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The time is ripe for staging the Human Immunopeptidome
Project, whose goal is to analyze the full repertoires of
peptides bound to the HLA molecules, in both health and
disease. Mass spectrometry technologies have matured to
enable comprehensive analyses of both the membrane-
bound and the plasma soluble immunopeptidomes associ-
ated with each of the HLA allomorphs and the different
diseases. The expected outcomes of such project will in-
clude basic understanding of the molecular mechanisms
involved with formation of immunopeptidomes, correlating
them with their source cellular proteomes, definition of both
the consensus motifs and the scope of each allomorphs-
specific immunopeptidomes, and most importantly, identi-
fication of disease-related HLA peptides, which may even-
tually serve as biomarkers or immunotherapeutics. Ideally,
the Human Immunopeptidome Project will become public
and the gathered data will be shared, as soon as possible.
Other immunopeptidome projects, of other animals, will
follow suit. Molecular & Cellular Proteomics 10: 10.1074/
mcp.O111.011833, 1–4, 2011.

Following the completion of the Human Genome Project (1,
2) and the recent advances in molecular immunology and
mass spectrometry (3), we believe that the time is ripe for
launching yet another postgenome Grand Challenge, namely
the Human Immunopeptidome Project. The immunopep-
tidome is the assortment of thousands of peptides displayed
by major histocompatibility complex (MHC)1 molecules
(called in humans: the human leukocyte antigen, HLA). Cells
present the MHC molecules with their bound immunopep-
tidomes at their surface to enable scrutiny of the health-state
of the cells by the immune system’s circulating T lympho-
cytes, reviewed in (4). A portion of the HLA molecules trans-
ported to the cell surface are released to the plasma with their
bound peptides, resulting in the formation of the parallel plas-
ma-soluble HLA peptidome (sHLA). The plasma sHLA pep-
tidomes resemble to a large extent the membranal pep-

tidomes (mHLA) presented at the cells’ surface (5, 6). Both of
these HLA immunopeptidomes are composed of peptide
degradation products of the cellular proteomes, and thus
mirror the schemes of protein degradation within their cells of
origin (7, 8). The HLA gene cluster is the most polymorphic in
the human genome, affecting mostly the peptide binding
pockets of the HLA molecules. Therefore, different HLA allo-
morphs differ in their presented peptide repertoires (4) and
each person has a unique haplotype-specific immunopep-
tidome (9). However, it is thought that the different HLA-I
allomorphs of the human population (more than 3000 cur-
rently known) can be grouped into a small number of super-
types, each binding subsets of peptides with a related con-
sensus sequence motifs (10, 11). The definition of the HLA
peptidomes, presented by specific cells or by each of the HLA
allomorphs, was much simplified by the introduction of mass
spectrometry to this field (12, 13). The sequence motifs of
each HLA can be studied relatively easy, using the pools of
peptides recovered from transfected soluble HLA molecules
collected from the growth media of cultured cells expressing
the sHLA allomorphs without their anchor transmembrane
domains (14) and even as tagged sHLA molecule (15), (re-
viewed in (16)).

Disease Associated HLA Peptides—When cells become
sick they produce and degrade disease proteins, resulting in
the eventual display of some of degradation products as HLA
peptides. Thus, HLA peptidomes were studied extensively as
a source for vaccine candidates, while looking for peptides
capable of providing protective immunity toward pathogens
(17) and cancer, reviewed in (18). Self HLA peptides, confer-
ring undesired anti-self-immune reaction in autoimmune and
inflammatory diseases, were also searched for as potential
agents for suppression of the pathogenic auto-reactive T cells
(19). For example, carriers of HLA B*27:05 have the propensity
to develop spondylarthritides (20), (reviewed in (19)). Of spe-
cial resent interest are the findings, indicating that HLA B*57:
01, B*27:05, B*14/Cw*08:02, B*52, and A*25 alleles confer the
ability to control HIV infection (21), which implicated specific
peptides ligands of these alleles with the ability to elicit effec-
tive immune response to the virus.

Immunopeptidomics is even becoming useful for diagnos-
tics. In many diseases, such as cancer, viral, bacterial and
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parasite infections, autoimmunity, inflammation and allergy,
the affected cells release larger than normal amounts of sHLA
molecules to the plasma, reviewed in (22, 23). Therefore, in
correlation with the severity of the disease, larger portions of
the plasma sHLA immunopeptidomes originate from the dis-
ease cells, implying that the sHLA immunopeptidomes can
serve as a source for disease biomarkers from this readily
available body fluid (5) (reviewed in (6)).

