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The onset of insulin-dependent (type I) diabetes is
predictable before hyperglycemia by the presence
of islet cell autoantibodies (ICAs) and competitive
insulin autoantibodies (ClAAs). CIAA+ICA+ first-degree
relatives of individuals with type I diabetes have
increased numbers of CD4 cells bearing the CD45R
antigen and reciprocal depressions of the CD4 cells
bearing the CD29 determinant. In addition, depressed
CD4/CD8 ratios are present. In this study, we
investigated the correlation between autoantibody
levels and T-lymphocyte changes in the prediabetic
state. The data demonstrate a clear linear relationship
between rising CIAA levels, a marker of disease rate,
and rising elevations in the CD4CD45R/CD4CD29+

ratio in 37 CIAAICA+ and CIAAICA" relatives (r =
0.93). In marked contrast, the degree of CD4/CD8
depression found in individuals with prediabetes or
long-term diabetes failed to correlate with either CIAA
(r = 0.32) or ICA (r = 0.29) levels. The investigation of
T-lymphocyte changes in siblings of individuals with
type I diabetes with different stable autoantibody
patterns (ClAAs and/or ICAs), and thus varying risks
for diabetes, revealed differences in the prediabetic
groups. Fifteen CIAAICA relatives with high CIAA
levels (>80 nU/ml) had high CD4+CD45R+/CD4+CD29+

ratios (P = 0.03) and depressed CD4/CD8 ratios (P =
0.008). In contrast, CIAAICA" relatives with low CIAA
levels (39-80 nU/ml), and thus low risk of diabetes,
had no alteration in their CD4/CD8 ratio (P = 0.75) or
CD4+CD45R+/CD4+CD29+ ratio (P = 0.33). Nineteen
CIAAICA+ siblings with a predicted intermediate risk
for diabetes showed heterogeneity in the presence of
T-lymphocyte abnormalities. No statistically significant
trend was observed in the peripheral T-lymphocyte
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composition with all CIAAICA+ relatives combined.
This study links the magnitude of the well-described
CIAA production to the magnitude of altered numbers
of T lymphocytes bearing the CD45R+ and CD29+

antigens in the prediabetic stage. We conclude that
prediabetic relatives prone to frank hyperglycemia
represent a heterogeneous population now definable
by autoantibody production and the newly described
T-lymphocyte changes. This study represents an initial
delineation of a link between abnormal alterations in
the humoral and cellular immune response. Diabetes
40:590-97, 1991

Considerable human and animal data demonstrate
that insulin-dependent (type I) diabetes mellitus is
an autoimmune disease culminating in hypergly-
cemia and insulin dependence after years of (3-

cell destruction. The period preceding the onset of frank
hyperglycemia is accompanied by the presence of islet cell
autoantibodies (ICAs; 1-5) and competitive insulin auto-
antibodies (ClAAs; 6,7). These autoantibodies and the de-
cline in first-phase insulin responses to intravenous glucose
challenge (8-10) precede hyperglycemia and reflect an ac-
tive stage of an autoimmune process that correlates with
pancreatic p-cell destruction.

The composition and levels of autoantibodies in first-de-
gree relatives of individuals with type I diabetes vary
between these relatives and are predictive of the risk of
developing diabetes. ClAAs are associated with HLA-DR4
and younger age at detection, and their absolute levels cor-
relate with rate of progression to disease (11-14). ClAAs are
one parameter used to predict the onset of hyperglycemia
(13). In contrast, ICAs identify groups of relatives with a risk
for diabetes development, but no correlation exists between
ICA titer, disease rate, or HLA linkage (15).

There is indirect evidence that T lymphocytes are the major
determinants of (3-cell destruction in the prediabetic period,
and ClAAs and ICAs are not the primary initiators of p-cell
destruction. For instance, in animal models, diabetes is not
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transferable with antibodies but is readily transferable with
splenocytes or lymph node cells (16). T-lymphocyte deple-
tion in the BB rats (17) and NOD mice (18) prevents the
development of autoimmunity in these animal models. Islet
cells, notably (3-cells, in humans and animals are infiltrated
by mononuclear cells during the prediabetic period (19-21).
This evidence implicates T lymphocytes as a central lymph-
oid element in the altered immunologic network of diabetic
autoimmunity.

