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THE ISOLATION AND PARTIAL PURIFICATION OF TUMOR-SPECIFIC ANTIGENS §
. . . E:|
ASSOCI‘ATED WITH. THE NUCLEOLI OF HUMAN MALIGNANT MELANOMA. - §

Grant A.. Braithwaite

T ° Tumor-specific antigens were found to be associated with

e * +

' . "nucleoli of human melanoma tumor cells by indirect and direct
‘cytop1asm1c immunofluorescence techniqués emg]oying autologous sera
that had been shown to be.specific for antigens in "ghe patients !
tur’n’t.)r‘c'e] Ts. Nuclei were isolated from melanoma tu‘mor ceﬁs by
djfferenti‘al and discontinuous sdgrbse ‘density ;centrifugation. Nucleoli

" were pbtaihed by qarefd] sonication of tphe nucl ej and pur1f1§d by
gradient centrifugation. Soluble antigenic material was extracted
from these nucleoli ‘by‘3M KC1. Antigens were obtaihed from the KC1
extracts by. chrpr?\atogr,aphing on affinity columns made up with the
patients " puriﬂéd 19G coupled to'Sephamse 4B. The molecular weight
of proteins obtained from affinity colums done oo KC1 extracts of
nucleoii from tumors of five (5.) malignant mel anc;ma patients were
found to be in the range of 66000 to 170,000 daltons by SOS acry-
lamide gel electrophoresis. I;nmnblogi cal ana]ysié o;‘ these proteins
by counter-current immunoelectrophoresis indicated th'atn some or all of

C/_?Se) were antigenic. Tests for specificity suggest that these antigens ‘

may be melanonfa-speciﬂc allogeneic.
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FOREWORD
Cancer has been known to man since antiquity, yet ‘ c . ]
it remains the least understood group of diseases, and one of the ’ <. b
Ty o " costliest in terms of human suffering. The fundamental problem in 7
cancer research today is the cancer cell, which possesses the ability ' ’ 0

of division without.being subjected to the normal hemeostatic control

mechanism of the host. The concept that malignant transformation

e (of normal cells to cancerous cells) is assoc1ated w1th\Fhe acqui-
sit1on or reexpression of antigqps specific for the cancer call h
(neoplastlc cells) has lead to greqt 1nterest in the isolation and © -

purification pf these antigens, whiéh is a required first step in
' order to define the role they must play in modu1ating response

or lack of response in the host. However, the ultimate aim of

this area of research is the eventual use of these antigens in
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. INTRODUCTION ,

HISTORICAL REVIEW OF MALIGNANT MELANOMA

Melanin p1gmen*tat1on of the human skin is produced
by the pigment synthesizml cells called melanoblasts wh1cl1 are
1ocated 1n and proxmal to the portion of the epidermis, Malignant
me1 anoma represents. a group of tumors derived from those pigment-
forming cells. Despite references to the fact that it was known
terarly physicians, it was the French physician Laennic in 1806 -
who first coined the term "la hel anose" to describe this group of

neoplasms (Pemberton 1964). Later, Robert Carswell in 1838 used the

“term melanoma to describe these pigmented malignant tumors (Carswell

1974). The term melanoma is now used to designate two types of closely '

related tumors originating in the pigment-synthesizing ce,ll\ba:)

benign nevi and mole, b) malignant nevi. 1t is generally beliwved that

T it is the ]att'er group which posess the inherent capacity for lymphatic

and blood-borne metastasis (Nicolson 1979). Malignant melanoma is
generally found in all races and in many mammals as well as lower
5n1mals.

P

According to many investigators (Elwood and Led 1974,
Lee 1973, Magnus 1973) there has been a tremendo:xs increase in both
the incidence and mortality of malignant melanoma in individqa]s born
since 1923, Despite this, malignant melanoma is still a relatively

ra're disease, cons’éituting approximately 20% of all maiignant tumors
4 L :




of the skin (Cole 1974) 'and 2-3% of all malignancies in the U.S.A.

(Golub 1975). However, in spite of its rarity, malignant melanoma
has received a dispr;)portionate share of interest from tumor irﬁmuno-
logists. The reasons for this focus include: a) its unpredictable
natural history (Everson and Cole 1966, Baab and McBride 1975),

b) the abnormally high rate of spontaneous regression of the primary
© tumor (Sn;*ith and Stéhh‘n 1965, Everson and Cole 1966) and its high
rate of metastasis (Bodurtha et al 1976, Eversoln_ 1964, Cole 1974,
"and Nicolson 1979). These factors strongly suggest that malignant

melanoma was ideal.as a human tumor in which the host immune system

appeare& to be involved in mddulating the growth and. development of e
the tumor. ‘
. L

Subsequently, during the last 30 years, malignant
me]anoma’has been used as a model by researchers investigating the
fmmunological parameters of host-tumor relationships in human tumors
(Mang‘it et al 1974a,b, Clark 1977, Golub 1975). These\_l and many
other investiga@g have attempted to show that: a) maHgnlant me1anoma

tumor cells pf)ssess tumor-specific antigens, b) that the host immuno-

~logical system recognizes and reacts w1;yhese antigens, and ¢)

this reaction correlated with/or has some impact on the course of

the disease (Lewis et al 1971, Lewis 1974, Zeigier et al 1969, Fass
_et a1 1970, Hellstrom and Hellstrom 1973). R

-

TYPES OF MELANOMA

T

According te Clark et al (1969), there are three main




differed in: a) site of origin, b) pattern of growth, and c¢) occurence.

biotogical variants of ma‘}ignant melanoma 1~) Lentigo ma]igné, 2)
superficially spreading,and 3) nodular melanoma. These three groups
répresent 85% of all melanoma generally found, the remaining 11.5%
consist primarily of a rare group called acral lentiginous melanoma.
More recently, Everall ’and Dowd (1977) studied the various types

of melanoma, and concluded that the three main typgs of melanoma
!

4

ORIGIN OF MALIGNANT MELANOMA

.
-

Theﬁ origin of malignant melanoma remains very contro-
versial ever §'i;1ce Laennic in 1806 postulated that malignant melanoma
was derived from pre-existing moles. With respecé to the role of the
nevus, there are essentially three schools of thought:'1) some
(Allen 1949, Allen and Spitz 1953) beHe.ve that the junctional nevus
is thé formal histogenic precursor\of an maHgnantymelano’t;a; (2)

others, most notably Mishima 1968 Mishima 1967, have suggested

that a1l malignant melanoma except those of the lentigo maligna

type, arise from neﬁ, and (3) Clark et al 1969, 1975, believe that

only some malignant melanoma arise from pre-existing nevi since

" they represent a concentration of the cellular targets (Melanocytes).

