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As an intensivist, you accept patients with all kinds of problems. You have to be a 
Jack-of-all-trades in your care. Reading widely allows you to know enough to 
care for the patient with the help of a host of consultants. Occasionally, you will 
come across something that begs you to follow it down the rabbit hole. This 
Grand Rounds represents one such trip. 

Unfortunately, the rabbit holes are getting very large and the information pouring 
from them is overwhelming. The examples are the ones I could easily find. They 
may not be the best, but I think they are representative. 
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Cancer 

Cancer is the second leading cause of death in this country, accounting for 23% 
of all deaths. The diagnosis produces fear like few other diagnoses. The 
treatments are harsh and all too often ineffective. Nearly 80 percent of cancers 
are diagnosed after the age of 55. After reaching late-middle age, men face a 50 
percent chance of developing cancer and women have a 35 percent chance of 
developing cancer. 

The prevailing model for cancer development is that mutations in genes for tumor 
suppressors and oncogenes lead to cancer. For a period of decades, the role of 
the immune system in cancer prevention has been debated. This debate has 
involved ideas that the immune system is constantly preventing neoplasia on a 
nearly daily basis to ideas that this defense is mainly against malignancies 
caused by viruses. 

Using certain assumptions, Paul Ehrlich calculated a potentially "overwhelming 
frequency" of carcinomas and postulated that the immune system could repress 
these. This concept was not tested until much later. Medawar described the 
critical role that the cellular components of the immune system played in allograft 
rejection. Many of the first experiments involving cancer actually showed allograft 
rejection rather than any tumor-specific immunity. The use of in-bred mice 
allowed confirmation that the immune system could indeed mount a response 
specifically against cancers. 

MacFarlane Burnett and Lewis Thomas formulated a formal hypothesis of cancer 
immunosurveillance. Their idea was that all the discoveries concerning allograft 
rejection were really related to the maintenance of tissue integrity in complex, 
long-lived, multicellular organisms. 

A body of recent work lends new support to the central principal that the immune 
system can prevent tumor formation. These recent studies also show that the 
immune system functions to promote or select tumor variants with reduced 
immunogenicity and other escape mechanisms that actually promote the growth 
of cancer. 

The story told within this paper lends substance to the suggestions which the 
research places before us. A real immunity to cancer without other untoward 
effects is possible. 

1. Cruse, J.M. and Lewis, R. E. 2005. Historical Atlas of Immunology. Taylor & Francis, NY 
2. Dunn, GP, et al. 2002. Cancer lmmunoediting: from immuno-surveillance to tumor 

escape. Nature Immunology. 3(11) : 991-998. 
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From Immune Surveillance to Cancer lmmunoediting 

Our thinking about the interactions between the immune system and cancer 
formation has evolved from that of a purely beneficial process of immune 
surveillance. There is now evidence that the immune system can suppress 
growth without eradicating the cancer. This equilibrium state places pressures 
on the developing cancer cells, which can select for variants of the tumor that are 
more resistant to the control of the immune system. This immune sculpting of 
the cancer finally allows a complete escape from the control of the immune 
system, with subsequent unchecked growth of the cancer. A new term, Cancer 
lmmunoediting, was coined to describe these 3 aspects of interaction. 

The Three E's of Cancer lmmunoediting 

1. Elimination - This is the entirety of Immune Surveillance. It is the purely 
beneficial part of the interaction of the immune system and cancer 
formation. 

2. Equilibrium - This is where the immune system controls and suppresses 
the cancer without eradicating it. The ensuing environmental pressures 
cause selection of cancer variants in an iterative process producing a 
cancer, which is progressively more resistant to immune attack. 

3. Escape- This is the most destructive part of the interaction. The evolved 
cancer is now able to grow unchecked, having escaped the control of the 
immune system. 

Some of the evidence for these three M's is outlined below. 

Spontaneous tumor development in immunodeficient mice. 

A simple approach to test the role of the immune system in controlling tumor 
development is to remove specific components of the immune system and 
monitor for the development of tumors. The use of gene-targeted mice has 
demonstrated that a number of immune effector cells and pathways are 
important in suppression of tumor development. 

Strain Description Phenotype 

SCID Lack T and B cells 15% develop T cell lymphomas 

RAG2-/- Lack T and B cells Intestinal adenomas 50% 
Intestinal adenocarcinoma 35% 
Lung adenocarcinoma 15% 

RAG2-/-, STAT1-/- Lack T and B cells Intestinal adenomas 20% 
Deficient signaling IFN-y Breast adenocarcinomas 40% 

Colon adenocarcinomas 10% 
Breast and colon 20% 

Perforin-/- Lack Perforin B-cell lymphomas 

lnfg-/- Lack IFN-y T-celllymphomas 
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Perforin-/- lnfg-/- Lack both Periorin and IFN-y B-cell lymphomas, earlier 

Perforin-/- B2m-/- Lack Periorin and B-cell lymphomas, earlier and more 
MHC class I expression frequent 

Lmp2-/- Defective MHC Ag Uterine neoplasm 36% 
Presentation 

Trail-/- Lack TRAIL Lymphomas 25% 

Gmcsf-/- lnfg-/- Lack GMCSF and IFN-y Wide range of malignancies 
Lymphomas, ovarian, teratomas 

