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CANCER

Beware the algorithm

Spliced peptides present on tumor cells can help to mount an immune

response, but algorithms offer limited help in predicting which ones

actually exist and perform this role in vivo.
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he human immune system is a formidable

surveillance system that helps to keep

cancers in check. Killer T cells, for exam-
ple, can spot and deactivate tumors: more pre-
cisely, they can recognize short peptides which
are displayed on the surface of harmful cells by a
group of molecules called human leukocyte anti-
gens or HLA (Klein and Sato, 2000). Many varia-
tions of the HLA genes exist, each coding for a
slightly different molecule that can only bind to
a limited set of peptides. In turn, these peptides
are created inside target cells through a com-
plex protein degradation process supported by
a large enzyme known as the proteasome
(Rock et al., 2010). For killer T cells to specifi-
cally deactivate tumors, cancer cells should be
carrying at least one type of HLA molecule that
can bind to peptides produced exclusively or
primarily in these diseased cells. It is very rare,
however, to find a peptide that is only present
on tumors.

One way to overcome this obstacle is to focus
on the altered peptides produced by driver
mutations in genes that regulate cell growth,
and are therefore often changed in cancer

(Blankenstein et al., 2015). Algorithms could
help in that search. These computer-implement-
able instructions are developed using existing
data to ‘automatically’ predict the outcomes of
complex biological processes, such as which
peptides could be generated by the protein
degradation process. Yet algorithms are never
failsafe, and they can even be treacherous when
fed sketchy data. Now, in elLife, Gerald Willim-
sky, Peter Kloetzel and colleagues at the Charité
hospital in Berlin and various German institutions
report having experienced this the hard way
(Willimsky et al., 2021).

The team was hunting peptides that could
trigger or boost the activity of killer T cells
against tumors, seeking to exploit the KRAS®'2Y
and RAC27?°" driver mutations. But they found
that the peptides coded by the mutated genes
could not bind to HLA-A2, the most frequent
HLA variant in Caucasians. This led the research-
ers to turn to a published algorithm that pre-
dicted the production of ‘spliced peptides’ that
fit the HLA-A2 molecule (Mishto et al., 2019).

Peptide slicing is a fairly new and partly con-
troversial concept in immunology. It proposes
that the proteasome sometimes produces two
peptides which can fuse, resulting in a ‘spliced
peptide’ containing two fragments of the source
protein but lacking several amino acids in-
between (Vigneron et al.,, 2017). Solid data
show that a small number of these peptides are
actually produced in vitro, in isolated live cells,
and in vivo: according to some authors, up to
25% of all proteins that bind to HLA molecules
are thought to be spliced peptides — but this
value could be much lower (Liepe et al., 2016;
Mylonas et al., 2018). A small number of
spliced peptides have been shown to activate
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Figure 1. Algorithms poorly predict which spliced peptides can help the immune system recognize cancer cells.
Two proteins that often carry a mutation (red dot) that drives cancer (KRASC™?Y and RAC2°%?Y are chosen for
further exploration (A). An algorithm predicts multiple potential spliced peptides encompassing the mutations for
each protein (B). A second algorithm identifies a small number of putative spliced peptides predicted to bind to
HLA-A2 on the surface of target cells (C). In vitro, the proteasome does actually generate a predicted spliced
peptide carrying the mutation for RAC2 but not for KRAS (D). Exposing mice to the predicted spliced peptides
generates killer T cells that identify the peptides with high affinity (E). The T cell receptors that bind to the spliced
peptides are successfully transferred to human immune cells called lymphocytes (F). These ‘transformed’ cells
efficiently recognize tumor cells pulsed with the synthetic spliced peptides (G). However, different tumor cell lines
that express the mutant proteins (but are not artificially equipped with the spliced peptides) are not recognized by
the transformed human immune cells. This suggests that, despite the algorithm'’s prediction, these peptides are
not produced (or are not produced in large enough numbers) in actual cells (H).

specific killer cell responses in mouse models
(Hanada et al., 2004; Warren et al., 2006).

When Willimsky et al. used the algorithm to
predict which spliced peptides could match the
HLA-A2 allele, several sequences were returned
both for KRAS®™Y and RAC2"-.  This
prompted the team to embark on a series of in
vitro and in vivo experiments to check whether
these peptides could actually bind to HLA-A2.
And indeed, when mice that had been geneti-
cally modified to express human HLA-A2 were
exposed to the peptides, this led to the produc-
tion of killer T cells that could react to these
sequences. Willimsky et al. then genetically
modified certain human immune cells to express
specific T cell receptors, and these could spot
and kill HLA-A2-expressing cells that had been
pre-incubated with the relevant peptides. Both
mice and human killer cells were therefore per-
fectly able to respond to the mutant tumor
peptides.

However, further in vitro experiments showed
that proteasome digestions only produced the
RAC2?7" spliced peptide. More importantly,

highly sensitive killer T cells were unable to rec-
ognize and deactivate tumor cell lines that
expressed the mutant proteins, even when the
cells overexpressed pieces of the mutant pro-
teins containing the two fragments that fuse
together to form the spliced peptide. This
means that, in live cells, the splicing either did
not happen or it did not create enough peptide
to activate a response by the killer T cells
(Figure 1).

What can be learnt from what Willimsky et al.
certainly considered a setback? These results
could be dismissed simply as bad luck: after all,
the non-spliced peptides predicted by an algo-
rithm also are not fully foolproof. Even without
considering peptide splicing, the outcome of
protein degradation in cells is notoriously diffi-
cult to predict. In future research, it is certainly
sensible to test early on whether predicted
spliced peptides are actually produced in live
cells.

Nevertheless, it is likely that using algorithms
to predict spliced peptides production is still
premature. There is still a lack of high quality
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data which verify that these putative sequences
are indeed produced in vitro under physiologic
conditions, as well as in live cells. These studies
are sorely needed to improve future algorithms
and find new targets for cancer treatment.
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