In support of the latter view was the recent study of Rippey et al

. 1977. These authors'reported that nevi cells were found in 22% of

54 primary 'cutanéous malignant melanoma studied, However, nevi cells
were found in 64% of fhe melanomas of the trunk. It appears therefore

‘that some nevi, especially those of the Junction'al and compound

* types, predominantly found on the trunk, may have a higher malignant

.
N e T




pofentia] for neoplastic transformation, and may well be the pre-

cursor.of some malignant melanoma. . o

t

wr Jy
.

CAUSES~Q£'MALIGNANT~MELANOMA'

i

The exact cause of ma]ignant melanoma remafns unknown.
However, evidence tb\date strongly suggests that malignant melanoma
results from a comp]gx interaction of several factors. These faétors
can include some exogeneous physical or chemical agent and suscep-
tible cellular characteristics of a host (i.e. melanocytic moles)
which permit the inductive agent to act in a transfofming manner,
The inductive agents more often cited in the literature are trauma,
viruses, (Balda et al 1975) and sun]iéht (Elwood and Lee 1974, 1975,
Lee 1973, Mégnus 1973). As stated earlier,'recently there has been
a tremendous increase in the incidence of melanoma; moreover, this
increase seems to be related to melanoma occuring at certain specific
sites of the body, e.g. lower 1imbs and back above the waist of both
men and women. These facts prompted Elwood and Lee (1975) to suggest
that changes in the kind of clothing and modes of dress were
responsible for the incidence of melanoma. However, since the increased : i
incidence of melanoma did not occur in the most exposed parts-of the
body (i.e. face and back of hands), and was most prominent in pro- ‘ ,

fessional and managerial workers, it is suspected that sunlight

acting in an tndirect unknown manner, in conjunction with other factors,
i.e. susceptible nevi;, are involved in the increased incidence of

melanoma.

'
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THE HOST IMMUNQLOGICAL RESPONSE TO MALIGNANT MELANOMA

a) Role of Tumor Antigens in Human Neoplasia

;t is now well accepted that tumor cells whether induced .

by (a) vi?dses, (b) chemical, (c¢) carcipogen, (d) physical agents,

" or from tumors of unknown etiology; synthesize macromolecules which

ﬁormal adult cells do.not/(Alexander 1972, 1974). The presence of

these macromolecules (generally referreg to as “new antigens") on

the tumor cellhsurface is detected indirectly through the immune

résponse which they usually bug not always.evoke in the Hoé%. '
. K . r

The existence of host immunological resistance directed -

specifically against these molecular markers in patients with malig-

nant tumors is well established (Hamilton-Fairley 1969, Hamilton~

Fairley et al 1971, Nagel et al,-Alexander and Hamilton-Fairley 1967,
Helistrom et al 1971a,b,c, Lewis 1967, Lewis et al 1969, 01d 1977).‘
This concept was first postu]atedgin 1909 by Erhlich who demonstra-

ted the exfstence of tumor-specif1c antigens in: experimentally 1nduced

- animal tumors (Erhlich 1957). In the 1950's, Fo]ey (1953) and later °

Prehn and Main (1957) provided further evidence for the existence
of tumor-spec1fic antigens in mice sarcomas tumors 1nduced by the

chemica1 agent methylcholanthrene

With respect to human tumors in general and malignant
melanoma in particular, the amount of available data concerning

the existence of tumor ant1d€ns is not so great. This partly :gflects

i

Y
&

[ S

X i o el WDahodn o M B 5

gt il




!

ey o o ® B AT I VO 3w e

|
i

the recent development of sereological methods {those using antibody

, evidence doe indicate that human malignant tumor ce]]s in general

| (01d and Boyse 1966, Haddow 1965) and malignant melanoma in parti- - ke

. (ii) humoral antibodies can suppress the cellular mediateéd response

-

as the analytical probe to replace the transplantation techniques’

used in 1nbred mice animal studies). In spite of this, the available

cular’ also posge$s similar tumor-related antigens. Moreover, the

evidence suggiest.s that some of the§e antigens (in human tumor cells, C
depending on the\ir location in the cells) significantly i"nﬂuence' P

the grgwth ang deyelopment of the tumor by partly detemining both

the, nafure and n'lag\nitude of the immunological response they elicit

in the host. B
\
;“
"

\

b) Mechanism of the Host Immune Response/-

. \ . . |
The host Anunologmal response to tumor antigens can
be divided into two compo}uents a) cellul al mediated response involving
thymus-derived 1ymphocytes @nd macrophages, and b) humoral mediated
resppnse involving bone-mar'r"‘owb derived lymphocytes and plasma cells.
However, it must be remenb’ereq that the two components frequently
ihteract, and furthemore th1s\‘\interact'ion can significantly affect

the growth and deveopment of the\. tumor, e.g.: (i) T-lymphocytes are .

known to act as "helper" cells for\ B-1ymphocyte antibody production;

by reacting with the tumor-specificantigens on the tumor cell

\
surface (Hellstrom et al 1971, Hellstyom et al 1973).
-

- The existence of'hoét 1nm\rm'logica1 res{aonée, i.e.