I L-12rb2-/- Lack IL-12R~2 Plasmacytomas, Lung carcinomas, or 
both 50% 

J. Clm.lnvest.117:1137- 1146(2007) 

Recombination Activating Genes (RAG-1 and RAG-2) are involved in the 
activation of immunoglobulin (lg) gene recombination. Animals that lack these 
genes are unable to form lg or T-cell receptors (TCR), which blocks the 
development of mature B and T cells. 129/Sv RAG2-deficient mice therefore lack 
both B and T cells. These mice spontaneously develop certain cancers at 15-16 
months of age: 

1. adenocarcinoma of the intestine (35%) 
2. lung (5%) 
3. intestinal adenomas develop in an additional 50% 

STAT1 is an important mediator of signaling induced by both type I and type II 
IFN. When Rag2-t-mice were also deficient for STAT1 more cancers develop: 

1. breast adenocarcinomas (-40% of mice) 
2. colon adenocarcinomas (-10% of mice) 
3. Both Breast and colon (-20% of mice) 

These results suggest that the immune system is involved in the prevention of 
tumors. The mice lacking both IFN signaling and an adaptive immune system 
develop a broader spectrum of tumors than mice only lacking an adaptive 
immune system. 

Perforin is a molecule used by cytotoxic cells such as CD8+ T cells and NK cells 
to form membrane pores in target cells . Mice lacking Perforin, and therefore the 
T cell and NK cell cytotoxic effector pathways, develop spontaneous tumors. 
They develop lymphomas, spontaneously, when they reach 1 year of age. These 
lymphomas are of B cell origin and develop regardless of the mouse strain. 
When these lymphomas are transplanted into Wild Type (WT) mice, the cancers 
are rejected by CD8+ T cells. Spontaneous B cell lymphomas also arise in mice 
lacking both perforin and 132m. The tumor onset is earlier and occurs with 
increased prevalence compared with mice lacking only perforin. These B cell 
lymphomas are rejected when transplanted into WT mice. The cells that institute 
this rejection are NK cells or y B T cells, rather than CD8+ T cells. This 
demonstrates that cell surface expression of MHC class I molecules by tumor 
cells can be an important factor in determining which effector cells mediate 
immune protective effects. Mutations in the gene encoding perforin have been 
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identified in a subset of human lymphoma patients, although it is not clear how 
this affects the disease. 

Age-related spontaneous lymphomas also develop in mice lacking the death
inducing molecule, "TNF-related apoptosis-inducing ligand" (TRAIL) or 
expressing a defective mutant form of the death-inducing molecule FASL. These 
age-related observations demonstrate a critical role for cellular cytotoxic 
pathways in immunoregulation and/or immunosuppression of spontaneous tumor 
development in mice. 

1. Shankaran, V., et al. 2001. IFNgamma and lymphocytes prevent primary tumour 
development and shape tumour immunogenicity. Proc. Nat/. Acad. Sci. U. S. A. 
10:1107-1111 

2. Smyth, M.J., et al. 2000. Perforin-mediated cytotoxicity is critical for surveillance of 
spontaneous lymphoma. J. Exp. Med. 192:755-760 

3. Street, S.E., Trapani, J.A., MacGregor, D., Smyth, M.J. 2002. Suppression of 
lymphoma and epithelial malignancies effected by interferon gamma. J. Exp. Med. 
196:129-134 

4. Street, S.E., et al. 2004. Innate immune surveillance of spontaneous B cell 
lymphomas by natural killer cells and gammadelta T cells. J. Exp. Med. 199:879-884 

5. Clementi, R., et al. 2005. A proportion of patients with lymphoma may harbor 
mutations of the perforin gene. Blood. 105:4424-4428 

6. Zerafa, N., et al. 2005. Cutting edge: TRAIL deficiency accelerates hematological 
malignancies. J. lmmunol. 175:5586-5590 

7. Davidson, W.F., Giese, T., Fredrickson, T.N. 1998. Spontaneous development of 
plasmacytoid tumors in mice with defective Fas-Fas ligand interactions. J. Exp. Med. 
187:1825-1838 

Ctvtokines 

Several cytokine-deficient mice also develop spontaneous malignancies. 
Approximately 50% of IFN-y-deficient C57BL/6 mice were found to develop T 
cell lymphomas that are predominantly disseminated lymphomas. C57BL/6 mice 
lacking both IFN-y and perforin display accelerated B cell lymphoma onset 
compared with perforin-deficient mice. IL-12 and IL-18 are important IFN-y
inducing cytokines, however deficiencies of these cytokines do not cause 
increased development of cancers. 

Inflammation from chronic infections or autoimmune disease increases the 
incidence of cancers. Mice that lack the f32 subunit of the IL-12 receptor (IL-
12Rf32) develop an autoimmune disease, then, later develop plasmacytomas or 
lung carcinomas with age. Mice deficient for both IFN-y and GM-CSF have also 
been found to develop tumors with age in association with inflammatory lesions 
in a range of organs. When these mice are maintained on the antibiotic 
enrofloxacin, the tumor formation is prevented or delayed. This finding that 
antibiotic treatment could prevent tumor development in Gm-csr'-lfng_,_ mice 
raises the possibility that rather than directly eliminating tumor cells, the immune 
system might prevent tumor growth by the elimination of infections. However, 
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Rag2_,_ and RagT'-statr'- mice maintained on the same antibiotics and housed 
under strict pathogen-free conditions and showing no signs of inflammation still 
display increased tumor incidence. 

1. Smyth, M.J., et aL 2000. Differential tumor surveillance by natural killer (NK) and NKT 
cells. J. Exp. Med. 191:661-668 

2. van den Broek, M.E. , et al. 1996. Decreased tumor surveillance in perforin-deficient mice. 
J. Exp. Med. 184:1781-1790. 