Peripheral circulating T lymphocytes are commonly di-
vided into two reciprocal and exclusive subsets of cells iden-
tified by the CD4 and CD8 determinants. The CD4 epitope
identifies cells with helper-inducer function, and the CD8
epitope identifies cells with suppressor-cytotoxic function.
CD4 cells have been subdivided into reciprocal populations
of cells identified by the CD45R and CD29 determinants.
These subpopulations of CD4+ cells show clear differences
in function in several in vitro systems in addition to be-
ing phenotypically discrete, i.e., CD4+CD29+CD45R" or
CD4+CD29-CD45R+. Functionally, CD4+CD45R+ cells can
induce suppression and proliferate well to T-lymphocyte
mitogens. CD4+CD45R+ cells are the primary responding
cell population in the autologous mixed-lymphocyte reac-
tion (22,23). In contrast, CD4+CD29+ cells respond prefer-
entially to recall antigens and efficiently provide help for
secretion of B-lymphocyte-induced immunoglobulin pro-
duction (24,25). This led to the labeling of CD4+CD29+ cells
as helper-inducer cells and CD4+CD45+ cells as suppres-
sor-inducer cells. Although these functions are repeatedly
attributed to these reciprocal populations of cells, studies
have also demonstrated the CD4+CD45R+ as virgin T lym-
phocytes that, on antigen stimulation, lose the CD45R cell
surface determinants with a simultaneous increase in the
density of the CD29 antigens on the cell surface. This de-
velopmental change in response to alloantigen is unidirec-
tional, and thus, these surface antigens also delineate
primed versus memory T lymphocytes (26-28).

Studies have investigated first-degree relatives of individ-
uals with type I diabetes who produce ICAs and ClAAs and
individuals with long-term and new-onset diabetes for the
presence of circulating lymphocyte abnormalities. Interest-
ingly, normoglycemic relatives of type I diabetic patients who
produced ClAAs and ICAs have depressed CD4/CD8 ratios
and, within the CD4 lymphocyte pool, have consistently
elevated numbers of CD4+CD45R+ cells and reciprocal
depressions in the numbers of CD4+CD29+ cells (29). This
suggests that, within the circulation of the CIAA+ICA+ study
population, a developmental defect existed within the T-lym-
phocyte pool and/or abnormal numbers of suppressor-in-
ducer cells were present. In contrast, individuals with new-
onset or long-term diabetes have an almost normal pattern
of cell surface antigens on their circulating T lymphocytes
except for decreased CD4/CD8 ratios in long-term diabetic
patients as previously described by other investigators (30).
In contrast to the confinement of elevated CD4+CD45R+/
CD4+CD29+ ratio to the prediabetic phase of the disease,
the depressed CD4/CD8 ratio appears to represent a static
disease marker not overlapping temporally with autoimmune
destruction of the pancreas.

The purpose of this study was twofold. First, we investi-
gated whether a correlation exists between T-lymphocyte

alterations and levels of ClAAs or ICAs in the prediabetic
state. This addressed a possible link between the magnitude
of the humoral immune response and the magnitude of
altered T-lymphocyte immunity. Secondly, we determined
whether T-lymphocyte alterations are uniformly present in
individuals with prediabetes based on varying autoantibody
production.

RESEARCH DESIGN AND METHODS
All first-degree relatives in this study were siblings of type I
diabetic patients. Siblings who were positive for high levels
of ClAAs (>80 nU/ml) but not ICAs are referred to
as group 2 CIAA+ICA~ relatives; the study group with low
levels of ClAAs (39-80 nU/ml) are referred to as group 1
CIAA+ICA" relatives. The other study groups were those with
detectable ClAAs and ICAs (CIAA+ICA+) and those with
detectable ICAs but not ClAAs (CIAA"ICA+). Group 1 rel-
atives had a mean ± SD age of 12.6 ± 7.2 yr (range 10-43
yr). CIAA+ relatives had a mean age of 12.8 ± 3.3 yr (range
10-23 yr). CIAA"ICA+ relatives had a mean age of 25.1 ±
13.5 yr (range 4-55 yr). CIAA+ICA+ individuals had a mean
age of 18.9 ± 9.6 yr (range 10-38 yr). All three groups of
prediabetic subjects used in this study were autoantibody
positive on three separate monitoring times over a 2-yr period
before study enrollment. The autoantibody-positive patients
also had intravenous glucose tolerance tests (IVGTTs), and
for this study, the enrolled patients had normal IVGTTs. As
might be suspected, these patients also had normal fasting
blood glucose levels. In addition to these patients, we also
studied 24 first-degree relatives who were negative for de-
tectable ClAAs and ICAs on two occasions over a 1 -yr period.
A control subject was selected for each of the patients. The
control subject had an age that was within 1.5 yr of the
patient's age and had samples analyzed on the same day.

