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ABSTRACT

Background Type 1 diabetes mellitus is a chronic
autoimmune disease caused by the pathogenic ac-
tion of T lymphocytes on insulin-producing beta cells.
Previous clinical studies have shown that continuous
immune suppression temporarily slows the loss of
insulin production. Preclinical studies suggested that
a monoclonal antibody against CD3 could reverse
hyperglycemia at presentation and induce tolerance
to recurrent disease.

Methods We studied the effects of a nonactivating
humanized monoclonal antibody against CD3 —
hOKT3y1(Ala-Ala) — on the loss of insulin produc-
tion in patients with type 1 diabetes mellitus. Within
6 weeks after diagnosis, 24 patients were randomly
assigned to receive either a single 14-day course of
treatment with the monoclonal antibody or no anti-
body and were studied during the first year of disease.

Results Treatment with the monoclonal antibody
maintained or improved insulin production after one
year in 9 of the 12 patients in the treatment group,
whereas only 2 of the 12 controls had a sustained re-
sponse (P=0.01). The treatment effect on insulin re-
sponses lasted for at least 12 months after diagnosis.
Glycosylated hemoglobin levels and insulin doses
were also reduced in the monoclonal-antibody group.
No severe side effects occurred, and the most com-
mon side effects were fever, rash, and anemia. Clini-
cal responses were associated with a change in the
ratio of CD4+ T cells to CD8+ T cells 30 and 90 days
after treatment.

Conclusions Treatment with hOKT3y1(Ala-Ala) mit-
igates the deterioration in insulin production and im-
proves metabolic control during the first year of type
1 diabetes mellitus in the majority of patients. The
mechanism of action of the anti-CD3 monoclonal an-
tibody may involve direct effects on pathogenic T cells,
the induction of populations of regulatory cells, or
both. (N Engl J Med 2002;346:1692-8)

Copyright © 2002 Massachusetts Medical Society.

YPE 1 diabetes mellitus is a T-cell-mediated
autoimmune disease that begins, in many
cases, three to five years before the onset
of clinical symptoms, continues after diag-
nosis, and can recur after islet transplantation.® The
effector mechanisms responsible for the destruction
of beta cells involve cytotoxic T cells as well as solu-
ble T-cell products, such as interferon-y, tumor ne-
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crosis factor «, and others.* Such observations have
led to clinical trials with immunomodulatory drugs
such as cyclosporine, azathioprine, prednisone, and
antithymocyte globulin, which were shown to cause
transient improvement in clinical measures and to en-
hance the rate of non-insulin-requiring remissions
when initiated soon after diagnosis.58 Unfortunately,
the toxic effects of such drugs, concern about the risk
associated with immune suppression, and the need
for continuous treatment in an otherwise healthy,
young population limit the use of these agents.®

We,10 as well as Chatenoud et al.,!'"13 have report-
ed that treatment of mice with a modified monoclonal
antibody against CD3 that had been altered to pre-
vent binding to the Fc receptor prevents or reverses
diabetes in nonobese diabetic mice and other mouse
models of type 1 diabetes mellitus. This antibody can
be used without toxic effects such as the high fevers
and hypotension that are typically associated with
T-cell activation in vivo.1013 Initial studies in which
a humanized anti-CD3 molecule — that is, a mono-
clonal antibody called hOKT3vyl(Ala-Ala) that con-
tains the binding region of OKT3 but a mutated Fc
region that prevents it from binding to the Fc recep-
tor — was used in patients with renal-allograft rejec-
tion demonstrated efficacy similar to that of OKT3
with markedly fewer side effects.!415 On the basis of
these observations, we initiated a randomized, con-
trolled, phase 1-2 trial of this agent in patients with
new-onset type 1 diabetes mellitus. In this report, we
describe the results among patients who were fol-
lowed for one year after treatment.

METHODS
Study Patients

Patients between 7%2 and 30 years of age in whom type 1 dia-
betes mellitus had been diagnosed within the previous six weeks
(or who had been discharged from the hospital within that period
after receiving such a diagnosis) were eligible for participation. All
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patients had one or more of the following types of antibodies:
anti-GAD (glutamic acid decarboxylase), anti—islet-cell antibody
512 (ICA512), and anti-insulin antibody. Patients were treated
by their personal physicians, received at least three injections of
short-acting or intermediate-acting insulin, and did not discontin-
ue insulin therapy during the study period. The study was ap-
proved by the institutional review boards at Columbia Presbyterian
Medical Center, the National Institute of Diabetes and Digestive
and Kidney Diseases, the University of Utah, and the University
of California at San Francisco. All patients or their parents pro-
vided written informed consent, and written assent was obtained
from minor subjects.