3. Takeda, K., et al. 2002. Critical role for tumor necrosis factor-related apoptosis-inducing 
ligand in immune surveillance against tumor development. J. Exp. Med. 195:161-169. 

4. Kaplan, D.H., et al. 1998. Demonstration of an interferon gamma-dependent tumor 
surveillance system in immunocompetent mice. Proc. Nat/. Acad. Sci. U. S. A. 95:7556-
7561 . 

5. Dunn, G.P., et al. 2005. A critical function for type I interferons in cancer immunoediting. 
Nat. lmmunol. 6:722-729. 

6. Smyth, M.J., et al. 2005. NKG2D function protects the host from tumor initiation. J. Exp. 
Med. 202:583-588. 

7. Airoldi, 1., et al. 2005. Lack of 1112rb2 signaling predisposes to spontaneous autoimmunity 
and malignancy. Blood. 106:3846-3853 

8. Enzler, T., et al. 2003. Deficiencies of GM-CSF and interferon gamma link inflammation 
and cancer. J. Exp. Med. 197:1213-1219 

Carcinogen-induced tumors in immunodeficient mice. 

Carcinogen-induced tumors are another way to determine the role of the immune 
system in susceptibility to cancer formation. The 2 most commonly employed 
carcinogen-induced tumor models are: 

1. methylcholanthrene (MCA) which induces fibrosarcomas 
2. 7, 12-di-methylbenz[a]-anthracene (DMBA) and 12-0-tetradecanoyl-

phorbol-13-acetate (TPA), a combination which induces skin papillomas 

The table below lists numerous strains of mice that lack components of the 
immune system and show increased susceptibility to carcinogen-induced tumors. 

Strain Description Phenotype 
Rag2-/- Lack T and B cells 1' MCA sarcomas - 40% rejected by WT 

mice 
Nude Lack most T cells 1' MCA sarcomas - 1' MHC expression, 

slower Qrowth in WT 
SCID Lack T and B cells 1' MCA sarcomas 
Tcrb-/- Lack a 13 T cells 1' MCA sarcomas 
Tcrd-/- Lack y o T cells 1' MCA sarcomas, 1' DMBA/TPA skin 

carcinomas 
Cd1d-/- Lack CD1d restricted T cells 1' MCA sarcomas - some rejected by WT 

mice 
Ja18-/- Lack semi-invariant NKT cells 1' MCA sarcomas - some rejected by WT 

mice 
RAE1 transgenic Defective killing through 1' DMBA/TPA skin carcinomas 

NKG2D pathway 
Perforin-/- Lack Perforin 1' MCA sarcomas 
Trail-/- Lack TRAIL 1' MCA sarcomas 
lfngr1-/- Lack IFN-y R1 1' MCA sarcomas, reconstitution of cancer 
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with IFNGR1 aids rejection 
lfng-/- Lack IFN-y 1' MCA sarcomas and N-methyi-N-

nitrosourea lymphomas 
Stat1-/- Deficient IFN signalinQ 1' MCA sarcomas 
Perforin-/-, lfng- Lack Perforin/IFN-y 1' MCA sarcomas 
/-
IL-12p35-/- Lack IL-12 1' MCA sarcomas and N-methyi-N-

nitrosourea lymphomas 
IL-23p19-/- Lack IL-23 -.It DMBA/TPA skin carcinomas 
IL-12p40-/- Lack IL-12 and IL-23 1' MCA sarcomas, -.It DMBA/TPA skin 

carcinomas 
lfnar1-/- Lack type 1 IFN siQnalinQ 1' MCA sarcomas 
CD-80-/-, CD- Lack CD80 and CD86 1' UV-induced skin carcinomas 
86-/-

J. Clin. Invest. 117:1137- 1146 (2007) 

Immune Interactions with Developing Cancers 

Studies have shown that passage of transplantable tumors through 
immunocompetent hosts selects for tumor variants with reduced immunogenicity. 
The use of genetically defined mutations, in inbred mice, have allowed 
comparison of the immunogenic characteristics of tumors generated in the 
presence and absence of a functional immune system. 

MCA induced sarcomas that developed in either Rag-2-/- or wild-type mice were 
transplanted into Rag-2-/- mice. All these tumors grew with similar kinetics, 
indicating that there were no growth differences attributable to the immune 
system of the animal of origin. All the cancers that were developed in wild-type 
mice could be transplanted into na·lve wild-type mice with tumor progression. 
However, almost half of the cancers that developed in the Rag-2-/- mice were 
rejected when transplanted into wild-type mice, even when injected with high cell 
numbers. This indicates that the cancers developing in immunodeficient mice are 
more immunogenic and have not undergone changes from selective pressure 
from the immune system. 

The evidence suggests that tumors are imprinted or sculpted by their interaction 
with the immune system during their development. The immune system likely 
eliminates those tumor cells with intrinsically high immunogenicity, leaving behind 
mutants with reduced immunogenicity or some other mechanism that evades or 
suppresses the immune attack. This process likely occurs early in the cancer 
development prior to the level of detection. 

1. Engel, A.M ., Svane, I.M., Rygaard, J . & Werdelin, 0. MCA sarcomas induced in scid 
mice are more immunogenic than MCA sarcomas induced in congenic, 
immunocompetent mice. Scand. J. lmmunol. 45, 463-470 (1997). 

