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Abstract
The concept of a dual functional programme of the immune system to destroy malignant cells but also to edit their immu-
nogenic profile, considerably improved our understanding of the process of tumor evolution in the context of a continuum 
of interactions between tumor cells and immune lymphocytes. Such an endogenous antitumor immunity throughout the 
period of cancer development established the concept of cancer immunomodulation which is practically based on a process 
of selection of more clonal tumors which are manageable by the immune system and constitute the equilibrium phase of 
immunoediting. The duration of this phase is very important, because the immune system keeps the tumor in a dormant state 
via cell interactions which establish a balanced state of tumor immunosurveillance versus tumor immune evasion. Depending 
on the quality and quantity of antitumor immune reactivity and the effectiveness of resistance mechanisms employed by the 
tumor cells to counteract this immune attack, the equilibrium phase may have shorter or longer duration. Notwithstanding 
its natural course, the equilibrium phase should be considered as a part of tumor evolutionary process guided by genetic 
as well as epigenetic changes which in turn activate endogenous cellular immunity to certain levels capable of controlling 
tumor growth rates and maintain tumor dormancy.
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Introduction

There is now accumulating evidence, suggesting that the cel-
lular and molecular events which keep the balance between 
tumor dormancy and immune surveillance after the elimina-
tion phase of immunoediting, regulate epigenetic changes in 
tumor cell biology as well as the time of their appearance 
ultimately leading to tumor escape [1–3]. However, tumor 

dormancy may also include early metastases, preceding the 
equilibrium phase, via disseminated tumor cells before the 
primary tumor becomes clinically detectable. Such early 
disseminated tumor cells are also kept in a dormant state 
via endogenous antitumor immunity. Thus, tumor dor-
mancy should be considered as a part of neoplastic disease 
in cancer patients undergoing complete responses upon 
treatment. Moreover, it may also represent a situation of 
malignant disease in, apparently, healthy individuals who 
have developed robust endogenous antitumor immunologic 
responses. Therefore, it will be of paramount importance 
to detect cellular components comprising the main actors 
of the immunologic pathways comprising the endogenous 
antitumor immunity and acting as predictive biomarkers of 
cancer dormancy.

A recently published paper by Przybyla et al. [4] reports 
for the first time on the identification of melanoma-spe-
cific T lymphocytes in healthy individuals displaying 
strong reactivity against 15-mer synthetic peptides cov-
ering the entire sequence of melanoma antigens Tyrosi-
nase–MAGEA3–Melan-A/Mart-1–Pmel 17gp100–and 
NY-ESO-1. The data from this paper strongly support 

Both articles are part of a Cancer Immunology, Immunotherapy 
series of papers based on presentations given at the Seventeenth 
International Conference on Progress in Vaccination against 
Cancer (PIVAC 17), held in Loutraki, Corinthia, Greece, 27th – 
30th September, 2017.

This paper comments on an Original Article entitled  Natural 
T cell autoreactivity to melanoma antigens: clonally expanded 
melanoma-antigen specific CD8 + memory T cells can be detected 
in healthy humans by Anna Przybyla et al.
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the notion that this kind of immunity may represent (i) an 
endogenous antitumor immunity preserving tumor (mela-
noma) dormancy in these apparently healthy donors, or (ii) a 
natural autoreactivity against melanocytes protecting against 
the development of malignant melanoma. This was signi-
fied by three different means: (a) by the high frequencies of 
these melanoma-specific T cells resembling the frequencies 
of clonally expanded memory T lymphocytes; (b) by their 
active functional status through the production of IFNγ upon 
stimulation with the pool of melanoma peptides, further sup-
porting their role as memory T cells which had displayed 
immune reactivity in vivo resulting in their clonal expan-
sion; and (c) by their absence in melanoma patients.

