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Abstract
With the identification of tumor antigens and a knowledge of how to vaccinate against them, the field
of tumor immunology faces new challenges. In this article, the authors argue that successful
immunotherapies of the future will activate anti-tumor T cells without inducing their anergy or
apoptotic death.

It is now abundantly clear that the immune system can mediate the regression of even large
tumor burdens in patients who have cancer. Target antigens recognized by T and B cells have
been identified, and the cellular and molecular basis for immune recognition of tumors is
understood at a complex level. Despite this progress, the design of a cancer vaccine that is
reproducibly effective is still an elusive goal.

Melanoma antigens
A decade ago, it seemed clear that our burgeoning knowledge of the molecular identities of
tumor-associated antigens would point the way to an effective therapeutic cancer vaccine.
Since the cloning of the murine P1A antigen and the human melanoma antigen MAGE-1,
progressive technical improvements have resulted in a long and growing list of antigens from
a large variety of tumors1,2.

Since melanomas clearly respond to immunotherapy2, one approach has been to target
melanocyte differentiation antigens (MDAs) with therapeutic anticancer vaccines in mice and
humans1-3. MDAs appear to be the predominant antigens that are recognized by T cells isolated
directly from malignant human melanomas4. The correlation of autoimmune destruction of
normal melanocytes, termed vitiligo, with antimelanoma activity in mice and humans also
validates MDAs as vaccine targets5-7.

Immunization strategies
Many cancer vaccines currently under investigation are based on recombinant immunogens
such as viruses and bacteria. In animal models, these vaccines can prime T-cell responses and
elicit powerful immune responses that lead to destruction of tumor cells8; however, several
obstacles remain in the translation of these strategies to the clinic. For example, many cancer
patients have high pre-existing, neutralizing titers to vaccines based on adenoviruses and
vaccinia viruses, the result of the ubiquitous environmental presence of adenoviruses and the
worldwide immunization program to eradicate smallpox9. One way of circumventing pre-
existing immunity is the use of viruses whose natural hosts are non-mammalian, such as the
avian poxviruses10. Yet a remaining problem is that immunity to antigenically complex
vaccine vectors may interfere with the induction of reactivity to the encoded tumor antigen
through the poorly understood mechanisms of immunodominance11.

*e-mail: restifo@nih.gov

NIH Public Access
Author Manuscript
Trends Immunol. Author manuscript; available in PMC 2006 December 1.

Published in final edited form as:
Trends Immunol. 2001 January ; 22(1): 5–7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The use of vaccines based on ‘naked’ plasmid DNA vaccines (i.e. DNA without associated
protein) may circumvent both pre-existing immunity and immunodominance. Although
effective in many animal models, our own clinical work has shown no evidence of
immunization or anti-tumor effect of ‘naked’ DNA immunization against the MDA gp100 (our
unpublished data).

The administration of professional antigen-presenting cells (APCs) such as dendritic cells
(DCs) loaded with tumor antigens has been heralded as a direct way of stimulating T cells in
vivo. Although DC-based therapies are successful in mice, the outcomes of clinical trials using
DCs have ranged from ‘poor’ to ‘promising’12-14.

To date, the most effective immunization strategy in our patients with advanced melanoma has
been vaccination with peptide emulsified in incomplete Freund’s adjuvant (IFA).
Immunization with a gp100-derived peptide modified to enhance its binding to major
histocompatibility complex (MHC) HLA-A2 dramatically increased levels of peptide-specific
CD8+ T cells in the peripheral blood. Importantly, these T cells recognized and killed a variety
of melanoma cells that expressed the gp100 melanoma antigen and the restriction element
HLA-A *0201 after culture in vitro15. Administration of interleukin 2 (IL-2) following peptide
immunization resulted in significantly more-objective tumor regressions than observed after
IL-2 treatment alone15. However, many of these responses are partial and transient.

