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ABSTRACT

Earlier studies by this author in 1976 provided evidence of an
association between an infective, sexually transmitted agent, the
Herpes Simplex Virus Type-2 {HSV-2) and human carcinoma of the cervix,
irrespective of geographic location or ethnic origin of the
individuals. Similarly, HSV-2 related antigens were dernonstrated
by the indirect immuno-fluorescent technique in desquamated celis of
carcinoma of the cervix tissues fror« turaour bearing patients.

To highlight the Potentials of the detection of tumour antigens
in tumour-faearing patients as aid to early diagnosis of tho cancer,
Isolation and purification of the Tumour Associated Antigens (TAA)
of human cancer of the cervix were attempted by imrnunological and
physicochemical procedures in this study. Tiro antigen prepanatior.s,
one the Soluble Antigens (SA), and the other, the Membrane Bound
Antigens (MBA) were prepared from a pool of cancer of the cervix
(CaCx) tissues. The soluble antigens were extracted by homogenization
in Earle’s Balanced Salt Solution (E3SS) containing antibiotics,
and the inembrane-bound antigens were solublised by 3-molar potassiurn
Chloride (3 Molar KCI).

For isolation and purification of TAA, procedures for the
purification of proteins were explored. These include physico-
chemical stepwise aramonium sulphate fractionation, sephadex ion
exchange chromatography, sephacryl S-200 gel Tfiltration, and affinity
chromatography to eliminate the normal tissue components of the
antigen fractions. Hyperimmune rabbit sera were then prepared

against the partially purified TAA.
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Immunodiffusion studies, employing hyperimmune rabbit sera
prepared against the partially purified TAA were used to demonstrate
tumour associated antigens in the various canccr antigen preparations,
and Circulating Tumour Associated Antigens (C-TAA) in the sera of tur.our-
bearing patients. The TAA in the canccr tissues showed lines of
identity with the C-TAA in patients sera. Techniques involving
adsorption by imrauno-precipitation-in-gel with Normal Cervix (NCx)
tissue antigen preparations, and pooled Normal Human Sera {i-HS) were
utilized for the removal of antibodies to NCx and MHuS in the
rabbit sera, after which there were no reactions with NCx
indicating the specificity of TAA for CaCx.

A comparison of the soluble and 3 Molar KCl extracts of the cancer
antigens by immuno-precipitation reaction, using adsorbed hyperimmune
rabbit sera prepared against the partially purified CaCx TAA,
demonstrated three TAA (TAA-1, ciose to the central antisera well,
TAA-2, intermediate and TAA-3, ciose to and curving towards the
peripheral antigen well) in the soluble antigen preparation. Orly one
TAA (probably identical to the TAA-3 of the soluble antigen) was
demonstrated in the 3 Molar KCI extract.

Using the rabbit antisera against the partially,purified CaCx
TAA, adsorbed with NCx and NHuS, results of coded sera shovw/ed that
immunodiffusion reaction was able to detect circulating TAA in 75.0
per cant of patients with cancer as compared with 5.6% in women with
benign gynaecologicai diseases, 1.4% in pregnant women and O.0% in
healthy control women. The result indicates that the test has great

potential for immunodiagnosis of cancer of cervix. Although the



sensitivity of the test method was low, the specificity was high, and

could provide a means of early diagnosis of neoplastic changes in the cervix.
The detection of Circulating-TAA as tumour raarkers in sera of patients,

may some day become routine, and thus iaake earlier diagnosis of cancer

possible. Indications are that immuno-diagnostic procedures can be designed

in ways that are reproducible, simple and reliable. Such serological tests

would extend our present ability for detection and inonitoring of malignancies.
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* CHAPTBR 1

IMTHUDUCT IOM

The natural history of carcinoma of the uterine cervix has
been extensively investigated, and the gradation fron the normal
cell through intraepithelial neoplastic changes (dysplasia and
carcfif*ma in-situ) to invasive carcinoma of the cervix has been
well documented. This progression is suggested by the peak age
distribution of dysplasias, which preceeds by several years that
for carcinoma in-situ, which in turn also preceeds by raany years,
that. of invasive carcinoma (Hahmias et al, 1980). Similar progression
has also been observed in mouse nodels in which Chemical carcinogens
have been applied to the cervix (Christoperson, 1969).

Ifc is believed that this cancerous change is initiated by the
introduction of an oncogenic agent by the penis into the railieu of the
cervix {."ycjer et al, 1954; Terris and dalman, 1960; Rotkin, 1967).
The intraepithelial carcinoma of the cervix is thought to originale
fron the trarsitional cells that lie at the squano-columnar junction
through this ,unknown-stinulusz (Fluhmann, 1960; Johnson et al, 1964).
These proliferate in an abnormal fashion to form neoplastic sub-cylinderic
cells which gradually develop into carcinoma in-situ, which in turn
invaae the stroma, and ultimately develop into clinically invasive

carcinoma of the cervix (Johnson et al, 1960; Koss et al, 1963; Johnson,

1969; Richart and Baron, 1969; Hulka and Kipper, 1971).

C



Such a progression of disease does not appear to be an inevitable
process (Ashley, 1966; Nahmias et al, 1980) and indeed, it is accepted
by many investigators that dysplasias can regress in varying frequencies,
and that not all cases of carcinoma in-situ progress to invasive cancer
(Coppleson and Reid, 1967; Gusberg and Frick, 1970; Johnson, 1969).
Nevertheless, ample evidence had accumulated to indicate that when
invasive cancer occurs, it is practica-lly always preceeded by a
pre-invasive phase in its development, and that clinical progression of
dysplasia and .carcinoma in-situ to invasive cancer of the cervix exists.
Various clinical (Fox, 1967; Hall and Walton, 1968; Richart and
Baron, 1969)> epidemiologic (Johnson et al, 1964; Baron and Richart, 1971
Hulka and Kipper, 1971) and laboratory studies (Richart, 1967) have
now provided substantial evidence to support the view that cervical
dysplasia, carcinoma in-situ and invasive carcinoma of the cervix
represent a single spectrum of neoplastic change.

It is knowr that the normal cell contains a definite
complement of antigens (Hollinshead et al, 1972; Frenkel et al, 1972),
and the metamorphosis which occurs in the cervix tissue as it progresses
from the normal state, through a dysplastic state and carcinoma in-situ,
to invasive carcinoma (Fox, 1967; Richart, 1967; Hall and Walton, 1968;
Johnson et al, 1968; Richart and Baron, 1969; Baron and Richart, 1971;
Hulka and Kipper, 1971) may be accompanied by the acquisition of new
antigenic substances. Indeed, in cells of animal tumours induced by
DNA oncogenic viruses, transplantation antigens specific for the

inducing virus have been demonstrated (Hellstrom and Hellstron, 1969),



and Herpes Simplex Virus (HSV) antigens have been detected by immuno-
fluorescent techniques in cells exfoliated from cervical lesions
(Royston and Aurelian, 1970; Adelusi et al, 1976).

Experimental evidence has accumulated, supporting the occurrence
of structural changes on cellular membranes or within the endoplasm of
individual cells during neoplastic. transformation (Gross, 1943; Foley,
1953; Prehn and Main, 1957; Klein et al, 1960). The expression of
neoantigens which are not expressed by their normal cell counterparts,
at least in the adult host, results in an antigenic distinctness, and
an elucidation of an immune response.

Various reports of tumour-specific or tumour-associated antigens
have now accummulated. Abelev (1963, 1968), described the Alpha-Feto-
Protein (AFP) associated with hepatomas; Gold and Freeman (1965) and
Thompson et al (1969) demonstrated a Carcino-Embryonic Antigen (CEA)
of the human digestive System. Hellstron et al, (1968, 1970) deraonstrat
antigens present in human neuroblastoma; Levi et al, (1969) and Levi
(1971) described antigenecity of ovarian cysadenocarcinoma carried in
tissue culture; McMeil et al, (1969) described cross-reactivity
between the benign ovarian mucin and extracts of colon cancer, and
Order et al, (197U described evidence of tumour associated antigens
of Hodgkins disease.

Other workers have provided evidence for the presence of tumour
antigens in carcinoma of the cervix (Aurelian et al, 1971; Frenkel et al

1972; Aurelian et al, 1973; Feorino and Palmer, 1973; Gail et al, 1973;



Chang et al, 1974). C-ali et al, (1973) were able to demonstréate tuiaour
antigens in all vomen with carcinoma of cervix but not in those with
normal cervix, while the others were able to demonstrate tumour
antigens induced or related to HSV-2.

Carcinoma of the cervix uteri is one of the most common cancers
in women throughout the world. Indeed, it is by far the commonest
femalc malignancy encountered in Nigeria, excluding the lymphoreticular
fcumours (Sdington and Hendrickse, 1970). Decause of its frequency and
accessibility to methods of early -detection, carcinoma of the cervix
is aaong the most thoroughly studied of all human malignant diseases,
ana its natural history has been extensively investigated.

In the developed world, detection of cancer of the cervix has
been accomplished withcut removal of tissue, mostly by cytologic
exarnination of exfoliated cells, and in sorae instances, by direct
magnified observations made with the colposcope. As a result, the mortalitj
associated with the disease has decreased significantly in those places
where these early detection methods are available.

However, in spite of its common occurrence in Nigeria, carcinoma
of the cervix still constitutes one of the least studied diseases,
and the mortality associated with it has shown little or no docline
because of the absence of these early detection methods. Rather, the
intraepithelial Qnd early invasive stages of the disease are very
infrequently detected by the traditional methods of history taking,
speculum exarnination, palpation and probing, and ever. that, only when

the patients decide to report in hospital.



The value of early detection and therefore, treatment of
carcinoma of the cervix has never been in doubt. It is generally agreed
that carcinoma of cervix is unique in that it is perhaps the only cancer
of the female genital tract which can be detected before it becomes
invasive. The recent development of routine cytologic screening of
populations with completely normal appearing cervix has lad tc the
diagnosis of raany cases of very early cancer (in-situ) before the
symptomatology of overt disease became apparent (Thomson et al, 1972).

The most comprehensive investigation of a patient with cellular
atypia has included cold conisation as the ultimate procedure necossary
to establish a definitive histologic diagnosis, especially in cases of
in-situ carcinoma. In lbadan, the preference has always been multiple
punch biopsies of the squamo-columnar junction if the tumour is
ciinically obvious, (which happens tc be most often), or cone biopsy
where the cervix is suspect on clinical examination. For various reasons,
cytologic screening methods have beer on a limited scope (Adelusx, 1976 ).

Even then, the value of conisation has been limited by the
demonstrated residual carcinoma, in-situ carcinoma or dysplasia in
post-conisation hysterectomy specimens, suggesting that the total extent
of the disease in 10 to 30 per cent of cases was not demonstrated or
eliminated by this procedure (Silbar and Woodruff, 1966; Singleton and
Rutledge, 1968). rurthermore, conisation demands hospitalisation and
general anaesthesia, and is occasionally complicated by post-operative
bleeding and late cervical dysfunction. Colposcopy on the other hand,

though valuable, especially when complemented by other methods



"—avratil et al, 1953; Thomson et al, 1972) is available only in
limited centres.

Il procedures less trauaatic than conisation and lass extensive
than coiposcopy, can detemine accurafceiy. the presence and extent of
the neoplastic process, the more operative procedura of conisation with
its attencant hazards, could be greatly reduced, if not eliminated
completely (Christopherson et al, 1967; Sabateile et al, 1969; Channen and
Hollycock, 1971). There is the need therefore, for a search for other
diagnostic techniques for carcinoma of the cervix.

As a consequence of the demonstration of tumour associated antigens
in a variety of human neopiasms by seroiogical techniques, the prospect
of employing these antigens as diagr.ostic tests has been investi-ated,
extensively in recent years. Bach of these tumour antigens types—
viral antigens, transplantation antigens, membrane bound and cytopiasraic
antigens, carcino-embryonic antigens— and the antibodies directed
against them, have been detected on a sufficient variety of animal and
human cancers to warrant consideration for their use iIn immunodiagnostic
procedures (Balwin and Price, 1976; 1977; Ristow and McKahan, 1977).

A model systera has besn established to investigate the feasibility
and reliability of Tumour Associated Antigens (TAA) aetection as a
diagnostic procedura. Ray (1974); Megaw (1974) and lbrahim st al, (1975)
using Herpes Simplex Virus Type-2 (HSV-2) associated haraster tumour
(Nahmias et al, 1970), demonstrated the presence of tumour specific antige
The technique of immunodiffusion and immuno-electrophoresis, with or

without immuno-adsorption in gel (lbrahim, 1969) were use® to establish



the possible application of TAA in immunodiagnosis of cancer.
Supplemental research demonstrated cross-reactivity betwesn the antigens
of HSV-2 associated Hamster turaours (OT-1 and OT-11) and human carcinoma
of the cervix (lbrahirn et al, 1976).

The rewards for isolation and purification of tumour antigens and
tumour specific antibodies could be considerable. Purified material
may facilitate the determination of the exact relationship 0stween the
antigens of virally induced tumours and the cause of walignancy. The
prospects of a reliable diagnositc test may improve with the
availability of purified reagents (lbrahim et al, 1979). Purification
may improve the detection of free antigens or antigen-antibody complexes
in the circulation of tumour-bearing patients. This information may
reveal the extent of the disease, the existence of metastasis ana
provide a prognostic indicator.

The eventual establishment of HSV-2, or any other virus, as the
causative agent of a human neoplasm will Ffirst require a systematic
attempt to isolate and separate the various tumour associated antigens
of the specific human walighancy. The present research is directed
towards the purification of tumour associated antigens of carcinoma of
cervix tissues for immunisation of rabbits and the exploration of the
possibility of using the anti-sera to detect TM 1in the circulation

of women with carcinoma of cervix.



CHAPTER 2

RE7IFW OF THE LITERSTURE

The current concept of the genesis and natural history of carcinoraa
of the cervix accepts that neoplastic transforraation occurs over a period
of time. It is believed that cancer development is initiated with the
transformation of a single cell from normal, through dysplastic cell
and carcinoma in-situ, to invasive carcinoma (Fox, 1967; Johnson et al,
1968; Richart and Barron, 1969; Hulka and Kipper, 1971;

Barron and Richart, 1971), although controversies still exist about this
( -Richart, 1967; Johnsen, 1969). Through genetic aiterations, the
abnormal cell gives rise tc a multiplicity of sitiilarly altered cells
(Levi, 1971).

Such genetic transformation would induce the synthesis of new
protein species - antigens - not expressed by their normal counterparts,
and these new antigens would in turn be expectcd to provoke immune
response by their host. The progression and proliferation cf the
malignancy may be due to impairment of Immunologie responses of the licsfc
(Levi, 1971). Thus, the early Tfundamental events of malignancy appear
to be an alteration of the initial cell by acquisition of new antigens,
followed by immunologic failure of the organisn to the newly acquired
antigens. The alteration of the first cancerous cell subsequentiy
involves escape from regulatory mechanisms, and changes in the relaticn
of the maiignant cell v;ith its adjacent cells, leading to proliferation

and Invasion (Levi, 1971; Nahisias et al, 1980).



Several reports of experimental evidences have now accummulated
;-0 support this theory of the occurrence of structursl changes on the
cellular membranes or within the endoplasm of the individual cells
euring neoplastic. transformation. The expression of neo-antigens whicl®
are not expressé&d by their normal counterparts, at least in the adult
host, results iIn an antigenic distinctness (Gross, 1943; Foley, 1953;
Klein et al, 1960; Hellstrom and Hellstrom, 1969; Lovi et al, 1969;
Order et al, 1971; Aurelian et al, 1971; Frenkel et al, 1972).
2.1: TUKOJR SPECIFIC AMTIGENS IH AKIMAL XUMOURS

The Study of tumour immunology, and more particularly of tumour
associatec antigens, has alvrays relied heavily on transplantat.ion
experiments and efforts to imraunize animals with tumour tissues or
related antigen preparations. This was probably first successfully
demonstrated between 1875 and 1876 by a Russian veterinarian,
M.A. Novinsky, who successfully transplanted a malignant tumour from one
animal to another (Shimkin, 1955; Gross, 1970). Although the
transplants did not take in all the animals inoculated, the werk
suggested fchat the tumours themselves rnight be antigenic (Hellstrom
and Hellstrom, 1967).

There was little attention paid tc these and other reports on
the transplantation antigens however, until the beginning of the twentiet
Century when large scale studies conducted in the United States
(Loeb, 1902) and other centres (Bashford and Rissel, 1910) confirmed
the earlier reports. It should be noted however, that histocorapatibiiity

genes and the antigens determined by thera had not, as yet, been reported.



Thus, the invescigators failecl oo distinguish between normal tissue
Transplantation and tumour transplantation responses.

By the early 19407’s, various investigators had establishea that
susceptibility to tumour transplants was genetically controlled (Little
et al, 1941). These reports, coupled with earlier findings of Loeb
and Wright, (192%; Loeb and King, (I&S5); and Buttner, (1935)who worked
with normal tissue transplants, produced the concept of histccompatibility
antigens which are controlled by specific histocompatibility genes
(Gorer, 1951).

The credit for the production of the first clear-cut evidence of
the existence of a Tumour-Specific Transplantation Antigen (TSTA) goes
to Gross (1943). using an immune sarcoma, designated S-37, several
in-bred syngeneic mice were inoculated, most of which developed tumours.
After spontaneous regression and recovery, attempt to re-transplant the
same tumour in these animals was unsuccessful iIn many instances, while
control animals (mice of the same strain receiving their first inoculation
of the tumour) all developed tumours. It was concluded that the
imrnunity in the test animals was directed specifically against the
tumour used for inoculation.

However, it was Frehn and Hain (1977), who clearly demonstrated
that a TSTA indeeu did exist, when they induced tumours with
methylcholanthrene, and the tumours produced specific imrnunity in the
animals into which these were transplanted. It was also found that
different methylcholanthrene induced sarcomas had individually distinct
tumour antigens which, according to transplantation experiments, did

not cross-react.