ICA+ relatives in this study were defined as first-degree
relatives of patients with documented type I diabetes mellitus
who consistently and persistently had high titered cyto-
plasmic ICAs >40 Juvenile Diabetes Foundation (JDF) units
(9,31,32). CIAA+ relatives in this study were defined as first-
degree relatives of patients with documented type I diabetes
mellitus who consistently had levels of ClAAs >39 nU/ml
(7).

Serum was tested for ICAs on frozen sections of Wistar-
Furth rat pancreas with peroxidase-conjugated protein A
(9,31,33). Before assay, sera were absorbed for 12 h with
rat liver powder. Sections were incubated with absorbed
sera for 60 min, washed, and then incubated with peroxi-
dase-protein A (1 MOO; Boehringer Mannheim, Indianapolis,
IN) for 60 min. The chromogenic reaction was initiated by
addition of 0.5 mg/ml diaminobenzidine tetrachloride in 0.05
M Tris buffer containing 0.001% hydrogen peroxide, and
after washing, the slides were mounted. This assay has been
used for blinded duplicate samples in the Diabetes Work-
shops on ICA standardization. In the Diabetes Workshop
stage III ICA standardization, the assay demonstrated a de-
tection minimum of 40-80 JDF U, and all negative sera were
determined to be negative.

Serum was assayed for insulin binding by competition
radioimmunoassay (7). One hundred fifty microliters of se-
rum with 50 (JLI 0.04 M phosphate buffer (pH 7.5) containing
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0.05% bovine serum albumin, 0.025% bovine -y-globulin, and
0.9% NaCI was incubated for at least 1 h at 4°C with another
set of serum incubated with 50 |xl of the same phosphate
buffer containing Humulin human insulin at a concen-
tration of 9 x 106 nU/ml buffer (equivalent to 3 x 106

nU/ml serum). Two hundred microliters of gel-column-
purified 125l-labeled pork insulin (sp act 140-200 fiCi/fjig)
and 7500 nU/ml buffer (equivalent to 10,000 nU/ml serum)
diluted in the phosphosaline buffer was added, and the tubes
were mixed and incubated at 4°C for 7 days. A constant
amount of labeled insulin was added to each assay tube.
Although 125I—pork and 125l-human insulins resulted in equiv-
alent biding in our assay, we used 125I—pork insulin for con-
venience and lower expense. Each of the 125l-insulins was
tested repeatedly for immune integrity by binding to excess
quantities of guinea pig anti-insulin sera. Specific binding at
the end of the useful lifetime of multiple lots of 125l-insulin
ranged from 90 to 80% (60 days), and each lot was used
for no longer than 42 days.

After the second incubation, antibody-bound insulin was
precipitated by adding 1.5 ml ice-cold 14.3% polyethylene
glycol prepared in 0.05 M Veronal buffer with 0.1% Tween
20, vortexing, and centrifuging at 1200 rpm for 30 min at
4°C. The supernatant was decanted. The pellet was then
washed twice with 1.5 ml 11% polyethylene glycol in 0.05
M Vernal buffer (pH 8.6) with 0.1% Tween 20, vortexed, and
centrifuged. The pellet was counted for 9 min. The back-
ground counts were subtracted, and total insulin binding was
calculated. The difference in percent binding was translated
to the absolute amount of labeled hormone displaced from
the binding sites by the competition with the cold ligand.
The amount of labeled hormone was left constant; thus, the
expression of the results as the absolute amount of the ra-
dioactive ligand displaced by the competition was not sig-
nificantly different from expression of the results as specific
percent binding. Negative CIAA levels were statistical com-
putational products where the counts with cold displacement
were slightly greater than counts in the absence of unlabeled
insulin. This assay determined the difference in percent bind-
ing with and without excess unlabeled insulin, and this is
translated to the absolute amount of labeled hormone dis-
placed from the binding sites by competition with the cold
ligand. The level of 39 nU/ml is 3SD from the normal mean.
In addition, note that CIAA+ICA- or CIAA-|CA+ relatives
represented stable antibody-producing populations who, for
up to 3 yr of evaluation, remained CIAA+ and/or ICA+ and
never converted to the production of detectable autoanti-
bodies to either antigen. For this investigation, we used "neg-
ative" to describe a given autoantibody undetectable by our
assays. During the course of this study, three prediabetic
subjects became diabetic. All three of these patients were
CIAA+ICA+. We continue to monitor hyperglycemia in the
other categories.

