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Summary
Treatment with anti-CD3 mAbs modulates immune responses that cause Type 1 diabetes and other
diseases. CD8+ Tregs can be induced in vitro and in vivo by the mAb. However, 1/3 of patients do
not respond to drug therapy and in an equal proportion, anti-CD3 mAb does not induce Tregs in
vitro. The acquisition of CD8+ Treg activity is a function of the CD8+ cells and not the targets in
the assay. To identify markers to differentiate responses of CD8+ Tregs, we analyzed genes
differentially expressed in CD8+ T cells of non-responders compared to responders, and found
that an inhibitory receptor NKG2A (CD159a) was highly expressed in cells from all non-
responders tested. An agonistic mAb to NKG2a during in vitro CD8+ Treg induction by anti-CD3
prevented induction of CD8+ Tregs. CD8+ T cells that are TNFR2+ but NKG2A− are the most
potent induced Tregs. The level of NKG2A expression on resting CD8+ T cells inversely
correlated with acquisition of regulatory function when activated. We suggest that induction of
human CD8+ Tregs by anti-CD3 mAb is controlled by a negative signaling through NKG2A, and
that NKG2A may serve as a negative marker of human CD8+ Tregs.
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Introduction
We previously reported that, in patients with recent-onset Type 1 diabetes mellitus (T1DM),
treated with Teplizumab, a humanized FcR-non-binding anti-CD3 mAb, clinical responders
to drug treatment (designated because of preservation of C-peptide responses to a mixed
meal) could be distinguished from non-responders by an increase in the ratio of CD8/CD4 T
cells in the peripheral blood [1, 2]. We were unable to distinguish immunologic and
metabolic responders on the basis of conventional markers such as autoantibody titers,
HLA-genotype, or age. Even baseline C-peptide responses, which had been shown to predict
responses in other immune therapy studies, were not significantly different between
individuals who did and did not have retention of C-peptide in response to Teplizumab
treatment. Predictors of this clinical response would be of value since drug administration
and potential adverse events could be avoided in individuals who are not likely to benefit
from drug treatment.

We have found that Teplizumab induces a subpopulation of CD8+ T cells with regulatory
function (iCD8 Tregs) in vivo and in vitro. These cells inhibit CD4+ proliferative responses
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to antigen and to superantigens such as staphylococcal enterotoxin B (SEB)[3, 4]. They
express CD25 and TNFR2, and they require TNF for development. We postulated that the
induction of these cells in vivo was related to clinical responses since we showed that drug
treatment induced Foxp3 on the CD8+ cells in vivo and CD8+ cells freshly isolated from
drug treated patients were able to inhibit proliferative responses of allogeneic cells to SEB
ex vivo[4, 5].

Consistent with our findings of clinical responses in drug treated patients, we were able to
induce iCD8+ Tregs in vitro by culturing PBMC with Teplizumab in about 2/3 of all
subjects, but not in all. The cellular or molecular basis for these individual differences were
not clear, and therefore, we sought to identify them in order to understand the mechanism of
the Treg induction by anti-CD3 mAb and to develop a means whereby individuals who are
likely (or unlikely) to respond to drug treatment could be identified. Herein we report that
the expression of NKG2A is a marker of non-responsiveness to anti-CD3 mAb. Ligation of
NKG2A modifies the induction of regulatory CD8+ T cells by Teplizumab. CD8+ and
CD8+CD25+ T cells from individuals with higher levels of expression of NKG2A fail to
acquire regulatory function whereas these cells from individuals with low levels of NKG2A
expression reliably become Tregs. We also show that TNFR2+NKG2a− CD8+ cells are
superior in inhibition of proliferation compared to other subsets.

