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Abstract
The way in which anti-CD3 monoclonal antibodies (mAbs) modify human immune responses in
Type 1 diabetes (T1DM) is not known. We prepared a panel of Class I HLA-A2.1 tetramers with
peptides from diabetes-associated antigens and studied the frequency and phenotype of the cells in
patients with T1DM and blood donors and in patients treated with anti-CD3 mAb (Teplizumab).
More patients with T1DM showed positive staining for at least 1 tetramer using frozen and fresh
samples (p<0.05). Three months following treatment with anti-CD3 mAb, the proportion of GAD65-
and InsB- peptide reactive CD8+ T cells increased (p<0.05). The phenotype of these cells was
modulated from naïve to effector memoryRA+. We conclude: Class I MHC tetramers can identify
antigen specific CD8+ T cells in patients with T1DM. The frequency of certain specificities increases
after treatment with anti-CD3 mAb. Their modulated phenotype may have functional consequences
for their pathogenicity.
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Type 1 diabetes mellitus (T1DM) is a chronic autoimmune disease in which insulin-producing
β cells are selectively destroyed by autoreactive T cells[1]. Autoantibodies have been used to
predict and even clinically define the disease, but T cells are thought to play a key role in islet
destruction[2–7]. CD8+ T cells are the most likely mediators of human disease. Compared to
other T cell subsets, they are the most abundant infiltrating cells in human insulitis [8,9].
Therefore tools that allow an accurate enumeration and characterization of autoreactive CD8
+ T cells and discriminate between patients with T1DM and nondiabetic subjects in terms of
quantity and functional characteristics may be useful for tracking the autoimmune process and
understanding the effects of immune interventions that have been tested to stop disease
progression.

A number of groups have developed assays that can identify T cells that are specific for the
autoantigens thought to be involved in the disease. These assays have measured proliferative
responses to islet antigens, cytokine production that is induced by diabetes-associated antigens,
and have identified autoantigen specific T cells with Class I and II MHC tetramers[10][11–
14][15]. Using tetramers, both the frequency and phenotype of autoantigen specific T cells can
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be determined. In setting of islet allotransplants, Class I MHC tetramers have been used to
identify an increased number of islet-antigen specific T cells at the time of recurrent
autoimmunity[15]. There is no information about the changes in these cells, however, with
newer immune therapies that are currently in clinical trials for treatment of T1DM.

One of these therapies is anti-CD3 monoclonal antibody (mAb). Two mAbs have shown
favorable results in attenuating the progression of T1DM in published trials[16–18]. The
mechanisms of the effects of the anti-CD3 mAbs remain unclear. The experience with other
anti-T cell monoclonal antibodies, including OKT3, suggest that there is depletion of T cell
subsets, but in preclinical models, cell margination rather than depletion was thought to account
for the changes in T cells that were seen after drug administration[19–21]. We therefore studied
the effects of anti-CD3 mAb treatment on the circulating diabetes-antigen specific T cells in
patients with new onset T1DM who were enrolled in a Phase II/III trial of the humanized anti-
human CD3 mAb, teplizumab[22,23]. We first analyzed the frequency of diabetes-antigen
specific CD8+ T cells in patients with T1DM compared to normal control subjects and then
studied the changes in these cells following treatment with anti-CD3 mAb.