Tumor escape
Although the loss of HLA or antigen, or the ability to process antigen, can certainly occur after
a response to treatment16,17, ‘tumor escape’ by these mechanisms does not occur in the
majority of patients that fail to respond to T-cell-based therapies. Indeed, the overwhelming
majority of tumors from a large cohort of productively immunized yet non-responding patients
retain the ability to be efficiently lysed by T cells in vitro (F.M. Marincola, pers. commun.).

What allows tumors to grow in the face of circulating, tumor-specific T cells? Tumor cells may
ectopically employ normal immunosuppressive mechanisms, such as the production of
transforming growth factor β (TGF-β). This cytokine is normally produced by certain immune
and other somatic cells, but is also potentially antiproliferative for T cells and natural killer
(NK) cells. IL-10 is another candidate immunosuppressor. It is normally produced by activated
T cells, B cells, monocytes and keratinocytes, but may be produced by certain tumors and
interfere with macrophage-mediated antigen presentation and other immune functions. There
have been reports that tumor cells can kill T cells through expression of Fas ligand (FasL),
which engages Fas on T cells, but these reports have been disputed18,19. Recent evidence
suggests that another molecule called TRAIL (TNF related apoptosis inducing ligand) mediates
tumor escape20, but much work remains to be done to verify the role of this death receptor
ligand in the failure of immunotherapies.

Substantial evidence points towards the specific requirements for T-cell activation as the
central reason for the failed anti-tumor immune response. It is now clear that there are many
ways in which triggering a T-cell receptor (TCR) can result in the ultimate inactivation or even
demise of the T cell bearing it. TCR engagement without concurrent ligation of receptors such
as CD28,4-1BB, CD154 (CD40L) and OX40 receptor can result in T-cell anergy and
consequent unresponsiveness to TCR stimulation21. Like most normal cells in the body, tumor
cells generally do not express these costimulatory molecules and thus can continually promote
specific T-cell anergy.

On the other hand, overstimulation can terminate an otherwise effective T-cell response
through activation-induced cell death (AICD)22, fratricide23 or killing of one T cell by another
and clonal exhaustion24. TCR ligation can result in either enhanced, partial or abrogated TCR
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signaling and T-cell function upon stimulation with antigenic peptides differing by as little as
one amino acid25,26. New molecular mechanisms are being elucidated through which
notoriously ill-defined regulatory T cells can powerfully suppress T-cell-mediated
autoimmune disease and tumor rejection27,28.

Overcoming tumor-specific T-cell tolerance
It is unclear which, if any, of the above mechanisms allows for the continued growth of tumors
in the face of potentially tumor-reactive T cells. However, it has been shown from studies in
animal models that the tumor environment somehow inhibits an efficient T-cell response to
any antigen, ‘self’ or non-‘self’, that is expressed by a tumor cell. Even strong antigens such
as viral, bacterial or xenogeneic proteins typically do not evoke and sustain a productive
immune response when expressed by tumor cells10,29,30. Yet immunity to these proteins is
possible, as shown by T-cell activation and rejection of tumors (and even normal tissues) when
the antigen is presented in an immunogenic form such as during viral infection6,29. The
difference between antigen presentation in the tumor environment and in a virally infected
tissue is probably the activation of resident APCs, which are the scavengers and ‘danger’
sensors of the immune system. The lack of pro-inflammatory mediators that induce maturation
of DCs, in conjunction with the abundant antigen presentation by non-costimulatory, tolerizing
tumor cells, might tip the balance between T-cell activation and inactivation in favor of tumor-
specific T-cell tolerance.

CD4+ T cells may be a means to reverse or overcome the tolerizing effect of the tumor
environment, both directly, through the production of T-cell-trophic and -chemotactic factors
such as cytokines and chemokines, and indirectly, through activation and maturation of APCs
(Refs 31-33). Animal models have demonstrated the power of CD4+ T-cell help, but the
application of these concepts to human cancer vaccines remains undeveloped.

