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Disturbances in the balance of CD4+ helper T-lympho-
cytes expressing the surface molecules CD45RA and
CD45R0, which define naive and memory populations,
respectively, are present at diagnosis of type I diabetes.
In a prospective study over 10 years, these subsets were
analyzed in samples obtained from 18 identical twins of
patients with type I diabetes, 8 of whom became diabetic
(prediabetic twins), whereas the rest remained nondia-
betic after at least 8 years follow-up and are now unlikely
to develop the disease (diabetes-protected twins). At the
beginning of the study, percentage levels of naive
(CD45RA+) CD4+ lymphocytes were significantly ele-
vated in prediabetic twins compared with diabetes-pro-
tected twins (P < 0.05) and remained so throughout the
study (P < 0.01). Percentage levels of naive cells in
diabetes-protected twins were significantly reduced com-
pared with control subjects both at the beginning and
throughout the study (P < 0.05, P < 0.01, respectively).
In contrast, diabetes-protected twins at the beginning of
the study had elevated percentage levels of memory
(CD45R0+) CD4+ lymphocytes that persisted throughout
the study compared with prediabetic twins (P < 0.05 for
both). Percentage levels of memory cells in prediabetic
twins were significantly reduced compared with control
subjects both at the beginning and throughout the study
(P < 0.01, P < 0.05, respectively). Increased percentage
levels of a population of CD4+ lymphocytes coexpressing
CD45RA and CD45R0 were seen in both twin groups
compared with control subjects at entry into and during
the study (P < 0.05 for all), but persisted only in the
prediabetic twins. In this study, we identify for the first
time a distinct immune abnormality—overexpression of
memory helper T-lymphocytes—that is present in those
twins who, despite genetic susceptibility to type I diabe-
tes, do not develop the disease. Diabetes 43:712-717,
1994
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T-lymphocytes probably play a key role in the
pathogenesis of type I diabetes. Activated T-cells
are found in the islets at diagnosis (1) and in the
peripheral blood in the prediabetic period (2,3).

Islet-antigen reactive T-lymphocytes may be cloned from the
circulation of recent-onset diabetes patients (4-6). In rodent
models of the disease, T-lymphocytes from diabetic mice or
rats are sufficient to adoptively transfer diabetes into unaf-
fected recipients (7,8). In twin-twin pancreas transplants,
which cure the disease, diabetes recurs as a result of a
T-lymphocyte-dominated insulitis, implying persistent cyto-
toxic memory (9).

CD4+ T-lymphocytes have previously been divided into
two distinct populations on the basis of expression of
different isoforms of the leucocyte common antigen, CD45
(10,11). Virgin or naive T-lymphocytes, which are unable to
respond to recall antigens and are found at high levels in fetal
blood (12), express the high molecular weight isoform,
CD45RA (10,11). Priming with antigen results in a transition
toward expression of the lower molecular weight isoform,
CD45R0, a marker of memory cells that make proliferative
responses to recall antigens and increase in numbers with
age (10,11).

We reported recently that patients with type I diabetes
studied at the time of diagnosis, before insulin treatment,
have an increase in levels of CD4+ T-lymphocytes expressing
the naive marker CD45RA (13) and that levels of cells
coexpressing CD45RA and CD45R0 are also elevated at
diagnosis. The role of an excess of naive T-lymphocytes in
the pathogenesis of an autoimmune disease such as type I
diabetes remains unclear. The aim of this study was to follow
identical twins of patients with type I diabetes to determine
whether this excess is a feature of individuals at risk of the
disease and whether it precedes diabetes onset. Identical
twins provide the ideal population with which to study the
possible influence of immune changes on the development of
type I diabetes, because all are at increased risk of becoming
diabetic, but only some 35% will do so (14). Those remaining
nondiabetic without islet cell antibodies (ICA) >6 years after
the diagnosis of the index twin have a low risk of becoming
diabetic and can be considered diabetes-protected (15). We
report here a prospective study of naive and memory cells in
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prediabetic twins and those remaining nondiabetic after >6
years of follow-up and demonstrate for the first time cellular
immune changes of equal intensity and persistence but
occurring in opposite directions in prediabetic and diabetes-
protected twins.