2. Shankaran, V. et a/. IFN- Y and lymphocytes prevent primary tumour development and 
shape tumour immunogenicity. Nature 410, 1107-1111 (2001). 

3. Smyth, M.J. eta/. Differential tumor surveillance by natural killer (NK) and NKT cells. J. 
Exp. Med. 191, 661-668 (2000). 

8 



4. Uyttenhove, C., Van Snick, J. & Boon, T. Immunogenic variants obtained by mutagenesis 
of mouse mastocytoma P815. I. Rejection by syngeneic mice. J. Exp. Med. 152, 
1175-1183 (1980). 

5. Urban, J.L., Holland , J.M., Kripke, M.L. & Schreiber, H. lmmunoselection of tumor cell 
variants by mice suppressed with ultraviolet radiation. J. Exp. Med. 156, 1025-1041 
(1982). 

6. Svane, I.M. eta/. Chemically induced sarcomas from nude mice are more immunogenic 
than similar sarcomas from congenic normal mice. Eur. J. lmmunol. 26, 1844-1850 
(1996). 

Evidence for cancer immunoediting in humans 

A number of clinical observations have provided supporting evidence to the 
notion of tumor immune surveillance in humans: 

1. The increased risk of tumor development in immunosuppressed patients 
2. Instances of spontaneous tumor regression 
3. Tumor-reactive T cells and 8 cells imply improved prognosis 

Immunosuppressed patients. 

Immunosuppression, primary or secondary immunodeficiencies, and therapy to 
prevent transplant rejection are associated with an increased risk of malignancy. 
Immunosuppression to prevent transplant rejection is clearly associated with a 
heightened risk of developing certain types of malignancy. The risk is at least 
three times normal to over 1 00 times the normal risk. These cancers are 
predominantly lymphomas, however, a range of solid tumors also occur with 
increased frequency. 

A number of tumors, especially lymphomas, also occur commonly in patients with 
primary and acquired immunodeficiencies. Many of these, especially in AIDS 
patients are thought to have a viral etiology. 

Organ Transplant Patients: 
4 x increase in Malignant melanoma 
10 x increase in malignant melanoma in pediatric transplant patients 
3 x increase in non-Kaposi's sarcomas 
25 x increase in lung tumors in heart transplant patients 
Increase in colon cancers in renal transplant patients 
Increase in pancreatic cancers renal transplant patients 
Increase in lung cancers renal transplant patients 
Increase in endocrine tumors renal transplant patients 

1. Birkeland, S.A. eta/. Cancer risk after renal transplantation in the Nordic countries, 1964-
1986. Int. J. Cancer 60, 183-189 (1995) . 

2. Sheil, A.G.R. in Kidney Transplantation (ed. Morris, P. J.) 558-570 (Saunders, 
Philadelphia, 2001). 

3. Boshoff, C. & Weiss, R. AIDS-related malignancies. Nature Rev. Cancer 2, 373-382 
(2002). 
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4. Hoover, R.N. in Origins of Human Cancer (eds. Hiatt, H. H., Watson, J. D. & Winsten, J. 
A.) 369-379 (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1977). 

5. Sheil, A.G. Cancer after transplantation. World J. Surg. 10, 389-396 (1986). 
6. Penn, I. Malignant melanoma in organ allograft recipients. Transplantation 61, 27 4-278 

(1996). 
7. Penn, I. Sarcomas in organ allograft recipients. Transplantation 60, 1485-1491 (1995). 
8. Pham, S.M. eta/. Solid tumors after heart transplantation: lethality of lung cancer. Ann. 

Thorac. Surg. 60, 1623-1626 (1995). 

Using published data from nine randomized, controlled trials, Bongartz eta/. 
have demonstrated that, along with an increased risk of infection, there is an 
increased risk of malignancy in patients with RA who have been treated with TNF 
antagonists compared with control patients. The pooled odds ratio for 
malignancy was 3.3, despite the fact that patients with RA and other autoimmune 
diseases characterized with inflammation have an increased incidence of cancer 
at baseline. 

1. Bongartz T, Sutton AJ, Sweeting MJ , Buchan I, Matteson EL, Montori V: Anti-TNF 
antibody therapy in rheumatoid arthritis and the risk of serious infections and 
malignancies: systematic review and meta-analysis of rare harmful effects in randomized 
controlled trials . JAMA 295, 2275-2285 (2006). 

There are no studies addressing the regression of cancers that developed on 
immunosuppression once the immunosuppression was withdrawn. The evidence 
from immunosuppressed patients supports the theory of immunoediting. 
However, further investigation is warranted to determine the contributions of viral 
infection, cytotoxic drugs, and persistent inflammation to tumor genesis. 

Microsatellite unstable human tumors. 

Some cancers exhibit a particular type of genetic instability referred to as 
microsatellite instability (MSI). Defects in DNA repair mechanisms lead to the 
duplication or deletion of short repeated sequences of DNA known as 
microsatellites. Colorectal cancers can have strikingly high levels of this 
instability. The cancers that exhibit MSI are often strongly infiltrated with 
lymphocytes, including activated COB positive T cells. The presence of the cells 
in the cancer is associated with a favorable prognosis. The high rate of mutation 
in the cancers leads to an increase number of novel tumor antigens that can be 
recognized by both 8 cells and T cells . Microsatellite instability has also been 
shown in gastric medullary cancers, resectable pancreatic cancer, and non
Hodgkin lymphoma. 