For lymphocyte separation and preparation, anti-CD4 (T4),
anti-CD45R (2H4), and anti-CD29 (4B4) monoclonal anti-
bodies were used in this study. The production and char-
acterization of these antibodies is described elsewhere
(25,34,35). All antibodies were directly conjugated with fluo-
rescein isothiocyanate (FITC) or phycoerythrin (Coulter, Hi-
aleah, FL).

Two-color flow analysis was performed on a Becton Dick-

inson flow cytometer. Each fresh patient and control sample
was analyzed without fixation on the same day as the blood
draw. The samples were studied blindly with respect to pa-
tient or control status. Routinely, 5000-10,000 cells/sample
were analyzed with a log fluorescence scale with two-color
analyses.

Samples were prepared as previously described (30).
Briefly, 1 x 106 cells were incubated simultaneously with 20
|xg/ml of FITC- or RD1 -conjugated antibodies for 30 min and
then washed twice. These steps were performed at 4°C.
Negative control samples composed of isotype-matched
conjugated antibodies of irrelevant specification were ana-
lyzed each time a patient and control sample was prepared.

A paired t test, linear regression test, and analysis of co-
variance were used to analyze the data in this study. Each
study sample was compared with simultaneously prepared
age-matched control samples. All age-matched control sub-
jects were within 1-1.5 yr in age of the study individuals.
The study design required the use of freshly isolated pe-
ripheral blood lymphocytes from both patients and age-
matched control subjects to be studied on the same day.
This study design was chosen to prevent the changes in T-
lymphocyte-subset surface markers that occur with incu-
bation, freezing, fixation, and age (36-42). An analysis of
covariance with terms for age, group (patient or control), and
analysis day revealed that an effect due to analysis day was
present (P = 0.0004), even if corrected for age. Thus, pa-
tients with the same age who had samples analyzed on
different days were not comparable, and the only way to
analyze the data was to pair each observation with its age-
matched control. A paired t test was used to test whether T-
lymphocyte subsets were different between patients in each
group and control subjects. To test whether there was a
correlation between T-lymphocyte subsets and CIAA levels,
the ratio between the T-lymphocyte subset value of each
patient and the same value for their control was calculated.
The correlation coefficient between this ratio and the CIAA
levels of the patients in each group were then used to de-
termine the extent of the correlation. Thus, the only way to
analyze these data was to use a paired t test.

RESULTS
The purpose of this series of studies was to investigate
whether a link exists between the magnitude of the abnormal
cellular immune responses to the degree or type of auto-
antibodies produced in first-degree relatives of individuals
with type I diabetes.