RESEARCH DESIGN AND METHODS
We followed a consecutive series of nondiabetic identical co-twins of
patients with type I diabetes referred within 4 years of the diagnosis of
the index twin and seen between June 1982 and January 1992. Monozy-
gosity was established in all the twin pairs as described previously (16)
but using a minimum of 23 blood groups. All the twins had oral glucose
tolerance tests (75 or 1.75 g/kg, whichever was less) both initially and at
intervals thereafter to confirm that they were not diabetic (17). Each
twin, on every occasion, had a fasting whole blood glucose level <6.7
mM to exclude type I diabetes (17). All twins had sera taken on every
occasion after referral, and those twins that entered the study also
subsequently had blood taken for lymphocyte analysis. Twins were
followed either until they developed type I diabetes, as previously
defined (17), or until >6 years had elapsed from the diagnosis of their
index twin at which stage their risk of developing diabetes was <2%
(14).

Eighteen nondiabetic twins fulfilled the criteria of entry to the study.
Ten twins were men, and 14 years of age (range 9-28 years) was the
median at ascertainment, 15 years of age (range 9-29 years) at the
midpoint of the follow-up, and 17 years of age (range 9-33 years) at the
time of the last sample. Twins were entered in the study within 1 (TO =
9), 2 (TO = 5), 3 (TO = 2), and 4 years (TO = 2) of the diagnosis of the index
twin.

Eight twins developed type I diabetes in the study period, within 1 (TO
= 2), 2 (TO = 1), 3 (TO = 2), 4 (TO = 1), 5 (TO = 1), and 6 years (TO = 1) of
diagnosis of diabetes in their co-twin. These twins will be referred to as
prediabetic twins and were ascertained a median of 12 months (range
3-25 months) after diagnosis of the index twin. In prediabetic twins, the
last sample obtained was on the day of diagnosis, but before insulin (TO
= 2) and 1 (TO = 1), 2 (TO = 2), 3 (TO = 2), and 8 months (TO = 1) before
diagnosis. ICAs were measured as described previously (18). Positive
ICA tests were found in all but one prediabetic twin (levels >4 Juvenile
Diabetes Foundation Units) in the first blood sample obtained for T-cell
studies. All but one prediabetic twin had antibodies to glutamic acid
decarboxylase (GAD) (levels >2 SD above normal values for our
laboratory) (19). The same prediabetic twin had negative results for both
ICAs and anti-GAD antibodies. Insulin autoantibodies (IAA) were mea-
sured by a liquid-phase radioligand binding assay with displacement
using unlabeled insulin as described previously (20), and results were
negative in all of the first samples obtained from twins for lymphocyte
studies.

Twins remaining nondiabetic were followed for 8 (TO = 2), 9 (TO = 2),
10 (TO = 1), 11 (TO = 3), and 12 years (TO = 2) from the diagnosis of their
co-twins. These twins will be referred to as diabetes-protected twins and
were ascertained a median of 23 months (range 1-48 months) after
diagnosis of the index twin. No significant difference was detected
between the ages of the prediabetic (median 14 years of age, range 9-20
years) and the diabetes-protected twins (median 18 years of age, range
9-29 years). ICAs and IAAs were not detected in the first sample from
any of the diabetes-protected twins for T-cell studies. However, samples
from 3 of 10 twins were positive for ICAs, although none had had IAAs.
One of the "diabetes protected" twins had GAD autoantibodies in the
first sample for T-cell studies obtained but none of the remainder had
had GAD autoantibodies in previous samples. Thus, 4 of 10 diabetes-
protected twins had had either ICAs or GAD autoantibodies before the
start of the T-cell study.

