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Immunology of cancer

Immunology s a research speciality,
particularly in tne area of cancer study
has. become one of the very versatile
branches of science. Ehrlich in 1809 (1)
and Bashford in 1910 (2) were the first
investigators to study the phenomenon
of rejection of transplanted tumours, who
thus laid the foundations for the immuno-
logy of cancer. A new era in this field
was ushered by the demonstration of
antigens by Foley in 1953 (3) and Prehn
in 1957 (4). Concommittant with the
malignant transfosmation, it is assumed
that certain new antigens also appear,
which are called the tumour associated
antigens, and if the presence of these
antigens are demonstrated by transplan-
tation techniques, they are often callad
as tumour specific transplantation anti-
gens. In most models studied, there
appear only weak tumour associated anti-
gens. The tumour antigens to which a
host can most effectively respond, and
hence reject, are those located on the
cell membrane rather than in the interior
of the cell. Klein, 1966)5

These antigens may represent either
products of altered genes, or the expre-
ssion of de-repressed genes that are
dormant in normal cells. Neoplasms evo-
ked by chemicals usually do not cross
react at all even in tumours provoked
by the same chemical at different sites in
the same individua!.(G) Generally speak-
ing, antigens of chamically induced tumo-
urs are individually specific. On the con-
trary, the tumours induced by a viral agent
usually possess cross antigenicity with
tumours produced by the same type of
virus elsewhere (7) Thz viruses interact
with nucleic acics of the host in aspeci-
fic manner, resulting in the cross reactivity
of antigens in viral-induced tumours.
Continued presance of virus- derived gene-
1ic information was seen in the transfor-
. imed neoplastic :

zalls.{(8) A third type of
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tumour associated antigen isthe appeara-
nce of embryonal antigen on malignant
cell. This is probably due to the de-re-
pression of genes concomn.ittant with the
de-differentiation process during the ma-
lignant transformation. The best examples
of such embryonal antigens are the carci-
no-Embryonic Antigen which appears in
circulation of patients with carcinoma of
colon (Gald and Freedman, 965) (9) and
the Alpha Feto-Protein detected in circu- .
lation of hepatoma patients(Abelev, 1968}
(10) Many such embryonal tumour asso-
ciated antigens are described recently
such as Carinofetal ferritin, Beta chain of
Human Chorionic Gonadotropin, Lacto-
fer.itin and Beta Onco Fetal Antigen.
Since they are embryonic, such tumour-
associated products are not antigenic in
the tumour bearieg host,. and hence are
not rejection inducing. However such
embrvonal antigens are very useful for
foilow-up purposes.

Evidence for existence of tumour
associated antigens in human tumour
cells came from in vitro experiments
showing that patients witli tumour had
circulating antibodies and mononuclear
cells which were capable of killing their
own tumour cells cultured in vitro.(11)
They show a cross reactivity of a type

hich has not so far been encountered in
animal tumours. Thus, tumour specific
antigens of ail meianomas appear to cross
react but are distinct from antigens of
other carcinomas. Carcinomas of the
bladder do have a tumour-antigen; but it
is different from antigens expressed on
renal carcinoma cells.(11) Thus in general,
human cancers of different histogenic
origins have different tumcur associated -
antigens, but those of the same histogenic
origin show the same tumour specific
a-tigens (13) §it seems that these human
tumour antigens detected by in vitro tests
may be the exprossion of orgdn-specific

amhbrvonal anligens



The concept of cell-mediated immu-
nity being 2 fundamental defence mecha-
nism against neoplasia, is put forward by
Burnet{14} in his theory of the‘immune
surveillance’. Malignant cells continually
arise within the host from spontaneously
occurring genetic mutations or from the
action of chemicals, hormones, physical
irritants or viral factors. These malignant
cells will have altered cell surface antigens
and so are recognised by the immune
system and are rapidly annihilatad. In
accordance with this theory, it has
been demonstratad that there is an incre-
ased incide.ice of viral and chemically
induced tumours in neonatally thymecto
mised animals (15) or in persons receiving
immuno-suppressive drugs (16).

The immunological effector mecha-
nism operating against the tumour cells
could be any one or in combination of
the following different systems: 1. sensi-
tised and” cytotoxic T cells; (2) comple-
ment dependent antibody mediated
system: (3) antibody dependent cell
mediated cytotoxicity (ADCC); (4) normal
killer cells (NK); [6) macrophages.