A linear relationship existed between the elevated CD4+

CD45R+/CD4+CD29+ ratio and elvated CIAA levels in both
CIAA+ICA+ and CIAA+ICA" (groups 1 and 2) first-degree
relatives (r = 0.93; Fig. 1/\). The ordinate of this graph is
the ratio of the patient's value to the value of their age-
matched control subject. This is demonstrated by the highest
CD4 subset naive suppressor-inducers to memory helper-
inducers ratio in first-degree relatives correlating with the
highest CIAA levels. Thus, first-degree relatives with the fast-
est course to hyperglycemia based on CIAA levels similarly
had the highest percentage of CD4 cells with the naive
phenotype (suppressor-inducer cells) relative to cells with
the CD4 memory phenotype (helper-inducer cells). In
marked contrast, no relationship existed between the mag-
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FIG. 1. Comparison of T-lymphocyte changes to competive insulin
autoantibody (CIAA) level in CIAA+ islet cell autoantibody (ICA)+ and
CIAA+ICA~ first-degree relatives of individuals with insulin-dependent
diabetes. A: y-axis is ratio of CD4+CD45R + /CD4+CD29+ cells (ratio
of naive suppressor-inducers to primed helper-inducers) of relatives
to same ratio in age-matched control subjects. x-Axis is CIAA levels
(nU/ml) for CIAA+ICA+ and CIAA+ICA" study populations. A
demonstrates that, in CIAA+ population, rising level of CIAA increases
linearly with rising CD4+CD45R+/CD4+CD29+ ratio (r = 0.93). B. y-
axis is ratio of CD4+/CD8+ cells of CIAA+ICA+ and CIAA+ICA " of
relatives to age-matched control subjects. x-Axis is CIAA levels for
CIAA+ICA+ and CIAA+ICA - study populations. B demonstrates that,
in CIAA+ population, rising level of CIAA does not correlate with
decreasing CD4/CD8 ratios (r = 0.32).

nitude of the CD4/CD8 depression and CIAA levels for
CIAA+ICA+ and CIAA+ICA" (groups 1 and 2) relatives
(r = 0.32; Fig. 16). The depressed CD4/CD8 ratios are
associated with varying CIAA levels in first-degree relatives
of individuals with type I diabetes. These data show that the
level of abnormal ClAAs that correlates with disease rate is
similarly associated with the characteristic prediabetic ele-
vation in the CD4+CD45R+/CD4+CD29+ ratio. In contrast,
elevated CIAA levels are not linearly linked to the degree of
CD4/CD8 depression found in the prediabetic or long-term
phase of the disease.

In contrast to ClAAs, no correlation existed between ICA
levels and either T-lymphocyte abnormality (CD4/CD8 or
CD4+CD45R+/CD4+CD29+) in CIAA+ICA+ or CIAA"ICA+

first-degree relatives (data not shown). Like past studies
demonstrating the inability of ICA titers to predict disease
onset or disease rate, the degree of T-lymphocyte change
likewise fails to correlate with this humoral manifestation of
disease activity.

Siblings of individuals with type I diabetes with varying
levels and compositions of autoantibodies were analyzed for
peripheral T-lymphocyte changes. Ten first-degree group 1
and 15 group 2 relatives were compared. By life-table anal-
ysis, group 1 relatives have a 0% risk of developing diabetes
over 5 yr compared to group 2 relatives, who have higher
risk of diabetes over 5 yr (14,43). Nineteen CIAA~ICA+ first-
degree relatives with a 42% risk of developing diabetes over
5 yr are included (n = 22).

Table 1 shows that group 1 first-degree relatives had no
statistically significant change in the percentage of CD4 cells
(P = 0.65), percentage of CD8 cells (P = 0.44), or CD4/
CD8 ratio (P = 0.75). In contrast, the higher-risk group 2
first-degree relatives had a statistically significant decrease
in the percentage of CD4 cells (P = 0.006), statistically
significant increases in the percentage of CD8 cells (P =
0.01), and thus a depressed CD4/CD8 ratio compared with
age-matched control subjects (P = 0.008). Thus, high levels
of ClAAs, which are associated with a more complete pro-
gression to diabetes, are associated with a depressed CD4/
CD8 ratio as was found in the high-risk CIAA+ICA+ relatives.
The analysis of CIAA~ICA+ first-degree relatives failed to
reveal a statistically significant decrease in the percentage
of CD4 cells (P = 0.44), CD8 cells (P = 0.45), or CD4/CD8
ratio (P = 0.74). Eleven of this group's 19 relatives showed
a slight decrease in the CD4/CD8 ratio reflecting this group's
characteristic heterogeneity, but with all CIAA~ICA+ relatives
pooled, no statistically significant trend could be identified.

Table 2 shows a comparison of the different autoantibody-
positive first-degree relatives of individuals with type I dia-
betes and CD4 subsets identified by the reciprocal CD29
and CD45R markers. Group 1 first-degree relatives (n = 10)
showed no statistically significant change in the CD4+

CD45R+/CD4+ ratio (P = 0.35), CD4+CD29+/CD4+ ratio
(P - 0.29), orCD4+CD45R+/CD4+CD29+ ratio (P = 0.33).
Thus, this group of first-degree relatives with a low risk for
hyperglycemia has a normal composition of subsets of CD4
cells defined by the reciprocal CD45R and CD29 antigens.