Fifteen healthy subjects of similar age (median 21 years of age, range
9-32 years) and sex (8 men) from the local community were selected to
achieve similar distributions to the twins for age and sex; they had no
family history of diabetes, were taking no drugs, and had no clinical
signs or symptoms of illness. The adult control subjects were blood
donors, and the children were recruited as volunteers from local schools
by the Medway and Gillingham Branch (Kent, UK) of the Children's Liver
Disease Foundation. Samples from control subjects were obtained on a
single occasion during the same period as those from the twins. All
subjects or their parents gave informed consent, and the study was
approved by the ethical committees of King's College, Westminster, and
St. Bartholomew's Hospitals in London.

Three-color immunofluorescence staining. Peripheral blood mono-
nuclear cells (PBMC) were separated and cryopreserved as described
previously (21). All immunofluorescence studies on twins and control
subjects were performed using cryopreserved PBMCs. Immunofluores-
cence studies were performed in one batch by an individual blinded to
the clinical status of the subjects. PBMCs were thawed, and only cells
displaying 95% viability were used in direct immunofluorescence stain-
ing. Cytofluorimetric analysis of cells simultaneously coexpressing three
phenotypic surface markers was conducted as described (13). The
antibody combinations were: fluorescein isothiocyanate anti-CD45R0
(Dako, High Wycombe, UK), phycoerythrin (PE) anti-CD45RA (Coulter,
Luton, UK), and biotinylated anti-CD4 (Becton Dickinson, Oxford, UK)
with a streptavidin/PE/Texas Red complex (Tandem, Southern Biotech-
nology, Birmingham, AL) as the second step. Samples were analyzed
using a bench-top flow cytometer (FACScan, Becton Dickinson). Iso-
type- and fluorochrome-matched monoclonal antibodies directed
against an irrelevant target (anti-keyhole limpet hemocyanin, Becton
Dickinson) were used to set markers around the populations negative
for fluorescein isothiocyanate and PE staining. For biotinylated antibod-
ies, markers were set around a negative population identified by staining
with the second-step reagent alone. Inter- and intraassay coefficients of
variation established using 10 consecutive determinations from a con-
trol sample on a single day and over several days were <6 and <10%,
respectively.
Statistical analysis. Results were analyzed using Paint-a-Gate software
(Becton Dickinson), which allows single-, double-, and triple-stained
populations to be identified. CD45 subsets were expressed as a percent-
age of the CD4 population. During the period of study, PBMCs were
collected from the twins on a median of 4 occasions (range 2-8). The
results of the analyses are presented as follows: first, groups of
prediabetic and diabetes-protected twins were compared with each
other and control subjects at the point of entrance into the study (i.e.,
the earliest sample); second, results obtained in the twin groups
throughout the period of follow-up were compared with each other and
with the control subjects using the means of determinations for each
twin, which avoids potential biases caused by different numbers of
samples and different periods of follow-up for each twin; and finally, the
last sample obtained was compared with control subjects. All analyses
were performed using the Mann-Whitney U test.

To assess changes in T-cell subsets occurring during the study, two
maneuvers were used. First, changes occurring during the study were
analyzed by comparing the first and last sample in each twin using
Wilcoxon's rank-sum test for matched pairs. Second, possible relation-
ships between changes in T-cell subsets and time from diagnosis of the
index twin were analyzed using Spearman's rank correlation on pooled
determinations from all of the twins and, when sufficient determinations
were available, serial determinations from an individual twin.

To assess immune changes as predictors of type I diabetes, the risk of
the disease must be known. We can be certain in this study that twins
are prediabetic as they were followed until the onset of diabetes,
whereas the twins who remain nondiabetic are at low risk (<2%) of
developing diabetes (14). We estimated the predictive value by calculat-
ing the number of twins with an abnormal test who did or did not
develop diabetes as a percentage of the overall number of twins with
abnormal tests.

Analyses giving P values <0.05 were considered statistically signifi-
cant.