Concluding remarks
In conclusion, it is clear that tumor immunologists have made great strides in understanding
components of the successful immunotherapy of cancer. Antigens have now been cloned that
are expressed by tumors, are processed and presented in the context of MHC class I and class
II molecules, and are recognized by cells from the patient’s own T-cell repertoire. We have
also learned how to immunize and are now capable of significantly expanding precursor T cells
with vaccination. However, in the absence of a truly effective therapeutic vaccine, the
appropriate and continued activation of anti-tumor T cells may be the missing piece of the
immunotherapy puzzle. Thus, the focus of tumor immunotherapy is shifting. The challenge
now is to learn how to promote T-cell activation and proliferation while abrogating T-cell
anergy and death in the context of a profoundly tolerogenic tumor environment.

References
1. Boon T, Old LJ. Cancer tumor antigens. Curr. Opin. Immunol 1997;9:681–683. [PubMed: 9438857]
2. Rosenberg SA. A new era for cancer immunotherapy based on the genes that encode cancer antigens.

Immunity 1999;10:281–287. [PubMed: 10204484]
3. Overwijk WW, et al. gp100/pmel 17 is a murine tumor rejection antigen: induction of ‘self’-reactive,

tumoricidal T cells using highaffinity, altered peptide ligand. J. Exp. Med 1998;188:277–286.
[PubMed: 9670040]

4. Kawakami Y, et al. Recognition of shared melanoma antigens in association with major HLA-A alleles
by tumor infiltrating T lymphocytes from 123 patients with melanoma. J. Immunother 2000;23:17–
27. [PubMed: 10687134]

5. Rosenberg SA, White DE. Vitiligo in patients with melanoma: normal tissue antigens can be targets
for cancer immunotherapy. J. Immunother 1996;19:81–84.

Overwijk and Restifo Page 3

Trends Immunol. Author manuscript; available in PMC 2006 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



6. Overwijk WW, et al. Vaccination with a recombinant vaccinia virus encoding a ‘self’ antigen induces
autoimmune vitiligo and tumor cell destruction in mice: requirement for CD4(+) T lymphocytes. Proc.
Natl. Acad. Sci. U. S. A 1999;96:2982–2987. [PubMed: 10077623]

7. Nordlund JJ, et al. Vitiligo in patients with metastatic melanoma: a good prognostic sign. J. Am. Acad.
Dermatol 1983;9:689–696. [PubMed: 6643767]

8. Restifo NP. The new vaccines: building viruses that elicit antitumor immunity. Curr. Opin. Immunol
1996;8:658–663. [PubMed: 8902391]

9. Rosenberg SA, et al. Immunizing patients with metastatic melanoma using recombinant adenoviruses
encoding MART-1 or gp100 melanoma antigens. J. Natl. Cancer Inst 1998;90:1894–1900. [PubMed:
9862627]

10. Wang M, et al. Active immunotherapy of cancer with a nonreplicating recombinant fowlpox virus
encoding a model tumor-associated antigen. J. Immunol 1995;154:4685–4692. [PubMed: 7722321]

11. Belz GT, et al. Contemporary analysis of MHC-related immunodominance hierarchies in the CD8+

T cell response to influenza A viruses. J. Immunol 2000;165:2404–2409. [PubMed: 10946264]
12. Nestle FO, et al. Vaccination of melanoma patients with peptide- or tumor lysate-pulsed dendritic

cells. Nat. Med 1998;4:328–332. [PubMed: 9500607]
13. Kugler A, et al. Regression of human metastatic renal cell carcinoma after vaccination with tumor

cell-dendritic cell hybrids. Nat. Med 2000;6:332–336. [PubMed: 10700237]
14. Panelli MC, et al. Phase 1 study in patients with metastatic melanoma of immunization with dendritic

cells presenting epitopes derived from the melanoma-associated antigens MART-1 and gp100. J.
Immunother 2000;23:487–498. [PubMed: 10916759]