Study Protocol

The data reported here were obtained between May 1999 and
August 2001. Eligible patients were randomly assigned to the
control group or the monoclonal-antibody group. Patients in the
control group underwent metabolic and immunologic studies but
did not receive monoclonal antibody and were not hospitalized.
Blood samples were drawn for immunologic studies and measure-
ment of glycosylated hemoglobin when the patient entered the
study, and a four-hour mixed-meal tolerance test was performed
after the morning dose of insulin and the previous evening’s dose
of long-acting insulin had been withheld.”

Nine patients in the monoclonal-antibody group were hospi-
talized, and the other three received monoclonal antibody on an
outpatient basis. All 12 patients received a 14-day course of the
anti-CD3 monoclonal antibody hOKT3y1(Ala-Ala) administered
intravenously (1.42 ug per kilogram of body weight on day 1;
5.67 ug per kilogram on day 2; 11.3 ug per kilogram on day 3;
22.6 pg per kilogram on day 4; and 45.4 ug per kilogram on days
5 through 14); the doses were based on those previously used for
treatment of transplant rejection.!® The dosing resulted in median
peak and trough serum monoclonal-antibody levels of 133 ng per
milliliter (range, 68 to 275) and 51 ng per milliliter (range, 23 to
255), respectively. Flow cytometry was used for the enumeration
of CD4+ T cells, CD8+ T cells, and non-T cells and for coating
and modulation of the CD3 molecule.’s Coating of CD3+ cells
was maximal (mean [£SD] percentage reduction in fluorescence,
69.2+2.9) by day 12 of monoclonal-antibody treatment. Modula-
tion of the CD3 molecule reached a peak level of 54.0£3.1 percent
by day 14.

Patients underwent physical examinations, blood counts, and
blood chemistries and were questioned about side effects weekly
for two weeks after discharge and every two to three months there-
after. Glycosylated hemoglobin was measured and a mixed-meal
tolerance test was performed every six months.

Statistical Analysis

C-peptide levels were measured by radioimmunoassay at the Di-
abetes Research and Training Center at the University of Chicago.16
The C-peptide response to the mixed meal was expressed as the to-
tal area under the response curve or the incremental area under the
curve formed by subtracting the fasting C-peptide level from the re-
sponse at each time point.” A change in the response was considered
to have occurred if the response differed by more than 7.5 percent
from the response at study entry (7.5 percent being half of the in-
terassay coefficient of variation for the C-peptide assay). Changes in
insulin secretion were evaluated by examining the slope of the line
described by the three data points (at study entry, 6 months, and
12 months).

Anti-GAD antibody, anti-ICA512, and anti-insulin antibody
were measured with radiobinding assays.l” For genotyping at the
HLA-DQA and DQB loci, direct sequencing of exon 2 polymor-
phisms was used after polymerase-chain-reaction amplification.!8

Cytokines were measured in serum by enzyme-linked immuno-
sorbent assay (ELISA) (BioSource and Immunotech). Anti-idio-
type antibodies were identified by ELISA with the use of plate-

N Engl ] Med, Vol. 346, No. 22 -

bound OKT3 or by flow cytometry to measure the blockade of
binding of OKT3 fluorescein isothiocyanate to CD3.1? Glycosylated
hemoglobin levels were measured by latex-agglutination inhibition
tests (DCA 2000, Bayer) or by affinity chromatography (Isolab) in
the three patients treated at the National Institutes of Health.

Data are expressed as means =SD. We used repeated-measures
analysis of variance to compare the control group and the mono-
clonal-antibody group in terms of the response to the mixed-
meal tolerance test, the glycosylated hemoglobin level, and the
required dose of insulin. Comparisons between groups were made
with the Mann—-Whitney U test. Fisher’s exact test was used to as-
sess the effect of monoclonal-antibody treatment on the response
to mixed-meal tolerance testing. Statistical analyses were per-
formed with StatView software (SAS Institute).

RESULTS
Enroliment of Study Patients

The average age of patients in the control group
was slightly higher than that in the monoclonal-anti-
body group, but there were no significant differences
between the two groups at entry (Table 1). Autoanti-
bodies against at least one type of biochemically de-
fined autoantigen were present in all subjects.