1. Guidoboni, M., et al. 2001. Microsatellite instability and high content of activated cytotoxic 
lymphocytes identify colon cancer patients with a favorable prognosis. Am. J. Pathol. 
159:297-304 

2. Buckowitz, A. , et al. 2005. Microsatellite instability in colorectal cancer is associated with 
local lymphocyte infiltration and low frequency of distant metastases. Br. J. Cancer. 
92:1746-1753 

3. Naito, Y., et al. 1998. CDS+ T cells infiltrated within cancer cell nests as a prognostic 
factor in human colorectal cancer. Cancer Res. 58:3491-3494 
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4. Dolcetti, R., et al. 1999. High prevalence of activated intraepithelial cytotoxic T 
lymphocytes and increased neoplastic cell apoptosis in colorectal carcinomas with 
microsatellite instability. Am. J. Pathol. 154:1805-1813 

5. Ishikawa, T., et al. 2003. Tumor-specific immunological recognition of frameshift-mutated 
peptides in colon cancer with microsatellite instability. Cancer Res. 63:5564-5572 

6. Saeterdal, 1., et al. 2001. Frameshift-mutation-derived peptides as tumor-specific 
antigens in inherited and spontaneous colorectal cancer. Proc. Nat/. Acad. Sci. U. S. A. 
98: 13255-13260 

7. Lu, B.J., Lai, M., Cheng, L., Xu, J.Y., Huang, Q. 2004. Gastric medullary carcinoma, a 
distinct entity associated with microsatellite instability-H. prominent intraepithelial 
lymphocytes and improved prognosis. Histopathology. 45:485-492 

8. Nakata, B., et al. 2002. Prognostic value of microsatellite instability in resectable 
pancreatic cancer. Clin. Cancer Res. 8:2536-2540 

Human tumor-infiltrating lymphocytes. 

Infiltration with T cells or NK cells has been associated with an improved 
prognosis for a number of different tumor types including breast, bladder, colon, 
prostate, ovary, rectum, and neuroblastoma. These tumor-infiltrating lymphocytes 
were first shown to be important in patients with malignant melanoma, where 
CD8+ cells were favorable with longer patient survival. Studies with melanomas 
have shown a number of tumor-specific antigens can be recognized by T cells. 
The T cells have to infiltrate the tumor to be associated with improved survival. T 
cells active against the cancer in the blood do not correlate with survival. (see 
Cell Adhesion) However, not all leukocytes infiltrating a tumor are favorable. For 
instance, macrophages can have the opposite effect. 

1. Clark W .H. Jr., et al. , 1989;Model predicting survival in stage I melanoma based on 
tumor progression .. J. Nat/. Cancer/nsf. 81:1893-1904.1904 

2. Clemente, C.G., et al. 1996. Prognostic value of tumor infiltrating lymphocytes in the 
vertical growth phase of primary cutaneous melanoma. Cancer. 77:1303-1310 

3. Scanlan, M.J., Simpson, A.J ., Old, L.J. 2004. The cancer/testis genes: review, 
standardization, and commentary. Cancer lmmun. 4:1 

4. Haanen, J.B., et al. 2006. Melanoma-specific tumor-infiltrating lymphocytes but not 
circulating melanoma-specific T cells may predict survival in resected advanced-stage 
melanoma patients. Cancer lmmunol. lmmunother. 55: 451 -458 

5. Dunn, G.P., Old, L.J., Schreiber, R.D. 2004. The three Es of cancer immunoediting . 
Annu. Rev. lmmuno/. 22:329-360 

6. lihara, K., et al. 2004. Spontaneous regression of malignant lymphoma of the breast. 
Patho/. Int. 54:537-542 

An Example of Equilibrium and Escape in Humans 

The plasma cell malignancy, multiple myeloma (MM), can be viewed as a 
prototype of immunoediting. The disease has several stages that progress from a 
premalignant state, known as monoclonal gammopathy of undetermined 
significance (MGUS), through to an aggressive terminal disease. The presence 
of this premalignant phase of disease (MGUS), allows us to monitor the 
contribution of the immune system to preventing and/or inhibiting progression to 
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multiple myeloma. This monitoring has showed that T cells derived from the bone 
marrow of patients with MGUS mount strong responses to autologous 
premalignant cells. These responses are not detected in patients with disease 
that has advanced to multiple myeloma. These findings are consistent with a T 
cell response holding premalignant cells in check (i.e., equilibrium) followed by 
the eventual failure of this response to control abnormal plasma cell clones that 
might have evolved resistance mechanisms during the equilibrium and thereby 
escape immune control to form multiple myeloma. 

1. Dhodapkar, M.V. 2005. Immune response to premalignancy: insights from patients with 
monoclonal gammopathy. Ann. N. Y. Acad. Sci. 1062:22-28 

2. Kyle, R.A., et al. 2002. A long-term study of prognosis in monoclonal gammopathy of 
undetermined significance. N. Engl. J. Med. 346:564-569 

3. Dhodapkar, M.V., Krasovsky, J., Osman, K., Geller, M.D. 2003. Vigorous premalignancy
specific effector T cell response in the bone marrow of patients with monoclonal 
gammopathy. J. Exp. Med. 198:1753-1757 

Mechanisms of Escape 

Paraneoplastic Autoimmune Syndromes 

Patients with cancer often develop disease symptoms, which are caused by the 
presence of the cancer, but are not directly related to tumor growth. Some of 
these paraneoplastic syndromes are caused by an immune response specific to 
the self antigens on the surface of the cancer cells. This autoimmune response 
often precedes the diagnosis of the cancer, sometimes by many months to years. 
An example of this is paraneoplastic cerebellar degeneration, a neurologic 
syndrome that occurs in some patients with gynecologic malignancies and in 
others with Hodgkin's disease. The gynecologic malignancies are associated 
with high titers of Yo-specific autoantibodies. Hodgkin's disease is associated 
with antibodies to thioredoxin reductase-1. These autoantibodies are not the 
only mechanism of disease in this syndrome. Cytotoxic T lymphocytes, specific 
for antigens shared by the cancers, cross-react with Purkinje cells. This 
paraneoplastic syndrome is usually fatal unless the patient undergoes a 
complete remission of the cancer, indicating that the tumor is driving the immune 
response. 

