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The type II transmembrane glycoprotein CD38 (ADP-
ribosyl cyclase/cyclic ADP-ribose hydrolase) has been
proposed as a mediator of insulin secretion from pan-
creatic -cells and as a candidate for autoimmune reac-
tions in type 2 diabetes. We evaluated the presence of
anti-CD38 autoantibodies in Caucasian patients with
diabetes and investigated the effect of these antibodies
on insulin secretion from isolated human pancreatic
islets. The presence of anti-CD38 autoantibodies was
evaluated by using Western blot analysis in 236 patients
with type 2 diabetes (mean age 63 years), in 160
patients with type 1 diabetes (mmean age 38 years), and
in 159 nondiabetic subjects. Anti-CD38 autoantibody
titers at least 3 SD above the mean value of the control
group were found in 9.7% of type 2 diabetic patients
and in 13.1% of type 1 diabetic patients (x> = 15.9, P =
0.0003 vs. 1.3% of control subjects). No significant dif-
ferences were observed in sex distribution, current age,
age at diabetes onset, BMI, fasting serum glucose, or
glycemic control between anti-CD38" and anti-CD38~
diabetic patients in either the type 2 or type 1 diabetic
groups. The effect of 23 anti-CD38 and 13 anti-CD38*
sera on insulin secretion at low (3.3 mmol/l1) or high
(16.7 mmol/1) medium glucose concentrations was eval-
uated in isolated human pancreatic islets. Data are
medians (interquartile range). The anti-CD38* sera
potentiated insulin release both at low [95 (64) vs. 23
(12) pU/ml of control incubations, respectively, P <
0.0001] and high [271 (336) vs. a control of 55 (37)
nU/ml, respectively, P = 0.001] medium glucose concen-
trations, whereas the anti-CD38 sera did not. Further-
more, in the pooled data from all 36 tested sera, insulin
levels in the islet incubation medium were directly
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related to the anti-CD38 antibody titer. We conclude
that autoantibodies to CD38 are associated with both
type 1 and type 2 diabetes in Caucasian subjects. These
autoantibodies exert a stimulatory effect on insulin
secretion by cultured human islets. The role of this
autoimmune reaction in the pathogenesis of diabetes
remains to be elucidated. Diabetes 48:2309-2315, 1999

uman CD38 (ADP-ribosyl cyclase/cyclic ADP-

ribose hydrolase) is a single-chain type II trans-

membrane glycoprotein that is commonly used

as a phenotypic marker of differentiation and
activation in hematopoietic cells (1). CD38 is a bifunctional
ectoenzyme that catalyzes both the conversion of NAD* to
cyclic ADP-ribose (cADPR) and the hydrolysis of cADPR
back to ADPR (2-4). cADPR appears to be involved in the reg-
ulation of Ca®*-dependent intracellular Ca** release through
interaction with the ryanodine receptor (5,6). In immuno-
competent cells, activation of CD38 by specific agonistic anti-
bodies causes several effects, including cell activation and
proliferation, induction of cytokine secretion, and modulation
of apoptosis (7-9). CD38 also behaves as a selectin by inter-
acting with endothelial CD31, thereby promoting adhesion of
endothelial to CD38* cells (10).

Alternative biological roles for CD38 have been hypothe-
sized because of the presence of its mRNA or protein in other
mammalian tissues such as brain, spleen, heart, liver, kidney,
intestine, and pancreas (11-14). Experimental evidence indi-
cates that cADPR induces the release of Ca** from micro-
somes of rat pancreatic islets (14). Moreover, glucose
increases the concentration of cADPR in rat and mouse islets
but not in their microsomes; in turn, cADPR stimulates
insulin secretion from digitonin-permeabilized islets (14-16).
Finally, glucose-induced insulin secretion is enhanced in
transgenic mice that overexpress CD38 in pancreatic 3-cells
(17) and is attenuated in CD38 knockout mice (18). Taken
together, these observations have led to the intriguing
hypothesis that CD38 may be involved in insulin secretion
through an alternative intracellular Ca** mobilization system
to the inositol-3-phosphate pathway (15).