It was not untxl the study of Klein et al, (1960) that heterogenelt
of aniraals could be completely ruled out in demonstrating a tumour
specific transplantation antigen, when sarcomas were induced with
methylcholanthrene. After several treatment with irradiated tumour cell
fron the sarcomas induced, the original host animal was challenget with
the same tumour which had been growing.in the isologous animal. Irnmunity
was clearly demonstrated, and there was no cross-immunity for any of the
different metinylcholanthrene induced tumours produced. Serum from an
immune animal had nc effect on sarcoma cells in vitro, but neutralisation
could be achieved with the lymph: node cells of the immune animale
Furthermore, those untreated animals had no neutralising effect, and
neither did immune lymph node cells which had been killed. Thus, it was
believeci that these immune reactions could be attributed to the
antigenic distinctness of ehe expression of neo-antlgens in the cancer
tissue, but which were not expressed by their normal counterparts,
at least in the adult animal.

Lack of immunologic cross-reactivity consistently reported fer
tumours induced by the same agent, even when different tumours had been
induced by the agent in the same animal, was attributed to their being
chemically induced {Klein et al, 1960; Old and Boyse, 1964; Baldwin and
Banker, 1967, Baldwin et al, 1971; Leonard, 1975; Lo Gerfo, 1976).

A tnajor break through was made in tumour specific transplantation
antigen study when Sjogren et al, (1961), working with polyoma virus-
induced tumours in in-bred micc, demonstrated that adult animals

immunized with the polyoma virus were resistant to transplantation with



polyoma turnour cells. They attributed this finding to the presence,
in the polyoma tumour cells, of specific antigens tieterrained by the
virus. A parallel study by Habel (1962) not only confirmed this.
but also speculated that the resistance produced was specific.

Other studies (Sjogren, 1961) showed immunization with tumour
cells induced resitance to the polyoma virus-induced tumours, and that
all tumours produced by the polyoma virus in the same strain of animals
showed antigenic cross-reactivity. Similarly, Huebner et al, (1963)
demonstrated cross-reactivity for tumours induced by adenoviruses, and
between tumours induced by different but related adenoviruses, even
in virus-free tumours. It was thus concluded that tumours induced by
one virus contain the same characterifetic cellular antigen, even
across species virus (Old and Boyse, 1964).

Further work on the tumour specific transplantation antigens was
demonstrated by Hellstrora (1965) when he showed that antibodies to
polyoma virus-induced tumour cells had a strongly limiting effect on the
growth ol the tumour cells in vitro, whereas, antiviral antibody did not.
It -was suggested that the virally-induced tumour specific transplantation
antigen was not necessarily viral material itself, thus confirming the
earlier studies of Habel (1962) which suggested that the detectable
presence of the virus itself was not necessary for immunity, Kather,
it was posc-ulated that the virally transformed cells may lose certain
normal antigens and gain new ones, with the Information for the new

antigens now residing in the genome of the transformed cells.
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The raechanism oi virus-induced cell transforraation, and the nature
of the common antigens produced ware not clear until Rowe (1967)
demonstrated a definite distinction between the types of tumour* antigens
possessed by DMA virus-induced and RNA virus-induced tumours. Since
all antigens discussed were not of the transplantation type, it was
therefcre, suggested that the term ™Tumour Associated Antigens (TAA)'l

should be applied fm all tumour-related antigens.

2._.2:TUMOUR ASSOCIATED ANTIGENS In HUMAN CANCER:

Up tili now, racst of the evidence for viral etiology of cancer
has been confined +to animals. However, various experimental reports
of cross-reacting or tumour-specific antigens of human cancer have
started accuraulating. Klein et al, (1966) denonstrated tumour specific
immune reactions in Burkitt lymphoma patients by the membrane
immunofluorescence reactions. Hellstrom et al, (1968, 1970)demonstrated
antigens in human neuroblastoma, while Levi et al, (1969), described
antigenicity of ovarian serous cystadenoma.

Other studies of tumour antigens inclu.de the description of
cross-reactivity between the benign ovarian mucin and extracts of colon
cancer (t cNeil et al, 1969), the finding of antigens in malignant
melanoma (Morton et al, 1970; Jehn et al, 1970; Carrell and Theilkase,
1973) and the report of immune response in urinary bladder tumours
(Bubenik et al, 1970). Similarly, Order et al (1971) described evidence
of tumour associated antigens of Hodgkins disease, and Levi (1971),
demonstrated the presence of tumour antigens in, carcinoma of cervix by

the precipitin-in-gel method.



Apart from the non cross-reacting, individual and tumour
specific antigens of cheraically-induced tumcurs, and the cross-reactir,;
virus-specific antigens of the virally induced tumours, another dass
of tumour associated antigens were delineated. Designated the
"Embrycnic antigens or Embryo-associated antigens”, these antigens have
been associated with certain cancerous conditions in humans.

Perhaps the first of these to be directly associated with
cancerous condition was the Alpha Fet"o Protein (AFP), a glycoprotein
found in the fetal seruia of all species of mammals, including man, and
synthesized in the fetal liver, but which disappears soon after birth.
Abelev- (1963), demonstrated the presence of the artigen, associated
with a primary transplantable raouse hepatoma which had been induced
with ortho-aminoazo toluene Ln ggH.mice, and with sera and tissues of
recipient animals, but not .in the tissues or sera of normal adult animais
it was postulated that the presence of the antigens might indicatc
“"simplification; of the tumour cell antigens ancl possible de-repression
of genes that are active in embryonic development, but normally turned
off in adult life.

Tatarinov (1964) found the antigen in association with human
hepatomas, and Abelev (1971), found it associated with raalignant teratoma
Current statistics (Buitin, 1972) indicated that 40 to 80 per cent of
hepatomas and 25 per cent of malignant teratomas in adults, can be
detected by the presence of AFF. In children, these figures could
rise to 90 per cent and 75 per cent respectively. However, there is the

disadvantage that the detection of AFP as a diagnostic tool could be
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limited by the presence of the protein in regenerative hepatitis and
cercain other non-cancerous disorbers. Nevertheless, the detection of
AFP could have diagnostic value if a technique. wifch limited sensitivity
is employed.

Gold and ireedman (1965) and Thompson et al (1969) desonstratcd
another embryonic antigen associated with cancer. This glycop.rotein, the
carcino-embryonic antigen (CEA), normally produced by the fetal liver
from two to six months in utero, and found only in trace amounts in
normal adalts, was found iIn association with human colonic cancer.

It is r.ov known to be associated with cancer of the entire length of the
alimentary tract, pancreas, breast and bronchus (Gold, 1971:
Heyen,soro et al, 1972).

Since the application of CEA elicits antibody formation (Golu,
1967), a simple technique for cemonstration of CEA has become availablo,
and use of this as a diagnostic tool has been greatly enhanced by the
development of radioimmuncassay technique for the detection of CSA in sera
of patients (Thompson et al, 1969). Houever, elevated levels of CEA am
be found frequently in conjuction with non-malignant lesions such as
benign polyps, (including hemorroidal polyposis) alco"nolic cirrhosis
of the liver, gastric ulcers, pulmonary emphysema and ulcerative colitis
(Temp et al, 1979)- Low levels of CEA have also been reported in
normal tissues {Rogers. 1976), and in sera from 10% of normal individuals
(Terry et al, 1979).

A variety of other embryonic antigens have becn described (Cinader,
1972; Buitin, 1972) although most of these have not been shown to have

any cloar diagnostic value with regards to the particular tumour.
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Z. bryonic antigens have been found in association with certain animal
umours. For example, Braun (1970), demonstrated embryonic antigens
_ssociated wich methylcholanthrene-induced murine sarcomas, and
3a.l win et al, (1971), describeri an embryonic antigen associated with
aminoazo dye-induced rat hepatomas. The presence of cross-reactinp
embryonic antigens in the chemically-induced tumours provided evidence
thaz chemically-induced Tumour Associated Antigens may not necassarily
be entirely specific for oach tumour.

The Demonstration of immunological reactions of pregnant hamster
serura with the surface of cells transfonaed by Simian virus-40 (Duff and
Zapp, 1970), and the demonstration of fetal antigen capable of" inciucing
inanunicy against the virus-induced hamster tumour cells (Coggin et al,
1970) indicated that embryonic antigens are probably universally
associated with neoplastic tissues although they may be different from tumour
specific antigens that are specific for a particular tumour, or turocurs

induced by particular virus (Ting et al, 1972).

2.3: HSV-2 ASSOCIATED ANVIGEHS IN CANCER OF THE CERVIX:

In 1964, studics of an infant with neonatal Herpes Simplex Virus
(HSV) infection, and his mother*s cervical HSV infection, led to furthor
investigations by the Emory University group wnich provided the first
suspicion of an association between the virus and cervical neoplasia.
This evidence was based on the Observation that women cytologically
detected with genital herpes had a greater frequency of cervical
neoplasia than women in the general _population (Maib et al, 1966).

The later discovery (Nahmias and Dowdle, 1968" that about 95 per cent
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of cases of genital herpes Simplex virus infection are causec! by a
different viral type Herpes Simplex .Virus Type-2 (HSV-2), as distinct
from that isolated from mofet .non-genital herpetic infections (HSV-17,
providec the rneans for comparing tbe frequency of HSV-2 antibodies

in women with, and without, cervical neoplasia (Nahmias et al, 1970b).

Demographie surveys on cancer of the cervix have establisheu
patterns of high risk that strongly suggest that the disease may be a
venereal disease (Beral, 1974; Nahmias et al, 1980). Numerous evidences
have now accumulated to show that HSV-2 is a venereally transmitted
disease (Hutfield, 1968; flawls et al, 1971; Josey et al, 1972; Duenas et al
1972; Adelusi et al, 1976b; Kessler, 1977; Doll, 1977). It has thus been -
postulated that this virus might be an initiating or promoting
carcinogenic agent transmitted to the female from the male during
sexual intercoirse.

Various multicentric approaches, from Serologie and epideraiologic
studies (Rauls, et al 1969; Aurelian et al, 1970; Nahmias et al, 1970b;
Royston and Aurelian, 1970; Nahmias et al, 1972; Rotkin, 1973;

Adelusi et al, 1975; Nahmias et al, 1976; Adelusi et al, 1981) to

molecu.lar studies (Feorino and Palmer, 1973; Anzai et al, 1975;

Aurelian et al, 1976; Camacho and Spear, 1976; Heise et al, 1979;

Shortland et al, 1979), have been employe<| to substanciate this associetior:.
However, despite all the studies, no definitive cause and effect
association has been established.

The oncogenic potential of HSV-2 fcas been demonstrated by the
report that intraperitoneal and intratfcoracid inoculation of newborn

hamsters with the virus has been show- to be associated with the



development of undifferentiated sarcoraas at the site of inoculation
"Nahmias et al, 1970). Such tumour bearing hamsters have been shown
to possess HSV-2 antibodies in their sera and KSV-2 antigens can be

monstrated in varying number of tumour cells (Rapp and Duff, 1973;
Kimura et al, 1975). Direct genital infoction with the virus has also
been shown to produce lesions identical to atypia and carcinoma in-situ
<ahrnias et al, 1970c; Munoz, 1973).

Furthor convincing evidence of the oncogonic potential of

HSV-2 has been provided by the transforraation of haraster cells in vitro by
the virus (Duff and Rapp, 1971, 1971b). Similarly, the virus has been
shown to transform rat(McMab, 1974) and mouse (Kimura et al, 1975) cell
cultures. and the cell lines derived from these transformations, when
inoculated into other animals, have been shown to produce tumours
consistently (Duff et al, 1974; Skinner, 1974; Copjble and HcDougall, 76}/
Such interaction in-vitro between HSV-2 and most, if not all cells,
rosults in lysis. Experimental transforaation was achieved by
eliminaiing viral infectivity, such as by ultraviolet inactivabion

Duff and Rapp, 1971), or by using a subgenomic sequence of viral DUK
(Camacho and Spear, 1978). OFf possible relevance also was the in vitro
Demonstration of defective DMA of some of the virus strains (Roizman
and Furlong, 1974).

Various attemptsto detect HSV-2 antigens in cervical cells or

biopsy specimens have been perforrced by immunofluorescence, imrnuno-
peroxidate and radioimmunoassay techniques. For example, the indirect

immune Fluorescence technique was applied to exfoliated cells (Royston
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and Aurelian, 197C; Aurelian, 1973; Adelusi et al, 1976 }, and thc
anticomplimentary imraunofluoresconce technique was applied to biopsy
materials (Chiang et al, 1974; Mahmias et al, 1975). On the other hand
exfoliatcd cervical cells from patients without carcinoma of the cervix
clid not show evidence oai" viral antigens, except in those wonen diagncse
clinically as having hcrpetic cervicitie.. However, Problems of non-
specific positive fluorescence have 0een known to mask such studits
(Nahmias et al, 1980).

HSV-2 is a DPA virus, and therefore, unlikely to be deraonstratei
in transfcrmed cells. Kowever, significant portions of the viral
genome and readily identifiabla virally induced RNA, have been found
in cancer cells by molecular biological studiea, using hybridization
techniques (Frenkel et al, 1972; Collard et al, 1973; Minson et al,
1976; Copple and HcDougall, 1976). Unfortunately, the detection of
viral DMA or RNA in cancer cells by molecular hybridization techniques
was limited by the sensitivity of the assays, sinco if only a small
fraction of the viral yenome was presant in the cancer tissue, the
assay would not be sensitive enough to aljow its detection.
Furthermore, the cancer tissue being fcested need to be examined for
the proportion of cancer cells and normal cells, since it was crucial
for the assay that cancer cells should comprise the large majority of
cells in the tissues. |In case of in-,situ hybridization techniques
perforaed on tissue sections (McDouga™L et al, 1980), Problems of

non-specific positive reactions were also lirating factors.
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HSV-2 antigens, expressed in tumour cells have been sugg:-ested to
be capable of stimulating specific immune responses as tbe trcnsforaed
cells carrying them multiply. These antibodies might be less readily
stimulated by productive infection, even with multiple recurrences
(Kahrcias et al, 1900). Thus women with carcinoma of cervix might fchen

be found to possess antibodies to these antigens in high frequency than tua
occuring in womcn with primary or recurrent infsctions. This theory was
used to explain the firdings of higher* frequency of antibodies fm Tearly"
or '"'non-viron” antigens reported by some investigators (Sabin and
Tarro, 1973; Hollinshead et al, 1973; Aurelian et al, 1974). Hc should
be stressed that these results require confirmation, since the initial
positive observations made could not be reproduced by some workers
(Sabin, 1974).

Increasing evidence for the presence of herpes Simplex virus
associated antigens in carcinoma of the uterine cervix has now
accummulated (Gail and Haines; 1974, Ilbrahim et al, 1975; Hotter
and Docherty, 1976; Hotter et al, 1978). Among these antigens, the
membrane associated HSV-TAA (Elcllinshead et al, 1972, 1973, 1376)
has been demonstrated in cancer of the cervix and in human cultured
cells inpected with herpes virus, but not in control tissues or
un-infected control cultures (Hollinshead et al, 1972, 1973).

Antibodies to HSV-TAA have been found at rauch high frequencies in
sera cf patients with squamous carcinomas of the cervix than in control
sera or sera from patients with other tvpes OF raalignancies (Hotter and
Docherty, 1976; Hollinshead et al, 1976). TIjB recent Ildentification,

Separation and characterisation of the two polypeptide chains which



comprise HSV-TM, penaitted the production of highly specific hyperimmune
antisera to these antigens (Hollinshead et al, 1976; Hollinshead
and Stewart, 1979), and such antisera have been used to ascertain
whether HSV-TAA could be demonstrated in cell lines of human carcinomas
of the ccrvix (Auersperg et al, 1980).

Thus, the weight of circumstantial evidence supporting the role
of herpes Simplex virus type-2, in human carcinona of cervix has
increased, based on these various studios. ilowever evidence supporting
a similar role for many other DUA viruses as etiological agents of

human cancer is lacking (Hangen et al, 1968).

2.6: COMMON ANTIGENS OF HSV-2, 0T-1 AMD CARCINOMA OF ThE CERVIX;

Following the various reports on the association of genital herpes
Simplex virus infection with cancer of the cervix (Nahmias et al, 1960),
and the demons”ration of turaour associated antigens (I1AA) in several
animal and human cancers by a variety of in-vitro and in-vivo techniques
(Hellstrom and Hellstrom, 1969; Cinader, 1972; Notter and Docherty, 1976;
Notter et al, 1976), atterapts were mado to show TAA in sarcomas produced
after inoculation of newborn hamsters with herpes Simplex virus Type-2
(Nahmias et al, 1970), by the immunoadsorption-in-gel method (lbrahim
et al, 1975). Various physico-chemical ragthods vjere applied for the
preparation and purification of the antigens.

It was of interest therefore, to ascertain whether HSV-2 related
antigens could be detected in the sarcomas produced after HSV-inoculation
into hamsters. Ibrahim et al, (1976) dernonstrated cross-reactivity

between anti HSV-2 sera and tho HSV-2 associated hamster tumours (GT-I
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and OT-11). Anti HSV-2 serura also reacted by passive haemaglutination
with the purified TAA of OT-11, whereas, anti HSV-1 serura did not ict
with any of the hamster tuiaours.” Adsorption of the anti HSV-2 Serum
with HSV-2 removed homologous reactivity as well as heterologous reactivit
with the HSV-2 associated hamster tumours. This indicates the presence
of common antigens between HSV-2, OT-1 and OT-II.

Usinr the same tochnique (Levi, 1971 lbrahim et al, 1976}
antisera prepared against partially purified cancer of cervix preparations
adsorbod with pooled norraal human plasrna and normal cervix preparations,
reacted reproducibly with cancer of the cervix tissue artigen
preparations, thus indicating the presence of TAA in the antigon
preparations frozn several cancer tissues. Rabbit antisera to normal
cervix, similarly adsorbed, did not react with the test antigens or
test sera. These findings suggested that antisera prepared against
cancer of the cervix contains antibodies to TAA, and that these antibodies
are not present in anti normal cervix sera.

Subsequient research has demonstrated cross-reactivity between the
antigens of HSV-2, HSV-2 associated hamster sarcomas and human cancer
of the cervix (lbrahim et al, 1976; Adelusi, 1982). Hyperinmune rabbit
antiserum to HSV-2 reacted with HSV-2, OT-1 and OT-Il1 (HSV-2 associated
hamster sarcomas) and cancer of cervix; and a precipitin line of partial
Identity was noted between HSV-2, OT-1 and OT-Il1 and CaC%. The
converse was also observed, where antiserum against CaCx. reacted with
HSV-2, but not with HSV-I.

