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CLAIMS

What is claimed ix:

1.

3,

A method of identifying one of more antigenic peptides comprising:

a} obtaining one or more tissue samples,

b} ascquiring mass spectrometry spectra for one or more antigenic peptides;

¢} comparing the mass spectrometry data spectra to peptide theoretical specira located in one
ot more public or non-public databases,

d} generating a peptide spectrum match {(PSM) of the one or miore antigenic peptides,

e} prodecing a matched speciral hibrary or database of antigenic peptides based on ateps (3)
~{d),

£} using & deep learning algorithn to train at least 80% of the pepuide data located in the
database or speciral library and testing the balance of the peplide data located in the
database or library thereby producing a peptide prediction model to generate predicted
peptide spectrum;

£} using the prediction model to identify one or more antigenic peptides.

The method of elatm §, wherein the mass spectromelry comprises andem mass spectrometry

{MSAR).

The method of any one of claim 1 or 2, wherein the library or database comprises over about

TG%, over about 8%, over gbout 83%, over aboul 9%, over aboul $5%, or 1009 antigenic

peptide data.

The method of any one of claims 1-3, wherein the hbrary or database comprises less than

about 30%, less than sbowt 25%, less than about 20%, less than about 15%, less than about

1%, or less than about $% tryptic peptides data.

The method of any one of claims 14, wherein the one or more gntigenic peptides identified

by the predicted spectra bave an identification corvelation within about 2% to about 15%

refative 1o the actual technical variation of the expermmentally determmed specira.

The method of any ong of claims 14, whergin the prediction peptide performance scove i3

erester than about .93,

The method of any one of claims -4, wherein the prediction peptide performance score s

from about 0.92 1o about (.98,

The method of any one of claims 1-7, wherein the peptide spectram match {(PSM} have a

false discovery rate (FDR) of less than 0.05.

The method of any one of claims 18, whersin antigenic peptides are wlentified with greater

accuracy than tryplic peptides.

- St



WO 2021/030207 PCT/US2020/045462

18, The method of any one of claims 19, whetein the one or more ideniified antigenic peptides
axhibit a peptide performance scoge that is closer 1o the mieasared techwical variation as
compared to analyding the same obe or more peptides with ProteomeTools.

11, The method of any one of claims 110, wherein the antigenic peptides are 8 to {1 amino acid
or & to 9 amino acids in leagth.

12, The method of any one of claims 1-11, wherewmn the one or more antigenic peptides identified
are overexpressed or presented in one or more specific cancer tssues.

13, The method of anv onte of claims 1-11, wherein the tissue Is a cancer tissue and is selected
from the group consisting hepatocelhlar carcinoma (HCC), colorectal carcinoma (CRO),
chioblastoma {GRB), gastric cancer {GC), esophageal cancer, non-small cell lung cancer
{NSCLC), pancreatic cancer (PC), renal cell carcinoma (RCC), benign prostate hyperplasia
{BPH), prostate cancer (PCA), ovarian canger {O0), melanoma, breast cancer (BRCA)J,
chronic Ivmphocytic leakemia (CLLY, Merkel cell carcinoma (M), small cell lung cancer
{SCLE), Non-Hodgkin {ympboma (NHL), acote myvelowd lenkenvia (AML), galibladder
cancer and cholangiocarcinoma {GBC, CCC), vrinary bladder cancer (UBC), uterine cancer
{UEC), and combination thereofl

14, The method of any one of claims 1-13, wherein the spectral Hbrary or database comprises

peptide data evaluated from over about 1500, over about 2000, over abowt 2300, or over
about 3000 tissue samples.

13, The method of any one of claims 1-14, wherein the speciral library or database comprises
over about 100 million, over sbout 130 nutlion, over about 180 millton, or over about 200
million MS/MS specira,

16. The method of any one of claims 115, wherein the one or more tissue samples comprise
tmor tissue and corresponding healthy tissue and are obtained from an individual for testing.

17. The method of any one of claims 1-16, wherein prior to {a) obtaining one or more pemor
samples from an individual, the HLA-subtvpes of the indvidual are determined,

18. The method of auy ons of claims 117, wherein the deep leaming algorithim 1 selected from

<

the group of pDeep, DeepMass, or PROSIT.
19, The method of any one of claims 118, wherein the deep leaming algorithm s pDeep.

