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Class II-Restricted CD8s: New Lessons Violate Old Paradigms
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Abstract

CD8™ T cells that recognize peptides presented by MHC class 11 molecules have been observed in
a macaque SIV vaccine model. A new study by Ranasinghe et al. (2016) shows that virus-specific
class-11-restricted CD8* T cells can be found in some HIV-infected patients.

Antigen-specific CD8* T cells classically detect intracellular pathogens by TCR-mediated
recognition of short pathogen-derived peptides presented on the surface of infected cells by
MHC class la molecules (reviewed in Neefjes et al., 2011). CD8* T cells that recognize
peptides presented by MHC class Il molecules are not observed in most animal systems or in
humans at a high prevalence except under some artificial circumstances. Such CD8* T cells
have been reported in mice transgenic for a class I1-specific TCR or CD4-deficient mice
(Matechak et al., 1996) and in some murine models of transplantation (Hirosawa et al.,
2011). They have also been reported in humans to cross-recognize HLA class Il and HLA
class la in the setting of alloreactivity (Heemskerk et al., 2001; Rist et al., 2009). More
recently, they have been observed in Rhesus macaques immunized with recombinant rhesus
cytomegalovirus (RhCMV) strain 68-1/simian immunodeficiency virus (SIV) vectors as a
model for an HIV vaccine (Hansen et al., 2013b). This vaccine strategy is the most
efficacious thus far reported with over 50% of immunized animals able to stringently control
and ultimately clear a highly pathogenic SIV challenge (Hansen et al., 2013a; Hansen et al.,
2013b).

Given the extraordinary success of the recombinant RnCMV/SIV-vaccine approach, it was
of particular interest to determine whether MHC class Il-restricted CD8" T cells can be
found in natural human viral infections, particularly for HIV. In this issue, Ranasinghe et al.
set out to determine whether HIV-specific, HLA class-11-restricted CD8* T cell responses
can be found in HIV-1-infected persons exhibiting naturally occurring control of virus
replication without antiretroviral therapy, known as HIV controllers (Ranasinghe et al.,
2016). To do this, they screened the blood of 101 HIV controllers and found 3 such
examples. HLA class-11-restricted CD8* T cells were found at a particularly high frequency
in one individual, occurring in up to 12% of circulating CD8* T cells. These were
enumerated by both functional assays and MHC class Il tetramer staining, indicating they
are specific for HIV and restricted by MHC class Il. This is surprising given such responses
to our knowledge haven’t been found in the past in humans, suggesting that if they were to
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be found they would likely be present at a low frequency. The mapped epitope targeted by
this response did not significantly overlap with epitopes targeted by other detectable class la-
restricted CD8* T cell responses in the same patient (Ranasinghe et al., 2016), indicating
that the response was not due to class-la-restricted cells that can cross-recognize in the class
Il context. Although present in a small minority of patients, these data show that
unconventional HLA class Il-restricted CD8* T cells can be found in a human chronic viral
infection.

The RhCMV/SIV vector model is yielding some important clues regarding how HLA class
I1-restricted CD8" T cells might be induced during a viral infection. The efficacy of this
approach is associated with immunization with specific vectors lacking the Rh157.4-.6/

UL 128-131 genes (Hansen et al., 2013b). The CD8* T cell response induced by these
vectors is characterized by a lack of cells targeting MHC-la-restricted canonical epitopes.
Instead they target a distinct set of highly diverse epitopes, including promiscuous
“supertopes.” The response is extraordinarily broad, approximately three times greater than
responses associated with SIV infection or conventional vaccination, and predominantly
presented by MHC class 11 (63% of epitopes) and MHC-E (Hansen et al., 2016). Further
examination revealed that individual MHC-11 gene products could present multiple peptides
and individual peptides could frequently be presented by multiple MHC-I1 gene products
including those not carried by a given animal (Hansen et al., 2013b). Primate CMV gene
expression appears to be responsible for these features, with canonical responses specifically
suppressed by expression of the included RA189/U511 gene and the promiscuous MHC-I
and MHC-Il-restricted CD8" T cell responses occurring only in the absence of the

UL 128-131 genes (Hansen et al., 2013b).