Adsorption of the anti HSV-2 serura with HSV-2 eliminated the

reaction with CaCx., suggesting that the common antigen may be specific
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to HSV-2. Similarly, antiserum to CaCx. reacted with HSV-2 associated
hamster turaours, and adsorption of the serura with CaCx. antigens removed
uoth homologous and hererologous reactivity. However, adsorption of the
anti CaCx. serum with OT-1 or OT-XI did not eliminate reactivity with
CaCx. Anti OT-1 or anti uT-11 sera, adsorbed with CaCx did not
eliminate reactivity with the hamster tumour preparations either.
The results of the studies suggesteci therefore, thafc both common and
specific antigens may be present in che human and hamster tumour;;,
and are probabiy related to HSV-2". TAA(Kollinshead et al, 1972; Nahmias
et al, 1975; Ibrahim et al, 1976).

The dernonstration of circulating-tumour associated artigen (C-TAA)
in the sera of tumour bearing hamsters (lbrahim et al, 1975) was
equally significant, and was achieved by reacting antisera against
purified 0"i-1l1 tumour associated antigen with tumour bearing hamster
serum (TBHS), using the precipitin-in-gel technique also. This showed
a pattern of identity with TAA of OT-1 and OT-I1. Similarly, there v;as
a pattern of identity when unadscrbed antiserum against TBHS was
reacted against the purified TAA of OT-11, vhereas the same antiserum,
adsorbed with normal hamster serum (MBS) still reacted with TBHS as
well as the crude OT-11 tumour antigen proparation, but not with NUS.

The results of these various studies thus demonstrates furthor
the possible role of HSV-2 in human cancer of the cervix. However, a
definitive causal relationship would still require confirmatory studies.
The isolation, purification and characterisation of tumour associated
antigens in carcinoma of cervix, might be one wav to demonstrate this

relationship.
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2.5: TUMOUR ASSOCIATED ANTIVIENS IH CANCER OF THE

In order to explore host responses to its malignancy and
simultaneously attain a deeper understanding of the cancerous prccess
itself, especially with regards to the acquisition of new antigenic
substances during the process of transfonaation, the antigenicity of
gynaecologic turaours was studied, to search for and Isolate tumour spec
antigens {leyi., 1971). One of the alias of this study, incidentally,
was to Isolate tissue antigens not present in normal tissuos, foll.ov.dng
which tumour specific antibodies would be produced.

The results of the study suggested the- existence of “Specific"
tumour antigens in squamous cell carcinoma of the cervix. Evidence was
shown that the antigens were specific, that is, qualitatively distinefc,
rather than quantitative increases in normally present tissue coraponen
Immunologie comparison of equivalent fractions eluted fro:. Sephadex
gels showed antigenic non-identity of the fractions derived from nonaal
tissuos with those from tumour tissues.

The possible application of any specific differences which mighfc
exist, in particular, the potential uso of the tumour specific antigens
in the diagnosis and therapy of the malignancy was also explored.

Thus, it was deterrained that once the tumour specific antigenic
fractions, and antibodies against them were available, Levi (1971)
proceeded to investigate the sera of patients suspected of having the
particular malignancies for the presence of circulating antigens in the
hope that the findings would correlate with post-operative

pathological diagnosis.



A model was establisbed to investigate the Feasibility and
reliability of TAA detection as a diagnhostic methcd. Ray (1974) and
Megaw (1974) demonstrated the presence of TAA in HSV-2 associated hamster
sarcomas, using the technique of immunodifFusion and iramunoelectrophoresis,
with and without iramunoadsorption-in-gel methcd. This has now beeil
confirmed to bo a simple method for demonstrating TAA in carcinoma of
cervix (lbrahim et al, 1979)- It was establisbed that unadsorbed rabbit
anti CaCx. sera reacteo with CaCx. and normal cervix antigens. However,
after in-gel adsorption of the anbisera with normal tissue extract and norm
serutn, precipitin reactions appeared monospecifically with tho turaour
antigens. Furthermore, the anti-normal tissue serutn, when adsorbed with
normal tissue, did not react with any test artigen, and anti CaCx. sera,
adsorbed with the homologous tumour antigens, did not react with tho cancer
preparation.

Attempts were made to partially purify the TAA prepared from CaCx.
(1brahim et al, 1979) by ammonium sulphate precipitation and DEAE exchange
Chromatographie methods. The two fractions obtained following DEAE-
cellulose had TAA activity, but were only partially purified, as the
unadsorbed anti CaCx. sera prepared from these still roacted with CaCx.
and normal cervix. However, the antisera prepared were more readily
adsorbed with normal human plasma and normal cervix than the antisera
prepared againsc the crude artigen extracts. In addition, it was found
that the volume cf the innocula as well as the number of injections neeced
to prepare the antisera were less than those used with the crude artigen

preparations.



Further atterapts have been made to purify the CaCx. TAA (Adelusi,
1981). In addition to the ammonium sulphate precipitation and DEAL lon
-xchange Chroraatography, for Isolation of purified TAA used by lbrahim
et al (ig"g), other methods of purification of proteins wore explored,
including Scphacryl gel filtration.. Even though those methods eliminatei
a lot of irapurities from the tumour antigens, the TAA were oniy partially
purified, as these still reacted with antisera to normal cervix and
normal human serum. After iIimmunisation of rabbits, the unadsorbed
anti CaCx. sera still roacted with CaCx. and MCx. As in previous
experiments, the antisera prepared against the partially purified TAA of
the CaCx. were more readily adsorbed with normal human serum and
normal cervix. Furthermore, the number of precipitin lines with CaCx.
was still inconsistent, varying from one to three, depending on the
various antisera and antigens.

The deacnstration of TAA in the circulation of tumour bearing
patients added yet another dioension to the study of tumour immunology.
Circulating tumour associated antigens (C-TAA) have been demonstratod
in the sera of individuals with human canccrs (Hellstrom and Hellstrom,
1972; Cinader, 1972), although many of these antigens were probably
also expreseel in fetal tissues (Gold, 1971; Cinader, 1972) and pregnanc.y
has been showr; to lead to the development of pregnancy-associated
antigens that may cross-react with the cancer antigens (Rosen et al,
1975). However, the demonstration of C-TAA in the- sera of tumour bearing.
harnsters (lbrahim et al, 1975) has encouraged the exploration of the
possibility of detecting TAA in the circulation of women with neoplasia

of the cervix (lbrahim et al, 1979; Adelusi et al, 1982).



tv

Adsorbeci rabbit antisera to CaCx. was noted to debeet C-TAA
in the sera from _patients with cancer of the cervix, but not fron normal
control sera. That the TAA detected in the circulation of the cancer
patients is related to the TAA of CaCx. was suggested by the pattern of
identity with one of the precipitin 1l-ines in the cancer tissue, and
the adsorption-in-gel technique has proven to he specific and cf value

in the detection of C-TAA in human cancers.

2_5:POTENTIAL OF C-TAA DETECTION IN IMMUMODIAGMOSIS OF CiiNCEB

Consequent. on the detection of elevated levels of the various
tumour associated antigens in a variety of human malignancies (Levi et
al, 1969; iicNeil et al, 1969; Order et al, 1971: Levi, 1971; Cinader,
"972; Ilbrahim et al. 1979), the prospect of enplcying these antigens
as diagnostic and probable prognostic tool has now been accepted, and
havs bean investigated extensively in recent years (Baldwin and frice,
1976; Ristrow and McKhann, 1977; Ilbrahim et al, 1979; Adelusi, 1981;
Adelusi et al, 1982).

To dato, the nnost promising procedure for the diagnosis oi cancer
appeared to be the detection of circulating TAA in the sera of tumour
bearing patients (lbrahim et al, 1979; Adelusi, 1981) vhen it was found
that with uncoded sera, all but one of 59 (lbrahim et al, 1975) and all
31 (Adelusi, 1981) sera samples from normal individuals yielded negative
reactions for TAA. On the other Land, a high percentage of the serurr.
samples from cancer patients showed positive reactions.

The detection of C-TAA. in significant percentage of the sera from
"."aren with invasive carcinoma of the cervj.x at various stages of

development, and from women with in-situ cancer and cervical dysplasia,



right provi-rle a means for the detection of pre-invasive neoplasia of
che cervix. It has been suggc-sted that such Serologie fcest might
Jifferentiate befcween wemen with cervical dysplasia likely io deveiop
carcinoma of cervix and those who v/ould not (Mahwias et al, 1900). hu
- study could also deraonstrate a progressive decline in the defcaction
of C-TAA in post-operativo sera frora patients with carcinoma oi cervix
tbus suRgesting that potential prognostic value of the procedure criu
Th-u Findings that fewer injections wédre required for the
preparation of antisera against the partially purified TAA of CACx.
than against the c.rude artigen preparation, and the Observation that t
:u-bbit antisera against the partially purified CaCx. TAA were reor.
readily adsorbed than those against the crude antigen preparation
(lbrahim et al, 1979; Adelusi, 1981), would suggest that use of furt-he
pr.-ification of TAA as irsmunogen night lead to the production of
laore specific antisera against. CaCx. TAA. This might thus lead to
detection of C-TAA isore specifically. Even though sotce of those
circulating: antigens so far havo proven fm be embryonic in nature
(Cinader, 1972; Lausch and Kapp, 1974), othor circulating antigons in
thesc patients have been shown to be tumour specific {Rollinshead et a

1972; Nahnias et al, 1979; Ibrahim et al, 1976).

2 _7:0BJECTIVES OF STUi-Y:

To date, there is NO definitive Information as t the nuwber and
types of TAA in cancer of the cervix, alfcf-.ough progress is continuing»
and TAA may eventual ly be Standard laborricory tools for diagnosis ard

c.ru immunotherapy of cancer. There is ro doufat that the rewarUs of



Isolation and purification of tuaour associated antigens and tumour
specific antibodies would be considerabie.
The purified TAA would facilitate the determinatior of the
exact rciauionship between the antigens of virally-induced tumours.
and the cause of cancer. Furthermore, the prospects fcr a reliable
diagnhostic test may improve wilh the availability of purified antigens
for production of monospecific antibodies against CaCx. for the
detection of free antigens in the circulation of cancer patients. This
Information may relate to the extent of disease, the existence of
metastasis or may provide a prognostic indicator.
The results obtained so far are promising for the development
of a procedure for early diagnosis and raonitoring progncsis of patients
with carcinoma of cervix. It is the aim of this study to explore the
possibility of further purification of the cancer of cervix antigens
by other physico-chemical methoiis. Thus, the preparation of monospecif
antibodies against the CaCx. antigens would enhance the detection of
circulating TAA in the sera of cancer patients, and hence, aid in the

early diagnosis of the disease.
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CHAPTBR 3

MATERIALS AMD METHQD3

1: STUDY MATERIALS

The study population and specimens consisted of the following:

Stuay Population:

i) The cancer bearing patients were 36 parous women who
have clinically and histopathologically confirmed invasive
carcinoma of the cervix. These are patients attending the
gynaecological clinic of the University College Hospital,
Ibadan, Nigeria. They are all Migerians, of various ethnic
origins. Their ages ranged between 25 and 66 years, with a
mean of A0 years. The clinical stages of their disease varied
from 1 to IV (FIGO Classification) (Table 3.1). The

pathological grading of their roalignancies ranged frori I to III.

) There were 18 parous women with benign gynaecological

Problems and with no clinical or cytological evidence of

carcinoma of cervix. Their ages ranged between 25 and 55 years,
with a mean of 35 years, and were mostly from the same areas

and socioeconomic classes as the cancer patients(Table 3.2). Their
cornplaints were for benign gynaecclogic diseases such as

erosion of the cervix, corvicitis er.c. and were selected mainly

from the routine gynaecolog®ic clinios.
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TABLE 3an

Age (Years) | 1@ 11(b) 1l v
25 1 1 0] 0] 1

26 - 35 2 4 1 2 0]
36 - 45 1 1 6 4 0
46 - 55 0 1 3 2 1
56 - 65 0] 0] 2 2 0]
66+ 0 0] 0] 0 1
Total 4 7 12 10 3

X2 =29.73 on 20 df 0.10 > P>0.05

Age

incidence and clinical stage of disease an patients

with Carcinoma of the Cervix.

Total

36
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TABLE 3.2

Socio-Economic
Class | 11(a) 11(b) i v
Upper 0 0 0 0 0
Upper Middle 0 1 0 0 0
Lower Middle 3 1 5 4 1
Lower 1 5 7 6 2
Total 4 7 12 10 3

Total

14

21

36

Analysis of Socio-econom.ic classes of patients wi.fch carcinoma

of cervix in relation to the clinical stage of the disease.

X2 =7.63 on 8 df 0.50>P>0.30



iin) lhere were 72 pregnant women, whose ages ranged froin
18 to 42 years, with a mean of 23 years. These were
tnainly women with normal pregnancies selected from che
antenatal clinic of ths University College Hospital, Ibadun,
ana the parity of Che women ranged from 1 to 5. (Table 3.3) -
iv) The healthy control women consisted of 35 wor.en from
the Family Flanning Clinic of the university College
Hospital, Ibadan, Nigeria. These had no gynaecologic
Problems. Their ages ranged from 21 to 4C years,-with
a mean of 36 years, and their parity ranged from 0 to 4.
Study Spocimens:

i) Cancer Tissue Biopsies — Invasive carcinoma of
cervix tissue biopsies wer© obtained from cancer patients
in the study populatior. at the time of surgery. |Inder
sterile conditions in the operating theatre, patients
were anaesthesized, cleane6 and drapeed. The vagina was
sv/abbed clean and biopsy speciroens were taken from the
cervix by puncli forceps or as wedge resections. These
were kept in sterile Containers and stored at - 20°
centigrade until _processed,

Normal tissue biopsies - Normal cervix tissue

-
-
o/

biopsies were obtained from ahiut 10 post hysterectomy
specimens of patients with ucerine fibroids or ruptured uteru

The specimens were collectmr under sterile conditions and

treated as iIn the cancer ;issces above.



TABLE 3.3

Age (Years) 0 1 2 3 4 5 Total
~ 20 2 1 0 0 0 0 3
21 - 25 2 6 8 2 0 0 18
26 - 30 1 6 12 1 2 0 22
31 - 35 1 2 7 4 2 1 17
36 - 40 0 2 4 1 2 1 10
1+ 0 1 0 1 0 0 4
6 20 31 9 4 2 72

Age incidence and parity of pregnant women in

the/study.

X2 =35.06 on 25 df 0.10>P>0.05



-
-
-

o/
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Serum Specimens - Serum samples were obtained from all
the four groups in the study population. Under sterile
conciitions 10.0mis, of blood were obtained from each patient
by vone-puncture. Each specimen of blood was allowed to
clot at roora temperature and serura v;as obtained fron clotted
blood by centrifugation. All sera were stored in 1.0ml
aliquots, with two drops of 1:10,000 methiolate added to each
vial to serve as preservative, and the specimens were kept

at -20°C until tested.

3.2: TISSUE AMTIGS PKEPARATION

The following procedure was used for the preparation of

antigens from normal and cancer tissues.

a) Tumour Tissue Antigens

)

u)

The cancer tissue biopsies from all the tumour-bearing
patients in the study population were pooled together and
placed in a sterile petridish. Necrotic portions and
fatty tissues were carefully removed as far as possible
and discarded. I'he remainihg oissues were weighed for
purposes of determining the weight/volume W/Vv) ratio
tissue Suspension in Barle’s Balanced Salt Solution
(EBSS) for homogenisation.

The tissues were then :mnced thoroughly in about 5
to 10 als. of EBSS containin:j 100 units of Penicillin/:!,
and 100mg. of Streptomycin/“"cl (or such a value of EBSS
that will pfcrmit thorough mncing of the tissues) using

sterile sc™lpel and pair bf scissors. The minced tissues
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were transferrod into 40.0ml. centrifuge tubes and vashed
three times with EBSS by centrifugation at 500 x i"ar 30
rninutes.

A 20 per cent (w/v) tissue Suspension IN EBSS was
prepared and the Suspension was homogenized in the colo
{with the glass tube held In an ice bath) by iIntermittent
runs of one Minute, for several cycles» using the Bunkman
Polytron Homogenizer.

The homogenate was centrifugod at 20,000 x ... for
30 rninutes at 4°C, tc yield Supernatc-1 and Pellet-1.
Supernate-1 was stored in the freezer.

Pellet-1 was re-suspended in EBSS to one-tenth of the
original volurue in a flask, anxc! the cells ruptured by rapid
freezing and thawing three times in an "acetone-dry ice"
bath. The base of the flask containing the material was
coapletely emmersed in the *acetone-dry ice" bath.

The resultant material was centrifuged at 20,000 x g.
for 30 rninutes at 4°C, to yield Supernate-2 and Pellet-2.

Supernats-1 and Supemate-2 were pocled together and
concenfcrated 10-fold by dialysis against polyethylene glycol
20,000 CCabowax flakes), The retentate was dialysed against
Phosphate Buffered Saline (PBS) pH 7.6 for 48 hours at 4°C.
This was then designated as the Soluble Antigen (St)

preparation.
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viii) Peilet-2 was re-suspended in 3-Molar Potassiurn Chloride
(KCI) in the Proportion of 5ml. KCI per gram (of the initial
weight) of the tissue. A few Crystals of Deoxyribonuclease
(DMA-ase) were sprinkled to this, to prevent aggregat.ion
(Meitzer et al, 1971), and the Suspension retained et 4°C
for 48 hours, with periodic raixing.

ix) The consequent material was centrifuged at 20,000 x g.
for 30 minutes at 4°C, to yield Supernate-3 and Pellet-3.
Pellet-3 was discarded.

X) Supernate-3 was dialysed for 24 hours against 200
volumes of de-ionized water at 4°C, with several changes of
the dialysate. The resultant preparation was
concentrated 4-fold as above, and re-dialysed again. This
was designated as the Herabrane Bound Antigen (MBA) preparatio

b) Normal Tissue Anfcigens:

)] The normal cervix specimens from all the individual

post-operative biopsies in the study were pooled together

and placed in a sterile petridish. These were weighed as abo

ii) The tissues were then minced thoroughly as for- the
cancer tissues, and the various steps for the preparation
of the Soluble Antigens (SA) and the Membrane Bound Antigens
(MBA) were fToliowed as above.

i) However, both the SA and the MBA for the normal cervical

tissues were pooled together after the preparations for

purposes of immunization and the various tests.