Immunopeptidome Analysis—Analysis of immunopep-
tidomes makes use of the same tools used for proteomics
analyses: capillary reversed-phase chromatography and tan-
dem mass spectrometry (�LC-MS/MS)(13). It begins with ex-
traction of the bound peptides from immunoaffinity purified
mHLA or sHLA molecules. Recombinant soluble HLA mole-
cules, lacking their trans-membrane domain, are recovered
from the cells’ growth medium (14, 24–26). The recombinant
soluble HLA molecules can also be tagged with a specific
peptide epitopes, which facilitate their selective purification
with antitag monoclonal antibodies. This way, immunopep-
tidomes associated with any HLA allomorph and any desired
cultured cell line, can be studied in details (15), reviewed in
(16). Furthermore, complex immunopeptidomes can also be
defined directly from human plasma, without having to extract
the HLA molecules from the tissues. Starting from just a few
milliliters of blood, the plasma-soluble HLA molecules can be
immunoaffinity purified in sufficient amounts for large-scale
analysis (5).

Because the sHLA peptidomes of people are relatively sta-
ble, searching for disease associated peptides can be simpli-
fied by comparing the patients’ sHLA peptidomes before and
after treatment, which significantly reduces the tumor load,
and again in the unfortunate cases when the disease recurs.
HLA peptides correlating in their amounts with the severity of
the disease are likely associated with the disease (5, 6).

The Immunopeptidome is a Mirror of the Proteome—The
immunopeptidomes reflect the schemes of protein degrada-
tion in the cells. A significant portion of MHC peptides are
derived from rapidly degrading and short lived proteins (27,
28). It was even suggested that some HLA peptides are en-
coded by alternative reading frames (reviewed in (29, 30)) and
even result from protein splicing (31, 32). Furthermore, pro-
teins that are rapidly degraded within the cells, and are diffi-
cult to detect by standard proteomics approaches, can be
traced through their resulting MHC peptides (8). Short lived
proteins or products of defective ribosome products are the
source a significant portion of the MHC peptidome (28), (re-
viewed in (27)). Thus, analysis of the immunopeptidome may
become significant as a rich source of information about the
cells’ metabolism and regulatory processes. The effects of
outside stimuli, such as cytokines and hormones signaling,
heat and cold shock stresses, metal poisoning, and onco-
genic transformation, were extensively studied in relation to
their modulation of the transcriptome and proteome of the
cells. Such factor influence also the schemes of protein deg-

radation within the cells (degradome) which can be studied
through its products, the MHC peptidomes (reviewed in (7)).

The Human Immunopeptidome Project—Thus, the Human
Immunopeptidome Project will attempt to analyze, on a grand
scale, the repertoires of peptides associated with the different
human diseases, growth conditions, and cell types, and the
unique peptidomes bound by each of the HLA allomorphs.
The soluble plasma sHLA immunopeptidomes can be ex-
tracted and prepared for analysis at the blood collection sites
and because the extracted pools of peptides are rather stable,
they can be collected anywhere in the world and sent for
analysis to specialized mass spectrometry labs. To associate
between the immunopeptidomes and the HLA allomorphs
presenting them, each allomorph should be expressed in
model cultured cells, and the extracted sHLA bound peptides
can be similarly identified. It is clear that the expected large
data sets will require new bioinformatics tools and large re-
positories to allow deposition and retrieval of the data, includ-
ing sequences and relative quantities.

Ideally, the Gathered Data will be Shared and Open—Sim-
ilarly to the public Human Genome Project (1), the Human
Immunopeptidome Project may be open for data retrieval by
all interested and for data deposition by the collaborating
laboratories. This requires that the acquired information
should become public as soon as possible, possibly as was
done by the Human Genome Project (33, 34). Possibly less
ideally, yet more morally correct, the data will become public
only after securing intellectual property rights, to ensure the
potential to develop immunotherapeutics by pharmaceutical
companies. All efforts should be made to acknowledge and
respect the contribution of the depositors (35, 36). Access can
be provided both to the raw data and to the analyzed results.
Provisions should be made for both secure deposition and for
downloading of data, while maintaining patients’ anonymity.
Furthermore, data will be accepted for deposition only from
laboratories adhering to strict ethics requirements, as detailed
and reviewed in (37). Attempts should be made to analyze the
immunopeptidomes of people of both sexes, and people be-
longing to diverse ethnic groups, to expand the analyses to
rare diseases and to encourage collaboration from different
regions of the world. Furthermore, such Immunopeptidome
Project may both benefit and contribute to the other post
genome Grand Challenges, such as the Human Proteome
Project (http://www.hupo.org/research/hpp).