In contrast, 13 of 14 group 2 first-degree relatives of type
I diabetic patients had an elevated ratio of CD4+CD45R+/
CD4+CD29+ cells (P = 0.002). This observation is similar
to the previously reported trend in CIAA+ICA+ relatives who
had a homogeneous increase in the CD4+CD45R+/CD4+

CD29+ ratio in 22 of 22 patients studied.
CIAA"ICA+ relatives with an intermediate risk for diabetes

showed variability in the presence of an increase in the CD4+

CD45R+/CD4+CD29+ ratio (P = 0.06). Nine of the 18 in-
dividuals consistently demonstrated an elevation in this ratio
over the age-matched control subjects during serial analysis
over 2 yr, but when all CIAA~ICA+ individuals were included
in this group, no statistically significant trend was observed
(Table 2).

Figure 2 shows the CD4/CD8 and CD4+CD45R+/CD4+

CD29+ ratios of the individuals in the three prediabetic
groups compared with age-matched control subjects. A
near-horizontal line links the CD4/CD8 and CD4+CD45R+/
CD4+CD29+ group 1 values to their age-matched control
values, thus demonstrating the similarity of the paired data
points. In contrast, there is a consistent increase in CD4+

CD45R+/CD4+CD29+and consistent decrease in CD4/CD8
ratios in group 2 first-degree relatives compared with age-

DIABETES, VOL. 40, MAY 1991 593

D
ow

nloaded from
 http://diabetesjournals.org/diabetes/article-pdf/40/5/590/336605/40-5-590.pdf by guest on 25 January 2022



T LYMPHOCYTES AND PREDIABETES

TABLE 1
Expression of CD4+ and CD8+ cell surface antigens in first-degree relatives of insulin-dependent diabetic patients with different
autoantibody status compared to age-matched control subjects

Relatives*
Control subjects
P

Relatives!
Control subjects
P

Relatives
Control subjects
P

Relatives
Control subjects
P

Relative risk

Lowest

Low

Moderate

Highest

CIAA (nU/ml)

39-80

>80

Negative

>39

ICA (JDF U)

Negative

Negative

>40

>40

CD4 (%)

40 ± 10
42 ± 11

0.65

38.0 ± 9.4
45 ± 11
0.006

43 ± 12
45.0 ± 8.4

0.44

44.0 ± 1.2
50.0 ± 1.2

0.02

CD8 (%)

26 ± 10
23 ± 8

0.40

27.0 ± 6.3
22 ± 57

0.01

24.0 ± 7.5
23 ± 6

0.45

30 ± 2
27.0 ± 0.2

0.05

CD4+/CD8+

1.70 ±0.68
1.90 ± 0.45

0.75

1.60 ± 0.40
2.20 ± 0.50

0.008

2.10 ± 1.20
2.20 ± 0.83

0.74

1.90 ± 0.70
2.30 ± 0.30

0.05

Values are means ± SD. Competitive insulin autoantibodies (ClAAs) were measured by radioimmunoassay. The value of 39 nU/ml
represents a level of 3SD above the normal mean. Cytoplasmic islet cell antibodies (ICAs) were measured in Juvenile Diabetes Foundation
(JDF) units, which represent autoantibody titer.
*Group 1 in text.
fGroup 2 in text.

matched control subjects. As described above, CIAA~ICA+

individuals had a heterogeneous lymphocyte-subset pattern,
and Fig. 2 clearly shows this group's individual variability.

In addition to analyzing family members of type I diabetic
patients who demonstrated the abnormal production of
ClAAs and ICAs, we also studied first-degree relatives who
lacked CIAA or ICA production. As expected, this group of
24 individuals had normal numbers and ratios of the CD4
and CD8 lymphocytes and subpopulations of.CD4 cells
(data not shown).

A serial analysis was performed allowing CIAA+ICA+ pa-
tients to be studied on numerous occasions. Four CIAA+-
ICA+ patients were each serially analyzed at three times over
1.5 yr. All eight patients persistently demonstrated the same
trends in altered subsets at each test time (data not shown).