3*3:: ANTISERA prppahatio”

a)

b)

Antisera were prepared, using two rabbits for each of the

following immunogens:

a)
b)
©)
(o))
e)

Crude SA of the cancer tissues

Crude MBA of the cancer tissues

Partially purified SA of the cancer tissues
Partially purified MBA of the"cancer tissues

Crude normal cervix <pooled SA and MBA antigen preparation)and

) Pooled normal human serur.i.

Immunisation Procedure

)

-
o/

1"welve (12) adult rabbits (3 to 5 inonth-old New Zealand white
rabbits, each weighing 10 to 12.5 kilograms) were bled prior

go the initiation of the process of immunization.

The iramunizing inoculum consisted of 1.0ml of the crude antigen
preparation, or 0.5ml of the partially purified antigens,
emulsified in an equa] volume of complete Freund’s Adjuvant,
Each rabbit received 3 to h intramuscular injections of the
iramunogen at 10-day intervals.

To maintain adequate levels of antibodies in each case, one
boester dose of the immunogens were injected, without adjuvant,

at 15 to 20-day intervals.

Collection of Antisera

)

-
-
o/

Serum samples were obtained i"rom each rabbit by simple incision
opening of the ear marginal vein oefore each booster dose,
vlhen each rabbit has developed acequate precipitin reaction by

the Immunodiffusi on Adsorption (t"DA) technique, large blood
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saraples (about 20 to 4umls.) were obtained.

The serum was separated by centrifugation of clotted 0dlood as

-
-
-

o/

previously describod for human serum speciraens, and were stored
in 1.0 ml. aliquots at »20°C until used.

3.9: PARTIAL PUBIFICATION OF TUMOUR APT10ENS

For Isolation of parfially purified antigens, the crude antigen
preparations (SA and MBA) were subjected to the following sfceps:
a) Protein concentration determination (lbrahim et al, !g?9)

5.0 mils. of filtered 1:5 dilution of Bio-Rad protein assay
reagent (Bio-Rad Labs., Richmond, California), was added to O.1ml.
(100 ul) of the artigen preparation (or dilutions of this, if the
protein concentration was too high to be read off in the
spectrometer), and 0.1 ml. (100ul.) of PDS fas control). After
thorough mixing, these were left at roora teraperature for 5 to 6
minutes, and the protein adsorbence at 595nm (wavelength) read
off from the spectrometer, using the control to standardise the
equipment. The protein concentration was then deiermined from
the linear Standard graph (Fig. 3.1).

Example - If the protein absorbence was 0.73, and the

dilution of protein was 1:4. Then the protein

concentration at 0.?73 120.0 ug/C.i ml
1:4 dilution = 120.0 X 4 ug/C.1ml.
= 400 ug/0.1 ml

Concentration = 4000ug/mi .

Protein concentration 4_8mg/ml.
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Ammonium Sulphate Fractionation

The protein ccncentration of the antigen preparations, from
the Toluble ARtigans (SA) and KCI extracted Membrane Sound Antigens
(MBA) of the cancer tissues were adjustad tc about 10 to 12 ug/ml
oy further concenlration, and total protein content calculated fron:
the volume of the artigen preparation. Each was then subjected to
iractionation with solid ammonium sulphate.

From the total volume of the antigen preparation, the amounts
of ammonium sulphate crystals required for protein precipitation
at 20, 50 and 70 per cent Saturation were determined from Standards
per iiter (Table 3.4). The ammonium sulphate crystals were added
slowly to each antigen preparation (SA and MBA), with rapid stirrirg
over a period of 10 minutes at OWC (in ice bath), to give 20 per cent
Saturation. After stirring for a further- 30 minutes, the precipitste
was reraoved by centrifugation at 20,000 x g. at 4°C for 3G minutes.
Mcre ammonium sulphate crystals were then added to the supe-rnatant
to bring the Saturation to 50, and next to 70 per cent Saturation,
ehe Suspension being centrifuged at 20,000 x g. at 4°C for 30
minutes on each occasion.

The precipitates at 20, 50 and 70 per cent saturations weit
dissolved in minimal volumes (56.0mis.) of 0.02 molar PBS pH 7.6.
Sach of these, and the supernatant after 70 per cent Saturation,
were dialysed individually against PBS pH 7.6, over a 48 hour period,
with frequent changes of buffer. Each specimen was then tested for

CaCx. TAA activity by the imraunodiffusien adsorption (IDA) iIn gel
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cechnique. The protein concentration of each fraction was nsxt
determinecl, and those reactive fractions (with TAA activity) were
subjected to tho next stage of purification.
DEAE Sephadex A-25 lon Exchange Chromatography

The TAA-active fractions (20-50% and 50-70% ammonium sulphate
precipitate) from the Soluble Antigens and KCI extracted Membrane
Bound Antigens (Table 3.5! were pumped separately into a crlunn
(50 X 1.6 cm.) of Diethyl amino-ethyl (DEAE) Sephadex A-25 (Pharmacia
fine Chemicals, AB, Uppsala, Sweden) lon Exchange Chromatographv
column equilibrated with 0.02 Molar Iris HCI, (pH C.0) buffer-. The

flow rate of the buffer was calibrated to 30.0ml per hour.

i) Preparation and Packing of Column — The amount of lon
Exchan-er (gel) required was stirred into an excess of startine
buffer (Iris HCI, 0.02 Molar, pH 2.0) and swoilen over a
48 hour period, at room temperature. Vigorous strirring was
avoided in Order not to damage the gel beads. The buffer was

»
removed and replaced with fresh buffer several times during
the swelling period (using a Buckner funnel), to ensure
equilibration of the gel with the buffer.

The column was set up vertically, with the bed support
covered by about 1 centimeter of eluent to ensure that r.o air
remains in, or under the bed support, and that the column

outlet is closed. The swoilen gel was mixed thoroughly with

the buffer to facilitate easy pouring,and avoid trappin,” air

bubbles. This was poured gently down the column (down the side Oi



TABLE 3.5

Demonstration of TAA activity in the ammonium sulphate

fractions of the CaCx antigen preparations.



the Chromatographie tube to avoid bubble formation), and allowed tc
sfcabilise. Kxcess elument was removod and raore gel was pourec in
repeatodly uniil the required height of the column was reacheo.

The column was thsn set up in cold chamber (A°C) and ocjuilibrated
wich the starting éuffer over a period of 12 hours. This also
stabilized the bed.

Separation of Antigens »» The column was connected to a fractions
collector (LKB 2112 Redirac) designeu to deliver constant volumas
through the Spectrometer (Wavelength 280 um) into collection Tube;:.
The elument (Tris HCIl, 0.02 Molar, pH 8.0) was also connected to tho
column from above. The artigen fraction was gently layered on tep
of the gel, usine a capillary tubing. The absorbence/Fluoresconce
analyser (Recorder), having been warmed up for about 2 hours

prior to "ge fraction collection to adjust to Optimum working
conditions, was adjusteo to a lamp current of 340 milliamps. The
sensitivity and baselir.e of the recorder were adjusted as
appropriate and the chart speed was set at 3.0 cm. per hour.

Souium Chloride Continuous Gradient Clusion - Klusion was performeu,
using a linear gradiert of 0.02 to 0,1 Molar Tris HCI pH 8.0
containing: 1.0 Molar sodiua Chloride. For this procedura, an equal
amount of 0.1 Molar, Tris HCI, pH 0.0 was connected to 0.G2 Molar
Tris HCI, pH 8.0, using the same gradient apparatus for the Solutions.
This was connected to the column with the 0.02 Molar Tris HCI,

pH 6.0 buffer beaker next to the column and a total of 200 ml. of
the eradient was rvn through. Tf.eparation of artigen fraction

collectec in tubes within the re-i".orbed peaks was pooled, concentrated



against carbowax, dialyscd against PDS, pH 7.6 and testod for:
a) TAA activity, using adgorbed anti-CaCx. serum foy the IDA techniqu
b) purity frora normal tissue antigenic components, usxng
unadsorbed anti-NCx and anti-NHuS sera
c) the protein concentrations and

d) titer of TAA activity.

Sephacryl 8-200 Gel Filtration
Each of the active fractions from the DEAE Sephadex A-25 lor

Exchange Chromatography were next pumped separately into a column

{100 X 1.6 cm) of Sephacryl S-200 (Pharmacia Fine Chemicals, AB,

Uppsala, Sweden) gel Filtration column, equilibrated with 0.02 Molar

Tris HCl, pH 8.0 buffer. The flow rate was calibrated to 8.0 ml.

per hour.

i) Preparat-ior, and Packing of Column + Sephacryl S-200 was
hydrated with 0.02 Molar Tris HCI, pH 8.0 over a period of 3
days, avoiding excessive stirring to prevent rupture of the gel
beads. The gel was washed three times with more buffer, and
the final gel slurry (@ part buffer to 2 parts settled gel),
was de-aerated before packing.

The column tube was mounted ver-jically and the dead space
under the net and in the tube filled with eluent. The sl irry
was poured gently into the column, Tfitted with a flow adaptor
at the bottom, and a gel and eluent reservoir which had been
previously filled to approximate.’.y 15 per cent of its height

wich buffer, at the top. The ge.l Was allowed to settle for
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about 20 minutes prior to the opening of the column outlet.
Hydrostatic pressure, measured from the liquid level in the g:el
rtservoir to the tip of the outlet tubing, was maintained at

15 cm. Washing of the gel continued until a constant height
(approximately 100 cm.) was attained, at which time an upper
flow adaptor was intalled. The column was futher equilibrated
by passege of two bed volumes of the Tris HCI buffer.

Separation of Antigons * The TAA-active preparations as
previously fractionated by DEAE Sephadex A-25 Tor Exchange
Chroraatography, was each applied to the bottom of the ,jel bed by
capillary tubing. The column was connected to the fraction
collectcr (LKB 2112 Redirac) and the eluent, with the various
adjustments of lamp current and sensitivity. The antigen was
oluted by upward flow of S.0 ml per hour. Protein concentration
in the effluent was monitored and recorded by an ultraviolet
analyser.

The discharged material was collected in fractiors by
uso of the fraction collector, and the individual fractions
collected in tubes within the recordel pealcs were pcoled and
concentrated 4-foiu and dialysed against PBS pH 7.6. Each
fraction was then tested for TAA activity, purity, protein

concentration and titer of TAA activity as before.
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finity Chromatograph”

Aminohexyl (AH) Sepharose 43 (Sigma Chemical Company, St.
Louis, Mo, USA) c-.ctivated with carbodiimide HCI, at acid pH, was
used to immobilise both anti-NCx and anti-NHUS in a convenient
one-otep coupling method.

The required amount of freeze-dried powder of AH-Sepharose 4B
(1gm. of powder for every 200 mg. of protein to be ccupleci), was
svollen in 0.5 Molar NaCl solution on a glass f"ilter, and washed
for 15 minutes with the same solution. Approximately 200 ml.
solution was added in several aliquots for each gram of dry powder
and 1QC gm. of the dried material gave a final gel wlur.no of
approximately 4.0 ml. Hext, the required amount of
1-Cthyl-3- (3-dimethyl-aminopropyl) carbodiimide (EDC) Hydrochlorid
(Sigma Chemical Company, St. Louis, Mo, USA) was dissolyed in
de-ionized water (10 mg. of EDC per ml. of the gel) and mixed with
the gel.

The sera to be coupled (rabbit anti-NCx serura and rabbit
anti-NHuS serum, which had been partielly purified by amsonium
sulphate fractionation at 50 per conv. Saturation, and thoir
protein concentrations determined) were mixed each with half tim.
gel slurry (100 rag. per gm. of gclj. The pH of the mixtures were
adjusted to 5.0 by adding dilutu 0.2 Molar KCI, and the mixtures
were gently rotated in sealed Containers overnight at room

temperature.
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The mixturos were poured on to glass filters and the eluents
from each collected. The protein concentrat-ion of each was
determined to ensure that couplinr has occurrec. After couplint
was coaplete, the two halves of the gel slurry (ooupled anti-NCx
and anti-KHuS imrnunoglofculxns) were mixed and washed with scveral
r.liquots of the coupling solution Ilde-ionized water) to removo
uncoupled proteins. The gel slurry was reconstituted in Borate
buffer pH 8.6 to be used in the affinity cbnomatography.

The antigen preparation obtainee from Sephacryl S-200 gel
filtration experimer.t, was mixed with the gel siurrv and allowod
to react for 24 hours at 4°c. K tnaximum initial concen-tration
of 1.0 mg. of protein per ml. of Sepharose-protein conjugate was
used. On completion of affinity chromatcgraphy, the gel rar
washed on glass filter to elute che antigen compietely. This
was dialysed against de-ionized water for 24 hours to get
rid of all salt (Borate buffer salt), and concentrated against
Borax war. Bach of the chromatographed antigen fractions was
tes"ced for TAA activity, purity, protein concentration and titer
of TAA activity as usual.

In summary, by the various ourification steps (Fig. 3.2),
atteiapts wert, made to separate che TAA components in the cancer
tissue antigen preparation by various methods of purification
of proteins. The protein components that contain nd TAA activity
were thus cisposed of, while those that contain the TAA were

Turther purified.
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Xc*  3*2

PARTIAL PURIFICATION OF CiCx TAA

CERVICAL CANCER TISSUE
1

1

SOLUBLE[NTIGEN KCL EXTRACTED MEM BRANE-BOUND ANTIGEN
* 1

AMMONIUM SULPHATE PRECIPITATION AMMONIUM SULPHATE PRECIPITATION

- r - \
TAA ACTIVE TAA NEGATIVE TAA ACTIVE TAA NEGATIVE
OEAE SEPHADEX A25 DEAE SEPHADEX A25
ION EXCHANGE CHROMATOGRAPHY ION EXCHANGE CHROMATOGRAPHY
TAA ACTIVE TAA NEGATIVE TAA ACTIVE TAA NEGATIVE
SEPHACRYL S200 SEPHACRYL S200
GEL FILTRATION GEL FILTRATION
N
TAA ACTIVE TAA NEGATIVE TAA ACTIVE TAA NEGATIVE
*
AFFINITY CHROMATOGRAPHY AFFINITY CHROMATOGRAPHY
TAANACTIVITY TAANACTIVITY

Sul3saary ©f Step-wise Purliication Procedures of
tije GaCx. istigcss».
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5: S3ROLOGIC TESTS
i} Immunodiffusi.o;i

The Ouchterlony nicroinununo-precipitation technique of
double oiffusion in agar, described by Ibrahim anc: hammon {19%1"),
was FTollowed. Pre-cleaned slides (35 x 75mm) were coaued witfa
0.2 per cent Suspension of noble agar (Difco Laboratories)
in Borate buffer, pii 8.6 and alldued to dry at roora temperature.
A 3.5 ml. sample of 1.0 per cent melted agar in Borate buffer, or
a 1.0 per cent agarose Suspension in Barbital buffer, pH " .6
was prepared onfco each slide. Once the gel had harciened, the
slides were kept in humidified Chambers and stored at 4°C.
A stainless steel template was used to cut a pattern of central
well (7 bkj. in diameter), and six peripheral wolle (6 mm each)
in the gel, the distance botween the central well and each
peripheral well, and botween adjacent peripheral wells being
5 mm. In general, homologous and heterologous antigen
preparations were introduced into the peripheral wells, and
test antiserum into the central well. All slides were
incubated in humidified Chambers at 37°C, and the results read
and recorded daily for 4 days.

b) Adsorption-in-Gel Immunoprecipita-"-ion Technique:

The imrnunoadsorption-in-gel technique described by
Ibrahim (1969) was used. The procedure is designed to eliminate
cross-activity between antiservoi prepared against tumour artigen
extracts and normal tissuc aoJ normal serum antigens (Tumour

contaainants).



Adsorption of anti-tumour antisera was achieved 0y the
introduction of the adsorbing antigen (KCx and NHuS in sequence
into the central well, followed by incubation at 37°C for
120 minutes. The introduction of NCx into the central well
and incubation was folcbowed by aspiration of the residual KCx
before replacement with MHuS and incubation. After che
aspiration of all residual adsorbing antigen, the antiserum
to be adsorbed (Anti-CaCx serum) was introduced .into the cer.tr
well, and tho peripheral wells viere filled with the
honologous antigen preparation and appropriate Controls with
which to determine the adequacy of the adsorption process.

The test slides were incubated in huraidified chanbers
at 37 °C for 24 to 96 hours, and the results read and
recorded daily.

Imrouno*-electrophoresis Technique:

A modification of the single dimension immunoelectrophore
(IE) method detailed by Ibrahim arid Hammon (1968b) was used.
Pre-cleaned glass slides (50 x 75 mm) Viere coated and layered
with 0.1 ml. of agar as described for immunodiffusion. A
template was employed to cut two central troughs (2 x 50 mm),
and three wells (6 mm. diameter) at a distance of 5 mm. between
each trough and well (one well between the two troughs and cne
well outside each trough), abcut midpoint of the troughs.

Each outside well was filled with a fraction of the test
antigen preparation and the central well with the control

antigen preparation. The slides were placed in an
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electrophoretic tank (Gelman), and electrode tri*dges viere raade
by six layers of moist Whatraan"s filter paper number 1. The
antigens viere electrophoresed at room .temperature for 120
minutes at 5 volts per centimeter of gel (as demonstrated
by appropriate dye). Constant power was supplied by a pcwer
source (Gelman Model 38201).

After electrophoresis, the slides were transferred to
humidified Chambers and the gel from the troughs renoved. The
troughs were Tfilled with the teet antiserum, and the slides
were incubated at 37°C for 24 to 96 hours and the results read

and recorded daily.

d) Adsorpiion-in-Gel Inrnunoelfectrophoresis Technique:
The single dimension immunoelectrophorosis (IE) irethod
was carried out as abcve. After immuncelectrophoresis, the
slides were transferred to humidified chambers and the gel
from the troughs removed. Adsorption of the anti-turaour antiser
was carried out in th.e troughs with NCx and MHuS, as detailed
above (Adsorption-in-Gel immunoprecipitation). After the
aspiration of the remnants of the adsorbing antigens, the
tost antiserum to be adsorbed was introduced into the troughs
and the slides were incubated in humidified chamber at 37°C
for 24 to 96 hours, find the results were read and recorded daily
g) Reading and Heccrding of Results:
To visualise the preuipitin bands in their gel backgrounu,
the slide was positioned at an oblique angle to a f"lourescent

desk lamp, and a 4X Mappifying lens was used as an aid in
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viewing the precipitin bands in the slides. A daily record
of che bands was kept on preparod sheets with patterns iracke
after the template.