§ To whom correspondence should be addressed: Faculty
of Biology, Technion, Haifa, Israel. Tel.: 972-48293407; Fax:
972-48225153; E-mail: admon@tx.technion.ac.il.

REFERENCES

1. Lander, E. S., Linton, L. M., Birren, B., Nusbaum, C., Zody, M. C., Baldwin,
J., Devon, K., Dewar, K., Doyle, M., FitzHugh, W., Funke, R., Gage, D.,
Harris, K., Heaford, A., Howland, J., Kann, L., Lehoczky, J., LeVine, R.,
McEwan, P., McKernan, K., Meldrim, J., Mesirov, J. P., Miranda, C.,
Morris, W., Naylor, J., Raymond, C., Rosetti, M., Santos, R., Sheridan, A.,

The Human Immunopeptidome Project

10.1074/mcp.O111.011833–2 Molecular & Cellular Proteomics 10.10



Sougnez, C., Stange-Thomann, N., Stojanovic, N., Subramanian, A.,
Wyman, D., Rogers, J., Sulston, J., Ainscough, R., Beck, S., Bentley, D.,
Burton, J., Clee, C., Carter, N., Coulson, A., Deadman, R., Deloukas, P.,
Dunham, A., Dunham, I., Durbin, R., French, L., Grafham, D., Gregory, S.,
Hubbard, T., Humphray, S., Hunt, A., Jones, M., Lloyd, C., McMurray, A.,
Matthews, L., Mercer, S., Milne, S., Mullikin, J. C., Mungall, A., Plumb, R.,
Ross, M., Shownkeen, R., Sims, S., Waterston, R. H., Wilson, R. K.,
Hillier, L. W., McPherson, J. D., Marra, M. A., Mardis, E. R., Fulton, L. A.,
Chinwalla, A. T., Pepin, K. H., Gish, W. R., Chissoe, S. L., Wendl, M. C.,
Delehaunty, K. D., Miner, T. L., Delehaunty, A., Kramer, J. B., Cook, L. L.,
Fulton, R. S., Johnson, D. L., Minx, P. J., Clifton, S. W., Hawkins, T.,
Branscomb, E., Predki, P., Richardson, P., Wenning, S., Slezak, T.,
Doggett, N., Cheng, J. F., Olsen, A., Lucas, S., Elkin, C., Uberbacher, E.,
Frazier, M., Gibbs, R. A., Muzny, D. M., Scherer, S. E., Bouck, J. B.,
Sodergren, E. J., Worley, K. C., Rives, C. M., Gorrell, J. H., Metzker,
M. L., Naylor, S. L., Kucherlapati, R. S., Nelson, D. L., Weinstock, G. M.,
Sakaki, Y., Fujiyama, A., Hattori, M., Yada, T., Toyoda, A., Itoh, T.,
Kawagoe, C., Watanabe, H., Totoki, Y., Taylor, T., Weissenbach, J.,
Heilig, R., Saurin, W., Artiguenave, F., Brottier, P., Bruls, T., Pelletier, E.,
Robert, C., Wincker, P., Smith, D. R., Doucette-Stamm, L., Rubenfield,
M., Weinstock, K., Lee, H. M., Dubois, J., Rosenthal, A., Platzer, M.,
Nyakatura, G., Taudien, S., Rump, A., Yang, H., Yu, J., Wang, J., Huang,
G., Gu, J., Hood, L., Rowen, L., Madan, A., Qin, S., Davis, R. W.,
Federspiel, N. A., Abola, A. P., Proctor, M. J., Myers, R. M., Schmutz, J.,
Dickson, M., Grimwood, J., Cox, D. R., Olson, M. V., Kaul, R., Shimizu,
N., Kawasaki, K., Minoshima, S., Evans, G. A., Athanasiou, M., Schultz,
R., Roe, B. A., Chen, F., Pan, H., Ramser, J., Lehrach, H., Reinhardt, R.,
McCombie, W. R., de la Bastide, M., Dedhia, N., Blocker, H., Hornischer,
K., Nordsiek, G., Agarwala, R., Aravind, L., Bailey, J. A., Bateman, A.,
Batzoglou, S., Birney, E., Bork, P., Brown, D. G., Burge, C. B., Cerutti, L.,
Chen, H. C., Church, D., Clamp, M., Copley, R. R., Doerks, T., Eddy,
S. R., Eichler, E. E., Furey, T. S., Galagan, J., Gilbert, J. G., Harmon, C.,
Hayashizaki, Y., Haussler, D., Hermjakob, H., Hokamp, K., Jang, W.,
Johnson, L. S., Jones, T. A., Kasif, S., Kaspryzk, A., Kennedy, S., Kent,
W. J., Kitts, P., Koonin, E. V., Korf, I., Kulp, D., Lancet, D., Lowe, T. M.,
McLysaght, A., Mikkelsen, T., Moran, J. V., Mulder, N., Pollara, V. J.,
Ponting, C. P., Schuler, G., Schultz, J., Slater, G., Smit, A. F., Stupka, E.,
Szustakowski, J., Thierry-Mieg, D., Thierry-Mieg, J., Wagner, L., Wallis,
J., Wheeler, R., Williams, A., Wolf, Y. I., Wolfe, K. H., Yang, S. P., Yeh,
R. F., Collins, F., Guyer, M. S., Peterson, J., Felsenfeld, A., Wetterstrand,
K. A., Patrinos, A., Morgan, M. J., de Jong, P., Catanese, J. J., Osoe-
gawa, K., Shizuya, H., Choi, S., and Chen, Y. J. (2001) Initial sequencing
and analysis of the human genome. Nature 409, 860–921