Effects of Antibody Treatment on Circulating
Lymphocytes

A transient reduction in the number of circulat-
ing lymphocytes occurred with monoclonal-antibody
treatment. After the administration of the first full
dose of monoclonal antibody on day 5, the absolute
lymphocyte count reached a nadir of 26.5+9.0 per-
cent of the base-line lymphocyte count. The changes
in the absolute lymphocyte count were due to reduc-
tions in the numbers of CD4+ cells, CD8+ cells, and
B cells (CD19+ cells) to 36.6=19.0 percent of their
pretreatment levels. The reduction in the number of
circulating lymphocytes was transient, however, and
the number of circulating cells began to rise after the
seventh day of treatment. By day 30 (two weeks after
the last dose of the monoclonal antibody), the level
of circulating lymphocytes reached 123.0+52.0 per-
cent of the pretreatment level.

Release of Cytokines after Treatment

The levels of cytokines were measured in serum
after the initial two doses of monoclonal antibody
and after the first two full doses on days 5 and 6. In-
terleukin-6 was detectable in 8 of the patients treat-
ed with monoclonal antibody (range of levels, 14 to
225 pg per milliliter), and tumor necrosis factor «
was detectable in all 12 patients (range of levels, 7 to
158 pg per milliliter). The circulating levels of these
cytokines were maximal after the administration of
the second dose of the monoclonal antibody but were
considerably lower than levels previously reported in
patients with the “cytokine-release syndrome” asso-
ciated with the administration of OKT3; these levels
were consistent with the mild clinical side effects.!3
Interleukin-2 was not detectable in these patients,
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TABLE 1. CHARACTERISTICS OF THE PATIENTS AT ENTRY.*

IMONOCLONAL-
ANTIBODY CoNTROL
GRrouP GRoOuUP P

CHARACTERISTIC (N=12) (N=12)  VaLue
Sex (no.) 10 8 0.64

Male 2 4

Female
Age (yr) 0.15

Median 13 16

Range 7-27 8-30
Diabetic ketoacidosis at diagnosis (no.) 3 5 0.67
Glycosylated hemoglobin (%) 9.27+x159 8.27x1.06 0.14

Fasting C-peptide level (nmol/liter) 0.20+0.13  0.21+0.07 0.77
Anti-GADG5 antibody
Index 048+0.52 0.51*+0.63 0.95
No. testing positive 8 9
Anti-ICA512 antibody
Index 0.34+0.44 0.35+0.44 0.84
No. testing positive 7 5
Anti-insulin antibody
Index 0.76+1.31 0.75*1.31 0.75
No. testing positive 7 8
HLA-DQ haplotypet 0.40
No. with susceptible alleles 6 9
No. with resistant alleles 6 3

*Plus—minus values are means =SD. GAD denotes glutamic acid decar-
boxylase, and anti-ICA512 anti—islet-cell antibody 512.

tDiabetes-resistant HLA-DQ (e,) haplotypes included 0101,/0601,
0101,/0503, 0102/0602, 0103,/0603, 0201,/0201, 0201,/0303, 0301/
0301, and 0501,/0301. A haplotype with a resistant allele was designated
as a resistant haplotype, whether the other allele was susceptible, neutral,
or resistant.

and interferon-y was detectable in only one patient,
whereas interleukin-5 was detected in the serum of
nine of the antibody-treated patients (range of lev-
els, 9 to 33 pg per milliliter) and interleukin-10 was
detected in the serum of seven patients (range of
levels, 5 to 316 pg per milliliter).

Side Effects of Antibody Treatment

Side effects of monoclonal-antibody infusions in-
cluded mild and moderate fever in 9 of the 12 pa-
tients, generally on day 5; mild or moderate anemia
in 9 of the 12 (which resolved after day 14); and
nausea, vomiting, arthralgia, and headache in 1 pa-
tient each. A pruritic urticarial rash developed on
the hands and occasionally the trunk and feet of
7 of the 12 patients. The rash appeared after the sev-
enth day of treatment and resolved by day 30. A bi-
opsy of this rash in two patients showed spongiosis
consistent with eczematous dermatitis. There was no
evidence of vasculitis. Antiidiotype antibodies devel-
oped in 6 of the 12 patients within the first month
after treatment; but after six months, only 3 patients
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still had antibodies, and at one year, only 1 had de-
tectable levels. There has been no evidence of long-
term toxic effects up to two years after antibody
treatment.

