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ABSTRACT

This study concerns ItM U with an ex.imination of two proteins which
are elcvaieti in the serum oi patin,is wi'h cancer, usitig polyacrylamide
gel electrophoresis (PACK) under dissoviatlvn conditions. The
molecular weights (>6V) 01 the two proteins wete 40CXX) - 500(X)d for the
larger protein which was called A -band and 1b000 - 22000 for the
smaller protein which was called B bind. Using PAAQ it was possible
to show that the two I mds were elevated in 76"( of patients with cancer
and in 36 of patient with benign conditions. They were also elevated
in patients who had undergone renal tr.i isplantation. B-band was
signlfii intly ral ed in those ;>atixm eh ;e graft! were undergoing
rejee lion. fur Lfermot > an elevaled 1 band seemed to he a

reliable early indicator of rejection. A band was not significantly
raised in the rejectors.

In order to identify tin pmi<in in A-band and B-hand a search was
made lor them in llie v.irioun 11 actions rc.-iuil in) 11 nm the Cohn

f- km Ln, ion procedure. A-bind wa. found in fraction 5. Gel

fill t, n ch'o/raatograpliy ?hu.ed huh A-band and B-band to reside in
the iiih molecular weight peak (i18 000 - 240 OOOd). A-hand and B-band
were compared on PAGE with carclnu-i ibryonic antigen (OKA) and beta_
micrvylobulin and wete sImwu i 1 be uni elated to either. From the
molecular weight of A-hand, its presence in fraction 5 and its
elevation in acutv eruditions aid in cancer, it was thought that A -

h i,id night he alpha |-acid-g,lycoprote in (orosomucdid), Accordingly
alpha acid glycoprotein wl: prepared u tng a percltlotii acid isolation
technique and was found 1 >iarrcsp.nd to A-band. The identity of B
band is not yet known.

The similarity between alph 1i-atid- Im pi tein and :y< -phorin of

/the...
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Tho depressed immunity oi patients with cancer lias Inng been

of interest. Alpha acid glycoprotein extracts from seta of

most patients wet. able to depress PIIA-induced lymphocyte transformation.
This was toolit marked in Cue preparations from patients with

Hodykins lymphoma and the effect was dose dependent.

In summary, serum from patients with cancer was investigated and

two proteins sh.-wn to be elevated. These two proteins Were shown

to be oi limited value in dia.uisis of cancer. The smaller of the
two proteins was found to be usetul is a marker of reject ion in
transplant patients. The larger of the two proteins wa. investigated,
identified and shown to be related to blood group antigens. It was

also shown to affect blood coagulation and lymphocyte blastogenesis.
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CHAPTER 1

INTKODUCTIOM



INTRODUCTION

Thv tvrms can vr and malignant neoplasia refer to a group of
tii'" 11" that li.tr. the properli of: - (I) biological autonomy;
(2) cell proliferation; (3) a-social cell behaviour; (4)

invasiveness; and (5) metastasis (Wallach, 1976).

There have been many attempts to explain malignancy in general
biochemical terms (Bodansky, 1975). However, although cancer

most be considered a disease rt ulting from a deep seated biochemical
defect, it is apparent that invasiveness, (i.e. infiltration of
normal ti , u. . by malignant cells) and metastatic spread constitute
critical features of cancer (Wallach, 1976). Non-invasive tumours,
even if rapidly growing, are clinically benign. Invasivenees is a
characteri lie ol some normal growth patterns. For example, the
implanting truphoblast shows distinctly inva-ive properties. However,
in this in Lance, the invasion i limited only to certain stages ol
development. It would be true to say th,.u if it were not for the
fact that cancers inv.de and meta ta Iso, cancer would not present

the same foreboding clinical problem that it does.

1.1. hVIUfeNCF FUR 1IMOUK ASSOC 1Alti) ANIICEfcNS AND A HOST IMMUNE

f USPONSK DIRFCn p AGAINST Till: TUMOUR.

kftvclively tumour con titut. parasitic diseases (Huxley,1958).
The success oi this parasitism is interesting because tumours
may represent immunolugicni1ly foreign tissue (lladdow, 1965;

Old ¢ Boyse, 1964 and 1966; Baldwin, 1967; Southam, 1967;

Klein, 19t>8; Oettken and Hel IstrWtn, 197 3). One of the
Important unanswered qu. tions in the molecular biology of
tumours concerns the mechanism or mechanismwhereby tumour

cell t cap. d< tru cion by the immum v tern. During

/invasion.



invasion and metastasis, tumour cells bearing foreign antigens
are exposed to all aspects of the immune system yet they are

not always destroyed. One H tie early demonstrations of

Iunion ity a; liu t tumout wa by Foley (19,1), who .Imwvd
Lli.it prior ixpo .are I a syngeneic recipient to a tumour
graft would result in protective immunity on rechallenge
with Lhi s.am tumour. The particular model he used was a

methyl cholonthreni-induced tumour in mice.

Much evidence has accumulated howing that a common
li aLure of neopla tic cell w, the vxprti an of foreign
antigens on the cell membranes ol the tumou cells. These
antigens may best be referred to tumour-associated
antigens. South.im ct al., (1962), injected live autologous
tumour cells under the skin ut patients suffering from
canter. H, found that at least 10 cells were needed to
form a tumour nodule. He also showed that il the tumour
Cell were mixed with the patients own lymphocytes, their
transplantability wi markedly reduced. These experiments
Were suggestive of the existence oi tumour-associated antigens
on tumour cells md oi an Immunological response directed

against them.

Old and Boysc (1966,1966) review the data showing the
existence oi tumour-associated antigen- in experimental
animal tumours while Southern (196 7), discusses in great
detail the evidence (or cancer-specliic antigens in man.
Clinical ob ervation, experiment b :ed on the natural
course of tumour growth, tumour transplantation and

vaccination, cellular mechaniui oi immunological response,

/serological....



1.2

1

3

3,
serological method ot antigenic analy.i and skin tests
are all reviewed ,nd evaluated in this paper. Southam
concludes that "Most oi the studies which purport to show
cancer-specif 1c antigens have probably shown only
difference! in the ti:sue antigens ot different people.

I lever, :om ot tin. on recent and stringently controlled
tudi. have so greatly reduced this source of error, that
it ,mis quite probably that the more recently observed
antigenic different, art actually cancer-specific. Further
i. itlgations comparing normal and neoplastic tissues from

the same individual are nicessary".

ANTICbt::. IN VIRALLY-TNHi’CKt) TUMOUKS

fumour-associated anti ns can bt demonstrated tor both
viral ly and chemically-induced cancers. In all virall)
induced tumours in animals a cimiuon antigen appears whose
identity remains unaltered i different species as long as
the same virus i u eu to produt. th. tun ur (Deichmnn,1969).
For example, a crossr.action between chick embryo cells and
mouse cell Tim is evident after transformation (Gelderblom
and Bauer, 1971). Similarly a common antigen was found on
the cell surfaces of everal cell lints transformed by mouse
sarcoma virus (Aoki ,1i el., 1971).

ANTIGKNh IN CHI M :AL.LY-1 NDIICFI) TI'MOI'RS

Chemically-induced tumours alo show tumour-associated
antigens (Fitch 1962). thorns.m ,a al ,(1973), have shown

the presence of tumour-sptcific membrane antigens in the
serum of rat with methyl cholanthrene-induced sarcomas.

Dickinson et a1., (1972) have shown that tumour-associated

/antigens...



antigen are present on the surface of tumour celia and
can b removed by miid trypsin treatment. Baldwin and
hi co-workers have isolated immunogenic cell surface
components from amino-.uo dye-induced rat hepatomas
(Baldwin ind Clav, 1972) and hav, ihown that these
component; include a tumour-specifit antigen (TSA) with

molecular weight (MW) ol >),000d (Baldwin cl al.,197Ja).

Chemical tarcinogenchi # distinct Irom viral
carcinogenesi induces antigen mwhich differ trom one
tumour 10 another in the same animal induced by the same
carcinogen and also from animal to animal (Sjogren 1915).
However, it has been observed that the induction of :amour-
associated antigens cn the liver cell surface maybe accompanied
by a loss of normal liver- ipeclfic antigen, (Baldwin et al,1971)
IMMI'NITV IN HOIMAN TI'MOURS
The aeteologies of human cancers are less well defined than
tho; in animals, but there is evidence of tumour cel' changes
which induce an altered immune reaction towards the tumour.
In many c.i es lymphocytes from cancer patients ire cytotoxic
to cultured uutologou tumour cells. o1 gri-it interest 1 the
finding of cowmon antigens between human melanomas,
neuroblastoma; nd a ganglioneuroma (t rel and Theilkaos,
1971), All 1h, e t Limout in thou; lit to bi derived from
neur.,1 tube. The antigenic material has a MV of between
>2,000 - bO.OOOd. Other have found a tumour associated
antigen in human s.rous cystadenocarcinoma of the ovary
(Bhattacharya and Barlow, 1973). (hi mLigen has a high MV
and is a glycoprotein with beta electrophoretic mobility.

It was not related either to VIA or I A antigens.

/Qualitative.



5.
*'us! itdLive dIlfU rcnce in plasma membrane antig-na may
re Lde in the carbohydrat, companent of these antigens
rather than the peptide fragment! (Perdue , ct _al., 1973)

The antigenic determinants of the membrane

glycoproteins are orientated on th external face of the

membrane and it app. r, that changes involving these

molecules are important in the pathogenesis of malignant

neoplasm They may b, involved in the altered response

to varlou regulators; pnenomena such as loss of contact

inhibition; and may play a role in the life cycle of the

tumour by allowing either escape from or destruction by the

immune system.

One interesting aspect ol antigenic changes associated

with transformation of cells to the malignant state is the

appearance of antigens which are normally associated with the

embryo. In 1967 Prehn showed that imunization of mice with

embryonic tissues would protect them against subsequent

chaHengi with methyl cholanthreiic-induced tumour cells.

IThe 1act that raembran, changes are known to be closely

>inked to the malignant change of tumour cells (Kmmelot 1973;

Wallach 1973), is of importance in understanding the

relationship between host and tumour. The documented evidence

of antigenic changes associated with neoplasia lends cred nee

to the suggestion by Burnett , and others that one

function of the immune system is to prevent the development

of clones of cells with malignant potential (Dutchman 1969;

Pasternak 1969; Baldwin 1973). Generally these experiments

have involved transplantation of tumour cells and the

/demonstration.
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demonstration Lhst a spei I U inmunily could be induced

.'g.itnst them  Not all tumour , however, possess neoantigens

(lildwin IF/)). Many mamn.iry tumours in rats whether
spontaneous or carcinogen-induced appear to be deficient in

tumour antigens.

in man, for ethical rea ons, evaluation of tumour

immunity by transplanting tumour cells is not desirable,

although Southern (1967), did perform such experiments

and demonstrated that large numbers of tumour cells were

ri',aired to establish even limited tumour growth.

The development of transplantable tumours in syngeneic

animals ha allowed a study to be mad. ol the roles played by

the variot effector arms of the immune system, in tumour
cell destruction (HellstrCm and Hellstrttm, 1974). The

He 11 strums demonstrated convincingly that the cellular arm

01 hl In,nunt' sysLum w*’ of primary importance. They ,erc able

to how than specific immunity could be transferred from

Immune animal to non-inmum syngeneic animals by lymphoid

cells. (Lymph node cells, spleen veils, thoracic duct cells

and peritoneal exudates). Tumour immunity can also be

transferred by cells from tumour-bearing hosts (Deckers et al.,

1971).

liom many in vitr studies, differences have e¢merged

between the types of antigens expressed on animal tumours and

those f-und in human tumours. Chemically induced neoplasms

in animal usually express neoantigens which are characteristic

for that tumour alone and nay be different from antigens

expressed on Other tumour, induced by the same carcinogen

in the saim animal. Viral tumours on the other hand tend

/to...



to express antigens which ire characteristic of the virus

irrvspiitlvv oi hr t or histology of the tumour. By

comparison in man, it would appear that u .nours express

antigen-

which ire characteristic for the histological

type of the tumour (Carrel and Theilkaes, 1973).

M CHANISM ill- IMMUNITY ACAINSI i'UMOUKS

ieveral

limunologieal mechanisms 01 tumour cell destruction

have been described.

1.5.1

T-l.ymphocy tes

It hat. for soon time now been held that the
cytotoxic r-cell constitute the major effector
mechanism in immunity towards tumour cells

(Wagner el alm 1973).

In most cases of specifically immunized hosts, the
T-lymphocyte has been widely shown to be cue
effector cell in the rejection of allografted
tissue (Cerrotini and Brer r, 1974). The role
of the T-lymphocyte in tumour immunology, while
less definite than in the transplantation context,
has been shown in the ca > of murine plasmacytoma and
in murine sarcoma virus-induced tumours. However,
it would appear that the I'-cell n-sponsi is a
relatively short-lived phenomenon whilst the non-
1 effector arms of the immune system remain
operational long after regression of the tumour
(Lamon ct wl, 1973). In fact Lamon was nbl, to
demonstrate a cytotoxic effect not dependent on

/ the ..



to txprcsi antiguiv which .ire characterit 1c of the virus
irrt pevtivi oi hnit or histology of the tumour. By
comparison in man, it would appear that tumours express
an.Igens which are character i tic for the histological

type oi the tunour (Crril and Theilkaes, 1973).

MECHANISMS OF IMMUNi Y At.AINS'j TUMOUKt

Several immunological mochanismt of tumour cell destruction

have been described.

1.5.1 I-Lymphocyte s
It hat- for some time now been held that thi
cytotoxic T-ccll constitutes the major effector
mechanism in immunity towards tumour cells
(Wagner et al., 1973).
In most case of specifically immunized hosts, the
T-lymphocyte has been widely shown to be the
efl.ctor cell in the rejection of allografted
tissue (Cerrotlni and Brunner, 1974). The role
of the T-lymphocyte in tumour Immunology, while
less definite than in the transplantation context,
has been shown in the ca of murine plasmacytoma and
in murine sarcoma virus-induced tumours. However,
it would appear that the T-cell response is a
relatively short-lived phenomenon whilst the non-
I «Ilector arms oi the immune system remain
operational long after regression of the tumour
(Laroon <i aj , 1973). In fact Latnon as able to
demonstrate a cytotoxic effect not dependent on

/the..
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the presence o1 T-cells. Tht t-celL requires
vvntiict with the target cell for killing and

one el Lector cell per target seems to be required.
ihe target cell killing appears to proceed without
, :istance front B-lymphocytes (Cerottini & Brunner,
1974),

Inv.. .Lig.itions with the mouse DBA/a mastocytoma
indicate that the lesion inflicted upon the target
cell by the T-lymphocytes is due to the formation
ol a gap-junctional complex, lysolecithin does not
play a rule (Ferluga and Allison, 1974).

The involvement of f-lymphocytes in tumour immunity
was strengthened in view ol the inability to
immunize athymic mice with tumour gralts which
were subsequently excised. Also f-cells were

found to bt essential for the adoptive transfer of
immunity to this tumour in normal mice (Rouse et al.,
1973).

Macrophag.

The roll of macrophages in tu.itour immunity was
originally suggested troro experiments where
peritoneal exudate ill from tumour-immune
host were shown to be highly effective in
transt, ring, twinunity to syngeneic recipients.
This effee liven. of macrophage mhas been
demonstrated in vitro as well by adding murine
lymphoma cells to monolayers of sped Ilea. ly

sens 11 1.-vd macrophages whereupon tie tumour >11

/are..



ire destroyed (Baldwin 6 Robins, 197b) The

exact mechanism is not yet clear. Macrophages

can he activated in vitro by co-cultur ing them

with spleen cells irom immune donors and target
cells. A factor present in the supernatant of
ipteon cel I cultured in the presence of antigen
can be umd to arm macrophages. This factor is
known as specific macrophage arming factor

(SMAF) when the armed macrophages come into contact
with the specific antigen, they become activated
and can then kill tumour cells in a non-specific
manner (kvaiv and Alexander, 1972).

Antibody dependent cel l-mediated cytotoxicity

The killing of tumour cells by lymphocytes in the
presence of specific antibody has been shown for
several system . (MacLennan, 1972, Forman and Miller,
1973, Hakala and Lange, 1974). Non-sensitized
spleen cells could be rendered cytotoxii to PAKA-7
tumour cells by sera lrom tumour-bearing hamstt rs.
ihis activity could bi absorbed out by PARA-7 cells
but not by cytomegalovirus-transformed cells. ff
the serum wa obtained mon than 10 days after the
tumour transplant, it blocked immune spleen cells
cytotoxic ity and did not medial tumour target-cell
killing by non-specie<lc spleen sell However, serum
obtained i-b days after transplant tion of the tumour
transplant could mediate cell destruction by non-
sen,. it i;-i il lymphocyte: (Lausch et ui., 197").

Virally or chemically-induced rouri sarcomas



10.

could be specifically destroyed by non-aensltized

1 *mphoid cells when the cytotoxicity was

mediated by antibody released from presensitized
plion I In liorl tvrm cultures (Nelson ot al.,
1975).

The cytotoxic effect is expressed only if the
antibody ha an intact Fc portion. There is,

howevt , consid: rubly controversy as to the nature
of the effector cell involved. It is believed not
to be a T-cell and has long been held to be li-cell
with immunoglobulin on its surface. However,
recently it he been proposed that the participating
cell is a null cell or .i K-«ell or perhaps a
macrophage (Greenberg and Shen, 19/3), The work

of O'Toole mt a! m,( 1973, 1974 >has demonstrated
quite clearly that there is no cytotoxicity in

the T-cell fraction oi blood lymphocytes They
showed their effector population to consist of B-cells
or macrophages with Fc receptors . This work was
confirmed by others (de Vries et alm, 1974).

Comp lenient-depend cut cytotoxic ity

In smue forms of malignancy, particularly leukemia,
antii -dy directed against tumour soc Idled antigens
is demonstt ble. Specific cytotoxicity for
appropr lati target cells can be demon trated in vitro.

Sensitivity to compli nt-depeiident antibody

/destruction..



destruction appear; to b- related Co n numb' i
factors including the amount and density of cell
surface antigen and its stability on the cell
membrane. Several taurine leukemias arc highly
.viv.itive to complement-dependent antibody lysis.
mlowever, many hepatomas and sarcomas are very
insensitive to wuch lysi (BaUh’in & Robins, 1976).
This mechanism of tvaiour cell destruction is not
thought to be of any importance in vivo.
In the Moloney leukemia-lymphc tystem,
a correlation between regression it tumour and
high litre of complement-dependent antibodies
directed against tumour cells and the presence of
antibed I' s which could mediate ADCC wore note -.
ierum li-otn animal with rapidly progressing tumour;
lid not po e such activities (Uarada et al., 1971).
Recently .elective d-struction of neoplastic cells
liavi been observed in leukemic mice, cats and dogs
following infusion of normal serum, plasma or whole
blood. It AKR mice this anti-leukemic activity
of serum i; mediated by the C5 component of
complement. It has been suggested that complement
may be a crucial limiting factor in immune destruction
of tumour cell (Kassel J. if'-' 1

f.RUM FA< -DRS WIUCIi MOD11Y 'lilt IMMIINK RKSKONM Id M/.bUINANCY

In the light of all the evidence for lumour-a.sociated

utigens together with the fact that an immunological response

aguln.it' tumoui ten occur, we ar- -till faced with the tact

th-"U tumour, do ;is In order to explain the fact that

/ tumours



tumour:- do develop despite an immune response which is
potentially lethal, many authors have postulated that tea
immune response towards a lumaur is blocked by factors in the
serum. Tin first and probably the best know, demonstration
that serum lavler could LiUvrlurv will, cellular immunity
came from the laboratory of the Hellstrttms (Hellstrbm and
Dellstrbm,1969) They were able to show that pre-treatment
of Moloney sarcoma cells with heat-inactivated serum from
tumour-beaiing mice prevented them from being killed by
specifically inmune 1. .iphocytes. Such blocking activity

has been demonstrated in the serum of many animals,
including man, with various chemically and virally-induced
tumours (Boyrc ct al., 1962, Bubenik and Turano, 1968,
Ferrer and Mihich, 19681.

It was originally proposed that the serum blocking factor
was antibody in nature, and that the antibody coated the
tumour-asioci.lcd antigen and prevented their recognition
by suitable lymphocyte . Thi suggestion was supported by
the finding that the blocking activity could be localised

in the 7S immunoglobulin traction ot serum (IgG Class).

Also it was shown that blocking activity in the serum ol
mice, bearing virally-induced sarcomas could be adsorbed
onto intact tumour cells. It was also shown that IgM
antibodies were potentially cytotoxic to tumour cells in

the presence of rr—plemcnt and did not participate in blocking
(Baldwin el al., I974.t and b). The hypothesis that blocking
activity in the serum of tumour-bearing animals, was due

to antibody became untenable when it was shown that this



activit; was i ,pldly lost it the tumour was surgically

removed (Baldwin eL at., 1973a). Not only was cell mediated
cytot mxicity no longer blocked, but these sera from animals
which had tumours surgically removed were able to neutralise

the blockin' wutlvity in tumour bearer serum. This was
demonstrated for the Moloney-virus induced sarcomas in mice

(Hel iMrhm ,|nd Ilellstrttm, 1970) whose tumours showed spontaneous
regn .sion, in animals whose tumours had been surgically removed
(Baldwin et al., 1974a and b) and also in clinically symptom free
human cancel patients (Hellstrhm and HellstrHm, 1974). In all
the studio: ) tar mentioned the unblocking effect showed
specificities comparable to those of the neoanligens associated

with the tumour in question (Baldwin et al; 1974b).

The phenomenon of unblocking can best be interpreted as a
neutralization of blocking factor in tumour bearer serum by
antibody, suggesting the involvement of tumour antigen in the
blocking, process. This would explain the rapid loss of
blocking factors subsequent to removal of the tumour. In

This .itiiation mi is., n ml ed aiu igvns would no longer In
produced and the available antigens would be rapidly removed
from tin serum. In the light of these findings it was proposed
that the blocking factors were antigen-antibody complexes.

This su.’vist ion received support from some winkers who showed
that mligen and antibody were required for blocking and that
neither would block alone (Sjogren et al., 1971 and 19/t).
Direct proof oi antigen- antibody involvement in blocking has
been provided by Baldwin et al.,(1972 ). These authors were able
to show that .iccific antibody from hepatoma bearing rats would

not block. If tils was added to tumour antigen, solubilized
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from the hepatoma cell with papain, the blocking did occur.
The exact mechanism underlying blocking by such immune

complexes is, however, not clear.

THK ROLE (K ANTIGKN IN BLOCKING IMMUNITY TO CANCLR t bjX.
It is possible that the tumour-associated antigen itself
may play a more specific role by inhibitii' sensitized
lymphocytes. Evidence for this may be found in the literature.
Currie and Basham (Currie and Basham, 1972; Currie 197 11,
have shown that lymph>cytes from patients with advanced
carcinomas need to be extensively washed before theii

cytolytic properties are detectable. They showed that the
serum component responsible for inhibiting lymphocyte
cytotoxicity had no detectable affinity fot the target cells
and appeared to act on the lymphocyte surface implying that
tumour antigen may well be involved. Also when this
inhibitory material was assayed in the serum ot cancer patients
the indications were that patients with small tumours had
minimal inhibitory activity but in those with advanced disease
it was readil detectable.

Further work sug, sting antigen Involvement has been done on a
rat hepatoma system. Baldwin had been able ia show that the
cytotoxicity of lymph node cells from tumour immune rats can
be specifically inhibited by treatment with the serum trom
tumour-bearing animals (Baldwin et_al., 1973b). This suggestion

that the blocking factor involved is antigen, received further
support from the finding that inhibitory activity can be

neutralized by adding tumour immune-serum to the blocking serum

/Baldwin....
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(Baldwin £171.,1973¢c, 1974a and b). I, addition, other studies

ha/e shown that the cytotoxicity of lymph node cells from

rats immunized against a hepatoma is specifically inhibited by

Short exposure to solubilized tumour-specific antigen
(Baldwin £1 'I., 19731,). TI'hc p >i.sibll ity ihat circulating
tumour antigen may play an impor.ant and perhaps a major role

in modifying the relationship between host and tumour is

emphasised by studies showing the in vitro cytotoxicity

of peripheral blood lymphocytes from tumour-bearing patients

can be specit a ally inhibited by contact with the appropriate

tumour antigen. Similarly Currie showed that extensive

washing was i<quired to restore lymphocyte cytotoxicity

to lymphocytes from patients with melanoma thus confirming

his earlier work (Currie, 1973).