The data by Przybyla et al. [4] also bring back an issue 
that has been abandoned in the scientific domain, namely, 
that of the role of non-mutated melanoma antigens to trigger 
robust T-cell-mediated immunity. During the past few years 
the role of neoantigens arising from tumor-specific non-
synonymous somatic mutations has attracted much attention 
as a major factor guiding antitumor T-cell reactivity during 
immunotherapies. In particular, successful immune check-
point blockade-based immunotherapies are related to the 
presence of clonally expressed tumor-specific neoantigens 
[5] and this has led to their recognition as predictive bio-
markers. Moreover, neoantigens are promising for the devel-
opment of novel therapies to promote antitumor reactivity of 
T cells specifically recognizing them in the context of MHC 
class I and class II molecules [6]. Because neoantigens rep-
resent a distinct class of tumor antigens encoded by mutated 
genes, these are recognized as non-self-antigens by a non-
tolerized T-cell receptor repertoire, presumably of high affin-
ity, resulting in robust antitumor reactivity. On a theoretical 
background, this could provide a reasonable explanation 
for justifying their dominant role, over non-mutated tumor 
self-antigens, not only as key components for endogenous 
antitumor responses, but also as therapeutic targets. How-
ever, there are some issues which seem to challenge this 
view. First of all, melanoma is an immunogenic tumor with 
high mutational load but also overexpressing non-mutated 
self-antigens which enables continuous interactions with the 
immune system. As a result, in melanoma, besides reports 
describing T-cell responses against patient-specific neoan-
tigens [7, 6], there are ample studies showing endogenous 
reactivity of CD8+ T cells against non-mutated shared anti-
gens [8–11]. In addition, such an endogenous antimelanoma 
immunity was associated with clinical responses to immune 
checkpoint blockade [9, 10]. Moreover, the study by Weide 
et al. [11] convincingly demonstrated the prognostic value 
of memory endogenous T-cell reactivity to melanoma self-
antigens in patients with advanced melanoma, and reported 
an association between clinical outcome and the presence of 
NY-ESO-1 T-cell responses after ipilimumab-based immu-
notherapy in metastatic melanoma patients [12].

On the other hand, the process of discovering immuno-
genic mutant peptides is rather complex and cumbersome 
requiring whole exome sequencing, RNA-sequencing, and 
mass spectrometry combined with algorithms predicting 
binding of the identified peptides to MHC molecules. 
Then, from the thousands of exome and transcript coding 
variations only a small number of such epitopes will be 
validated as immunogenic [13] to be further validated as 
therapeutic targets. Another issue which challenges the 
dominant role of neoantigens as predictive biomarkers is 
related to the activation of melanoma-intrinsic oncogenic 
pathways resulting in the lack of tumor infiltration by 
T cells. For instance, activation of the WNT/β-catenin-
signaling pathway was predictive for clinical responses in 
metastatic melanoma patients to anti-PD1 therapy inde-
pendent of their mutational load [14, 15]. But also in the 
case of T-cell infiltrated tumors, immune editing will elim-
inate the majority of strongly immunogenic tumor cells 
bearing neoantigens, thereby weakening the endogenous 
antitumor T-cell reactivity.

The data presented by Przybyla et al. [4] reinvigorate 
the role of melanoma non-mutated self-antigens as key 
players of endogenous anti-melanoma immunity. Their 
finding that healthy donors harbor increased frequencies of 
circulating melanoma self-antigen-reactive CD8+ T cells 
may be explained by postulating, as the authors suggest 
melanocyte activation in the context of skin inflammation 
during sunburns which supports natural CD8+ T-cell auto-
reactivity. They also speculate that the immunobiological 
role of these autoreactive T cells will be to protect against 
the development of melanoma. The alternative would be 
to suggest that these findings predict immune responses 
favoring melanoma dormancy. To this end, Masoud Man-
jili has recently proposed [16] that cellular malignancies 
are manifested as early disseminated tumor cells which 
can be kept by immune lymphocytes in a dormant state for 
long periods of time without clinical evidence of primary 
tumors. Thus, immunotherapeutic targeting of dormant 
tumor cells would be an option for avoiding the genera-
tion of primary tumors followed by tumor relapses. Con-
sequently, the major barrier that dormant tumor cells must 
overcome is of immunologic origin and in this scenario 
the type of cytotoxic T cells described in the study by 
Przybyla et al. [4] recognizing tumor self-antigens, is of 
paramount importance.

Funding  No relevant funding.

Compliance with ethical standards 

Conflict of interest  The author declares that there is no conflict of in-
terest regarding this article.