Results
Individual differences in the induction of CD8+ Tregs with anti-CD3 mAb

We had previously found that the regulatory activity within CD8+ T cells taken from 5 day
cultures with Teplizumab primarily resided within the CD25+ subset [3, 4]. However, the
anti-CD3 mAb did not induce CD8+ Tregs in all individuals in vivo or in vitro. We therefore
analyzed the range of inhibitory function of CD8+CD25+, or CD8+ T cells from 40 and 38
individuals, respectively, using proliferation of CD8-depleted target cell to SEB (Figure
1A). The mean (±SEM) percent inhibition when CD8+CD25+ T cells were added was
42±4.0%, and when CD8+ cells were added was 28±3.4% consistent with our previous
observations that CD25 identifies a group of more potent regulatory cells[3]. Based on our
previous studies in patients, we considered individuals in the lower 33% of the distribution
as non-responders which established the designation of a “responder” for CD8+CD25+ cells
as > 28% inhibition (n=40) and > 17% inhibition (n=38) for total CD8+ cells [1, 2]. In each
subsequent experiment, the inhibition of target cells with anti-CD3 mAb cultured CD8+ or
CD8+CD25+ cells was compared to inhibition with CD8+ cells that had been cultured with
control Ig. None of the cultures with control CD8+ cells showed inhibition above the 33rd

percentile for anti-CD3 mAb treated cells. Figure 1B shows examples of suppression
CD8+CD25+ T cells from a responder (top panel) or non-responder (bottom panel).

The degree of inhibition by CD8+CD25+ T cells is a function of the Tregs and not the target
cells

The differences between the inhibitory effects that we observed could have been due to the
CD8+ cells or to the sensitivity of the target cells to inhibition. Since the iCD8+ Tregs are
able to inhibit autologous or allogeneic cells [4], we isolated CD8+ cells from responders
and non-responders and tested their ability to inhibit proliferative responses of target cells
from allogeneic non-responders or responders. Figure 2 shows two representative
experiments in which targets from a responder, activated with SEB, were inhibited by CD8+
T cells from a responder but not from a non-responder (Figure 2A), or in which targets from
both a responder and a non-responder were inhibited by CD8+ T cells from a responder
(Figure 2B). Thus, the designation of the individual as a responder or non-responder was a
function of the Tregs and not of the ability of the target cells to be inhibited.
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Differences in cell markers and gene expression in CD8+ Tregs from responders and non-
responders

We then focused on identifying differences between iCD8+ Tregs from responders and non-
responders. We first compared the expression of markers that were known to be expressed
on iCD8+ Tregs including CD25, CTLA-4, FoxP3, and TNFR2 by flow cytometry. As
shown in Figure 3A, expression of all four markers was similar in the responders and non-
responders.

We then performed 2 separate microarray analyses, with pooled RNA samples from 5
responders and 3 non-responders. From each subject tested, we sorted CD8+CD25+ and
CD8+CD25− cells after 5 day culture with anti-CD3 mAb, as well as CD8+ cells from the
same individual, cultured for 5 days in human IgG. We did not identify any genes that
showed a significantly greater expression in responders compared to non-responders.
However, in the non-responders, we found that one gene, KLRC1 was expressed at
significantly higher levels than in the responders (Table 1, p=0.004). We confirmed this
finding by qPCR. Again, the only gene that was consistently increased in both CD25+, the
CD25− subfraction, as well as the control Ig cultures of CD8+ T cells of the non-responders
was KLRC1 (Figure 3B).

In humans, KLRC1 exists in a long and short isoform which differ by 1 exon. We also
compared the expression of each isoform, and found that the expression of both was
increased in non-responders compared to responders (not shown). In all cases, the CT value
of the long isoform appeared to be about 3 cycles ahead of the CT value of the short
isoform. This suggests that the long isoform is about 5–10 fold more abundant than the short
isoform in all cells, and this ratio was similar in both responders and non-responders.