To photograph the precipitin bands in their gel
background, a viewing box with dark field iilumination was used.
Light was directed through the gel at an oblique angle fron
the inside of the box. A 35mn reflex camera with an extreraely
high resolution panchromatic film (Kodak High Contrast Copy

H. 136-36) was used fer rak®"ing permanent records.

.6z CLIKICO-PATHOLOCIC STUDIGS

a) Glinical Studies:

Clinical data were collocted from each patient with
regard to ape, and eocio-economic Status based on the lcvel of
education, occupation and family incorce. Details of the coital
practice were assessed with regards to the marital status and
the number of marriages, the age at first coitus, number oOf
sex Partners and frequency of coitus per vreek. The number
of pre*. nanci.es, including abortions, as well as the number of
livinr children were ascertained (Appendices 11l and V)

All the patients were examined clinically.
Durin-:pelvic examination, cervical and posterior vaginal smears
were made on clean microscopic slides (25 x 75 mm). These
were TFTixed in acetone at 4°C and kept until processed for cytolog
examination by the Papanicolau raethod. Microscopic exanination
was perforaed as previously described (Adelusi, 1976. ). Diring

the clinical examination, the stage of the malignancy of the



cervix (FIGO Classification) was assessed, and biopsy materiale
(punch, cone or wedge) were taken for histopathologic exanination.
HistopathologieStuhles:

The microscopic diagnosis of the malignancy was bated
on the two chief characfceristics of abnormalities in the
constituent cells, and the abnormal architecture of the tissue
cells. The histologic type of cell was determined on whether
it was epideraoid or mucin secreting, well-differentiated
cylinderic cells. Based on the cellular architecture, Grades 1,

Il or 11l were recogniseci (Adelusi, 1976 ).

i) Grade 1 (Keratinising Carcinoma) - This was characterise«

by a predominance of large abnormal epithelial cells with a high
degree of pleomorphism, bizzare, elongate and caudate forms, with
moderately large, hyperchoomatic, coarsely granualr, chromatin
nuclei. Isolated nuclei and syncytia were relatively rare and
epithelial pearls and isolated cell keratinisation were present.
A low mitotic Index was commonly observed. This histologic
structure was that of a well differenfriated squamous cell

carcinoma of the cervix.

ii) Grade 11 (Large cell non-Ke-ratir&sing Carcinoma) - This was
characterised by iaany abnormal basophilic epithelial cells,

varying in size. A high nuclear-cytoplasmic ratio was characteristic.
The nuclei were opaque with coarse chromatin pattern and frequent
roicro nucleioli. Isolated nuclei and syncytia were more common than

in the other two grades. Thore was a differentiated squamous cell
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carcinoma with rare isolated cell keratinisation, and no epithelial
pearls. There was a distinct Variation in cell size, and moderatel
high mitotic index. The histologic structure in this was that of

poorly difforontiatod squarmous cell carcinoma of the cervix.

iii) Grade 111 (Small Cell Carcinoma) - This was characterised
by predominance of unifomly small basophilic cells with a high
nuclear-cytoplasmic ratio. The niclei were opaque or coarsely
granular. Macro nucleoli and syncytia were not as common as in
Grade 11. The histological architecture was remarkable for thc.
uniformity of cell and nuclear size. Epithelial pearls and
isolated keratinized cells were not observed, and a high mitotic
index was common. The histologic structure was that of

undifferentiated cell carcinoma of the cervix

Finally the results of the detection of circulating TAA (C-TAA) in
thc sera of tumour-bearing patients were correlated with the various
clinico-pathologic fir.dings, particularly the clinical stage and grade

of the disease, and the findings were analysed statistically.
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Two rabbits ware each hyperimmunized with:

»} TFrude Soluble Antigen (SA) cf the carcinoma of cervix (CaCx.) tisswe..;
preparation;

Cc; Grude Membrane Bound Antigen (MBA) of the CaCx tissue preparation”;

c) Crude Mixture of the SA and MBA of the cancer tissue preparaticns;

g; ihe partially purified SA preparation of the cancer tissue;

) Normal Cervix (NCx) tissue antigen preparation; and

) Normal Human Serum (NIluS) poo l.. Thero was not enough of the

partially purified MBA ibr any iromunisation procedures.

Subsequeng to the third injection, the rabbits gave immunoprecipi-
tation roactions with the homologous antigens and were glvon Booster loses o
the approprj.ate immunogen. The reactions intsnsified with these
subsequsnt inmunisations, and stabilised by tim fi"fth or sixth inoculatio i.
The most strongly reactive antiserum of each antigen was utilised for

further test procedures.

4 _1: DEMONSTRATION OF TAA IN CANCER TISSUE PREPARATIOFS#

In a pilot study to deraonstrate TRL in CaCx. tissues, immunodiffusion
(ID) ceses of the rabbit antiserum against the crude mixture of the SA
and MBA of the cancer antigen preparatioas demonstrated 8 to IC
iaraunoprecipitin iines with the same cancer antigen preparation,

4 to 6 precipitin lines with normal cervjlx (NCx) tissue antigen
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"reparation and 6 to 8 precipitin lines with normal human serum (NHuS)
pool (Fig. 4.1a). On the other hand, ID tosts of the rabbit antiserum
a/ainst NCx showed 4 to 6 precipitin lines with the cancer antigen
preparation, 5 to 6 precipitin lines with NCx tissua antigen proparation,
and 3 to 4 precipitin lines with NHuS pool (Fig. 4.1b). Similarly, ID
tescs of the rabbit antiserum against NHuS showed 6 to 8 precipitin lines
with the cancer antigen preparation, 4 to 6 precipitin lines with tCx
tissue antigen preparation an . 10 to 12 precipitin lines with the

iJHuS pool (Fig. 4.1c).

Somo variations in the number cf precipitin lines were noted with
different antisera tested, and with different tests. However, the
consistency of the number of precipitin lines, on the average, was
satisfactory. v/hen the pilot study was repeated with the antiserum
prepared against the crude SA and the crude MBA preparations respectivoly,
similar results tc that of the rnixture of the antigens (&r. and MBA)
were obtained, although the number of precipitin lines were lass.

In the definitive study, in-gel adsorption of the crude cancer
antisera with NCx preparation and NHuS pool for 120 minutes consecutively
(IDA technique) demonstrated precipitin lines only with the CaCx. antiger
preparation, but not with NCx and NHuS. Three immunoprecipitin lines,
designated TAA-1, TAA-2 and TAA-3, were consistently observed with the
Soluble Antigen preparation. Only one precipitin line, probably
identical to TAA-3 of the Soluble Antigen preparation, was demonstrated
in the Membrane Bound Antigen preparation (Fig. 4.2). This was closo tc

and curving towards the antigen well in tha template.
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rid. a.i
0O O O O
Rabblt antl CaCx Rabbit anti NCx
d b

Rabblt anti NHuS
C

bchcmittc ftagra—atatlon oi icmmooiftmion

eactlons of F.&bbit anti-C&Cx, stnU-iXx and

ar.ti-NHuS «er» aiainst Ccrvical Antlgan
Preparatior.a,
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F1G. 4.2

NCxT 120 min.
NHuS 120 min.

Rabbit anti CaCx

Scheaatlc Representation of liasunodiffusion Beactions
Betv»een Adaorbed Eabbit anti-CaCx Sera with CaCx
Soluble and I-fesibrane Bounti Anti,jene.
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When the cancer antigen preparation was titrated to Show ab
-hat dilution the various TAA would cease to be demonstrated with
e-he crude cancer antisera, it was found that the concentration of the
TAA variad one from the othor. TAA-1 was demonstrated at 1:16 dilution
whereas, TAA-2 was demonstrated at 1:6 dilution and TAA-3 was present
only at 1:2 dilution. The titers of the three IAA in the cance” antigen
preparation werc rocorded therefore as "16, 8 and 2 respectively.

Hone of the pre-immune serura samples reacted with either the
horoolo; ous or heterologoua antigen preparations. Similarly, the raob.it
antisera against the HCx antigen preparation and the NHuS, when adsorbed
with both the MCx tissue preparation and NHuS consecutively as above,
failed to react with the homologous as well as the heretologous antigen

preparations.

4_2:PARTIALLY PURIFIED TAA ACTIFITY:

Immunodiffusion (ID) and immunodiffusion adsorption (IDA)-ir.-gel
tost, viere carried out on the various partially purified specimens of
the cancer antigens:

a) i"ractionation of TAA by Ammonium Sulphatc Precipitation:

The TAA of CaCx. viere constantly precipitated at salt saturations
betweer. 20 and 70 per Cent. The majority of the TAA activitv apyearec
to be present in the 20 to 50 per cent ammoniuia sulphatc Saturation
fraction however (Table 3-5).

Immunodiffusion adsorption in-gel of rabbit anti-CaCx. (with iICx

and NHuS, each for 120 minutes), showed 3 TAA (TAA-1, -2, and -3) with
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the 20-50% amrnonium sulphat< fraction, and also three TAA (TAA-1,
-2, and -3) with the 50-70% fraction from the Soluble Antigen (SA)
preparation. Both the C-20% and the over 70% amrnonium sulphate
Saturation fractions showéd no reactions (Fig. 4.3).

Similarly, only the 20 to 70 per cent of the amraonium sulphate
precipitated fraction of the Membrane Bounci Antigen (MBA) preparation
showed TAA activity (Fig. 4.4), and this was identical to TAA-3 of
the SA. The resolution of the individual tumour-specific precipitin
bands was generally enhanced without a corrosponding loss in the
actual number of precipitin reactions. Uhile the rxumber and intensity
of reactive normal components of the tumour extract was ,visibly *
diminished by fractionation when reacted against the unadsorbed
rabbit antisera to CaCx,the reduction was only minimal.

The protein concentration of the various amrnonium sulphate
precipitated fractions as well as the titers of the reactive TAA
are shown in Table 4.1. From the starting protein content cf 375 mg.
of the CaCx SA preparation, TAA activity was demonstratod in 265 mg.
containod in the 20 to 70 per cent amrnonium sulphate precipitated
fraction, and the titers of the various TAA activity were 16, and
2 for TAA-1, TAA-2 and TAA-3 respectively.

On the other hand, only the 80 mg. of protein contained in
the 20 to 70 per cent salt fraction from the MBA preparation
demonstrated TAA activity, and the titer of TAA activity, probably
TAA-3, was found tc be 8. The TAA active fraction (20-70%) were

pooled for each antigen preparation for the next step of purification.
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FIG. 4.3

NXTO \Q GxX(H
NMus O a4 o 50-70%

>706 0 " 0 CaCx (VBA)

NCxT 120 min. NCxT 120 min.

NHuS 120 min. NHuS 120 min.

Rabbit anti CaCx Rabbit anti CaCx
d b

Schematic Representation of Immunodiffusion Adsorption-
in-Gel P.eactions between anti-CaCx Sera and Ammonium
Sulphate Fractions of CaCx Soluble Antigens.
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N3O \QGOGEY) O vo GX(SH
NHEO Cj O o0-0% NHOCI O >10%

>703@ 020 -50% 50-70(38\/Q CaCx(I\BQ

NCXT 120min. NCXT 120 min.
NHuS 120min. NHus 120 min.
Rabbit anti CaCx Rabbit anti CaCx

Sdoeroatic Representation of Iffinmodiffusion Maorption-
in-Gel Reactions of Rabbit anti-CaCx Sera uith Amoniuxa
Sulphate Practica» of cacx Metabrano Bound Antigan.
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1. CaCx (SA) 375 mg

0o -
20 »
50

\Y

2. CaCx (MBA) 196 mg

0 -

20 -

50 -

>

TABLE 4.1
Volume Protein

ml mg/mi

20% 3.5 15.0
50% 4.0 38.0
70% 3.5 32.5
70% 2.5 10.0
20% 5.0 4.5
50% 5.0 7.0
70% 10.0 4.5
70% 6.0 5.0

Total

Protein

mg

52.5

152.0

113.8
25.0

22.5
35.0
45.0

30.0

1.D.

Titer

16,8,2
16,8,2

ooraments

No TAA
Active
Active

NGO TAA

No TAA

Active

Active

No TAA

Protein concentrations &ni titer of TAA activity in the

amraonium sulphate fractions of CaCx antigens.

activity
TAA-1,-2 &
TAA-2,-2 &

activity

activity
TAA (7TAA-3)
TAA (7TAA-3)

activity
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UEAE lon Exchange Chromatography -

VJhen the 20-70% ammor.ium sulphate fraction cf the Soluble
Antigen prcparation was passed through the DEAE A-25 lon Exchange
Chromatographie coluran, the effluenfc record contained eight
individual peaks (A to H), three before and five after the Sodium
Chloride elution (Fig. 4.5).

ImmunodifFusion adsorption in-gel.of the individual fractions

pooled frow the peaks indicated the presence of immunologicall

reactivo proteins within four of the eight peaks, two before c

two after the Sodium Chloride elution. Fractions A and B,

designated the "Unbound Fractions” of the SA preparation,

demonstrated procipitin lines, both identical to TAA-2, and

TAA-3, while fractions D and E, designated the "Bound Fraction

showed precipitin lines identical to TAA-1, (Fig. 4.6).

On the other hand, the 20-70% amroonium sulphate fraction of
the Membrane Bound Antigen preparation when passed through DEAE
A-25 lon Exchange Chromatography, produced five individual peaks
(A to C), two before and three after Sodium Chloride elution
(Fig. 4.7).

Immunodiffusion adsorption in-gel of the individual fractions
pooled from the peaks indicated the presence Of irnnunologically
reactivo proteins within two of the five peaks, both before the
Sodium Chloride elution. Fractions A and B designated "Unbound
Fractions”, demonstrated precipitin lines both identical to TaA-3

(Fig. 4.8).
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FIG. 4.5

CONENTRATION (@ MO >

Profile of the DEAE lon Fxchanee Oir«aatOfraphy of the
20-70% Aradaniven Sulphate fraction of the CaCx Soluble
AntJLeen Preparatior,.
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BIG. 4»6
NCxO \ Q CxCx ISA) Fre O CxCx ISA)
NHusO x FrA CaCx(S<™M](Q]C) FrA
Fr BOM0OcaCxISA) Fr OcaCx (SA)
NCxT 120 min. NCxT  120min.
NHuS 120 min. NHuS 120 min.
Rabbir anti CaCx Rabbit anti CaCx

Immunodiffusion Aclsorption-in-gel Reaction Between
Rabbit anti-CaCx Sera and the DEAE lon Exchange
Chromatographie Fractions of the CaCx Soluble Antigen

Preparation.
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nc.

ELUTED FRACTIONS.

Profil® OF th* DEAE lIcn Exchange Chronoto-.raphy ef
thb® 20*7011 Aaaoniu*» Sulphate Jraction of tfse CaCx
TImrtrwr Boujk; Praparatioil¥
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rid. 4.8

NCXT 120 min.
NHuS 120 min.

Rabbit anti CaCx
Iraraunor. iffusion Alsorption-in-/7el 1"eaction Betweec Habbit

anti CaCx Sera and the DEAE lon Uxehane®© ChrotatOigraphic
Pnacfcions OF the CaCx, «etabram Bound Antiken Preparation,
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The protein concentrations and the total protein content of
the various fractions obtained*from the DEAE A-25 lon Exchange
Chromatography of both the soluble and membrane-bound antigens
preparations are shown in Table 4.2. Of the 90 mg. of total protein
recorded frora the Soluble Antigen preparation, TAA activity was fround
in the 24.6 mg. of fractions A and B (Unbound) and the 30.4 mg.
of the fractions D and e (Bound). On the other hand, of the 25.0 mg.
recorded frora the Membrane-Bound Antigen, TAA activity was demonstrated
in the 12.2 mg. of the fractions A and B (Unbound). The titers of the
various fractions were as shown in Table 4.2.

The Mbound” and "unbound” fractions frora the Soluble Antigen
preparations of the CaCx. Antigen, were pooled separately to increase
the araount of material for the next stage of purification. Similarly,
the "unbound’” fractions from the Membrane-bound Antigen preparation were
pooled. When the purity of the various fractions were testecl for
by reacting these with unadsorbed rabbit antisera againsc NCx and NHuS,
each of the purified antigens showed immunoprecipitin reactions
(Fig- 4.9). Although the inpure state of the antigens preparations
vrere thus demonstrated, the number of the precipitin lines againsc
anti-NCx and anti-HHuS sera were rauch®"less than with the crude antigen
preparation.

Occasionally, there were some inconsistencies in the precipitin
lines in the IDA tests of the partially purified SA and MBA preparations
with the numbers varying from one to two, showing that TAA-3 (occasionally,
TAA-2) has been lost in the process of DEAE A-25 lon Exchange

Chromatography of the SA preparation. The three pooled fractions,
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CaCx (SA)

Fraction A

CaCx (MBA)

Fraction

I &G T m O O w

m O O W >»

Volume
ml

2.5
3.0
2.0
2.5
2.0
2.0
1.5
2.5

2.0
2.0
2.0
2.0
1.5

TASLE 4.2

Protein
ng/ml

4.3
4.6
3.5
6.8
6.7
5.7
4.0
3.0

3.0
3.1

1.5
2.2

3.6

Total
Protein

mg

10.8
13.8
7.0
1?70
13.4
11.4
6.0
9.5

6.0
6.7
3.0
4.4
5.4

T f)

Titer

N

Active
Active
No TAA
Active
Active
Mo TAA
No TAA
No TAA

Active
Active
Mo TAA
No TAA
No TAA

Protein concentrations and titer of TAA activity in the DEAE

lon Exchange Chromatographie Fractions of CaCx antigens.