Materials and methods
Study populations, cell preparation and HLA typing

Peripheral blood mononuclear cells (PBMC) were isolated from 82 subjects (31 control
subjects (blood donors) and 51 patients with up to 1 yr duration of T1DM). The median duration
was 2.5 months (range 0.5–12 mos). All subjects were positive for at least one biochemical
autoantibody (anti-GAD65, anti-ICA512, or anti-insulin if within the first 10 days after
commencing insulin therapy). PBMC were frozen for studies at later times or immediately
used for analysis. Amongst these subjects were 6 who received a 14 day course of anti-CD3
mAb as part of segment 1 of an open labeled clinical trial (Protégé, Clinicaltrials.gov
NCT00385697). The mean age of these subjects was 26.6±5.9 years (range: 19–34 years) and
the mean duration of diabetes was 2.4±0.9 mo (range: 1–3.5 mo). PBMC from these subjects
were isolated before (day 0) and after treatment (day 14, 28, 91, 182, 210, 273) with anti-CD3
mAb, Teplizumab (Day 0: 51 μg/m2, Day 1: 102 μg/m2, Day 3: 204 μg/m2, Day 4: 408 μg/
m2, Days 5–13: μ816 g/m2). Samples were also obtained before and at similar time points in
3 untreated subjects with T1DM enrolled in clinical trials. In addition, PBMC from HLA-A2
+ and HLA-A2− blood donors were isolated from material provided by the New York Blood
Bank. These samples were provided in a de-identified manner so demographic or medical
information was not available. Ethical approval for the study was granted by the Human
Investigation Committee at Yale University and from institutions participating in the Protégé
study.

Clinical studies
Anti-EBV IgM and IgG and EBV viral loads were measured by Esoterix laboratories. The
number of circulating CD4 and CD8+ T cells were determined by multiplying the absolute
lymphocyte count, from the complete blood count, by the frequency (in percentage) of CD4+
or CD8+ T cells measured by flow cytometry with a scatter gate placed around the lymphocyte
subpopulation.

Staining with monoclonal antibodies and Class I MHC tetramers
Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll Paque density gradient
centrifugation (GE Healthcare Bio-Sciences AB, Uppsala, Sweden). Subjects who were HLA-
A2+ were identified by staining with FITC-conjugated mAb BB7.2 (BD Phamingen, San
Diego, CA). The frequencies of tetramer+ cells were determined on freshly isolated and frozen
PBMC but are considered separately in the analysis. Frozen cells were used for the phenotypic
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analysis performed only when tetramer staining was positive, so that staining could be
minimized to avoid waste of cells. The cells were stored in liquid nitrogen until use. They were
thawed, washed, and stained as described.

Allophycocyanin (APC)-conjugated MHC class I (HLA-A0201) tetramers were prepared with
peptides from T1DM-associated antigens by the National Institute of Allergy and Infectious
Diseases-MHC Tetramer Core Facility (Atlanta, GA) (Table 1). In addition an APC-labeled
negative tetramer that does not recognize human CD8+ T cells of any HLA allele was used to
assess the level of background fluorescence and nonspecific binding (Beckman Coulter
Immunomics). APC or PE-conjugated Class I tetramers with the EBV BMLF1 peptide
(GLCTLVAML), Influenza-M1 (GILGFVFTL), and Her-2/neu (KIFGSLAFL) were also
used. The Her-2/neu peptide containing HLA-A2 tetramer was used to assess non-specific
staining.

The following antibodies were used for staining: R-phycoerythrin (PE)-labeled anti CD8–
(clone3B5) (Caltag Laboratories, Invitrogen Corp.) PE anti–CD45RA (clone HI100) (BD
Biosciences), phycoerythrin-cyanine5 (PE-Cy5)-labeled anti-CXCR3 (clone 1C6/CXCR3)
and anti-CD137 (clone 4B4-1) (BD Biosciences), phycoerythrin-cyanine7 (PE-Cy7)-labeled
anti-CCR7 (clone 3D12) (BD Biosciences) and anti-CD39 (clone eBioA1) (eBioscience),
fluroscein isothiocyanate (FITC)-conjugated anti-CD44 (cloneG44-26) and anti-CD28 (clone
CD28.2), allophycocyanin-Alexa Fluor 750 (APC-Al.Fl.750)-labeled anti-CD62L (clone
Dreg-56) (Caltag Laboratoires, Invitrogen Corp.). pacific blue-conjugated anti-CD8 (clone
RPA-T8)(BD Biosciences). Relevant isotype- and fluorochrome-matched control antibodies,
were also used for these studies.