The target cancer cells could be
directly lysed by the sensitised cytotoxic
T cells. (17) This mechanism is indepen-
dent of the presence -of antibodies or
complement. This «cell mzdiated immune
rasn~nse is considered to be the most
i.n0 tant meshanism for tumour allograft
rejection. (18) An intimate contact bet-
ween lymphoid cells and target cells is
very essential before target cell dcstru-
ction. Presumably the contact is achi-
eved by specific racaptors on the immune
lymphoid cells. Cytotoxic effect of sen-
sitised lymphocytes requires Ca-++and
Mg+ +, and is depandent on consumption
of energy. T cell mediated cytolysis is
exquisitely spacific; non-antigen bearing
bystander cells are not &t all lysed (19)
Simu'taneous with the activation of T
cells by the antigens, a group of soluble
protein substances are released into the
surroundings by the T cells. These are
collectively known as lymphokines, which
include Macrophage Migration Inhibition
Factor; Macrophages are assuming increa-
sing importance as an important factor
in the tumour d=struction. {20}
Macrophages can kill the tumour cells

~all
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either after activation by soluble factors
released by sensitised T c:lls or after
opsonisation with ths help of antibodies.
(21) The antibodies will cause target
cell destruction by the following mecha-
nisms (2) complement fixation (b) attra-
cting the ADCC killer cel's and (c) by
opsonisation of the target cells and
thereby making them more susceptible to
macrophage activity. It is shown that
teukemias are usually very sensitive to
the cytolytic action of humoral iso-anti-
bodies, while sarcomas are resistant.
Thus cells having a higher concentration
of surface antigens are more sensitive to
cytotoxic antibodies. Similarly an increase
in the ratio of antibody to tumour cells
will also increase thz cytotoxic effect of
antibodies (22). These antibodies are
very useful in preventing the blood-borne
metastasis of cancer. The antibodies
and complement componznts are freely
available in blood, and so the meta-
static malignant cells could be rapidly
lysed intravascularly. Howaver the anti-
bodies may not reach in extravascular
spaces in adequate guantities, and so their
cytolytic potential will be restricted in
the case of solid tumours.

The very existence of antigenic tum-
ours implies that neopiastic cells have
escaped the immunological surveiilance
mbchanisms. Even though the bedy is
mounting an immune resistance against
cancer cells, often it seems inadequate,
thus leading to growth of the tumour.
There are many theories put forward to
explain the possible routes of cscape of
tumour cells from the immunoclogical
restraint.

A general depression of cell-medizted
immunity is noticed in malignancies. (23)
Whether this depression is the causs or
the effect of carcinogenesis is not very
clear. (24) Specific tolerance to tumour
antigens may be another reason for the
nen-rejection of the tumour. This aszpect
has ceen extensively studied in virally
induced tumours. Inadeqate focal rasponsa
due to abnormal localisation of Tmmuno-
competent cells may be another reeson
far his depression of immunity iy cancer
patients. (25) Cytotoxic lym2horytes
directed specifically against the tumour
cells, when injected, did not reach into
the tumour, but homed mostly to the
gut and lymphoid organs. Such a behavi-
our gives a severe anatomical limitation



to immune response. |If sufficient number
of active cytotoxic lymphocytes are avai-

lable at the tumour site. the tumour may
regress. The beneficial effect of loccal
painting of B.C. G. on the tumour tissue
may be due to the recaliing of the
iymphocoyte populations to the required
sites. Moreover evidences suggesting the
abnormal activity of suppressor T cells
are alsc accumulating in the litarature. (26)
Another well-substantiated hypothesis is
that the tumour specific antigens are
masked by siala-glycoproteins, so that the
immune lymphocytes could not recognise
the malignant cells. (27) Removal of
sialic acid from the tumour ceil surface
by enzymes leads to increased antige-
nicity of tumcur cells in a wide variety
of tumours. (28) The present theories
regarding the escape mechanisms are
meinly centred around the finding that
soluble antigens released by the cytotoxic
lymphocytes, thereby allowing the tumour
mass to grow. {29, This inhibition of
cytotoxicity of lymphocytes by the serum
factor is shown to be reduced immedi-
ately after the removal of the tumour
mass. (30) Further the inhibitory serum
factor has shown to combine with
cytotoxic lymphocyte but not the tumour
cells. Thus the antigens released from the
tumour cells can effectively combine with
the receptors on the e‘fector lymphaocytes.
The inhibitory factor may be the antigen-
antibody complexcs (31).

A balance of so many factors in the
immunological effector mechanism will
determine crucial question of whether a
tumour is rejected or not. The immune
systern may act .s a schizophrenic per-
sanality. Wner:as tiie immune "~Dr. Jekylt”
prctects the host from cancer cells, the
perverse “"Mr. Hyde™ apparently protects
the cancer celis from hosts attack. This
dichotemy in immune activity reflects its
ability to form cytotoxic cells and anti-
budies on the one hand, and enhancing
the inhibitory factors on the other.