Expression of NKG2A on CD8+ T cells and its function in culture with anti-CD3 mAb
KLRC1 gene encodes for a C-type lectin NKG2A (CD159a) that forms a heterodimer with
CD94. We studied the kinetics and surface expression of NKG2A and CD94 on CD8+ T
cells cultured in control Ig and anti-CD3 mAb and correlated these findings with regulatory
function of CD8+ T cells. Figure 4A shows representative expression of NKG2A on 2
responders and 2 non-responders. Figure 4B shows that only a small proportion of resting
CD8+ T cells express NKG2A (day 0), but its expression was increased from 4.14±0.64% to
11.3±2.43% (n=16, p=0.01) in culture with Teplizumab compared to control Ig (Figure 4C).
Consistent with previous reports, NKG2A was co-expressed with CD94 (not shown) [6].

CD25 is up-regulated on CD8+ T cells isolated from cultures with Teplizumab compared to
control Ig but we did not find differences in the expression of CD25 on responders and non-
responders (Figure 3A). To determine the relationship between CD25 and NKG2A we
costained for both of these surface markers. Figure 4D shows that about half of the
CD25+CD8+ T cells co-express NKG2A after culture with anti-CD3 mAb.

The pairing of NKG2A and CD94 creates a functional inhibitory receptor. Our finding of
increased gene expression for NKG2A on CD8+ T cells from non-responders suggested that
engagement of NKG2A may result in inhibition of Treg induction by anti-CD3 mAb. To test
this, we added a cross-linking anti-NKG2A antibody [7] to cultures of PBMC with
Teplizumab and compared the proliferation and regulatory function of CD8+ T cells from
these cultures to those with Teplizumab and a control Ig. Consistent with our previous
findings, Teplizumab induced proliferation of CD8+ T cells in culture. However, adding the
agonistic anti-NKG2A mAb completely inhibited the proliferation of CD8+ T cells to anti-
CD3 mAb (Figure 5A). It also eliminated the regulatory function of the resulting CD8+ T
cells (Figures 5B and C) (p<0.05).
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Following activation with anti-CD3 mAb, CD8+ T cells show increased expression of
TNFR2 which serves as a marker of cells with a stronger inhibitory phenotype [4]. When
co-stained for NKG2a, the majority of NKG2a+ CD8+ T cells are also TNFR2+ (Figure
6A). We therefore compared subpopulations of CD8+ T cells, based on the expression of
TNFR2 and NKG2A for their relative potency as Tregs in suppression assays. Figure 6B
shows that sorted, NKG2A-negative cells have the most potent regulatory activity (p<0.003
by ANOVA).

Finally, we analyzed correlation between NKG2a expression and the ability of PBMC to
generate inhibitory CD8+ cells in response to Teplizumab. There was an inverse relationship
between the expression of NKG2A on resting CD8+ cells, and the degree of inhibitory
properties acquired by CD8+ cells after Teplizumab (Figure 7, p<0.02). In this analysis,
using the threshold of 17% inhibition as the designation as a “responder”, 5 out of 11 donors
shown on Figure 7 were responders, and six were non-responders. Thus, higher levels of
NKG2A on non-activated CD8+ cells were predictive of the non-responder phenotype
following culture with Teplizumab.