Ihe probable role of circulating tumour antigen in serum

inhibitory activity is suggested by several of its features

i.e. Predilection for lymphocytes; Absence of affinity for

the target cells and histogenic specificity. All these

properties provide some evidence, albeit circumstantial, that

the blocking activity is antigen (Vaage, 1973 and 1974).

lhe balance betw -n antigen and antibodies in circulation could

he critica in determining the nature of the reaction. In a

microcytotoxicity or related assay, it is possible to observe

blocking when antibody-containing sera from animals with

regressing tumours was introduced into the system. Tumour cells

exposeu to these sera shed their antigens and thus immune

complexes were formed with antigen excess. It antibody was

in excess it appeared that the serum could exert an unblocking

effect (Hayami et alm, 1964). Tests for blocking serum factors

/in
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in vitro were commonly done by inhibition O£ lymphocyte-
mediated cytotoxicity (Hellstrttm and HellstrBm, 1°74).
Convincing evidence has been provided in many reports for
blockade at the level of effector cells. This mechanism
prevents access of cytotoxic lymphocytes to the target
cells (Kayll ,1962; Mtiller, 1965; Hutchins, 1968; Klein,
1971; Todd ct al., 1971; Cohen ct alL, 1974).
Currie's work on mclanonw is important (Currie, 197.1) because
it showed that blood lymphocytes from patients with early
localised disease were actively cytotoxic in vitro and thac
this cytotoxicity was progressively lost as the disease
progressed. Similar observations have been made with bladder
carcL.v.. is and sarcomas. Thus lymphocyte cytotoxicity may
vary according to the phase of the disease. This, in turn,
seems to be linked to the amount of tumour antigen, tree or
complexed, present in the host.
The data of Carrel and Iheilkaes (Carrel and Theilkases,1973)
is interesting. Thev have been able to demonstrate melanoma-
specific antigen in the urine of 29 out of 12 cases of the
disease, and in only three patients suffering from other
diseases. The three false positives occurred in patients with
tumours of the nervous system. This is an intriguing Ifnding
which suggests that these antigens arc histogenically specific
with reference to their embryonic origin. (Melanocytes are
derived from the neural crest).
The discovery o. CKA by Gold and Freedman (1965) has helped
to emphasise the fact that the glyeocalyx of tumour cells is
shedding into the extracellular fluid and that some tumour cell
surface constituents may appear in the scrum. (he glyeocalyx

/of..



of all cells is a dynamic state ol Ilux and is constantly
being synthesised and shed. This is true of malignant as
well as non-mali.nant cells, such cell surface antigenic
components when in a soluble form, appear to retain their
antigenic specificity hut lose their immunogvnii capacity.
They can interact with and inhibit antibody or cytotoxic
cells bit are not capable f inducing an immune response.
With increasing tumour size, the quantity of antigen shed
must increase and lind its way into th circulation in
ever-increasing titres. At first this material will be
rapidly complexed with circulating antibodies which will be
ir excess but at some stage it is conceivable that antigenic
excess will occur with concomitant blocking activity. Such
circulating blocking factors could be incriminated in the
development ol tumour. at distant sites, in fact, Currie,
and his co-w. rket s.havv shown in rats with spontaneously
metastatic sarcomas, that the appearance of metastatic
deposits is concomitant with the disappearance of antibody in
circulation and the appearance of such blocking activity

(Currie and Basham, 197?; Currie and Cage, 197 I).

SERUM DERIVED IMMUNOSUPRKSSIVL. SUB-STANCLS

The presence of naturally-occurring immunosuppressive
substances in strum has long been known (Kemrin,1959).
Kamrin showed that alpha-globulins in Cohn Fraction IV
were Capable of prolonging skin grafts in rats. (Mowbray
(1962) was able to confirm and extend these results. He
separated bovine alpha-globulin fractions on ion exchange

chromatography obtaining a fraction that could prolong
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skin grafts and prevent antibody production, It appeared

to act in the inductive phasi ol antibody synthesis (Mowbray,
1962). Later they showed that tin active fractions contained
ribonuclease activity and purified ribonuclease was capable of
exerting Thi:. Immunosupprt ..sive effect (Mowbray and Scholand,
19«t6. Mowbray, 1967; Milton and Molnay, 1969). Other authors
had 1:.0 shown alpha- Lobulins with immunosuppressive activity
to be present in normal blood (Manni k and Schmid, 1967) and
showed that their fraction from human blood could prolong
skin-.11le'i iftin rabbits. It could prevent PHA-induced
lymphocyte transformation and also transformation induced by
specific antigens (Cooperband ct al., 1968).

Yet other authors (Phillips et al. 1975) investigated the
Immunosuppressive effects of alpha-globulins and found that
they predominantly inhibited DNA synthesis and proliferation
of lymphocytes. Antigen recognition was not blocked nor the
release of macrophage migration inhibition factor from
sensitized cel Is.

Mil ton (1971) has reviewed the litera' ure and has compared
Fraction C (FrC) described by Mowbray (1962) with immuno-
regulatory alpha-globulin (IRA) described by Mannick and Schmid
(1967). The comparison is shown in Table 1.

The current slate of the literature on scrum derived
immunosuppressive lactorn has been reviewed by Miller
(Miller,1976) and by Cooperband ct alm (1976). On the basis
of the available dali it seems that the substance responsible
for Immunosuppressive activity in serum is an alphaglobulin

which is not cytotoxic, does not contain cortisol and is heat

/stable..,
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stable. It may be associated with ilpha”-mactoglobulin

but lacks protvase and ribonuclease activity. It appears
to act across .1 spit ius barrier and uay act cither by
supprcss in ¢ 1hi' Iunit.11in ol mec.iseii*.i 1 KNA or by inhibiting
receptors on the lymphocyte surface.

The possibility that s*rum bl >cking factors arc related to
membrane components such as HIA antigens or blood group

ant incus must be 1 inside red.



20.

TABLE 1.

SOME t'KOPI HI IKS OF Kr 0 AND IRA

S1MIURITIF.S

Alpha globulins present in normal serum with a similar method of
preparation.

Immunosuppre sivc when administered to mice before
immunisation with SRBC

Inhibitory to lymphocyte proliferation in vitro

DIFFERENCES

Fr C IRA

RNasc activity No RNase activity
Eluted from DEAE with Eluted from DEAE with
0.5M acetate pH) 0.2M acetate pHS5

No effect on MIF production Inhibits MIF production
No effect on g- Inhibit 6 k

rusette formation r.'sctte formation



- SIKY 0I" I1IIK A.B.II BLOOD CKOUC ANTiCI'NS

Difficulties in obtaining blood group substances from red

cells prompted a search for them in other place. (Kabac,1956).

Morgan found that ovarian cyst fluid was a particularly rich

»u,ce of A,B,, and Lewis blood group substance. (Grubb and

closely related to

Morgan, 1949). Substances of specificities

A.B.H are widely distributed in nature and are found in many

micro-organisms and plants (Springer, 1958). The A.B.H and

Lewi, substance, a, they .(cur ~ tissue f'ulds and secretions

are very similar and the same procedure can be used for the

isolation of blood group substances from any of these sources.

Extremes in pH are undesirable. The method which has found

most genera, application is extraction of the freeze-dried

tissue fluid or secretion with cold 95% phenol. A phenol-
insoluble residue is obtained which possesses most of the

activity of the original starting materia,. Further purification

methods can be applied to the phenol-insoluble residue such as

ethanol fractionation, ammonium sulphate fractionation, column

chromatography on DEAE cellulose, extraction of polyacrylamide

gsel electrophoresis and density gradient centrifugation.

The A.B.H substances purified from secretions are glycoproteins
consisting o. approximudy 80% carbohydrate and 207. amino

in sizc with an average MV

acids. They are heterodi.perse

°t JOO.000d but the molecules of diff, rent sizes have

similar serological properties. Tin oligosaccharide

chains are attached to the polypeptid, bv means of alkali-labile

0-glycosidic bonds to serine or threonine. The sugar though

to be involved in the linkage is N-acctyf-galacto.amine
(Fig. 1).

/The..



The sugars found In blood group substances are found

in Table 2. The amino-acid ¢ impositions of various

blood group glycoproteins arc similai to each other and
appear to he unrelated to blood group specificity of

A,B, H although some indication exists that this is not
true for MN blood groups (Lissowska and Kordowicz,1976)
The A,B,H and Lewis antigens poaseann common basic
structure and Ihe blood ;T'up specificity resides in the
sequence and linkage of sugars at the te mal non-reducing
ends O oligosaccharide chains. There are two types of
chains: (a) Type 1 in which galactose is linked Beta 1-3
to N-Acetyl glucosamine (Fig2), (b) Type It chains in which

the linkage is beta 1-4 (Fig 3). (Watkins. 1972;1974).



ANALYTICAL FIGURES 't MMi 1M NS OF HUMAN Bi.OOD-GROb’P SPECIFIC SIPBSTANCKS 1SOLATCP FROM OVARI, CYST

FLUIDS
(.roup No. of Nitrogen Fucosc Hexosamine Reduc ing Sialic
specimens Sugars ac id
% 7. % 7.
A 4 4.7-5.3 17.0-19.5 27.8-36.3 51.0-57.0 1.3-2.9
B 4 4.5-5.1 16.2-20.8 23.9-27.6 50.0-60.1 1.9-5.]
AB 2 4.7-5.3 17.3-17.9 25.9-28.9 51.2-52.4 1 -1.7
H 4 4.7-5.9 16.7-21.6 23.0-26.0 45.0-57.2 1.5-4.3
Lefl 4 4.5-5.2 8.6-13 1 26.5-30.6 50.0-56.2 3.0-18.0
Inactive 1 5.4 1.6 28 49

fWatklns, 1972)
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(iKNLKAL. SIKICTURE OF THE ANTIGENIC DETERMINANTS OF
1i.OOD GROUP SUBSTANCE.

GalN Ac GalN Ac
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27.
1,1(1 Jjl'- CHEMISTRY OF THI. MN and T BLOOD GROUP ANTICKNS
In 1958 it wav iiown that treatment of red cells with
neuraminidase destroyed the Mand N activity of the cell
(Springer and Ansvll, 1958). The isolated substance behavel
in a similar way when treated with neuraminidase thus sialic
acid was shown t>be of importance in this antigenic determinant
It is of interest that although removal of sialic acid destroys
the reactivity of the M, N antigens towards human and rabbit
antisera, it does not destroy the reactivity towards the anti-N

lectin of Viciu firarainea (Lissow ka and Kordowicz,1976). The

reactivity towards Vicla Grarninea lectin appears to reside in
the galactose moeity (Springer et al.,1966). The structures
which are thought to be important in the antigenic determinants
of this group are shown in Fig 4.

Recent research indicates that the spotiiicity of the Mand N
antigens may be a result of more complex interactions between
the carbohydrate portion of the molecule and the amino-group
of lysine on the polypeptide portion (Lissowska and Kordowicz,
1976). According to these authors Mand N activities are
confined to the major glycoprotein of human erythrocyte
membranes, and are thought to be transported by high and low
density lipoproteins from where they are acquired by the
erythiocyte. This is very similar to the J antigen of cattle
(St one, 1966) and the R antigens of sheep (Rasmussen,1962).
Ihe Iact that ABM and N antigens can bv extracted from red
cell blood ghosts in the aqueous phase using th" butanol

ext taction pr.u,dot, of Kiddy as nodifi I by Riga et al., (19b/),

provides substantial evidence of their glycoprotein nature.

/change ;
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In 1958 it was shown that treatment of red cells with
neuraminidase destroyed the Mand Nactivity of the cell
(Springer and Ansell, 1958). The isolated substance behaved
in a similar way when treated with neuraminidase thus sialic
acid was shown to be of importance in this antigenic determinant.
It is of interest that although removal of sialic acid destroys
the reactivity of the M, N antigens towards human and rabbit
antisera, it docs not destroy the reactivity towards the anti-N
lectin of Vicla Craminc.a (Lis ov i-a and Kordowicz ,1976). The
reactivity towards Vicia Graminea lectin appears to reside in
the galactose moeity (Spring r et al.,1966). The structures
which ..re thought to be important in the antigenic determinants
of this group are shown in Fig 4.
Recent research indicates that the specificity of the Mand N
antigens may be a result of more complex interactions between
the carbohydrate portion of the molecule and the amino-group
of lysine on the polypeptide portion (Lissowska and Kordowicz,
1976). According to these authors Mand N activities are
confined to the major glycoprotein of human erythrocyte
membranes, and are thought to be transported by high and low
density lipoproteins from where they are acquired by the
erythrocyte. This is very similar to the J antigen of cattle
(Stone, 1966) and the R antigens if sheep (Rasmussen,1962).
The fact that ABM and N antigens can be extracted from red
cell blood ghosts in the aqueous phase using the butanol
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provides substantial evidence of their glycoprotein nature.
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NANA NANA

Gal Gal

GalNAc

NANA

Gal Gal

GalN Ac

Gal Gal

GalNAc

(Springer ., 1975b)
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CHANCES IN HLOOP CROI'P ANTICKNIS ASSOCIATED WITH NAI.1(.NANCY
Chnnj® i in blond Krou|i subalLances, associated with the
malignant change have been known tor a long time. The Tja
antigenic determinant was first described in association with
a gastric carcinoma (Levine et al., 1951). Later work by
Marcus confirmed the earlier work by Levine ct al., namely

that malignant cells of a gastric adeno-carcinoma may express
serologically active red cell antigenic markers different from
those Inherited by the host (Marcus,1971; Naiki and Marcus,1979).
This refers to the first case of Tja produced by a 66

year old woman of genotype pp (Sanger,195 -). Only this group
of antibodies was absorbed specifically by the dried tumour
tissue made available for study. Similar examples of blood
group antigen changes were reported by others (Hakoroori et al.,
1967, Hakkinen, 1970). Hakomori and Andrews speculate that

in malignancy there is aberrant and incomplete synthesis

of A,B,1l determinants (Hakomori and Andrews, 1970).

Hakkinen found blood group A activity In gastric cancer cells
of patients of .roups 0 and L. In addition to the A I H and
Tja antigens, another group, the Mand N antigens have recently
been shown to be intimately involved with neoplasia. Springer
et al., lave demonstrated the presence ol the MN precursor T
antigen in mili,nancies oi breast tissue. The T antigen

was shown not t" be present in normal breast tissue. Further-
more , they showed the anti I antibody Litres were diminished

in the sera of cancer patients (Springer et >1., 1975 a,b,1976).
These authors were also able to show the precursor of the T

antigen via. tin Tn antigen, in malignant tissue. The T

/antigen..
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antigen is known as the Thomsen Friedenreich antigen
(Friedenreich,1930). lThe association between malignancy

and blood group substances has been given further support

by the finding ol hi HU group A activity on carcinoembryonic
antigen (Gold and '.old, 1973; Simmons and Perlmann,1973).
Recently a paper linking blood group carbohydrate chains with
both ontogenesis md o.ici genesis has appeared (Matanabe and
Hakomori, 1976). hese authors suggest that i genetic or
epigenetic programme for synthesising blood group determinants
and their carrier carbohydrate chains develops step by step
during the process of mtogenesis and that the programme of
synthesis is blocked or modified in the process of oncogenesis.
This concept is supported by the finding of lojs of blood group
specificity in a number of tu aur type, (Kay and Wallace, 1961;
Davidson et al., 1966, 1969).

Also blocked synthesis ol A and II determinants in human
epithelial and endodermai tumours have been described based

on immunochemical grounds (Premiergast et al., 1968; Davidson
et al., 1969) and even enzymatically (Steliner et al.,1973)
Chanp. s in Lewis blood group hapten and accumulation of Lewis
like antigens in some adenocarcinomas have been described

(Yang and Hakomori,1971).

Immunohistological studies have shown that blood group
determinants appear and disappear in a certain order during
development (Szulman,1960). The H determinant was shown to

be a marker of cellular dll! entiation (Fann and Kuhns, 1972'I.

Also changes in 1,1 antigens have been associated with

malignant chang. (Feizi et_al., 1975, 1976).

/The..



Tho picture of tumour associated antigens being blood group
precursors is not quite so simple. High levels of A B U
and Lea substances have been reported in cases of mucus

secreting or gastric carcinomas (Barber and Dunsford.l1V >);

Saced and Fine,1968). The loss of suppression of red cell

A, antigen has been observed in a number of patients with

leukemia (Stratton et al., 1958). There is also a report of

loss of Bactivity in patients with leukemia (Richards, 196.”)

and a decrease in the strength of the I antigen on red cells

in leukemia (Race and Sanger,1975).

EMIRYONIC AwrrnPNS ASSOCIATL.D WITH MALIGNANCY

Foetal substances designated antigens (since they are detected

immunologically) are frequently re-expressed in neoplastic

tissue. Besides CF.A, many other oncofoetal antigens have been

described including alpha foetoprotein (Abelev,1968).
sulphoglycoprotein (Hakkinen and ViiKari,1969), alpha® H

ferroprotein (Buffo et al.,1970), ganma foe, .protein

(Edvnak el at.,1972), leukemia associated antigen (IAA) (Harris

et _al., 1971) and the Regan isoenzyme (Nathanson and Fischmm,1971

Although it was originally thought that these substances were

specific markers for the malignant state, this was later

shown not to be the case. They are now known to be present

in normal tissue in small amounts. It would seem that they

are increased in many conditions in which cell proliferation

occurs. Evidence for this being provided by increased levels

of alpha foetoprotein in patients with nodular regeneration

of the liver (Thomson et al.,1969). Also alpha foetoprotein

increases in rats after liver injury with carbon tetrachloride

(Jerry et al.,1976).

/Carcino...*
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Care iiio-Kml ryonlc Antinert (CEA)

It has already been seen lhat neo-antigens exist

on tunu ar cells and that shedding of these antigens
in soluble form may interfere with the immune
response and so aid the tumour cell in its avoidance
of destruction by the immune system of the host.
Carcino-embryonic antigen is an example of a
glycoprotein component of the tumour cell periphery
which is died Irom the tumour cell surface in greater
amounts than from the normal cell surface (Gold,

et al., 1968,1970). This shed material finds its
way into the circulation and can be measured there
by a variety of methods.

CEA was first d scribed by Gold and Freedman (1965).
The subject has been recently reviewed by Collgan

et il., (1975) and Martin et al., (1976). Gold

and Freedman prepared antisera in rabbits against
extracts ol colonic cancer. These antisera were
adsorbed with an excess of normal colonic tissue
obtained from the same patient. By double diffusion
in agai 11 was demonstrated that human ndenocarcinomata
arising from endodermally-uerlved digestive system
epithelium contained a common tumour associated
antigen, fhey were able to show that this antigen
was present in normal embryonic gut liver and
pancreas during tin first two trimesters of
gestation. It has been classified as a protein

polyi iicch iride complex (Gold, 1967 ; Gold et al., 1968,

/Krupey....
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Krupuy et dl., ’967,1168). AC first Its

presence in the adult was thought to be specific
Indicator for the presence of colonic carcinoma
(Thomson et al.,1969). However, it has now been
shown that CEA is elevated in many benign conditions
(Khoo et al., 1973; Kupchlck and Zamcheck,1972;

Lo Cert., et al., 1971a,b; Lurie et at ,1974; Munjal

et al., 1974; Zamcheck et al.,1972) and also in
non-endodermailly derived tumours (Denk et al.,

1972; L >Gerfo et al.,1971a,b).

Of interest is the tinding that elevated CEA levels
are found in 30% of diseases associated with
regeneration or inflammation (Laurence et al.,
1972). Some of its properties may be summarised

as follows; it has a MWV of 200 OOOd and a
sedimentation constant of 7-8S; it is a glycoprotein
containing 30-60% carbohydrate; it is soluble

in perchloric acid up to concentrations of IM

and is also soluble in 50% ammonium sulphate and

it moves is a beta globulin on Immunoelectrophoresis.
That CEA is produced by tumours is supported by
several lines of evidence: The presence of CEA in
digestive tumours which have been maintained in
organ culture; the presence "I CEA in human colonic
tumours serially propagated in hamsters; secretion
of CEA by some permanent colonic tumour ceil lines;
and in vitro biosynthesis of 'A as measured by

microincorporation of radio-active glucosamine

/C ililvnberg. ..



(Ooldenber>; et al.,1972; Lalng ct al,,1972;

Pelper et. al.,1973) m

Receiilly bio id ..roup A activity has been described
associated with G!A (Cold and Gold, 1973). These

two author:, found that the majority of human sera
whit h con. lined anti-A-antlbodles, were capable

oi binding to purified CEA. I'hey showed that the
antibody concerned was iudominantly UM

The carbohydrate attached to CEA has been
structurally determined and is identical with

the molecule which carries the human blood groups
(Fig 5) (Simmons and Perlmann,1973). Although

CEA were qualitatively indistinguishable from

blood r up substances, they were quite distinct

in two important aspects: The carbohydrate in blood
group substance accounts for some 80% of the molecule
whereas in CEA <i only accounts for some 50% and
generally the fucose content of the tumour antigens
was lower than in blood group substance.

Simmons and Perlmann have ohown (Simmons and Perlmann,
1973) that CEA from cntodermally derived
adenocarcinomas are Incomplete blood group substances
of the ABO system. Ihe deficient antigens have a
tumour-specific activity due to unmasking of
structural sequences that are cry;tic in the normal
situation, This suggestion is interesting in

the light of findings that there is loss of blood
group specificicy in a number of tumour types

(Kay ct al.11961; Davidson et al.,1966 and 1969;

/Feizl....
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I'eizi vi .i1j.,1975). There ap; ars to be more

variability in the carbohydrate composillon of

CKA depending on the particular tumour from which

the material in Isolated (Coli*u ej al., 197b).

It has been ig/v: ted that the heterogeneity may,

in lad he related to variations in sialic acid

content (Coligan d a}., 1973) liowever, other

carbohydrate dit ferences do exist (Cdligan d_a_l1.,
1975).

CKA evokes a weak Immune response in the human host

and repeated attempts lo demon trate cell mediated
mi,aii to CKA in human hosts have met with -eat lure.

'la ing IgM antibodies to CKA in low tit re may

~wLe;ted.

Generali-, CKA is xtracted from tissue by perchloric

acid treatment. CKA ha been hown to reside in the

cell membrane glycocalyx of Ine colon cells (K:upey

el al.,1967,1968; Hansen "t cl., 1971la;

1luubvn * 1971b; ho Getto 't al., 197lu;

l.o Gerfo et il ,1971b; lLain;, et 11 ,1977). However

there has been at least one suggestion that CK\ is

not a membrane component but rather a secretory

product (Denk et al.,1977?)

CKA is found in normal individuals u t concentration

ol 2.5 ng/ml It ha been shown to be clevated

in carcinoma' of the ga tro-inteatinal tract

(Mart in ej el ,1976) It war, original ly hoped that

CKA was cancer specific hut subsequently it ha been

/ shown..



shown that serum CKA i elevated in malignant
condition other than gastro-Intestinal malignancies
and also in many benign condition (Laurence et al.,
*1001 Elevated serum (KA has also been reported
in luavy mmoker- (Ktev- .,s and MacKay, 1973).

Nonna 1 serum CKA lexels occur in 60-80% of Oukes-
A colon carcinoma and 45% of Duke and low CKA
level, have been reported for poorly differentiated
tumour' (Martin et al,.1976). It was originally
hoped that CKA would provide an accurate a; loslic
tool for cancer. However its non- pecit..
elevations and variability havereduced lis value
in thi1 respect. Ti ha”, however, tound t ne use
in following up pat.entwho have ,.ad definitive
treatmeric.

Alpha Foot oprotein fAFP)

Aid may be considered an antigen only in a: far as
it is detected b> its pec Hit eactlon with an
antibody. It is however, not a component of the
cill surface. AFP i: not normally detectable in
the serum of adult It is a normal constituent
o* loetal tri (t itlin andBoent.an, 19(i7). The
levels arc low at Dbirth andfall rapidly
subsequently.

Situations in which AFP live been found in the
sercn oi adult are embryonal tumours of ovary and
te sti Abelev, 1968; Hoir k ti al , 1968; Linder
and Widholm, 1968; Masopust et at., 1968). Raised

Itwels ot A/P ai al >w 1l documented in primary
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hepatocellular cancer of the liver (Tatartn<v,1%b >
This reflects on the finding of Gitlln and Boesman
(I9b7) that embryonic liver and yolk sack are lie
only tissues capable of synthesising AIP.

In DAB-induced tupatomas in rats, two peaks of

Al'P production are seen. The first co-Incides with
the hepatotoxic effect of the DAB and the second
with the appearance of the hepatoma.

The petventage oi patients with hepatoma who showed
elevated level of AM varied from '«/ in some serit
to 877 In others fKew, 1974).

It has been shown in experimental animals that
factors other than the presence of a tumour can
result in increased AIT synthesis such as laparotomy
and turpentine injections (Abelc ,1968; Sarclone,1967;
lit .nislawski-Birencwajg et al., 19)7).

AFP elevations in the serum are found also in acute
viral hepatitis (Kew et al.,1973). Serial samples
obtained from these patients with viral hepatitis
show that the levels of AFP are related to the severity
of the hepatocellular necrosis as reflected by

serum gtuL.un.it, -pyruvate transaminase (M.M > lev. Is.
the peak AFP levels occurred in the regenerative ph«
5-1b days after peak SCPT levels.

Other Kmhrvonle Antigens Associated wl.n Malignancy
In recent years several systems demonstrating
antigenic reversion in human cancers have been

demonstrated. These, however, in comparison with

AFP and <FA are ot relatively minor importance

/In.sey»



In this the .is, 1 huve not considered human
chorionic gonadotropin (UCC) as an antigen.

It seems likely that as the subject expands and
progresses, more of these antigens wil 1 be
demonstrate! and used together diagnostieally and
so will be a more powerful clinical tool than

they .ir- at present. lhe other antigens which
have been associated with cancer will be discussed
now for the ake of completeness.

Regan isoenzyme (Placental Alkaline Phosphatase.
It has been hown that in some 1Z of patients with
various forms of malignant diseases an alkaline
phosphatase can be demonstrated in the sera, which
1 indistinguishable Irom the placental form of the
same enzyme. [1'hii is known as the Regan isoenzyme
after a patient in whom it was first demonstrated
(Nathanson and Fischman,1971).