The washed PBMC (1×106 cells/tube) were stained with APC-tetramers (1:500 dilution) and
anti-CD8-PE (Caltag Laboratoires) (1: 20 dilution) and other mAbs in 200 μl final volume of
FACS buffer (PBS with 1% BSA and 0.1% sodium azide). Cells were incubated for 30 min in
the dark at 4 °C, then washed twice in FACS buffer, fixed with 2% paraformaldehyde,
resuspended in FACS buffer and analyzed on FACS Calibur or LSRII (Becton Dickinson). A
minimum of 150,000 lymphocytes were analyzed.

Flow cytometry analysis
In preliminary studies (see supplemental Figure 1) we established the specificity of staining
with the tetramers. Three approaches were used. First, we compared staining with diabetes
specific and a negative tetramer with staining with diabetes tetramers with tetramers with a
tetramer with an irrelevant peptide (Hep C)(Supplemental Figure 1A). Second, we co-stained
with PE conjugated tetramers with viral (i.e. EBV) peptides and APC-conjugated tetramers
with diabetes peptides and determined whether any of the tetramer+ subpopulations overlapped
(indicating non-specific binding) or were separate. Co-staining with tetramers in different
fluorochromes identified separate subpopulations of CD8+ T cells (Supplemental Figure 1B),
suggesting that the diabetes and viral tetramers recognized different subpopulations of CD8+
T cells and that non-specifically stained cells, identified with both tetramers, were not detected.
Third, the thresholds used to designate “positive staining” with the tetramers were derived from
the results from staining CD8+ T cells from HLA-A2− normal healthy blood donors (n=12 for
frozen and n=10 for fresh samples) (Supplemental Table 1). The average percent staining of
CD8+ T cells (minus staining with a negative tetramer) + 3SD was set as the threshold for
positive staining in HLA-A2+ subjects. These mean, SD, and thresholds are shown in
Supplemental Table 1.
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Statistical analysis
A Chi-squared or Fisher’s exact test was used for categorical analyses and t-test and Mann-
Whitney tests were used for comparison of continuous variables in the case of normally and
non-normally distributed data respectively. The phenotype of tetramer+ cells was analyzed by
comparing the frequency of the phenotype of cells from subjects who were either untreated or
before treatment with anti-CD3 mAb to cells from subjects after treatment with anti-CD3 mAb
by ANOVA. The analyses were two-tailed and the statistical significance was declared at
p<0.05.

Results
Identification of diabetes-peptide specific CD8+ T cells with Class I MHC tetramers

We used a panel of 6 Class I MHC tetramers to enumerate antigen specific T cells in patients
with T1DM up to 1 year after diagnosis, and in blood donors. The threshold for positive
staining, obtained from tetramer staining of HLA-A2− samples, was applied when samples
from HLA-A2+ patients and blood donors were studied with the tetramers.

There was a significantly greater proportion of individuals with T1DM with positive staining
with tetramers in comparison with healthy donors when either fresh or frozen cells were used
for analysis (Figure 1, Table 2). With frozen cells, 45% of patients with T1DM were positive
for 1 or more tetramers compared to 2/18 healthy control subjects (p<0.001). With freshly
isolated lymphocytes, 25/31 subjects who were studied within 1 year of diagnosis were positive
for at least 1 tetramer compared to 5/13 healthy control subjects (p=0.01). In patients with
T1DM, the highest proportion of subjects (61%) was positive for IGRP tetramer and the lowest
(6%) was positive for preproinsulin tetramer. The proportion positive for GAD65, InsA1,
InsA2, and Ins B tetramers were 22%, 14%, 21% and 8%. Of the positive tetramers in healthy
control subjects, 3 were with the GAD65 and 3 with the IGRP tetramer.