Both insulin resistance and insulin deficiency play arole in
the pathogenesis of type 2 diabetes (19). In recent years, the
possibility that an autoimmune reaction against pancreatic
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B-cells (an event extensively demonstrated in type 1 dia-
betes) may take place in some patients with typical type 2 dia-
betes has received increasing attention. In fact, autoanti-
bodies to islet cell cytoplasmic antigens (ICA), GAD, and
protein tyrosine phosphatase-2 (IA-2) have been detected in
subsets of patients with type 2 diabetes; the presence of
these autoantibodies has been found to predict the subsequent
need for insulin therapy (20). Recent findings have suggested
that functional alterations of CD38 may be associated with
type 2 diabetes. Thus, a missense mutation in the CD38 gene,
which leads to a 50% reduction of in vitro ADPR cyclase and
cADPR hydrolase activities, has been identified in Japanese
patients with type 2 diabetes (21), and autoantibodies to
CD38 have been detected in a sizeable proportion of these
patients (22).

These observations prompted us to search for anti-CD38
autoantibodies in Caucasian subjects and to verify whether
their presence is associated with diabetes. We also attempted
to identify a role for these autoantibodies in insulin secretion
by using the isolated human pancreatic islet model.

RESEARCH DESIGN AND METHODS

Patients. Among the outpatients attending the clinics at the University of Florence
and the University of Pisa, we randomly selected 236 Caucasian patients with type
2 diabetes and 160 patients with type 1 diabetes, all of whom were diagnosed
according to World Health Organization criteria (23), and 159 nondiabetic subjects
with no family history of diabetes and normal fasting plasma glucose levels (<6.1
mmol/l) (Table 1). Blood samples were obtained after an overnight fast and were
stored at-70°C until tested. Plasma glucose concentrations were measured by using
the glucose oxidase technique, and HbA, was measured by using high-performance
liquid chromatography. Plasma insulin and C-peptide levels were measured via
radioimmunoassay (Medgenix, Brussels). Informed consent was obtained from all
study subjects; the protocol was approved by the local ethics committee.
Detection of anti-CD38 antibodies. To screen for the presence of anti-CD38
antibodies, immunoblotting was performed by using a recombinant CD38-maltose
binding protein (MBP) fusion protein of 68 kDa obtained as previously described
from human CD38 cDNA encoding amino acids 45-300 (24). A total of 20 pg of
recombinant CD38-MBP were electrophoresed on 10% SDS polyacrylamide gel and
were electrotransferred to a polyvinylidene fluoride (PVDF) membrane (Immo-
bilon P; Millipore, Bedford, MA). The membrane was subsequently incubated with
ablocking solution of phosphate-buffered saline (PBS) containing 5% nonfat dry
milk and 0.15% Tween 20 for 60 min. Sera from diabetic patients and nondiabetic
subjects were diluted 1:1,000 in the same buffer and were incubated with the mem-
brane for 60 min by using a Screener Blotter Mini 56 (Samplatec, Osaka, Japan).
After washing with PBS containing 0.15% Tween 20, the membranes were incu-
bated for 60 min with a rabbit antihuman antibody labeled with horseradish per-
oxidase (American Quialex, La Mirada, CA) diluted 1:1,600. The signals were
revealed by using an enhanced chemiluminescence (ECL) detection system
(Amersham, Arlington, IL) according to the manufacturer’s instructions. The
autoradiographic signals were quantitated by densitometry; images were
acquired with a Hamamatsu CCD C3077/-01 videocamera (Hamamatsu Photon-
ics KK, Tokyo) connected to IQ Base software (Hamamatsu Photonics KK) and
were analyzed by using Image 1.28 software (courtesy of William Rasband,
National Institutes of Health, Bethesda, MD).

The specificity of the signals was evaluated with the following tests. First, in
preabsorption experiments, three diabetic sera positive for anti-CD38 antibod-
ies were incubated overnight at 4°C with or without 100 pg/ml of human recom-
binant CD38-MBP or LacZ-MBP in blocking solution (22) and were used in
immunoblotting as described above. Second, six anti-CD38" and six anti-CD38"
diabetic sera diluted 1:1,000 were immunoblotted against the extracellular
domain of human CD38 with the putative glycosylation sites eliminated by site-
directed mutagenesis obtained by the recombinant expression technique from
the yeast, Pichia pastoris (1 pg/lane) (25). Third, signals obtained from diabetic
or normal sera were compared with signals produced by an antihuman CD38
monoclonal antibody (T16; Cosmo Bio, Tokyo) tested on the same PVDF mem-
brane at a concentration of 5 pg/ml.

