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Role of Antibodies in Tumor lmmunity
In addition to their indirect beneficial role in the
ADCC mechanism of tumor killing, antibodies can also
play a direct role in tumor immunity. Antibody directed
to TAA can either facilitate the killing of a tumor cell or
paradoxically be ~nsible for its enhanced growth.
Antibody directed to TAA together with activation of
the complement system c:an kill the cancer cell by the
cytolytic activation of the membrane-~ctivation ~m
plcx (MAC) cascade (Figure 20-12 and Chapter 4).
Altematively, TAA alone or complexed with antibody as
antigen-antibody complexes can int.erfere with the CTL
killing of a cancer cell by blodcing its activity (Figure
20-13). As will be described in great.er detail below,
another mec:hanism by which CTLs may be blocked is
through the excess production of soluble TNF-ex recep-

tors (s-1NF-Rs).
f"tgUnt 20-12. Schematic representstion of the ldlling of a cancer
oell, which expresses a TSA by an entibody-<:omplement mediated
readlion by antlbody directed to a TSA molecule.

cdls); and (3) CD4+TGF-ß+ T cells that are also
indured Treg cclls activatcd in the periphery in the
conl~~t of oral tolerance and are termed 1113 cdls.
As will bre described in greater detaii below,
regulaoory T cell-mediated immunosuppression is
one ·o f the crucial tumor immune-<eVasion mechanisms and the main obstade ro sucressful tumor
immunotherapy.
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Flgure 20-13. Schematic representetion of the inhibitory effects of
antibody or TSA; mtibody complexes on the killing of a cancer cell
by a CTL killing (bfocking antibody).

Mechanisms of T u:mor CeH Evasion

of the Immune Response
Possibte Sunriv•I Mechanisms Used by the
Cancer Cell to Evade the Immune System
from what has been presented thus far, it is dear that
.a number of potential medtanisms may underlie the
~city of a malignant cell to avoid destruction at
the hands of tbe immune system. As described earlier,
the immune system is unlikely to be the only deknse
bulwark agai11st malignancy, so that tumor growth
might not be exclusively related to evasion of the
tumor by the immune system. The countcnneasures
that a tumor may employ include downexpression of
potential target antigens and inhibition of the T cell
response and direct modulation of proinflammatory
cytokines, as will described below. These evasion
mechanisms may serve as novel targets for cancer
therapy.
Tumor Necrosis Factor (TNF)
Iumor !!ecrosis factor-alpha (TNF-«) and !ympho!oxin (LT-ex or TNF-ß) are two interrelated members
of the TNF family that, in native form, are bomotrimers of 17 and 17.5 kDA peptides, respectively
( Chapter 9 and Figure 20-14). Their genes are located
adjacent to one another within the dass III major histocompatibility complex (MHC) region in mammals
( Chapter 10). Wbile LT-ex is predominantly produced
by lymphocytes, TNF-ex is produced by macrophages,
lymphocytes, and other cells in selected situations.
These cytokines have many in vitro effects that
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f"19ure 20-14. Schematic representation of the general stnrc·
tures of the various members of the TNF cytokine f&mily. TNNi
end TNF-{I (lT-uJ are the best-recognized forms that exist in trimeric
form and that attach to their respective trimeric receptors {TNf-R
and LTfl). There are two receptors that bind TNF-u. called TNF·RI
and~Rll .

indU<!e growth i.nhibition or lysis of transformed
cdls, activation of phagocytic cells, ~tion of
various cell surface proteins, particulady growith f.actors, ~ oontrol of the development and expression
of cell-medi~ted antitumor immune responses. They
also tlisplay a wide sprectrum of reactions in vivo,
senne of whicb indude necrosis of tumors, ieukocytosis and inßammation, cachcxia, and shock. Thcir biologK: eltt:cts are inductd by their ·eng~ement with

their specific cdl surface receptors {Cllapm- 9). The
activities attributcd to these cytokines bave evokcd
considcrable inwest
thcir potential use :a'S anticancer agents. A human recombinant interleukin-2

ror

product, aldcsleukin, for example, has been licensed
for the treatment of adults with metastatic renal fell
?fcinoma (RCC) and metastatic melanoma ( Chapter
11). Although TNF-ci would seem to be a potentially
optimal antitumor therapy, clinical trials to date indicate that systemically administered TNF-cx so as to
achieve biologically effectivc supraphysiologic conccntrations in blood has at best limited dinical efficacy and considerab)e unacceptable toxidty.