We compared the phenotype of the diabetes antigen specific CD8+ T cells to the phenotype
of CD8+ cells reactive to EBV antigens in patients with T1DM. We differentiated the CD8+
cells into functional phenotypes based on the basis of the expression of CD45RA and CCR7
into naïve (N)(CD45RA+CCR7+), central memory (CM) (CD45RA−CCR7+), effector
memory (EM)(CD45RA−CCR7−) or terminally differentiated effector memory cells (EMRA)
(CD45RA+CCR7−)[24,25]. Frozen cells were used for these analyses in order to minimize the
number of cells required for the studies. 59.2±3.9% and 38.4±3.68% of the diabetes tetramer
+ cells were of naïve and EMRA phenotypes respectively whereas 2.01±0.73% and 0.32
±0.16% of cells were effector and central memory cells respectively. In patients with T1DM,
the EBV reactive cells were more frequently terminally differentiated EMRA cells: 67.6%
were CD45RA+CCR7− (p=0.02) and only 24.2% were CD45RA+CCR7+ (Figure 2B). The
EBV reactive cells had a similar phenotype in patients with T1DM and normal control subjects
[26]. Even in the same individual, in which the EBV specific T cells were predominantly of
an EMRA phenotype, the diabetes-antigen specific T cells were CCR7+ and CD45RA+
suggesting a naïve phenotype (Figure 2A and B)(p<0.001).

Diabetes antigen specific CD8+ T cells increase in frequency after treatment with anti-CD3
mAb

Six of the study subjects were treated with anti-CD3 mAb, Teplizumab, for 14 days (5 subjects
were participants in NCT00385697). The lymphocyte counts, CD4+ and CD8+ T cells and
tetramer+ cells were studied before and after treatment. During the 14 d course of mAb
administration there was a decline and a recovery of circulating lymphocytes (Figure 3A). The
absolute lymphocyte count reached a nadir of 24.9±5.6% of the baseline value (day 6) but then
increased: by month 2–3 (6–10 weeks after the last dose of drug) the absolute lymphocyte
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count was 102±10.8% of the baseline value. There was a trend for a decrease ratio of CD4:CD8
+ T cells during the time of T cell recovery which reflected a slight increase in the number of
CD8+ T cells (from 0.56±0.11 × 109/L to 0.6±0.06 × 109/L at month 2–3) and a decrease in
the number of CD4+ cells (from 0.63±0.09 to 0.49±0.09 × 109/L) but the cell counts at these
two time points were not statistically different (p>0.5).

There was an increase in the frequency of GAD-reactive T cells as a percentage of the CD8+
T cells 2–3 months after treatment with the anti-CD3 mAb from 0.30±0.1% to 1.25±0.31%
(Figure 4A,B and 3B, p=0.03), and an increase in the proportion of InsB specific CD8+ T cells
from 0.11±0.04% to 0.48±0.18% (p<0.05). Small changes (not statistically significant) were
seen in InsA2 (from 0.058±0.03% to 0.19.±03%, PPI (0.74±0.27% to 0.90±0.40%), and IGRP
(0.53±0.42 to 0.52±0.25%) specific CD8+ T cells as well. The increase in the proportion of
InsB peptide-reactive cells did not appear to be due to the use of insulin by the patients since
the proportion of InsA1 reactive cells declined (by 0.082%) and the increase in the InsB reactive
T cells (0.3%) was significantly greater in the drug treated subjects than in untreated control
subjects (a decline of 0.4%) studied over the same time period (p=0.04). Before treatment, ½
of the patients showed positive staining for at least 1 tetramer whereas after treatment, all of
the drug treated subjects had positive staining for at least 1 tetramer (p=0.11). In 2 subjects,
initially negative for all 6 tetramers, there was positive staining for 4 tetramers after treatment.
There was no overall change in the proportion of subjects or number of tetramers with positive
staining in the untreated group studied at similar time points. The increased frequency of the
diabetes antigen specific T cells that had been seen at day 90 in the drug treated group declined
by day 182.