Insulin secretion from cultured human pancreatic islets. Effects of sera on
insulin secretion from human pancreatic islets were tested in 23 anti-CD38™ dia-
betic patients (4 were on diet therapy, 10 took oral hypoglycemic agents, and 9
took insulin alone or in combination with oral hypoglycemic agents) and 13 anti-
CD38* subjects (2 nondiabetic control subjects and 11 diabetic patients, of whom
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TABLE 1
Characteristics of the study subjects
Subjects
Type 2 Type 1

Control diabetic diabetic
n 159 236 160
Sex (F/M) 76/83 134/102 83/77
Age (years) 52 + 19 63 + 10 38 £ 13
BMI (kg/m?) 27149 287+x51 233zx25
Diabetes duration (years) — 11+£9 16 + 10
Age at onset (years) — 52 + 11 2110
HbA,, (%) 5.0+ 0.4 7014 79+ 13
Fasting plasma 52 +0.8 9.2+26 10.3+4.0

glucose (mmol/l)

Data are means + SD.

1 was on diet therapy, 5 took oral hypoglycemic agents, and 5 took insulin alone
or in combination with oral hypoglycemic agents).

Isolated human pancreatic islets were obtained by collagenase digestion and
density-gradient purification (26) from the pancreases of human cadaver donors
referred through the local organ procurement organization with the permission
of the local ethics committee. At the end of the isolation procedure, islets were
resuspended in M199 tissue culture medium supplemented with 10% serum and
antibiotics (100 U/ml penicillin, 100 pg/ml streptomycin, 50 pg/ml gentamycin, and
0.25 pg/ml amphotericin B). We loaded ~1,000 islets in 15 ml of culture medium
onto 25-cm?uncoated plastic flasks (BioBraun, Milan, Italy), which were then cul-
tured at 37°C in an atmosphere of 95% O, and 5% CO,. Within 7-12 days of isola-
tion, the insulin secretory function of the islets was assessed in response to vary-
ing glucose concentrations by using the batch incubation method as previously
described (27). Groups of islets of comparable size (20/tube) were preincubated
at 37°C for 45 min in Krebs-Ringer bicarbonate buffer (KRBB) supplemented with
3.3 mmol/l glucose and 0.5% bovine serum albumin. The islets were then washed
and incubated at 37°C for 45 min in KRBB containing 3.3 or 16.7 mmol/l glucose,
either with or without the addition of 10% serum from patients who were
immunoblot positive or negative for the presence of anti-CD38 antibodies. At the
end of this incubation period, aliquots of the medium were collected to measure
insulin concentrations. For each test serum (or control), two to four clusters of
islets were incubated separately.

In an additional series of experiments, the effect of an anti-human CD38
monoclonal antibody (T16) was evaluated at concentrations of 0.5 and 2 pg/ml.
This antibody was the same one used for specificity testing.

To document that the effects of human sera on insulin secretion from isolated
human islets were because of immunoglobulins, four anti-CD38" sera were
adsorbed to protein A, which binds to the Fc portion of immunoglobulin G (IgG)
antibodies. Sera were diluted 1:2 in KRBB without HEPES, albumin, or glucose and
were incubated in a rotating agitator overnight at 4°C with protein A sepharose 6MB
(Pharmacia Biotech, Uppsala, Sweden) (2 ml/ml of serum) previously equilibrated
in the same buffer. After centrifugation (3 min at 3,000g), sera were recovered, and
the incubation with protein A was repeated for 2 h under the same conditions.
Aliquots of sera were incubated with sepharose alone as a control.

Detection of CD38 protein in human pancreatic islets. The presence of CD38
protein in human pancreatic islets was tested by using Western blot analysis.
Human pancreatic islets isolated as described above were lysed in a lysis buffer
(20 mmol/1 Tris, 150 mmol/l1 NaCl, 1 mmol/l phenylmethylsulfonylfluoride, 0.25%
NP-40). A total of 70 ng of protein were electrophoresed on 10% SDS polyacryl-
amide gel under denaturing conditions and were electrotransferred onto a PVDF
membrane. Nonspecific protein binding was blocked by incubating the membranes
with a blocking solution (1 X PBS; 0.15% Tween 20, 5% nonfat dried milk) for 1 h
at room temperature. A monoclonal antibody specific for human CD38 (clone IB,)
(5 pg/ml) was applied onto the membrane for 60 min at room temperature (28).
After rinsing with washing buffer (1 X PBS, 0.15% Tween 20), peroxidase-conju-
gated antimouse IgG antibody (Sigma, St. Louis, MO) diluted 1:4,000 was applied
to the membrane for 60 min at room temperature. The detection of specific sig-
nals was performed by using the ECL detection system previously described.