Foetal Sulphoglvcoproteln Antigen (FSA)

A foetal type of sulphoglycoprotein has been
demonstrated in the gastric juice of about 90% of
patients with gastric carcinomas. it may also be
found in 10 of benign gastric disorders. This
glycoprotein shows some Immunological cross
reactivity wi.h CEA (Hhkkinen and Vilkarl,19b9).
Alpha , H lerropro:eln

This ferritin-Ilk protein of hepatic origin is
normally present in human foetal organs and serum.
Tt disappears, however, post-natal Iy and is n it

detect a.le in children over the age of 2 years.
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IL reappears in approximately 80? ot children
with teratomas and a variety ol" other malignant
diseases including those involving che kidney,
central nervous system, liver and lymphoretlcular
system (Butle et ttl.,1970). Approximately 107. of
children with nun-malignant disease also show
elevated level of this protein.
Ciimna Foetoproteln
This protein is found in the serum and tissues of

the normal human foetus. Its level is elevated

in the serum of approximately 107. of patients with
solid tumour* or leukemia and is demonstrable in
tissue samples iron, 75% of human tumours tumours
both benign and malignant CEdynak et al.,197?)m
This antigen show, no species specificity and is
found In sera from human, bovine, porcine and
canine foetuses.

l.euknnli ass,Hi,ted aiUlgensJhAA)

In patients with leukemia an antigen is found in
about 307 ol cases. This antigen is also present
in embryonic tis.ues and sera (Harris otjil.,1971)
This leukemia associated antigen has been
demonstrated to be a tumour cell surface component

and is also found in the #era of patients with

Hodgkin's disease.

The two most important criteria Of tumours which eventually

determine their benignity or malignancy, are the ability

to invadel and nuiiasL- ise.

/Mvtafitasls



41.

Metastasis can be regarded as a series ol separate interlocking

events which begin with local inva ion by the primary tumour,

and culminate in the establishment of progressively growing

secondary tumours at di cant sites. The natural history ol

metastasis may he shown as iollws.

1. Initial development and growth of primary tumour
Invasion ol adjacent tissues and direct spread into
contiguous body cavities

3. Penetration ol lymphatics or blood vessels near
or within primary tumoar

4. Dissemination ol tumour cells in lymphatic and
Mood circulations

5. Lymphatic spread - regional lymph nodes, then to more
distan nodes

6 . Haematogenous spread: arrest of circulating tumour cells:
penetration of vascular walls; entry into interstitial
compartment of distant tissue

7. Initial urvival ofdisseminated tumour cells in
tissue spaces

8. Acquisition of fibrovascular stroma

9. Progressive growth

10. Macroscopic mvtast..

(Carter, 197b)

Some idea as to the metastatic potential of a tumour can

be gait rrom its histological pattern. Generally

undifferentiated tumours are much more aggressive than well

differentiated ones. However, the biological mechanisms

underlying metastasis have not been well defined.

/Invasion
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Inv.i.sjon

Invasion may occur in two phases of the disease:
inva-.ion of normal tissue adjacent to the primary
tumour (including blood vessels and lymphatics

and invasion of an organ following systemic dissem-
ination. It .ins been .uga.ested that tumour cells
ire motile in vivo (Willis, 19(>7). Also evidence

for this has been provided by Wood and his co-
workers (Wood et al.,1%7) by studying the migration
of tumour cells in the rabbit ear chambers and

also by Ea .ty (Ea.,ty and fcasty,1963). The

invasion was shown to be due to factors other than
simple mechanical pressure within the tumour.
Nicolson et al ,(1976a,b) have shown using an

in vivo assay that purely mechanical factors such
as pressure within the growing tumour as suggested
by Eaves (1975) could not explain the invasive
properties of a melanoma cell line. The system
used by these authors was chick mesonephros in
culture. Using this they were able to shoe hat
norm ;1 embryonic cells were also able to invade

the mesonephros 11 though their ability to infiltrate
was lower th.ui that of tumour cells and in addition
no cell destruction was observed in the area of
invasion. There are a number oi factors which may
be involved in the ability of cancer cells to invade
and metasta.si.se. One of which appears to be
reduced adhesiveness of tumour cells.

/Cell..
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Cell Adhesion

Oni? of the most important aspects of
differentiation Is the ability of differentiated
i;ull j to form tissues which are functionally and

hi lulogivally distinctive. The tbility to farm

a solid tis-ue clearly depends on iha ability

o1 the constituent cells to adhere to each other

in a specific way. The role of the cell nenibrane
in t.i adhesion is important. In embryonic
development the making and breaking of contacts
between cells, and between cells and ncn-ct-llular
surfaces, appears to be a fundamental part oi the
mechanism by which a simple array of cells gives rise
to more complex structures

Cell interaction can be seen possibly in « continuum
which encompasses the following processes. As

the two cells approach ach other they fall under
the influence of each others electrostatic field.
They will In ul)| i'id to either mutual attractive
forces or repulsive forces depending upon the nature
of the cell surfaces and the'r electrical properties.
The possible attractive and repulsive forces In the
adhesions of cells hav been listed. These may be
arranged as follows, in roughly descending order of
specificity and strength; co valent bonding forces
between surfaces; hydrogen bonding; ionic links

e.g (Nil(....iX)C and COO ... Ca o 0(X);
charge fluctuation forces due to the ionization

and do-ionization ot individual groups which are

/at,.



at i pH at which they arc partially lIonized.
These fluctuations ”“et un an attractive force
in a ne rby surface. Forces due to charged
mosaics on either surface arranged so that areas
of opposite charge face each other; electrostatic
interactions between like charges of differing
surface potential and van der Waal's forces.
A further requirement tor the interaction of
cells as an enmeshing of surface macromolecules
on opposed cells such interaction would depend
on an approach to less than o .5nm of the w cell
surfaces. This could be achieved by the protrusion
of iomt molecular species a distance of S-lIOnm from
the lipid surface. Depending on the nature of the
Interacting molecules, the -ontact could be a highly
specific one I.e. the interaction could easily
constitute adhesive recognition by a mechanism
of molecular complementarity (Roth et al.,1971)m
The nature of the interacting molecules is still the
centre of controversy and some suggestions have been
made that glycosyltransferases are involved
(Roseman, 1970; Roth et al ,1971 ).
THE ROF. OF CF.U. SHRI ACf CARBOHYDRATES IN ADHESION AND
CELL SURFACE KECOLNITION PHENOMENA
It is known that tissue, from various animals it dissociated
into single cell suspcn ions re-aggregate under appropriate
condition... Into structures strongly reminiscent of the

original tissue (Steinberg. 1970. It was first noted in



marine sponges and was shown that the information

necessary for the re-ordering of single cell suspensions
into their character! tic architectural patterns, is
carried by the individual cells themselves (Humphreys,1975).
It was seen in warm-blooded vertebrates that cells from a
given tissue would onetines aggregate with cells Iron the
same tissu. Of a completely different species to form

a chimeric tissue. On the other hand cells of a given
histological 1i sue type would not aggregate with those

of a different tissue type.

These experimental approaches have been called into question
by some authors however who question thi relevance that
they bear to real morphogenetic processes in vivo. Single
cell suspensions can be obtained trom tissues by several
methods including mild proteolysis and treatment with EDTA
(Steinberg ct *1.,*¥973). Cells which have been dissociated
by chelating agents are abl, to reaggregate imnediately in
physiological solutions which contain divalent cations.
This is in contrast to cells which have been dissociated
using proteolysis. Them cells require a resting period
before they will reaggregate (Steinberg ct nl.,1973).

It seems that cell surface glycopeptides/peptides arc
removed by the proteolytic action and are replenished only
slowly by metabolic events within the cell

Highes,1972). It w old appear that these components are
essential lor aggreg Lion to occur; tin molecules containing
information for assembly of tissues must be carried by the

individual cells and must hi oxpre scd at the cell surface.



The molecular species involved In the aggregation

phenomenon have been Isolated and partially characterised
from a variety of species Including chick embryos

(Balsamo and LiUen, 1974a3;b;1975), mouse teratomas
(Oppenheinter m 1 lltiitphr< vs, 1971; Oppenheliner, 1975), and

slime mould- (Ro en et al., 1973).

Despitt the variou experimental approaches it appears that
complex polysaccharides are involved in all the systems so
lar investigated. Oppenheinnr el alL.,( 1969) was able to show
that teratoma cell growing as ingle cell sus-onsions will
form aggregate in a medium containing glutamine, glucosamine
or mannosamine, thu implying the involvement of

hexosamines in the aggregation process. Oppenheimer and

his colleagues have extended their studies to other cell
types and hivt found similar requirement for aggregation.
Humphreys working with sponge showed that an aggregation
enhancing factor dissolved in tin upt matant when the tissue
oi several species ol spongi wen dissociated in cold
magnesium-free sea water (Humphreys,1963; Henkart ct al.,
1973). Unless this factor was added to the sea water the
cells aggregatid lowly or not at all. As to the peci
specifscity ol the factor, it was interesting to note that
it hewed the sane specificity as the normal aggregation

ol the species from which it wi misolated (Humphreys, 1970).
That is, if the cells of two species ol sponge aggregated
separately from i mixed suspension,then the aggregation
enhancing iactor from each of the e two pecles did not

affect the cells of the other. It however, the cells of

/the. .
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Che two species tended to iggreg.ire together from a mixed
suspension then the factor from one species would promote

soim aggregation of the cells of the other species.

Humphrey . has succeeded In purifying and partially
characterising the aggregation enhancement factor from

the sponge Microciona p.irthena (Henkart et al.,1973 and
Cauldwell et al., 1973). It was shown to be a large
negatively charged proteoglycan of MM 20 x 10fd. It

proved to oe comprised of ' protein and 50% carbohydrate.

11 treated with EDIA the complex dissociated into sub-units
of MM 200,000d. The sub-units also contained about 50%
carbohydrate.

The molecular nature of the receptor site on the cell

membrane is under extensive investigation. If the cells

of Microciona nruli fera are treateu with hypotonic

saline, a factor t r* leased which inhibitm the activity

of the aggregation enhancing factor (Weivbaum and
burger,1973). The inhibitor did not appear t >be species-
specific. Further research as to the nature of these cell
surface receptors will be discussed later.

The activity of the aggregation enhancing factor is sensitive
to most proteases (Gasic and Calunii,1966). It is also
sensitive to heat (56°C for 5 minutes), and low Ca'"' concentrati
These results indicate an important role played by the protein
portion ot the aggregation enhancing factor but do not rule out
any activity by the carbohydrate portion. Some evidence of
cnrbohydiati Involvement I provided by the observation that
glneuron 11 .cid parti.'Ily inhibits Micro, tnni prol llera

factor activity n the cells are incubated with it prior to
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the addition of the tsition enhancing factor

(Turner and Burger,1973) Thif- suggests that glucuronic

acid plays an important rol-: in the active site of the factor.
Recent advance in our knowledge of the distribution of complex
carbohydrate in mammaltan cell membranes particularly its
presence only on the outer surface of the membrane (Benedetti
and Eneelot,1i1J, 1%8; Rambourg and Leblond, 1967) suggests a
spveilic role played by these molecules in recognition
phenomena. The carbohydiale in mammalian cell membranes may
be of two types: glycolipid and glycoprotein. The glycolipids
of mmt Hi's membranes are derivatives of the base sphlngosine.
The base is substituted through an amide group with a fatty acid.
The carbohydrate is linked via . glycosidic linkag to the
hydroxyl group. The lully substituted structure therefore
contains separate regions of highly hydrophobic or hydrophilic
nature. The hydrophobic portion serves to insert the structure
into the membrane. Some well known antigens are carricl on
this glycosphingo-lipid viz. Korsmann antigen and the
determinants of the ABO blood groups.

The glycoproteins of mammalian cell membranes are an
interesting group ol molecule. Much work has been done on
the major glycoprotein of the red blood cell membrane
glycophorin, which serves as a prototype for other membrane

glycoproteins.

Cl.VCUI'tIOK IN

Glycophorin has been extensively :tuured for manyyears. It

has been isolated from red blood cell membranes (Moraweiekl,1964;

Orel rath and Reynold*, 1974).

Unresolved controversy exists an to the molecular

/weight..



weight uL glycophoriu. ihe molecular weight

for the monomeric molecuU -as determined by sedimentation

analyst* and dilfusion to be 31,000d .
However, independent mv.surements also using sedimentation

equilibrium gave a molecular weight of ,001) d

(Zviliehovski ,t alm,1971). Molecular weight determination

of glycophorin I, usually complicated by the tendency of the

molecule to polymerise and form aggregates with molecular

weights from 0.3-1 * 10* (Beskorovainy ejull-.Uhh, Morawieckl.

1904; springer,1967). Estimation of the molecular weight

of glycophorin from its trophoretic mobility on SOS-

containing polyacrylami- gels has given consistently higher

valuem of about 50,000 d (Segrest,1971). However, this result

must bv treated with :es. rvaMons in view ol the kno-

ancmftlous behaviour of glycoproteins on SOS-PACK (Bretscher,

1971; Sogrest et al.,1971). Generally a molecular weight

ot 31,000 is accepted for glycophorin.
Tne complete amino-acid sequence of human erythrocyte

glycophorin is known (Tomita and Marches!,1975). It is

composed of 131 amine acids and approximately 16 oligosaccharide

chains. Of these .s are llnkri to serlne/threonlne residues via

an O-glycosidic bond and one mo  complex un.l is .ut.ichid

to asparagine. Tu, localization of the oliogosaccharides

and the complete sequence a... h.en determined by Edman

ecgradation. Glycophorin appears to be organised into 3
distinct domains on the basis ol the p> =i 1on

carbohydrate and the positions of hydrophobic and Wdrophillc

amino acid resi'ues. These domains arc. a glycc, ated

/segment..



svyniunt of about bA amino acid residues ,it the N-terminal; a
hydrophobic segment of approximately 32 largely nun-polar

amino acids (Winzler,1972) md a . .ermine l sequence containing
hydrophilic amino acids (Winzler,1972; Tomtta and Marches!,19, )
Glycophorin has been ext nsively characterized in lerms of its
membrane orientation and antigenicity by many workers (Table 1)

(Marches! i ,1972). It is known to carry the

carbohydrate determinants 1 r tl.e Mand N antigens

(.Marches! et il., 1972, Tomita md Marches!, 1975;

Winzler, 1972; Marches! and Andrews, 1971; Zvilichovsky

et .l , 1971; Cleve et al.,1972).

Glycophorin 1: also known to have the receptor site for the
influenza virus and this i' also known to be closely associated
with the Mand N determinants (Springer,1970). Furthermore
glycophorin bears the receptors sites for PRA and wheat germ
agglutinin (Springer et. al.,196b). The proposed structure

tor the M N, T and antigen are as shown in the (Figure 4 p.23)
(Springer and Desai,1974).

CELIL SUKFACk ALTFRAT IDNS AND TRANSFORMATION

Many of the basic fuirtion o- normal ceils are maintained

by tumour cells. It is therefore not unreasonable to suggest
that certain of the altered surface properties of tumour cells
could result from very -ubtle departures from normal. Such
changes could involve addition, or deletions,quaiitalive
changes or alterations it. topographical distribution of

normal surface c miponenls. The majority of work to dal - on
comparisons ot normal and transformed cells lias been don< on
in vitro systems. There ar considerable problems in the

interpr tation ol uch studic . Some of these problems may



TABLE 3.

ANALYSIS OF VARIOUS PREPARATIONS OF THE MAJOR HUMAN ERYTHROCYTE

Property

Lipid z
Protein, s
Carbohydrate ,/
S20,W

Dx 10 ~"cfV .
M- antigens

AB antigens
Extraction method

MV

GLYCOPROTEIN

phenol

31 000

Preparation

b

ND

40

Lib*

50 000

Present
25

75

+
+
pyridine

22 000

10-20

40

40- 50

chlorol

58 000

3b 250

24 000
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be briefly discussed

Muivy aspecis of cellular organization are significantly
altered by growing the cells in vitro. The initial
dissociation of cells by enzymic means and subsequent
passage may produce long term selective effects which

may result Irum sub-lethal damage to the cell surface.
Studies of transformation in vitro will always be open to
question if strictly comparable normal md tumour cell
population! are not used. The type of medium, pH, serum
supplement, cell density, frequency of passage cav all

exert important effect- on the properties of the cells.
Population geometry 1 another factor which has not been
considered in the extrapolation of in vitro results to the
in vivo situation. The culture ol cells as monolayer>
attached to solid surfaces allows tor growth essentially in
2 dimensions. Growth in the third dimension being limited.
Such cultures grow continually provided there is sufficient
area for expansion. A more accurate representation of tumour
cell growth may be obtained by culturing cells in suspension
in soft agarose or methylcellulose. In this Instance
population growth occurs in J dimensions to form a spheroid.
However, in this cas' the size of the spheroid is limited
by the ability of nutrient to diffuse to the centre of

the mass. This is partly reflected in tumours where

growth exceeds the ability of the blood supply to keep

up and necrosis occurs in the tumour centre. Clearly
however blood supply of in vivo tumour: and the production
of tumour angiogenesia factor in vivo make cultures of tumour

cells in suspension but in approximation to the in vivo

/situation..



Perhaps the most vital question regarding the rtlevanee of

in vitro of transformation is the adequacy of criteria used
to define normal and tran ;formed. By common usage transformed
refers to a population of cells which have arisen eitner
spontaneously or following exposure of the cells to tumour
viruses or carcinogens, and which display certain stable
properties such as potential for infinite growth in vitro;
the ability to grow to high densities when grown in

.uspension culture; loss of contact inhibition; alteration

in surface antigenicity; chang. in lectin agglutinability
and loss or simplication of cell surface clycolipids and/or
glycoproteinc.

Unfortunately in many studies of transformation alterations
such as those mentioned above have been used as the sole basis
for assuming that the cell have undergone neoplastic conversion.
However, very few of the available papers have correlated
these events with tunorigenicity. That is the ability of
these cells to produce tumours in vivo.

Table 4 lists cell surface changes associated with viral
transformation. However the correlation between these changes
and tunorigenicity has not been extensively investigated.

An example of the confusion that can arise trom the use of
these in vitro growth properties for classifying cells as
normal or tran formed i . provided by the BHK-21 hampster cell
line and the BALB/c 3T3 cell, from mice. both cell types
have been used as normal control cells for comparison with
cells of the same type after transformation by tumour viruses.

In these system cell showing any of the alterations listed in

/Table 4.
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Tabl« 4 as a rvsult o1 viral infection are referred to as
train tormed, whereas uninfected BitK ir 3f3 cells are referred
to as normal. However uninfected BIlif'-21 cells can cause
tumour when transplanted in vivo (Jarrett and Macpherson,
1968). Similarly BALB/c 313 cells ate tumorigenic In
histocompatible mice when implanted attached to glass beads.
Cells derived from these tumours were capable of producing
lethal tumours on ubsequunt transplantation in the absence
of beads (Boone, 1975; Boone et al.,1976).
No single membrane abnormality is a single invariant
feature oi neoplasia (Wallach,1976). 1 iwever one
concept which is beginning to emerge is that certain of the
surface alterations may result from topographical rearrangement
of the existing surtace components found in normal cells.
Certain transformed characteristics such as loss of LETS
(Large External Transformation Sensitive) protein, enhanced
Lectin agglutination, altered antigenicity can be detected on
normal cells during mitosI and on normal Inivrphasv cells
after brief treatment with proteas,s.
A very Important observation suggests that the organisation
of membrane-associated cytoskeletal el aments involved in
transmembrane control processes. is altered following
transformation (Nicolson,1976). Thi. could lead to alteration
ir. dls'ribut, n of cell surface receptors (Poste 1975;
Postc and Nicolson,1976). The finding that many surface
alterations can be induced in tumour cells by brief proteolysis
raises thi question as to whether inertia protease activity
at the cell surface might not ,ount for the properties seen

in malignant cells.
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TABLE 4 Ceql Surface changes associated with neoplastic
transformation of cells cultured m vitro.

Property
Changes in cell behaviour influenced by cell surface organization
a. Decreased sensitivity to contact inhibition of movement.
b. Decreased sensitivity to density-dependent growth inhibition.
Loss ol "anchorage dependence" and acquisition of capacity
for growth in suspension.
Changes in cell-to-cell and cell-to-substrate adhesiveness

a. Status uncertain.

Reduced cell-to-cell conmunication due to changes in the formation

and orgarisation of gap junctions.
a Status uncertain.
Changes in the structural organisation of the plasma membrane,

a. Increased mobility o, integral membrane proteins an'

glycoproteins.

b. Reduction in membrane-associated microfilaments and/or

other cytoskeletal elements.
Changes in cell surface charge

a. No consistent correlation between seta potential and

malignancy.
6. Changes i. plasma membrane transport activities
a. Enhanced transport of sugars
b. Enhanced transport of amino acids.
7. Changes in munbrane-a.sociated enzymes
a. Reduced adcnyl cyclase activity

b. Enhanced Na -K -ATPase activity and loss of growth-

dependent changes in eru;i , tivity
Changes in plasma membrane lipid c imposition and alterations

in membrane "fluidity".



TABLE mcont Inucl ...

Property

a. Status uncertain
9. Changes in plasma membrane glycolipids
a. Incompl te glyco.sylation ot glycolipids

b. Reduced activity of .pecific glycolipid glycosyl-

transferasee

c. Increased reactivity ot membrane glycolipids to

ant i-glycolipid antibodies.
10. Changes In plasma membrane glycoproteins

u. Incomplete synches1 of certain glycoproteins, especially
lack of terminal sialic acid resulting from reduced

sialytransferase activity.
b. Increased production of fucose-containing sialo-glycopeptides

c. Lost, of a high molecular weight (ca. 200,000-2 bO,000 dal tons)
membrane glycoprotein (LETS protein; Z protein; galactoprotein A

LI protein).
d. Changes in glycopeptidyl-transferases.
11. Changes ir membrane ucopolysaccharide
a. Increased synthesis of hyaluronic acid
b. Increased production of sulfated mucopoly saccharides
12. Changes in susceptibility to agglutination by plant lectins
13. Antigenic changes.
a. Novel tumor-associated transplantation rejection antigens
b. Novel tumor-associated antigens not necessarily capable of
evoking rejection.
c. "Embryonic" or "oncofoetal" antigens.

d. Altered exprt sion (deletion, reduction, increase) of

normal cell-or tissue-specific antigens.

(Poste 1977)
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Th,,,, have b,«, several r.perr. M U .

.1 *. «-« tumour cell,

release ,l,nlUc.nrl, »re.r.r a.oent, ol prot.ase. and

,1,e0.ld.se. than their nor...I eovnterpart. (Rohlln « m! m

1.75). In this contest It 1= Interesting to note that nan,

transfarmed cell. ,elease a factor that activate.

plasminogen to generate tie proto... pl.-In, <»*“ «. A !

1.75). Treatment of normal cell, with perilled pL«aln

react, in a los. of a high .ol.colar weight glycoprotein

(reminiscent of the LET? protein). Exp.rl.tn.. designed to

teat the elf.ct ,, prote... on the cell .nrface o.in, prote...

inhibitor, or. co.plle.ted b, the cytotoxicity of the..

Inhibitors. However soch experiment, tend to support the

Tostul.te th.t aome cell surf.ee ch..,.. result fro. Incrc.d

proteolytic activity »t the cell .urf.ee (Poste,1975).

Emmelot h.. reviewed the evidence for .11 .urf.c. change,

in malignancy (Emclot,1973) and considers mallgn.nc, a

i problvm in vvIl iDCtology and sumsvsti, Llial the

altered behaviour o, the tumour cell -a, .« «

alteration at the coll periphery. He sogge.ts th.t the tumour

cell surf.ee 1. Incomplete.

A recent p.p.r from the group

,«ek et .1.,1975, ahows a difference in ¢ fuco.e-cont.lnilng

glycopeptlde isolated fro. vlr.Uy tr.n.formed flbrobU.t..

U ... .hewn that the df,fence w.s c.u.ed by the increased

nlnllc acid content of the glycopeptldc. Prevlou. work also

implicates ,1.11¢c acid In 'he proce.s of malignant transformation

(van Beck ut al.,1973).
hdwrMxTASIS AND CEU.
involve, the sequLntl.l relee.e ol celim '""i H"

primary tumour, their d,a.c,nation to distant .« .-¢
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arrest, .urvival and proliferation at these new locations.

It appear * that three asped of cellular function may be

important in the.-, processes; Motility and Adhesiveness,

and production of lytic substances which may modify surrounding

tissue.

1.17.1 Motility and Adhesiveness
It has long been held that infiltration and
metastasis are process, involving single cells.
However it seems more likely that multi-cellular
cords of tumour cells may be involved in invasion
and that this may be mediated by movement of
cells at the edges of the sheet in a fashion
analogous to epiboly in the early embryo (Trinkhause,
1V76). The exact mechanisms whereby cells or
multicellular aggregates detach from the primary
tumour are not well defined here has been a
general .ci, ptance of tin suggestion that cancer
cells are Less adhesive than their normal counter-
parts, probably stemming from Gomanls work
(Coman,1944). However his experiments suffered
trom a number of limitations, e.g. the cells
were pulled apart with small hooks in a traumatic
fashion. Trauma was not rate controlled and very
few cell types were Investigated. There appears
to b, a deficiency in the number of gap junctions
in malignant tissues but this is by no means a

general finding (Weinstein ct al.,197';).
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1.17.2 l.ytle Knzymi »
Several studies have shown that the fluid
surrounding solid tumours contains enzymes
which modify cell surface properties and
lacilitatlng cell separation and invasion. One

group Of enzymes which may be involved is the

lysosomal hydrolases These have been shown to
0000000 promote cell detachment in vitro and to promote
o000

metaslases in vivo (Weiss and Poste.1975). Protease

and collagenase activities have been investigated
(Strauch, 1972). Despite the interest of such work,
it has proved difficult co generalise. Observations
of tumour cell invasion have revealed a broad
pattern of behaviour ranging from complete lack of
lytic activity (Carr et al.,197b) to massive
destruction of host tissue (Willis, 1967).