 The standard forms of treatment such
as radiotherapy, chemotherapy and sur-
gery leave some cancer cells in the body.
these residual cancer cells will then
start to muitiply ieading to recurrence and
culminating in fatal outcome. Itis here,
th bright

‘mmunotherapy promises a
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future. When the tumour lcad is reduced
by the conventional ireatment procedures
the remaining cells ceuid be desstroyed by
an appropriately activat=d immune respon-
se of the body through a weil-controlled
immunotherapeutic schedule. Immuno-
therapy can be an efisciive tool totackle
with the probiem of residual cancer cells
provided technically safe and operation-
ally effective, therapeutic schedule is be-
ing formulated. A somewhat sceptical
examination of the achievement of immu-
notherapy todate reveals a startling lack
of success. However, it is such a potent
idea, such an exciting concept, that it
cannot be simply set aside. A lot of
work has been done on nonspecific immu-
notherapy using B.C.G., levamisole, and
such other immunostimulants, without
much encouraging results. Active specific
immunotherapy by using purified tumour
associated cell surface antigens still re-
mains a long term ambition. A very
promising approach to the problem is
immuno targetting.(32) We are working

on these lines. Qur aim is to isolate
specific antigen from tumour cells(33)
produce specific antibody, tag the anti-

body with anticancer drugs, then to deve-
lop the antibody-drug complex with
liposames. These liposome encapsulated
drug is being injected to tumour bearing
mice. In these case, the antibody will
direct the anticancer drugspecifically to-
wards the cancer cell, so that even small
doses of the drug may be curative, with
minimal undesirable side effects. The
initial results on this immunotargetting
approach are very encouraging.(34)

It will take a long time to get a clear
answer on viruses with human cancers.
Many pioneers like Gross are of opinion
that all human cancers are of viral origin;
equally great zuthorities on the subject
are convinced that no viruses are related
with human cancers. Perhaps the truth
may be inthe middie of these two extr2-
mes; some human neoplasms may be
associated with viruses. In researchinto
human diseases, epidemiology often has
to replace direct experimentation. The
cell membrane of fresh and cultured Bur-
kitt's tumour cells have been shown to
possess new antigens not pressent on
the surface of bone marrow cells from
patients. Ail patients with Byrkitt's iym-
phoma have Epstein—Barr viral antibodies



in very high titres, whereas in normal
children of the same age and tribe, anti-
bodies are usually absent or low in titre.
It is interesting to note that the E.B.
virus is not demonstrated in Burkitts
lymphoma cells until they have been
grown in culture for some time. This
shows that the infective viral particles
are produced only whenthe effect of the
immunological mechanisms are removed.
Similarly very high titres of anti-EBV
antibodies are shown to be present in
circulation of nasopharyngeal carcinoma
patients, especially of Chinese origin.
During the last 10 yearsevidences are
accumulating on the asscciation of herpes
simplex virus as well as human papilloma
virus with the genesis of human uterine
cetvical carcinomas. Probably the latency
of the virus and the malignant potential
are very much linked. It is known that
herpes virus can remain inside the hast
cells for many years. The biological
process of transformation into malignancy
is also known 1o take many years. Perhaps
the latent virus remaining so long time,
side by side with the host DNA, has got
an increased chance to be integrated with
the cellular DNA, thereby progressing
into malignant transformation. The idea
is attractive enough as a hypothesis. But
the co-factors, promotors, and initiators
of the transformation processes are yet to
be identified.

