268. Ten microliters of the 341-bp exon 3
amplicon was fully cleaved by Cfo I at 37°C for 1 hour according to the
manufacturer’s instructions and then electrophoresed on 1.8% agarose
gels. The digestion created 2 fragments of 255 and 86 bp for the
ACP1*A and ACP1*B alleles, while the ACP1*C allele was not cut.
Similarly, the 299-bp PCR product was digested by Taq I at 65°C for
1 hour according to the manufacturer’s instructions, generating 2 frag-
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ments of 100 and 199 bp for the ACP1*A allele, but not for the *B and
the *C alleles (modified from Lazaruk).5

Three-way contingency table analysis was performed according to
Sokal and Rohlf.7 Other statistical analyses were perfromed using the
SPSS package (SPSS, Inc, Chicago, IL).

RESULTS

The clinical parameters studied in our populations are re-
ported in Table 1. Differences between the 2 populations are
probably due to differences in the sampling procedure. In
Sardinia, the age at onset ranges from 1 to 21 years, while in
Rome it ranges from 3 to 32 years. It is likely that, being
collected in a pediatric hospital, the Sardinian sample includes
mainly subjects with early onset of diabetes.

Following indications from previous studies8 that showed
differences between low activity genotypes (*A/*A and *A/*B)
and medium-high activity genotypes (*B/*B,*A/*C,*B/*C,
and *C/*C) in diabetic patients, we grouped ACP1 genotypes
of Sardinian patients in 2 categories for low and medium-high
activity. Table 3 shows the association between the age at onset
of type 1 diabetes and gender in relation to the ACP1 genotype.
There is a significant 3-way interaction. Among genotypes with
medium-high activity, the proportion of females is much higher
in children with age at onset �6 years than in those with age at
onset greater than 6 years (P � .001).

Table 4 shows the mean age of onset according to gender and
category of ACP1 enzymatic activity for patients from Sardi-
nia. The effect of gender on age at onset is dependent on the
ACP1 genotype. Thus, while among ACP1 genotypes with low
activity there is no difference between the sexes, among those

with medium-high activity the mean age at onset is lower in
females than in males (5.8 v 8.6 years; P � .0001) .

We also performed a correlation analysis between ACP1
activity (considering each genotype separately) and age at onset
in patients from Sardinia. A positive correlation between age at
onset and ACP1 activity is observed in males, whereas the
correlation is negative in females (Table 5).

Table 6 shows the association between the age at onset
of type 1 diabetes and gender in patients from continental
Italy. The analysis is similar to that reported in Table 3
for the Sardinian sample. Because the range of age at onset
in the continental sample is greater than in the Sardinian
sample, we grouped the subjects into 3 categories and tested
for linear association. Among children with medium-high
activity of ACP1 there is a negative linear association be-
tween the proportion of females and age at onset. As in the
Sardinian sample (Table 3), in the sample from continental
Italy among genotypes with medium-high activity the pro-
portion of females is much higher in children with age at
onset �6 years than in those with age at onset greater than
6 years.

DISCUSSION

This is the first study to demonstrate that the ACP1
genotype affects the age of onset of type 1 diabetes. The
pattern of association is similar in 2 series of patients sam-
pled with different criteria from 2 Italian populations, re-
ducing the likelihood that these findings are mere sampling
artifacts.

Indeed, the fact that among children aged 6 years or less, ie,
within the range of age in which the Sardinian sampling was
certainly strictly consecutive, there is a significant association
between gender and ACP1 genotype and that a similar pattern
is present also in the continental sample represents a strong
argument against a possible bias. This is because the Sardinian
sample probably does not include subjects older than 14 years
at the onset of disease.

Fig 1. ACP1 genomic organization and SNPs.

Table 1. Clinical Features of Patients From Sardinia and

Continental Italy

Sardinia Rome

Males
% 60.2 62.8
SE 3.5 5.2

Age at onset of diabetes (yr)
Mean 7.4 11.4
SE 0.29 0.71

HbA1c (%)
Mean 8.21 11.32
SE 0.49 0.24

Blood glucose (mg/dL)
Mean 409.4 381.2
SE 12.2 13.2

NOTE. HbA1c and blood glucose are values at time of diagnosis.