\




cellular apd/or humoral io tumor-specific antigeng in human malignant
tumors in gnera] (Hellstrom et al 1968, Currie and Bagshawe 1967)

and malignant melanoma in particular is now well established (HamiTton-
Faifley 1969, Nagel et al 1971, Alexander and Hamilton-Fairley 1967,
Bodenham 1968). It was é]ways felt that the unusual biological be-
havior of malignant melanoma, thﬁt is, its unpredictable and variable
natural histary and its high rate of spontaneous regreséiop, indicated

- the host immpunological response was influencing the growth and

" development |of the tumor. Convincing evidence for the existence of

both cellul r‘1 and humoral immunity in human malignant melanoma has

been derived Trom several studies, e.g. Samson-Handley (1907). He
was the first investigator to demonstrate a correlation between
regression of| the malignant tumor and the degree of infiltration

> of the tumor mass by mononuclear ]eu.cocytes, More recently, Thompson
(]2&2) also showed that degree of lymphocyte infiltration correlated
wﬂ;.h the deveopipent of the tumor. g -

——

With respect to humoral immunity, many investigators
(most notably | e\wis 1967, Lewis et al 1969, Ikonopisov et al
1976) have dehonst ated .the presence of specific se@m immunoreact-
ivity in patients with malignant melanoma. bespite the tremendous
number of studies done concerning the host-tumor re]atidnship in
malignant melanoma, the\importance of the role of each cjanponent of
the immune system and the relevence of the entiré host-immune system
in the modulationof tumor growth énd deveopment remains very contro-
versial, With respect to the f‘onner', it was originally beHéved that

host immunological response to tumor cells was almost exclusively a

-
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function of the cellular mediated response. In addition, it was

known that humoral antibodies in general had limited access to solid

tumors "in vivo", thus they were not expected to play a significant

role in the host immune response to localized tumorAce11s. Nevertheless,

it is now believed that humoral antibodies may play a role when

tumor cells are readily accessible as with blood-borne metastasis. Strong

support for humoral mediated response in afﬁgcting the growth and
development o ’the tumor. has been provided by the findings of several
investigators (jGold 1967, Lewis 1967, Lewis et al 1969, Morton
1970). Their evidence strongly suggests that humorﬁ] antibodies

play a crucial role in delaying dissemination of the primary tumor.

/

" The question as to whether or not the host immuno-

a
v «

_ldgical response is responsible for the unusual behavior of malignant

melanoma remains-unresolved. In this regard, there are essentially
two schools of thought. Some investigators (Lewis gﬁ al 1969, Lewis
1971b, 1972a, Morton et al 1970, Hamilton-Fairley 1969, Hami1ton-
Fairley et al 1971) believe that there exists some correlation
bétween the host immdne response (humoral) and the. growth and
develqpment of the tumor. On the other hand, other investigators
(Nairn et al 1972) believe that there is no correlation between
fhe‘host immune response (humoral and cellular) and the growth
and development of the tumor. These djfferent conclusions as to
the role of the host immune response in part reflects:

‘ (1) different techniques used to assess the patient's

o . immunological coqpetence.

I




(ii) variation of the patient's immunol ogiocal compe-
tence at different stages of the disease.
(i1i) specificity of the different techniques used.

3

¢) Methods of Detecting Host-immunological Response to Malignant

Melanoma-as socfated Antigens

\
g

The existence of both cellular mediated and humoral
mediated host resporise to melanoma-associated antigens in melanoma
target cells has been shown by a number of "in vivo" and "in vitro"

immunological tehcniques. Cellular immunity has been investigated

using: (a) Delayed Cutaneous Hypersensitivity (DCHP) to tumor

extracts (e.g. 3M KC1) by Roth et al'1976a,b, .
Mavligit et al 1973a, and Holmes et al 1975. ‘
(b) Lymphocyte Mediated Cytotoxi'éity; Hellstrom et al
1971, DeVries et al 1972, and Naitn et al 1972,
. Hamilton-Fairley 1971.
(c) Leucocyte Migratic;n Inhibition; Cochran g_g_él_ 1972,

Segal et al 1972,

However, the most widely used technique, and the one
believed to best reflect the actual ("in vivo") relationship between
the host and the melanoma tumor cell is lymphocyte cytotoxicity.
‘Hel1strom et al (1971) were the first investigators to demonstrate
that lymphocytes from most ’patients with malignant melanoma are

cytotoxic to melanoma target cells "in vitro". The available

o AL
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evidence strongly SUngsts that lymphocytes from patients with

malignant melanoma were (i) specifically cyt!idc to melanoma target

cells, whether the cells were autologous or geneic, and (ii)

A

more cytotoxic in patients with 1ess\agced disease (localized t

tumors). Although there remains some unari¥wered questions concerning
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both the specificity of this assay (Heppner et al .1973, Oldham et al
1975) and the relationship between the degree of lymphocyte cyto-

: ' toxicity and the extent of the disease (Roenigk et al 1975), it
appéars certaiﬁ that the host cellular mediated response to melanoma-
associated antigens does exist aﬁd has some impact on the grow_nth

~

and development of the tumor.

Host Humoral Mediated Response =+ ) i

vos - Lewis (1967) wa§ the first investigator to demonstrate
' that serum from patients with localized tumors contained anti-melanoma
antibodies which were cytotoxic to their ow;m autologous tumor cells
"in vitro". Three methods have been used extensively to study bot‘:h
. the existence of host humoral response to melanoma-associated antigens
and to assess the impact of this response on the growth and develop-
ment of the tumors.
C ~ (a) Immunofluorescence (Oettgen et al 1968, Morton et
' ‘ al 1968, Romsdahl. and Cox 1970, Fdssati et al 1971,
Lewis et al 1969, Phillips and Lewis 1970). ‘
(b) Immune Adherence (1A) (Corain.et al 1973, Irie
et al 1974) ' .
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Z (¢) Comp1ement-dependent Cytotoxicity  (Lewis 1967;
tewis et al 1969, Nairn et al 1972, Bodurtha, et ai 1975).

.In summary, the bulk of available data concerning

host-tumor relationship in malignant melanoma indicates that (a)
melanoma cells carry tuhér-specific antigens against which the host °.
immynologiéal system_ has been shown to react, and (b) th&% the host-
immunological response§ humoral (c&totoxic antibody) and cellular
(1ymphocyt? cytotbx1city) elicited by these antigens have some impact

; on the growth and development of the tumor.

RELATIONSHIP BETWEEN HOST TUMOR IMMUNITY AND GROWTH AND DEVELOPMENT

. OF TuMogs |

3
L} !

“ -
! ! .
\ . "Metastatic melanoma is one of the cancers least ‘

\susceptiblé totfreatment in man largely because of the frequency
of lympha%ic'and b[pod-borﬁe metastases” (Nicolson 1979). A number
éf theor1;§ ﬁavé Sé;ﬁ pqstulated to explain why the primary tumor
can persist localized for indefinite periods of time then suddenly
//‘ acquire the capacity for rapid profileration and metastasis in face
\\\\‘of a strong and intact immune system. Evidnece to date suggests
that the capacity of malignant melanoma tumor cells to medastasize
is related primarily to the absence of tumor-specific immunity .
mediated by humordi an;ibodies and/or T-lymphocytes. This does not
rule out the possibility that secondary factor§, e.g.dabsence of

éomp1ement. might greatly éffectlthe immune response as a whole.