RESULTS
CD45RA and CD45R0 expression by CD4+ T-lympho-
cytes. The technique used identifies three populations of
cells: those expressing CD45RA alone (naive lymphocytes),
double-positive CD45RA+R0+ lymphocytes, and those ex-
pressing CD45R0 alone (memory lymphocytes).
CD45RA+ naive CD4+ T-lymphocytes. Prediabetic twins
had an abnormal distribution of CD45 isoforms: a relative
overexpression of CD45RA and an underexpression of
CD45R0. Percentage levels of CD45RA+ naive CD4+ lympho-
cytes were increased significantly compared with diabetes-
protected twins both at entry into and throughout the study
(P < 0.05 and P < 0.01, respectively, Fig. 1). Percentage
levels of CD45RA* naive CD4+ lymphocytes in prediabetic
twins were similar to control values.
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In contrast to prediabetic twins, distribution in diabetes-
protected twins tended toward underexpression of CD45RA
and overexpression of CD45R0 (Fig. 1). Percentage levels of
naive (CD45RA+) CD4+ lymphocytes were significantly
lower at entry into the study and during follow-up compared
with control subjects (P < 0.05 and P < 0.01, respectively).
CD45R0+ memory CD4+ T-lymphocytes. Percentage lev-
els of memory CD4+ lymphocytes (CD45R0+) were signifi-
cantly higher in diabetes-protected compared with prediabetic
twins at entry into and throughout the study (P < 0.05 for
both, Fig. 1). In prediabetic twins, percentage levels of
memory (CD45R0+) CD4 lymphocytes were significantly
lower than in the control group (P < 0.01 and P < 0.05,
respectively). Percentage levels of CD45R0"1" memory CD4+

lymphocytes in diabetes-protected twins were similar to
control values.

Double-positive (CD45RA+R0+) CD4+ T-lymphocytes.
In prediabetic twins, percentage levels of double-positive
(CD45RA+R0+) CD4+ lymphocytes were significantly ele-
vated at entry into and during the study compared with
control subjects (P < 0.05 for both, Fig. 2). A similar
elevation was seen in the diabetes-protected twins; percent-
age levels of CD45RA+R0+ CD4 lymphocytes were high at
entry into the study and during follow-up compared with
control subjects (P < 0.05 for both, Fig. 2). However, in
prediabetic twins, percentage levels remained elevated (P <
0.05) in the last sample obtained before diagnosis of diabe-
tes, whereas in diabetes-protected twins, percentage levels
of CD45RA+R0+ CD4 lymphocytes had returned to normal at
the end of the study.
Levels of all cells expressing CD45RA. The total expres-
sion of CD45RA was derived as the sum of percentage levels
of cells expressing CD45RA alone as well as the double-
positive cells (CD45RA+R0+). Prediabetic twins had a rela-
tive overexpression of CD45RA. Levels of all CD4+ lym-
phocytes expressing CD45RA in prediabetic twins both at
entry into and throughout the study were significantly in-
creased compared with diabetes-protected twins (P < 0.05
for both) and compared with control subjects (P < 0.005 and
P < 0.001, respectively) (Table 1). Levels in diabetes-pro-
tected twins were similar to those in control subjects.
Levels of all cells expressing CD45R0. Similarly, the total
expression of CD45R0 was derived as the sum of percentage
levels of cells expressing CD45R0 alone as well as the
double-positive cells (CD45RA+R0+). In contrast to predia-
betic twins, diabetes-protected twins had a relative overex-
pression of CD45R0. Levels of all CD4+ lymphocytes
expressing CD45R0 in diabetes-protected twins both at entry
into and throughout the study were increased compared with
prediabetic twins (P = 0.09 and P < 0.05, respectively) and
compared with control subjects (P < 0.05 and P < 0.01,
respectively) (Table 1). Levels in prediabetic twins were
similar to those of control subjects.
Ratio of naive to memory lymphocytes. Prediabetic twins
tended to have a ratio of naive to memory CD4 lymphocytes
>1 throughout the study. In 4 of 8 prediabetic twins, ratios
>1 were present at entry into and throughout the study. In
one prediabetic twin, the ratio was >1 during the study and
in the last sample but not in the first sample; in two others,
the ratio was >1 at entry into and during the study but not in
the last sample. In only one prediabetic twin was the ratio
persistently > 1 at entry into and during the study and in the
last sample: this particular twin was also the only prediabetic
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FIG. 1. Percentage levels of naive (CD45RA+) (A) and memory
(CD45R0+) (.B) CD4 lymphocytes in prediabetic twins ( • ) and twins
remaining nondiabetic ( ^S ) at entry into and during the study and in
control subjects ( iH ). Bars represent median values and the error bars
the interquartile range. P < 0.05 (a ) and P < 0.01 (ft ) for differences
between twin groups; P < 0.05 (c ) and P < 0.01 (d) for differences
compared with control subjects.