Discussion
CD8+ T cells acquire inhibitory phenotype when activated with anti-CD3 mAb in vivo and
in vitro [1, 3, 8]. We have postulated that the function of these cells may account for the
action of anti-CD3 mAb in patients with new-onset T1DM who are treated with
Teplizumab. However, CD8+ Tregs are not induced in all individuals and the basis for the
individual differences had not been clear from earlier investigations. Our previous attempts
to identify markers that could be used to distinguish clinical responders to the drug had
largely been unsuccessful except for the finding that there was an increased number of
CD8+ T cells in the peripheral blood of responders. The mAb (Teplizumab) is non-FcR
binding and consistent with this, we have not found differences in FcRγ II or III genotypes
among clinical responders or non-responders to drug (unpublished). In the present studies, in
which we evaluated differences in the induction of regulatory cells in vitro, we first
determined that the basis for individual variation in response to anti-CD3 mAb was a
property of the CD8+ T cells and not the target cells. The markers that we had previously
associated with the induced CD8+ Tregs, including CD25, CTLA-4, TNFR2, as well as
Foxp3 were unable to differentiate responders and non-responders in our functional assay.
By analyzing the differences in gene expression we found higher expression of NKG2A
(KLRC1) on CD8+CD25+ T cells from non-responders compared to the responders. As
shown in Figure 3B, while gene expression and total protein expression did not differ
significantly between cells that had been cultured in anti-CD3 mAb and control Ig the
expression of cell surface NKG2A, detected by flow cytometry was increased with culture
in anti-CD3 mAb. An agonistic anti-NKG2A mAb, added at the initiation of cultures, could
inhibit CD8+ T cell proliferation and generation of regulatory phenotype. Furthermore, there
was an inverse relationship between the expression of NKG2A in the control Ig cultures and
the potency of the regulatory T cells that were induced with anti-CD3 mAb. We did not find,
however, a relationship between the surface expression of NKG2A and the potency of Tregs
after culture with anti-CD3 mAb. These findings and our kinetic studies suggest that
NKG2A expression and ligation may be most important during the early stages of induction
of the Tregs. Its expression peaks by 3 days in cultures with the anti-CD3 mAb, and ligation
during the induction phase prevented generation of Tregs.

There are a number of factors that may affect the cell surface expression of NKG2A and its
pairing with CD94. Therefore, the potential use of this marker to distinguish responsiveness
to the induction of T cells with inhibitory properties by anti-CD3 mAb relies on analysis of
the unstimulated cells. This information may be helpful for selecting potential subjects for
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treatment with anti-CD3 mAb and for avoiding treatment in subjects in whom the mAb is
not likely to exert an immunologic effect. A limitation of our studies for patient selection is
that our designation as a “responder” or “non-responder” was based on the distribution of
responses that we observed in the population rather than a clinical outcome. Further studies
are needed to identify the relationship between the expression of NKG2A and clinical
responses to Teplizumab treatment.

In addition, a limitation of our array studies is that they involved a relatively small number
of individuals. However, in each case, the expression level of NKG2A was compared to
non-selected CD8+ cells which minimized variability between the analyses. It is possible
that with an increased number of subjects we might have found significant differences in the
expression of additional molecules that did not achieve significance in our samples. The
contribution of other modulators is likely to be more subtle and may not therefore have the
same utility in screening potential recipients of the drug.

NKG2A (CD159a) is a C-type lectin most commonly found on natural killer (NK) cells and
on a small proportion of cytotoxic T lymphocytes [9, 10]. The molecule couples with
another C-type lectin CD94 forming a receptor which recognizes the non-polymorphic MHC
class Ib antigen HLA –E in humans and Qa-1 in mice [11, 12]. Once engaged, it induces an
immunoreceptor tyrosine-based inhibition motif (ITIM) that delivers an inhibitory signal
[13, 14], suggesting the molecule is an important regulator of NK and T cell function.
Although NKG2A is expressed on a small fraction of resting CD8+ cells, it is up-regulated,
upon activation, similarly to other activation markers such as CD25, TNFR2, and CD94, its
coupling partner (Figure 4). Accordingly, it is possible that the response of CD8+ T cells
may be affected by the activation state of the cells at the time that the mAb is administered.
Previously activated cells that express higher levels of NKG2A than resting cells appear to
be more resistant to development of Tregs. The molecule is also internalized and recycled.
Thus our findings of decreased expression of NKG2A on cells with more potent Treg
activity could reflect the recycling of the receptor[13]. However, our real-time PCR analyses
would argue against this interpretation.