26, The method of any one of claims 119, further comaprising 8 step of utilizing the identified

-

one or more peptides in adoptive celhuar therapy.
21. The method of any one of claims 120, wherein the one or more mtigenic peptides bind o an

MHC moleculs.
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22, The method of any one of claims 1-21, wherein the Deep Leaming algorithm is mulitlaver
perceptron pewal petwork (MLENN), backpropagation, Convolutional Neural Network
(CNN), Recurrent Neural Network (RNN), Long Shori-Term Memory (LSTM), Genemtive
Adversarial Network {GAN), Restricted Boltzmann Machine (RBM), pDeep, DeepMass,
PROSIT, Deep Behef Network (DBN), or an ensemble thereof.

23, The method of any one of claims 1-22, wherein the method further comprises

{a} acquiring retention time daia for one of more anfigenic peptides;

{b) comparing peptide retention time data to theoretical peptide retention time data in one
or more public or non~public databases;

{c) generating a peptide spectrum match (PSM) of the one or more antigenic peptides
using the retention time data,

{d) producing a matched speciral library or database of antivenic peptides based on steps
{a) ~{c).

{e) using a deep leaming algorithm to tram at least 80% of the peptide data located in the
database or spectral Hbrary and testing the halance of the peplide data located in the
database or library thereby producing a peptide prediction model 1o generate predicied
peptide spectnum; and

{f} using the prediction model to identify one or more antigenic peptides.

24, A method classifying test data, the test data comprising peptide spectrum data, the method
COmprismg:

{a} receiving, ob at least one processor, test data comprising peptide spectrum data,

{b) evaluating, nsing the at least one progessor, the test data using a classifier which s an
electronic representation of a classification system, each said classifier trained ysing au
electronically stored set of training data vectors, cach traiming data vector representing an
individual peptide and comprising a peptide spectrum data for the peptide, each training
data vector further comprising a classification with respect {o whether or not the peplide
I$ anfigenic,

{¢) outpuiting, using the al least ove processor, a classification of the sample from the peptide
spectrum data concerning the likelihood of whether or not the peptide is antigenic based
on the evaluating step.

25, A method of classifving test data, the test data comyprising peptide spectia data, the method
comprising:

{a) accessing, using ai least one processor, s electronically stored set of ratvung data

vectors, each training data vecior representing an individaal cancer patient and
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cOMIsing a peptide spectrum data for the respective cancer patient, each training data
veetor furthey comprising aclassification with resgect 1o whether or not apeptide is
antigenic;

{b) training an electronic representation of g classification svstem, using the electromically
stored set of training data vectors;

{c} recetving, at the at teast one processor, test data comprising peptide speetruny data;

{d) evaluating, using the at least one processor, the test data using the electronic
representation of the classification system; and

{e}) oaiputting a classification of the test data concemning whether or not the peptide is
antigenic based on the evaluating step.

26. A method of classifving test data, the test data comprising peptide specira data, the method
comprising:

(&) accessing, using ai least one processor, an electronically stored set of training data
vectors, each traiming dala vector representing an individual type of cancer and
comprising a peptide spectram data for the respective type of cancer, each fraining data
vector furither comprising a classification with respect to whether or not a peptide is
antigenic;

{b} training an clectronic representation of a classification svstem, using the electromically
stored set of training data vectors;

{c) receiving, at the at least one processor, test data conmprising peptide spectrun data;

{d) evaluating, using the at least one processor, the test data using the electronic
representation of the classification system; and

{e} outpuiting a classification of the test data concerning whether ot not the peptide is
antigenic based on the evaloating step.

27. A method of classifving test data comprising:

{a} analyzing at least one tissue samyple by mass spectrovnetry (M),

(b} acquirmyg expermmental mass speciva dala from at least one peplide bownd to a HLA-
sublvpe inn a tissue sample,

{c) generating a peptide spectrum maich {PSM) of the peptide by comparing the scquired
mass spectra to peptide theoretical spectrs,

&) producing a data set of peptides based on steps {(a), {b), {¢), and combinations thergef,

¢} evaluating the data set of peptides using a classification system to determine whether or
not the peptide is antigenic,

28, A method of classifying test data comprising
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{a} obtaming a tumor sampls from an individual,
() acguiring mass spectronteiry spectra for a peptide bound to HLA-subtvpes iy the tamor

sample,

e
L3
Qe

compariog the mass speciromelry data spectra 1o peptide theoretical spectra located in a
database,

d} generaiing a peptide spectrant maich (PSM) of the peplide,

e} producing a data set of matched peptides buased on'steps (a), (b), (e}, (d), or a combination
thereof,

g} evaloating the data set of peptides using a classification system {0 generate a predicied
peptide fragmentation spectya.