Monoclonal-Antibody Treatment and Insulin Production

Antibody treatment significantly reduced the de-
cline in the incremental and total C-peptide respons-
es (P=0.01 for both comparisons) (Table 2 and Fig.
1). At the end of one year, the incremental C-pep-
tide response in the monoclonal-antibody group was
109+74 percent of the response to the mixed-meal
tolerance test at entry and the total C-peptide re-
sponse was 10353 percent of the base-line response,
whereas the corresponding values in the control group
were 42+ 35 percent and 49+33 percent of the base-
line response. There was an average monthly decrease
in the total C-peptide response of 5.52+1.30 nmol
per liter per four-hour test in the control group, as
compared with an average monthly increase of 0.20+
1.86 nmol per liter per four-hour test in the mono-
clonal-antibody group (P=0.006). After one year,
seven of the patients in the monoclonal-antibody
group had no change or an increase (of more than
7.5 percent) from base line in the incremental response
during the mixed-meal tolerance test; the other five
had a decrease in the incremental response. By con-
trast, 11 of the 12 patients in the control group had a
decrease in the incremental response (P=0.03). Nine
of the 12 patients in the monoclonal-antibody group
had no change or an increase in the total C-peptide
response, whereas 10 of the 12 patients in the control
group had a decrease in response (P=0.01).

Eleven of the 12 treated patients have been fol-
lowed for more than 18 months. At 18 months, the
mean incremental C-peptide response in these 11
patients was 90+82 percent of the pretreatment lev-
el, and the total C-peptide response was 74+ 39 per-
cent of the base-line level. The incremental response
was the same as the base-line response or greater in
6 of the 11 patients, and the total response was the
same as the base-line response or greater in 5 of the
11 patients. By contrast, in 9 of the 12 controls stud-
ied, the incremental C-peptide response was 35+38
percent of the base-line level (P=0.07 for the compar-
ison with the monoclonal-antibody group), and the
total C-peptide response was 42+ 36 percent of the
base-line level (P=0.06 for the comparison with
the monoclonal-antibody group).

Metabolic Control of Diabetes

Antibody treatment resulted in a significant de-
crease in glycosylated hemoglobin levels (P=0.008).
At study entry, the average glycosylated hemoglobin
level was nonsignificantly higher in the monoclonal-
antibody group, but the decline in glycosylated he-
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TABLE 2. CHANGES IN THE INCREMENTAL AND TOTAL C-PEPTIDE
RESPONSES DURING MIXED-MEAL TOLERANCE TESTING.*

C-PepTIDE RESPONSE DURING IMIXED-MEAL

VARIABLE ToLERANCE TESTING
STUDY ENTRY 6 MO 12 Mo
nmol/liter
Monoclonal-antibody group
Incremental response 63.1+x33.0 69.0£51.2 67.7%£62.3

Total response 111.5+50.2 121.1%x79.7 114.2%90.6
Control group
Incremental response

Total response

82.7*x449
133.2%+50.7

50.1+47.4
92.6+61.8

34.1x30.4
66.7%+53.0

*Plus—minus values are means =SD. The total response is the total area
under the response curve, and the incremental response is the area under
the curve formed by subtracting the fasting C-peptide level from the re-
sponse at each time point. P=0.01 by repeated-measures analysis of vari-
ance for the comparison of the total response in the two groups.

moglobin levels between base line and six months
was greater in that group (P=0.01) (Table 3). There
were no severe hypoglycemic events in either group.

The improved glycemic control was not due to in-
creased use of insulin in the monoclonal-antibody
group. In fact, there was a significant decrease in the
use of insulin in the monoclonal-antibody group as

Monoclonal-Antibody Group

320

240

160+

80

Total Area under the C-Peptide
Response Curve (nmol/liter/4 hr)

0 12
Month

compared with the control group (P=0.03) (Table 3).
After one year, the average insulin dose in the mono-
clonal-antibody group was below the level that is
considered to indicate clinical remission (0.5 U per
kilogram per day).2° Thus, monoclonal-antibody treat-
ment resulted in improved metabolic control with
reduced insulin usage during the first year after the
diagnosis of type 1 diabetes mellitus.