Determination of anti-GAD autoantibodies. Anti-GAD autoantibodies were
measured in a subgroup of 98 type 2 diabetic patients. In vitro transcribed and
translated recombinant human GAD labeled with [**S]methionine was used as an
antigen in a radioimmunoprecipitation assay. Human islet GAD65 cDNA in the vec-
tor pB 1882 (courtesy of Dr. Thomas Dyrberg, Novo Nordisk, Copenhagen) was
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FIG. 1. A: Detection of anti-CD38 autoantibodies in type 2 diabetic
(Type 2 DM) patients and nondiabetic subjects (N). Sera were diluted
1:1,000 and were tested against the human recombinant CD38-MBP
fusion protein by immunoblotting (see RESEARCH DESIGNAND METHODS).
For a positive control, a human anti-CD38 monoclonal antibody (T16)
was tested on a portion of the same membrane. B: In a representative
preabsorption experiment, an anti-CD38* serum was incubated
overnight at 4°C alone (lane 1), with 100 pg/ml of human recombinant
CD38-MBP (lane 2), or with LacZ-MBP (lane 3) and was tested by
immunoblotting. The signal is abolished by an excess of CD38-MBP but
not the carrier protein alone.

used to transcribe and translate the protein according to the manufacturer’s
instructions (Promega, Madison, WI). For the immunoprecipitation and isotyping
assay, 5011l of [**SJmethionine-labeled GAD (50,000 cpm) were incubated with 2 il
of serum overnight at 4°C (1:25 dilution) in a 96-well millipore plate. The immuno-
complexes were isolated with 1 mg protein A sepharose and were counted as pre-
viously described (29). All samples were tested in duplicate, including positive and
negative control standard sera. Each assay for anti-GAD antibodies included
serially diluted sera from a patient with stiff-man syndrome to further evaluate
the cutoff level for positivity for GAD; values at least 3 SD above the control pop-
ulation were considered positive.

Data analysis. Immunoblot optical density readings were corrected for back-
ground and were standardized against an internal control sample by calculating
the ratio of the unknown to the control (multiplied X 100). For islet incubation
data, calculations were based either on the insulin values of the individual incu-
bation aliquots or on the mean insulin values of 2—4 aliquots for each test serum
(or control).

Data are means + SD. Because of their skewed distribution, insulin concen-
tration values are medians (interquartile ranges) and were transformed into their
natural logarithms for use in all statistical analyses. Proportions were compared
by using the x? test; mean group values were compared by using the Mann-Whit-
ney U test (two groups) or the Kruskal-Wallis test (three groups); post hoc com-
parisons were carried out by using the Bonferroni-Dunn test.
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FIG. 2. A representative immunoblot showing the signals obtained by
testing two anti-CD38™ sera and one anti-CD38* serum against 1 pg/ml
of human CD38 from P. pastoris, which consists of the extracellular
domain with the putative glycosylation sites eliminated by site-
directed mutagenesis.

RESULTS

Detection of anti-CD38 antibodies in human sera. As
shown in Fig. 14, aband of ~68 kDa was observed in the sera
of some diabetic patients and nondiabetic subjects. The
autoradiographic signals were abolished by preincubating
anti-CD38* sera with recombinant CD38, although these sig-
nals were still detectable when the sera were preincubated
with LacZ-MBP (Fig. 1B). When anti-CD38" and anti-CD38~
sera were screened against recombinant CD38 from P. pas -
torts, aband of ~30 kDa corresponding to soluble CD38 and
a higher molecular mass species (likely due to self-aggrega-
tion [25]) were observed for all six anti-CD38* sera, whereas
no signal was detected with six anti-CD38™ sera (Fig. 2).

In the entire study population, the distributions of optical
density values for the diabetic groups clearly diverged from
that of the nondiabetic group at >90th percentile (Fig. 3). In
the control subjects, optical density was not related to sex
(r=0.24, P=0.62), age (r = 0.05, P = 0.56), or BMI (r = 0.06,
P =0.46). By defining anti-CD38 positivity as a standardized
optical density value of at least 3 SD above the mean value
for the control group, 23 of 236 type 2 diabetic patients
(9.7%) and 21 of 160 type 1 diabetic patients (13.1%) were pos-
itive for anti-CD38 antibodies versus 2 out of 159 nondiabetic
subjects (1.3%, x*= 15.9, P = 0.0003). Although each diabetic
group differed from the control group (x? = 11.5, P = 0.0007
for type 2 diabetic subjects; x*>= 16.8, P < 0.0001 for type 1
diabetic subjects), the prevalence of anti-CD38 positivity
did not differ between type 1 and type 2 diabetic patients
x%*=11,P=0.29).