TNF Receptors/lnhibitors
Of the more than 20 protei.ns that comprise the TNF
!eceptor (TNF-R) family, two clinically important
TNF receptors are TNF-RI (55 kD), expressed by most
cell types, and TNF-RII (75 kD), restricted to lymphoid cells ( Chapter 9 and Appendix 2). These two
distinct families of 1NF receptors are found either on

cell surfaces or, when released, as extracellular soluble
TNF Receptors (sTNF-Rs). The soluble form -of the
rec.eptor is a truncated version of the membrane TNFR consisting of its extracellular binding domain and is
found in blood andin body fluids. These sTNF-Rs are
expressed constitutively and, when released by the
malignant cell, are thought to be another form of
tumor evasion by their capacity to bind to TNF-cx and
to inhibit its activity in the surrounding microenvironmcnt of an immune target. Both of these soluble
receptors are present in increased levels in the sera of
patients with malignancies. There is now evidence that
this increase in serum levels above normal constitutive
levels is due to their excessive production by cancer
cells and/or tumor vascuiature and that inhibition of
TNF-a/CT by these soluble rereptors may be a mechanism by which twnors escape thc imrnunosurveillance
system. Tue removal of soluble cytokine inhibitors
present in the plasma of patients with a variety of cancers, might, tberefore, be a unique therapeutic intervention ieading to tumor regression by increasing
local tumor destructive intlammatory responses while
sparing systemic effects. The prospective clinical :studies by Langkopf and Atr.podien support this putative
tumor protecrive elrect and have demonstrated an
inverse relationship between patient survival and levels
of soluble 1NF receptors in blood. More recent clinical
studies by Lentr., employing immunoadsorbent methof TNF-R removal from plasma, have provided
further evidcnce that a variety of tumor types are susceptible to immunologic destruction mediatl!d by
1NF-<X afrer the rcmoval of these s1NF-Rs surrounding the tumor (Figure 20-15). Tue overproduction of
TNF-cx (originally called "cachexin") and other proinftarnmatory cytokines m.ay also be the mcchanism for
the systemic etkcts of fever, weight loss, malaise, and
cachexia seen in cancer patients with extensive disease.

oos

General Concept& of the Role of the

Immune System and lnflammation in
Tumor immunity or Progression:
Beneficial or Detrimenta l Outcomes
Tue immunologic events involved in tumor immunity in many respects are the same as those marshaled
in response to infectious agents. Acute activation of
innate immunity sets the stage for subsequent activation of the more sophisticated adaptive immune
responses. Induction of efficient primary adaptive
immune responses requires direct interactions with
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fiig!IN Z0.15. Sdhematic representation of the proposed normal
i<illing med 1anisms of a tumor cell by e TNF-producing ectivated
'CTL compsred to inhibition ·of TNF killing resulting tram its neUtralization by excessive production of sTNF-Rs in the 'Sllrrounding microerwironment of 'the tumor cell. !Adapted wlth permission from
Dr. M . Rigdon L<entz. MD.)

mature antigcn-presenting cells and a prointlammatory milieu. Nonethele-ss, there is accumulating cvidence to suggest tbat a perturbed innatiefadaptive
immune balen:ce a~ seen in chronic infiammation or
chronic infection may also enhanoe conditions for
tumorigenesis. The molecular mecbanisms that
underlie hannful, cxcessive stimulation of immune
ce1l responses are numerous and complex. Genetic
predisposition underlies some disorders, such as pancreatitis, ulcerative colitis, and some rheumatoid diseases. Others are associared with inrectious disease
pathogens that are able to evade natural tissue
immune clearance mechanisms and persist. For
example, Helicobacter pylori, a Gram-negative bacterium, causes chronic gastritis in infected hosts and in
some patients may be associated with gastric cancer,
e.g„ adenocarcinoma and lymphoma, whereas infection with hepatitis B or hepatitis C virus (HBV and
HCV, respectively) is linked to chronic hepatitis, cirrhosis, and in some patients with subsequent development of hepatocellular carcinoma. Similarly,
infection with HPV has been associated with vulvar
squamous cell carcinomas and adenocarcinomas.
Unresolved intlammation resulting from exposure to