The result on plasminogen activator production

are also difficult to generalise. Studies on
plasminogen-activator production by various
malignant cell lines of high and low metastatic
potential have failed to reveal any general
correlation between plasminogen activator level
and metastatic potential (Poste,1977).

Also tumorigenlc clones of human fibrosarcoma cells
have been described with low levels of plasminogen
activator (Jones, et al.,1976), whereas non-
tumorigenit diploid lung and kldniy cells may
produce h'"gh levels oi plasminogen activator

(Astrup, 1975; Barlow et al., 1975).

/The. .
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Tht paper by Jones, eL .i1..(1976) was interesting in
that the factor which correlated best with
tumorigenieity was the ability to grow in soft agar.
With regard to the effect of proteolytic enzymes on
surtacc structures they showed that treatment ol
normal fibroblasts with proteolytic enzymes resulted
in cleavage oi large surface protein (MW 250,000d)
there was no correlation with fibrinolytic activities
and the loss of this large protein. They conclude
that it seems unlikely that fibrinolytic activity
imresponsible for its removal or degradation.
Once metastisizln" tumour cells have gained entry
into the circulation their fate will depend on
.urfac« properties such as charge and/or foreigness.
Tlu cell surface properties will influence the
interaction of the tumour cell emboli with the host
iimune system and with the vascular endothelium
and may assume considerable importance in determining
both the extent and location of the metastatic
foci. It would appear that the finding of circulating
tumour cells does not necessarily correlate with
the development of roetastases (Salsbury,1975). It
seems as though the cells must first attach to the
vascular endothelium and subsequently leave the
vessel and move into the tissue. The factors which
influence the interaction between these circulating
tumour cells and tlu vascular endothelium are not
well understood. It appears however that the

arrest ol tumour emboli in capillary beds is in

/some...



sonic wly related to or associated with thrombojieneais.
ALPHA-ACID GI.YCOPRtm: IN

Allilvi u'id ylyiulii"i, In (ornsimiuvnlU) is n globulin which
i-. isolated from ) aman plasma and has a number of distinguishing
character!: 1i< , »o0. ' carbohydrate and sialic acid .'intent;
peripheral micruhei r n'cneity, very low isoelectric point;
high solubility in watt » end a degree of homology with

the immun >gluhulins (Schmid,1975).

It may be prepared from run by « variety of methods which
include bulk precipitation ot the majority of serum proteins
with perc iloric icid leaving orosomucoid in solution (other
acids may be used, e.g. sulpho: iicyi:ic acid and
trichloracetic acid); ammonium ulphute may be used to
deprotcin.'e the serum at low pH, leaving orosomucoid in

solution and DKAl cellulose ion cxchain mchromatography

may be used to prepare the protein in pure t a. (Schmid
197"); Jeanloz, 1972). It is present in Coh. Fraction V
(Jeaiuoz.1972). The chemical composition of alpha-acid

glycoprotein is shown in Table 5 and in Table .

A numbir oi interesting observations emerge from a study

of the literature. Possible functions of this protein

are u-known. It is hard to accept that a protein of this
complexity which i evolutionally conserved should have no
function. Also all investigations of the structure of alpha-
acid glycoprotein have been performed on pooled material.
Consequently subtle individual variationl may bi obscured
(Schmid,1975).

Analysis of the carbohydrate mocity on the molecule reveals

th< following sugars to he present! U-mannose, D-galactose,

/L-fucose..



L-t'ucose, I' y,lucusiimiiiu and -iatic acid. The

quantitativv .inaly i o1 the wugars present is shown in

Table 7 .

A tentative structure for alpha-acid glycoprotein has been put
luvward by Schmid (197)). Kig b. This structure is
essentially similar in many respects to the carbohydrate
structure proposed for toe major glycoprotein of the red

cell membrme. Set Fig 1. Another similarity between
oros ucoid and the major glycoprotein of the rod cell membrane
1. that in both, the carbohydrate moieties are attached

to the N-terminal end of the molecule (Schmid,1975). Of
considerable interest : th< fact that alpha-acid glycoprotein
show, peripheral microheterogencity :Schmid,1975). These
features of the molecule viz. sugar content microhi: ogeneity
and localization of the carbohydrate to the N-tormina end
prompted a tody of this molecule and it relationship to

known surface antigenic components such as blood group
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STRUCIVIU 01 .:ARIUIHYDRAIl. ON ALPHA ACID o, YGOPROTEIN

NANA NANA
| |
Gal Gal
GlcN Ac Glc NAc
Man
£
Man
GicNAc
GIicNAc
U
Asp

(Wugh, et il., 1909; Schmid, 1975)

NANA
Gal

GlcNAc

Man

63.



FIGURE 7

64.

TENTATIVE STRUCTURE OF A GLYCOPEFTIUK KEI.KASEI) FROM RED

CELT MEMBRANE GLYCOI'ROTEIN

Fuc NANA
Gal Gal
1
. t
GlcNAc Glc NAc
3 MANNOSE

GIcNAc

Asparagine

(Winzter, 19721

Gal

GlcNAc



TABLE 5

CHEMICAL COMPOSITION OF ACID, GLYCOPROTEIN OF HUMAN PLASMA

Pioperties

Nitrogen, %
Protein moiety,X

Terminal amino acids
Amino terminal

Carboxyl terminal

Carbohydrate mciety, '/

Sialic acid
Neutral hexoses
Hexosamine

Fucose

Values

10.7
55

Pyrrolidone-carboxylic acid
(1 mole/mole)

Serine (1 mole/mole)

45

o= 12
13 - 17
o= 15
0.7 - 1.5

Adapted from Schmid (1975)



TABLE & .

PHYSICAL PROI'KHTIKS 01" ALHIA-AC 11) 1il.YCOI'KOI KIN OF HUMAN 1'.ASMA

Physical Properties Values

Isoelectric point
Phosphate butter (1=0.") pH2.7

olectrofocusing 182

Electrophoretic mobility

phosphate butter « o .1),

at .1 2.4 +0. 72x10 'em' ,V *,sec *
at pH 7.0 -0.67x10 ’em ,V 1,sec 1
acetate buffer (1% .1),

at pH 9.5 -3.8 x 10 Jem®,V \sec *

Molecular weight :

by sedimentation 4/ 100 d
by sedimentation-ditfusion 40000 d
by sedimentation-viscosity 41600 d
by light-scattering 43000 d
by dodecyl sulphate polyacrylamide 40000 d
gel electrophoresis 40000 d
Coefficient of friction, f/fo 1.78

Viscosity increment, V 10.2

Optical rotation, (a)"

at pH 3,4 -53.1°
at pH 5.,d -28.8°
at pH 9,4 -21.1°

Absorption value, 1|

at 278 nm 8.91
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TABLE 7.

CARBOHYDRATE COMPONENTS (K ALPHA-ACiD CLYCOPROTEIN TSOLATED FROM IHIIAN P1.ASMA

Methods of preparation 2-Acc:tamido-2- D-Mannose D-Galactose Total L-Fucose N-Acetylneur-
deoxy-D-glucose hexoses amlnic acid

() n> m ill ill m

Heavy metal-ethanol 15.2 4.8 6.5 14.2 0,9-1.1 10.8

Ammonium sulphate-gel 12,4-14,3 4,7-5,6 9,4-11,2 13,6-16,8 0,7-1.1 11,0-14,7

electrophoresis

DEAE-cellulose-ion- 12.2 14,4 L 12,6

exchange resin

Heavy. metol-ethanol ‘ 15.3 6.5 6.7 13.2 0.7 10,9

heat-ion-exchange resin

Perchloric acld-gel

electrophoresis 13,9 4,9 9,8 14,7 0,7 12,1

Heavy-metal ethanol 13,2 5.5 7,6 13,1 0,7 10,9

s



.19

68.

SOME EFFECTS OF STALTC ACID ON THE PROPERTIES OF NORMAL

AND TIIMOUR CKIL.I-S.

Cellular mechanisms which control growth and development

do not operate a< eflectively in transformed cells as in
normal cells. Kmmvlot (1973) suggest that this is due to
changes in surface chemistry. One such change is in sialic
acid-containing molecules (van Beck et al.,1973,1973..
Changes in inlic icid containing molecules at the cell
surface can lead to many changes which may be associated with
malignancy. One such change is in the transplantabllity

of a mouse mammary carcinoma cell line which has been studied
by Codington and his co-workers (Codington,1975). This

line shows a lossof strain specificity and could grow in both
allogeneic and xenogeneic animals, i.e. it was able to g-ow
across both strain and species histocompatibility barriers.
They suggest thatthe allotransplantability of this IA3-Ha
mammary cell line may be the result ol masking ol the
histocompatibility antigens by a glycoprotein which they
called epiglycanin.

Sanford has shown (19b7) that removal of sialic acid from the
surfaces of the TA3-ha cells with neuraminidase reduced the
transplantability of this cell in an allogeneic mouse strain.
The mechanism of action of neuraminidase in producing reduced
transplantabllity is not weit understood, both an enhanced
cell mediated immune response, and the cytotoxic eifect ol an
IgM antibody have been suggested. In this respect it is
interesting to note that both the Thomsen Friedenreich

effect and the reduced transplantabllity require the
unmasking of a beta-D-galactopyranosyl residue.

/The...
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Thv effcct of removing charge, thus allowing easier

approach of lymphocytes cannot bo Ignored. However, removal
of surl ore charge 1+ not the whole story. In some
systems, removal of the cell surface sialic acid has no
effect on the adsorption of antisera to surface
histocompntabillty antigens.

One problem which complicates Lin issue in such
experiments is the rapid regeneration of cell surface
sialic acid (Hughes et al.,1972). Suggestions that

/Nceetue

removal of sialic acid may iamignns the detormability

of cells, enhancing their susceptibility to phagocytosis,
have been made (Weiss,1965). Currie and Bagshawe (1967),
reported that removal of sialic acid from mouse
trophoblastr. resulted in exposure of antigens which were
previously masked. However, Simmons et al., (1971).

were unable to confirm this finding. Neuraminic acid
plays a role in the homing of lymphocytes (Gestner and
f.insburg, 1964; Woodruff and Ci Ivor, 1969).

Sialic acid is also important if the cell surface is

a component of thv receptors for lectins, viruses, hormones,
antibodles(and also circulating desialated glycoproteins)
(Jeanlog and Codington, 1976).

ALPHA-ACIIf GILYCOIV.0Ti:iN AND ITS

EFFECT ON COAGULATION
The exact function of alpha-acid glycoprotein Is obscure
Nilsson and Yam.ishina (1958) showed that alpha acid
glycoprotein influenced the blood ilotting mechanism. fhey

found that the addition of alpha-acid glycoprotein to normal



plasma resulted in a pro.ti.m I the coagulation time.

A's lotion ot 1% alpha-acid glycoprotein in imidazole buffer
showed no thrombin or prothrombin activities. It did not delay
the clotting of fibrinogen by thrombin and showed no piasmin
or plasminogen-activ.it r activity. They claim that alpha-
acid glycoprotein inhibited plasma thromboplastin and they
suggest that the anti-coagulant effect of a alpha-acid
glycoprotein could be attributed to an inhibition of the
transformation if prothrombin to thrombin by thromboplastin

in a competitive manner. The result is surprising in view

sl the tact that conditions in which alpha-acid glycoprotein
is elevated, are associated with intravascular clotting
disorders.

Of possibly related interest is the finding by Niewiarowski
®L-jLLmi (1975) that alpha-acid glycoprotein can reverse the
effects of the drug"Per antin" (dipyridamole) on platelet
aggregation. It is also known that platelets carry significant
amounts of alpha-acid glycoprotein lightly hound to their
illviiibt .met (Schmid , 197 )). Mu eoevci platelets can adhere to
collagen .which adhesion can also be inhibited by dipyridamole. T
inhibition can also be reversed by alpha-acid glycoprotein.
SIA.TC AC1l) AND PLAITLKI AGORKGATION

The adhesion of platelets to each other is an essential step
in the formation of a hemostatic plug. Many materials cause
"Kgregat ion of platelets such as thrombin , collagen, fatty
acids, immune complexes, 5-hydroxytryptamine md adrenaline.
Most of these compounds appear to exert their effect through
the mediation of ATP r ADP (Jeanloz and Codington,1976).

The treatment oi platelets with neuraminidase results in their

/spontaneous.



spontaneous n/,Krvgation when they are resuspended in

cit.rat ed plat. ,ia Incubation of washed human platelets

+ith cytidine N-acciylneuraminic acid monophosphate in the
present v of ;ialyl transft fast increased the number of sialic
acid residues at tin surtace of the platelet and resulted in
an inert*. d & regalion with 5-hydroxytryplamine. However,
the same treatment lad to a decrease in ADP-mediated
aggregation. injection if neuraminidase into mice resulted
in a marked thr mbocytopcnia <Jeunloz and Codington,1976).

It would thus appear that stalic acid - containing molecules
are an integral component of the platelet surface and these
play an Important rile in the interaction of the platelet
with its environment.

THE RKLATIONSIII P BKiVI.LKN HKTAS ASIS AND COACHI.ATION

Many observations of both human and animal tumours suggest that
the arrest ot tumour emboli in capillary beds is in some way
associated with the ¢ igulation process (Donati «i uj.,19/7;
Poste ,1977; llilgard ,1973; Hi lyard and Thornes ,1976) .

Small clumps of tumour cells generally 6-10 attach to the
Vascular endothelium. They are then surrounded by fibrin,
platelets and polymorpho-nuclear lymphocytes. Subsequently
local defects in lThe endothelium form and the tumour cells
pass out ol the vessel and I.rm new centres of growth.

The site ol adherence of the tumour cells to the endothelium
is determined by interactions between the tumour cell surface
and the vascular endothelial surface. This in turn seems to
be influenced by micro-coagulation around the tumour cells. It
is well known that mti-coagui.ints may decrease metastasis

(HilIgard and Thornes, 1976; Carter, 1976 a and b) . However some
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caution must be exercised in interpreting these results.

Usually large doses of anticoagulants have been given over

long periods of time. Also tumour cells were usually given

directly int the hi =< stream. Also consideration must
be given to the effects of highly charged molecules such
as heparin on iht tumour cell surface as well as its
effect on coagulation.

SKKDM PROTEIN ABNORMALITIES IN PATTI-NTS WITH CANCER

The serum of patients with different types of malignancies
is often characterized by an increase in the nlpha-globulin
serum component and changes in the carbohydrate content
of scrum glycoproteins (Petermann and Hogness, 1948; Alm'iuist

and Lausing, 19.7; Rosat. and Ravdin, 1%8; Ablin et al..

[977)- Similar changes have also been reported in the serum
proteins of animals with transplanted or naturally occurring

tumours (Schwenke and Kujawa,1967; Hadji-Azimi,1969; Ove

et al.,1974).

Recently DMA-binding proteins were found in the serum of

patients with various neoplasms (Brehm mt al. .1975; Hoch

et al . ,1975). These proteins migrated in the alpha and beta

regions. There were two major protein components of MV

94,000 and 126,000d. These authors ascribe a scavenger-

iunction for these proteins (Brehm et I .1975). other

proteins which undergo changes in malignant < nditions are

the acute-phase proteins (Fischer and Cill,1973). These
consist ol an electrophoretically heterogeneous group of
proteins which migrate between the albumin and gamma-globulin
fractions. They are functionally diverse and consist of a

/protea e..
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caul ion must be exercised in interpreting these results.
Usually liry.o dis< of anticoagulants have been given over
long periods of time. Also iumour cells were usually given
direct ly iul the Mood sircom Also consideration must
be given to the effects of highly charged molecules such

as heparin on the tumour cell surface as well as its

effect on coagulation.

SKKIIM m m :IN AIINUKM\L;TIKS IN PATIKNTS WITH CANCER

The serum ot patients with different types of malignancies
is often characterized by an increase in the alpha-globulin
serum component and changes in the carbohydrate content

of serum glycoprotein (Pet.emann and Hogness, 194(3; Almquist
and lausin , 19)7; Rosato and Ravdin, 1968; Ablin et al.,
1973). Similar changes have also been reported in the serum
proteins of animals with transplanted or naturally occurring
tumours (Schwenke and Kujaws,1967; Hadjl-Azimi,1969; Ove

et al.,1974).

Recently DMA-binding proteins were found in the serum of
patients with various neoplasms (Brehm el al.,1975; Hoch

et alm1975) m These proteins migrated in the alpha and beta
regions. There were two major protein components of MV
94,000 and 126,000d. These authors ascribe a scavenger
function for these proteins (Brehm et al.,1975). other
proteins which undergo changes in malignant conditions are
the acute-phase proteins (Fischer and Gill,1975). These
consist of an electrophoretically heter gencous group of
proteins which migrate between the albumin and gamma-globulin

fractions. fhey ne fundJ nil idlv.rst and consist of a

/ protea.se
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prut vast' inhibitor (alpha-ant itrypain); carriets for
hemoglobin and copper (haptoglobin and ceruloplasmin); a
coagulation component (fibrinogen) and proteins with
undefined functions such as G-reactive protein and alpha-
0 id glycoprotein A list of Lite acute phase proteins and
some of their properties is shown in Table 8.
lhe mechanism of the elevation of proteins during the acute
phase r. punse is in considerable doubt and at least one
suggestion is that they are released locally from affected
tissue has been put forward (Bole and Leutz 1967). These
authors showed that extrahepatic tissues were able to
incorporate labeled N-acetyl glucosamine into acid-soluble
suggestion

glycoproteins found in serum. However the general

is that these proteins are produced in the liver alone
(Winzler , 196i>;Sarclone, 1967) . Such an experimental model

which relies upon total hepatec] my of rats is in ny

opinion questionable 11 would appear Lh.it such a massive

operative procedure would result in experimental data

which would be extremely difficult to evaluate and would not

exclude t’e extrahepatic mrigin of scrum glycoproteins. A

totally hepatectomized animal is in effect moribund and the

aulhoi prefers to treat such a model with extreme caution.

Other violence fur exirahepatic origin oi scromucold may be
found in the literature. Some authors have found higher
seromucoid levels in the venous effluent of large transplanted

fibrosarcomas than In tne arterial supply to the tumour

v tins et al.,1974 . lhere is also evidence that tumour
cells which have a thin lyc calyx are more aggressive than

those with i thicker glycoralyx. One interpretation of tills

/1s.



TABLE 3

CWAKACTERISTICS OF ACI'Tt-FHASE PRtITLIK:.

Protein

C- eactlve
protein

o™-Acid

glycoprotein

a -Antitrypsin

Ceruloplasmin

Haptoglobin 1-1
Haptoglobin 2-1
haptoglobin 2-2

Fibrinogen

Molecular
Weight

135,000-
140,000

44,100

45,000

160,000

85,000

341,000

7.5

3.1

3.4

7.1

Electro-
phoretic
Mobility

o *-Globulin

Q~-Globulin

a ,-Globulin
a.-Globulin
o -Globulin
p,-Globulin

Pepv.
Conteti
(%)

100

62

86

89

81

97

0-
-vate
jentent
(%)

41.4

12.4

8.0

19.3

2.5

Serum
Content
Range
(mg/
100ml)

55-120

180 105

10-40

85-213

200-450

Biological
Function

Opsonin;acute-
phase reactant

Inactivation of
progesterone;
acute-phase
reactant

Protease
inhibitor of
trypsin and
chymotrypsin;
acute-phase
reactant

Copper-binding
oxidase activity;
acute-phase
reactant

Hemoglobin-bind-
ing peroxidase;
acute-phase
reactant

Coagulable
protein;
acute-phase
reactant



1.24

75
is that the glycocalyx is being continually shed. In this
respect it is Interesting to note that high seromuccid
levels re found in mure advanced metactasised tumours
(Kim et al..1975).
SKKOMUCOID AND TUI: IMMUNK RhSPONSE
It has been suggested that seromucoid may play a role in
preventing an immune response against fetal antigens (Currie
and Bagshawe ,190V; Good 1975). It is also of interest
to note that alpha-acid glycoprotein can act on the surface
of Escherichia ¢ li and Staphylococcus aureus in such a
way as to prevent phagocytosis of these organisms by human
neutrophils (van Oss et al.,1974)
SUMMARY OF "HE INTRODUCTION AND THE AUTHOR'S INTERPRETATION
OF THE LITERATURE.
It would seem that membrane alterations are an important
part of the neoplastic transformation. At least one of
these changes relates to the loss of glycoprotein material
from the cell surface. These glycoproteins may find -.heir
way into the circulation and may interfere with a host Immune
response which is directed against neo-antigens on the tumour
ceil. Some of the shed material may he composed oi surface
antigens normally confined to the plasma membrane of the cell.
This would include HLA and blood group antigens. Changes
in coagulation profile which are associated with malignancy
miy in part relate to the change in circulating glycoproteins.
Tie work of Baldwin and Robins (1976) and Vaage, (1973;1974)
Indicate an important role for tumour antigens in the blocking

of immunity directed against tumour cells. The antigenic

/material...
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material in Baldwin's study had a MW 0£ between 30,000 and

50,001fkl. Or .mucoid has been known to be elevated in

the serum of cancer patients for some time. It is an

alpha-globulin and has been thought to be entirely

synthes, ;vd in the liver. However, it is in some respects

similar to glycophorin. the major glycoprotein of the

red blond cell membrane, in size, distribution and nature

of the carbohydrate attached to it. "t is also similar

in that it tends to polymerize and has binding site for

the influenza virus as shown by its ability to inhibit

influenza virus haemagglutination.
I« is thus possible that seromucoid may in fact contain

cell membrane components and that its elevation in the

serum in acute c¢c mditions may result at least in part, from

tissue necrosis or shedding (as in the case of CEA). It is of

interest to note that although the peripheral sequences of the
iarh,ihydr.itv chains on orosomucoid appear to be similar to those

blood group substance, some differences arc apparent such as

attachment of the carbohydrate to the polypeptide, the

amounts of the different sugars present, and the total

percentage of carbohydrate in the molecule. Carbohydrate

containing molecules are of importance in cell-cell Interactions

and tissue formation andmay be important in allowing

hormones to interact with the cell. Humphreys (1975), has

shown that the molecules which promote sponge aggregation

arc also lycoproteins with a high percentage of

carbohydrate.

THE AIM (X THIf siTDY

The atm of this study was to examine the sera of patients

/with...



with L,nicer anJ ,| pccirum ol other diseases and conditions.
To further characterise any changes and to investigate

the possible effects of such changes.

To this end polyacrylamide gel electrophoresis was

performed on the serum of patients with cancer and non-

nr lignant conditions. These were compared with sera from
normal controls. Tv bands were shown to be elevated in
y'ir' us 'iseases. One of these protein bands was

Isolated and identified as orosomucoid (alpha-acid
glycoprotein). The use of the two bands as a diagnostic
tool was evaluated and the effect of orosomucoid on the
immune system and the oagulation cascade was investigated.
The similarity between orosomucoid and glycophorin

prompted a search for blood group antigens in the orosomucoid

preparations.

/12..
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CHAPTER 2
MATERIALS AND METHODS
2.1 FOL.YACRYLAMIUE CEL ELECTROPHORESIS (PACE)
2.1.1 Pur 11 lealion of Sodium dodecyl sulphate (SDS)

SDS (5g) was added to 100ml of 95% ethanol.
The solution was warmed to 60 C in a waterbath
with constant stirring to dissolve, cooled to 20 C
and vacuum tillered through Whatman* No.42 filter
paper. The filtrate was retained and cooled to
5°C. This was filtered and IIn precipitate was
retained, dried to constant weight and stored.
The yield was between 15-20%.

2.1.2 Preparation of Working Solutions
1. Stock 0.06M sodium phosphate buffer,

pH 7.2, containing 0.2% (w/v) SDS.

2. Monomer solution

Aeryl amide m 20J
Bis-acrylamide 0.5)
Stock buffer to 100 ml

3. Ammonium persulphate solution 0.4% (w/v)
4. TEMED
2.1.3 Casting the Cels

The gel was cast using the following mixtures:

W ( .. 7.5 ml
Stock buffer ... 3 il
TEMED e o

Stock monomer ... 7 ml
Ammonium persulphate ... ... 2.5 ml

Giving a final acrylamlde concentration of 7%
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The gels were cast in running tubes (0.5 x 7.5cm)
which were marked at one end to allow
reproducibility of gel length. This mixture was
transferred t the running tubes and caretuliy
overlayed with stock buffer using a Hamilton
syringe. Gelling Lime was 20-40 minutes.
Splitting Solution
A splitting solution was prepared containing
tMurea, 17. CDS and 17. mcrcaptoethenol.
Loading the Cels
Between 4 and 10 pg of protein was loaded onto

the gel in a volume not exceeding 10 pi.

Running the Cels

The ¢e1S Were run at 5 ma per tube for
60 mins. Bromophenol blue was used as a marker.

Erlectropnoresis was stopped when the dye reached

1 cra from the end of the

Staining

Gels were removed from the running tubes and
fixed in 107. (w/v)tric >acetic acid for : hour.
They were rinsed in running tap water and placed
in staining solution overnight. The staining

solution found to be most convenient was Coomasste

brilliant blue prepared as follows:

Coomasste blue o1 gm
Acetic acid 70 m
Methanol 400 ml
Water to 1000 ml

/Destaining...

eel Time taken was 1 hour.
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2.1.8 Decslaintna
Gels were destainvd and stored in 77 acetic
acid for 48 hours.
2.1.9 Photography of the Gels
All gels were photographed using a Canon 11K
jjniu camera with a standard macro lens and
orange lillcr. Kxposure Lime of 1/60 sec and
lens opening of £16 were found to give satisfactory
negatives. Panatomic X (KodakR) film was used.
A light box was used as a source of
illumination with the gels placed directly
onto the light box alongside a plastic length
scale.
21 10 Periodic Acid Schlif PAS) Staining of the
Gels for Detection ol Glycoproteins.
PAS staining was performed by a modit ication
of the nethod of Fairbanks et al.,(1971). Many
ol the steps used in this method were found to
be iv. necessary and consequently a short, r procedure
Weis devised us follows?
1. Gels were fixed in the same way as for
Coomassie blue staining.
2. They were then placed in 0.57 (w/v) periodic
acid for 1 hour.
I.  The gels were then washed exhaustively in 407.
methanol, 77. acetic acid in water until
the washings no longer gave a precipitate
with si Ivor nitrate.