DISCUSSION
Accumulating evidence suggests that type I diabetes is an
autoimmune disease secondary to altered self-recognition,
presumably due to a faulty T-lymphocyte response. The
study of T lymphocytes should be central in deciphering
disease pathogenesis and eventual prevention. In humans,
a prediabetic state can be identified by autoantibodies, and
thus, this screened population lends itself to the study of T
lymphocytes in high-risk populations. First-degree relatives
of individuals with type I diabetes can produce autoanti-
bodies to insulin and/or islet cells (2-6) and antibodies to
a 64,000-/Wr protein (44). The level of ClAAs predicts disease
rate (13,14,43) and is associated with HLA-DR4 (45). In con-
trast, ICA titers show no linkage to the major histocompati-
bility complex and do not seem to be disease rate predictors

TABLE 2
Ratio of CD4+CD29+ and CD4+CD45R+ cells to total number of CD4+ cells in autoantibody-positive relatives of
insulin-dependent diabetic patients

Relative risk CIAA (nU/ml) ICA (JDF U) CD4+CD45R+/CD4+ CD4+CD29+/CD4+ CD4+CD45R+/CD4+CD29H

Relatives* Lowest 39-80
Control subjects
P

Relatives! Low >80
Control subjects
P

Relatives Moderate Negative
Control subjects
P

Relatives Highest >39
Control subjects
P

Values are means ± SD. Competitive insulin autoantibodies (ClAAs) were measured by radioimmunoassay. The value of 39 nU/ml
represents a level of 3SD above the normal mean. Cytoplasmic islet cell antibodies (ICAs) were measured in Juvenile Diabetes Foundation
(JDF) units, which represent autoantibody titer.
*Group 1 in text.
tGroup 2 in text.

Negative

Negative

>40

>40

0.53 ± 0.12
0.45 ± 0.23

0.35

0.54 ± 0.90
0.40 ± 0.19

0.03

0.44 ± 0.22
0.45 ± 0.16

0.9

0.70 ± 0.20
0.52 ± 0.24

0.005

0.54 ± 0.22
0.59 ± 0.27

0.29

0.43 ± 0.18
0.54 ± 0.22

0.13

0.54 ± 0.23
0.62 ± 0.18

0.17

0.48 ± 0.21
0.62 ± 0.26

0.009

1.20 ± 0.54
1.00 ± 0.80

0.33

2.00 ± 0.44
0.82 ± 0.47

0.002

1.00 ± 0.74
0.75 ± 0.23

0.06

1.80 ± 1.10
1.0 ± 0.6

0.005
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FIG. 2. Individual T-lymphocyte changes compared with age-matched control subjects for 3 prediabetic groups of relatives of insulin-dependent
diabetic individuals. CIAA, competitive insulin autoantibody; ICA, islet cell autoantibodies. Prediabetic groups: CIAA <80 nU/ml, ICA~ (group 1 in
text); CIAA >80 nU/ml, ICA~ (group 2 in text); CIAA", ICA+. Ten of 14 relatives described in text for CIAA >80 nU/ml, ICA~ group are presented
in CD4+CD45R+/CD4+CD29+ row to keep same y-axis for comparison between groups.

(15). Based on autoantibody production, the first-degree rel-
atives of individuals with type I diabetes are heterogeneous
and demonstrate variability in progression to hyperglycemia
(14,43).

This investigation considered possible correlations be-
tween autoantibody production and composition to T-lym-
phocyte distribution in the peripheral blood. T-lymphocyte
abnormalities confined to the prediabetic state (elevated
CD4+CD45R+/CD4+CD29+) or observed in the prediabetic
and long-term diabetic state (depressed CD4/CD8) were
studied in CIAA+ICA+ and CIAA+ICA- first-degree relatives
of individuals with type I diabetes. The results show that the
degree of elevation in the CD4+CD45R+/CD4+CD29+ ratio
observed in CIAA+ICA+ or CIAA+ICA" first-degree relatives
is linearly related to the magnitude of the CIAA levels. This
correlation, CD4 subset abnormality to CIAA levels, supports
a central role for this T-lymphocyte change in disease patho-
genesis or response. In contrast, we found no relationship
between the depressed CD4/CD8 ratio and CIAA levels or
ICA titer. This is not surprising, because depressed CD4/
CD8 ratios appear to be nonspecific disease markers by
their presence in the prediabetic phase of this disease and
in the long-term diabetic state (30).Therefore, our results
selectively link ClAAs, a (3-cell derangement, to a specific
CD4 cellular subset abnormality.