twin in whom ICAs and GAD autoantibodies were persis-
tently absent.

In contrast, the majority of diabetes-protected twins had
naive/memory ratios <1. In 6 of 10 of these twins, the ratio
was <1 at entry into and throughout the study. In one
diabetes-protected twin, the ratio was <1 during the study
and in the last sample, but not in the first sample; in one twin
the ratio was <1 at entry into and during the study but not in
the last sample; and in the two remaining twins the ratio was
>1 at entry into and throughout the study.

In predictive terms, the presence of a naive/memory ratio
>1 on at least one occasion had a positive predictive value
for diabetes of 78%, and a ratio of <1 had a negative
predictive value of 80%.
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FIG. 2. Levels of CD45RA+R0+ double-positive CD4 lymphocytes in
prediabetic twins (CD) and twins remaining nondiabetic ( f^l ) at entry
into and during the study and in the last sample obtained and in control
subjects Hil. Bars represent median values and the error bars the
interquartile range, a, P < 0.05 for differences compared with control
subjects.

Alterations in CD45R lymphocyte subsets during the
study. The paired tests for each CD45R subset on the first
and last samples obtained did not show any significant
changes taking place between the beginning and end of the
study. Regression analysis of changes in lymphocyte subsets
with time in individual twins also did not identify significant
trends. These results suggest that the abnormalities detected
at ascertainment are persistent in both prediabetic and
nondiabetic twins.

DISCUSSION
The increase in total expression of the naive cell marker
CD45RA present at diagnosis of type I diabetes (13,22,23) is
also seen in the prediabetic period, and prediabetic twins
have an excess of naive (CD45RA+) CD4+ T-lymphocytes
compared with diabetes-protected twins. This immune alter-
ation is not likely to be caused by a genetically determined

CD45R TYPES IN PREDIABETIC AND NONDIABETIC TWINS

overexpression, because it was not detected in either those
twins who are now at low risk of diabetes or in patients with
type I diabetes of long duration (13). Elevated percentages of
naive T-cells were detected in prediabetic twins who were
clinically well, long before they developed hyperglycemia,
which suggests that the expansion of naive cells is unlikely to
be secondary to either clinical illness or a gross metabolic
disturbance. The excess of naive T-cells in nondiabetic twins
identified with a high predictive value those twins who
subsequently developed diabetes. These observations indi-
cate that the expansion of naive CD4+ T-cells is determined
by environmental factors and associated with the disease
process.