.
-
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Yoo Zeigler et al (1969) and Fass et al (f970) demonstrated

that the major d1fference between the 1mmunolog1ca1 response of
0 patients with localized forms of melanoma and those with advanced
'sta.ges o%.nmetéstases was the absence of tumor-specific antibodies
_ against their tumor  cell in the latter. That matients with

0 advanced stages of malignant melanoma were not non-speci f1ca11y

immunologically abnormal has subsequent1y been conf1rmed by several
other investigators (Morton ggg]_ 1970, Lewis 1974, 1972). Conse-
quently, four main hypotheses have been postulated to eiplain the .

k2 -
absence of tumor-specific antibodies in patients with disseminated

malignant melanoma. , "
‘ - I) Sneaking throuéh hypothesis: - This su&!ts that |
. initially the individual tumor cells are not speci-
| fically immnogenic; conSequently, by the time the

r : ' ~ immune system recognizes the presence of the tumor-

specific antigens on these cells- the tumor is well

established and too large for the imlve system to

effectively deal with it. | _
(II)vAnt'Igenic modulaﬁom; This Sugg'ests thats the tumor
. ( AN ~ celds fnvolved in n!etestasis possess the ability to

1
Yo

' . mask or éven lose their antigenic determfnants in
' C\ : ., face of immunological attaék (01d and Boyse 1968,
. . Alexander, 1972,1974). SR

(I11) Ant1gen1'c andfo]ding This suggests that the

growing tumor uhy shed excessive amounts of tumor

)

surface antigens which then bind to the tumor- .

specific antibodies or to specific receptors on .

?
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s | lymphocytes and thus p;event them from recognizing .
. and destroying the tumor. a ‘
(IV) B1oék1ng hypothesis: (May also involve antigenic
blindfolding) - This suggests the exi§teﬁce of ;evera1'
B]ocking substances which effectively neutralize |
the tumor-specific antibodies hrodqced by the hoét
" (Romsdahl 1974, Levy 1973, Hellstrom et al 1971c,
‘iv‘ ' : 1973a, Lewis et al 1976, Rartmann et al 1974, Hartmann
and Lewis 1974, Preddie et al 1979).

i,

. <

B]ocking‘factors ﬁay include: (i) circulating soluble
aﬁt1gen (i) circulating antigen-antibody complexes, (iii) idio-
typic type of auto-antibodies, or {(iv) other specific substancés

> produced in individual patients.

In summary, it is reasonably certain that nelaﬁoma
v tumor-specific antigens play S crucial role jn both the elicitation
of tumor-specific immunity in the host in the metastases of the. tumor.
Therefore, it is obvious that the isolation, purification and char-
P o acterization of these antigens is ; necessary prerequisite for the

eventual understanding of the role of these’'antigens in the regu-

lation of the host's immune response to the invading tumor cells.

’

. , Y. . - VELANOMA SPECIFIC ANTIGENS
\ - *
L 7 As a working hypothesis, tumof agtigens can be divided ..

, s .
into two types: (a) tumor-assoctated antigens, and (b) tumor-specific b
¥ /

. \
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antigens: An'tigens such a\‘s carcino-embryonic a.nti'gens (CEA),.

‘ak -fetal proteins (AFP) and antigens relatéd to infection with
Eptein-Barr viruses are examples of tumor-associated antigens.
These anti\gens‘which are secreted by the tumor cells as well és
normal cells such as the ethryonioc cells of the corresponding organ
are not believed to be directly related to the neoplastic trans-
formation process. On the other hand, the tun:r-speciﬁc antigens
for which there are no correspon‘ding molecules on normal cells are
believed to be involved in the host immunological response to the

tumor (Foley 1953, Klein 1968, Haddow 1965).

.
s, 11

.

Tumor-specific antigens have been extensively st;Jdied
in animal systems where it was inifiaﬂy shown by Foley (1953), and
later by Prehn and Main (1957), that all chemically induced tumors
had distinct and unique tumor-specific antigens, whereas virus induced
tumors had antigens in common within each etiological group. Tumor- "
specific antigens in human tumors have not been as well studied
mainly due to techﬁica] probléms involved in their 1‘s‘01at1'on, iden-
tification ¥ characferization. Recently, several authors have
convincingly demonstrated the presence of both tun?or-associa‘ted
(Federman and Lewis 19?4, Carrel and Theikaes '.1973, Wood and Barth
1974) and tumor-s'peciﬁc‘ antigens (Van fAHﬁtyne 1977, Thompson
et al 1976, Preddie et al 1976, 1977; 1978a, 1978b, ‘Persad 1979,.' o

Khosravi 1978) in the tumor cells of human malignant melanoma.

There is good evidence for two 'groups of tumor-

specific antigens in malignant melanoma cells, These are: (1)

i

) P
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tumor cell membrane -associated antigens, and (2) gnfig;ns éssociated : ) f*
with the cytopfasmic contents of the tumor cell, It is highly likely
that the membrane-associated tumor-specific antigens are involved

in the recognitiop and selective destruction of the,invading tumor

cé]]s by the patienf's immune system. Consequently, this gpoup of

‘antigens is presently being intensively researched by several workers,

mos t Hotab1y Preddie et al 1978 and Khosravi 1979. The cytoplasmic™
antigens have been receiving a little less attention, partly due to

(i) a lack of ideas about a possible role for them jn'the immune
response, and (ii) problems involved in ideﬁtifying their exact
Eytop]asmic tocation without prior fractionation of the cytoplasmic ;
organelles. One group of these antigens has been shown to be
associated with the nuclecli in melanoma tumor cells (McB}iée et al 7/ ) )
1972, Lewis §§.31_1973, and Bowen et al 1976) and Persad (1979) o : i
has demonstrated that some of these antigens are associated with
rough microsomes in tumor cells. ‘

l Tumor-specifi¢ nucleolar antigens havelbeen7§%ud1ed

by several invéstigators using different -techniques. The results
obtained by*the variety of methods used are not in total agreement '”
as to the nature of these antigens. Because our group has been
successful in isolating tumor-spefific antigens from purified plasma
membranes (Khosravi 1978, Preddie et al 1977, Preddie et al 1978a,b) \ i///
and from subfractions of microsomes prepared from malignant melanoma “\;./////