This study also analyzed first-degree relatives with vary-
ing autoantibody compositions for T-lymphocyte changes.
CIAA+ICA" first-degree relatives have previously been sub-
divided into two groups based on CIAA levels. Group 2
relatives had a higher rate of progression to diabetes based
on life-table analysis versus group 1 relatives, who had a

very low predicted risk of diabetes after 5 yr of observation
(0% at 5 yr; 14,43). Similar to the previously reported T-
lymphocyte abnormalities in CIAA+ICA+ relatives, group 2
relatives similarly had high ratios of CD4+CD45R+/CD4+

CD29+ cells and low CD4/CD8 ratios. In contrast, the low-
risk group 1 relatives had no alteration in the CD4 subsets
or CD4/CD8 ratio. CIAA~ICA+ siblings with an intermediate
risk for diabetes (42% at 5 yr) demonstrated consistent in-
dividual heterogeneity, with a subset of these patients show-
ing the characteristic depressed CD4/CD8 ratio and
elevation of CD4 subsets expressing CD45R (30-40% of the
individuals studied). With all CIAA~ICA+ members com-
bined, no statistically significant trend in T-lymphocyte
abnormalities was observed. Future studies will follow
CIAA~ICA+ first-degree relatives for an actual progression
to diabetes based on past T-lymphocyte changes to deter-
mine whether the subset of CIAA~ICA+ relatives with specific
T-lymphocyte alterations progress more rapidly or com-
pletely to hyperglycemia.

The in vitro delineation in control subjects of the function
of CD4 cells bearing the CD29 or CD45R antigen allows us
to begin to speculate what role these abnormal numbers of
circulating T lymphocytes may play in the regulation of the
autoimmune process that leads to (3-cell destruction in the
pancreas. First, it appears from the data that the abnormal
elevation in cells bearing the CD45R epitope and reciprocal
depression in cells bearing the CD29 epitope correlates with
disease activity. This conclusion can be gained from the fact
that these changes are only seen in the active autoimmune
prediabetic phase of (3-cell destruction and resolve in new-
onset and long-term diabetic individuals. This time course
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of altered cellular immunity of CD4 subsets bearing the
CD45R and CD29 epitopes overlaps with the time course of
greatest alterations in humoral immunity and most active
cellular infiltrates in the pancreas, therefore linking the hu-
moral immune alterations to the newly observed alterations
in the peripheral cellular network. Second, we do not know
whether the abnormally increased numbers of CD4+CD45R+

cells represent the primary effectors of autoimmunity or a
normal immune response attempting to halt autoimmunity.
For instance, it could be envisioned that the increased CD4+

CD45R+ cells representing a normal response to stimulate
suppressor-inducer cells to halt the destructive pancreatic
autoimmune process but would fail to do so because of an
unresponsive target cell population. Alternatively, perhaps
the CD4+CD45R+ cells are more correctly interpreted to rep-
resent naive unprimed T lymphocytes that in prediabetic
individuals improperly fail to differentiate into CD4+CD29+

memory T lymphocytes. The increase in the CD4+CD45R+/
CD4+CD29+ ratio could also be due to the depletion of
CD29+-bearing T lymphocytes into the inflammation in the
pancreatic islets. All of these speculations require further
functional studies to understand the complex network of T-
lymphocyte immunity in the pathogenesis of type I diabetes.

In this study, we investigated ICA+ and CIAA+ first-degree
relatives of type I diabetic individuals for alterations in the
circulating T-lymphocyte network and compared these cel-
lular changes to the level of autoantibodies produced. Our
data show a linear relationship between the degree of ele-
vation of the ratio of CD4 cells bearing the CD45R antigen
(naive suppressor-inducer cells) to the reciprocal decrease
of the CD4 subset bearing the CD29 marker (helper-inducer
primed T lymphocytes) and the level of ClAAs. These data
temporarily link humoral and cellular immune alterations. In
addition, these T-lymphocyte abnormalities may represent
an immune alteration useful in identifying high-risk individ-
uals and further subdividing a heterogeneous prediabetic
study population.
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