While expressed on a relatively small proportion of CD8 T cells even during activation with
anti-CD3, engagement of this receptor completely blocks proliferation and Treg formation
in CD8+ population (Figure 5). One possibility is that the NKG2A+ cells are directly
responsible for the induction of Tregs possibly by production of cytokines such as TNF that
we have shown are required for induction of the cells [4]. In addition, it is possible that
many more CD8+ cells actually express NKG2a during the 5 days incubation with anti-
CD3, but down-regulate or internalized (recycle) the molecule. Finally, it is also possible
that our staining reveals only the cells that express the highest density of NKG2A, while
agonistic mAb is capable of signaling in all of them. Noteworthy, cross-linking NKG2A
with the agonistic mAb reduced the potency of inhibition in both responders and non-
responders (Figure 5C), although the effect was more substantial in responders.

Adaptive CD8+ Tregs have been described in a number of experimental and clinical settings
such as following infection with viruses and in response to mycobacteria[15–19]. The
mechanisms of their actions and induction have varied and include cell killing as well as
production of inhibitory factors such as CCL4[19]. CD8+ T cells have been shown to render
dendritic cells tolerogenic using the inhibitory receptors ILT3 and ILT4. In previous studies
we showed that iCD8+ Tregs induced with anti-CD3 mAb inhibited the proliferation of
CD4+ T cells but did not induce increased cell death. Our findings suggested that contact
dependent mechanisms were responsible but a role for soluble factors including TNF and
CCL4 were also suggested by the finding of significant blockade of inhibition when these
factors were neutralized [4]. Interestingly, Correale et al described CD8+ Tregs in patients
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with MS that were specific for myelin basic protein (MBP) and myelin oligodendrocyte
glycoprotein (MOG) that expressed NKG2A and killed their targets in an HLA-E restricted
manner[20]. The frequency of these cells decreased during exacerbations.

Our findings with human cells have been mirrored by studies in murine systems in which
immunization of mice with autoreactive T cells that express Qa-1 peptide complexes
prevented induction of EAE [21] by the absence of CD8+ Tregs in Qa-1 deficient mice.
More recently, disruption of interaction between NKG2A and Qa-1 by a point mutation or
by using anti NKG2A F(ab)2 resulted in protection of animals from EAE [22, 23]. In the
latter study, a F(ab′)2 anti-NKG2A mAb decreased EAE induced to MOG. These
observations are consistent with our findings of decreased function of iCD8+ Tregs with
increased signaling through NKG2A. This data also suggest a common mechanism may
control the induction of regulatory CD8+ T cells in mice and humans.

The basis for individual differences in the induction or function of CD8+ or even other T
regs under basal conditions or in response to immune therapies has not previously been
addressed. Clearly the complete loss of Foxp3, a transcriptional factor needed for the
generation of CD4+ Tregs leads to aggressive autoimmune disease in humans, and in mice
loss of CD28 also leads to the failure to generate naturally occurring Tregs[24–27]. Tellier et
al reported that genes linked to the MHC modulate differentiation of mature CD4+ Tregs
from their immature precursors in mice[28]. Barreto et al found that CTLA-4 and TGFβ
variants contributed to the heritable frequency of Tregs in families with SLE[29]. However,
mutations and deletions of these genes are rare and may not account for responses to
therapies. In addition to genetic modulators that affect the function or expression of
regulatory molecules, the effects of mAbs, such as anti-CD3 mAb, that signal T cells may be
affected by molecules that are expressed by T cells at the time that drug is administered,
even if the expression is transient. The immunologic state of the host cells may therefore
affect responses to immune therapies. Our new findings suggest that baseline expression of
NKG2A predicts the induction of CD8+ cells with regulatory function but it remains unclear
whether the baseline expression of this molecule is an inherited or acquired trait. [30]. We
carried out a limited study of genetic polymorphisms of NKG2A in patients but were unable
to identify clear differences between responders and non-responders (data not shown) [30].
Inflammatory mediators may increase NKG2A expression which might prevent induction of
Tregs by anti-CD3 mAb. The notion that inflammation blocks regulatory T cells has been
developed in other experimental settings[31].