tumor cells (Persad 1979, Preddie et al 1979) it was decided -to apply

some of these experimental approaches to try to demonstrate defin-

b
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itely the presence and the nature of melanoma tumor-;pecific antigens
which were shown by immunological methods to be associated w1:th tumor- ‘
cell nucleoli. The techﬁiq:e most widely used to date to localize

anq characterize human tumor-assoﬁiated antigens is immunofi uorescence.
Originally developed by Coons and Kaplan (1950) and subsequently modified
te its present form by “Lewis and Phillips (1972) and Phﬂhps and Lewis
(19707, this techmque has recent]y been used by 1nvest1gators to study

cytop1asm1c ant1gens assocwated with human malignant melanoma. Clank et al

(1977) sugdgested that the specific cytoplasmic fluorescence observed by

s ma‘ny workers may be directed against an antigen common to many malignant

cells, possibly a fetal antigen. In support of this finding is the work
of Whitehouse (1973) who demonstrated cross-reactivity between mé]anoma '
sera and human fetal target cells. 'These results may in part reflect the
fact that there exist both melanoma-specific and npn-—spécificvantigens
associated with the /cytopla'sm of malig‘nant melanoma cells. Lewis et al
(1973) suggested that there are at least six types of antigens present on
melanoma cells which they classffied as follows: (a) surface membrane
autologous, allogeneic. membrane and foetal, (b) cytoplasmic autologous,
allogeneic, and (c) nucleolar allogeneic. }'hgj further suggested that these
antigens were expressed at different stages of the disease as the tumor
progressed from the localized nevus stage to the widely disseminated state,
and they demonstrated that the a)nti-nuc]eo]ar aritibo&ies were found in the |
pa.t'[ent's blood on]y‘t the latter stages of the disease (i,e‘: when wide-.
spread dissemination was taking'place). These findings were confirmed by
McBride et al 1972, .and Bowen et al 1976. However, all of these workers

used indirect immunological and morphological methods to

~
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demonstrate these antigens. An understanding of the nature,ahd the

’ &
role of the nucleolar fntigens as well as the interrelationship
between these and the(other groups of tumor-specific antigens ¢

requires.that these antigens be isolated, characterized, and studied

in a homogenous molecular form.
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MELANOMA ANTIGENS ASSOCIATED WITH THE NUCLEOLUS 0
MALIGNANT MELANOMA CELLS

PR N T

THE - NUCLEOLUS

i

o

The nucleolus is an intranuclear organelle whose primar
function i;c, the production of most (80-902) of the cellular RNA,
nrainly ribosomal (rRNA).In additiony it is believed that the nucleolus
also serves as the site of organiiatiori of the ribonucleoproteins
which are processed through a number of stages from one percursér to
another until they eventually leave the nucleolus and are transferred ‘
through the nucleoplasm and into the cytoplasm. Recently, a number of
" investigators: have attempted to ellucidate both the organization

and function of this interesting organelle. In terms of structuré, ’ !
the nucleolus consists of at least three distinct regiond: (a) pars
amorpha, (b) the nucleolema, and (c) perinucleclar area. With rgspéct
to its function, much remains to be known; for example, 1ittle is ‘ | i
kno;nn about the factors that control the ratem{i\nuc]eolar activity

and the number of nucleoli in a given cell. The rple of the nucleolus -
in neoplasia has been a subject of considerable igéerest to many

investigators ever since MacCarty et al 1936, MacCarty 1937, Mac-

Carty and Haumeder 1934, pr:esented evidence of structurc:ﬂ irregulari-

ties in the nucleoli of cancer .cells.

NUCLEOL! OF CANCER CELLS

It was originally suggested that the only constant

3
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| ' . ¢
feature of neoplasia was nucleolar aberrationin morphology and function
(Busch et al 1963, Busch and Smetana 1970, Long and Taylor 1955, Cowdry ;
1951). Therefore, many investigators have studied differences in
nucleolar si;e,number & morphology between normal and neoplastic cells
in an attempt to use these differences as an indication of neoplasia
and to gi;in insight into the structure and function of this organelle.
No constant and/or specific morphological differences have been
found between cancer and non-cancerous cells, That is, although the
shape of the nucleoli of tumor cells is pleomorphic, this character-
istic is dlso found in non-cancerous growing cells. In addition,
the nucleoli of cancer cells are strikingly very large and variable
in number, but these characteristics have also been shown in other
non-cancerous cells, e.g. hepatic cells and cells undergoing some
hyperactive functien. O'n the other hand, the atypical characteristics
of nucleoli found in neoplastic cells are more intense and occur
with a greater frequency in malignant cells as compared to n'n_)rmal cells.
L6n9 and Taylor (1955) found that with increased malignancy, the
corresponding nucleolar variations included: (1) multiple nugleoli,

(2) larger size of single nucleoli, (3) variations in size offmul-

3

tiple nucleoli, and (4’wirregu1arly shaped and vacuated n
With the advent of mett;ods for 1solat’1on' of purified nucleoli from
'neopléstic‘ nd non-neoplastic cells, biochemical analysis of nucleolar C g
constituents has ‘'strongly suggested that the major differences
B‘e‘tween nucleoli c:f these cells may reside at the gene level. In
other words, it hasnbeen postulated that perhaps the one feature that
may distinguish the nucleoli of normal and malignant cells may

involve the nucleolar-chromosamal complex in which didassociation

!




) ' ' ' %

(résulting from neop1$st1c transformatfon) between thelnucleo1us and ‘
its cﬁromoéome may 1ead‘to unregﬁ]atea production of both nu§1eo1ar
material and chromatin (Kopac and Mateyko 1958). -
i N

In view of the fact that the nucleolar chromosomal
complex may be a fundamental regulatory mechanism in the cell, it is
possible that disassociation of the nucleolar chromosomal complex
may resu]tlin the nucleoli of cancer cells producing abnormal products
e.g. ribonucleoprotein which could affect the responsiveness of the

cancer cells to both infernal and external control systems.’ ¢

“ This is important in 1igh§ of the preliminary findings of
) McB}ide et al (1972), i.;e. that the nucleolar éntigen associated with
malignant melanoma was an RNA-bound protein, and that this antigen
was melqnoma—specific since it was nqt found in non-malignant tissue
frbm melanoma patients, Further evidence for the above concept was
provided by the work of Farhad-Marashi et al 1979. They showed that
the antigens ‘associated with the nucleoli of Novikoff hepatoma ‘
differed from those of normal liver nucleolf. Subsequ;nt isolation
and partial characterization of{this aﬁtigen showed that'it was an

extranucleolar chromatin-type molecule closely associated with the )

nucleolar DNA.

