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Infiltrating CTLs are bothered by HLA-E on tumors
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We recently described the upregulation of HLA-E in ovarian and cervical cancers. Instead of interacting with natural killer
cells, HLA-E appeared to inhibit intratumoral cytotoxic T lymphocytes (CTL) via the receptor CD94/NKG2A. Strikingly, the
survival benefit of intraepithelial infiltrating CTL was lost in those cancers with high HLA-E expression.

The interaction between cancer cells and
the immune system has been studied since
the 1890s." In the 20™ century, extensive
research revealed that the immune sys-
tem is actually capable of mounting an
immune response to tumors. In recent
years, focus shifted to the identification
of mechanisms responsible for the mag-
nitude and efficacy of antitumor immune
responses, such as FoxP3* regulatory T
lymphocytes (Treg), and downregula-
tion of classical Major Histocompatibility
Complex (MHC) class I molecules.? We
reported in the Proceedings of the National
Academy of Sciences that HLA-E is an
additional element greatly influencing the
ability of CD8" cytotoxic T lymphocytes
(CTL) to respond to cancer cells.?

HLA-E is a non-classical MHC class [
molecule, which can bind a very limited
variety of peptides, mainly derived from
signal sequences of classical MHC class
I peptides. HLA-E/peptide complexes
bind CD94, which forms heterodimers
with the inhibitory NKG2A or stimula-
tory NKG2C. CD94/NKG2 molecules
are predominantly expressed on natural
killer (NK) cells, but also on some acti-
vated CTL. The affinity of HLA-E for the
inhibiting CD94/NKG2A is about eight
times higher than for CD94/NKG2C.*
The effect of HLA-E on immune cells
is of great importance during the resolv-
ing stages of infections, to prevent exces-
sive tissue damage, and in trophoblast
invasion, to prevent rejection of the fetal
allograft.>

HLA-E had not been studied exten-
sively in large cohorts of cancer patients.

Therefore, we set out to determine the
expression of HLA-E in ovarian and cervi-
cal cancer, as well as its association with
clinical characteristics and interaction
with intracumoral CTL. By performing
immunohistochemical stainings on 150
cervical and 270 ovarian cancer samples
and healthy counterpart tissues, we found
that HLA-E is overexpressed in respec-
tively 89% and 83% of tumors. This
phenomenon was previously explained by
Malmberg et al. who found that cytokines
such as interferon-y can induce HLA-E
on ovarian cancer cell lines.

Interestingly, upregulation was not
associated with clinicopathological factors,
such as stage and grade, nor with survival.
However, we found strong positive asso-
ciations with components of the antigen
processing and presentation pathway and
classical MHC molecules, especially in
ovarian cancer. These results are consistent
with the fact that HLA-E binds peptides
derived from these classical molecules.

Since the receptors for HLA-E are
mainly expressed on NK cells, we deter-
mined whether these innate cells were
present in the tumors. Surprisingly, both
ovarian and cervical cancer contained
hardly any NKp46* NK cells, and NK
cell infiltration was not related to HLA-E.
Therefore, we hypothesized that HLA-E
in gynecological cancers is not expressed
to inhibit NK cells, but to hinder the
subset of CD94/NKG2 positive CTL.
We then determined the expression of
CD94, NKG2A and NKG2C on intatu-
moral CD4* and CD8* T lymphocytes via
flow cytometry analysis on fresh surgical
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samples. Importantly, tumor-infiltrating
CTL displayed CD94 and the inhibit
ing NKG2A chain, but not the activating
NKG2C chain. Moreover, the frequency
of CD94/NKG2A* CTL in tumor was
significantly higher than in blood from
age-matched healthy controls. CD4* T
cells were largely devoid of both HLA-E
interacting receptors.

To substantiate these results, we also
performed triple fluorescent staining for
CD3, CD94 and NKG2A on cryosections
and found that these markers are indeed
co-expressed. Even more interestingly,
CD94/NKG2A expression was predomi-
nantly present on CTL in tumor nests,
even though the majority of T cells resided
in tumor stroma (CD94/NKG2A on 6%
of stromal CTL vs. 48% of intratumoral
CTL) (Fig. 1). These results indicate that
(a) instead of NK cells, CTL are the likely
target of HLA-E, (b) especially intratu-
moral CTL are susceptible to being inhib-
ited by HLA-E.

This raises the question how CD94/
NKG2A is being expressed on CTL
and why this is so location dependent.
Previous work by others showed that cyto-
kines like interleukin-15 and transform-
ing growth factor 8 play a major role in
this phenomenon.® Together with HLA-E
expression being related to IFNYy, these
results underline the concept described in
recent literature,” considering an intratu-
moral inflammatory milieu (promoting
either tumor progression or inhibition) a
hallmark of cancer.

Since we previously found that CTL
infiltration is associated with improved
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this photograph.

Figure 1. Immunohistochemistry staining of cervical cancer shows the expression of CD94,
NKG2A and CD3 on intratumoral lymphocytes. The stroma tissue at the right side of the picture
gives an impression on the high degree of T cell infiltration (CD3 in blue) in cervical cancers. The
co-expression of CD94 and NKG2A is predominantly observed on intraepithelial T cells in tumor
nests, as can be seen at the left side of the picture. Dr. E. Jordanova is acknowledged for providing

survival in ovarian cancer,' we wondered
whether this would be affected by HLA-E
expression. After all, when CTL are inhib-
ited by HLA-E and CD94/NKG2A, they
are unable to exert antitumor effects,
thereby reducing the prognostic benefit of
CTL infiltration. To this end, we strati-
fied our cohort by HLA-E expression.
In patients with low HLA-E expression,
CTL infiltration still showed an associa-
tion with improved survival (hazard ratio
(HR) 0.53, 95% confidence interval (CI)
0.36-0.78, p = 0.001). On the contrary,
patients with high HLA-E expression did
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not benefit at all from CTL infiltration
(HR 0.97, 95% CI 0.77-1.22, p = 0.810).
This effect was not observed in cervical
cancers, where CTL were not predictive of
survival in the first place. However, cer-
vical cancers did contain over three times
as many CTL as ovarian cancer (median
95.3 + 221.6/mm?; ovarian cancer: 28.3 *
120/mm?; p < 0.001). This is most likely
due to the viral nature of cervical can-
cers. Since ovarian cancer might not be as
immunogenic, the impact of already low
numbers of CTL might be reduced below

a critical level more easily.
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In conclusion, HLA-E is frequently
upregulated in ovarian and cervical can-
cer. Instead of inhibiting NK cells, its role
is most likely inhibition of CTL. In ovar-
ian cancer, the presence of HLA-E is able
to neutralize the protective role of the rela-
tively scarce intratcumoral CTL.
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