No statistically significant differences in sex distribution,
age, duration of diabetes, age at onset of diabetes, BMI, fast-
ing plasma glucose concentrations, insulin concentrations,
C-peptide concentrations, and HbA,, levels were found
between anti-CD38" and anti-CD38™ patients in either the
type 2 or type 1 diabetic groups (Tables 2 and 3). Among 98
type 2 diabetic patients, 10% were also positive for anti-GAD
autoantibodies, but anti-GAD positivity was not significantly
different between anti-CD38" and anti-CD38™ patients (11 vs.
10%, respectively). However, anti-CD38 and anti-GAD titers
were significantly, albeit weakly, related to one another (» =
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FIG. 3. Distribution of the optical density signals from immunoblots
of anti-CD38 autoantibodies in 236 patients with type 2 diabetes, 160
patients with type 1 diabetes, and 159 nondiabetic subjects.

0.25, P = 0.01 for the log-transformed values). Anti-GAD* type
2 diabetic patients had significantly lower BMI and higher
fasting plasma glucose and HbA,, concentrations and were
more often taking insulin than anti-GAD™ patients (Table 4).

Effects of anti-CD38 sera on insulin secretion from
human pancreatic islets. In control islet preparations (no
serum added), medium insulin concentrations were approx-
imately twofold higher when the medium glucose concentra-
tion was 16.7 mmol/l compared with 3.3 mmol/1 [55 (37) vs. 23
(12) pU/ml, respectively, n = 8, P < 0.0001] (Fig. 4). The 13 anti-
CD38* sera potentiated insulin release both at low [95 (64)
pU/ml, P < 0.0001 by analysis of variance] and high medium
glucose concentrations [271 (336) nU/ml, P = 0.001], whereas
the 23 anti-CD38™ sera did not [29 (28) and 56 (112) pU/ml,
respectively, P = 0.06 and 0.33, respectively, vs. control]. In post
hoc testing, the insulin values in islets incubated with anti-
CD38" sera were significantly higher than those of both con-
trol incubations and anti-CD38™ sera (Fig. 4). In the pooled data
of all 36 tested sera, the intensity of the optical signals for CD38

TABLE 2
Clinical characteristics of the type 2 diabetic patients according
to anti-CD38 antibody status

Anti-CD38" Anti-CD38~ P

n 23 213 —
Sex (F/M) 15/8 119/94 NS
Age (years) 63+ 14 62+ 11 NS
BMI (kg/m?) 30.8+64 284+49 NS
Diabetes duration (years) 11+10 118 NS
Age at onset (years) 51 13 52+ 11 NS
Fasting plasma glucose (mmol/l) 9.6 + 3.1 9.2+2.6 NS
Fasting plasma C-peptide (ng/ml) 3.2+ 26 26+15 NS
Fasting plasma insulin (nU/ml) 14+6 15+15 NS
HbA,. (%) 71+15 7.0+ 14 NS

Treatment (diet/oral hypoglycemic 13/52/35 18/56/26 NS

agent/insulin®) (%)

Data are means + SD. P values refer to mean group compar-
isons by the Mann-Whitney U test or XZ test. *Insulin alone or in
combination with oral hypoglycemic agents.
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TABLE 3
Clinical characteristics of the type 1 diabetic patients according
to anti-CD38 antibody status

Anti-CD38" Anti-CD38~ P

n 21 139 —
Sex (F/M) 11/10 71/68 NS
Age (years) 34 +12 40 £ 12 NS
BMI (kg/m?) 242+21 232+25 NS
Diabetes duration (years) 16 +9 16 £+ 10 NS
Age at onset (years) 19+8 21+£10 NS
Fasting plasma glucose (mmol/l) 9.6 + 3.1 92+2.6 NS
HbA,. (%) 81+08 78+13 NS

Data are means + SD. P values refer to mean group compar-
isons by the Mann-Whitney U test or x test.

autoantibodies was directly related to medium insulin levels
at low and high glucose exposures (Fig. 5).