4. The washed gels were then placed in Schitfs

/reagent

mwm
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reayenlL for 1 hour.

Rod bands appeared within 10 minutes.
Preparation ot Sohiif Reagent
1 Rm Basic Fuchsin was dissolved in 200 nn
of boiling distilled water. This was cooled
to 50°C and to it was added 20 ml of 0.IM HCI.
The mixture was then further cooled to 25 C
and 1 gram of Sodurn Metabisulphite was added.
After mixing it was left in the dark for 20 hours.
Charc.oai was added and Ilie solution was
tillered to give a colourless solution which may
be stored at 4 C in the dark.
polyacrylamide Pel Electrophoresis of Serum
Serum was collected from freshly clotted blood
and 0.1 ml diluted with splitting solution (2.0 ml).
Afior mixing 10 pi was layered onto the gel.
Loaoi , of more than 1o pi resulted in a decreased
resolution.
Ou.mt ii 1lion jf the Bands after Staining
fh « amount of protein in each band was estimated
by measuring peak dimensions of the band and
relating these to known concentrations ot bovine
serum albumin run under Identical conditions.
Miliiular Weinht F.stimil ton using PAGE
The molecular weights ot the various bands on
PACK were estimated from a comparison of their
migration distance on PAGE with that of proteins
of known MWV according to the method of Weber

a,,d Osborn (1969). The standard proteins used

/were...
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were bovine albumin iyg albumin and cytochrome C.
The migration distance from the origin was

plotted against Log MW see Kig.s .

IMMINOKI.KCrROPHOKKS IS

Immunoelectrophoresis was performed according to the method

i Arquembourg el U .,(1970). Briefly the method is as follows:

2.2.1

2.2.3

Stock Butler
The following barbiturate buffer, pH 8.3
was prepared and stored at 4°C with sodium

azide as a preservative.

Diethylbarbituric acid 1.4 g
iE

Sodium dmithylbarbiturate 5.0 g

Sodium chloride 1.0 g

Water to 1000 ml

Preparation of the Electrophoresis Gel

Agarose of high purity was used to prepare

the gels. A 1% agarose solution in stock
buffer was made up and autoclaved for 15 minutes
to ensure complete solubilisation of the agarose.
The agarose solution was poured onto microscope
slides (2.5 x 7.5 cm) in a holder which ensured
Constant gel thickness on the slide. The
procedure was carried out on a levelling table.
Cutting tlle well and trough

The wells and trough were cut using a template
made to standard dimensions. The well cutter
had a bevelled inner cutting surface and was

attached to a vacuum pump. The trough was cut

/with..
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with a scalpel blade.

2.2.4 Electrophoresis
The gels were electrophoresised at 25 ma per
slide until the bromophenol blue marker reached
a satisiactory position.

2.2.5 Addition of antisera
The antisera were added to the trough using a
tuberculin syrin.o and the gel were left overnight
to allow the precipitin lines to develop.

2.2.6 Visualisation and Photography of the Gels
Examination and photography of the immuno-
precipitin patterns was carried out under
dark-fie Id illumination.

RADIAL IMMIINOUIFFI1I SION

Radial immunodiffusion was performed using the same buffer

and agarose concentration as that used for Immunoelectrophoresis

(see 2.2.1 and 2.2.2 above). The mixture to be studied

and the antisera were added to precut wells (2.5 mm

diameter x 3 mm apart) in agarose in a petri dish. The

pattern was allowed to develop overnight and was

photographed as above (2.2.6).

SERUM PROTEIN FRACTIOUS

2.4.1 Klstloi Fractions
These were prepared according to Kistler and Nitschmann
(1962), and were a gift from Professor Peter Brain of
the Natal Blood Transfusion Service.

2.4.2 Carcino-embryonic antigen

Ktdlolabe Iled CEA was obtained through the

/generosity.
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generosity of Roche Ethical Company.
Alpha-acid glycoprotein

Serum and glycoprotein preparations were prepared
from plasma by a modification of Winzior s
original method. (Winzler et al.,1948). Blood
was obtained from patients and normal

volunteers after informed consent. Samples

for serum were allowed to clot and the serum
obtained by centrifugation of the clotted
specimen. Blood for plasma extraction cas
collected into citrate phosphate dextrose (CPD).
Each donation consisted of 450-500ml of blood
collected into 70 ml of CPU. Plasma was
obtained from the whole blood within 72 hours of
collection. To either serum or plasma an equal
volume of 1.4M-perchloric acid was added. All
extraction procedures were performed at 40 C

The perchloric acid/setum/ piasm) mixture was
allowed to stand for s minutes and the precipitated
proteins removed by centrifugation. The clear
supernatant was dialyzed against running tap water
for 24 hours, reduced in volume by

evaporation in a dialysis tube and then dialyzed
against distilled water for 4 hours. It was then
iyophilized and stored in <"aled ampules until
used. This was referred to as the crude
glycoprotein preparation. Further purification

was achieved using phadex chromatography.

/2.5...



SEROLOGICAL pxrrkMtNaTIONS ON TIIK FREKZK-DRI"D PREPARATIONS

Optimal concentrations of antisera we.e prepared as
follows:

It anti-P reacts to a dilution of 1:64 (e.g. undiluted
*HHu , 1:2 H-H-, 1:4 +-»++, 1:8 H-H-, 1:16 +-H, 1:32 -H,
1:64 +, 1:128 0) then 1:4 was selected as the optimum
concentration of the specific antibody for the
haemagglutinacion inhibition tests. To this optimum
saline dilution of mli-P, was added an equal volume
of saline (control) or seromucoid reconstituted it
saline (to .i standard concentration). The addition of
saline should result in no loss o' agglutinating
ability of the antiserum. If, however, the reaction
strength was lowered by the add! of the seromucoid
extract then some Inhibition of antibody activity

has taken place. The inhibition of activity is

recorded as follows: t-t-H- representing no inhibition, -h-+

s

n,i - as partial or complete i Mbit Ion. Thus for

any one sample of seromucoid which for example, does not
lower tl ' activity of the optimum concentration of
antiserum, the pattern would lead H-H- (4), t-H-t (4)

-Hh- (4), or 4444 i.e. score « 16. If, however, th
seromucoid sample when reconstituted had some inhibitory
act.ix.ty, the pattern in the four dilutions tested may be
represented as follows: -, t, H, H-t or - 1 2 3, meanii.g
that there was activity in the extract undiluted, diluted
1:2,1:4 and 1:8. This would represent a score of .

The inhibitory activity is expressed as the maximum score
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possible(4+4+4+A 16)minus the score actually obtained.
Thus for our second example the inhibitory activity would
be 10, .e. (16-610) referred to as 'he cumulative
inhibition score.

Where groups of individuals were studied the cumulative
inhibition scores wore summed and a mean inhibition
activity was calculated. Table 9 details the reactions
of the various antisira selected for this study.
During the preliminary course of the investigation it
was found that the inhibitory activity of various
blood group determinants particularly the T factor,
often spontanecously disappeared from the seromucoid
preparations. To av id this loss of activity, which
is iniluerced by the presence of beta-galactosidase in the
seromucoid (Kline and Issitt, 1976) phenyl-beta-D-
thiogalactoside (10 mg/100 ml o* serum extract) was
added to the extract after dialysis and before freeze-
drying the products.
COLUMN CHROMATOORAI'HY OF THE EXTRACTS
Column chromatography was performed to attempt
to fractionate the preparation further and also to estimate
the molecular weight using another method as the PAGE
method is unreliable for glycoproteins (Segrest "t al.,1971)
2.6.1 Seph olox (1200 (,e) exclusion chromatography
Sephadex G200 with a fractionation range of 1000d
- 800,000 d was used. A column of dimensions
50 cm x 5 cm was used. The eluting buffer was
0. IM-Tris HCI, pH 8.0 with 1.0 M-NaCl. 10 ni

aliquots were collected and the protein content

/monitored.



TABLE 9
REACTIONS OF VARI(HS REAGENTS

Optimal Temp. | Dilutions of

REAGENTS Haemagglutination Activity at Dilutions React. of Antisera
Antisera selected for
AGGL-inhib.
Test.
UND 2 128 256 512 1024
Human-Ant i- 2 c
22 C
22 C
22 C
UND
1.16
UND
1.128
22 C UND
22 C
Iectin 22 C 1.16

* Arachis Hypogoca Seed Extract Tested against T-activated Group 0 cells.
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monitorud by measuring

262 Molecular weight estimation oi the Protein
Preparation
Hie molecular weight of tk: protein was estimated
by measuring its elution volume off a calibrated
gel filtration column. The partition coefficient

becween thc s»1 phase and the liquid

phase was determined for ferritin, catalase,

aldolase, bovine albumin and chymotrypsinogen

Kav WaS calculated according to the following

formula:
Kav = Ve " V
vt - Vo
AY3 = Total bed volume = 981 ml

* Void volume (determined by blue

dextran) = 306 ml
ve “ elution volume of the protein under

consideration and a plot of Ka

against log M was constructed.

(See Fig. 9 ).
LYMPHOCYTi: ail. TIIKK AND HIM SIIMTUTION
When lymphocytes are treated with various lectins, they
are stimulated to undergo division. This response
is usually accompanied by morphological change to a blast
cell. The degree of lymphocyte stimulation may be
assayed by deterutiuin.; the percentage of blast cells in
a culture or by measuring the uptake of a radioactive
DNA precursor, in this case trit iated thymidine

/(Oppenheim
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monitored by measuring A " .

M>lecul,ir weight estim.ition of the Protein
Preparation

The molecular weight of the protein was estimated
by measuring its elution volume of! a calibrated
gel filtration column. The partition coefficient
(K”™) between the gel phase and the liquid

phase was determined for ferritin, catalase,

aldolase, bovine albumin and chymotrypsinogen

Kav WIS calculated according to the following

formula:
* v [ ] V- - W
Mo %
Wt = Total bed volume = 981 ml
VG Void volume (determined by blue
dextran) = 306 ml
Ve e felution volume of the protein under

consideration and a plot of KaV
against log W was constructed.
(See Fig. 9 ).
LYMPIKXIYIT CULTUKII AND PHA STIMULATION
When lymphocytes are treated with various lectins, they
are stimulated to undergo division. This response
is usually accompanied by morphological change to a blast
cell. The degree of lymphocyte stimulation may be
assayed by determining the percentage of blast cells in
a culture or by measuring the uptake of a radioactive

DNA precursor, in fils case tritiated thymidine

/ (Oppenheim
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FIGURE 9

ESTIMATION OK MOLECULAR WEIGHT OF A BAND BY COLUMN
CHROMATOGRAPHY (WHOLE SERUM ELUTION PATTERN SHOWN 1iEL.OW)
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ppunlx im,igh8).

7.1 Isoldllori ot tcr iphtrJ1 Blood l.yi.iphocytes
Peripheral blood lymphocytes were isolated
by ilotation of dufibrinated blood on
Ficol 1-Hypaque (10 parts 33.97- llypaque
and 74 parts 97 Ficoll, Sg 1.077). Two mlof
defibrinated blood were gently layered onto 3 ml
of Ficol 1-Hypaque in a centrifuge tube (14 x 96 inn).
This was centrifuged at 400 g~. for 30 min.
Lymphocytes were harvested with a pasteur pipette
and washed twice in Hanks Balanced Salt Solution
(1IBSS )Aby i wash in Kagles minimal essential
medium (MKMI (Boyum,i968).

.7.2 Stimulation ol l.yniphocyte.s
Lymphocytes were isolated and washed as described
above (7 7.1). he washed lymphocytes were counted
and adjusted to give a final concentration of
2 X 10" celle/m! in MKM containing 20% autologous
serum. The cells were cultured in microtitre
plates. Kach well contained 7 x 10" cells, 100 pi
of MKkM containing alpha-acid glycoprotein at the
desired concentration. Thr optimum concenttatlon
of PHA was determined prior to the experiment and
was added in 10 pi of MKM to the cultures.

.3 Determination of Optimum Phytohaemagglutinin (PHA)
Concentration.
Lymphocytes were cultured as described above (2.7.2)
and dillerent amounts of PHA were used to stimulate

them. A plot of thymidine uptake vs PHA concentration



2.7.4.

2.7.5

2.7.6

was construeted. See Fig.ll.

M .isun imnt oi ilie 1litect of Alpha-acid
Glycoprotein on Blast Transtormatlonm

In order to test the effect oi the alpha-a
glycoprotein extract on the blast transformation,
the purified extensively dialyzed protein vas
added to a final concentration of 2.5 mg/ml. (This
value was chosen because it represented a similar
concentration to that found In the blood oi
patients with advanced tumours). In addition
alpha-acid glycoprotein seromucoid was added In
Increasing concentrations to cultures of
lymphocytes and the percentage transformation was
measured In order to see if there was a dose
dependent effect. The tests were run in
tjulntlplicate.

Moii-sut emcnt of Ilia t Transformation

Blast transformation w.v measured by adding 10 (il
oi tritated thymidine (160 Hci/ml) to each well
on the second day of culture. The cells were
harvested on the third day onto glass fibre tilter
disc** and counted in a scintillation counter.
Results wen expressed as a percentage of the control
of the same lymphocytes without alpha-acid
glycoptoteln.

Controls

Two controls were included with each experiment.
(D) Cells Irom the same donor, cultured under

identical conditions without added alpha-

/lacid.

»
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war. constructed. Sec* Fig. 11.

Measurement oi llie kltecl oi Alpha-acid
Glycoprotein nn Blast Trans formatlIon.

In order to test tin effect of the alpha-acid
glycoprotein extract on the blast transformation,
the purified extensively dialyzed protein was
added to a final concentration of 2.5 rag/ml. (This
value was chosen because it represented a similar
concentration to that lound in the blood ot
patients with advanced tumours). In addition
alpha-acid glycoprotein eeromucoid was added in
increasing concentrations to cultures of
lymphocytes and the percentage transformation was
measured in order to see if there was a dose
dependent effect. The tests were run in
quintiplicate .

MMsurcnient ot Blast Transformation

Blast transformation wa measured by adding 10 pi
of tritated thymidine (160 pd/ml) to each well
on the .econd day of culture. The cell were
harvested on the third day onto glass fibre filter
disc+s and counted in a scintillation counter.
Results were expressed as a percentage of the control
of the same lymphocytes without alpha-acid
glycoprotein.

Controls

Two controls were Included with each experiment.
(1) Cells from the same donor, cultured under

identical conditions without added alpha-
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acid glycoprotein. I'liese were taken as 1007.

and all results were expressed in terms of these

cel's. In this way it was hoped to minimise the

Inherent vailability of the method. (2) Cells

were cultured fr.m the same donOr under identical

conditions without PHA. This wai, done in order

to measure spontaneous blast transformation.
MhASURKMKNT OF BETA.,-MIcmXILOBUUN IN THE PREPARATION
Beta,-micr globulin was measured using a radioimmuno assay
in kit form (Pharmacia Diagnostics). The principle of the
method is as follows: Anti-bita microglobulin antibodies are
bound to particles of sephadex. The concentrntion of beta
milroglobulin in an unknown sample is evaluated by its capacity
to compete with a fixed amount of labelled beta”-mlcroglobulin
for the binding sites of the anti-beta,-microglobulin. The
¢ mpetltive capacity is then compared with that cf standard
beta., microglobulin preparations of a known concentration.
When preparing the test, samples were first mixed with beta
microglobulin labelled with 1251' Anti-beta-microglobulin
complexed to sephadex was then added and the samples were
incubated for 3 hr at r om temperature wi>h constant agitation.
The bound and unbound beca”-microglobulin were separated by
centrifugation. Unbound beta,-micr'globulin in the supernatant
was removed and the radioactivity bound to the aedimented
sephadex particles measured In a gamma scintillation counter.
The radioactivity taken up varies inversely with the quantity
of unlabel led beta, microglobulin present.
Glycoprotein samples for beta,-microglobulin extraction were

passed through sephadex 0200 columns prior to measurements

to eliminate any lIree beta ,-microglobulin.

/2.9...
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95.
MIASUKEMENT OF 111STOCOMt'AI'IRILI TV ANTIGKNS IN THE

CLYCtiPROTEIN I'"K’ARATK'N-.

Antigenic activity was measured in the preparations by their
ability to inhibit the complement-dependent lysis of \:r-
labetled target cells mediated by a polyspeciiic cytotoxic
alloantiserum (HSS). Target cells were obtained from donors

by Ficoll-Hypaque flotation as described previously. They

were labelled with a solution of sodium chromate ( 1*Cr)

in 0.15 M-NaCl (Radiochemical Centre, Amersham). Labelling

was performed in 507. autologous serum cuing a cell concentration
of 10”"/ml. To each ml of cell suspension was added 100pCi

of sodium chromate in a total volume of 0.1 ml of 0.15 m-NaCl.
The mixture was incubated for 45 minutes at 37°C. After this
time the cells were washed five times with 0.15 M-NaCl and
resuspended in the incubation medium.

The assay was performed in triplicate. PSS (25 pi) was used

at a dilution sufficient to cause 70-957. target cell lysis. The
antibody was incubated with an equal volume of the antigen
preparation for 90 minutes at 37°C. Controls in which an equal
volume of 0.15 M-NaCl was used were also run. The concentration
ol Cr-labelled lymphocytes was adjusted to 5 x 10(/ml and

25 p 1 of the cell suspension was added to 25 pi of antigen-
antibody mixture/antibody-saline mixture. Rabbit serum (2r pi)
was added as a source of complement. The combination was
incubated for 60 minutes at 37"c. The reaction was stopped

by the addition of 2 ml cold 0.15 M-NaCl. The cells were
removed by centrifugation (1500 g x 10 min) and the radio-
activity which had been released into 1 ml of supernatant

was counted in a P.v kard Autogamov. Spectrometer. A complement

control was also included using 23 pi of the patient's own

/serum...



serum in place of PSS. Total release was established
using 25 pi of anti-lymphocyte globulin in place of the PSS.
Antigenic activity was expressed as the percenag

Inhibit fan of cytotoxic it calculated as follows:

o (CPM PSS t antigen) - (CPM c'control)
7, inhibition * 100 -

CPM PSS + saline) - (CPM c'control)

CPM * counus per minute

C' control m complement control.

MEASUREMKNT OF PARTIAL THROMBOPLASTIN TIME

This test is a development of the recalcification time in
which variable platelet activity is eliminated by the
addition to the plasma of a constant amount of platelet
substitute before recslcification. It measures the same
factors as whole blood clotting time with the exception

of platelet activity. However, it suffers from the
disadvantage ot the effects of variable glass surface contact
T a glass tube are added Lite following. The reaction is

performed at 37 C.

Citrated Plasma u,l ml
taline (control) 0.1 ml
or seromuiaid reconstituted in saline 0.1 ml
"Thrombofax" 0.1 ml

after exactly 1 minutes
0.2M-CeCl, 0.1 ml

and the time taken from the addition of CaCl® till clot

formation is noted.
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The same plasma sample was used lor the whole experiment
t <eliminate the chances ol variability from sample to
sample. Tests were run either in triplicate nr quadruplicate.

Means and SI) were calculated for each.

HLASURKMKNT WK Till: I'KaiTIKUMiliN INDEX

This was performed as follows.: Cltrated plasma (0.1 ml)

and brain extract (0.1 ml) were mixed in a Rinse tube and allowed

to equilibrate at J7°C in a water hath. To this was added

0.2 Ml CaCl.,, (0.1 ml) and the time measured until a firm

clot appeared.

STATISTICAL I-VALUATION OF DATA

2.12.1 Ma .oin nunt of Protein Bands ON PAGE
The protein concentrations of the two low molecular
weight protein bands demonstrated on PAGE was
measured in patients with cancer , patimts with
non-i .alignaut disease, transplant patients and age
and sex matched normal controls. The groups were
compared using an analysis of variance. The levels
of the proteins did not fall into a normal
distribution and had to be logarithmically
transformed before the test could be applied to
them.

2.12.2 The El Inet 1 t'a Glyo .otein on PHA-induced

IIlast Tran.-I ormat ion .

The degree of inhibition of the glycoprotein
on PHA-induced blastogenesis was measured using

preparations from patients with Hodgkins lymphoma,

/trauma.
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trauma patients and normal age and sex matched

controls. The res '

s were evaluated using a
Kruskal Wallis non parametric test and a Fischer
exact test. All statistical calculations were
performed on an IBM computer terminal.

PATTrINT MATERIAL

All patients were 'in. the teaching hospital

complex. Blood was obtained by venipuncture
alter informed consent and v . processed within
24 hours of withdrawal. I . composition of our

sample mate ial 1is shown in Table 10.

TABLE 10
No Ag SD
Norn a1l 1,1 45 15
Non-malignant 80 33 12
Cancer 112 50 12
Transplant 77 « .

/3...
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CHAPIER 3

3.1 POLYACRYt"MIDE GEL ELECTROPHORESIS (PAGE)

3.1.1

3.1 <2

PALL. "I S<r.i trom Normal Controls and Patients
wilh i ilucr Coiiiii.irfd wil.li Sura irom Rt'iial
AHoumti Recipients.
Si-ru WLto sepiiratud by PAGE as described in this
thesis. Figure 12 shows a typical electrophoretic
pattern oi serum trom a normal individual, a cancer
patient and a transplant recipient. It will be
seen that there are two extra bands in the transplant
patient and cancer patien” (gels 1 & 3 arrowed)
which are lower or absent in the normal control
(gel 2). The heavy band at the bottom ot
gel ! Is ha moglobln trom a hnemolyzed sample.
The upper band was called A-band and the lower
B -band.
An Evaluation ol the Levels ot the Iwo Hands in
Different Diseases.
For this evaluation 73 patients were bled and the I
sera were coded and evaluated on PAGE without

I #
knowledge ot the diagnosis. Tables & and 1 show
details of the patients selected and the numbers
of these patients who showed increased levels of
these two bands. Increased levels were taken as
the mean for our controls plus two standard

deviations. Of the 38 patients with cancer

29 showed increased levels of the tw>proteins
(76%)whilst of the 35 non-malignant controls, 12

showed elevations (34%).



riGi:RE 12

THE ELECTROPHORETIC PATTERN OK SERUM OK PAGE

1. Serum irom transplant patient.
2. Serum from normal control.
3. Serum from patient with cancer

/Table 11.



101

IABIT. 11

PRKSKNCi: OF TWO PROTEIN SPECIES IN THE SERUM OF PATIENTS
WITH KNOWN MALIGNANT DISEASES.

Tumour Type No. ul cases No. of cases
showing elevation
ol the two proteins

Melanoma 6 6
Renal carcinoma 1 1
Prostatic carcinoma 6 2
Bladder carcinoma 7 5
( ireinotna Breast 10 7
Carcinoma Rectum 3 3
Carcinoma Stomach 1 1
Lymphocytic lymphoma 2 2
Teratoma test is 1 1
Multiple myeloma 1 1
38 29 (767.)

/Table 12.
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TABLE 12

PATIENT: WITH NON-MALIGNANT DISEASE STUDIED

Disease No. of cases No. of cases
showing elevation
of the two proteins

Beninn I'm., t,il i.

Hypertrophy 6 3
Renal Calculus Disease 2
Pyonephrosis 1
Ur.aeritis cystica 1 1
Renal artery stenosis 2
Primary biliary cirrhosis 1
Peripheral vascular disease 4
Ulcerative colitis 2
Cholangitis 1
Major trauma 2 2
Obstructive jaundice 1
Esoniophi Iit iystitis 1
Urethral stricture 1 1
Cellulitis 2 2
Empyema 3 3
Multinodular goitre 1
Pellagra 4
35 12 (34%)

/Table.
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Table 13 and Figure 13 show the levels of the

two proteins In the various groups studied.

TABLE 13

THE LEVELS 01 CUE TWO PROTEINS IN HIE SERUM OF PATIENTS
WITH CANCEt ANU VARIOUS OTHER CONDITIONS.

No. of A-band SE B- band SE
cases mg protein/ mg protein/
100 ml 100 ml

Normal 81 73 3.8 15 1.4
Various diseases
(non-malignant) 35 76 5.9 19 1.5
Malignant 38 160 15.0 54 10 9
Transplant 79 124 11.6 32 2.6

It may be seen from these results and Fig.13

that whilst the proteins are elevated in 767. of our
sample of patients with cancer, they are also
elevated in 347. of patients with non-mal ignant
conditions including patients who have received

a transplanted kidney. The scattergrams

included in Fig.13 indicate the range of values

to be expected for these tw> proteins in the
various groups. The levels of the 2 proteins

in our normals were compared with those in the
cancer patients and patients with non-malignant
diseases using an analysis of variance. The values

in cancer patients were found to be significantly

/elevated.
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LEVELS OF A BAND AND H KANI) IN VARIOUS CONDITIONS

Band
Band
100
50
Normals  Non-malignant  Cancer Transplants
Conditions
rHiw """
1m
noimel non center Irenepiem normel non center  Ireneplenl
mehgnenl mehgnenl
A BAND B BAND

Scattcrgram of the above results.
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elevated for both proteins when compared to the

cher 2 groups (P <0.05). The levels in the

non-malignant conditions were not significantly

elevated above normal (P < 0.05).