+
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PURPOSE AND DESIGN OF PROJECT

i

In view of the fact Ehat techniques for the ieolatjon
of pur1f1ed nucleo11 in adequate amounts necessary for b1ochem1ca1
analysis are now available, the isolation and partial pur1f1cat1on

of melanoma tumor-spec1f1c antigens from nucleoli purified from

tumor tissue was undertaken. The experimental approach was as'fo11ows:

J .
(a) Immunofluorescence using fluorescent autologous tumor-

specific serﬁ was used to show that tumor-specific
antigenic activity was associated with the nucleolus.
P | (b) Nucleoli were isolated from tumor cell nuc]e} and shown
by morphological, chemical and enzymatic analysis to

e

be pure as defined by published criteria for purity of

, .nucleoli.‘
{c) Tumor-specific antigens were extracted from purified

nucleoli, and purified by affinity chromatography ‘

l g
employing columns made up of purified IgG's from melanoma

patients covalently bound to Sepharose 48B.

(d) Isolated antigens were partially characterized.

( T@e results of these studies should (a) provide some
insight into the naeuge of the nucleolar antigen/s: (b{_help us to
understand the inﬁﬁno]ogica1 relationship between this and other

" melanoma tumor-specific antigens, and (c) provide the impetus for

a study of this antigen as a possible candidate for a diagnostic

agent in determining the clinical status of malignant melanoma.

21,
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MATERIALS AND METHODS

i. Source of Chemicals

Al1 chemicals used vi{ere of reagent grade. Indole,

ammonium sulfate (grade IIll), sucrose (crystaﬂih;:, grade 1), -

polyethylene glycol, maleic acid repurified, DL-dithiotheoiotol B
(Sigma grade), ethy1enediaminetetraset1’c acid (disodium), 'DEAE , ’
ce'l'lu]pse (medium mesh) and p-nitrophenyl phosphate (Sigma grade)

were ottained from Sigma Chemical Company, St-Louis, U.S.A. '

»
. Sepharose ‘4B, Sephadex G-200, RNA and proteins used for molecular

weight markers were from Pharmacia, Dorval, Quebec. Tri ch]oracetic.
acid (TCA), Triton X-100 were obtained from Fischer Scientific Cempany,
Montreal, Quebec. Trypsin (grade A), ribonuclease (grade A), orcinal
@rade A)'were obtained from Calbiochem, as wer;e AMP and G-6-P.

]

Polyvinyl Sulphate was from Estman, TC199 was a gift from Dr. T. Phillips.

ii. Concentration of Protein Fractions
B , ;

|
Three méthqu were used to concentrate the various fractions, . ;

depending on ,their volumes and on the molecular weights of the protein

constif;uents involved. ’

(a) For a very small quantities (i.e. less than 1.0 ml), Jtr;e
method involving 'the use of dr:y calcium chloride prow;ided
the bgst results in terms of time and recovery of the

material. !The fractions were concentrated‘iby placing the

frozen samples in a desicator containing dry calcium
v ‘ .

chloride at 4°C and evacuating with a vacuum pump. N
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(b) For larger quantities (1-10 ml), the fractions were placed

in dialysis tubing of appropriate molecular weight cut-off, and
concentrated by immersing the tubing bég'in a beaker and surrounding
it with finely crushed polyethylene glyco!.

(c) For concentrating very large volumes (iO-ZS ml) with high
molecular weight constituents, e.g. IgG isolation, an Amicon concen-
trator, model 75 PtSl, was used. The pow;r source wé; a nitrogen

tank and a’'membrane filter with a molecular weight cut-off of

50,000 was employed.

-

ii. Dialysis C /’:) Y

Dialysis tubing of different widths and different

‘1

A”mo]ecular we]ght cut-off was used extensively ‘throughout th1i/

project for a variety of purposes.- The dialysis tub1ng, which ﬁas

obatined from Spectrum Medical Industries, Los Ange]es, California,

”

was prepared for use by heating for 30 minutes at 80°C in distilled

~ water containing Sodium bicarbonate 0. ly (NaHCOa) After heating,

the tubing was washed extensive]y by rinsing in d1st111ed water.
Dialysis was done at 4°c (in a co]d room) for varying lengths of
time (12-48 hours) with changes of buffer every eight (8) hours.

»

iv. Sources.of Tumor - ’ e

\

‘ Human malignant melanoma tissue and paiients' sera
used in this project were obtained from the Cancer Research Unit,

McGil1l University, Montreal, Quebec. : L

.23.%
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(a) Tissue specimens - tumors which were obtained immed-
iateiy after‘surgical excision were placed in clean petri dishes
cqntain%ng small amoqpts of TC 199, sealed, and subsequently stored
in a walk-in deep freezer at -136°C (Phillips and Lewis 1970). ‘

(b) Sera - Serum specimens from twelve (12) patients with
malignant melanoma were collected and s;ored at -20°C until used for-
cytoplasmic immu_noﬂuorescence. In addifion, sera were obtaine’d
from three other typepé 6f non-melanotic tumors. Normal sera obtained
from the Hemato]ody Department of the Royal Victoria Hospital were

used as control.

-

v. Absorption of Test Sera and Determination of Specificity

To increase the specificity of the results (Cytoplasmic
IF), absorpfion of positive sera was done according to the method of
Minden et al (1974). Positive sera were abosrbed with (a) normal

human spleen cells, and (b) tumor cells of non-melanotic tumors

using the following procedure: approximately 4.5 X ]07 normal human ‘

spleen cells, and 2 X 107

tumor cells of the other tumors were washed
in sterile PBS (0.01 potassium phosphate, Q.15M NaCl pH 7.3) and then

mixed with 1 ml of the serum in a tube which had been broyght t0

" 379C. This absorption was performed at 379C for one (1) hour and \\\\

continued overnight with constant.st}rring of suspension. After
absoprtion, thé samples were centrifugéd at 2000 X g -for 30 minutes
and the supernatant w;s remgied and'kept at -20°C until used for
cytoplasmic immunofTuorescence. Aliquots of the absorbed sera were

tested for specificity. Specificity of the sera was determined by

.28,
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studying the effect of unlabelled sera on the interaction between
1251 labelled serum and,autologous tumor-specific antigens obtainéd