2. Venter, J. C., Adams, M. D., Myers, E. W., Li, P. W., Mural, R. J., Sutton,
G. G., Smith, H. O., Yandell, M., Evans, C. A., Holt, R. A., Gocayne, J. D.,
Amanatides, P., Ballew, R. M., Huson, D. H., Wortman, J. R., Zhang, Q.,
Kodira, C. D., Zheng, X. H., Chen, L., Skupski, M., Subramanian, G.,
Thomas, P. D., Zhang, J., Gabor Miklos, G. L., Nelson, C., Broder, S.,
Clark, A. G., Nadeau, J., McKusick, V. A., Zinder, N., Levine, A. J.,
Roberts, R. J., Simon, M., Slayman, C., Hunkapiller, M., Bolanos, R.,
Delcher, A., Dew, I., Fasulo, D., Flanigan, M., Florea, L., Halpern, A.,
Hannenhalli, S., Kravitz, S., Levy, S., Mobarry, C., Reinert, K., Remington,
K., Abu-Threideh, J., Beasley, E., Biddick, K., Bonazzi, V., Brandon, R.,
Cargill, M., Chandramouliswaran, I., Charlab, R., Chaturvedi, K., Deng,
Z., Francesco, V. D., Dunn, P., Eilbeck, K., Evangelista, C., Gabrielian,
A. E., Gan, W., Ge, W., Gong, F., Gu, Z., Guan, P., Heiman, T. J., Higgins,
M. E., Ji, R.-R., Ke, Z., Ketchum, K. A., Lai, Z., Lei, Y., Li, Z., Li, J., Liang,
Y., Lin, X., Lu, F., Merkulov, G. V., Milshina, N., Moore, H. M., Naik, A. K.,
Narayan, V. A., Neelam, B., Nusskern, D., Rusch, D. B., Salzberg, S.,
Shao, W., Shue, B., Sun, J., Wang, Z. Y., Wang, A., Wang, X., Wang, J.,
Wei, M.-H., Wides, R., Xiao, C., Yan, C., Yao, A., Ye, J., Zhan, M., Zhang,
W., Zhang, H., Zhao, Q., Zheng, L., Zhong, F., Zhong, W., Zhu, S. C.,
Zhao, S., Gilbert, D., Baumhueter, S., Spier, G., Carter, C., Cravchik, A.,
Woodage, T., Ali, F., An, H., Awe, A., Baldwin, D., Baden, H., Barnstead,
M., Barrow, I., Beeson, K., Busam, D., Carver, A., Center, A., Cheng,
M. L., Curry, L., Danaher, S., Davenport, L., Desilets, R., Dietz, S.,
Dodson, K., Doup, L., Ferriera, S., Garg, N., Gluecksmann, A., Hart, B.,
Haynes, J., Haynes, C., Heiner, C., Hladun, S., Hostin, D., Houck, J.,
Howland, T., Ibegwam, C., Johnson, J., Kalush, F., Kline, L., Koduru, S.,
Love, A., Mann, F., May, D., McCawley, S., McIntosh, T., McMullen, I.,
Moy, M., Moy, L., Murphy, B., Nelson, K., Pfannkoch, C., Pratts, E., Puri,

V., Qureshi, H., Reardon, M., Rodriguez, R., Rogers, Y.-H., Romblad, D.,
Ruhfel, B., Scott, R., Sitter, C., Smallwood, M., Stewart, E., Strong, R.,
Suh, E., Thomas, R., Tint, N. N., Tse, S., Vech, C., Wang, G., Wetter, J.,
Williams, S., Williams, M., Windsor, S., Winn-Deen, E., Wolfe, K., Zaveri,
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