Our findings may have relevance to understanding the effects of anti-CD3 mAb therapy and
for developing new ways of improving clinical responses. First, they suggest how T cell
responses are affected by mAb treatment and indicate factors that may modify those
responses. This information may help to identify individuals who are most likely to respond
to treatment and avoid administration in those who are not. In addition, blocking NKG2A by
a non-activating reagent may improve the efficacy of anti-CD3 mAb by preventing
inhibitory signals to CD8+ T cells and cause the successful induction of Tregs in these
individuals. Testing this hypothesis and its relevance to clinical responses will require
further studies.

Methods
Human samples

Buffy coats from healthy volunteers were obtained from the New York Blood Center (Long
Island City, NY), and peripheral blood mononuclear cells (PBMC) were isolated by Ficoll-
Hypaque gradient centrifugation (Ficoll-Paque PLUS, GE Healthcare, Uppsala, Sweden) All
protocols were approved by the Yale University Institutional Review Board.

Ablamunits et al. Page 6

Eur J Immunol. Author manuscript; available in PMC 2012 December 07.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Culture with anti-CD3 mAb and isolation of CD8+ regulatory T cells
Teplizumab (hOKT3γ1(Ala-Ala)) was obtained from MacroGenics, Inc (Rockville, MD)
[32]. PBMC were cultured in AIM-V medium (Invitrogen, Grand Island, NY) at 1×106/mL
with Teplizumab at 4 μg/ml or with normal human IgG (Sigma, St. Louis, MO). In certain
cultures, an agonist anti-NKG2A antibody (Clone 131411, R&D Systems, Minneapolis,
MN) was added at concentration 1 μg/mL [7]. For flow cytometry, cells were stained with
mAb against NKG2A (clone Z199.1, Beckman Coulter, Marseille, France); anti-human
CD8, CD25, CTLA-4, TNFR2, and Foxp3 were from BD Biosciences (San Jose, CA). Anti-
human CD94 mAb (clone DX22) was from eBioscience (San Diego, CA). On day 5 of
cultures, cells were collected and sorted either as total CD8+, or as CD25+ or CD25− cells
based on a threshold determined by staining with an isotype control mAbs using a
FACSAria cell sorter (BD Biosciences). Total CD8+ cells were sorted from cultures with
human IgG as negative controls since there was no detectable CD25 expression on these
CD8+ cells. Where indicated, CD8+ cells were sorted on the basis of TNFR2 and NKG2A
expression. The sorted cells were added to autologous or allogeneic PBMC that were
depleted of CD8+ cells using Dynabeads CD8 isolation kit (Invitrogen Dynal, Oslo,
Norway), and labeled with CFSE (Cell Trace Kit, Invitrogen)(here, designated as target
cells). The target cells and sorted CD8+ T cells (105 each) were incubated with SEB (1μg/
ml, Sigma, St. Louis, MO) in AIM-V medium for 72 hrs, after which the dilution of CFSE
was analyzed by FACS using the FlowJo software (TreeStar Inc, Ashland, OR), and
inhibition of proliferation was calculated as [1−(%divided with added cells/%divided
without added cells)] x100.

Gene array analysis
Some of the CD8+CD25+ and CD8+CD25− T cells sorted from cultures with Teplizumab
were used for gene expression studies. Total RNA was prepared using the RNeasy mini kit
(Qiagen, Valencia, CA), and further processed with the “Illumina TotalPrep” RNA
Amplification Kit (Ambion Inc., Austin, TX). Two μg of cRNA was placed in 11μl
ultrapure water and was hybridized onto Illumina HumanWG-6 v2 Expression BeadChip
arrays (Illumina, Inc., San Diego, CA). Data were imported into the BeadStudio and
analyzed using the GeneSpring GX software package (Agilent Technologies, Stamford, CT).

To statistically compare and identify genes with significant changes between two or more
groups in the study, we used either Student’s t-test (p < 0.01) or one-way ANOVA,
respectively. To address the possibility that changes in expression could occur by chance,
we applied a Benjamini and Hochberg multiple testing correction calculation, which
controls the false discovery rate, and is set at < 0.01.