15. Rosenberg SA, et al. Immunologic and therapeutic evaluation of a synthetic peptide vaccine for the
treatment of patients with metastatic melanoma. Nat. Med 1998;4:321–327. [PubMed: 9500606]

16. Riker A, et al. Immune selection after antigen-specific immunotherapy of melanoma. Surgery
1999;126:112–120. [PubMed: 10455872]

17. Jager E, et al. Inverse relationship of melanocyte differentiation antigen expression in melanoma
tissues and CD8+ cytotoxic-T-cell responses: evidence for immunoselection of antigen-loss variants
in vivo. Int. J. Cancer 1996;66:470–476. [PubMed: 8635862]

18. Hahne M, et al. Melanoma cell expression of Fas(Apo-1/CD95) ligand: implications for tumor
immune escape. Science 1996;274:1363–1366. [PubMed: 8910274]

19. Restifo NP. Not so Fas: re-evaluating the mechanisms of immune privilege and tumor escape. Nat.
Med 2000;6:493–495. [PubMed: 10802692]

20. Giovarelli M, et al. A ‘stealth effect’: adenocarcinoma cells engineered to express TRAIL elude tumor-
specific and allogeneic T cell reactions. J. Immunol 1999;163:4886–4893. [PubMed: 10528190]

21. Schwartz RH. T cell clonal anergy. Curr. Opin. Immunol 1997;9:351–357. [PubMed: 9203408]
22. Zheng L, et al. T cell growth cytokines cause the superinduction of molecules mediating antigen-

induced T lymphocyte death. J. Immunol 1998;160:763–769. [PubMed: 9551911]
23. Huang JF, et al. TCR-mediated internalization of peptide-MHC complexes acquired by T cells.

Science 1999;286:952–954. [PubMed: 10542149]
24. Gallimore A, et al. Induction and exhaustion of lymphocytic choriomeningitis virusspecific cytotoxic

T lymphocytes visualized using soluble tetrameric major histocompatibility complex class I-peptide
complexes. J. Exp. Med 1998;187:1383–1393. [PubMed: 9565631]

25. Combadiere B, et al. Selective induction of apoptosis in mature T lymphocytes by variant T cell
receptor ligands. J. Exp. Med 1998;187:349–355. [PubMed: 9449715]

26. Madrenas J, Germain RN. Variant TCR ligands: new insights into the molecular basis of antigen-
dependent signal transduction and T-cell activation. Semin. Immunol 1996;8:83–101. [PubMed:
8920243]

27. Shevach EM. Regulatory T cells in autoimmmunity. Annu. Rev. Immunol 2000;18:423–449.
[PubMed: 10837065]

28. Sakaguchi S. Regulatory T cells: key controllers of immunologic self-tolerance. Cell 2000;101:455–
458. [PubMed: 10850488]

29. Speiser DE, et al. Self antigens expressed by solid tumors do not efficiently stimulate naive or activated
T cells: implications for immunotherapy. J. Exp. Med 1997;186:645–653. [PubMed: 9271580]

Overwijk and Restifo Page 4

Trends Immunol. Author manuscript; available in PMC 2006 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



30. Ochsenbein AF, et al. Immune surveillance against a solid tumor fails because of immunological
ignorance. Proc. Natl. Acad. Sci. U. S. A 1999;96:2233–2238. [PubMed: 10051624]

31. Hung K, et al. The central role of CD4(+) T cells in the antitumor immune response. J. Exp. Med
1998;188:2357–2368. [PubMed: 9858522]

32. Ossendorp F, et al. Specific T helper cell requirement for optimal induction of cytotoxic T
lymphocytes against major histocompatibility complex class II negative tumors. J. Exp. Med
1998;187:693–702. [PubMed: 9480979]

33. Surman DR, et al. Cutting Edge: CD4+ T cell control of CD8+ T cell reactivity to a model tumor
antigen. J. Immunol 2000;164:562–565. [PubMed: 10623795]

Overwijk and Restifo Page 5

Trends Immunol. Author manuscript; available in PMC 2006 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