707Cancer Immunology, Immunotherapy (2019) 68:705–707	

1 3

References

	 1.	 Baxevanis CN, Perez SA (2015) Cancer dormancy: a regulatory 
role for endogenous immunity in establishing and maintaining the 
tumor dormant state. Vaccines (Basel) 3(3):597–619. https​://doi.
org/10.3390/vacci​nes30​30597​

	 2.	 Eyles J, Puaux AL, Wang X, Toh B, Prakash C, Hong M, Tan 
TG, Zheng L, Ong LC, Jin Y, Kato M, Prevost-Blondel A, Chow 
P, Yang H, Abastado JP (2010) Tumor cells disseminate early, 
but immunosurveillance limits metastatic outgrowth, in a mouse 
model of melanoma. J Clin Invest 120(6):2030–2039. https​://doi.
org/10.1172/JCI42​002

	 3.	 Manjili MH (2014) The inherent premise of immunotherapy for 
cancer dormancy. Cancer Res 74(23):6745–6749. https​://doi.
org/10.1158/0008-5472.CAN-14-2440

	 4.	 Przybyla A, Zhang T, Li R, Roen RD, Mackiewicz A, Lehmann 
PV (2019) Natural T cell autoreactivity to melanoma antigens: 
clonally expanded melanoma-antigen specific CD8+ memory 
T cells can be detected in healthy humans. Cancer Immunol 
Immunother.https​://doi.org/10.1007/s0026​2-018-02292​-7

	 5.	 McGranahan N, Furness AJ, Rosenthal R, Ramskov S, Lyngaa R, 
Saini SK, Jamal-Hanjani M, Wilson GA, Birkbak NJ, Hiley CT, 
Watkins TB, Shafi S, Murugaesu N, Mitter R, Akarca AU, Linares 
J, Marafioti T, Henry JY, Van Allen EM, Miao D, Schilling B, 
Schadendorf D, Garraway LA, Makarov V, Rizvi NA, Snyder A, 
Hellmann MD, Merghoub T, Wolchok JD, Shukla SA, Wu CJ, 
Peggs KS, Chan TA, Hadrup SR, Quezada SA, Swanton C (2016) 
Clonal neoantigens elicit T cell immunoreactivity and sensitivity 
to immune checkpoint blockade. Science 351(6280):1463–1469. 
https​://doi.org/10.1126/scien​ce.aaf14​90

	 6.	 Schumacher TN, Schreiber RD (2015) Neoantigens in can-
cer immunotherapy. Science 348(6230):69–74. https​://doi.
org/10.1126/scien​ce.aaa49​71

	 7.	 van Rooij N, van Buuren MM, Philips D, Velds A, Toebes M, 
Heemskerk B, van Dijk LJ, Behjati S, Hilkmann H, El Atmioui D, 
Nieuwland M, Stratton MR, Kerkhoven RM, Kesmir C, Haanen 
JB, Kvistborg P, Schumacher TN (2013) Tumor exome analysis 
reveals neoantigen-specific T-cell reactivity in an ipilimumab-
responsive melanoma. J Clin Oncol 31(32):e439–442. https​://
doi.org/10.1200/JCO.2012.47.7521

	 8.	 Gnjatic S, Atanackovic D, Jager E, Matsuo M, Selvakumar A, 
Altorki NK, Maki RG, Dupont B, Ritter G, Chen YT, Knuth 
A, Old LJ (2003) Survey of naturally occurring CD4+ T cell 
responses against NY-ESO-1 in cancer patients: correlation with 
antibody responses. Proc Natl Acad Sci USA 100(15):8862–8867. 
https​://doi.org/10.1073/pnas.11333​24100​

	 9.	 Yuan J, Adamow M, Ginsberg BA, Rasalan TS, Ritter E, Gal-
lardo HF, Xu Y, Pogoriler E, Terzulli SL, Kuk D, Panageas KS, 
Ritter G, Sznol M, Halaban R, Jungbluth AA, Allison JP, Old LJ, 

Wolchok JD, Gnjatic S (2011) Integrated NY-ESO-1 antibody and 
CD8+ T-cell responses correlate with clinical benefit in advanced 
melanoma patients treated with ipilimumab. Proc Natl Acad Sci 
USA 108(40):16723–16728. https​://doi.org/10.1073/pnas.11108​
14108​

	10.	 Haag GM, Zoernig I, Hassel JC, Halama N, Dick J, Lang N, 
Podola L, Funk J, Ziegelmeier C, Juenger S, Bucur M, Umansky 
L, Falk CS, Freitag A, Karapanagiotou-Schenkel I, Beckhove P, 
Enk A, Jaeger D (2018) Phase II trial of ipilimumab in mela-
noma patients with preexisting humoural immune response to 
NY-ESO-1. Eur J Cancer 90:122–129. https​://doi.org/10.1016/j.
ejca.2017.12.001