29, A method of classifving test data comprising:

{a) determining HLA-subiypes of an mdividual,

{b} oblaining at least one tomor tissue sample and corresponding healthy tissae sample from
an individual,

{c) identifying at least one peptide bound to HLA-subtypes i the tumor sanple by mass
spectromatry {MS),

{d) generating experimental specira from the mass spectrometry data;

{c) comparing the mass spectrometry experimental spectra {o spectra found in a database,

{{) generating a peptide spectrun match (PSM) of the peptide,

{2} producing a spectral Hbrary of peptides,

{h) evaluating the speciral libravy of peptides using a classification system to generate a
pepiide mass specirometry fragmentation prediction model, and

{1} using the prediction model fo generate predicted spectrum to identify peptides.

30, A method of classifving test data to identify an antigenic peptide comprising:

(1) obtaining at least one wwmor tissue sample and corresponding healthy tissue sample from
an indrvidual,

(b} identifving at least one antigenic peptides bound to HLA-subtypes n a immor tissue
sample by nwass spectrometry (M8}, o produce & experimental peplide fragmentation
spectra of the antigenic peptide;

{¢) comparing experimental peptide fragmeniation specirato those found in 3 database;

{d) estimation of false discovery rate (FDR);

{e} generation of a peptide spectrum maich (PSM);

{f) mputting the data generated by the experimental mass spectrometry methodelogy inte a

classification system o train a peptide fragmentation prediction modely

Y:
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(o) developmg predictad peptide speotrum; and

{h) identtfying a antigenic peptide.

31, A method of classifying test data to dentify an antigenic peptide for ase to indoce a CTL
immune response in an individual comprising
{a) determining HLA-subtypes of an individual,

{b) obtaming a tanor sample and a corresponding healthy tissue sample from the individueal,

{c} identifying at least one gene that are expressed in the tomor sample relative to the healthy
tissue sample,

(d) identifiing at least one antigenic peptide bound to the HLA~sabtypes in the tumor sample
by muass spectrometry (MS) to produce peptide frapmentation spectra of at least one
antigenic peptide,

{e) evaluating the HLA peptide sequence database using a classification system o produce a
Libravy of predicted peptide fragmentation spectra corresponding to the inpat HLA
peptide sequences,

{f) matching the peptide fragmentation spectra with the library of predicted peptide

fragmentation speciry,

{g) identitving the sequences of the antigenic peptide, when the peptide frapmentation speciva
matches the predicted peptide fragmentation spectra that correspond to the HLA peptide
SEQUERCES,

{h) selecting only the antigenic peptides identified in step (g), which are encoded by the gene
wentified i step (), and

{1} synthesizing the atigenic peptides selected in step (h),

wherein the CTL immune response 15 induced in the individual,

32, A method of classifving test data, the test data comprising peptide spectra dat, the method
comprising:

{a) accessing, using ai least one processor, an electronically stored set of raimung data
vectors, sach trabmng dada veclor representing an individual tvpe of cancer and
comprising a pepiide spectrum dala for the respective type of cancer, each training data
vector further comprising a classification with respect to whether or not a peptide is
associated with an individual type of cancer;

{b) training an electronic representation of a classification sysiem, using the electromically
stored set of training data vectors;

{c} recerving, at the at least one processor, test dala comprising peptide specirunt datg
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{d) evatuating, using the at least one processor, the test data using the electronic
reprasestation of the classification system:; and
(e} oaiputting a classification of the test data conceming whether or vot the peptide is
associated with an individual type of cancer based on the evaluating step.
33, The method of any one of claims 1-32, wherein the database is a public database, non-public
database, or a combination thereof,

34. The method of any one of claims 1-33, wherein the peptides are HLA-associated peptides.

(v ]
o

. The method of anv one of claims 1-34, wherein the peptide spectra data is experimental
spectrum data, predicted spectnnn data, or a combination thereof.