Quantitative PCR
In order to verify by qPCR whether any of the genes differentially expressed on microarrays,
were increased or decreased in responders or non-responders to anti-CD3 mAb culture, we
designed primers for about 120 human genes including KLRC1, GZMB, CD25, IFNG,
CD44, TBET, FOXP3, and others. Aliquots of ~1μg cRNA each from the original 24
samples used in the two array experiments were subjected to reverse transcriptase reactions
using Superscript II (Invitrogen) and hexamers-dT, to prepare cDNA. For the KLRC1
QPCR reaction, we used primers KLRQF1 = ACAGTCAAACCCATGGAGACAGAA and
KLRQR1 = ATTCGCAGAGTTACAACCATCACC, amplifying a 156bp fragment in the
UTR of the gene[10, 33]. QPCR reactions were performed in 96-well PCR plates, at 10ul
final volumes, using 1:40,000 dilution of SYBR Green I (Invitrogen) and 1U Taq
polymerase, 0.2μM each primer; 200μM each dNTP, and 1μl cDNA (~1/100 of the cDNA
syntesized from the ~1μg cRNA in the RT reaction). Cycling conditions were 94°C/20sec;
60°C/10sec; 70°C/30sec, x40 cycles. Since there are two major isoforms from this gene, one
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long, with 7 exons, the other short, with 6 exons (lacking exon #4), we made PCR primers to
detect each of these isoforms. Primers forward KLR7F =
CATTGTTGGGATCCTGGGAATTAT and reverse KLR7R =
GGGAAGAATTGTTGTGCCTCTGTA amplify a 103bp fragment only from the isoform
with all 7 exons, since the reverse primer is located inside the spliceable exon 4, that the
short isoform lacks. Forward primer KLR6F =
GGTAACGATAGTTGTTATTCCCTCACGTCATT, and reverse primer KLR67R =
TGTGGTAACGATAGTTGTTATTCCCT amplify a 203bp fragment only from the short
isoform, since the forward primer spans junction of exons 3/5.