The T16 anti-CD38 monoclonal antibody was added at
concentrations of 0.5 or 2.0 png/ml to three clusters of islets
each for the low and high medium glucose concentrations. At
3.3 mmol/l glucose, neither antibody concentration affected
insulin release [20 (15) and 22 (14) vs. 21 (11) pU/ml of 25
batches of control islets, P = 0.83]); however, at 16.7 mmol/l
glucose, the antibody stimulated insulin secretion in a dose-
dependent manner to 81 (69) and 137 (97) vs. 50 (39) pU/ml
of control islets (P = 0.003).

When anti-CD38* sera were adsorbed to protein A, their
ability to enhance insulin secretion at 16.7 mmol/l glucose was
virtually abolished (Fig. 6).

In the same preparation used for the insulin secretion stud-
ies (i.e., isolated human pancreatic islets), Western blot
analysis of the lysate against the monoclonal antibody IB,
demonstrated a single band of ~46 kDa (Fig. 7).

DISCUSSION

This study provides evidence that high-titer autoantibodies
reacting with human recombinant CD38 are present in the
sera of some Caucasian subjects. The specificity tests docu-
mented that CD38 is indeed the protein recognized by the
native autoantibodies. Anti-CD38 antibodies were found in
significant excess in the sera of patients with either type 1 or

TABLE 4
Clinical characteristics of the type 2 diabetic patients according
to anti-GAD antibody status

Anti-GAD*  Anti-GAD™ P
n 10 88 —
Sex (F/M) 7/3 46/42 NS
Age (years) 07 65 + 10 NS
BMI (kg/m?) 244+ 34 28.8 + 5.0 0.002
Diabetes duration (years) 13 £13 11+£9 NS
Age at onset (years) 56 + 12 53 + 12 NS
Fasting plasma glucose 10.1 + 3.8 88+24 0.1

(mmol/N)

HbA,. (%) 7812 69+13 0.03
Insulin treatment (%) 90 33 0.0006

Data are means + SD. P values refer‘to mean group compar-
isons by the Mann-Whitney U test or x? test.

DIABETES, VOL. 48, DECEMBER 1999
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FIG. 4. Insulin response to low (3.3 mmol/1) and high (16.7 mmol/l1)
medium glucose concentrations by isolated human islets incubated
with no sera (Control), anti-CD38* sera (CD38pos) (n = 13), or anti-
CD38 sera (CD38neg) (n = 23). Each value is the mean of two to four
individual incubation aliquots. Data are medians (interquartile
ranges). **P < 0.001 vs. control and anti-CD38" sera.

type 2 diabetes compared with a nondiabetic reference
group. Thus, anti-CD38 antibodies are a new marker of
autoimmunity in human diabetes.

We selected type 2 diabetic subjects who were aged >40
years to reduce the representation of patients with latent
autoimmune diabetes of adults (LADA) (30). In fact, the aver-
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FIG. 5. Relationship between anti-CD38 antibody titer and the
insulin response to low (A) and high (B) medium glucose concentra-

tions by isolated human islets incubated with 13 anti-CD38* and 23
anti-CD38 sera.
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FIG. 6. Insulin response to high (16.7 mmol/1) medium glucose con-
centrations by isolated human islets incubated with no sera (Control)
(n = 26 incubation aliquots), anti-CD38* sera (CD38pos) (n = 26), or
anti-CD38" sera preabsorbed to protein A (CD38pos TX) (n = 8).
Data are medians (interquartile ranges).

age phenotype of our type 2 diabetic patients (according to
age, BMI, disease duration, and habitual glycemic control) was
that of classic type 2 diabetes (Table 1). The prevalence of
anti-CD38* sera (9.7%) was comparable to the prevalence of
anti-GAD autoantibodies in our series (Table 4) and to that
reported in previous studies of type 2 diabetes (20,30).
Although anti-GAD positivity was low among anti-CD38* sub-
jects, the serum titers of the two autoantibodies were signi-
ficantly, albeit weakly, correlated to one another. Our findings
in this Caucasian population closely agree with observations
made in Japanese type 2 diabetic patients (22). The fact that
autoantibody prevalence and diabetic phenotype were
remarkably similar between Japanese and Caucasian
patients is particularly important in the light of the large
interethnic differences in autoimmunity (31).
Autoimmunity is recognized with increasing frequency in
type 2 diabetic patients. In the U.K. Prospective Diabetes
Study, which involved a large cohort of newly diagnosed
patients, the presence of autoantibodies to ICA and/or
GAD identified subsets of patients characterized by a lower
BM]I, higher HbA, . concentrations, and a higher probability
to require insulin therapy than age-matched patients with-
out such autoantibodies (20). In a recent population-based
study from Finland (32), anti-GAD"* type 2 diabetic patients