36. The method of claim 35, whevein the peptide spectra data is experimental spectrum data.

37. The method of any one of claims 1-36, wherein the test data forther conyrises retention thme
data.

38. The method of any one of claims 1-37, wherain the gene expression iy identified using
microarray analysis, RNAseq, RT-PCR, RT-gPCR, or a combination thereof

39, The method of any one of claims 1-38, wherein the classification system is AdaBoost,
Astificial Neural Network (ANN] leamning algorithm, Bayesian belief networks, Bavesian
classifiers, Bavesian neural petworks, Boosted trees, case-based reasoming, classification
trees, Convolutional Nearal Networks, decisions trees, Deep Leaming, elastic nets, Fully
Convolutional Networks (FUNJ, genetic algorithuns, gradient boosting trees, k-nearest
neighbor classifiers, LASSO, Linear Classifiers, Najve Bayes, neural nets, penalized logistic
regression, Random Forests, ridge regression, sapport vector machines, or an ensemble
thereof,

48, The method of any one of claims 1-3%, wherein the classification system is an ensemble of
classification systems.

41, The method of any one of claims 1-40, wherein the classification system s Deep Leaming.

42, The method of any one of claims 1-41, wherein the Degp Lesrning 1z muliilaver perception
newral network (MLPNN), backpropagation, Convolutional Neural Network ({ONNY,
Recurrent Neural Network (RNN), Long Short-Term Memory (LSTM), Generative
Adversarial Network (GAN), Restricied Boltzmann Machine (RBM), Deep Beliel Network
{DBN), or an ensemble thereof.

43. The method of any one of claims 1-42, wherein the Deep Learning is selected from the group

consisting of pDeep, Degp neural network, deep belief network, recorrent nevrs! network,

canvolutional neural network, DeepMass, PROSIT, or an ensenible thareof.

44, The method of claim 43, wherein the Deep Learning is pDeep.

- 56~
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45, The method of any one of claims 1-44, wherein the test data 1s obtained from mass
spectroscopy, 18 predicated spectra data, of & combination thereofl

46, The method of any one of claims 1-45, wherein the test data is obtained from a peptide
obtained from a physiclogical sanple from g patient, preferably a tumor biopsy.

47, The method of any one of claims 1-46, wherein the method further comprises obtaining a
tissue sample and acquiving mass specirometry specira for the test data.

48, The method of claim 47 wherein the mass specirometry comyprises tandem mass
spectrommetry (MSAMS),

49, The method of any one of claims 1-48, whersein the library or database comprises over about

T0%, over about 80%, over about 85%, over about 90%, over about 95%, or 100% antigenic
peptide data,

86. The method of any one of claims 1-48, wherein the library or database comprises less than
about 30%, less than about 25%, less than about 2095, less than about 15%%, less than about

%, or less than about 5% tryplic peplides data,

241
-

The method of any one of clatms 1-50, wherein the antigenic peptide is identified by the
predicted specira have an identification correlation within about 2% to about 13% relative lo
the actual technical variation of the experimentally determined spectra.

52. The method of any one of claims 1-51, wherein the prediction peptide performance score i3
preater than about 0.93,

33. The method of any one of claims 1-52, wherein the prediction peptide performance score is
from about 8.92 1o gbout .98 or at about 0.92, 893 094, (.93, 0.86, 0.97, or .98,

54, The method of any one of clats 1-54, wheretn the peptide spectrum maich (PSM) have a
false discovery rate (FDR) of less than 0.035,

88, The method of any one of claims 154, wherein antigenic peptides are tdentified with greater
accuracy than tryptic peptides.

56, The method of any one of clamms 1-35, wherein the ong or more identified antigenic peplides
exhibit a peptide performance score that is closer to the measured technical vaviation ag
compared to analyzing the same peptide with ProfeomeTools.

§7. The method of any one of claims 1-535, wherein the antigenic peptides are § to 11 amino acids
in tenpth, preferably ¥ or ¢ amino acids in length.

58. The method of any one of claims 1-87, wherein the antigenic peptide identified is
overexpressed or presenied in a specific type of cancer,

89, The method of any one of claims 1-38, wherein the cancer is selected from the group

consisting of hepatocethdar carcinoma (HCO), colorectal carcinoma (CRCO), ghoblastoma
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{GB), gastric cancer {GC), esophageal cancer, non=small cell lung cancer (INSCLC),
pancreatic cancer {PCY, renal cell carcinoms (RCC)H, benign prostate hyperplasia (BPH},
prostate cancer {PCAY, ovarian cancer (OC), melanoma, breast cancer {(BRCA), chyonic
hyraphocytic leukemia {CLLY, Merkel cell carcinoma (MOC), simall cell lung cancer (SCLO),
Non-Hodgkin lymaphoma {(NHL), acute myeloid levkenia {AML), gallbladder cancer and
cholangiocarcinoma (GBC, CCCY, wrinary bladder cancer {UBC), uterine cancer (UEC), ora
combination thereof.