We also enumerated the number of EBV and Flu specific T cells in the drug treated patients
(n=4 and 2 respectively) (Figure 5). EBV-reactive T cells were detectable in 4 subjects. The
frequency of these cells increased in 2/4 drug treated subjects although the change in the
frequency of the EBV reactive cells was not statistically significant (average increase at peak
= 1.04%, p=0.14). After day 91, the frequency of the EBV-specific CD8+ T cells decreased in
both patients (at day 182 and 210) (Figure 5). At the time points for sampling (screening, day
28, day 140, and day 210) the EBV viral loads did not increase and subjects did not report a
mono-like illness. However, in the two subjects in whom the frequency of the EBV specific T
cells increased, the titer of anti-EBV IgG increased as well (Figure 5). The frequency of EBV
reactive T cells in the untreated subjects did not change significantly over the same time period
(data not shown). The frequency of Flu specific T cells was similar at baseline and at day 91
in the 2 drug treated subjects in whom these cells could be detected (Figure 4B).

Changes in the phenotype of diabetes antigen specific T cells with drug treatment
We compared the phenotype of the tetramer+ T cells from patients before and after treatment
with anti-CD3 mAb (Figure 2A, C and D). Three months after treatment with anti-CD3 mAb,
the frequency of diabetes-antigen specific EMRA, EM, and CM CD8+ T cells increased
whereas the frequency of naïve cells (CD45RA+CCR7+) decreased (Figure 2C and D,
p<0.001). The percentage of diabetes-specific tetramer+ T cells expressing CCR7 decreased
from 66.1±20% (pretreatment) to 39.1±10% (post-treatment)(p<0.01), while those that
expressed CD45RA decreased from 97.6±4% (pretreatment) to 67.2±15% (post-treatment)
(p<0.01). The proportion of tetramer+ cells that expressed CD62L and CD44 decreased after
treatment (39.13±10% vs. 66.1±20%, p<0.05 and 67.3±5% vs. 94.7±7%, p<0.01, respectively)
compared to before treatment. The other surface markers (such as CXCR3) did not change
significantly after treatment (not shown).
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Discussion
We have studied antigen specific CD8+ T cells with Class I MHC tetramers in patients with
T1DM, and followed the changes in these cells after treatment with anti-CD3 mAb. We were
able to identify CD8+ T cells specific for 6 diabetes antigens in freshly isolated or frozen PBMC
from patients without the need for expansion in vitro. The frequency of diabetes-tetramer+ T
cells is greater in patients than in blood donors.

We found staining for at least one diabetes-tetramer in 76% and 80% of freshly isolated and
frozen samples from patients with T1DM and 36% and 30% of fresh or frozen samples had
two or more tetramer positive results. In a similar manner, only 1/13 freshly isolated samples
and 0/18 frozen samples from blood donors showed positive staining with more than 1 tetramer.
In other bioassays in T1DM, criteria used to designate “positive” responses have relied on the
number of positive responses to different autoantigens rather than the magnitude of the
response to any particular antigen [12,27]. The 6 tetramers used in our analysis did not identify
all patients with diabetes and this might indicate that other β-cell antigens are important for an
all-inclusive T1DM profile, suggested by the recent identification of a new β-cell antigen
(ZnT8) [28].

When patients were treated with anti-CD3 mAbs, the proportion of the GAD and InsB specific
CD8+ cells increased significantly even though there was not a significant change in the overall
number of CD8+ T cells. There was a trend for an increase in the number of positive tetramers
found in subjects that did not reach statistical significance. The data therefore is consistent with
expansion of preexisting antigen specific cells, although studies with additional patients treated
with anti-CD3 mAb may identify positive staining with new specificities. It is unlikely that the
changes we observed with anti-CD3 mAb treatment reflect changes of the antigen specific T
cells that occur during the natural history of the disease since, similar to other studies of antigen
specific CD8+ T cells in patients with T1DM, we did not find an increase in tetramer+ cells
with time after the diagnosis of diabetes (data not shown). The increase in the diabetes antigen
specific T cells also did not appear to reflect a non-specific stimulation of CD8+ cells: The
changes we found overall in CD8+ T cells were modest and the proportion of Flu reactive CD8
+ T cells did not change over the same time period, but we cannot exclude homeostatic
proliferation of autoreactive cells possibly occurring after margination of T cells or even
elimination of a small proportion of these cells. We did find an increase in EBV reactive T
cells in 2/4 subjects in whom these cells were detected before treatment but the changes in
frequency of these cells were not statistically significant. EBV is a latent virus that may show
reactivation with immune suppression or disorders associated with immune dysregulation
[29,30]. The change in the frequency of these cells following treatment with anti-CD3 mAb
therefore likely reflects a cellular response to a subclinical reactivation of EBV since the titers
of anti-EBV reactive antibodies also increased during this time in the 2 subjects in whom the
tetramer+ cells increased. However, the viral loads did not increase and mono-like symptoms
were not seen. These findings suggest that any effects of the anti-CD3 mAb to induce immune
suppression are transient since a brisk anti-viral response was mounted. However, these
analyses entail a very small number of subjects: further studies on a larger group of subjects
will be needed to clarify the changes in anti-viral responses following anti-CD3 mAb treatment.
Nonetheless, the mechanisms underlying these changes in the viral antigen specific cells may
be different from those related to the changes in diabetes antigen specific T cells since the latter
antigens are not changing.