- from 3M KC1 extracts of the tumors. These studies were performed by

Preddie according to the method described by Preddie et al 1978a).

vi. Cytoplasmic Impunofluorescence
» L4

-

'

Direct and indirect immbnof]uokes;ence was performed
by the method of Phillips and Lewis (1979) and Lewis and Phillips
(1972):>a cell suspensibn was prepared from fresh tumor material
for snab-freezing: the tumor specimen was finely minced in a petri
dish containing a small amount of TC 199 medium. The suspension.was
fi1tered_through/steri1g gauze, the cell number was determined and
subsequently gdjusted to 1 X 106 per ml in the same medium. Snap-
freezing was performed primarily to open the cell membrane’to the
entry of im?unog1obu11ns, but also to facilitate both adhesion and
flattening of the cells. Approximaté]y 30,000 cells/smear (3 smears ’
per microscopic slide) were added by pipettiﬁg one (1) drép of the
1X 105 cells/ml suspension onto a EIean microscopic slide and theﬁ
allowing the slides to dry at room temperature for 30-60 minut%s.
After drying, the slides were fixed by freezing in a mixture gf ’
isopentane and liquid nitrogen for one (1) minute at -160°C and
then stored at -180°C until used. To perforh cytoplasmic immuno-
fluorescence analysis, the slides were.removed and allowed to thaw.
at room temperature/for thirty (30) minutes. The smears were numbered.
and then the slideg were'hashed with PBS to remove any fesidﬁal

isopentane. During the washing procedure the sera were prepared by

/‘-\- P
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diluting 1: 4 w1th the phosphate buffer After: wash1ng, the excess
water was removed and a Pasteur4p1pette was used to apply an equal
amount of the diluted serum to each smear. The slides were covered
with‘largeolid§ and allowed to stand at room temﬁerature for fhirty

(30) mindtes in order for the serum reaction to occur. After this time,

‘the slides“were carefully rinsed twice with PBS then gJaced in a bath

containing bdffer for thirty (30) minutes to remove all unreactive \
serum proteins. \

[

During the washing procedure, the conjugate fluorescein

isothiocyanate isomer I (FITC) obtained from the Behring Iﬁglitute

v

(Germany) was prepared. The anti-gammaglobulins that it is conjugated . -
to are IgG, IgA, and IgM, raised in goat. Subsequently, one drop

of the conjugate (prepared by dissolving one ampoule coqfént in 7 ml of
0.01,@‘ PBS buffer pH 7.3 aéd 1 ml of distilled water) was added to,'
each smear. The slides were then incubated for 30uminﬁtes at room
temperature in a moist chamber to pérm1t reaction between the conju-
gafed‘a?tf-gwnnaglobulins and the gammag]obu]ins‘bQund'ta‘cytoplasmic

-

antigenic components.

2

" After incubation, the slides were wéshed three times

for twenty minutes each time, wiiﬁ PBS solution. Before mounting,
4

the excess buffer was carefullerémovqg by wiping the area around the

o

‘smears. Then one drop of 1:1 (glycerol:0.01M potassium phosphate

pH 7.6) was applied to eéch smear which was then covered with a
coverslip making sure no bubbles were trapped beneath. The slides

were viewed under a microscope 11luminated by UV ]1ght: Note thas the

9.
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basic.procedure used for direct (p1ate 1a) and indi rect (plate 1b) -

.cytoplasmic i{mmunof] uoresence Iy the same. except in the fbrmer

the patientﬁserum is omitted.

Microscopy and §coring _
" AN slides were number coded,' ramdorﬁi/zéd and subsequently

-examined and scored.

- ~

ISOLATION AND PURIFICATION OF NUCLEI

»

So1uvtionsh'used in the preparation and purification of nuclei and

.

_nucleoli: ‘ )

TKM Buffer B Co

0.05M Tris-
0.005M MgCl, o ,
0.025M KC1 . . : T

oL

pH adjusted to 7.5 with HC1 = -~

a) 0.25M sucrose in TKM biffer . - <&
bhzﬁ.w sucrose in TKM bnffer . |
c) Phosphate buffered saline ) - oo
- 0.01M phosphate buffer containing 0 15M NaCl pH 7.4
d) ST = 0.34M sucrose in TKM : ' \
e) 52

@

0. 88M sucrosé in TKM medium
f) Sta'!mng Solution , (

- 0 1% azure (, made up in 0. QBSM!_sucrose or in distilled water.

'27' .
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The sucrose-calcium procedure, which was orfgjna11y

deve oped by’Hogeboom et al (1952) and subsequently modified by
Chaﬁ%eau él.él.(]95§2: has become the most widely used procedure for
the isolation oflnuclei from liver and other.tissues. Since, for

the purpose of isolation of nucleoli, it is essential tﬁat a divalent

ion be present in the medium during the isolation of the nuclei,

' a.modificatton of this procedure was employed. Thefefore; the method

uSed/Zp isolate and purify the nuclear preparations was essentially
that Of Blodel and Potter (1966), which is a significant modification

of the procedure of Chauveau et al .(1956).

The procedure was as follows: approximately 5-7 g. of

tumor tiséue was thawed rapidly in a 40°C water bath and finely

minced in 2 volumes of ice-cold 0.25M sucrose in TKM buffer. The

-~

product was. homogenized manually with 10-15 complete strokes using
a glass homogenizer, and then filtered througﬁ four layers of cﬁqese-

cloth' to remove fibrous tissue. The suspension was then centrifuged '

for 10 minutes at 700-800 X g in a Sorvai\ éuberspeed RC refrigerated

centyifuge. The Erudg nuclear pellet obtained was redissalved in
7 ml of 0.25 sucrose in TKM buffer by gentle homogenization and then

pipetted 1nto a 30 ml capacity n1troce11ulose tube. Then 14 mi of 2.3M

e
. sucrose in TKM buffer was added by means of a large syringe and

thouroughly mixed by inversion with the 0,25M sucrose-TKM homogenate.