Possible Predictors of Clinical Response

There were no differences between the patients
with a response to monoclonal-antibody treatment
and those with no response in terms of clinical pres-
entation (including the presence or absence of patients
with diabetic ketoacidosis), the titers of biochemically
defined autoantibodies, the isotype subclasses of the
autoantibodies, or the HLA-DQAI and DQBI gen-
otypes. The mean fasting C-peptide level at study en-
try was 0.24*0.13 nmol per liter in subjects who had
an increase or no change in the incremental C-pep-
tide response to the mixed-meal tolerance test at six
months, as compared with 0.12+0.09 nmol per liter
in those who had a decline in the C-peptide response
(P=0.13).

The pattern of T-cell repopulation after the nadir
in the absolute lymphocyte count correlated with
the response to monoclonal antibody. At 3 months
(90 days), patients with a response to monoclonal-
antibody treatment had a 68 percent increase in the

Control Group

320+

240+

160

80 1

Total Area under the C-Peptide
Response Curve (nmol/liter/4 hr)

Month

Figure 1. Changes from Study Entry to 12 Months in the Total C-Peptide Response to Mixed-Meal Tol-

erance Testing.

Data from each control and antibody-treated subject are shown. Solid symbols represent patients who
had a sustained or increased C-peptide response, and open symbols represent patients who had a re-

duced response.
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TABLE 3. EFFECTS OF TREATMENT WITH THE MONOCLONAL
ANTIBODY hOKT3vy1(Ala-Ala) ON METABOLIC MEASURES.*

MEASURE StupY ENTRY 6 Mo 12 Mo

Glycosylated hemoglobin level (%)t
Monoclonal-antibody group
Control group

Insulin dose (U/kg of body weight)
Monoclonal-antibody group
Control group

9.27%£1.59 6.23+£0.86 6.98%1.70
8.20*x1.05 7.65x1.41 7.53x1.27

0.57+0.17 0.36+0.26 0.49*0.28
0.44+0.25 0.52*0.21 0.59%+0.17

*Plus—minus values are means *SD. P=0.008 by repeated-measures
analysis of variance for the comparison of the glycosylated hemoglobin lev-
el in the two groups, and P=0.03 by repeated-measures analysis of variance
for the comparison of the insulin dose in the two groups.

tThe normal range is 4.5 to 6.5 percent.

absolute number of repopulating CD8+ T cells,
which was reflected in a reduction in the ratio of
CD4+ T cells to CD8+ T cells (Fig. 2).

DISCUSSION

Treatment of new-onset type 1 diabetes mellitus
with a single course of a monoclonal antibody against
CD3 that does not bind to the Fc receptor appears
to have arrested the loss of insulin responses during
the first year after diagnosis in most, but not all, of the
12 patients we studied. One year after treatment, two
thirds of the antibody-treated patients had a C-peptide
response to the mixed-meal tolerance test that was
the same as or greater than their response at study
entry. In contrast, there was a consistent decline in
the C-peptide response in 10 of the 12 untreated pa-
tients. The decline among control patients is some-
what surprising, since many of these patients entered
a clinical “honeymoon” that has been thought to re-
flect improved insulin secretion after diagnosis. How-
ever, our metabolic studies, which used a four-hour
provocative test rather than more abbreviated proto-
cols, challenge this notion and suggest that a relent-
less decline is the natural history of the disease in the
majority of patients. At the time of study entry, the
control group was slightly older, had lower glycosy-
lated hemoglobin levels, and had greater responses
to the mixed-meal tolerance test than the mono-
clonal-antibody group. These differences between
the two groups, although not statistically significant,
would tend to bias the results against an effect of the
antibody treatment, since patients younger than 18
years of age have generally been found to have more
aggressive disease than patients 18 years of age or
older.2122 Thus, the true antibody effect may have
been greater than is apparent from the comparison
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Figure 2. Mean CD4+ and CD8+ T-Cell Counts in the Mono-
clonal-Antibody Group According to the Presence or Absence
of a Response to Treatment.

Panel A shows CD4+ T-cell counts, and Panel B CD8+ T-cell
counts. The ratio of CD4+ T cells to CD8+ T cells (Panel C) was
reduced in patients who had a clinical response to monoclonal-
antibody treatment. The absolute number of each type of T cell
was determined by multiplying the percentage of cells by the
absolute lymphocyte count. The CD4:CD8 ratio was decreased
in patients with a response to treatment who had an increase
in the incremental C-peptide response at six months (P=0.03
by repeated-measures analysis of variance for the comparison
with the patients with no response). The I bars represent stand-
ard deviations.
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of these two groups. Furthermore, even after 18
months, the C-peptide response to the mixed-meal
tolerance test was the same as or greater than that at
diagnosis in 6 of the 11 antibody-treated patients
who had been followed for that long.