	11.	 Weide B, Zelba H, Derhovanessian E, Pflugfelder A, Eigentler TK, 
Di Giacomo AM, Maio M, Aarntzen EH, de Vries IJ, Sucker A, 
Schadendorf D, Buttner P, Garbe C, Pawelec G (2012) Functional 
T cells targeting NY-ESO-1 or Melan-A are predictive for sur-
vival of patients with distant melanoma metastasis. J Clin Oncol 
30(15):1835–1841. https​://doi.org/10.1200/JCO.2011.40.2271

	12.	 Yuan J, Gnjatic S, Li H, Powel S, Gallardo HF, Ritter E, Ku 
GY, Jungbluth AA, Segal NH, Rasalan TS, Manukian G, Xu Y, 
Roman RA, Terzulli SL, Heywood M, Pogoriler E, Ritter G, Old 
LJ, Allison JP, Wolchok JD (2008) CTLA-4 blockade enhances 
polyfunctional NY-ESO-1 specific T cell responses in metastatic 
melanoma patients with clinical benefit. Proc Natl Acad Sci U S A 
105(51):20410–20415. https​://doi.org/10.1073/pnas.08101​14105​

	13.	 Yadav M, Jhunjhunwala S, Phung QT, Lupardus P, Tanguay J, 
Bumbaca S, Franci C, Cheung TK, Fritsche J, Weinschenk T, 
Modrusan Z, Mellman I, Lill JR, Delamarre L (2014) Predicting 
immunogenic tumour mutations by combining mass spectrometry 
and exome sequencing. Nature 515(7528):572–576. https​://doi.
org/10.1038/natur​e1400​1

	14.	 Spranger S, Bao R, Gajewski TF (2015) Melanoma-intrinsic 
beta-catenin signalling prevents anti-tumour immunity. Nature 
523(7559):231–235. https​://doi.org/10.1038/natur​e1440​4

	15.	 Hugo W, Zaretsky JM, Sun L, Song C, Moreno BH, Hu-Lieskovan 
S, Berent-Maoz B, Pang J, Chmielowski B, Cherry G, Seja E, 
Lomeli S, Kong X, Kelley MC, Sosman JA, Johnson DB, Ribas 
A, Lo RS (2016) Genomic and transcriptomic features of response 
to Anti-PD-1 therapy in metastatic melanoma. Cell 165(1):35–44. 
https​://doi.org/10.1016/j.cell.2016.02.065

	16.	 Manjili MH (2017) tumor dormancy and relapse: from a natural 
byproduct of evolution to a disease state. Cancer Res 77(10):2564–
2569. https​://doi.org/10.1158/0008-5472.CAN-17-0068

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3390/vaccines3030597
https://doi.org/10.3390/vaccines3030597
https://doi.org/10.1172/JCI42002
https://doi.org/10.1172/JCI42002
https://doi.org/10.1158/0008-5472.CAN-14-2440
https://doi.org/10.1158/0008-5472.CAN-14-2440
https://doi.org/10.1007/s00262-018-02292-7
https://doi.org/10.1126/science.aaf1490
https://doi.org/10.1126/science.aaa4971
https://doi.org/10.1126/science.aaa4971
https://doi.org/10.1200/JCO.2012.47.7521
https://doi.org/10.1200/JCO.2012.47.7521
https://doi.org/10.1073/pnas.1133324100
https://doi.org/10.1073/pnas.1110814108
https://doi.org/10.1073/pnas.1110814108
https://doi.org/10.1016/j.ejca.2017.12.001
https://doi.org/10.1016/j.ejca.2017.12.001
https://doi.org/10.1200/JCO.2011.40.2271
https://doi.org/10.1073/pnas.0810114105
https://doi.org/10.1038/nature14001
https://doi.org/10.1038/nature14001
https://doi.org/10.1038/nature14404
https://doi.org/10.1016/j.cell.2016.02.065
https://doi.org/10.1158/0008-5472.CAN-17-0068

	T-cell recognition of non-mutated tumor antigens in healthy individuals: connecting endogenous immunity and tumor dormancy
	Abstract
	Introduction
	References