Surprisingly, the development of type I diabetes is associ-
ated with an increased percentage of naive cells, because the
disease is characterized by cellular immune activation and
the production of autoantibodies (24,25). High levels of
CD45RA+ naive cells have been a consistent finding in all
(13,22,23,26,27) but one (28) of the previous studies, al-
though in the latter study, the patient and control groups
were not age-matched. One might argue that high peripheral
levels of these naive cells could reflect the sequestration of
CD45R0+ memory cells in the pancreatic insulitis, but no
evidence exists at present to support or refute this argument.
Moreover, infiltration of the islets at diagnosis is patchy, and
the total number of lymphocytes in the pancreas is probably
quite small (1,29). Equally, our observations might possibly
reflect a redistribution of T-lymphocyte subsets within lym-
phoid compartments. However, evidence to support a role
for CD45RA+ naive cells in the pathogenesis of type I
diabetes derives from studies in the nonobese diabetic
(NOD) mouse, an animal model of diabetes. In NOD mice, an
expansion of naive cells is observed in extrapancreatic
lymphoid tissues (30), similar to that seen in the peripheral
blood in prediabetic twins. In addition, most CD4+ T-cells
infiltrating the islets in these mice are CD45RA+, and the
antibody to CD45RA prevents the onset of diabetes, indicat-
ing an important role for naive cells in anti-islet immunity.
Whether CD45RA+ T-lymphocytes play a similarly critical
role in the cause of type I diabetes in humans remains to be
determined.

The finding of high levels of naive cells associated with the
development of diabetes is also surprising when examined in

TABLE 1
Comparison of median (range) percentage levels of all CD4H

diabetes-protected twins and control subjects
lymphocytes expressing CD45RA or CD45RO in prediabetic and

Levels on entry into the study
Total
CD45RA+

Total
CD45RO+

Levels during the follow-up period
Total
CD45RA+

Total
CD45RO+

Prediabetic
twins (%)

73.4
(45.7-76.9)

50.4
(27.3-76.4)

68.4
(42.5-75.1)

61.0
(43.1-69.7)

Nondiabetic
twins (%)

54.4
(17.2-77.6)

66.8
(46.6-90.6)

41.7
(21.8-76.8)

70.6
(46.6-85.1)

Control
subjects

(%)

50.6
(26.9-67.7)

49.5
(29.2-85.5)

50.6
(26.9-67.7)

49.5
(29.2-85.5)

Prediabetic
twins vs.
control
subjects

0.003

NS

0.006

NS

P value

Nondiabetic
twins vs.
control
subjects

NS

0.03

NS

0.006

Prediabetic vs.
nondiabetic

twins

0.03

NS
(0.09)

0.04

0.03
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the context of previous studies on naive and memory cell
markers in various other autoimmune diseases such as
multiple sclerosis (31), rheumatoid arthritis (32), and sys-
temic lupus erythematosus (33), in all of which a decrease in
naive CD4 T-lymphocytes has been found. On the basis of
these studies, the suggestion that low levels of naive CD4
lymphocytes predispose to autoimmunity was made, but our
finding of high levels of these cells in the prediabetic period
indicates that this cannot be a unifying hypothesis on the
relationship between these immunoregulatory cells and au-
toimmunity. The most plausible explanation for the different
findings in type I diabetes, multiple sclerosis, rheumatoid
arthritis, and systemic lupus erythematosus is that the latter
three disorders are usually studied after several years of an
established autoimmune disease and never while the disease
is evolving. Further studies on patients at the onset of
autoimmune diseases will be required to clarify whether an
excess of naive cells is a predisposing factor.

The mechanism for this increase in naive T-cells in the
prediabetic period remains unclear. This study, taken with
our recent report (13), indicates that an excess of T-lympho-
cytes coexpressing naive and memory cell phenotypes can
be detected in prediabetes and recent-onset type I diabetes
but not in diabetes of long duration. The relevance of
lymphocytes coexpressing CD45RA and CD45R0 to the
pathogenesis of an autoimmune disease such as type I
diabetes is not known. Three-color flow cytometry is re-
quired to demonstrate these cells in CD4 and CD8 popula-
tions, and we are not aware of any such previous studies in
autoimmune disease. During the transition from naive to
memory status, stimulated lymphocytes coexpress CD45RA
and CD45R0 molecules at low surface density (33,34), and
these cells are reminiscent of those seen during three-color
analysis (13). Thus, CD45RA+R0+ lymphocytes may repre-
sent activated cells. Indeed, the pattern of abnormal coex-
pression of CD45RA and CD45R0 seen here, that is,
persistence in prediabetic twins and transience in twins
remaining nondiabetic, has also been observed by us in the
levels of activated (HLA DR+) T-cells in these subjects
(2). The most likely explanation for the expansion in
CD45RA+R0+ cells, then, is that they are activated and in
transition from naive to memory status. The question re-
mains, however, as to how such an apparent increase in
traffic from naive to memory status is associated with an
excess of naive cells in prediabetic twins and memory cells
in diabetes-protected twins. The expansion of CD45RA+R0+