Table 2. Primers Used for ACP1 SNPs Analysis

Primer Target Amplification Nucleotide Sequence 5�-3�

#263 Exon 3 AGGCCAACCTGAACTCCTCT
#264 Exon 3 CCTGTCTTGCTTTATGGGCT
#267 Exon 6 TTCAGAAGACCCTAGCAGATG
#268 Exon 6 TGGCAAAACCTGCATAACAA

Abbreviation: SNPs, single-nucleotide polymorphisms.
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Although the biochemical functions of ACP1 point to a
causal involvement of the enzyme in the pattern of observed
association, at present the effect of a gene strictly linked to
ACP1 and in linkage disequilibrium with it cannot be excluded.

ACP1 is located on chromosome 2p25. On the same chro-
mosome loci involved in type 1 diabetes have been found in
2q33 and in 2q12-21,9,10 and loci involved in glucose intoler-
ance have been found in 2q37.3 and in 2p13.11,12 All of these
loci are located very far from the ACP1 locus.

ACP1 or cLMWPTP is an enzyme involved in T-cell recep-
tor signal transduction.13 It has also been shown to modulate
insulin, as well as platelet-derived growth factor (PDGF) re-
ceptor signal transduction.14 This enzyme is composed by 2
isoforms, F and S, which have different molecular and catalytic
properties.3,15 ACP1 is a polymorphic enzyme showing strong
quantitative variations of total enzymatic activity and of F/S
ratio among genotypes. In Caucasian populations, 6 geno-
types are present: *A/*A, *A/*B, *B/*B, *A/*C, *B/*C, and
*C/*C,4 attributed to the presence of 3 codominant alleles—
ACP1*A, ACP1*B, and ACP1*C—at the autosomal locus.
Spencer et al16 found the following activities (�mol p-nitro-
phenol produced in 30 minutes per gram of hemoglobin at

37°C): ACP1*A/*A, 122.4; ACP1*A/*B, 153.9; ACP1*B/*B,
188.3; ACP1*A/*C, 183.8; and ACP1*B/*C, 212.3. Intracel-
lular signal transduction is mediated by balance between ki-
nases and phosphatases and both have a crucial role in immu-
nological and metabolic responses, and in cellular proliferation
and growth.17,18 Genetic variability of kinases and phospha-
tases involved in these signaling pathways could influence
lymphocyte activation threshold, as well as cellular responses
to cytokines and growth factors.

Recently, great attention has been paid to gender differences
in autoimmunity.2 Experimental studies indicate that viruses
that elicit Th1 or Th2 rensponses may have different clinical
expression in males and in females.19-21 In humans, different
degrees of immune response have been observed between the
sexes. Clinical disease expression including age at onset, pro-
gression, and response to treatment may also show gender
differences.2 Sex hormones could have an important role
through modulation of immune response. Estrogens seem to en-
hance at low level but inhibit at higher level immune reactivi-
ty.22-25 Testosterone exerts immunosuppressive effects in autoim-
munity.26,27 Pituitary hormones may also have importance:
prolactine and growth hormone may enhance autoimmunity.2

Genetic factors too have a relevant role in autoimmunity. It
has been suggested the besides major histocompatability com-
plex (MHC)-linked candidate genes there are also non–MHC-
linked candidate genes involved in autoimmunity.28,29 More-
over, there could be unique genes for a given disease
determining susceptibility of a target organ to an autoimmune
attack.2 There is a general consensus on the importance of
elucidation of molecular mechanisms and in particular of the
signal transduction pathways involved in the gender differ-
ences, age at onset, and the course and severity of autoimmune
diseases.2