TAA 2, 3
TAA 2, 3
activity
TAA 1,2
TAA 1
Acfcivity
Activity
Activity

TAA 3
TAA 3
Activity
Activity
Activity
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FIG, 4.9

NCXTO A Q C a C * (SA) NCXT(5 ~ Q CaCx (SA)
NHUSC | (Q r 0 u nd) NHuSCjjQ~0sAJunbound)
MBA(unbound) O  OsA(Bound) MBA(unb2ndPSA (BOUnd)

Rabbif anti NCx Rabbit anti NHuS

Scheaatlc Representation of XaaunodlffUslon Reaction
of Rabbit anti-KCx anc ati-l1IHSS sera a™ainat the
BEAR lon Exchange Chromato raphic Frections of the
CACX "IMA, to test for level purification.



the "unbound™ and "bound" fractions of the Soluble Antigen and the
"unbound" fraction from the Membrane Bound Antigen preparation, were
kept for further purification.
Sephacryl S-200 gel filtration -

Passage of the "unbound" fractions of the Soluble Antigen
preparation through Sephacryl S-200 gel column resulted in the
elution of the individual proteins throughout a single peak with a
broad base (Fig. 4.10). All the TAA-active fractions were founi co be
located v,"ithin the contiguous fractions B, C, D and E, pooleo from the
various tube fractions. Immunodiffusion adsorption in-gel of rabbit
anti-CaCx sera demonstrated TAA activity in fractions B and C,
identical to TAA-2 and TAA-3, and iIn fractions D and E, identical to
TAA-2 (Fig. 4.115.

Frotn the "bound" fraction of the Soluble Antigen preparation,
five fractions were cbtained from the single peak with a broad
base (identical to Fig. 4.10). Immunodiffusion adsorption in-gel
of the tumour antisera showed TAA activity, identical w.ith TAA-1 in
only fraction A (Fig. 4.12).

The fraction from the Membrane Bound Antigen preparation,
when passed through the gel filtration, gave rise to five fractions
from the single peak with a broad base (identical to Fig. 4.10).
Immunodiffusion acsorption in-gel of the tumour antisera showed
showed TAA activity in fractions A and B, identical to TAA-3 (Fig. 4.13

The protein concentrations, the total protein content and
the titers of the TAA activity of the various fractions are shown in

Table 4.3. Fractions B and C of the "unbound"™ fraction of the Soluble
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FIG. 4,10

00-

Profile of the Sephacryl S-200 £el Filtration of the

Partially Purified CaCx TAA Fractions
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NCxT O CaCx (SA)

NHuSO ( > 0 FrA
FrcON/QFr B

NCxT 120 min.

NHuUS 120 min

Rabbit anti CaCx

4.T1

NCXT O GaCx (SA)

NHuSO O / O FroO
FrF O OFr E
NCXT 120 min.
NHuS 120 min

Rabbit anti CaCx

Sdecerfcic Representation cf Irmmodiffusion

Aosorpfcion-in-:;el Of habbit anti CaCx Sera with the
;ashHrifle3 DEAE «unbound« Fractione of the CaCx

Soluble Antiken Preparation.
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FIG. 4.12
NCXxTO ~QCaCx(SA). NCxTO~0OCaCx (SA)
NHusO (J” OFrA NHUSO OprD
Fr CO QFr B CaCx(MBA)O\ OFr E
NCXT 120 min NCXT 120 min.
NH S 120 min. NHuS 120min
Rabbit anti CaCx Rabbit anti CaCx

Schematic Representation of tainodimisicn Adsorption«
in~fel of Rabbit anti CaCx Sera ulthe the tai—purified
OEAE "bound’ Fractions of the CaCx Soluble Antiken

Rroparaticm.
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FIG. 413

NCXTO nsO CaCx(SA) NCxt0 ~ 0 CaCx (SA)

NHusQ O FraA NHusO (> O Fr D

Fr E o~rCacCxI mBA)
FrC O ~0Fr B

NCxT 120 min NCXT 120 min
NHuUS 120min NHuS 120 min
Rabbit and CaCx Rabbit anti CaCx

Schematlc Representation of Iranunodiffusion Adsorption-

in—gel between Rabbit anti CaCx Sera and the gel-purified

DEAE "‘unbound Fractions of the CaCx Membrane Bound
Antigen Preparation.
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TaCx (SA) Unbound

Fraction A
B

il |

-

ACx (SA} Bound

Fraction

o O W >

CACx (kBA) Unbound

Fraction A
,B

O

LAk 4-3
Volume irotein
ml mg/rcl
2.0 0.5
2.0 1.6
1.0 1.3
2.0 1.6
1.5 1.4
1.5 6.c
2.6 1.3
2.0 1.0
1.5 0.7
2.0 0.5
1.5 0.5
2.0 1.0
2o 1.0
1.5 o.e
pA 1.0
23 o.e

70

Protein cohconire. Frone

Total
Protein

2

1.0
3*2
2.0
3.2
2.1

2]

2.5
2.0
1.5
1.0
0.3

2.4
2.0
1.2
2.0
1.6

1.fc.
Titer-

2,1
2,1

COii i XL

Nc TAA
Active
Active
Active
Active

No TAA

Active
Mo TAA
Mo TAA
Mo TAA
Mo TAA

Active
Active
No TAA
Mo TAA
No TAA

aftof parificatioa wich Sephacryl S—200 gyl filtration.

Activity
TAA 2,3
TAA 2,3
e €
e 0"

Actlvifcy

TAA 1

Activity
activity
ACtivity
ACtivity

TAA 3
TAA 3
Activity
Activity
Activity

~ activity cf CaCx fractions
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Antigen, showing TAA activity identical to TAA-2, and TAA-3, had

5.2 rag. of protein, while fractions D and E, which had TAA activity
identical to TAA-2, contained 5.3 rag. On the other hand, the total
protein content of the "bound” fraction of the Soluble Antigen
preparation with TAA activity identical to TAA-1, was 2.6 mg. And the
fractions A and B of the "unbound"™ Membrane Bound Antigen preparation
with TAA activity identical to TAA-3, contained 4.4 rag. of proteins.
The TAA titer varied from 1 to 2 only.

Fractions B and C of the "unbound™ fraction from the Soluble
Antigen Preparation were pooled and labelled "Soluble Antigen-11L
Similarly, fractions D and E of the same fraction vrere pooled and
designated "Soluble Antigen-2i?, and the active fraction A of the
"bound" fraction was designated "Soluble Antigen-3". The active
fractions A and B from the Membrane Bound Antigen was still desimenatee
""Membrane Bound Antigen'.

Test of purity of the various fractions was evaluated by
reacting these with unadsorbed antiaera prepared against NCx
and NHuS by the immunoprecipitin in-gel reaction (Fig. 4.141. Each
of the fractions still reacted with anti-NCx and anti-NHUE sera.
However, precipitin lines were rauch fewer, limited to only two or three
lines, and the intensity was faint.

Affinity Chromatography -

All the four fractions, three from the Soluble and one from
the Membrane Bound Antigen preparations, showed TAA activity after
affinity chromatography. Imraunodiffusion adsorpcion in-gel reaction

of anti-CaCx. sera against the fractions showed that Soluble Antigen-1,
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FIG. 4.14

NC.TO ~ n CgCx(sal NHus Q ™ Q CaCx(SA)

MSAO ~J O SA -1 MRBAOE~Jj OSA"1

sa30 osa-2 SA-30 L)SA-2
Rabbit anti NCx Rabbit anti NHus
0O OO0

o Oo Oo O
(ON0) OO0

Inmunodiffusion Keactions of Habbit anti NCx and
anti NHuUS Sera with the various gel-purified fractions
of CaCx TAA to test for the level of purification.
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demonstrated one or two precipitin lines identical to TAA-2 and TAA-3,
while Soluble Antigen-2 demonstrated only one line identical to TAA-2
and Soluble Antigen-3 showed one precipitin line identical to TAA-1.
On the other hand, the Membrane Bound Antigen Fraction demonstrated
only one precipitin line identical to TAA-3 (Fig. 4.15).

The protein concentration and the titers of the TAA activity in
the various fractions are shown in Table 4.4. The protein concentration
in all the fractions were rather low, and the titers of TAA activity
were mostly in the undiluted fractions. However, the TAA in each fraction
was still identical to those before affinity chromatography, although,
there was a tendency for TAA-3 in the Soluble Antigen-1 to disappear.

When the fractions were reacted with the unadsorbed anti-NCx and
anti-NHuS sera by the immunodiffusion tests, each fraction still produced
precipitin lines (Fig. 4.16), demonstrating the presence of some normal
components in the fractions. However, in each case, the number of
precipitin lines was limited to only one or two with either antisdrum, as
compared with the precipitin lines when the crude antigen preparation was
reacted with these unadsorbed antisera. Furthermore, the precipitin
lines were very faint.

In summary, therefore, (Fig. 4.17), the "unbound" fractions passed
through the Sephacryl S-200 gel filtration of the Soluble Antigen
preparation produced two samples: "Soluble Antigen-1, which appeared to
be TAA-2, but contaminated by TAA-3 and Soluble Antigen-2 which appeared
to be TAA-2; while the "bound" fractions of the same process yielded only
one sample, the Soluble Antigen-3, which appeared to be consistent with TAA
The "unbound" fractions of the Membrane Bound Antigen yielded only one

sample which appeared to be consistent with TAA-3.
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TABLE 4.4
ANTIGEN Volume Protein
ral rag/mi
-x (SA)
Solr.ble Antigen 1
(Unbound) 2.0 0.5
Soluble Antigen 2
(Unbound) 2.0 0.8
Soluble Antigen 3
(Bound) 1.5 0.6

CaCx (MBA)

Membrane Bounca
Antigen (Unbound) 1.0

84

0.5

0.9

1.D.
Titer

COMMENTS

Active

Active

Active

Active

Protein concentrations and titer of TAA activity of CaCx

fractione after affinity Chromatography.

TAA

TAA

TAA

TAA

TAA

2 (73
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FIT. 4.16

NCXTQ ~ X ) C aCx (SA) NHE A A A f °ex(SA)

mbaO iQ j O sa-i MBAOTQrO SA-1

SA-30 O SA'2 SATSO OS8A-2

Rabbit anti NCx Rabbit anti NHuS

Irmunodiffusion heactions Between hAbbit anti 54Cx and

anii-NBuS Sera and the CaCx TAA Fractions obtained alter

affinity Chranato™raphy to test for the level of
purificatiai.
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Further purification cou™d not be continued because the samples
were too small to yield meaningTul . results.
Single Dimension Immunoelectrophoresis;

Immunodiffusion adsorption . of rabbit anti-CaCx. sera with
the electrophoresed fractions obtained from affinity chromatography
demonstrated one or two precipitin lines each (Fig. 4.18). The Soluble
Antigen fractions 1 and 2 showed two precipitin lines each, while the
others showed one line each, although, there were more than one line
occasionally.

When the electrophoresed fractions were reacted with unadsorbed
anti-NCx and anti-NHuS sera, there were two or three lines with each
fraction (Fig. 4.19). With the resolution of the various proteins
in the fractions, it was easy to demonstrate the impure state of the
various fractions. However, there were rauch fewer lines with these
fractions than with the crude cancer antigen preparation.

A ssample of the pooled TAA-active fractions of the partially
purified cancer antigens w&ich was used to immunise rabbit, yielded
antisera which reacted with both the CaCx and NCx antigen preparations.
However, the volume of the inocular (0.5 ml) as well as the number of
injections required for producing adequate immunoprecipitin reactions,
were much less than those used with the crude antigen preparations.
Also, the antisera prepared against these were more readily adsorbed
in-gel with pooled normal human sera and normal cervix antigen

preparations.
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-.3: DEMONSTRATION OF C-TAA IN SERA CANCER PATIENTS;

The results dotair.ed when adsorbed rabbit anti-CaCx. sera prepared
igainst the partially purified TAA were reacted by inmunodiffusion with coded
sera from cancer patients and healthy Controls are presented in Table 4.5.
Circulating-TAA was detected iIn 27 of 36 (736) sera fron cancer patients.

On the other hand, only 1 of 18 (6.68%6) of the sera fron patients with benign
rynaecological diseases and 1 of 72 (1.4%) of sera fron pregnant women,

shoned any precipitin reactions, when treated in the sare manner. None of the
sera froo 36 healthy Controls showed any precipitin reactions.

In all the sera fron cancer patients where Circulating-TAA were
semonstrated, the precipitin lines were identical to those Bhown by the
Calx tissue antigen preparations used as Controls In the template. This
«ould tend to show that the “Nirculating/ TAA being demonstrated iIn the sera
of cancer patients are the same as those present iIn the cancer antigen
preparations.

Analysis of the precipitin results In the cancer patients iIn relation

0 the clinical stage of the disease iIs shown In Table 4.6. Owerall,
3 (/P of the patients In Stage I, 6 (B3) In Stage Ha and 9 (/%) In
Stage 1lb showed positive reactions. Furthermore, 7 (A0%) of the patients
in Stage 111 and 2 (6A) iIn Stage IV showed positive reactions. However,
shere was no statistically significant association between the clinical
stage of the disease and the detection of Circulating-TAA iIn the cancer sera.

The majority () of the cancer tissue were of the squamous variety

type. \When the histopathologic grading of the specimens



Serum Specimens

Cancer Patients

Patients with
Gynecol. Diseases

Pregnant Women

Healthy Controls
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TABLE 4.5

No. of Serum
Specimens

36

13

72

36

X2 = 102.94 on 3 df P< 0.001

Immunodiffusion reaction between adsorbed rabbit anti

Sera and Sera from Cancer Patients and Contrcls.

No. of Positive
Specimens

27

% of Positive
Reactions

75.0

5.6

1.4

0.0

CaCx



TABLE 4. 6

CaCx: No. of Serum No. of Positive % of Positive
Clinical Stage Sarnples Reactions Reactions

- 4 3 75.0
1) 7 6 85.7
11(b) 12 9 75.0
il 10 7 70.0
v 3 2 66.7
36 27 75.0

X2 = 6.73 on 4 df 0.20>P>0.10

Immunodiffusion reactions between adsorbed rabbit anti CaCx
Sera and Sera i1tom Cancer Patients, in relation to the clinical

stage cf disease.
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were analysed, 4 of the tissues were placed as Grade I, 5 as Grade Il while

the remainder, 27 were classified as Grade 111. No association could

be found between the detection of Circulating-TAA iIn the sera of patients
and the patholcgic grade of the disease.
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CHAPTER 5

DISCUSSIOH

The concept that the normal cell contains a definite complement
of antigens, the histocompatibility antigens (Hollinshead et al, 1972;
.renkel et al, 1972), and that the metamorphosis which occurs during
neoplastic transformation induces the synthesis of new antigens not
normally expressed by their normal counterparts (Hellstrom and Hellstrom,
1969; Levi et al, 1969; Frenkel et al, 1972), is now universally accepted.
The results of the study of Levi (1971) on the antigenicity of squamous
cell carcinoma of the cervix uteri suggested the existence of such tumour
specific antigens, and the later studies of Ibrahim et al, (1979);

Adelusi, (1981); Adelusi et al, (1932) have confirmed this finding.
PETECTION OF TAA IN CANCER Qi CERVIX TISSUE PREPARATIONS:

The results of the current study has gone further to provide evidence
that tumour specific antigens of carcinoma of cervix tissues are qualitatively
distinct from,rather than mere quantitative increases in, normally present
antigens of normal cervix tissue components. Immunological comparison of
fractions obtained from the cancer tissue antigen preparations showed
antigenic distinctness and non-identity to fractions derived from normal
tissues.

Hyperimmune rabbit anti anti-CaCx serum, when unadsorbed, reacted
with CaCx, NCx antigens, as well as NHuS pool. However, the same antiserum
when adsorbed in gel with NCx and MIIuS, demonstrated precipitin reactions

only with CaCx. On the other hand, hyperimraune rabbit serum prepared against
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NCx, when similarly adsorbed with KCx and NFluS, failed to react with fcoth
NCx and CaCx aneigen preparations. This would tend to confirm that antisera
prepared against CaCx contain antibodies specific for CaCx tumour associated
antigens, and that such antibodies are not present in anti-NCx sera.
According to Rawlins (1977), the possibiiity that the reactions observed in
these studies could be attributed to HLA is unlikeiy since the extracted
antigen preparations from a pool of normal cervix from healthy Controls were
used in adsorbing and testing the anti-CaCx sera.

There are now, convincing biochemical and immunochemical evidence for
the existence of one or more CaCx TAA in the soluble extracts of the cancer
tissues. Indeed, the present work has confirmed the earlier findings of
Levi (1971) on the antigenicity of squamous cell carcinoma of the cervix,
and Adelusi (1981) on the nuraber of TAA (TAA-1, ~2 and -3) in the cancer
tissues. The tumour associated antigens are thought to be non-structural
antigens present in all DNA virus-induced tumours, and possibly in some RNA
virus-induced tumours as well (Tucker, 1979). They are found within the
nucleus and cytoplasm of the tumour cells, and the cell membranes. Their
Chemical composition is not known (Deinhardt, 1974).

The antiserum utilized throughout these investigations was prepared
against a pool of all the three supernate fluids obtained as part of the
tumour antigen extraction process. This practice was established subsequent
to the Observation that in addtion to one or two common tumour-specific
antigens, each of the supernates contain TAA which are distinct from

those demonstratec in the other preparations.
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This phenomenon may be attributable to the nature of the cellular
components released by the different antigen extraction procedures. The
Soluble Antigen (SA) is the product of simple homogenisation processes which
release the intracellular antigen components. These cytoplasmic or nuclear
antigens may represent enzymes or other proteins ectopically expressecl by th
cancerous cells (Tucker, 1979). The KCl-extracted Membrane Bound Antigen
(MBA) on the other hand, is the solubilised cell membrane antigen. This has
been suggested to represent the released tumour rejection antigens (Reisfeld
et al, 1971), membrane antigens capable of eliciting an immunological attack
on malignant cells.

Several other investigators have employed the 3-Molar KCl to extract
Soluble Antigens from tumours. |In studies with malignant melanoma,
Roth et al, (1975) found that the 3-Molar KClI extracts exhibited a 20-folti
increase in antigenicity over that of the crude antigen preparations.
Stroehmann et al (1977) suggested that the KCI extraction is superior to
papain ciigestion because biological activity of the proteins is retained.
Meitzer et al (1971) showed that 3-Molar KCI solubilised antigens retainec
their specificity and remained stable at 4°C for several monihs. Watson
et al (1975) raised antisera in rabbits to fractions obtained from KCI
extraction of a variety of histological types of lung tumours with which
they were able to detect 2 TAA in Lung Cancer Tissues, and Boddie et al,
(1975) demonstrated the presence of TAA in KCl-solubulised extracts of
lung tumours, using human leukocyte migration Inhibition assays in agarose
gels, and concluded that antigens released by KCl extraction were

more specific than those obtained by sonication of the tissues.
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In the present study, the TAA obtained fron the Membrane Bound Antigen
fraction (designated TAA-3) was found to be distinct fron the other two
antigens from the Soluble Antigen fraction, in contradistinction to the
earlier study of (Tucker 1975) who found no difference between the Soluble
and the KCl extracts of CaCx. antigens. Furthermore, purification of the KCI
extracts was more readily achieved. Even though it has been suggested that
the KCI extracted TAA can be a source of false positive reactions if this
is not eliminated from the test System (Leonard et al, 1972), this was not
the case in this study.