1. Gultekin, S.H., et al. 2000. Paraneoplastic limbic encephalitis: neurological symptoms, 
immunological findings and tumour association in 50 patients. Brain. 123:1481-1494 

2. Graus, F., et al. 1997. Anti-Hu antibodies in patients with small-cell lung cancer: 
association with complete response to therapy and improved survival. J. Clin. Oneal. 
15:2866-2872 

3. Darnell, R.B., DeAngelis, L.M. 1993. Regression of small-cell lung carcinoma in patients 
with paraneoplastic neuronal antibodies. Lancet. 341:21-22 

4. Tanaka, M., Tanaka, K., Tokiguchi , S., Shinozawa, K., Tsuji, S. 1999. Cytotoxic T cells 
against a peptide of Yo protein in patients with paraneoplastic cerebellar degeneration 
and anti-Yo antibody. J. Neural. Sci. 168:28-31 

5. Albert, M.L., et al. 1998. Tumor-specific killer cells in paraneoplastic cerebellar 
degeneration . Nat. Me d. 4:1321-1324 
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6. Mathew, R.M., Cohen, A.B., Galetta, S.L., Alavi, A., Dalmau, J. 2006. Paraneoplastic 
cerebellar degeneration: Yo-expressing tumor revealed after a 5-year follow-up with 
FOG-PET. J. Neural. Sci. 250:153-155 

Immune Privileged Sites 

There are several sites in the body, one of the largest is the central nervous 
system, which are inaccessible to the immune system. Tumors in such areas of 
the body are invisible to immune surveillance and thus cannot be targeted by 
immune reactions. Residence of a tumor in one of these "immune privileged" 
sites allows them to be essentially non-antigenic because the immune system is 
not even aware of their presence. 

Adhesion Molecules 

When there is acute or chronic inflammation within a tissue, the high endothelial 
venules (HEV) begin to express a variety of ligands to cellular adhesion 
molecules. These molecules allow circulating lymphocytes to roll along the 
vessel wall, firmly adhere to the vessel, and then transmigrate from the blood 
vessel to the inflamed tissue. One mechanism of Tumor evasion from immune 
surveillance relies on modulation of the expression of some of these interactions 
with cellular adhesion molecules. Lymphocytes normally upregulate the 
expression of L-selectin and alpha-4, beta-7 integrin adhesion receptors, which 
bind to ligands expressed on the venular endothelium. When the ligands to these 
and other cellular adhesion molecules are not expressed in the venules in 
tumors, lymphocytes do not infiltrate the tumor. It is the suppression of the 
ligands that prevents the lymphocytes from being able to migrate, allowing the 
cancer to escape. 

Shedding of antigens 

Both CD4+ and CDS+ cells undergo negative selection for self antigens within 
the thymus during normal development. Everything else is fair game for 
recognition and attack. If high levels of foreign antigens are present, a tolerance 
to those antigens can develop, even though they would otherwise be recognized 
as non-self. Cancers utilize this tolerance by flooding the serum and lymph with 
their tumor-associated antigens. The subsequent tolerance allows the cancer to 
escape, or in this case, suppress the immune response. 

Antigenic modulation 

Cancer cells can undergo rapid alterations in appearance. Variants can arise that 
lack antigens that would expose them to the immune system. This antigenic 
modulation or immunoselection allows them to evade attack. Some tumor
specific antigens will disappear from the surface of the cells in the presence of 
specific antibodies in the serum surrounding the cell, only to reappear when the 
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antibodies dissipate. At other times the antigen-antibody complex are shed from 
the surface of the cancer as soon as binding occurs. 

1. Kuby, J. Immunology 3rd edition. New York, W.H. Freeman, 1997 
2. Nossal GJ, 1993. Tolerance and ways to break it. Ann. NY Acad. Sci. 690:34-41. 
3. Onrust SV, Hartl PM, Rosen SO, Hanahan D, 1996. Modulation of L-selectin ligand 

expression during an immune response accompanying tumorigenesis in transgenic mice. 
Journal of Clinical Investigation. 97(1 ):54-64. 

4. Old, LJ, 1996. Immunotherapy for cancer. Scientific American Sep. 275(3):136-143 
5. Pitti Rm, et al., 1998. Genomic amplification of a decoy receptor for Fas ligand in lung 

and colon cancer. Nature 396(6712) :699-703 

Immunosuppressive Cytokines 

Many types of cancers secrete immunosuppressive cytokines that induce 
generalized and specific inhibition of immune responses. These cytokines down
regulate appropriate immune responses targeted at destroying cancer cells. 
Immunosuppressive cytokines secreted by cancer cells include transforming 
growth factor-beta (TGF-beta), interleukin-10 (IL-10) and vascular endothelial 
growth factor (VEGF), as well as others. 