Accumulated clinical experience, as well as results
from the Diabetes Control and Complications Trial?3
and other studies,?+25 indicate that there is better
metabolic control of type 1 diabetes mellitus in pa-
tients in whom some insulin secretion is retained. In
the Diabetes Control and Complications Trial, a
stimulated C-peptide level of more than 0.2 nmol
per liter was associated with improved metabolic
control, as reflected in the glycosylated hemoglobin
level.2 It is not surprising, therefore, that the im-
proved insulin secretion was accompanied by an im-
provement in the glycosylated hemoglobin level and
a reduction in the insulin needs of patients treated
with monoclonal antibody.

Antibody treatment had a sustained effect on the
disease in the absence of continued administration
of the monoclonal antibody. The effects of this
monoclonal antibody on T cells differ from those of
previously tested immunosuppressive agents and may
account for the more sustained response. Other im-
munosuppressive agents, including cyclosporine, aza-
thioprine, and prednisone, work by blocking the ef-
fector phases of immune responses by interfering
with the production of cytokines, the proliferation
of T cells, or both. Preclinical studies by Bluestone
and colleagues20-28 suggested that antibody against
CD3 that does not bind to the Fc receptor has selec-
tive effects on specific populations of T cells. It kills
or causes unresponsiveness in T cells that produce
interleukin-2 or interferon-y (type 1 helper T [Thl]
cells), whereas T cells that produce interleukin-10 or
interleukin-4 (type 2 helper T [Th2] cells) may be
stimulated by the monoclonal antibody.26-28 This ef-
fect is seen only in activated T cells and not in naive
T cells. The presence of interleukin-10 and interleu-
kin-5 — but not interferon-vy or interleukin-2 — in
serum after monoclonal-antibody treatment is con-
sistent with these observations. Studies involving an-
imal models support the importance of Thl respons-
es in the pathogenesis of type 1 diabetes mellitus,
suggesting a mechanism for the effect of monoclon-
al-antibody treatment.%29-32 Clearly, the drug binds
all T cells that express the CD3 molecule. Therefore,
the selectivity observed among subpopulations of
T cells may relate to quantitative or qualitative dif-
ferences in response to the signal delivered by the
monoclonal antibody. This may be analogous to the
differential response to altered-peptide ligands by
various subpopulations of T cells.?3:3¢ Thus, the effect
of monoclonal-antibody therapy may be to shift the
autoimmune response toward production of protec-
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tive (Th2) cytokines. The rash that developed in most
patients, with histologic features similar to those of
eczemoid lesions, might be mediated by Th2 re-
sponses.3®

Subjects who had a response to the monoclonal-
antibody treatment had an increase in the number
of CD8+ T cells after treatment. Several reports
have described subpopulations of CD8+ cells in ro-
dents and humans that have immune-regulatory
properties.3¢-38 Studies are under way to find cell-sur-
face markers that can identify cells associated with a
response to monoclonal-antibody treatment and that
may indicate the presence of regulatory populations
after such treatment.

We did not observe any changes in the titer or the
isotypes of anti-GAD autoantibodies. It is possible
that these autoantibody responses had already ma-
tured at the time of diagnosis and thus were not sus-
ceptible to change by circulating cytokines. Similarly,
we failed to find an effect of monoclonal-antibody
treatment on antirubella IgG titers (mean ratio of
patient titers to standard titers at entry, 1.33+0.62;
mean ratio at six months, 1.38%+0.06), suggesting
that established humoral responses were unaffected.
Other immunologic markers, including HLA type
and the titers and isotypes of autoantibodies, did
not predict clinical response. The fasting C-peptide
level was higher in the patients who had a response
to treatment but was not an absolute predictor of a
clinical response to the monoclonal antibody, as it was
in the case of cyclosporine treatment of new-onset
type 1 diabetes.’

Thus, treatment within the first six weeks after the
onset of type 1 diabetes mellitus with a single course
of anti-CD3 monoclonal antibody appeared to arrest
the deterioration of insulin production in the major-
ity of our 12 patients for at least the first year of dis-
case. The mechanism of antibody action is under in-
vestigation, but we speculate that the monoclonal
antibody may alter the immunologic response that
causes type 1 diabetes mellitus, may induce a popu-
lation of cells that can influence the disease process,
or both.
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