A surprisingly high proportion of the diabetes antigen specific T cells had a naïve-like
phenotype (CCR7+CD45RAhiCD62L+) before treatment. One possible explanation for this
finding is a selective sequestration of effector cells in the pancreas. Similarly, a recent study
reported a high expression of CCR7 and CD45RA expressing cells overall in the CD8+ T cell
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population in patients with T1DM [31]. In another recent report by Monti et al, pentamer+
cells were detected in patients and control subjects with equal frequency among the CD45RO
− population but in higher proportion among patients when the analysis was restricted to the
CD45RO+ subpopulation suggesting that in patients [32]. We did not specifically analyze the
tetramer+ cells on the basis of CD45RO expression, but the phenotype of the diabetes antigen-
specific T cells differed from EBV reactive T cells from the same individual, which showed a
EMRA phenotype. Analyses of the antigen specific CD8+ T cell response to viral antigens
(vaccinia virus) have shown the loss of CCR7 expression during the transition from naïve to
effector to memory cells, but CCR7 expression was bimodal among the memory CD8+ T cell
pool[33]. Likewise, CD45RA may be reexpressed on memory T cells. Therefore, we cannot
be certain whether our findings of the phenotype of antigen specific T cells represent a truly
naïve subpopulation or a long lived subpopulation of CD8+ T cells. Further studies in which
the phenotype of cells in the tetramer+ healthy control subjects and patients with T1DM will
be needed to determine whether these antigen specific subpopulations differ among subjects
and to compare our results with those previously published. Nonetheless, the difference in the
phenotype among viral and diabetes-antigen specific T cells suggests that activation of these
separate populations of antigen specific cells differs, possibly resulting from exposure to less
available self antigen and/or lower avidity for those antigens compared to viral epitopes during
infection. This hypothesis is supported by the work of Betts el al., which showed heterogeneity
of viral antigen specific CD8+ T cell clonotypes depending on the antigen concentration and
the TCR avidity for the MHC/antigen complex (low antigen levels determining CD8 T cells
only to elaborate cytolytic function)[34]. After treatment with anti-CD3 mAb, a greater
proportion of the cells reactive with the diabetes antigens displayed markers of EMRA+ and
effector cells, similar to the viral antigen reactive CD8+ T cells. This change in phenotype is
consistent with the effects of the mAb on activation of CD8+ T cells that we have previously
reported [35,36].

The functional consequences of the activated and expanded CD8+ T cells remain unknown.
In previous studies, we found an increased proportion of CD8+ T cells after anti-CD3 mAb
treatment in subjects who showed a clinical response to the drug in terms of a reduced rate of
decline of C-peptide over time [16,17]. We have previously reported that when activated by
anti-CD3 mAb, some CD8+ T cells acquire regulatory function [36]. Further functional studies
of the antigen specific T cells before and after treatment will be needed to address this question.