It is hoped that the Soluble Antigen and the KCl extracted Membrane
Bound Antigen would eventually be purified individually in large enough
quantities for immunisation of rabbit to produce antibodies. Further, it
is hoped that the individual antisera will be tested to determine which
anti-TAA is capable of detecting Circulating-TAA in the sera of tumour

bearing patients.

PURIFICATION OF TAA IN CANCER TISSUES:

Investigations in area of research on TAA have employed myriad of
techniques in attempt to purify TAA in human cancers. Various methods of
purification employed in this study, including Ammonium Sulphate precipitation,
Sephadex lon Exchange Chromatography, Sephacryl S-200 gel filtration, and
Affinity Chromatography, resulted in partially purified invididual TAA.

Fractional precipitation of the antigens by ammonium sulphate was
applied routinely as a preparatory step for further purification. Several
pertinent facts were established by the repeated application of this procedure.

Most notable is the consistent extraction of TAA iIn the 20-70% sait Saturation
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level. This is different from the results of lbrahim et al, (1979) where
the TAA were consistently extracted in the 20-50% Saturation. The reasons
may be varied.

Investigations with various cancerous tissues suggest that the point
of Saturation at which a particular TAA is precipitated by ammonium sulphate
may be unique to, or characteristic of, the type of malignancy or its
associated antigens. The majority of the turaour-specific antigens of lung
cancer for example, precipitate consistently within the 60-70 per cent
Saturation range whereas those of carcinoma of cervix were known to precipi-
tate within the 20-50 per cent Saturation (Tucker, 1979).

Since the protein precipitation by amonium sulphate is based on the
Charge on the proteins, the present technique has been able to precipitaite
TAA with higher affinity for the H"04, that is, greater Charge, by precipitating
these at the higher Saturation (60-70%). It is possible, however, that the
immunoprecipitation test, regarded as the leas%* sensitive of the serological
techniques, may not have detected the TAA present in the other fractions in
the study of Ibrahim et al (1979).

Attempted purification of TAA by column chromatography techniques
achieved a degree of success not attained before by the more simplistic
approaches employed by earlier studies (Tucker, 1979; Ilbrahim et al, 1979).
Individual TAA, designated TAA-1, TAA-2 and TAA-3, were isolated. Although
these were still not completely purified, it was possible to eliminate the
non-reactive proteins to a great extent. However, the production of purified
material to this degree by these procedures also resulted in significant
loss in the total number and concentration of detectable tumour-associated

reactions. For example, the TAA-3 of the Soluble Antigen preparation was
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invariably lost In the process, suggesting that this additional TAA remained
in the unused fractions, although the loss of detection may he attributable
to the pocr sensitivity of the immunodiffusion best procedure.

Sephadex lon Exchanges are derived fron neutral Sephadex by introduction
of functional groups attached by other linkages to the glucose units of the
dextran chains. Proteins and other biological substances are not denatured by
the hydrophilic polysaccaride net work, and hence the turaour specific reactivity
iIs not adversely affected. However, Separation of proteins vary with variations
in the pH, 1onic strength, temperature, column bed height and diameter as well
as the flow rate. Hence, It Is essential that care should be taken of these
factors in the purification processes In order to achieve adequate Separation
of the various TAA.

While Sephadex A-25 lon Exchanges separate the proteins according to
their electrical charges, Sephacryl S-200 gel fTitration on the other hand,
separates them according to their molecular weight. It would be easy to
detemine the molecular weight of the TAA on this basis. Even though this
was not caliberated In this study, the TAA were found to be In the group of
lov molecular weight proteins.

Affinity Chromatography, on the other hand, offered a unique method
for the elimination of normal tissue and serum reactions without any
significant loss in the number of discernible turaour specific reactions.
Elimination of normal tissue and serum antigens was readily achieved by a
single process once the Optimum conditions of ligand preparations had been
established. The technique ofers the possibility of achieving Separation
of proteins which are difficult or even impossible to separate when less

specific techniques are used, because it exploits the unique specificity of
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biological interactions to isolate proteins and glycoproteins.

In principle, the technique can be used to isolate either of the
components of a reversibly reacting systen. Thus by coupling of one component,
the antibodies to MCx and NHuS, to an isoluble matrix, AH Sepharose—4B,
(Pharmacia Fine Chemicals) while still retaining its specific binding activity,
it was possible to eliminate, substantially, the NCx and NHuS components
of the CaCx TAA from the partially purified fractions.

Affinity Chromatography is a type of adsorption chromatography in
which the bed material has biological affinity for the substance to be
isolated. The specific adsorptive properties of the bed material are
obtained by covalently coupling an appropriate binding ligand to an insoluble
matrix. The binding ligands in this case, anti-NCx and anti-NHuS, are then
able to adsorb from solution, the substances to be isolated, the NCx and
NHuS components of the CaCx. antigen preparation.

Separations are rapid, since in most cases, only small bed volumes
are required. The high specificities of the separations derive from the
natural specificities of the antigen-antibody -System. Affinity
Chromatography provides opportunities for the isolation of substances
according to their biological function, and thus differs radically from
conventional Chromatographie techniques in which Separation depends on gross
physical and Chemical differences between substances.

However, as in previous studies (Tucker, 1979; Ibrahim et al, 1979;
Adelusi, 1981), removal of reactivity against anti-NCx and anti-NHuS sera
was incomplete. The hyperimmune rabbit antisera prepared against a pooi of
some of the purified fractions, when unadsorbed, still reacted, however slight,

with normal tissues as well as normal human serum. Similarly,



hyperimmune rabbit antisera prepared against NCx and NHuS also reacted with
the purified fractions, signifying the incompleteness of purification,
It was noticed however, that the antisera obtained from immunizing
rabbits with the partially purified TAA were more readily adsorbed with
NCx and NHuS than those from che crude antigen preparations. Also, the
doses of immunogen as well as the number of immunisations of rabbits with
the partially purified TAA were less than those with the crude antigens.
Greater effort at isolating individual and pure TAA, by such other
raethods of purification of proteins, such as lIsoelectric foucssing, may
be essential, for the production of anti-TAA which is specific and capablc.
of detecting Circulating-TAA in the sera of tumour-bearing patients.
On the othar hand, there is the need to look for a more easily purifiabie
tissue antigen specimens, such as a continuous cancer cell line which will
contain less normal tissues and normal human sera. This is worthy of furth
study following the use of antibodies to the continous cancer cell lino
(C.,11) to detect Circulating-TAA in the sera of patients with cancer cf the

cervix (Adelusi et al, 1982).

DETECTION OF CIRCULATING-TAA IN SERA OF CANCER PATIENTS:

The concept of transformed cell acquiring new antigenic substances
not normally present in the normal tissues and which are shed into circulati
(Levi, 1971), can be explored in the immunodiagnosis of malignancy, The
demonstration of Circulating-TAA in the sera of tumour-bearing patients
(lbrahim et al, 1979; Adelusi, 1981; Adelusi et al, 1982) has addel yet
another dimension to the study of tumour immunology.

Using a modification of the technique of Ilbrahim (1969) and Ibrahim

et al, (1979), the results obtained in this study, when adsorbed anti-CaCx
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sera prepared against the partialiy purified CACx TAA, were reacted with
sera frora cancer patients, patients with benign gynaecologic diseases,
pregnant women and healthy Controls, indicated that Circulating-TAA can fe
deiuonstrated in the sera of cancer patients, but not in healthy Controls.

That the TAA detected in the cancer patient sera are related to the
TAA of CaCx. is suggested by the pattern of identity with one of the C<Cx.
precipitin reactions. This finding is consistent with the findings of
Ibrahim et al, (1969) and Adelusi, (1981). However, Circulating-TAA
was apparently detected in the sera of non-car.cerous patients, sorae of whom
were pregnant women. This amay be indicative of an embrycnic antigen,
especially if all the affected tissues are of similar embryonic origin.

IT this is the case, then the faise positive Controls could represent
sera from women who were or had been pregnant, analogous to Gcld;s Observation
in 1971. On the other hand, it is also conceivable that the control group
included women with cancer undetected by the routine Pap Smear as presently
practised. Sera from pregnant women were included in as much as it has
been shown that pregnancy may lead to the development of pregnancy associatec
antigens that cross-react. with cancer antigens (Rosen et al, 1975).

In the present study, Circulating-TAA was detected in a significantly
high percentage of sera from women with invasive carcinoma of the cervix
at various stages of development. However, there was no significant
relationship between the detection of Circulating-TAA and the clinical
stage or patnological grade of the disease. Tucker (1979) and Ilbrahim
et al, (1979) on the other hand, were able to find differences in the

detection of Circulating-TAA between women with .invasive carcinoma and
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and those with carcinoma in situ, as well as those with post operative
follow-ups. A possible reason for this discrepancy is the fact that there
was no case of in-situ carcinoma in the present study. Furthermore, since
all the cases in this study are invasive carcinoma, it is possible that once
the invasive carcinoma has been established, there may be no qualitative
distinctness in the detection of Circulating-TAA in the sera of the tumour
bearing patients.

With the development of the "Pap Smear™ test fcr cancer of the cervix
screening in 1943, epidemioiogists predicted that the incidence of invasive
carcinoma of the cervix in the United States would be close to zero by
the early 1970"s. Inspite of the routine widespread use of this smear test
however, cancer of the cervix is the second most comrnon malignant disease

of women in the United States today (Goldberg and Gravell, 1976).

In Nigeria, one the other hand, despite the fact that the disease is the
commonest malignant disease of women (Edingtcn and Hendrickse, 1970), the
Pap Smear test is yet to be established, much less, have any effect in
reducing the incidence of the disease.

On the other hand, cytology has many Problems, First it requires that
all women from adolescence onwards have repeat cytological screening at
frequent intervals. One of the major probelms is that of obtaining "Pap Smear
in those women who are at highest risk of developing carcinoma of the cervix.
Since such women, rnostly in the low socio-economic classes, are the least
likely to seek preventive Services, this approach requires a great deal of
public education and community effort, apart from the problen of the enormous

cost of routine screening programmes which include cost of educating qualified
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personnel for this. |Indeed, it is now thought that certain cancers of the
cervix may have accelerated growth rates (Silverberg, 1977), and cytologic
screening may not detect premalignant changes in these cases.

It is hoped that the detection of Circulating-TAA as tumour raarkers
in sera of patients, may some day become roltine, and thus make earlier
diagnosis of cancer possible. The results of the present study indicate
very high specificity, and potential immunodiagnostic application of these
tests not only in the early diagnosis of cervical neoplasia, but also in the
follow-up of post-surgical cancer patients. Indications are that immuno-
diagnostic procedures can be designed in ways that are reproducible, simple
and reliable. Such serological tests would extend our present ability for
detection and monitoring of malignancies.

RELATIONSHIP OF CACX TAA TO ONCQFETAL ANTIGENS:

The discovery of Circulating-TAA in sera of cancer of cervix patients
as well as those of other cancer patients has raised the specter of embryonic
origin for TAA, especially if all affected tissues are of similar embryonic
origin. Indeed, it has been suggested that the majority of human tumour
antigens described to date are fetal antigens (Tucker, 1979).

Since the first association of fetal antigen with cancer was made by
Abelev (1963), when he found an Alpha-Feto-Protein (AFP), a glycoprotein
normally found in sera of new born mice, associated with a transplantable
mouse hepatoma induced by ortho-aminoazololuene, various other fetal antigens
have been described in animals and man (Tatarinov, 1964; Gold and Freedman,
1965; Thompson et al, 1969; Brawn, 1970; Balwin et al, 1971; Fuks et al, 1974;

Leung et al, 1977; Von Kleist et al, 1977). Costanza and Nathanson (1974)
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defined fetal antigens as '"Biologie material identified through immunologic
racans that is found in both malignant tissue and in embryonic, fetal and
plancetal tissue, but which cannot be detected in adult non“malignant tissues
in amounts greater than 10.0Oug/ml_NW.

It is believed that in malignant tissues, fetal antigens are located
mainly in cell membrane (Lausch and Rapp, 1974; Tucker, 1979), although a
few types are found only in the cell cytoplasm (Tucker, 1979). Both types may
enter body fluids and be incorporated into normal celis, and are usually
detected by serum assay. Because in experimentally induced hepatoraas, so.me
fetal antigens, especially AFP, have been detected before the appearance of
cancer cells, it has led to speculation that perhaps, some carcincfetal
alterations fiey P~eceed malignant transformation (Hirai, 1975). Seil and
Skelly (1976) have also suggested that since non-carcinogenic compounds do
not produce AFP elevations, it may be supposed that the induction of AFP
production by Chemical carcinogens is related to the carcinogenic process.

Recently, Goldenberg et al, (1978) reported the presence of a
beta-globulin associated with cervical and colonic tumours which was also
present in normal adult and fetal kidney and liver tissues. This antigen
was shown to be identical to beta oncofetal antigen (BOFA), Tfirst described
by Frische and Mach (1975). Antiserum to BOFA and antiserum to CaCx. antigen
were shown to demonstrate a line of identity when reacted against carcinoma
of cervix tissue antigens using the ID technique. However, the antigen did
not cross-react with CEA, AFP or Colon-associated tumour antigens.

Since in the study of lbrahim et al, (1979) it was shown that no cross-
reactivity was observed between the CaCx antigens and any of the fetal antigens

tested, including CEA, AFP, HCG or B-microglobulin, no further cross-reactivitji
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tests were performed in this study. Even though the study of Goldenberg at
et al (1978) demonstrated quantitative increase of the Beta-globulin in
carcinoma of certix tissues, because it is also present in large amounts in
normal adult liver and kidney tissues, it no longer qualifies as an Oncofetal
Antigen. Other workers (Ting et al, 1972) have indicated that although Fetal
Antigens may be expressed in tumour cells, they are different from Tumour-
Specific Antigens that are specific for a particular tumour, or for tumours
induced by a particular virus. However, further work is still required,
therefore, to determine the specificity and relationship of CaCx. TAA to the
Fetal Antigens.

The finding that many tumours have antigens common to fetal tissues
but not to normal adult tissue, has led to speculation that perhaps oncogenic
viruses are able to cause re-expression of fetal antigens in transformed
cells (Goggin et al, 1970; 1971) and that virally induced tumours possess
common antigens (Sj6gren, 1961; Habel, 1962; Leonard, 1975; Lo Gerfo, 1976).
Individually distinct viral TAA have been demonstrated in mammary virus-
induced tumours of mice (Heppner et al, 1976) and in polyoma induced tumours
Witz et al, 1976).

ASSOCIATION BETWEEN HSV-2 AND CARCINOMA OF THE CERVIX;

Another angle of looking at the development of a System for determining
the existence of TAA in CaCx. is the causal relationship of HSV-2 in the
genesis of Carcinoma of Cervix. The excessive cross-reactivity among cancer
antigens, even across spieces lines (hamster and human) tend to indicate a
viral etiology for some hurman cancers, particularly the cervix. The cross-
reactivity of antigens of carcinoma of cervix with anti HSV-2 serum, but not

with HSV-1 serum, tends to implicate HSV-2 as the viral etiological agent in

CaCx. (Adelusi, 1982).
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Many oncogenic DNA and RNA viruses are highly immunogenic and produce
both hormonal and cell-mediated immune responses (Herberman, 1977). Indeed
a number of studies have confirmed the presence of HSV-2 related antigens in
exfoliated cancer of cervix cells (Royston and Aurelian, 1970; Nelson, 1974;
Pascal et al, 1976; Adelusi et al, 1976; Bell et al, 1978). Significant
proteins of HSV-2 viral genome and readily identifiablc virally induced RNA
have been found in cancer cells by molecular biological studies, using
hybridization techniques (Duff and Rapp, 1971; liunyon et al, 1971; Frenkel
et al, 1972; Minson et al, 1976; Couple and McDongall, 1976).

The association between HSV-2 and carcinorna of the cervix was strengthened
by the cross-reactivity between the antigens of, and antisera prepared against
the virus, HSV-2 associated hamster tumour, the tumours developing following
inoculation of HSV-2, implicating the virus as a causative agent (Nahmias et
al, 1970), and human cancer of the cervix, (lbrahim et al, 1975). The
observed cross-reactivity suggests that HSV-2 uay be etiologically involved
in human neoplasm, especially, carcinorna of cervix. The inter-relationship
between the virus and cervical neoplasm is further strengthened by the
Identity between the precipitations of the TAA of CaCx. and HSV-2 (Adelusi, 1982).

Thus the weight of circumstanlial evidence supporting the role of Herpes
Simplex Virus Type-2 (HSV-2) in human carcinorna of the cervix has increased,
ased on these various studies, On the contrary, evidence supporting similar
role for many other DNA viruses as etiological agents of human cancer is lacking.
lo is possible that the use of further purified cancer of the cervix antigens
ray be precipitated more specifically by antisera prepared against HSV-2 antigens.
7nis would furbher assist in establishing a possible causative association

oetween the virus and carcinorna of the cervix.
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Elucidation of both the initial carcinogenic and subsequent immune
reacticns in host-tumour interaction has been partially impeded by the lack
of detailed immunochemical characterization of the tumour specific antigenic
determinants. The production and availability of purified water-soluble
tumour antigens of CaCx. would be a significant advance in this direction,

and may ultimately lead to a molecular basis for immunotherapy cf cancer.

SPECIFICITY AND SEMSITIVITY OF IMMUK&6DIAGNOSIS OF CANCER

Immunodiffusion, with adsorption-in-gel, was the Standard procedure
adopted for the demonstration of TAA in the cancer tisaues, the test of
purity of the CaCx. antigen, and the demonstration of Circulating-TAA in the
sera of tumour-bearing patients in this work. This technique proved to be
simple, reliabie, reproducible and inexpensive, when applied to these investiga-
tions. It was easy to adsorb the anti-CaCx. serum with NCx and NHuS, thus
reducing the number of anti-normal reactions in the resultant serum. Sequential
adsorption, as employed in the study was able to minimize any deleteriou.s
effects of excessive adsorption.