Prostaglandins 

Prostaglandins can suppress or stimulate the immune system. They are 
produced by tumor cells and do so at increased levels when the cancer cells 
interact with lymphocytes. Prostaglandins have been shown to inhibit several 
lymphocyte functions, including mitogenesis, cytolysis and antibody production. 
Prostaglandin production has been suggested as an escape mechanism that 
cancer cells may use against the immune system. Observations include 
increased secretion of prostaglandins by macrophages isolated from patients 
with Hodgkin's lymphoma and increased macrophage killing when breast cancer 
patients were given prostaglandin inhibitors. 

Costimulation of Immune Cells 

Activation of T cells requires two distinct signaling events. The first signal occurs 
with the binding of the T -cell receptor to the antigen associated with the major 
histocompatibility complex on the surface of the target cell. The second signal 
can occur through activation from soluble cellular hormones such as interleukin-2 
or interaction of cell surface molecules on the T -cell with the antigen-presenting 
cell. The first signal provides specificity, while the second signal provides co
stimulation. Both signals are necessary for effective function. 

Malignant melanoma cells are immunogenic and should activate an immune 
response. However, no effective antitumor immune response occurs in vivo. 
The melanoma cells are thought to deliver an antigen specific signal, however 
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costimulation appears to be absent. This produces tolerance in the immune 
system. 

Apoptotic pathways 

One of the mechanisms used to eliminate unwanted cells originates within the 
cell itself. Apoptosis, or programmed cell death, can occur by way of a positive 
signal, either internal or external, or through the loss of a suppressor signal, 
normally present throughout the life of the cell. 

Cell receptors which bind tumor necrosis factor (TNF) can initiate the apoptotic 
pathway in response to stimulus. These receptors include TNFR1, TNFRII, and 
Fas (also known as CD95 or AP0-1). TNFR1 and Fas can initiate apoptosis 
directly. TNFRII is involved in the activation of the transcription factor NFKB. 
The immune system uses TNFR1 and Fas pathways to kill cancerous cells. 
These mechanisms are independent of perforin or the granzyme A or granzyme 
B systems. Both T lymphocytes, mainly Th1, and NK cells can utilize these 
pathways by releasing soluble ligands or displaying them on their surface. Some 
cancer cells evade this mechanism by uncoupling their receptors from the 
cascade that would produce apoptosis. 

Tumor growth kinetics 

Lack of cell cycle controls leads to excessive proliferation of tumor cells. 
Mounting an immune response is based on the activation and subsequent 
proliferation of normal immune cells that recognize the tumor antigens. This 
normal response is significantly slower than the uncontrolled growth of the 
cancer cells. The cells of the immune system still function under the control of the 
cell cycle clock and therefore are subject to inhibitory signals, which ensure that 
the cell has the proper environment before they are allowed to complete the cell 
cycle. These circumstances are thought to be one reason that the cancer can 
overwhelm the immune system, just through shear numbers. 
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Number 6 has the cure for cancer. 

Imagine studying ascites in mice. Acquisition of ascites is accomplished by 
injecting 8180 cancer cells (sarcoma) into the peritoneal cavity of the mice. The 
cancer cells grow and block the lymphatics draining the peritoneal cavity. The 
mice gain weight and have a protuberant abdomen full of ascites. The mice 
uniformly die within a few weeks of the injection. 8180 cells lack major 
histocompatibility complex antigens on their surface. The cells form highly 
aggressive cancers in all strains of laboratory mice and rats. The cells grow 
exponentially with a generation time of 12 to 18 hours. 

Imagine that one of the mice, number 6, does not develop ascites, does not gain 
weight, and does not die. A very plausible assumption would be that this mouse 
did not receive an injection. It was simply missed. However, a second injection 
also did not result in ascites, weight gain, or death. A third injection with twice 
the lethal dose of 8180 cells did not produce ascites or death. A fourth injection 
of 10 times the lethal dose did not produce ascites or death. How far would you 
go before deciding that there was something special about mouse number 6? 
Injecting the mouse with 4 orders of magnitude more cells than are lethal, 
equivalent to 10% of the body weight of the mouse, did not produce ascites or 
death. There is indeed something special about mouse number 6. In the figure 
below, WT refers to "wild-type," where 8R/CR refers to the cancer resistant 
progeny of mouse number 6. 
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This mouse was bred with other mice and the progeny were tested for resistance 
to S 180 cancer cells. Approximately 40% of the progeny displayed resistance to 
the cancer cells. The following pedigree shows males represented by squares 
and females by circles. Filled squares and circles are resistant to the cancer. 
Empty circles represent control mice that are sensitive to the cancer. Slashed 
squares and circles are progeny that are sensitive to the cancer. 

B BALBigmcR x BALB/c 

An interesting finding was the age dependence of the resistance trait. When the 
first injection of cancer cells occurs at 6 weeks of age, 72 of 240 progeny showed 
the (complete resistance) CR phenotype. When the first injection was given at 
12 weeks, 50% of the progeny were resistant, with half displaying the SR 
(spontaneous regression) phenotype, and half displaying the CR phenotype. (see 
below) When the first exposure to the cancer cells was delayed until 22 weeks, 
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30% of the progeny were resistant, 86% SR and 14% CR. If the first injection of 
cancer cells was delayed until 56 weeks, even mice that had passed on their 
resistance to their progeny, died of the cancer. (shown below) 

(S1/98} (361120) 