In summary, we have found that diabetes-antigen specific CD8+ T cells can be found ex vivo
in the peripheral blood of patients with T1DM. Our data indicates that the mechanism of action
the anti-CD3 mAb does not simply reflect elimination of T cells in a manner similar to agents
such as anti-CD52 mAb since the proportion of certain antigen specific CD8+ T cells increases
after treatment with anti-CD3 mAb [37]. The functional phenotype of these cells is modulated
after anti-CD3 mAb treatment but functional analyses of the antigen specific cells will require
further studies with expanded cells.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Identification of antigen specific CD8+ T cells with Class I MHC tetramers
The representative staining of fresh cells from a representative patient with T1DM and a blood
donor (both HLA-A2+) are shown. The X axis shows staining with anti-CD8 mAb and the Y
axis represents staining with tetramer. Electronic gates were placed around lymphocytes on
the basis of forward and side scatter and around CD8+ cells. The numbers in each contour plot
represents the percentage of CD8+ T cells that are tetramer+ minus the background staining
with the negative tetramer (% negative tetramer: 0.06% [T1DM] and 0.03% [Blood donor],
respectively). Bolded numbers represent positive staining (above threshold for positivity from
staining of HLA-A2− control subjects (see Supplemental Table 1)).
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Figure 2. Phenotype of tetramer+ cells
A: PBMC were stained with mAbs to CD8, CCR7, CD45RA, and the indicated tetramers.
Electronic gates were placed around the CD8+tetramer+ cells and the expression of CCR7 (X
axis) and CD45RA (Y axis) was analyzed. B: The functional phenotypes, on the basis of
expression of CCR7 and CD45RA are shown for diabetes antigen specific CD8+ T cells (DT)
and EBV specific T cells (EBV) from patients with T1DM. There was a significant difference
in the distribution of phenotypes among the DT+ vs EBV+ T cells (p<0.001). EMRA:
terminally differentiated effector memory RA+; N: naïve-like; EM: effector memory; CM:
central memory; C: The expression of CCR7 and CD45RA among diabetes antigen specific T
cells after treatment with anti-CD3 mAb is shown. D: The frequency of phenotypes of CD8
+diabetes tetramer+ T cells before and after treatment with anti-CD3 mAb are shown. There
was a significant change in the distribution of phenotypes after treatment (p<0.001).
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Figure 3. Changes in the numbers of lymphocytes during and following treatment with Teplizumab
A: The absolute lymphocyte (ALC) (n=6), CD4, CD8 (L axis), cell counts, and CD4:CD8
ratios (R axis)(n=6) were calculated for subjects receiving Teplizumab for 14 days. B. The
absolute numbers of tetramer+ cells are shown.
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Figure 4. Changes in diabetes antigen specific CD8+ T cells with treatment with Teplizumab
A Representative staining for CD8 and tetramers from a single participant is shown before (day
0) and 3 months after (day 90) treatment with Teplizumab. The numbers refer to the percentage
tetramer+ of the CD8+ T cells. Bolded numbers are considered positive staining based on
threshold values shown in Supplemental Figure 1. B: Changes in the frequency of diabetes
antigen specific T cells in individual patients treated with Teplizumab and untreated patients
with T1DM. (tetramers: InsA1 ▼;, InsA2 ▲, Ins B ■ PPI ◆ GAD ● IGRP □, Flu ○).
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Figure 5. Changes in EBV reactive T cells and anti-EBV immunoglobulins after treatment with
Teplizumab
The changes in EBV reactive CD8+ T cells were monitored in parallel with the diabetes-antigen
specific T cells. The EBV IgG and IgM titers were measured at the indicated study days (the
mAb was given from days 0–14).
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Table 1

Peptides used to prepare Class I MHC tetramers

Name Sequence Reference

Insulin A chain 1-10 (InsA1) GIVEQCCTSI [38]

Insulin A chain 12-20 (InsA2) SLYQLENYC [39]

Insulin B chain 10-18 (InsB) HLVEALYLV [40]

Preproinsulin 2-10 (PPI) ALWMRLLPL [41]

GAD65 114-123 (GAD) VMNILLQYVV [42]

IGRP 228-236 (IGRP) LNIDLLWSV [43]
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