68, The method of any one of claims 1-39, wheredt the speciral library or database comprises
peptide data evaluated from over about 150, overabout 2008k over about 2300, or over
ahout 3000 {issne samples.

61. The method of any one of claims 1-59, wherein the spectral bbrary or database comprises
over about 100 million, over sbout 136 million, over abouwt 180 nullion, or over about 200
million MS/MS speotra.

62. The method of any one of claims 1-61, wherein the tissue sample comprises namor tissue and
corresponding healthy tissue and are obtained from an ndividual for esting.

63. The method of any one of claims 1-62, wherein prior to a) obtaining the tumor sampie from
an individaal, the HLA-subtypes of the individual are determined.

64. The method of sny one of claims 1-63, wherein the training data comprises peptide data
obtainad from mass speciroscopy, is predicated spectra data, or a combination thereof,

65, The method of any one of claims 1-64, wherein the training data comprises peptide data
obtamed from a physiological sample from a patient.

66. The method of claim 63, wherein the physiological sanmiple is a tumor biopsy.

67. The method of elgim 63, wherein the physiological sample i3 normal tissue,

68. The method of any one of claims 1467, wherein the training datp comprises pepiide data
obiained from at least about 1-30 different types of cancer,

69, The method of any one of clamms 1-08, wherein the raining data comprises peptide data

-

obtained from cancer samples selected from the group consisting of hepatecethdar carcinoma
{HCC}, colorecial carcinoms (CRO), ghioblastoma (GB), gastric cancer {GCY, esophageal
cancer, non-sntall cell hung cancer (NSCLC), pancreatic cancer (PC), renal cell carcinoma
{RCC), benign prostate hvperplasia {BPH), prostate canver {PCA), ovarian vancer ((3C),
melanoma, breast cancer (BRCA), chronic lymphocytic leukemia (CLLY, Merkel cell
carcinomsa {MCC), sinall cell long cancer (SCLC), Non-Hedgkin Tvmphoma (NHL), scute
mveloid leukemia (AML), gallbladder cancer and cholangiocarcinoma (GBC, CCO), urinary

bladder cancer (UBCY, wterine cancer {UEC), or a combination thereof.

S-SR .
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78, The method of anv one of claims 1-69, wherein the iraining data comprises peplide daia
oblained from at least about 1-50 different types of normal tissue,

71, The method of any one of claims 1-70, wherein the training data comprises peptide data
obtained from nomual tissues samples selected from the group consisting of adipose tissue,
ovary, adrenal gland, pancreas, artery, peripheral perve tissue, bladder, pituitary gland, blood
cells, placenta, bone marrow, plewra, ceniral nervous system {issue, preferably brain or spinal
cord, prosiate, breast, rectum, cartilage, salivary gland, cervix, ski, colon, small intesting,
preferably duodemum, jejunom, Heum, appendix, stomach, esophagus, spleen, eve, gall
bladder, testis, heast, thymus, kidsey, thvroid, liver, trachea, Tang, wreter, Iynaph node, olerus,
nyascle, vem, or a combination thereof

72, The method of any one of claims 171, wherein the training data comprises peptide data
gvaluated from over about 1300, over about 2000, over about 2300, or over about 3000 tissue
samples.

73. The method of any one of claims 1-71, wherein {he training data comprises over about 100
million, over about 130 million, over about 180 nyithon, or over about 200 nutlion M8MS
spectra.

74. The method of any one of claims 1-73, wherein the iraining data further comprises refention
fime data.

78, The method of any one of claims 1-74, {urther comprising a step of utilizing the identified
one or more peptides in adoptive celtular therapy.

76. The method of any one of clatms 1-73, wherein the antigenic peptide binds to an MHC
molecule,

77. The method of claim 76, wherein the MHU moleculs is MHC Class T or MHC Class I

78. The method of any one of claims 1-77, wherein the data farther comprises retention time.

79. A non-transitory computer readable medium storing an execotable program comprising
instructions to perform the method of any one of clatms 1-78.

88, A sysiam, comprising: 8 ssrver comprising at least one processor and mamory comprising
compuier-readable instroctions which when executed by the processor cause the processor to
perform the steps comprising: receiving peptide speetra data from a computer terminad that is
located ramotely from the server; processing the peptide specira data using a classiftcation

systent.



