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Epitope Landscape in Breast and Colorectal Cancer

t

Neil l-l. Segal,” 1). Williams Parsons," Karl S. l’cggsf'j Victor ‘t’eleutescu;l
Ken w. Kinner,‘ Bert Vogetstein." and James P. Allison“

'Iicpnrlmcul of Medicine. "I.ud\\'tg ('I'nlcr I'or (iancer llittiittttotlu'rnl
t'cuter. New York. New ‘i'ork'. und '|.u(l\\'ig (‘enlel' i'oI' ('anl‘cr ticnclit.
'I'lle Inluts Hopkins Kilnrncl ['alu'ct' Center. littllilnort‘. Maryland

  

Abstract

The finding that individual cancers contain many mutant.

genes not present in normal tissues has prompted consider—
able. interest in the cancer epitope landscape. To further

understand such effects, we applied in silica—based epilope

prediction algorithms and high throughput post hoc analysis
to identify candidate tumor antigens. Analysis of 1,152
peptides containing misseuse mutations previously identified
in breast and coloreetal cancer revealed that individual

cancers accumulate on average ,_ I0 and -—7 novel and

unique Ill.A-l't*02til cpitopes, respectively, including genes
implicated in the neoplastic process. These data suggest
that, with appropriate manipulation ol‘ the immune system.
tumor cell destruction in site may provide a polyvalent lmnor

vaccine without a requirement for knowledge of the targeted
antigens. |(Ianccr Itc.‘ 2t)ttit:68{3]:889-—92|

Introduction

Several clas. :s of tumor antigens have been described and

named according to their distribution in normal and neoplastic
tissues. These. include the shared differentiation antigens. such as

Inclan-MMMt'l'l [1. 2} in melanoma: fitncer testes or germ cell

antigens. such as Mntitt—l (3) and NY—tiHL)-l [-1] in adult testes and

diverse tumor types: and unique tumor antigens, which generally
carry mutations. such as t'liKJ in {melanoma [5} and CASP-B in
head and neck cancer to].

The. ilnntunogenicity of the unique tumor antigens was

recognized in several seminal studies including animal transplant
models {7] amt chemically or UV tiglll‘--imtuccd tumors (8. 9].

'l'hey are of particular interest because they result from somatic
mutations in individual tumors and are absent from normal tissues

(It). ll). providing antitumor specilicity without anticipated

 

deleterious uutoinnntmity. Somatic mutations tan he classified
as either "drivers" or “passengers". Passenger mutations provide

no positive or negative selective advantage to the ttunor but are
retained by chance during cell division and clonal expansion.

in contrast. driver mutations provide a selective advantage that

promotes the tumorigcnic process. The generation of mutations is
continuous due to the itnpcrtcet nature of DNA replication and

repair. 'l'hus, the generation] ol‘ additional antigens during tumor
progression. whether driver or passenger ([2). provides a
continuously renewable source ot‘ antigen.

itccenl analyses of breast and colorccta] cancers showed a
remarkable number ol' somatic mutations in human cancer (13].
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Among >lll.tttltl genes analyzed. a total oi‘ Lilli? somatic mutations
were identified in II breast and II colorct‘lal cancers. Approxi—

onltely 83% were Inisscnse mutations. (illi- nonsense. and the

remainder were insertions. dclclions. duplications. and changes
in noncoding regions. When extrapolated to the whole genome.
it was calculated that individual tulllors harbored an average ol'

~91! amino acid—altering [i.c.. Iitmsynonymous'l mutations. The
kind ol‘ internmtion available l'rom such large-scale sequencing
studies of individual tumors has not heretofore hccn available but

clearly has implications for tumor immunity.
to the current study. we designed an in since approach to

examine whether llIc mutations identified in Sjoltlom ct at. {til}

have the potential to gl‘llm‘alc novel cpitopes that might serve as
targets l'or an immune response. Using cpitope prediction
algorithms and high throughput post hoc analysis. we found
evidence to support the notion that the human tuluorigenic
process results ill the generation ol‘ multiple immune targets.
Individual breast and colorectut cancers accumulated tlll average of
w it} and - Tr' novel and unique ltt.A—:‘\”‘[l2llt epitopcs. respectively:

several within genes that may be drivers. These results provide

insights into the unique innntlllc prolilcs ol‘ individual tumors with
potential clinical relevance.

Materials and Methods

Iipitope prediction. l’cplidc sequences corresponded to missensc
mutations identified during the discovery phase hy Siohlom el at. {lit}.
llankcd by up to It] amino acids on either I
peptides New analyzed with several t'pilopt‘ prediction algorithms tor |t|..-\-
:\"t|2tll hindcls. Muior htslocolnpnlitiilily complex [Mlit'l-l antigenic
pcplidc processing prediction tMM’I’I': not H}. developed at the Max-Flam}.
institute. titcililutes the prediction ol'epilopi-s that can hind lo Mltt' class I
molecules huscd on it score calculated tor each suhsquu-uce. [inch amino

  c. {'olicatomers ol' thcsc

acid at n specilic position within :1 suhseqtlcncc is given a value that has
been prt-t‘illcnlated and stored in static matrices. The precnlclllnliou was
done either tiy BIL-1i“ I IE] or Si'lii’lil'i'l II I Hi]. lit-pending on the algorithm
selected. the values were then multiplied lliIM.-\H} or added [Nil-'I‘l‘l'l‘llli In
dctct'minc the score tor the suhsequcncc. I’cplidcs qltatilicd as positive it
they scored ltitiand nit-”t. respectively { I?. lit}. ltnNKI’l-Zl’ [ It); uses specific
scoring Inatl'iccs from st‘ls til-peptides known to bind to Milt‘ Itlolccutes as
1|“. Ian-diplm of MIIC-peplidc hindiilg. I’cptidt's qtlalilicd as positive it the
percentage optimum was -'-:'iti“t. or higher. NelMl It‘ tit). '31] predicts
pcptide-Mllt‘ binding using nrliliciat neural networks {ANN} and Weight
Iliztlriccs. For ANN. used for |ii.i\-t\‘*tt‘_’tll prediction. pcplidcs scored
positive it 1Cyl is "53500.

Post hoc analysis. list, we searched for ultiquc cpilopcs within
eoncatamers ol'wiId-type and mutant peptides. iipilopes i(i(r1|[ili[tll in It“.

"wild-type concotamer" included both [me wild-typi- cpitopes and artifacts
across the concatemttion sites and were removed trout l'nrlhcr analysis.
The “nnitnnl concalaincr“ was then used to search for remaining cpilopcs.
To ensure that potential In Iaul epitopt-s did not spun concatenation sites.
the "mutant concillanu'ru used in this colllirnlnlory phase included

additional redundant characters spaced hclu'ccn peptidcs. lIu-rt'hy
permitting contiruntlion ol' epilopcs contained entirely within a mutant
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