Following the suggestion of the Task Force on Gender,
Multiple Sclerosis and Autoimmunity,2 stratification on the
basis of sex has revealed an important effect of the genetic
variability in a system involved in T-lymphocyte activation and
in signal transduction pathways from insulin and other growth
factor receptors.3 This suggests an interaction of ACP1 with
some sex-specific factor in the pathogenesis of type 1 diabetes.
However, further studies of the polymorphic systems control-
ling signal transduction in autoimmune disorders stratified by
gender are warranted.
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Table 4. Effect of ACP1 Genotype on the Relationship Between

Gender and Age at Onset in Sardinian Population

Age at Onset

Males Females

*A/*A and *A/*B 7.1 (0.7)* 7.3 (0.9)
Other ACP1 genotypes 8.6 (0.5) 5.8 (0.4)

ANOVA
Main effect P � .006
Interaction ACP1-gender P � .014

One-way
Tukey test, males/other ACP1 genotypes

v females/other ACP1 genotypes P � .0001

*SE is in parentheses.
Abbreviation: ANOVA, analysis of variance.

Table 5. Correlation Analysis Between ACP1 Activity and

Age at Onset in the Sardinian Sample

Males r � .19
Females r � �.14
Difference between correlations

in males and females P � .05

Table 3. Age at Onset and Gender in Type 1 Diabetes Patients

From Sardinia: Interaction With ACP1 Genotype

ACP1

Low Activity
(*A/*A and *A/*B)

Medium-High Activity
(*B/*B, *A/*C, *B/*C, *C/*C)

Age at Onset

�6 yr �6 yr �6 yr �6 yr

Females 35% 39% 59% 26%
Total no. 31 33 59 66

Three-way contingency table analysis by a log-
linear model

Interaction between ACP1, age at onset, and sex P � .02
Chi-square test

Association between age at onset and sex
*A/*A and *A/*B genotypes NS
Other ACP1 genotypes P � .001

Abbreviation: NS, not significant.

421SIGNAL TRANSDUCTION, GENDER, AGE AT ONSET OF TYPE 1 DIABETES



REFERENCES

1. EURODIAB ACE Study Group: Variation and trends in inci-
dence of childhood diabetes in Europe. Lancet 355:873-876, 2000

2. Whitacre CC, Reingold SC, O’Looney PA: A gender gap in
autoimmunity. Science 283:1277-1278, 1999

3. Bottini E, Gloria-Bottini F, Borgiani P: ACP1 and human adapt-
ability. 1. Association with common diseases: A case control study.
Hum Genet 96:629-637, 1995

4. Hopkinson DA, Spencer N, Harris H: Red cell acid phosphatase
variants: A new human polymorphism. Nature 199:969-971, 1963

5. Lazaruk KDA: Molecular genetics of human red cell acid phos-
phatase. PhD dissertation, University of California, Berkeley, CA,
Professor Sensabaugh GF, Chair, 1995

6. Kunkel LM, Smith KD, Boyer SH, et al: Analysis of human
Y-chromosome-specific reiterated DNA in chromosome variants. Proc
Natl Acad Sci USA 74:1245-1249, 1977

7. Sokal RR, Rohlf FJ: Biometry. New York, NY: Freeman, 1981,
pp 253-261

8. Lucarini N, Antonacci E, Bottini N, et al: Phosphotyrosine-
protein-phosphatase and diabetic disorders. Further studies on the re-
lationship between low molecular weight acid phosphatase genotype
and degree of glycemic control. Dis Markers 14:121-125, 1998

9. Naluai AT, Nilsson S, Samuelsson L, et al: The CTLA4 /CD28
gene region on chromosome 2q33 confers susceptibility to celiac
disease in a way possibly distinct from that of type 1 diabetes and other
chronic inflammatory disorders. Tissue Antigens 56:350-355, 2000

10. Ogunkolade WB, Ramachandran A, McDermott MF, et al:
Family association studies of markers on chromosome 2q and type 1
diabetes in subjects from South India. Diabetes Metab Res 16:276-280,
2000

11. Baier LJ, Permana PA, Yang X, et al: A calpain-10 gene
polymorphism is associated with reduced muscle mRNA levels and
insulin resistance. J Clin Invest 106:819-821, 2000