How well this vaccination approach will translate to humans remains uncertain given
questions regarding the mechanisms by which these unconventional responses arise in
rhesus macaques, whether they would arise in humans, and whether they would be required
for high-level control of HIV in humans. In the RhNCMV/SIV model, CD8" T cells specific
for class 11-presented peptides occur at a high prevalence, suggesting this is not the rare
product of MHC-II cross-reactivity of an antigen-specific TCR selected on MHC-I
molecules in the thymus, as has been suggested in cases of allo-reactivity in humans
(Heemskerk et al., 2001). As suggested by Hansen et al., the ARA157.4-.6/UL128-131
RhCMV vectors, by modulation of vector cell tropism and the priming microenvironment,
might bypass mechanisms that normally constrain the response in favor of conventionally
targeted epitopes (Hansen et al., 2013b). Nonetheless, the rapid nature of this response and
its breadth in adult macaques suggest that naive cells capable of this atypical recognition
routinely exist in the periphery after thymic selection in macaques. Given that these cells are
CD4~CD8*, they do not require the CD4 co-receptor for recognition and might not have
required it for thymic selection or maturation. In mice transgenic for a class I1-specific TCR,
the majority of mature naive T cells are CD4* T cells although a minor population express
this TCR with CD8 (Matechak et al., 1996). It is possible that such a population exists in
Rhesus macaques and is then expanded during infection with the UL 128-131-deficient
RhCMV vectors.
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Although the CD8* T cells described by Ranasinghe et al. were class |1 restricted, there are a
few important differences between their findings and those reported in the RhCMV/SIV
recombinant model. First, the responses were observed in a small fraction of patients and the
cells had characteristics that suggest that they survived thymic selection through unique
events rather than a more generalized pattern of selection. A single TCR V beta clonotype
was expanded in the HLA class Il-restricted CD8* T cells of all three subjects; however,
alpha TCR analysis revealed co-expression of two different alpha chains within the same
CDS8™ T cell, consistent with incomplete allelic exclusion (Ranasinghe et al., 2016). The
authors speculate that the TRAV26-TRBV2 pair might have been responsible for positive
selection of this clone in the thymus, which was followed by peripheral expansion via its
TRAV6 TCR specificity that was able to bind DR11-Gag41 in the setting of subsequent HIV
infection (Figure 1). However, it should be noted that CD8* T cells specific for class I1-
presented peptides can infrequently be found in controller macaques (Hansen et al., 2016),
similar in prevalence to those described by Ranasinghe et al. It is possible that low
prevalence responses wherein cells are class | selected and then expanded by a class 11
presented peptide, and the high prevalence responses observed in the RNCMV/SIV setting,
represent two separate pathways to the generation of these cells. The second feature that
differentiates the re sponses observed in Ranasinghe et al. is that the class Il restriction was
more typical of a class Il-restricted response and lacked the ability to recognize a given
peptide bound to multiple class 11 molecules or the level of promiscuity observed in the
RhCMV/SIV system (Hansen et al., 2013b).

Although MHC restricted recognition by T cells is a field that is over 40 years old, the
findings in Ranasinghe et al. and Hansen et al. underscore that there is still plenty to learn.
Constructs similar to the RANCMV/SIV vectors described above are being prepared in human
CMV expressing HIV gene products for use in clinical trials. Certainly this approach merits
testing and the results are highly anticipated. Beyond learning the immunogenicity of this
approach in humans, we will likely learn to what degree the class I1-specific CD8" T cell
responses observed in the Rhesus system extend to humans. In addition, we will learn a
considerable amount of basic immunology regarding the comparative differences between
Rhesus and human MHC and the factors that govern selection, maturation, and expansion of
virus-specific T cells. A better understanding of how the generation of class Il-specific
CD8™* T cells can be modulated potentially has important implications for vaccines or
immunotherapies that may extend beyond viral infection to the fields of transplantation or
cancer.
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Figure 1. Proposed M echanisms of CD8" T Cell Recognition of MHC-Presented Peptides
Classically, T cells recognize MHC-presented peptides in the context of class | with the aid

of the CD8 co-receptor or class Il with the aid of the CD4 co-receptor. In the RhnCMV-SIV
vaccine model, large frequencies of CD8" T cells that break this paradigm recognize a
diverse set of peptides presented in the binding groove of MHC class Il proteins, which do
not overlap with MHC-I-restricted canonical epitopes (Hansen et al., 2013b). Recognition by
the T cell is not thought to involve binding by the CD8 co-receptor. Ranasinghe et al.
describe CD8" T cells with a single TCR V beta clonotype and 2 alpha chains, in which 1
alpha-beta chain pair (blue TCR) might be responsible for MHC-I-peptide binding during
thymic selection and survival, and an alternative pair (blue and pink TCR) that preferentially
recognizes peptides in the context of MHC-I11 proteins that might be expanded during
subsequent HIV infection. pMHC, peptide MHC; TCR, T cell receptor; APC, antigen-

presenting cell.
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