Oral cancer constitutes about 30% of
all human cancers seen in our region. (35)
Out of 1000 oral cancer patients, 60Y.
showed tha presence of HSV, antibodies,
as against 39% in 300 healthy control
subjects. (36) It may be argued that any
virus could non-specifically invade the
cancer cells leading to these results. To
rule out this possibility, as a negative
control, antibodies against adenoviruses
in 200 oral cancer cases and 151 controls
were tested. Both HSV: and adenovirus
infections are common in this region, as
shown by the control values. But only
HSV, antibodies, but not the adenovirus
antibodizs did show any increase in oral
cancer group. When HSVy antibody titres
in cancer groups compared with normals,
the percen age positivity at each titre
was more in oral cancer patients, as com -
pared to normal controis. Thus the anti-
HSV antibodies are not only more pre-
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valent in cancer group, but also that the
patients had increased titre values (37)
The HSV; antibodies in patients who
came for follow up at regular intervals
were assessed. Among the 20 patients
thus studied, 609, had decreasing titres
during the follow up period. This shows
that the stimulation to produce antiviral
antibody was lost when the tumour was
clinically removed. In certzin patients,
the antibody titre, was seen to be increas-
ed, may be as the forerunner of the re-
currence of the disease. Fluorescence
studies were also conducted using anti-
HSV1 antibodies.(38) HSV, infected vero
celis served as positive controls and non-
infected vero cells as negative controls.
Among the 20 normal control specimens
77% showed brilliant flucrescence. The
specificity of the reaction was confirmed
by the loss of fluorescence when the
antiserum was treated with HSV, infected
vero cells. Anti-HSV2 serum showed
positive fluorescence in 30Y%, specimens,
which could be explained by the similarity
between the two viral strains.(39) Since
the HSV: antibodies are more in oral
cancer patients, and the HSV: antigens
are seen on the oral cancer ceil surface,
it is worthwhile to test whether the HSV
genome is piesent in oral cancer cells.
For this, the DNA from cancer specimens
were extracted, denatured, precipitated on
nitrocellulose membrane and hybiidised
with radioactive nicktrenslated clored
HSV probes under stringert ccnditions.
It is seen that HSV probe was hybridised
with 56% of 100 oral cancer cases
studied and 389, of £0 cervical carcer
cases (40) Further human papilioma virus
(HPVie) was seen to be hybridised with
10% oral cancer and 37% of cervical
cancer specimens. The normal ce.ls did
not hybridise with viral probes. The HSV
and HPV genes are genzrally mutually
exclusive, as very few samples contain
both wiral genes concurrentiy. The above
experiments strongly shows the relation-
ship of KSV with oral cancer. The HSV
antibodies are consistentlv higher in oral
canccr patients, the HSV. related antigens
are shown to be on the oral cancer cells
and the HSV probe could be hvybridised
with the DNA from oral cancer, specimens
In view of the present study, it can b2
assumed that the HSV mavy play a role as
promoter or co-factor in the etiology of



oral squamous cell cancers. Further work
is in progress to assess whether the HSV
genome is integratad into the host DNA.

At first scientists showed that certain
DNA sequences of animal oncogenic
viruses are required fer transformation
ability, and these are denoted as onco-
genes. Hower later on it has been shown
that similar DNA segments are available
even in normal cells. Oncogenes are now

shown to be having certain essential
functions in the cell cycle of normal
cells. It is hypothesised that viruses are

introducing alternate promotor sequences
to the alreaay present oncogenes in the
cells, thereby giving endless duplicating
ability to the transformed ceil.

After all viruses are jumping genes.
Virus is the only efficient mechanism for
horizontal transmission of genes. And
evolutiorary process isquicker, and per-
haps possible only by rapid horizontal
transfer of genes. Paleogeologists are of
opinion that the organisms with exoske-
leton has appeared throughout the world
almost simultaneously, For the production
of exyskeleton, alkaline phosphatase en-
zyme is necessary. It is assumed that
the gene for alkaline phosphatase s
evolved in a few organism, which has
been very rapidly transferred haorizontally
within a very narrow geoclogical time
interval. There are also many other ar
guments to show viruses are very essential
for evolution. In that case, cancer is
the deferred payment by the individual
members of the society for the benefit
accrued by the Society as a whole.
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oncogenic or not. [n the case of EBV
and Marek virus this has been more or
less done, though co-factors are yet to be
identified. Other members of the herpes
group are to be analysed systematically,
and their co-factors are to be evaluated.
If virus has Leen shown to be a causa-
tive agent to cancer, prevention may be
possible by immunisation. Immunological
intervention has already been successful
in Marek’s disease. Scientists are actively
thinking on a similar embarkation on EBV
related diseases. When the cause is known
prevention can be tried. Knowledge is
power and our immediate tesk is to
acquire fresh knowledge on suspected
oncogenic viruses

It is correctly said that human destiny
is in cross roads. Qur generation has
acquired the capacity to superkill our
own species, by thermonuclear reactions,
which can also be utilised te make an
utopia on eaith. In the macrocosmic
level, our generation has witnessed the
first humen landing in moon; followed
by unmanned landings in cther ncarer
planets and the voyager journeyirg out-
side the solar system. In the microcosmic
level, discovery of so many subatomic
particles togeth:r with the quantam phi-
losophy have erased the boundary between
physics and metaphysics. In the realm
of biology, ouis is the first generation
which bad acquired the knowledge and
power 1o carry out genetic engineering.
Alreaoy we have instructed F-coli to
produce human insulin We are doubly
fortunate to be alive at a time when we
could understard the ways of nature in
a better manner, and we could influence

* =% Our immediate task is to show con-
. clusively whether herpes viruses are our surroundings logically.
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