An Evaluaiion of the Levels of lh; Two Bands
in Renal Transplant Recipients.

It was noted that transplant recipients showed

elevated levels of the 2 proteins (Fig.12). If

the patients were divided into those with good

graft function (serum creatinine less than

2mg/100ml and no chemical evidence of rejection)
and those with poor graft function (serum

creatinine greater than 4mg/100ml) it was noted

that the smaller of the 2 proteins i.e. B-band

was significantly elevated in patients with poor

graft function (P < .0001). This elevation in

B-band was demonstrated in 10 of 12 natients with

poor graft function (83%). The A-band did not

appear to be significantly raised in the rejectors.

THE LEVELS OF THE TWO PROTEINS IN THE SERUM OF REI1ECTORS AND
NON-REJECTORS

n A-band SE B-band SE
mg protein/ mg protein/
10u ml 100 ml
Non-reject >rs 65 117 7.3 29 3.9
Rejectors 12 152 15.6 59 7.8

/See.
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Sec Appendix 4. The Presence of Two Protein
Fract ions in the Sirum of Renal Allograft Patients.
set Jjtf
Molecular Weight Estimations of the Two Bands
Using PAGE.
it is apparent from the PAUE pattern that the
proteins are smaller than human albumin (69.C00 d).
A calibration curve was set up using proteins of
known molecular weight (see Methods 2.6.2) and
the molecular weights of A-band and b-band were
estimated from their migration distances compared
to those of the 3 p.oteins of known MV used for
calibration purposes.
The estimation that was obtained for A-band
was 40,000-50,000 dal tons and for B-band 18,GOO-
22 000 daltons.
Some caution should he exercised in accepting
these molecular weights as peri die acid Schitf
staining showed A-band to he a glycoprotein and
the anomalous migration of glycoptoteins on

PAGE is well known.

Further identification of A-band

In order to obtain further evidence on the

identity of A-bend, a search was made for this

band in the various fractions of plasma proteins
obtained by the KistV.r fractionation method which is
a modification of the Cohn fractionation procedure
(Kistler and Nltschmann,1962). These fractions

were a generous gilt from Professor Peter Brain

/of...
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PACK OF KIST1.KK PU\SMA FRACTIONS
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Who 1If Serum
Fraction I
Fraction II
Fractio.-” 111
Fract ion IV
Fraction V
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of ihu Natal Institute of Immunology.
It may be seen from Figure 14 that A-band
is found in fraction V, with a much smaller amount
in fraction IV and nothing in fractions I to III.
Column Chromatography of Whole Serum
Whole serum was fractionated using Sephadex
G200 and the fractiono comprising each peak were
collected, concentrated and separated by
electrophoresis. Figure 15 shows the electrophoretic
pattern of each peak. It can he seen that A-band
and B-band were found predominantly in the first
peak that is they appear to be of large molecular
weight if not dissociated by SOS detergent.
Comparison of A-hand with CEA
A sample of radio-labelled CEA was obtained from
Roche Pharmaceuticals and was run on PAGE. The gel
was then sliced into 35 slices o' about 1.8 mm and
each slice was counted, The sample did not
migrate into the gel significantly and all the
radio-activity was located in the first three
slices thus confirming that the protein under
consideration (i.e. A-band) was not CEA. This
we had surmised trom tne differences in molecular

weight.

/figure 15.
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FIGURE IS

FRACTIONATION OF SKRUM ON SFPHADEX G200 ELECTROPHORETIC PATTERN
OF EACH PEAK.

A - Whole Serum

U - Peak 1

C - Peak 1II

D - Peak III
w

cn

cn

20 tO 60 80

Fraction Number



Comparison ol ft-baud with Beta”-Micr 'Klobui in .

A sample of purified 1251 microglobulin was
obtained from Pharmacia Diagnosti a Inc. This
compound was separated by PACK electrophoresis and
the gel was sliced and counted as in 3.1.7. above
The results are shown in Fig. 16 Eeta”-mlcroglobulin
migrated in front of B-band and the radio-activity
wo:; located in the terminal S5mm of the gel. B-band
ran at the 44mm mack and appeared therefore to be
of higher molecular wei,,lit than beta2*
microglobulin fMWIi,900 daltons).

Comparison of Seromucoid and A-band

It is known that the acute phase proteins are
elevated in malignancy. To investigate the
possibility that A-band might be one of the acute
phase proteins a sample of alpha-acid glycoprotein
was prepared by a modification of Winzlers method
(Suction 2.4.3) and was separated on PAGE. The
result is shown in Figure 17. It can he seen
that the supernatant after perchloric acid
precipitation of the other proteins.contained a
single band on PAC< which migrated in a position
corresponding to A-band.

Ininiini.i. Icct  phoresis of Perchloric Acid - Soluble
Protein Irum Serum.

The perchloric acid soluble protein/proteins in
serum were concentrated by dr-lysis and were
analysed by Immunoelectrophoresis. The precipitin

lines obtained with rabbit antiserurn to human serum

/is ...



FIGURE 16

FACE OF 12 I-BET/_ -MICRUGLOBULIN

Slice No. cpm
2 30

4 36

6 18

8 17

10 63

12 13

14 10

16 23

18 12

20 12

22 15

24 13

26 16

* 28 26
30 21

32 459

34 990

36 351

38 30

/Figure 17.
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FIGURE 1/

PAGE OF SEKOMUCOID PREPARED BY PERCHLORIC ACID TRKATMKM ()- SERUM
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is shown in Figure 18 a.b. A single strong line

in the alphaj region was noted. Various

monospecific antisera were used and Figure 18b

shows the immunoelectrophoretic pattern obtained

with anti-alphaf acid glycoprotein.

Discussion

An examination of serum from patients with

cancer showed the presence of 2 bands in

considerably higher amounts than in the controls.

These bands were named A-band and B-band -uspectively.
Sera from 80 normal controls were evaluated in

order to dvtermim normal values for these 2 proteins.
A-band was round to have a normal concentration of

73 mg/l00Onl of serum and B-band was shown to be

present at a concentration of 15 mg/lOOml. Using

this inf rmation, abnormal values were defined as any
value which was greater than the mean plus two

standard deviations. Thus any value for A-band

greater than 107 mg/100 ml was considered abnormal

and any value largei than 27 mg/100 ml was

considered abnormal for B-band.

The diagnostic value of these proteins was evaluated

by quantitative PAGE electrophoresis. Sera of 75 patients
were used in a blind study. Of the 38 patients with cancer,
29 (76/.) showed elevated levels of both proteins whilst of
the 35 patients with nou-malignant disorders mly

12 (347.) showed elevations. The two populations

were shown to have statistically significant

/differences.
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IMMHNOELIL.CTROPUORL.SIS 0I' St ROHI'COIO PREPARED BY PERCHLORIC ACID

TREATMENT OF SERUM

Perchloric Acid-Soluble Protein from Scrum
Anti Whole Human Serum

Whole Serum
Anti alpha-acid glycoprotein

114.



differences In the levels of both proteins at a
confidence limit of 5-"

It became apparent from this investigation that the
pro'eins were elevated in conditions other than
malignancy including trauma, infection and
inflammation. Scattcrgram diagrams of the values
bowed that whilst tin mean values for the 2
populations were signilicanlly different there

was considerable overlap. This would tend to
diminish the value of the proteins for diagnosis
of cancer. However, many of the :ion-malignant
.onditions in which the proteins are elevated

Jo not present a diagnostic prob’em and the

levels of these 2 proteins ma- be of some use in
cancer diagnosis. They may lurthermore be of use
in situations in which the diagnosis of cancer

has previously been established and definitive
treaement has already been given, as an evaluator
of reoccurrence of the disease. Used together
with other biochemical investigations, these proteins
may be of some value.

Recipients of kidney allografts may in some respects be
likened to patient with cancer in that in both
case., it would appear that there is an exposure

of the patient tu "foreign" antigens under
condition ol prolonged irnnunosuppres ion. It
became apparent during thl study that both

A-band and B-band were elt m I in transplant

/patients..
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fracdonation process ot plasma. A-band

appeared to reside in a  high molecular weight

peak alter Sephadex G200 separation. This might

bl tak’ 1l uw> s-«8est that A-band was capable ot

aKgregaling with itself or that it was a component

ol a larger mol«,-.ule. B-band was also shown
to reside in the high molecular weight fractions.

lhi sign!licence ol this is at present unclear.
IThis might alsi ..idicate aggregability or that B-band

is a component ot a lur3er molecule. Both bands
> uCt;J L1 the molecular weight range of 158,000-
.'40,000d. A-band was shown not to be CEA and

B-band was shown not to be beta ,-microglobulin,

furthermore their molecular weights suggested

that they were different from the proteins

described by Hoch el al.

The molecular weight of A-band, coupled with

its presence in acute conditions such as trauma

and sepsis, as well as the fact that it was a

glycoprotein and its presence in fraction V
suggested that this might be alpha-acid

glycoprotein (oror oroucoid). To compare the

proteins*alpha acid glycoprotein was prepared
from serum by a modification of Winzlers method

'md electrophoresed on PAGE. The result as shown was a

‘ingle band which migrated in a position

corresponding to A-band. This preparation of

alpha-acid glycoprotein from plasma was termed

/s romucoid....
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I'eroniucol.l and wa lurther evaluated using

Immunoelectrophoresis. A single precipitin
line could be demonstrated on Immunoelectrophoresis

against a poly-specific serum. This could be

shown to be alpha-acid glycoprotein using a mono-
specit ic anti-alpha-acid glycoprotein (Behring).
Thus A-band could be shown to be alpha-acid
glycoprotein. It was not possible to demonstrate
any protein other than alpha-acid glycoprotein

in the preparations using PACK and

Immunoelectrophoresis.

SywUX ICAl, STUDIKS UN Al.PHA-ACIU Cl.YCOPRQTKIN

PREPARED FROM PATIENTS AND CONIROLS

3*¥2.1

Amount of Glycoprotein Recovered From
Serum and Plasma.

As a preliminary to investigating the serology

of the alpha-acid glycoprotein preparations, the
amounts recovered from serum and plasma were
measured. Table 15 details the amounts of alpha-
acid glycoprotein obtained from 100ml of serum
and 100 m' of plasma obtained from apparently
healthy blood donors. Serum was prepared from

the clotted specimen within 24 hours of collection.

Plasma was prepared from blood donations of 450-

500ml of blood collected in 70ml of citrate

/phosphate...
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phosphate dextrose (CPU). The plasma was prepared

within 7" hours of collection. Plasma was also
prcpaied by using heparin as an anticoagulant and

serum was prepared by defibrination of whole blood

using glass beads. It can be seen that more

prot.in can be obtained troro serum than from plasma
irrespective of the method used to prepare the

plasma or serum. '"TfiQ tt. IS W

TABU 15
T O T OF ALPA* ACI1)~7",YCdP[ur?rT:7~ KK7;uVKKh: 17T <oir4oOml~

01 smiM AM; PI-ASMA FROM IIKALTHV BLOOD pnmRR

No. of subjects 50 4

Amount of alpha-acid
((lycoproteln recovered
43.5 42.7 22.3 33

Range 31-59  33-43 1432 26-42

A e Serum from clotted blood

B, Stsrum from defibrinated blood
............................ *lusma using CPD as anticoagulant

D" " Plasma using heparin as anticoagulant.

/3.2.2
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Al”ha-Acld Olycoprotfln Prel»aral ions from Serum
iai.liaanui of Hfcalchy Donors.

T!le Inhibitory activity o1 the alpha-acid

glycoprotein preparation, from serum and plasma

were measured in 102 donors. The cumulative

end mean inhibition scores are sh,,n in Table 16.

It may be seen that although more protein could

be obtained from serum than from plasma

(4Jmg/ / against 22 and 33 mg/%)"0% """

inhibitory activity was noted in the plasma

extracts (Mean inhibition score of 37.6 against

28.2 of serum). All the inhibition scores in

Plasma were increased with the exception of T

which was decreased by 20%. No P.Tja, I or 1

antigens could be detected in serum whilst these

were readily detected in plasma.
Measurement of Inhibitory Activity «

Preparations from jlonors of Differing

The presence of olood group antigen, in soluble form
in secretions ha. been shown to depend on the

secretor status of the individual for the major

blood groups A, B,H and Lewis. V was thus

decided to investigate the inhibitory activity

in the alpha-acid glycoprotein preparations and

to relate this to the secretor status of the

individual from whom the protein was obtained.

/Tab It



Serum

50

Plasma

n

52

TAf £ j7.

CUMUUTIVt:

ANT ICRN'5 IN PRKPARATIONS PROM SERUM AND PLASM)\

A B H Le3
71 43 1T 89
(1.4) 0.9 2.5 1.8
81 64 229 180
1.6 1.6 4.4 3.5

LebL

79

1.6

134

2.6

53

TJa*

19

0.4

I 1 T M N
0 0 942 10 51
0 0 18.8 0.2 1
164 3b 776 83 88
3.2 0.7 149 1.6 1.7

AND MKAM INHIBITION SCOR-S FOR VAl 10US BLOOD GROUP

Tota 1

1412

28.2

1927

37.6

Cuiiulatlve Inhibition
mcovet

Mean inhibitory
activity
Cumulative inhibition
scores

Mean inhibitory
activity



Table 17 del i! the results of this Investigation.
Four group; were investigated and denoted S L for
secretors of A, B, H and l.ewi substances, -L for
»rntors ot Lewi subs' anc, only, S- for

secretor : ot A B and II .ubstance . only and — for
non-seerotors.

ft was noted that the ex-tacts trom S L subjects
contained A B Il and Lewis activity as well as

MN and T activity; those from L-containad Lewis
activity and T and N activity; S-contained A and

11 activity a well as MN and T; whilst -- extracts
contained only T activily, although in the latter
case conclusions drawn from only 1 subject should be
subject to cautious interpretation.

Inhibit ary Act! )ity of [Irjparatlons from Tlatient:.
with Various Diseases Compared with Normal Controls.
In view of the elevated levels of alpha-acid
glycoprotein associated with many.diseases, inhibitory
activity was measured in preparations from serum of
patients with a spectrum of diseases. lhe results
are detailed in Table 18 . The salient features of
thl Investigation concern the Pj, Tja, I, i and 1

antigens. The first four of these antigens were

I decrees, I. 1. Tja, I and i were not detectable
in the prepare'tons from the controls. The increase
was most marked in patients with advanced cancer of

the breast, lymphocytic lymphoma and Hodgkins lymphoma.

/Tja....
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TABLE 17

CUMULATIVE INHIBITORY ACTIVITY <U :l1 i-.Muucoll) SUBSTANCES
JKKI'AKEI> 1kUM THIS SEKA UK HEALTHY SC 111 ECTS

SL(3Q)Sub joetm -i.(9)Sub jects S-(10)Subjects --(1)Sublect

A 37 (1.2) 0 43 (4.3) 0
B 43 (1.4) 0 0 0
H 74 (2.4) 0 44 (4.4) 0
Lea 43 (1.4) 46 (5..*1) 0 0
Lcbl 34 (1.8) 25 (2.7) 0 0
py O - 0 0 0
Tja 0 . U 0 0
I 0 - 0 0 0
i 0 0 0 0
T 518 (17.2) 195 (21.6) 196 (19.6) 33
M 8 (0.2) 0 2 (0.2) 0

34 (1.1) 2 t0.2) 15 (1.5) 0

SI. denotes subjects who secrete AH, BH, H and Lewis subsian
-L  denotes subjects who secrete only Lewis substances

S- denotes subjects who secrete only AH, BH, H substances
— denotes subjects who do not secrete any substances.

* Figures In parentheses denote mean Inhibitory score.



TABLE 18

nLYCOPRCTrriN PKEPARATIONS TESTED FOB INHIBITOKY ACTIVITY AGAINST ANTIBODIES DIRECTED

AGAINST BLOOD GROUP ANTIGENS.

MEAN CUMULATIVE INHIBITION SCORES FOR ANTI-

Ne. Tj 1 T
B H Le8 Lebl ja 1
Tested A Pl
Controls 50 1.42 0.86 2.54 1.78 1.58 0 0 0 0 18.8

Patients with trauma,
sepsis and other 45 0.63 0.57 0.24 0.73 1.31 0.22 0 0.86 0.40 0.2

illnesses

Pati t ith

b:e;esrz Sl;vnip . 41 1.73 0.29 0.82 1.95 1.82 3.75 2.82 3.29 2.41 1.5
lymph.Hodgkin's

lymphoma

Patients with o1
other varieties 33 1.60 0.63 0 0.48 0.87 0.75 0.39 0 0.39

of cancer

VTl
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Tja activity was Jti ctial .mly in patients with
malignant conditions and in none of the 95 controls.
The number of individuals giving a positive result
against a particular antibody was recorded and is
shown in Table 18 . The various groups were compared
using a Fischer exact or non-parametric analysis.
The number of individuals with cancer who had blood
group antigens in their glycoprotein extracts were
significantly higher for the > lowing antigens
Pj, I'la, I, i and T (P values i <0.05). Table ]\%[*
Significantly fewer patients with cancer showed T
activity in tin extracts (P<0.05). Table 19.
The Effect of St 'rage on the Blood Group Activity
ol the Clycoprotein Preparations.
During the investigations it was noticed that the
inhibitory activity of the various blood group
determinant, particularly the T activity, spontaneously
disappeared from the preparations Table 20 shows the
loss of activity. The antigenic determinant of the
T antigen is known to be galactose and it was
thought that the loss of activity could be due to
beta galactoildase activity in the preparations.
Accordingly Phenyl iw-m-4)-thioga lactoside (an
inhibitor of beta galactosidase) was added to the
extracts at a concentration of . tug/ 50ml after dialysis.
(Kline and Issltt, 1976). Table2l shows the

effect of this inhibitor on the loss of activity.



TABLE 19

STATISTICAL EVAH'ATIPN "T SLEf)l OGICAL. BEI'ERMINATTONS ON C.LYCOPROTEIN PREPARATIONS FROM PATIENTS

WITH MALIGNANT CONDITION"  NON MALIGNANT CONDITIONS AND CONTROLS.

MALIGNANT CONDITIONS WERE GROUPED INTO A SINGLE GROUP AND COMPARED WIi’i NON-MALIGNAM' Q)Nj)1J.ION'S

NORMAL CONTROLS AS A SINGLE GROTP.

BLOOD GROUP

=

Lea

Leb

PATIENT GROUP

Hodgkins Ca rauma Normal Signlf.
8/41 8/33 5/4' 11/50 P “ .44
2/31 4/33 4/45 8/50 P - .38
6/41 0/33 3/45 26/50 P » .03
13/41 3/33 5/43 16/50 P - .04
12/41 5/33 11/45 17/50 P - .03
24/41 4/33 2/45 0/50 P » .03
21/41 3/33 0/45 0/50 p= o2
21/41 2/33 6/45 0/50 P - .03

18/41 3/33 3/45 0/50 P = .02



TABLK 20

STOKAOE EFFECT ON LOSS OF KNOWN DKTCR.MINAM'S

MEAN CUMULATIVE INHIBITION Cv FOR ANTI-

Day 1 Day 1C (-20°C Storage)
Selected ABU and Lewis
i sitive Blood Donors A B H Lea Lebl T A B - Lea ebl T
Serum Aloha-Acid
Glycoprotein 1.7 2.6 33 1.6 2.2 174 0.5 0.8 0.9 0.4 0.6 0.4

15 subjects
Activity Reduced by Factor

of 8.5

riasma Alpha-Acid
Glycoprotein 44 3.0 92 50 6.0 28.5 2.1 1.3 4.2 22 3.1 2.6

12 subjects
Activity Reduced by Factor

of 3.6



TABLE 21

--ip EFFECT Of PUFNY!, I"ITA-n TIITHCATACTOSIDE ON THE ENZYMIC DESTRUCTION OF T ACTIVITY

SERUM NORMAL DONORS

CONTROL

Additi n of
Phenyl-. Bel '-D
ThlogalactosLde"
Before

Acid Extract, ion

Addition of

Phen>'-.Beta-D
Thiogalactosldc
After

Acid Extraction

Day 1

17
29
25
10

24
35
36
23

26
35
38
25

r/o/o

Day 3

5°C
storage

27
24
10

10 mgs Phcnyl-Beta-D-Thlogalactoside for every 50 ml

Pcca.f1i Fo*.
Day 6 Day 10
°oC 5°C

storage  storage

15 10
24 18
20 10

9 7

20
32
34
20

25
34
36
24

T

fierir-y

Day 12
24 hra
at 37°C

o o o o

21
30
32

21

of Plasma or Serum Extract.

Day 14
72 hrs
at 37°C

22
32
30
19

24
35
37
26

Day 120
- 20°C

storage

o o o O

26
22

12

21
28
25
15
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.G Discussion
Measurement of the amount oi protein obtained from
perchloric acid extraction indicated that more
material could be obtained from serum than from plasma.
It was also apparent that the material obtained from
plasma wu ; considerably less pure than that obtained
from serum (ace later). The larger amount of otein
obtained from scrum could not be explained in terms of
the. diluting effect of tin CPD in the plasma. The
same results could be obtained irrespective of the
method used to prepare the plasma and serum.
Serological studies on preparations from plasma and
sera showed th-u a wide range of blood group antigenic
determinants were present, including A,B,II,he ,be
Pj.Tja, 1,i,ry,M and N A comparison of the amounts
of these antigens present in serum and plasma showed
that despite the greater amount of protein obtained
from serum, more antigenic activity could be detected
in plasma, lot ill the antigenic determinants with
the exception of the T antigen, furthermore it was
not possible to detect 17, TJa, 1 or i antigens in

preparations from scrum although these could be

readily detected in the preparations from plasma.

These results are of interest in that the

F antigen systems including T)a appears to hi

a membrane bound system and the soluble form of the

P blood group substances have been found only in

hydatid cyst fluid, worm extracts, liver flukes

/and.



.tnd ii,h rot ( Camer.-n and Stavely, I9!>7; Prokop

and SchlvsInv , 1963; Race and Sanger, 1973).
Furthermore no convincing eaxc has been made for the
presence of the I antigen in serum (Race and

Sanger, 1973) although the i antigen has been

demons.i rated in a soluble form (Cooper and Brown,
1971). Similarly it has been thought that the Mand
N blood -roup activities are membrane bound

(Lissowska and Kordowtcz, 1976), and Springer et al.,
(19,°6), have shown these antigens on normal

breast tissue. We have reported the presence of

the M\N and T antigens in soluble form after

acid c .traction a ia (Klatzow and Vos, 197ti).

The studies on the correlation oi secretor status
with the antigens present in the extracted material
indicated that for the A,15 H and Lewis systems the
antigenic activity present in the extract was determined
by the senetor status of thr donor. This did not
appear to he so for the MN and T antigens,these
being found in the sera whatever the secretor status.
For this study only serum extracts were used and as

no I, I, r or Tja activity was demonstrable in acid

extracts of normal serum, no conclusions can he drawn
regarding the secretor status.

Many authors have shown changes in blood group
antigens assoi fated with malignancy (Section 1,11
pigo 29). lhe suv, cation has been made that there

is an accumulation of blond group antigen precursors on

cancer cells (Springer tt al., 19,3 a,b; 1976; Hakomorl



and Andrews, 1970; Davidson eL al., 19ti9,

Prendergast ct al., 1963). However it would

ippt-ar that blocked synthesis of blood group antigens
is not the ca.i in all tumours. High levels of A,

B, I and Lewis substances have been reported in
asti i eireinomas (Barber and Dunslord, 19379,

Saved and Fine,1963). This study suggests

that many of these antigens may be shed from

the surf tee of blood cells in a variety of

situations including storage (higher levels of
antigens in plasma than in serum) and various
pathological states. Whilst the higher levels

of antigens in plasma compared with serum are
suggestive of shedding, they are by no means
conclusive and other possibilities such as release

of serologically inactive material during coagulation,
copieviptalion of antigen, with fibrin,adsorption

to fibrin or to altered membranes in the clot,

cannot be excluded. Further evidence for shedding
may be obtained from fable 13 in which the levels

of P, Tja, 1 and i are higher in patients with cancel
than in the controls or patients with non-malignant
conditions. This is most marked in patients with
carcinoma of the breact, lymphocytic lymphoma and
Hodgkins lymphoma. The .bsentec of 1 in the sera

O patients with other varieties of cancer is difficult
to explain . Of special interest is the presence of Tja
activity only in our group of patients with

malignant disease. Tja was present in 24/74

/(327.)



(327.) patlents with cancer and

in 21/41 (51%) of patients with Hodgkins disease.

The diagnostic significance of this finding will

need to be re-evaluated using a larger patient sample.
Whilst the I antigen was the strongest reactant in all
the preparations from normal plasma and serum, its
..ctivity was markedly reduced in all the patient
groups. There arc a number of possible explanations
for this observation. It may be

caused by insufficient inhibition of beta galartosidase.
This is unlikely as the samples were prepared at
random and (he inhibitor was added to each sample in
a similar manner. Another possibility is that the

T antigen is present in lower quantities in the serum
of patients and finally beta galactosidase may be
elevated in the serum of patients with various

disorders.

CHKOHATQCRAI'llY

3.3.

1

Column chromatography of the glycoprotein preparations
Preparations were made from plasma (ACI) and heparin)

and from serum and were separated by gel filtration on

Scphadex columns as described. The load applied to

each column was 150 mg of dried preparation in 3 ml of saline.
The elution patterns of glycoprotein preparations from serum
and plasma separated on Scphadex 0200 are shown in Figures
19,20,21, and 22. Molecular weights were calculated from
the elution volume and by reference to standard

/proteins...