Statistical analysis was performed using GraphPad Prizm® Version 5 software (GraphPad
Software Inc., San Diego, CA). One way analysis of variance (ANOVA) was used with
P<0.05 considered significant. Where indicated, paired t test was used. Linear regression
analysis was used to evaluate correlation.
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Figure 1. Inhibition of PBMC by CD8+ and CD8+CD25+ T cells from responders and non-
responders to Teplizumab
(A): CD8+CD25+ (, n=40) or total CD8+ (, n=38) T cells were sorted after culture with
Teplizumab for 5 days and equal numbers of cells were added to cultures of autologous
CD8-depleted PBMC that were activated with SEB. The percent inhibition of proliferation
was calculated as described in Materials and Methods. Individuals whose cells were in the
lowest 1/3 of inhibition (open symbols) were considered non-responders (<28 and <17% for
CD8+CD25+ and total CD8+ cells, respectively (*P<0.001 by one way ANOVA with
Bonferroni’s post-test). (B): Representative suppression assays with autologous
CD8+CD25+ T cells from cultures with Teplizumab from a “responder” (top panels) and a
“non-responder” (lower panels). Proliferation of CFSE labeled CD8-depleted PBMC are
shown after 3 days in culture with SEB alone (L column), with SEB+Teplizumab activated
CD8’s (middle column), or SEB+CD8’s cultured with control IgG (R column). Equal
numbers of CD8+ cells from cultures with control Ig and Teplizumab were added to the
responder cells (each 105). The numbers in the panels indicate the percent inhibition.
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Figure 2. A non-responder phenotype is a function of CD8+Tregs
(A) CFSE-dilution of target cells cultured with CD8+CD25+ T cells from a responder and
non-responder. Anti-CD3-activated CD8+ T cells from a responder inhibit proliferation of
target cells (CFSE-labeled, CD8-depleted PBMC) by 71.9%, but an equal number of anti-
CD3 mAb-activated CD8+ T cells from a non-responder inhibit proliferation of the same
targets by only 13.3%. CD8+ T cells from control Ig cultures showed 0% inhibition
(compared to cultures without added CD8+ cells). (B) CD8+ T cells from a responder
activated with Teplizumab inhibit target cells from both a responder and a non-responder.
Data from 2 of 3 representative experiments are shown. CD8+ cells from control Ig cultures
showed 14.5% and 14.8% inhibition respectively.
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Figure 3. FACS and qPCR analysis of CD8+ Tregs
(A) Expression of markers previously associated with Tregs on gated CD8+ T cells from
responders (Resp, n=6) and non-responders (Non-resp, n=6) by flow cytometry after 5 day
culture with Teplizumab. (B) Expression of NKG2A of both isoforms on CD8+ cells
measured by RT-PCRfrom responders (n=5) and non-responders (n=3) to Teplizumab. RNA
was extracted from sorted subpopulations of CD8+25+, CD25+25− T cells after activation
with anti-CD3, or following culture with control IgG. The expression of both long and short
isoforms were significantly different among the cell populations (*p<0.05, **p<0.01).
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Figure 4. Expression of CD94, CD25, and NKG2A on CD8+ T cells activated with anti-CD3 mAb
A: Staining for NKG2A is shown on CD8+ T cells from two “responders” and two “non-
responders”. (B): The expression of NKG2A and CD94 was measured on gated CD8+ T
cells during each day of culture with Teplizumab. The data shown are from one out of two
similar experiments. (C) Comparison of NKG2A expression on cells cultured in control Ig
or anti-CD3 mAb for 5 days. For control Ig: mean±SEM = 4.15±0.64, anti-CD3 mAb:
11.3±2.43 p=0.01).(C) CD25 and NKG2A staining of CD4+ (top 2 panels) and CD8+
(bottom 2 panels) cultured with control Ig (left 2 panes), or Teplizumab (right 2 panels) for 5
days.
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Figure 5. Effect of an agonistic mAb to NKG2A (1 μg/mL) on the generation of CD8+Tregs
(A) Crosslinking NKG2A by an agonistic mAb blocks proliferation of CD8+ T cells in
response to anti-CD3 (a representative experiment of 4). (B) CD8+ T cells were isolated
after 5 day cultures with Teplizumab or control Ig with or without an agonistic anti-NKG2A
mAb and added to autologous CD8-depleted PBMC activated with SEB Values show %
inhibition. (C) Pooled data from 4 experiments showing that anti-NKG2A reduced
inhibitory capacity of CD8+ cells to that of non-responders; *P=0.029 by paired t test..
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Figure 6. Comparison of regulatory properties of CD8+ T cells based on their expression of
TNFR2 and NKG2A
(A) PBMC from healthy donors were incubated with Teplizumab or control IgG for 5 days,
washed, and stained for CD8, TNFR2, and NKG2A to evaluate co-expression of NKG2a
and TNFR2 on CD8+ cells; (B) PBMC from healthy donors were incubated with
Teplizumab for 5 days, washed, stained for CD8, TNFR2, and NKG2A, and sorted.
Subpopulations of CD8+ cells were added to CFSE-labeled autologous target cells and
proliferation to SEB was assessed by FACS. Values indicate per cent of inhibition of
proliferation. Pooled data from 9 separate experiments are shown. (*p<0.05, by repeated
measures ANOVA).
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Figure 7. Association of NKG2A expression and the ability of CD8+ T cells to proliferate and to
acquire Treg function to Teplizumab
Relationship between the expression of NKG2A on CD8+CD25+ cells cultured in control
IgG and the % inhibition of the Teplizumab-activated CD8+ T cells in suppression assays
(r2=0.48, n=11; p=0.019). Dotted line indicates the threshold dividing responders from non-
responders as described in the Results.
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