12. Collin GB, Marshall JD, Boerkoel CF, et al: Alstrom syndrome:
Further evidence for linkage to human chromosome 2p13. Hum Genet
105:474-479, 1999

13. Taylor P, Gilman J, Williams S, et al: Regulation of the low
molecular weight phosphotyrosine phosphatase by phosphorylation at
tyrosine 131 and 132. J Biol Chem 272:5371-5374, 1997

14. Ramponi G, Stefani M: Structure and function of the low Mr
phosphotyrosine protein phosphatases. Biochim Biophys Acta 134:
137-157, 1997

15. Dissing J: Human “red cell” acid phosphatase (ACP1) genetic,

catalytic and molecular properties. PhD thesis, Kobenhavn Universitat,
Kobenhavn, Denmark, 1993

16. Spencer N, Hopkinson DA, Harris H: Quantitative differences
and gene dosage in the human red cell acid phosphatase polymorphism.
Nature 201:299-300, 1964

17. Fischer EH, Charbomneau H, Tonks NK: Protein tyrosine phos-
phatases: A diverse family of intracellular and transmembrane en-
zymes. Science 253:401-406, 1991

18. Goldstein BJ: Protein-tyrosine phosphatases and the regulation
of insulin action. J Cell Biochem 48:33-42, 1992

19. Huber SA, Pfaeffle B: Differential Th1 and Th2 cell responses in
male and female BALB/c mice infected with coxsackievirus group B
type 3. J Virol 68:5126-5132, 1994

20. Huber SA, Kupperman J, Newell MK: Hormonal regulation of
CD4(�)T cell responses in coxsackievirus B3-induced myocarditis in
mice. J Virol 73:4689-4695, 1999

21. Klein SL, Bird BH, Glass GE: Sex differences in Seoul virus
infection are not related to adult sex steroid concentration in Norway
rats. J Virol 74:8213-8217, 2000

22. Ansar Ahmed S, Prenhale WJ, Talal N: Sex hormones, immune
responses and autoimmune diseases. Mechanisms of sex hormone
action. Am J Pathol 121:531-551, 1985

23. Holmdahl R, Jansson L, Meyerson B, et al: Oestrogen induced
suppression of collagen arthritis: I. Long term oestradiol treatment of
DBA/1 mice reduces severity and incidence of arthritis and decreases
the anti type II collagen immune response. Clin Exp Immunol 70:372-
378, 1987

24. Wang HS, Kanzaki H, Tokushige M, et al: Effect of ovarian
steroids on the secretion of immunosuppressive fator(s) from human
endometrium. Am J Obstet Gynecol 158:629-637, 1988

25. Fox HS, Bond BL, Parslow TG: Estrogen regulates the IFN-
gamma promoter. J Immunol 146:4362-4367, 1991

26. Wilder RL: Hormones and autoimmunity: Animal models of
arthritis. Bailleres Clin Rheumatol 10:259-271, 1996

27. Lahita RG: Predisposing factors to autoimmune disease. Int J
Fertil Womens Med 42:115-119, 1997

28. Verdaguer J, Amrani A, Anderson B, et al: Two mechanisms for
the non-MHC-linked resistance to spontaneous autoimmunity. J Immu-
nol 162:4614-4626, 1999

29. Fugger L: Human autoimmunity genes in mice. Curr Opin
Immunol 12:698-703, 2000

Table 6. Age at Onset and Gender in Type 1 Diabetes Patients From Continental Italy: Interaction With ACP1 Genotype

ACP1

Low Activity
*A/*A and *A/*B

Medium-High Activity
*B/*B; *A/*C; *B/*C; *C/*C

Age at Onset

�6 yr �6 � 15 yr �15 yr �6 yr �6 � 15 yr �15 yr

Females 33% 45% 12% 57% 44% 0.0%
Total no. 9 20 8 7 34 8

Mantel-Haenszel test for linear
association NS P � .02
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