133.

FICURK 19

CHROMATOGRAPHY 01 TLKCHILOKH: ACID t'.XTRACTS OF SCRUM ON

SEPHADEX C200.
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FIGURE 20
CUROMATOCKAP',Y OF PERCHLORIC ACID EXTRACTS OF SER UMOH

SEPHADEX G200

05
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Fraction Number



FIGURE 21
r.OMIHN CHROMATtXiKAPUY OF PERCHLORIC ACID EXTRACT OF

HEFARINISKO PIASMA ON SEPHADKX 0200
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FICTIRK 22

COLUMN CHRCRVroCRAPHY OF PFRCHI.ORIC ACID L'XIRACT OF ACD
PLASMA ON SEPIIADEX 0200.
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proteins separated under ident.cal conditions.

It can be seen from Figure 19 that the preparation
from serum gives a single peak on column
chromatography with maximum absorption at fraction
60. It ha. a molecular weight of 55,000d by

this technique which agrees with the value of 40,000-
50,000d previously determined on PACE. In some
preparations a peak of higher molecular weight was
noted, having an apparent molecular weight of
182,0004.0'igure 20). This is approximately three times
molecular weight of the smaller peak. Figure 21
shows the elution pattern ol heparin! ed plasma
extracts. A single peak is apparent with
absorption maximum at fraction 0 and an

estimated molecular weight of 81,000d. This
appears to be 1.5 times the molecular weight

of the preparations from serum. Figure 22 shows
the elution profile from citrated plasma. Whilst
this appears to be less pure than the preparation
from heparinized plasma, it still contains a major
peak with an estimated molecular weight of
81,000d. The major component in all tncse
preparations was again shown to be alpha-acid
glycoprotein, although citrated plasma could be
shown to have other material present as well.

(See below Table 23). Table 22 details the
apparent molecular weights for the major componens
of each preparation.

In addiiion the aecretor status oi the inuividuals
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from whom the preparations were made, was
investigated. The elution profile did not
depend on the secretor status. The elution
profile was also found to be unrelated to the
blood group of the donor.
In the case of serum which showed an additional
peak, Figure 20 both peaks were retained,
concentrated and examined on inununo-diffusion.

The results are shown inFigure i le

TABU 22

Molecular Weight of Proteins F.xtracted

by Perchloric Acid from Serum and Plasma.

Source of Extract Molecular weight of major
peak.
Serum 55,000
Plasma (citrated) 81,000
Plasma (hepariniaed) 81,000

Both peaks gave single precipitin lines with
rabbit anti serum against human serum and

with anti strum against alpha-acid

glycoprotein. It would thus appear that ,c.x 'a'
in Figure 20 if a trimer of the species

in peak" b ' 'hie 23 shows the reactivity of the
preparations lrom serum and citrated plasma
against a panel of antibodies. From this it can
be seen that the serum preparation contains alpha-

/acid...



FIGURK 23
CENTRE WELL, ANTI ALPHA

ACID GLYCOPROTEIN
1 -

Wells 1 and 3 Peak B
Wells 2 and 4 Peak A
Well 5 Whole S' rum

Wells 0 Empty
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SERUM
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TABU 1Ij

RABBIT ANTISERUM VO HUMAN

Plasma
1. whole serum
2. elhumln
3.  prviilbumlii +
4. alpha-acid glycoprotein +

5. ceruloplasmin

6. haptoglobin

7. alpha-HS glycoproli in
9. retinol-bthving prouln
10. alphti-lipoprott in

11. alpha-macroglobulin
12. alpha-anti trypsin
13. C.R.P.

14. sperm

15. Cj-inactivator

Ib. Oj t| cuniponenl

17. C* S component

18. 0” component

19. fibrinogen

20. inter alpha-trypsin inhibitor

21, IgA
22. IgD
23. IgE
24, 1gG
25.  TgM

26. G.C. globulin

27. plasminov n

Serum

140.
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i-ia glycoprotein and no measurable other
contaminants whilst the plasma preparations
contain altumin, pre-albumin, alpha-acid
glycoprotein, alpha-H-S, glycoprotein and alpha
anti-trypsin.

Discussion

Column chromatography of the glycoprotein
preparations was performed for two reasons, firstly
to determine whether or not the preparation

could be fractionated any further, i.e. as an
indication of the purity of the preparations and
secondly to evaluate the molecular weight of the
protein using a different technique. The.

elution profile of the glycoprotein preparation
from serum indicated a single large peak with an
estimated molecular weight of 5'5,00()d. This is
in good agreement with the molecular weight of
40,000 - 50,000d on PAGE. In some samples

of preparations from serum a small amount of
larger material was present having an apparent
molecular weight of 182,000d. The material
constituting this peak was isolated and shown to
b« alpha-acid glycoprotein. It appears therefore
that the molecule may exist in an aggregated form
possibly a trimer. Fractionation of whole serum
shows alpha-acid glycoprotein to elute in the
molecular weight range 158,000-240,000d. These
results indicate that the protein is present in
serum largely in the aggregated form and that

/perchloric.
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at Ul glycDiirotein and no measurable other
contaminants whilst the plasma preparations
contain albumin, pre-albumin, alpha-acid
glycoprotein, alpha-H-S, glycoprotein and alpha
anti-trypsin.

Discasslon

Column chromatography of the glycoprotein
preparations was peri tmod for two reasons. Firstly
to determine whether or not the preparation

could be fractionated any further, i.e. as an
indication of the purity of ihe preparations and
secondly to evaluate the molecular weight of the
protein using a different technique. The

elution profile of 'he glycoprotein preparation
from serum indicated a single large peak with an
estimated molecular weight of 55,000d. This is
in good agreement with the molecular weight of
40,000 - 50,G00d on PAGE. In some samples

of preparations from serum a small amount of
larger material was present having an apparent
molecular weight of 182,000d. The material
constituting this peak was isolated and shown to
In alpha-ai id glycoprotein. It appears then lore
that the molecule may exist in an aggregated form
possibly a trimer. Fractionation of whole serum
shows alpha-acid glycoprotein to elute in the
molecular weight range 158,000-240,0008. These
results indicate that the protein is present in
serum largely in the aggregated form and that

/perchloric....
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perchloric acid treatment may split the
aggreg.iti into its monomeric components
Also treatment ot the aggregate with
urea SDS and mvrcaptoethanol will

rt ell in a breakdown ot the aggregate into it:

motiemeric components. An examination of the component .

'T TIn iii. I ii m .iruin by iimnuttodif Lu ion

reveals that it consists of a single protein

namely alpha-acid glycoprotein (which is in
agreement with previous results).

An examination of the elution profile of the
perchloric acid extract from plasma reveals some
singifLeant differences. Plasma prepared using
heparin as an anticoagulant showed a ,ingle peak
with an apparent molecular weight of 61,000d

that is 1.5 times as large as the preparation

i" tv rum. fhe elution profile of the preparation
from citrated plasma showed many small peaks and also
a major peak of molecular weight 81,000d.
Ixamiuation oi the com] nents of the preparation
from citrated plasma revealed Ch. presence of albumin,
pre-albumin, alpha-anti trypsin, the elution profile
Of the extracts was found to be independent of
secretor status or blood group of the donor.

The difference m sizt between the preparations

fr >m serum (55 O0Od) and plasma (81 OOOd) is as yet
unexplained. One possible explanation is that the
protein may be involved in coagulation and undergoes

cleavage by protea =s during the coagulation cascade.

/different..

The



different amounts obtainable from serum and
plasma suggest that the protein may be altered
during coagulation. The contaminants in

extracts from titrated plasma may be as the result
of changes in the precipitation properties of the
various contaminants in the presence of

Ail) anticoagulant. The dillt rente:

noted between the preparations from plasma and
serum prompted a study on the possible effects

01 these proteins on the coagulation cascade.



3.4

144.

THE tim:i OK ALPHA- A( ID t LYCOI'HOIKIN UN COACHIUTIO N

1.4.1

3.4.2

ilk M1,, 1 ,,] mi  TA il (IYLi'l'nm in »ll
Prothrombin index (PI)

I, ,itwi <l wulilin 11i'1l i und i:Iycoproivin'o

plasma on the PI I  bown in Table 34.

TAISLK 24

eni. n-MTl O ALPHA ACID CLYCOPitOlr ., ON THE P.I.

t (secs) Mean (SD)
Control * 0.1 ml
saline 17.3 17.1 17.8- 17.4 (0.36)
Alpha Acid
Glycoprotein
42 mg/ml 17.¢ 17.8 19.0- 17.8  (0.12)

Tht fcllect Of Alpha-Acid Protein on the Partial
Thromboplastin time (PIT)
Tables 25 and 26 show the results of the addition
of different amounth of alpha-acid glycoprotein
0> MirWpaf }ﬁ'C-T
lo nla iia, on IIn PII.
AAA
Figures 24,25 and 26 show graphically the effect
of increi, ing concentrations of alpha-acid
glycoprotein on the PTT. It is apparent that an
increase in the concentration of alpha-acid
glycoprotein resultl in a marked shortening ol
the PII. Thi 1 so for both , istoa and serum
extracts. At higher cone, rations the extract
has the rever e eft ' and results in an

increased Pil Figuro 2b shows the effect of

adding a preparation which has been stored tor



TABLE 25

THE EFFECT OF STORED EXTRACT ON THE PTT

Amount of Extract

Plasma alone

Control Plasma t 0.1

106 m”"/ml

94 mg/ml

60 mg/ml

55 mg/ml

42.5 mg/ml

20 mg/ml

IALLE 26

THE EFFECT OF FRESH EXTRACT ON THE PTT

Amount of Extract mj, ml

Plasma alone

Plasma < 0.1

Plasma t Scrum Extract

100

80

60

40

20

mg/ml
mg/ml
mg/mt
mg/ml

mg/ml

ml  Eallnc

70.0

61.0

64.0

I

10.0

32.8

157

16.0

23.0

1ifli  (sec*')

2 3 4

29.0 29.0 30.0

11.0  32.0 .

82.0  63.0 -

61.5 64 .

>0.0  50.0

51.0 44.5 .
66.0 52.0 62.5

51.0 >24 -

/1*£ [sea )

2 3 4
29.0  29.0  30.0
33.0 33.5  33.5

155 .
31,5 27.0
22.1  2j.0 -

0 0 0

0 0 0

145.

Mean

29.5

32.6

71.6

62.83

54.6

48.0

61.75

52.11

Mean

29.5

33.2

156

12.17

23.41

SO

(0.

(0.

(9.

(8.

(3.

(6.

(1

58)

58)

61)
.26)
0)

28)
74)

.03)

SD
(0.58)

(0.36)

(1.41)
(4.65)

(1.40)
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FIGURE 74.

THE KTFKCT UK SKKOMHOil) ON THE PTT

(FRESH EXTRACT FROM SERUM)

Eoch point is thv mean of 4 determinations.
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FIGURE 25

THE EFFECT m ¢ KKOMUGOID ON THE PTT

t FRESH EXTRACT FROM PI.ASMA)

Each point is the mean of 4 determination.'..

too
90
80
70
* 60
"0
o 50
0
S 40
30
H 20
Q.
0 50 too

Seromucoid Concentration mgy

m 1

a,, normal levels

b.. levels which may be lour.: in cam. r patients



M hUm 1L-1—.. ggWka

148

THE EFFECT OK SEKOMbCOID ON THE I'TT
(SEKOHUCOH) I*H.I’AKKU i KOM SERUM AND STORED FOR SIX MONT .S)

Each point is the mean of 4 determinations.
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t months treezi ilrli.'d in stdIt'd ampules.

It is apparent that the illty of the

extract to stiorti.n the FIT is absent although

it was still able to prolong the FIT. Figure 27
show the ilIliti ol .ilphii-.ii id glvenprotein

on the anti-coagulant heparin. It will be seen
that alpha-acid glycoprotein extract at the
concentration whleh shortens the FIT i able to

reverse the effect of heparin on the coagulation.

Discussion

The occurrence of multiple venous thrombosi is a

well recognised complication of cancers (Fineo

et al., 1974 ; Willi 1967). The reason for the
Incram vd incidence of thrombosis i not w”ll known.
Pir.eo el al.,(1974) have suggested that the production
of mucus by the tumour may result in hypercoagulability
ol the blood. They were able to show that the

protein- of mucus which were soluble in 5%
trichloroacetic acid were capable of extrting a strong
procoagulant effect. The active material had a high
carbohydrate to protein ratio, exhibited a high

degree of stability and did not appear to contain

any phospholipid material. The partial

thromboplastin time (FIT) of plasmas deficient in factors
Xl ,IX,VIII ,v1l and X was corrected by addition

of the mucus extract. They suggested that mucus
entering the circulation was able to activate

coagulation and this mi./ explain the frequency
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FIGURE 27

THE EFFECT OF ALFIIA ACID HL.VCOPROT'EIN ON HEPARIN

801 Plasma + Heparin
re-]
Plasma + Heparin
+ Extract
' £ Normal PTT
PTT
40
30

20 m Plasma + Extract
10

0
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01 coagulation disorders In pal Cents with carcinomas. Alpha
acid lycoprotein is present In various body secretions
includin: lung mucus and ray well be present in their
preparations. It is also signit leant that conditions

in which alpha acid glycoprotein is elevated are
associated with a high incidence ot" thrombosis (Trauma
Sepsis Surgery and Cancer).(Myburgh J.A. Personal Conanun.)
During the course of this study differences between alpha
K.d glycoprotein preparation* Tom serum and

plasma suggested that the protein may be in some

way associated with coagulation. Other authors

have noted tout alpha acid glycoprotein may

influence coagulation (Nil on and Yamashina,1958).
These authors found that alpha acid glycoprotein
prolonged the clotting time of plasma. This is

somewhat surprising in view of the high incidence

ot throntbo-i mhol ic phenomena in cancer patients.

Further evidence that alpha acid glycoprotein

may be involved in the coagulation process comes

from tin observation that normal human platelets

carry a .igniticant amount of alpha acid glycoprotein
tightly bound to their membrane. (Schmid, 1975)

and are known to adhere to collagen, this adherence

can be inhibited by the drug Peraantin

(dipyridamole). The addition of alph*j acid
glycoprotein to the latter system restores the

adhesive capacity of the platelets to collagen

(Schmid, 1975).
/This...



Tor .pliii .l i inhibiti. the fiponUincous
clumping ot platelets md this inhibition too can
be reversed by the addition of alpha acid glycopvotc
(immons el al., 1%'i and Niewlarovski et al., 1975).
The role of platelets in metastasis is
not clear but it appears that, low platelet
levels are associated with a lower
incidence of metastasis than higher platelet
levels. The relationship between metastasis and
coagulation has been discussed elsewhere in this
thesis (1.22).
The results which have been obtained in this study
indn.ite that addition of alpha acid glycoprotein
. lasma may result in a shortening of the PTT

s a shift towards hypercoagulability. The
p; has no effect on the extrinsic pathway

ired by prothrombin index) > and appearl

ct the Intrinsic pathway only - Also alpha-
avid glycoprotein is tbit to neutralise the anti-
coagulant activity of heparin. The pro-coagulant
activity appears to disappear on storage. The
exact mechanism whereby alpha glycoprotein exerts
these elfvets is not clear. 11 may act directly on

the coagulation cascade, or via , ;ts.
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IHK LI'THCr K arpu\ ACID Lt YCO'KOTIi:IN ON LVMPHOCYTE FUNCTION
The effect of alph.i acid glycoprotein on the ability of
Lymphocyte# to undergo PHA - Induced blast transformation is
shown in Figure 28. It may be seen that with increasing
concentration of alpha acid glycoprotein there is a decrease
in the ability of the lymphocytes to undergo transformation.
This affect was apparent in both the gross uptake of
thymidine acid also on the stimulation index which was
defined as:

Stimulation index ~ CPM of PHA - stimulated cells
CPM of unstimulated cells

The effect was noted with all of the preparations to some
degree, however this effect was most marked in alpha acid
glycoprotein preparations from patients with tumours.
Figure 29 shows the effect ' alpha acid glycoprotein
preparations f.om various individuals, on the PHA induced
blast transformation of lymphocytes. 11 can be seen that
9 of 14 preparations liom patients with Hodgkins lymphoma,
depressed blast transformation by greater than 807. (arbitrarily
chosen value). Of preparations from trauma patients only
2 of 14 depressed transformation by 807. and of normal
individuals now depressed lhe transformation by 80%. These
results wet' evaluated statistically using a Kruskal Wallis
non parametric analysis and were hown to be statistically
.significant (P <.04). rhe -roup m in lot the Hodgkins
lymphoma patients was shown to bi significantly higher than

the means of the other 2 groups (P< .05).
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FIGURE 28

THE 1d I'KCI- OF INCREASING SKROMUCOID CONCENI'Ri\ I'ON.. ON HI.AST TRANSFORMATION

uousui-)|sueli tseiq



of blast transformation ©°c

Inhibition

FIGURE 29
THE INHIBIT TO!" OF PILA-INU ID BUST TRANSFORMATION BY s|.!:n'd,ro ID FROM PATIENTS WITH 'AKIOlI'S CONDIIIONS,
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1)i.Sfll:: Hion
The ibility of alph.i acid glycoprotein to inhibit
PHA induced blast transformation is of interest in
that depressed lymphocyte function and depressed
il miunity art features ,«d advanced malignant disease.
The mechanism ./hereby tlphi acid glycoprotein exerts
thi fl vet is not as yet clear. It may bind to the
lyriphocyti sui |l ice and prevent the approach of the
lectin >r it may bind with the lectin. Other autriors
have suggested an immuno-regulatory function for
ial";lycoproteiu I (Apt Cel and Peters, 19/0; Codington
1973). ihe binding of a highly charged molecule
such IS alpha acid -lycoprol.in to a lymphocyte might
int. rl1\ i' with its approach to a I < t cell either
sterically or coulombically. Removal of such
protein would be expected to result in an increased
immuu rcsp inse.  Ilii:;, has been noted with neuraminidase
treated cell (Slinvions and Rios, 1971) and lymphocytes
(Han,1975). Tin present ol antigenic material in the -
preparation i- of interest: in view of the possibility of
specific blocking a| lymphocyte receptor sites by
such material. It appears that alpha acid glycoprotein
is able to interfere with macrophage function as well
(van Os, el al., 197"). There are many
substance- in the circul lion which can
interfere with lymphocyte function and their elevation
may possibly expl in the depressed immunity seen in
patients with cancer. The role of alpha acid

glycoproltin in lymphocyte function needs to be

/evaluated..
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Dis i * Lon
ithe ability of alpha acid glycoprotein to inhibit
PH\ induced bias! traniformaLion is of interest in
that depressed lymphocyte function and dwpressed
immunity ar. features of advanced malignant disease.
The mechanism whereby alpha acid glycoprotein exerts
thl Il eel is not as yet clear. It may bind to the
lymphocyte surface and prevent the approach of the
lectin or it may bind with tin lectin. Other authors
have wuygcsted an immuno-regulatory function tor
ialoglycoproteins (Apttel and Peters, 1970; Codington
197'-) . The binding of a highly charged molecule
such as alpha acid glycoprotein to a lymphocyte might
inter la i- with its ipproach to a target cell ecither
sterically or coulombically. Removal of such
protein would be expected to result in an increased
immune response. Ibis has been noted with neuram in Idas,
treated cells (Simmons and Rios,1971) and lymphocytes
(Han,1975). The present < ol antigenic material in the -
preparations i of interest in view of the possibility ol
spec ifit blocking ol lymphocyte receptor sites by
such material. It appears that alpha acid glycoprotein
is able t mInterfere wit macrophage function as well
(van Oss et al., 1974). There are many
substance in the circulation which can
interfere with lymphocyte function and their elevation
may po sibly explain the depressed immunity seen in
patients with cancer. The role of alpha acid

glycoprotein in lymphocyte function needs to be

/evaluated..



evaluated using Cor exampli mixed lymphocyte culture

an , xperimv.xtal model. U would also be more
meaningful to investigate the effect of this protein
in vivo on Iun ur growth, lymphocyte function and

the coagulation cascade.

MEASURKMIiNi 01 UIA ANiHibNS ANl BbCA, Ht(;Kt)i.l.i>IU LIN_I_N

M.pibX A;m 1) t:i.YCDPRtn-E 1N PKKPAKATI1UNS

J.b.1

3.b,2

Measurement of beta. mlcrogl!obu 1In

fi,ur. 10 shows the calibration curve used for the
determination of beta, microt Iobulin. Points XY
and Z deniai tin beta , mivt oglohul in activity ol

j preparations of alpha acid glycoprotein, ranging
from 3-10 pg/ml. Vhe samples used for this had
been passed through a Sephadex G200 column and

iln high molecular weight fractions only were
retained. This would indicate that the be'
microglobulin present in the extract was bound

as 1 high molecular weight complex possibly HLA
antigens.

Measurement of HLA activity

Tabic '7 shows the st.e, th of the polyspecific anti
serum used in this work. 11 I.

TabU 8 details the n suits ol the nhlbition of
polyspecifie anti HIA Using alpha acid glycoprotein
preparations from two patients. Target cells were
Obtained from the individual from whom the extract

had been prepared.

/Table 27.
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TABLK 27

— f— 7o)

Dilution

1

1/2

1/4

1/8

/1"

1/32

Complement Te.“C

T. tal Release

Tit re. clluri 1.IS
TABLE 28
PSS i 10 |i
PSS t 26 pi
t-SS t J pi
PSS + 100pl
PSS t 200pJ
PSS
alpha

a concentration of 10 ty/n.l.

cUi glycoprotein was rei

.~ POLYSPECIFTC ANTI I1A SERUM
Mean of CPM \ Release
4974 98
10081 100
9363 90
9043 85
9266 88
6069 44
2879
10063
1/12
% ’1Cr release
Sample I Sample
ant i ten 38 51
ant ;en 34 64
antip i 34 64
antigen 27 73
antigen 31 62
27 67

oatltutid

in saline

11

to



3.7

100.
Il can he seen that alpha acid glycoprotein
showed no inhibitory activity against HSS.
$.6.3 I'scusaion

the demonstriti m > blood group antigens prompted
i s.arclt ior .thur cell surface antigens, i.e.
HIA. It was possible to demonstrate the presence
ol bet.] . mil lobu lin in the rchlorte acid
, irt t of serum. The extract was passed through
i Sephadex i;200 column prior to the determinations.
Beta2 microglobulin activity was loc ¢ in a high
molecular weight fra lion which elut ! n the
molecular weight range 40000 - SOOOOd. Thus the

e uic was apparently part of .. rger complex

pt 1 sumably 111 . However nv..,erons inhibition

tests failed 1 mdemonstrate any HIA antigen activity.

1, not surprisinin view of the low pH used to
isolate the protein.
RAJ) IAL IMMUMODimiSION Of MRil '0 OVARIAN CYST
B1.0(Hi CROI'r SHBST/iNClI:
Radial immunodiffusion was performed on highly purified
blood group substam . derived Ir.nn ovarian cyst fluid (a
gif from Dr. WWatkins). Ilgura 31 shows the pattern
obtained again-.t anti alpha-at id'glycoprotein. It can be

seen that 1 siron precipitin line is formed.

3 7.1 Discussion
Analysis of pure blood group substance which was
essentially free of other contaminating proteins

(Walkin' 1972) showed a strong precipitin reaction

/with...

This
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wiili inti alpha acid glycoprotein. This provides
Curi.her evidenc. lor the relationship between soluble

blood group antigens and alpha acid glycoprotein.
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FIGURE 31

REACTIVITY OF PURIFILT) Bt.OOP GROUP GLYCOPROTEIN AGAINfT

ANTI ACIO GLYCOPROTEIN
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CONCLUSIONS

A paper reporting serum lipoprotein apoproteins as major protein
constitutuents of the red coll membran- has aroused considerable
interest (Langdon, 1974). 1Ill conclusions were subsequently
shown I i bt croneuus (Creen, jj.-« 1973; Carey et alm, 19/5).
Thus this question remains an open one. This thesis is concerned
with identifying possible membrane components in human serum

and studying the effect . of such components on the immune system
and coagulation cascade.

The finding of blood group antigenicity in glycoprotein
preparations from serum is suggestive evidence of their membrane
origin. Of inicr, i is the finding of P, I, i, T and Tja antigens
in the serin,i if patients with cancer. I have been unable to f.nd
reports in the literature of I, Tja and f antigens present in a
soluble form in serum but the 1 antigen has been reported in human
milk and saliva (Marsh et al., 1970). The presence of Tja may
well be a clinically us. ful mark, r of malignancy and its usefulness
in this respect needs to be fully evaluated, from this work it
appears that otos.mmcoid or alpha acid glycoprotein appears to be
a family ol molecu lvm i  imi lur molecular weight but dil luting in
the carbohydrate superstructure as evidenced by the different blood
group antigens present in the prepur .cions, fht possibility that
lipid present as a contaminant in these preparations cannot be
overlooked, as it has been suggested that p and P" antigens are
glycolipld (Naiki & Marcus, 1974). Lipid could not be detected

in this study but this question requires to be further evaluated
using exhaustive or nlc solvent extractions. lhe contribution
of the liver to the synthesis of these glycoproteins cannot be

excluded but it seems pr ible that at least part of the rise



in alpha-j>Lobulins is due to contribution from sources other
than the live: possibly by shedding from tumour cells or turnout
cell debti m from cither necrosis or immune destruction oi the

tumour cells. Thes. molecules would be very similar to CI'A

However, despite this, our preparations
which were elec trophori lically homogenous on PAi.i. and
immunoelcctrophoresi , were ah e to inhibit blood group antisera,
the possibility that gly<opr 'toins shed from tumour cells might
in. rfere with lymphocyti function is of clinical importance.
Accordingly the observation that alpha acid glycoprotein
preparations can prevent PHA-induced lymphocyte blastogenesis is
of interest, the author is aware that the conclusions drawn from
PHA-induced blastogenesis have only slight bearing on the in vivo
situation in man. In this respect it is noteworthy that
conditions which an associated with elevated levels of alpha acid
glycoprvlvl I .ire |I: . associated with a depressed immunity.