6 12 22 56 
Ages (weeks) at Initial Injections 

The mice that developed complete resistance could withstand repeated lethal 
injections with cancer cells without harmful effects. This is shown below, where 
the body weight in grams is displayed over time. The arrows indicate injections 
into a CR mouse. Separate injections into wild-type mice are shown as controls 
at each time point. 
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The mice that developed spontaneous regression (SR) initially developed tumor 
growth, but were able to eventually respond to the cancer and completely 
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eliminate the cancer. This is shown in the following graph, where a wild-type 
mouse, a mouse with complete resistance, and a mouse exhibiting spontaneous 
regression were all injected with cancer at the same time. In the mouse with the 
SR phenotype, tumor regression occurred after day 14 and was complete within 
one day . 
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The spontaneous regression of the cancer protected the mice from developing 
ascites again upon repeated exposure to the cancer cells. Thus, the SR 
phenotype subsequently developed complete resistance. This is shown below, 
where a mouse with the SR phenotype is injected again immediately after 
clearing the cancer cells from the first injection. A control, wild-type mouse is 
also injected at each arrow . 
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Day4 
Analysis of the cells washed from the peritoneal cavity showed a rapid influx of 
leukocytes in the mice with the SR phenotype (on the right above and the clear 
bars below), followed by a rapid decline. The wild-type mice showed only an 
increase in the cancer cells injected (as shown on the left above and in black 
bars below). 
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The resistance to cancer in these mice was not limited to S180 sarcoma cells. 
These mice exhibited resistance to a wide range of cancer cells as shown in the 
table below. 

Cell Line 
S180 
L5178Y 
MethA 
P815 
LL/2 
BW5147.3 
Hepa1-6 
KLN 205 
EL-4 

Cancer Type 
Sarcoma 
Lymphoma 
Sarcoma 
Mastocytoma 
Lung carcinoma 
T-celllymphoma 
Hepatoma 
Squamous cell Ca 
B-celllymphoma 

MHC-1 Expression 
Negative 
Negative 
Positive 
Negative 
Negative 
Negative 
Negative 
Negative 
Positive 

Leukocytes from the resistant mice formed rosettes with cancer cells resulting in 
necrosis of tumors and apoptosis of individual cancer cells. This cancer 
immunity could be transferred to nonimmune, wild-type mice by adoptive transfer 
of leukocytes from the resistant mice. The following graph shows solid tumor 
size as a percent of the tumor size in control animals. The mice undergoing 
adoptive transfer had an initial increase in the size of the tumors , followed by 
subsequent regression , then complete resolution of the cancer. 
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The activity of purified subsets of leukocytes from SR/CR mice were measured in 
an in vitro killing assay against 8180 cells. The subsets consisted of 95% pure 
populations of NK cells, macrophages, and polymorphonuclear leukocytes. The 
bars in the following graph show the percent target cell survival. The top bar 
shows the tumor cell survival when no leukocytes are added. The next two bars 
show survival when wild-type leukocytes are added to the assay with no effect. 
The bar labeled SR-S are unfractionated splenic cells, while SR-T are 
unfractionated Peritoneal cells obtained after Thioglycolate stimulation in SR 
mice. The purified subsets of macrophages, NK cells, and PMNs from SR mice 
all show activity against the cancer cells. The last two bars show that the killing 
is specific to cancer cell lines and not to cultured CHO cells or NIH 3T3 
fibroblasts. 
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These three active cell types make up the majority of the cells found in rosettes 
surrounding the cancer cells as shown below. 
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Using supernatants and Transwell plates with filters, it was shown that cell 
contact was necessary for cancer cell killing, as shown below. 
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Mouse number 6 spontaneously developed a complete resistance to cancer. 
This trait seemed to be linked to a somatic chromosome and passed on to 
subsequent generations. These resistant mice do not show any evidence of 
autoimmune activity and live out a normal lifespan free of cancer. Their 
anticancer activity appears to be free of side effects. The resistance is against a 
wide range of cancers. These mice demonstrate that cellular cytotoxicity is 
capable of curing even established solid tumors. Cancer cells injected into the 
peritoneal cavities of these resistant mice are killed at the rate of a million cells 
per hour. The primary mechanism of cancer cell killing in these resistant mice 
was necrosis. This is consistent with the rapid clearance of a large cancer cell 
burden. However, there is also clear evidence that the effector cells can induce 
apoptosis in the target cells. 

The killing of cancer cells in these resistant mice requires three distinct phases: 
1. Leukocytes must migrate to the cancer site after sensing the presence of 

cancer. 
2. The leukocytes must recognize the unique properties of the cancer cell 

surface and bind tightly to it. 
3. The effector mechanisms must be delivered to the target cells. 

The difference between the resistant mice and the wild-type mice seems to lie in 
one of the first two phases. After exposure to cancer cells, the wild-type mice do 
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not show leukocyte infiltration and rosette formation. The mutation in the 
resistant mice confers a tracking ability to the leukocytes, making them capable 
of sensing unique diffusible and fixed surface signals from cancer cells. The 
mutation also makes them capable of responding to the activation signals by 
migration and physical contact with the target cells. Once the first two phases 
are complete, the resistant mice utilize effector mechanisms that are present 
even in the wild-type mice. The mutation likely determines whether leukocytes 
interpret the signals from cancer cells as inhibition, as occurs in the wild-type, or 
as activation of migration and target recognition , as in the resistant mice. 

Number 6 holds hope for both treatment of cancers already established as well 
as vaccines able to confer immunity to cancer at an early age. The elucidation of 
the gene or genes responsible for this cancer immunity will likely show the 
unique properties of this mouse. 
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