toxic factors such as asbestos or smoking, as weil as
from ongoing chemical or physical irritation, such as
acid-reflux disease or exposure to ultraviolet (UV)
light, may therefore be related to the development of
lung cancer, gastroesophageal junction cancer, and
skin cancer, respectively. Mutations and/or genetic
polymorphisms in crucial genes that regulate cytokine function, metabolism, and leukocyte survival
have also been implicated as etiological factors in
chronic inflammation, thus lending further support
fo r the possible relationship of chronic inflammation
and cancer.
During acute inflammation, innate immwie cells,
including pbagocyti.c cells and NI< cells, form the first
line of immune defense and regulate subsequent activation of adaptive immune responses. By contrast, during
chronic inßammation, these roles can be revcrsed-i.e.,
adapti~ immune responses can cause ongoing and
exressive activation of innate immune cells. In arthritis,
for example, activation o f T and B lymphocytes results
in anuoody deposition into affected joints, prompting
recruitment of innare immune cells into tisrue. Once
within the tissue, activation and/or degranulation of
mast OOJ.s, granulocytes, and macrophages, in combination with humoral immune responses, leads to joint
destruction. By oontmst, whereas acutely activatied
innat'e immwie ~ contribute to effi.cient T 001 activation, dtronically activated innare immune cd1s can
cause T cell dysfunction through the production of
reacti~ oxygen

radicals.
Regudless of the underlying initiating cause t>r

pathogenetic mcchanism, if an infectious or assaulting agent is inadequately deared and persists in tissue, or a tissue is subjected to ongoing insult and
damage that fails to heal in a timely manner, host
infl.ammatory responses can persist and exacerbate
chronic tissue damage, which can cause primary
organ dysfunction and systemic complications.
Shown in Figure 20-16 is a scbematic representation
of the hypoth~cal sequelae of progressive pathogenetic
events that occur during the emergence of a canc:er. It is
the same sequence of events desaibed previously in
other chapters for failure of elimination of an infectious
agent or foreign substance now applied to a malignancy.
In this general synthesizing schCllle, failure of elimination of the foreign substance leading to its persistence
resulted in inflammation, immunopathology seen in
chronic microbial infection ( Chapters 12, 13, 14, and
15), or autoimmune disease (Chapter 19); in the case of
cancer, this failure of elimination would lead to further
malignant progrcssion and cancer expansion. lt may
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Rg11re 20-1fi. Panel A: Schematic representation of the sequelae of pathogenetic events that follow from feilure of efimination of an infec·
tious agent or foreign substance, leading to persistence of 1tie foreign configuration with resuftant inflammation, immunopathology in the
form of autoimmune diseese, or melignancy. Panel B: The three phases of cancer immunoediting: -elimination, equnibrium, and escape correlated with the morphologic assessment of emerging cancer cells during these various stages. During the first phase of elimination, only normal cells ere seen (red); the few malignant cells that emerge are removed by apoptosis; during equilibrium, both normal cells (red) are seen
as cancer cells appear (green); during escape, a predominenoe of cancer cens are seen (greenl. with no normal cells evident.

now be possible to superimpose the "three Es of cancer
immwioediting;' i.e., elimination, equilibrium, and
escape, upon the three progressive stages of the immune
response evolving from innate and adaptive immunity
and terminating in the chronic irreversible phase of
cancer. During the first phase of immunoediting, i.e.,
elimination, the innate immune response would play
the primary role in eliminating the greater part of emergent cancer cells through apoptotic cell death; in the
second phase of equihörium, the adaptive immune
response would be partially effective in containing

tumor progression and would result in one population
of tu.mor cells capable of being detected by an effective
Tand B c:ell responsc as weil as a second emerging population of tumor c.ells that has leamed how to escape
immune detection and is being "sculpted" by a futile
attempt of an ineffective adaptive immune response;
the fililure of the immune struggle with the cancer cell
would be seen in the third phase of escape of immunoediting during which no immune killing would be
possfüle and only further cancer expansion would be
seen (Figure 20-16).