cells in prediabetic twins in association with a decrease in
CD45R0+ cells suggests that prediabetic twins have either a
defect in T-cell maturation or an increased clearance of
CD45R0+ memory cells. The possibility of a genetic predis-
position to coexpress CD45RA and CD45R0 is unlikely, given
that these double-positive cells are not found in patients with
longstanding diabetes (13).

Unexpectedly, we found that the pattern of naive and
memory lymphocyte subsets in diabetes-protected twins was
the opposite of that found in prediabetic twins. Twins who
did not develop diabetes despite their strong genetic and
environmental susceptibility now have a low calculated risk
of disease and may be considered diabetes-protected (14). In
these twins, an elevated percentage of memory (CD45R0+)
CD4+ lymphocytes and an increase in total CD45R0 expres-
sion was observed, the naive population being reciprocally
decreased. We have previously identified numerous immune

changes (e.g., activated T-cells, ICAs, antibodies to insulin,
and GAD) in nondiabetic identical co-twins of patients with
type I diabetes (2,19). These nondiabetic twins subsequently
either remained nondiabetic or developed diabetes. Thus, in
some twins the immune changes precede the onset of
diabetes, whereas in others immune changes can remit
without the twins developing diabetes. The differences be-
tween prediabetic and diabetes-protected twins included the
presence, degree (e.g., antibody titer), extent (both cellular
and humoral), or persistence of immune changes (2,19). This
study indicates that prediabetic and diabetes-protected twins
can have immune changes that are not only different but also
diametrically opposite. For the first time genetically suscep-
tible individuals have been shown to have an immune change
(expansion of memory CD4+ T-lymphocytes) that has a high
negative predictive value for the development of type I
diabetes. Type I diabetes is predominantly a disease of
childhood with a sharp decline in disease incidence after 15
years of age. This decline in disease incidence is caused
mainly by a decrease in the environmental effect (36),
probably caused by loss of susceptibility to it, rather than by
a lack of exposure. This loss of susceptibility to disease-
determining environmental factors is, we now find, associ-
ated with a relative expansion of immunological memory
cells.

An increased proportion of memory T-lymphocytes might
be associated directly with protection from diabetes. In a rat
model of autoimmune diabetes, adoptive transfer of CD45RClow

CD4 lymphocytes (equivalent to the human CD45R0+ mem-
ory phenotype) is sufficient to protect animals from devel-
oping diabetes (37). Moreover, an association between
immunological memory and loss of susceptibility to diabeto-
genic agents is indicated by other animal studies. Both the
NOD mouse and BB rat, when delivered by cesarean section
and reared in a pathogen-free environment, have a higher
incidence of diabetes than animals exposed to common
microorganisms (38,39). Yet another mechanism relating
infection, CD4+ lymphocytes, and protection from diabetes
may exist: NOD mice infected with lymphocytic choriomen-
ingitis virus are protected from diabetes, and this is mediated
by direct effects of the virus on the CD4 lymphocyte subset
(40). These observations imply that exposure to environmen-
tal factors leads to loss of susceptibility, presumably through
the generation of immunological memory. Our own observa-
tions, in conjunction with these animal studies (37-40), raise
the possibility that induction of immunological memory by
manipulation of the immune response could protect geneti-
cally susceptible individuals from developing diabetes.
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