kDa

FIG. 7. Western blot analysis for CD38 protein in a lysate of isolated
human pancreatic islets. The specific monoclonal antibody IB, detects
a single band of ~46 kDa.
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had somewhat more severely impaired (3-cell function but
fewer of the other metabolic abnormalities of type 2 dia-
betes compared with anti-GAD™ patients, although the fre-
quency of susceptibility genotypes was intermediate
between that of type 2 and type 1 diabetes. Unlike the U.K.
patients, however, BMI and age at onset did not differ
between anti-GAD* and anti-GAD™ patients. In our type 2
diabetic patients, who had a mean age (63 years) similar to
that in the Finnish study (68 years), anti-GAD positivity
still identified an intermediate, LADA-like phenotype. In
contrast, anti-CD38 positivity was not associated with a
lower BMI, a younger age at onset, or more marked insulin
deficiency; this was also the case for the type 1 diabetic
patients. These results suggest that the adult autoimmune
diabetic phenotype may be more heterogeneous than pre-
viously thought depending on type of autoimmune marker
(GAD or CD38) and the ethnic background of the popula-
tion (e.g., northern or southern European, Japanese). The
full clinical and genetic characterization of anti-CD38 pos-
itivity in diabetes remains to be studied.

Regarding the activity of anti-CD38 autoantibodies, our
results in human pancreatic islets were interesting. First,
CD38 was identified in lysates of the same preparation of
human pancreatic islets that was used for insulin secretion
studies. Second, when coincubated with human islets, anti-
CD38" sera generally potentiated insulin release in a dose-
dependent manner (Figs. 4 and 5). This secretory enhance-
ment was glucose independent because it occurred both at
low and high medium glucose concentrations, whereas the
T16 anti-CD38 monoclonal antibody only potentiated insulin
release in response to high glucose concentrations. Finally,
when antibodies were removed from anti-CD38" sera, they
lost their ability to stimulate insulin release from human
islets. Thus, human anti-CD38 antibodies are mostly stimu-
latory for islet function. The presence of autoantibodies
stimulating the secretion of insulin both in islet cell cultures
and in rats in vivo has been previously reported in patients
with spontaneous hyperinsulinemic hypoglycemia and type
1 diabetes (33). Interestingly, our results with human islets
are the opposite of those obtained in rat pancreatic islets (22)
in which both anti-CD38* sera from Japanese diabetic
patients and T16 monoclonal antibodies inhibited insulin
release. In rat islets, however, only sera cross-reacting with
rat CD38 (a minority among anti-CD38* human sera) could
be used. Therefore, stimulatory and inhibitory autoantibod-
ies that recognize different epitopes of the CD38 protein
may both occur in different ratios in any given diabetic pop-
ulation. Moreover, in rat islets, the blocking effect of anti-
CD38" sera on insulin secretion was associated with recip-
rocal changes in islet cADPR cyclase and cADPR hydrolase
activity (22). Conceivably, in human pancreatic islets, mod-
ulation of the enzymatic activities of CD38 may be different
and may eventually lead to accumulation of cADPR and
stimulation of insulin secretion. The observation that the
CD38 gene is polymorphic, with at least two alleles identified
in the Caucasian population, suggests further complexity
(34). Association or linkage may exist between diabetes and
selected allele products. These and other important aspects
of CD38 autoimmunity (cellular and subcellular localization
of the protein, epitopic mapping [35], cellular immune
responses to CD38, interaction with intracellular Ca?*
metabolism) await further study.
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As with anti-GAD immunity (36), the potential pathogenic
significance of anti-CD38 autoantibodies is multifaceted.
Anti-CD38 autoantibodies may merely reflect immunostimu-
lation by sequestered antigens released from damaged cells.
Alternatively, CD38 in islets or another nonself antigen with
a sequence homologous with CD38 (molecular mimicry) may
activate an autoimmune process that leads to B-cell dam-
age. That anti-CD38 autoantibodies are stimulatory to human
islets justifies the speculation that 3-cell exhaustion (17) may
be a mechanism involved in the insulin secretory failure of
human diabetes.
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