(Const antian et al., 1977).

Elevated levels of A band and 1l band are of clinical relevance
both in tumour diagnosis and in early detection of rejection in
allograft recipients.

Al a acid glycoprotein is known to be associated with the platelet
membrane (Schmid, 19/0. This fact, together with the dllterences
between our protein preparations from scrum and those from plasma

and the high incident, if disseminated intravuscular coagulation

in patients with cancer, suggest that alpha add glycoprotein might

/participate,..



participate in coagulation in some way. The demonstration that
elevated alpha acid ;lycoproliins shotten the PIT is of importance
in this respect as it would be at least a partial explanation

of t ¢ Incidence of thrombo-embo lic-plienomena in cancer patients.
It is ' town that conditions n which alpha acid glycoprotein

is e'evated are associated with intravascular coagulation disorders.
The mechanism whereby these glycoproteins exert these effects are
not as yet clear. Charge may play a role of antigenic competition
for the lymphocyte receptors or « combination of both. (Voortlng,
Hawking, and Michael, 1977). The i; vivo effects oi elevated

levels of this protein require study.
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leaving mainly glyvoprotems tespecially n acid glycoprotein) in solution Thi- perchlorn
and CAtract after evtensive dialysis and conecutration w.is added to lymphocytes in
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hv tntialed thymidine uptake (I vmph ytes were prepared on a Pivoll-Hypaquv
gradient) R Perchloric acid was used to solubili e glycoproteins from a variety "f notmat
and ncoplastK tissues These extracts were compared using polyvrylamidc gel electro
phoresis flie gels were stan d I t protein with Cooni issie Iliuc and f*r glycoproteins
using periodic acid Sihiff stain PAS)

Result* The table shows the effects of in. reaving concentrations of the pcrthlnrK aci I
extract of serum on PMA bias' * is

Yl "WAwED M Sgitvi?
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Vomnkn *ninJn vifor PH I bluli, g.wu't

Protein comcnlrulion

I»g/ ml 0 1 10 SO loo loo0 2 500
Tuptmmem Nt» i 70 52 41 42 30 to

! xpennieni No 2 Ml 32 21 34 17 31 5
I tpcrmient No 3 60 40 21 20 3 35

It. m he seen that PHA Maxi ir.m'iormatitm k mhihileU tn *1 * extfavt

Ike figuiv shmx thv ihtfervim between iu perchlonv < id cxnavi of normal kalnev
.mil hyperneplirom«« Sirtkwi: Ui(f«renvex v.«i be seen Diffenm on P is xiainmg van
also he seen

MM 1C 20 30 40 50 601

We have cxira<teti an.I "IwopM tei.i from «.sm otherthan liver and *< have extluded
the |[»ssihility that rht is mvrvk vo tan nation by turn wtlhm thv tisuepave

We con ludr iherdore thu tvtl . < i~ n \j tom -it of sil\etal normal tissm
invludmg Kkidney and spleen Iii >uH-vvlluiar hianon ts spevulated to U the tell
memhi.tn- It seems as hoiij h this p aetn i t some vifeet in depressing the immune

system in patients with earner

H H KIM rS
1 Shell,retal Pn* S>* /17 /m,/ M J EMIG V#"1
2 Waikinseiel /ni / <twer 14:799 IV t

SVII R (KC()l OM( UOI M)S IN THKRABBIT -
AN Y XPKRIVF NTAL SII BV

J 1 Hobbs It Anpori. Depurtmvnt ot Surgerv,
Sauwili nn. r\H\ M 1wlnulSihool

IThe influence of different sir . materials >n tohmK healnn his been widely
documented Ihis study was undertaken m an am mpt to examine the breaktnp sircnglh of
in "sed colonk wounds with four currently available suture materialsin the sameanimal
and to correlate these results with Ii t. I nal chznges in the«olonu w I

our full Thkknes* trar:>scrsr im 1 d rounds lIILn length and 1<cm apart were
made in series along the length I the isteridmp colons of each of |v adult r. ts lhe
wounds were sutured sith ehr.mik* - tigul. p ylglu t.n V|n (solspiopyleMv and oik Nuk
animals were sacrificed at five * Vier won idmg and two groups of five mtu ils cm. h at
14 and 21 days after wounding

Breaking strength of the suture line was hum>uied h> determining thv hieaking strain
follow ing a constant rate of increase in tension across the suture hn Setlionsfrom the
same wounds were taken 1 rhtstoi .eical evaluation

Silk was found to result in a signific.inily si . tiger wound when tested five day alter
stitu < No diff.'rence was appaicut when » mpirion was made at 14 davs after operation
21 ilav> after operation, wounds sutured with absorbable material s.eernrd to he weaker
that those in which non absorb.,hh sutures had been used No definite comrtation »ould
Ik* dem nstrated between the hieaking strength of the suture line and the degree of acute
iiiflammatoiN or fibrous tissue react* ilprovoked by the suture material.

il/o emgr N "
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Protein concentration

bg/m1l 0 1 10 M 100 1000 2500
item No i 70 52 41 42 30 to

1 xpermientNo W 32 21 34 17 u 5

1 xpenment No < 4u 15 21 20 3\ 35

li. in he hecii that INIA Nasi ird'ui«iimalii>n ts m hibiial h> ihistxtruii

1he flgurv show iIn JilfciviKt lutwvvn the pvixhlvfik i-id CMfiUi of normal Kkidnev
and hypcrncphrom.i Sulking difference® can In- >een Oiflerenci'. on HAS siaming van
alxo he seen

MM 10 20 30 40 50 60

\k ¢ have exiratled .uni glvvoproit from n u» oilier lhan liver and wv have ext ludcd
IThr poxxiodity lhal this is merely tonlan nation h> sctuni within the li> ne pave

We von. hide therelore lhal avnJ |it\tu| mtem i<. vompo -mt **! xe.cral normal iixmk
including kidney and spleen Ihe nh-vellulii location is pcvulaied u* he ihe cell
membrane It xecrnx a\ hough this pmicin niav have some effect m decprexxing the immune

sysiem in p;nieni\ with cam er

M H M\< is
1 S. etlar el al /Vo>Si* /\/r [ - /' HHlo I**s
) Watkins el al 7ni 1 <0i.' 14:799 1> 4

Si 11 R OF <OLOMi MOUNDS IN IVF RAHBST -
AN F:\PFRIMF.NTAL. SI I'DV

J ( Kohhs H Angorn ih fhirtrtt. w *>/\unn n,
\illlit I Mil- run WIILGIl Si hiMil

Ihe influence vl differe d xu v materials on colonic ht.ilii has been widely
documented Ihis study was undertaker n an etlempt to e%amit e thi Ne ikmg strength of
incised coionu wound with four currentlv available sir e materials in the same animal
and to correlate ihtxce results w h Iisioh /i al changes m the colonie xi dl

four full thickness transverse invred wound 2 " cm in iciif*ih .«id 1s vm ap.irt weir
made in series along die length I the istending colons of each of IV adult rabbits ! he
wounds were sutured vith chr uuiv » ngui pxiylglacim 4|u t>'Ixpropylene and sdk Nmec
animals were sacrificed at fiv °> s al cr woundmg and two groups of live animals t.u h at
14 and 21 days after wounding

Breaking strength of the suture lint was measured bv dvteiminm the breaking strain
following a constant rate of increase in tension across the suture line Sections from the
same wounds were taken f t Ltslologtcal es luation

Silk was found to result in a si, uifk mily stronger wound when tested five lay after
suluie N o difference was apparent when comparison was made at 14 davs .ilier operation
21 days after operation wounds sutured with absorbable material seemed to fve weaker
lhai those in which norv absorbuM* mures had been used No definite correlation oulV
tie demonstrated between the Neakmg strength of th« suture line and the degree of acute
inflammatory or fibrous tissue reaction provoked by ihe suture material
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MM TENANT CONDITION:,

n. ,. Kl ATZf , and G. VOS, MYBURGH, J.A. and SHIT, J.A.

We h inve tiqat, I thr perct..oric acid - soluble
proteins of human s.rum (s rnmu:oid fraction) and have

found it to contain a :i , vari- .y of blood group antigens

and also p”nicrngl bvu1 n.

lho blood group " ti -; rep, ,anted in”~this fraction

are A, B, H I, a, T,\ '. N T, U ' and I«

In our study of >0 n, m L controls, 45 patients 'with

trauma, sepsis and othvr co, uit m kn.an to elevate the

acute pheno rcactants and 74 , ,tinn, with various malignant

conditions, we found qu.utltu'i qaalitrtive differences

between the seromu .oi I f ’% , Uicnl with cancer

(particularly bn - Aotk T 1 mtdo. , and lymphocylic

lymphoma) and tho [ati., with non-ualignant conditions.

In particular v.e found elevation of Tj“. 1 >nd i. In

general the total extent f the -.eromucoid was increased

in patient, with malij' ut rondition

P Tjd I i T
IB.8

Controli (50) 0 0 0 0

. 0.2
Non-Malignant (45) 0 0.06 0.40
Hodgkin's Lymph. i
Lymph. + Ca. Brea 3.7; 2.2 329 .4l 1.5
(41)
Other malignant ' 01
conditions (33, 0.7b 0.3") 0 0.39

The seromu-.oi-1 frr patients with Hodgkin's lymphom

were found to strongl, inhibit mitogen-induced lymphocyte
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Serological Studies of Seromucoids from Normal Subjects and
Vatients with Malignant and Non-Maligr«anl Diseases

David J Klatzow anil Gerard H. Vus

Department of Surgery. University of the Witnntenrand. M edial School, Johannesburg, and

Natal Institute of Immunology, Durban

Xhsirad. During investigations of scrum from patients with carcinoma, elevated levels of

,wo pro., ms were observed The larger (MW ~44 . (XX» was identified as (a-aeid glycoprotein
The smaller MW ~20,000) has not yet been identified, further investigation of a-acid-gly-
coprotem-contaimng seromucoid showed that many red blood cell and tissue antigens were
present, for example. L. i. H,, Tja (P fP ° P> H. A. B, Le*. Le"". M and N. ndkrenees in
antigen content between normal serum and serum from carcinoma patients could ~ demon-
strated quantitatively and qualitatively. Seromucoid preparations from patients with Hodkm s

lymphoma

inhibited phytohaemagglutinin-induced lymphocyte transformation more often

lhan seromucoid preparations from normal subjects

Introduction

The sera of patients with different types
of malignancies often have increased scrum
,,-globulin levels and changes in the carbo-
hydrate content of scrum glycoproteins [I,
2,24.27]

ported in the serum proteins of animals with

Similar changes have been re-
transplanted or naturally occurring tumours
112. 14,23.30].

One of us (D.s K.) has also reported
elevation of two protein fractions in the
scia of 7b% of patients with different kinds
of malignancies. These proteins were found
to have molecular weights of 44IX)U and

20,000 daltons. respectively. The larger of

the two was identified as ,,-acid glycoprotein
(orosomucoid) [4, 17. 2°>].

Recent

reports and reviews

posed that the

have pro-

,,-globulins may have im-
munosuppressive properties |[b, 7, 15. 1V, 20,
22]. The in all the

serum-inhibitory fractions was a glycopro-

most prominent band

tein which migrated with or slightlv behind
the albumin on electrophoresis [35], Stud
[21] have
the active principle of

ies by Oixhino that
immunoregulatory
, globulin is not the ,,-e.lohulin itself but a
polypeptide
h.ixia KOOO daltons. He proposed that more

suggested

with a molecular weight ol
than one serum protein may function as a

carrier for this polypeptide.



Other authors have reported that the
seromucoid fractions of human plasma may
play an active role in the prevention of im-
responses to fetal |X. *H
As well, the major component of scromu-
coid. an ,i-acid glycoprotein (29). can act
on the surfaces

mune antigens

of Escherichia and

Streptococcus aureus and prevent phagocy-

coli

tosis of these organisms by human neutro-
phils (34). Other suggest a
relationship between the metastatic poten-
tial of a tumour and the thickness of the
glycocalyx

investigators

surrounding the tumour cells
116). Metastasizing tumours may shed their
glycoprotein their surroundings

and thereby interfere with the immune re-

coat into

sponse directed against them.
We have studied the blood group anti-
gens present in seromucoid and its ability

to interfere with immune processes, using

ptcparal. is from plasma and sera of nor-

mal subjects and sera from patients with a
variety of diseases.

Materials and Methods

Polyacrylamide gel electrophoresis was done
n described in a previous paper |4]

Immunoelectrophoresis was done by the mcth-
ik. of trquttnbourn et at. (3] Antisera both
me nospecific and polyspecilic. were kindly donut
ed >y Huechst Pharmaceuticals through the good
orfize* of Mr H. Hester.

Seromucoid extracts from serum and plasma
a modification of the original
method of Winder et «/. |40]

from

were prepared by

Blood was obtained

patients and normal

blood

volunteers after in-

formed consent. The

samples for scrum
were allowed to clot and the scrum was obtained
by centrifugation This was stored at -2(1 I
used Inever more than 24 hi,

until
in most cases, sent
mucoid was prepared immediately from the seturn
For plasma extraction, 45(1 50(1 m1 of bhxid was

collected into 70 ml of citrate phosphate dextrose

Klauow Voi

Plasma was obtained from the whole blood within
72 h of collection.

Vo either scrum or plasma, an equal volume , f
1.4 M perchloric acid was added Ah extraction
procedures were carried out at 4 C The perchlo-
IIC and xcrum-plasma mixture was allowed to
stand for S min and then the precipitated proteins
were removed by centrifugation. The clear superna-
tant was dialyzed against running tap water for
24 h, reduced in volume and then dialyzed against
distilled water for 4 h. Following this, it was lyoph-

ih/cd and stored in scaled ampules until used

Hiietnttgnlulination Inhibition /» Seromucolds

Optimal concentrations of antisera were pre
pared as in the following example

if anu P, reacted to a dilution of 164 (undilut-
ed r.f, 12 14
132

¢4¢, 18 tH-r. 116 »»e,

164 . 1:12% O) then 14 was selected as

the optimum concentration of the spcc.fic anti-
body for the hacmagglutination

To this optimum

inhibition test
saline dilution of anti-P, was
added an equal volume of saline (control) or xero
mucoid reconstituted in saline (to a standard con

centiation of It)y mg ml. from which 1:2. 1:4 and

I K dilutions were also prepared and tested) Any

dec -case in the reaction strength would indicate

inhibition of antibody activity. Results were re
corded as 14) for no inhibition. (3), (2), (II for par

tial and for complete inhibition.
For a sample which did not inhibit the anti-

serum, the pattern would be >%>* (4), ++++ <L

ysss (4), .... 14) or 4444, ir reaction score 16
If the sample had some inhibitory activity, the
pallet , might he -, », ++ ... or - 1 2 3. for the

extract undiluted and dilute,” 1.2, 1:4 and 1:8.
giving a rcac ion score of 6 The inhibitory activity
is expressed as the maximum

sible 14,4 , 4,4

reaction score pos-
16, minus the seme oh'lined.
Ibus for our second example the inhibitory activ-

ity would be 16 6 10 referred to as the cumula-

tive inhibition score

For the groups of individuals studied, the cumu
lative inhibition scores were summed and a mean
inhibition activity was then calculated

During preliminary investigation ii was found

that the inhibitory activity of various blood group

determinants, particularly 'he T antigen, often

disappeared spontaneously from the seromucoid

preparations To avoid this loss of activity, which
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is due to the presence of /f-gelucnisidasc in the

seromuvoid [1S|. ph*Hylbeta-f»-thingalacloside (10
mg IIX) ml of serum extractl was added to the ex-
tracts after dial>sis and before tree/e drying

performed us-

buffer

Scphadex chromatography was
ing Siph*drs (, 21XI and 0.1 m Tris-Ht 1
pH * 2 with Nat I added to

I'M i-ml

a concentration of

ftactions wete collected Column di-

mensions were 50 » 2.5 cm
bor studies (PHA)-

samples of blood

of phytohaemagglutimn

slimulaled lymphocytes, 25 nil

from laboratory personnel were placed in sterile

containers with glass beads and defihrinated by
gentle rotation for IS mm

l ymphocytes were prepared on a Ticoll Hypu-
que gradient and washed three times with Hanks
balanced salt solution Ihey were then made up to
a final concentration of 2 - lib ml in I agle's mi u-
mal essential medium IMF.MI containing the sero-
mu id extract in a concentration of 2 5 mg, ml

The cell: in microtilre
ells. IIX)id of MI M

0 »1 of PHA The

were cultured pi; Its
ba h well contained 2 » In'
tcontaming scromucoi

optimum concentralin if was determined
prior to the experime
b'or the seromucnid F un each pa cm,
the test was run in qui lui
Blast transformation >
IIT ol of tiitaied thymb’
the 2nd day

then harvested onto p

emred by adding
i ml) to each
well on ihe Cell' were
id counted in a
Packard scintillation ¢ m
Control cultures that i- cells from the same
donor cultured without seromucnid exlr.n i, were
included with each experiment
culture was ex

The isotope uptake of each

pressed as a percentage of the control

Result*

fligurc I shows the elution profile of the
perchloric acid extract of serum from Sc-
phadex G-200.

uler-weight component in the mixture. This

There was no high-molec-

extract was also analyzed by immunoelcctro-

phorcsis which confirmed that ihs major

component was «-acid glycoprotein (fig 2)

JL

A small amount of other protein was dem-

onstrated by polyacrylamide gel electro-

phoresis (fig. 3).

Table I. The amounts of scromucoid recovered

from I0U ml serum and 100 ml plasma of healthy

blood d mors

Scrum Plasma
Number of subjects 50 60
Mean weiehl of scromt coiJ, mg 43.5 22.3
Range, mg 31 54 14 32

In control subjects, less scromucoid was

isolated from plasma than from serum
(tible I). This variation was not merely due
to the diluent effect of the anticoagulant.
When of different

blood group determinants in the mucoids,

assessing the number
more activity was found in the plasma ex-
tracts (mean inhibitory activity 37.6) than
in the erum extracts inhibitory ac-
tivity 2K.4 table II),
from ser» lacked inhibitory activity for the
I' . P, + Pk and the i

while the

(man
The mucoics obtained
blood group sys-

tems. plasma mucoid extracts
were found to possess these determinants.
This may indicate that the P ; P, r Pk and
li determinants found in the plasma mucoid
xtracts were derived from the membranes
of red cells, white tells or platelets during
storage. ABH and 1 ewis blood group sub-
stances were not found in the mucoid cx-
Irats of sera frt and Lewis non-
secretors (table li presence of these

blood group activities must therefore, be

regulated by their secretor status. T sub-

stance activity which is not normally ex-

posed in secretions or body fluids, was found
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u.emulative haem.gtfulln.llon
TahU

Serum, n* 50 . 4 127
Cumulative inhibitory stores ‘

R L. 142 0.86 2.34
Mean inhibitory activity
Plasma, n 52
t Utnulalive inhibitor) scorn*

Mean inhibitory activity 156

Tja' PvP,+P"

Klattnw'Vos

.ore, for serum, and plasma from heal.hy donor,

Ler Lehl H, 1ja ! i M N
e 7 0 o 800 10 51
178 158 0 0 16.0 02 1

5i 0w 164 36 776 83 88

s » )7 j15 069 149 1.6 169

Table HI. Cumulative inhibitory activity « IA, and mean inhibitory scores,M IS’ of seromucoid subsiance,

prepared from the strum of healthy subjects

SI n-34)
cIs MIS CIA
A 37 1.2 0
H 43 1.4 0
H 74 2.4
Le* 43 1.4 46
Le*' 45 18 15
P, 0 - 0
Da 0 - 0
I 0 : 0
0
T 480 16 144
M 8 02 0
N 34 11 1

stance*; S  * subjev

n* number of subject*

in scrum extracts from all subjects investi-
gutcd and in the highest concentration of
all the blood group determinants in all the
normal subjects studied.

Table IV records the cumulative agglu-
tination inhibition scores obtained for vari-
ous blood group determinants in the sero-

mucoids from sera of patients with various

S n-10
MIS CIA MI:
4 4.3 0
. 0
44 4.4 7
s 0 0
27 0 0
0 0
. 0 0
0 0
0 0
| 160 16 16
16 ) 02 0
0.2 15 1.5 O

malignancies and v.ther illnesses together
with the controls. There was marked reduc-
tion in T substance for all patients investi-
gated. Similar results were recorded for H,
and to a lesser degree for A and B antigens
in some groups of patients On the othei
hand, increased P,, P vP, r Pk and 1li ac-

tivities were observed in the seromucoids of
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Table IV. Scromucoid estratis from scrum tested for their inhibitory

hydrate antigens

Subjects Numbei

A H
<nnlrols 50 142 (1116
Trauma, sepsis and
other illnesses 45 0h8 0.57
Hre.ist cancer, lymphocytic
lymphoma Hodgkin's
lymphoma 41 1-i  0.29
O’her ianciies of cancer 3 160 0.03

paiicnts particularly those with Hodgkin's
lymphoma, breast cancer and lymphocytic
lymphoma.

Figure 4 shows the effi t it adding the
scromucoid extract from paltenis with Hodg-
kin’s lymphoma to normal lymphocytes stim-
ulated with PHA. In 60% PM 5) ot the
blast transformation depressed
by more than 70'Ur
extract Only 2/16 extracts
controls (12.5'r) showed more than
inhibition of
(fig. 5). The effect of the

tract on blast transformation was found to

be dose-dependent (fig 6).

cases, was
in the presence of the
from normal
70Vi
lymphocyte transformation

scromucoid ex-

Discussion

This investigation has shown that u-glob-
ulin-containing scromucoid fractions of hu-
man scrum have a vaucty of blood group
The ABH and Lewis

antigens appear to come from ihv secretory

antigen activities.
organs and not from the membranes of blood
cells, as they were absent from the mucoid

extracts of non secrctor subjects

ily agtmsi antibodies to ct ho-

Mean cumuluiive inhibition scores for i.iti-

1| Tex I P, Tja I 1 T

254 17* 158 0 0 0 0 16
0.24 073 111 0 22 0 0.86 0.40 0.2
0 82 1515 182 3 75 2.82 3.29 241 1.5
0 0 48 087 0 75 039 0 039 0.1

However, mucoids extracted from plasma
may contain a combination of blood group
determinants derived from ihe secretory or-
gans with others from Wood cells. Our re-
sult suggest that membrane derived frag-
ments of blood group antigens (ABH, Le-
MN, P iP, i Pk and
leased from apparently intact
blood is collected and stored in citrate-phos-

wis. li) may be rc-

cells when

phale-dextrose solution. However, other rea-
sons foi the differences between scrum and
plasma cannot he excluded, such as release
of serologically inactive u-acid glycoprotein
from cells during clotting, co-precipitation
of antigens with fibrin, their adsorption to
fibrin o adsorption to altered membranes
in the clot.

IThe finding of carbohydrate-containing
antigenic determinants in the mucoids is not
surprising in view of the similarities in car-

bohydrate structures found on u-acid glyco-

proteins and on blood group substances
[28, 361
\MH, Iewis. P . P, itk and 1li deter-

minants are demonstrable on cell surfaces
of many tissues besides red blood cells [26].

Differences exist, however, in the distnbu-



lion of these determinants in the seeietory
ALIM, Lewis and i

are detectable in saliva whereas I’ * I', + Pk

organs, determinants
is primarily a membrane-bound blood group
system The soluble form of P blood group
substances has so far been found only in
hydatid cyst fluid, worm
llukex and fish roe |[5. 25]
of T* *P, r Pk activity
shedding following the

extracts, liver
The presence
in mucoids could
he due to m vilro
collection and storage of the blood in anti-
coagulants or to the in vivo shedding of the
factors.

Our studies suggest that the 07 vivo shed-
ding of Pt P, r Pk and 1

may lake place in a variety of pathological

determinants

conditions, such as lymphatic lymphomas,
Hodgkin's

contrast to the increase of P , P, » Pk and

disease and breast cancer. In

li determinants m patients with these ill-
nesses, there was a significant decrease in T
substance activity. The association between
changes in blood group antigens and human
cancers has been stressed by other investi-
gators 110. 33, 37]

The ability of the seromucoid extract to
prevent PIIA-induced blast transformation
is interesting in view of the elevation ol
seromucoid in cancer patients and the im-
munological anergy so often associated with
the disease [9]|. We suggest that this may
influence tumour cell deve'opment by coal-
ing lymphocytes: because of the charged si-
alic acids present this may prevent their ap-
proaching tumour cells. Other authors have
noted the requirement for sialu acid in im
munosuppressior. by mouse sialaicd <i-feto-
protein |.38,411L

Impairment of the immune response by
sialic acid containing molecules attached to
the cell surface of both tumour cell and im-

munological effector cell could explain the

Klalzim Vo

effect of neuraminidase on various immuno-
logical tests of lymphocyte activity in vitro
113, 32. 39].

Simmons and I'ertmun [31)J have noted
blood group activity associated with (L A
In our preparations we did not appear to
have CL A a- a component.

I urther woik is being undertaken at pres-
ent to determine whether the seromucoid
components are part ol the tumour cell mem-
biunc. Also the
seromucoid with PIIA blast transformation

mode of interference of

is being investigated.
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