However, immunodiffusion is regarded as one of the least sensitive
serological tests, inspite of its very high degree of specificity. The
possibility exists therefore, that some TAA could be found in low concentra-
tions in normal and fetal tissues by more sensitive immunological reactions,
such concentrations which may be too low to be detected by immunodiffusion.
Bell (1976), investigatiang human lung cancer, for example, found that the
non-reactive normal lung and fetal lung antigen preparations gave precipitin
reactions when their protein content was adjusted to five times that of the

reactive lung cancer preparation.
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On the other hand, TAA may be present in tumour artigen suspensions,
both crude and purified, but remain undetected because of super-imposition
of two precipitates, antigen excess or non-precipitating reactions. The
effect of adsorption-in-gel by .homologous antiserura on the e.iueidation
of TAA in cancer tissues or in sera of cancer patients has not been ascertained.
The possibility of mechanical inhibition or adsorption of ninimally cross-
reacting anti-TAA which identifies patient identity between a TAA and a normal
antigen, may adversely affect the total response in these tests. It is
possible that these factors may account at least in part, for the occasional
fluctuations in the number of tumour specific responses recorded from the
individual purification procedures. Unequivocal demonstration of purity
will necessarily require the application of more sensitive techniques.

Improvement in the sensitivity of this immuno-diagnostic technique
would require the purification of the antisera being produced at present
against the partially purified CaCx TAA. However, the detection of the
Circulating-TAA in all cancer sera would require the use of a more sensitive
assay system, such as the Enzyme Linked Immuno-Sorbent Assay (ELISA). Using
ELISA, sensitivities, in all probability, would be increased.

OFf course, a new approach to the whole problem of the specificity of
the technique of immunodiagnosis of carcinoma of cervix may be in the new
development of monospecific antibodies. This involves immunization of mice,
and hybridization of the mouse spieen cells with myeloma cells, to produce
nonoclonal cells of the hybrid. This in turn produces monospecific
antibodies against the antigens, and can be applied to detection of

Circulating-TAA in the sera of tumour-bearing patients. Even though it is
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in its early stgges with regard to CaCx. TAA, it promises tc be a probable
solution to the problem of specificity of the immunodiagnostic best, while

ELISA promises to be the solution to that of the sensitivity of the System.

KLIMIHATIOH OF FALSE POSITIVE REACTIQNS

Most of the false positive reactions in the sera of non-cancercus

individuals could be attributable to:

a) C- reactive protein (CRP)

b) Rheumatoid factor (RA)

c) Histocompatibility Antigens (HLA)

d) Bacterial contamination of reagents, and

e) Allotypes of human immunoglobulins (Tucker, 1979).

Most cancer patient sera as well as sera from many individuals with non»
malignant conditions contain CRP. Since CRP is a foreign protein in human
sera, occasionally, it elicits an immune response, resulting in the productioi
of circulating antibodies to CRP.

A number of rabbit antisera used in these studies contain CxRP, an
animal protein analogous to human CRP. The appearance of this protein in
rabbits was prohably the resu.lt of a traumatic response to antigen injection,
since Sherman (1969) has shown that subcutaneous injection of incomplete
Freund»s adjutant may trigger off production of CxRP. It is important
therefore, to determine the presence of CxRP in the rabbit antiserum because
it may react with human anti-CRP in sera. Fortunately, anti-CRP in the test
sera may be easily removed by adsorption with human CRP. In an earlier
study (lbrahim et al, 1979): this possibility was founcl to account for some
of the false positive results. However, adsorption of the test sera in this

study removed some of these false positive results.
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Some positive reactions with normal human sera, had been attributed to
the failure of adsorption procedures to eliminate antibodies to histo-
compatibility antigens and allotypes of human Immunoglobulins (Tucker, 1979).
This hypothesis was supported by the fact that after adsorption of anti-HaCx.
sera with a single normal serum that was known to give a false positive
reaction, reactivity with that serum was no longer observed, but reactions
with other sera with similar reactions were not eliminated. With the
adsorption of anti-sera with both pooled normal cervical antigens and poolec
normal human sera consecutively over a longer period {120 minutes each) for
this study, it was possible to eliminate these false positive results bc a
greater extent.

Because rheumatoid factor is an antitlmmunoglobulin, any Screening
study for Circulating-TAA in the general population using currently
available reagents, would require the testing of all positive sera for
ehe presence of this factor. This is especially significant because, it is
estimated that only 25% of those whose sera are RA positive actually have
any clinical evidence of rheumatoid disease (Ball and Lawrence, 1961).
Furthermore, previously negative best sera was noted to become positive upom
becoming contaminated with bacteria (Hirata et al, 1973) because bacterial
lipopolysaccharides of gram negative bacilli cross-react with human
transplantation antigens. However, in the study of Adelusi (1981), neither
the presence of rheumatoid factor in the sera, nor bacterial contamination
of the sera could account for any false positive results.

From the results obtained so far, this study appears promising for the

development of a potential procedure which could be employed, not only for
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the diagnosis of Carcinoma of the Cervix, but also for monitoring the
prognosis of patients after surgery for example. Indications are that such
immuno-diagnostic procedures can be designed in a way that is simple,
reproducible and reliable, and would extend our present ability for detection
of malignancies. A large scale sero-epidemiologic study, using antiserum to
carcinoma of cervix tissue antigens, especially fairly purified TAA, would

be required to confirm the study. Furthermore, some of the positive cases,
especially of the non-malignant cases (Severe dysplasia and carcinoma in-situ)

would be of great value for follow-up study.



SUMMARY AND CONCLUSIOHS

Immunodiffusion, with adsorption-in-gel, was the technique employecl
in this work to demonstrate the presence of Tumour Associated Antigens (1AA)
in the two types of antigens (the Soluble Antigen and the Membrane Bound
Antigens), prepared from a pool of Carcinoma of Cervix tissues, and
Circulating-Tumour Associated Antigens (C-TAA) in the sera of tumour-bearing
patients. Hyperimmune rabbit sera prepared against partially purified
CaCx TAA, adsorbed with normal cervical tissue (NCx), and pooiec normal
human sera (MHuS), produced precipitin reactions with CaCx. antigens, and
with sera of most patients with carcinoma of cervix, using uhis technique.

The absence of reactivity of hyperimmune rabbiu sera prepared against
NCx and NHuS, adsorbed with the honologous artigen preparations, when
reacted with NCx or the tumour antigen preparations, indicate the tumour»
relatedness of the TAA in the tumour extract preparation. Evidence has
been provided in the present study which suggestt» that carcinoma of the
cervix uteri possess soluble antigens specific for the tumours, and
antibodies raised against these antigens were shown to detect up to 75.0%
of cancer bearing patients.

To improve the specificity of the test raethod, preparation of
specific anti-TAA antibodies would require the extraction and isolatior,
of individual and pure TAA, so that the presence of minute amounts of the

antigens, in nanogram amounts, might be revealed earlier in the circulation
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in cancer bearing patients. To improve the specificity of the antiserum
used, various methods of protein purification, including Ammonium Sulphate
fractionation, DEAE lon Exchange Chromatography, Sephadex gel Filtration
and Affinity Chromatography were employed in this study. These enhanced the
isolation of individual, even if only partially pure, CaCx. TAA. The
ultimate goal is tc pursue the isolation of individual and highly purified
TAA to be used as immunogens, to produce specific anti-TAA antibodies
capable of detecting Circulating-TAA in the sera of tumour bearing patients.
Thus, the progress of patients with pre-cancerous lesions would be followed
up both clinically and immunologicaily.

The possible approaches to control of cancer of the cervix include:

a) Eradication of the causal agents;

b) Prevention of transmission of the disease, whether or not the causal

agents are known; and
c) Early detection and treatment of the disease, preferably
in its pre-invasive form.

Of these three approaches, the most desirable in the long run is the first.
Unfortunately, as at now, the causal agent is yet unknown. Indeed it is
unknown at the present stage whether cell transformation involves the known
HLA being susceptible to infective agents causing the cell transformation
or the development of completely new antigens. And this is worthy of study.

As regards the second alternative, on the basis of epidemiological
evidence that the disease may be “sexually transmitted", it is likely that
sexual abscention could prevent the disease, but this will be very unethical

and unacceptable. The third approach, which is the one currently employed
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by way of cytology in most places, Is associated with a great number of
Problems.

The development of an inmunodiagnostic screening test which is cheap,
reliable and reproducible will not only overcome most of the Problems
enumerated In the study, but is most likely to benefit the group of women
most likely to be affected, the low socio-economic group of women.
Immunodiffusion adsorption-in-gel was found to be sinple, reliable,
reproducible and inexpensive even,if it Is one of the least sensitive
serological tests. There is need for improving and increasing the
specificity and sensitivity of the TAA, and hence, the antiserum to the TAA 1O
be used in the tests.

Finally, based on the findings reported iIn this study, a sero-diagnostic
screening test for Circulating-TAA In the sera of carcinoma of cervix
patients is feasible. The mmmunodiffusion test for the detection of
Circulating-TAA has a good potential as a diagnostic tool for cancer.
Indications are that immunologic procedures can be designed iIn such ways that
are simple, reliable and reproducible. Such serologic tests would extend
our present ability for detection and monitoring of malignancies. This would
be of particular iInterest also In such other malignancies as ovarian cancer

for which there is no reliable diagnostic test at present.
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APPENDIX 1

ABREVIATIONS

Alpha Fetoprotein

Beta Oncofetal Antigen

Carcinoma of Cervix

Carcinoma of Cervix Serum
Carcinoembryonic Antigen

C-Reactive Protein

Circulating Tumour Associated Antigen
Rabbit protein analogous to Human CRP
Diethylaminoethyl-cellulose
Deoxyribonucliec Acid
Deoxyribonuclease

Earle’s Balanced Salt Solution

1-Ethyl-3- (B“Dimethyl-arninoproyl) Carbodimidine
Hydrochloride

Freund?s Complete Adjutant
Human Leukocyte Antigen
Herpes Simplex Virus Type-2
ImmunodifFusion
Immunodiffusion Adsorption
Immunoelectrophoresis
Potassium Chloride

KCl Solubilised Membrane Bound Antigen



NaCl Sodium Chloride

KHS Normal Hamster Serum

NHusS Normal Human Serum

01-1, OT-11 - HSV-2 Associated Hamster Tumours

PBS Phosphate Buffered Saline

PSNB Penicillin-Streptomycin-Neomycin-Bacitracin
RA Rheumatoid arthritis factor

RNA Ribonucleic Acid

SA Soluble Antigen

TAA Tumour Associated Antigen

TBHS Tumour Bearing Hamster Serum

Tris-HCI Tris (Hydroxymethyl) aminomethane-Hydrochloride

TSTA Tumour Specific Transplantation Antigen
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APPENDIX 11

SariBs Balanced Salt Solution (EBSS)
50.0 ml Earle’s basic salt solution
5.0 ml Antibiotic solution (PSNB)

0.5 ml Mycostatin Suspension

455.5 ml Sterile deionized water

500.0 ml Total Volume

Final pH is adjusted to 7.5 with 8.8% KaHCC_. LBSS with 3X
antibiotics requires 15.0 ml PSNB and 434.5 ml. sterile dH™O in the r-bove

formula.

Ahtibiotic Solution (PSNB)

In 50 ml EBSS (1X), dissolve the following.;-
5 x 10° units Penicillin G.

5.0 gm. Streptomycin sulphate

5.0 gm. Neomycin sulphate

0

5 x 10" units Bacitracin
Solution is diluted to 200 ml. with additional EBSS, and filter
sterilized (Millipore 10.22 um). Concentrations in the final PSNB solution

are as follows:-

Penicillin G 25,000 u/ml
Streptomycin 25,000 mg/nl
Neomycin 25,000 mg/ml

Bacitracin 250 u/ml.
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Mycostatin Suspension
Mycostatin (Squibb, Nystatin) 500,000 units is suspended in 16.6 ml
of E3SS (IX) to give a final concentration of approximately 30,000 u/ml.
Suspension is prepared aseptically since mycostatin can neither be autoclave

nor filtered.

0.01 Molar Phosphate Buffered Saline (PBS) pH 7.6

0.45 gm

1.80 gm Na%H POZL
8.50 gm NaCl

0.20 gk NaN

Deionized water is added to bring the final vclume to 1 liter.

Solution is terilized by autoclaving.

0.12 Molar Tris HCI Buffer pH 8.0

2.42 gm Tris (Tham)

Deionized water is added to bring the volume to 1 fiter.

pHis adjusted to 8.0 with HCI.
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APPENDIX 111

PATIENTS” DATA

Name (Initials Only) /ZLZZ7
tzzizzz znzzzy

Personal History:

i) Age (In years)
A7
7 8)/

1) 20
2) 21 - 30
3) 31 - 40
4) 41 - 50
5) 51 - 60
6) 60

Socio-economic Status

-
o/

1) Upper Class 9
2) Upper Middle
3) Lower Middle

4) Lower Class

Gynaecologic History:

i) Marital Status -
10

1) Single
2) Married
3) Separated
4) Divorced

5) Widowed



-
-
o/

v)

Ho.
D
2
3)
4)
5)
6)

Age

D
2)
3
4)
5)
6)

No.

1
2)
3
4)
5)
6)

148

of marriages (if raarried)
Don51 know

None

1

2

3
4+

at first coitus:

Don’t know

Under 11
1 - 15

16 - 20

21 - 25

26+

of sex Partners:

Donft know
1
2
3
4
5+

Frequency of intercourse:

D
2)
3
4)
5)
5)

Don*"t know
1
2
3
4
5+

LL7

12

£EZ7
14

15



Vi)

<

Consorts Circumscission:

D
2
3

No.
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Sxamination Findings:
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Clinical Presentation:

D
2
3
4}
5)

Ciinicopathologic stage
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Cervicitis
Ulcerative growth
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Stage 1
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Histologie type:
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5
S
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Well diff. . Cell Ca.
Poorly diff. Sq- Cell Ca.
Undifferentiated Ca.
Adenocarcinoma Cx.

Adenosguamous  Ca.
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Pafchological Grade:

D
2)
3)
2

Grade 1
Grade 2
Grade 3
Ochers.
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APPENDIX v

BRIEF CLINICAL INFORMATION OH STUDY POPULATION

Geographie Places of Origin

All the women iIncluded in the study population are
Migerians. 110 (68.5%) of these were from the Yoruba
speaking area of the country while the rest came from
other parts, including the Ibo speaking (10.1%), Edo
speaking (7.6%), Hausa speaking (6.3%), Iltsekiri speaking
(2.8%) and other areas (56.2%).

Age Incidence

For the cancer bearing women, the ages ranged between
25 and 66 years, with a peak age iIncidence of 36-45 years,
(Table 3.1) and a mean of 40.2 years. Similarly, the
youngest woman with benign gynaecological problem, but
no cytological evidence of carcinoma of the cervix, was
24 years, and the oldest was 55 years. The peak age
incidence was 36-45 years with a mean of 35.6 years.

On the other hand, the ages of the pregnant control
women ranged from 18 to 42 years, with a peak age i1ncidence
of 26-30 years (Table 3.3) and a mean of 28.4 years.

The healthy control woraen were aged 21 to 40 years, with

a peak age incidence of 26-35 years and a mean of 36.1 years.

Socio-economic Status
Analysis of the cancer bearing women according to
their socio-economic classes, based on the computation

of their level of education, employment opportunities
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and total family income, showed that the majority of
these were from the lower socio-economic classes

(Table 3.2). Even though a few of the women with benign
gynaecological Problems, pregnant women, and healthy
Controls were classified as upper socio-economic classes,
there was not much difference in the distribution of
these women on socio-economic basis, as compared with the

cancer bearing women.

Marrital Status

Of the cancer bearing women, 30 (83.3%) were married,
swhile 2 were divorced and 4 were widowed as at the time
of the study. On the other hand, all the 18 women with
benign gynaecological Problems were married, while 25 of
the healthy Controls were married, 7 separated and 4 were
single women. The marrital status of the pregnant women

were not separately ascertained as at the time of the study.

Coital Practice

Analysis of age at first coitus among the cancer
bearing women showed that 7 (19.5%) of these were known
to have commenced heterosexual coital activities iIn early
life (11-15 years), as compared with the healthy control
women where 4 (11.2%) were known to have commenced
heterosexual activities at the same age period. It was
found that the cancer bearing women had iIntercourse more

frequently than the healthy Controls.
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Whereas 14 (39.2%) of the cancer bearing women had
intercourse three or more times a week only 6 (16.8%) of

the healthy Controls had intercourse three or more times

a week. It was dif%icult to ascertain the frequency of
intercourse or the age of onset of coitus among the

pregnant women, hence this was not analysed. Similarly,

in view of the iInconsistent answers obtained with regards

to the numbers of coital Partners among most of the subjects

this also was discountenanced.

6. Obstetric History
Many of the women under study were multiparous.
However, while 18 (50.0%) of the cancer bearing women had
six or more pregnancies, only 5 (27.8%) of the women with
benign gynaecological Problems, 18 (25.0%) of the pregnant
women and 7 (33.4%) of the healthy Controls have had six

or more pregnancies.

7. Clinical Symptoms iIn Cancer Bearing Women
Abnormal vaginal bleeding was the commonest complaint

(56.0%). This varied from postcoital and iInter-menstrual
bleeding to postmenopausal bleeding. Others include
foul smelling vaginal discharge (35.4%), weight loss
(33.6%), Pelvic pain (28.0%), and urinary Symptoms such
as dysuria, frequency and Hematuria (22.4%).
Gastro-intestinal Symptoms, Insomnia and peripheral

edema were also complained of by a few of the women.
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Clinico-pathoiogic Stage of Disease In Cancer Bearing Women
When the clinico-pathological stage of carcinoma of
cervix was analysed, i1t was found that only 4 (11,2%) of
the patients presented iIn Stage 1, while 7 (19.6%)
presented in Stage I11(a), 12 (33.6%) presented 1in
Stage I1I(b) and 10 (28.0%) presented in Stage I111. The
remaining 3 (8.4%) women presented In Stage 1V (Table 3.2).
Even though there was not rauch difference between this
distribution and an earlier study (Adelusi, 1976), there
was never-the-less, a slight improvement in the number
of patients reporting early for iInvestigations, and a
slight reduction In the very late stages (stage 1V) of

the disease.