“The sucrose ‘concentration of the homogenate (mixture) was thereby
raised to approximately 1.62M sucrose, the density necessary to float

" mitochondria and rough endoplasmic reticulum, thhs preventing them

from‘co-sedimenting with the nuclear pellet. The mixture was then

-y 4
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underlaid with 7 ml of 2.3M sucrose in TKM. Céntri fugation was in
a Spinco SW‘Z?L—rdtog at 25.5 rpm at 0-4°C for 45 minutes. To further
purify the nuclear pellet, the nuclear pellet was redissolved in
5 ml of TKM buffer pH 7.4 containingd% Triton X-100. The nuclei
were washed by—centrifugation (0-4°C) at 700-800 X g for ten (10)

minés in a Sorvall refrigerated centrifuge. The purified nuclei
were then taken up in phosphate buffered saline and dialyzed against

the same byffer‘ overnight.

1.1, DETERMINATION OF THE PURITY OF THE NUCLEAR PREPARATIONS

§

1.1.1 Morphological Analysis

\ Electronmicroscopy

Electronmicroscopy provides one of the most valuable .
morphological evaluations of nuclear purity by examination of the
nuclear membrane and the nucleolus. Consequently, this method was used

LI

. mainly to asses to degree of purﬁ:y of the nuclear preparation during -

the various stages of the isolation procedure. Samples were prepared

for electronmicroscopy in the following way: pellets were washed ‘

in distilled water by centrifugation and fixezi‘ b'y the addition of -

2.0 m! of 4% gluteraldehyde in 0.2M sodiuﬁ cacodylate, pH 7.2, and . o
Ny allowed to stand at 0°C for apprommatew 1 hour. /The nuclel were then |

- pelleted down by centrifugation (1600 X g) for th1rty (3 m1nutes'

and fixed again at 0°C in the same buffer for two. (2)'hours. Al

P T

subsequent preparations and microscopic examinations were don'e‘ by .

~—
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‘tamination was assessed by assaying for glucose-6-phosphatase and

-

Gail Detuch, at the Cancer Research Unit§ McGill University.‘

Light Microscopy

| 'The \morpholog-ical integrity of the {\ucleqli can be used
as ‘a criter;1a of nuclear purity: therefore, samples of nuclear pre-
parations from various stages of the isolation procedure were routinely
stained and examined by 1ight microscopy. In additiron, samples of
nuclear preparations were also examined to determine the dégree of

contamination by cytoplasmic material.

1.1.2 Enzymatic Analysis

~ %Those nuclear preparations which were of acceptable purity, ’
as determined by electronmicroscopy, were further analyzed by enzy-
matic and chemical techniques. Enzymatic analysis involved the

determination of commonly used plasma membrane and cytopiasmic

’
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marker enzyme‘s. For example, the degree of contamination of the final 1

nuclear preparations by fragmerits of plasma membrane was assessed by

s

[} t
assaying for 5 nucleotidase, while the degree of cytoplasmic con-

— el o

acid phosph‘atase.' ‘A1l enzyme assays were conducted within three (3)
months of'isolation of nu,élear preparations using fractions which had
been stored at -20°C and thawed just before use. The basic principle

involved in both assays was similar: the incubation of the specific

substrate with each enzyme sample and subsequent determination of the‘

amount of liberated inorganic phosphate. 1




\

S

5 Nucleotidase

The method employed to assay for 5 nucleotidase act1v1ty .
was a modifieation by Schimmel et al (1973) of the omg1na1 procedure
of Schachter et al (1970) . The incubation mixtures for the assay
of 5_“nucleotidase contained (in millimoles): adenosine 5l mono-
phosphate (AMP), 7.5; glycine-HC1 (buffer pH 8.5 125; HgCl,, 12.5;
EDTA, 0.2; and enzymes (50 ug protein) in a_fina‘l volume of 0.3 ml.

The reaction tubes were incubated at 37°C for 60 minutes, and then
the reaction was terminated by the addition of 0.3 ml of cold 10%

TCA (tr1ch1oracet1c acid). The tubes were then centmfuged to remove

) ‘the precipitated protein, and 0.2 ml of the clear supernatant was

removed for determination of enzymatically released inorganic phos-

phate.

Inorganic Phospﬁate Release Assay, ‘ ’

i

To determine the amount of inorganic phosphate released ‘

' ]
by 5 nucleotidase and D-glucose-phosphatase, the method of Lowry and

- Lopez (1946) was employed: 2 ml of 2% ascorbic acid (fres¥ly prepared),

and 2 ml of (:).5% ammonium molybdate made up in 2N H2504' were added to
0.2 ml aliquots taken from the supernatant of the reaction mixtures.
The reaction tubes were shaken and t\hen incubated at 450(: for 20
minutes. The reaction v;as terminated by immediately cooling, and the
absqrbance at 820 mu was deteTined using a Beckman Spectropbotometer\.
A solution, 1 mM KH2P04, was used as a standard. A unit of activ'i‘ty

was expressed as micromoles of inorganic phosphate released per 60

[ORET A
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minutes, and specific activity was expressed as units of activity
[ ’ '

per mg of protein.

Acid Phosphatase Assa&

¢ .
. i

The enzyme was assayed by ﬁeasuring the relea;s_of
p-nitrophenyl from p:pitrbpheny1phosphate. The incubation medi um
contained 0.5 ml bﬁffer‘substrate, 0.5 ml enzyme/H20 and 0.05 ml
of 5% Triton X-100.

(a) Citrate buffer (5Q mM)

50mM citrate buffer pH 4.8 was prepared by disso1vin§ 0.52%3 ¢

“citric acid in approximately 45 m! qf distilled water. The pH was

adjusted to 4.8 with NaOH, and the final volume was brought to
50 mi. | ‘
(b) Buffer substrate (6.8 X 103M) N
The buffer substrate solution was prepared by dissolviﬁg 0.1015 ¢
Na-p-nitrophenylphosphate in 50 ml.citrate buffer.
(c) P-nitrophenyl (5.5 X 1073M] :

3

5.5X 107°M p-nitropheny] solution was prepared by dissolving

6.95 mg of p-nitropheny{ in 10 mi of 0.02M NaOH.
r '

Procedure: The assay tubes were agitated by shaking vigorously

and then incubated for 60 minutes at 22°C. After the incubation,
the reaction was terminated by the addition of 1.0 ml of O.IN NaOH.

The release of p-nitrophenyl was determined by measuring absorbance

at 405mu in a Beckman Spectrophotometer. 5.5 X 10'3M p-nitrophenyl
solution wa; used as standard, and absorbance versus u moles p-nitro-

phenyl was plotted.

\
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D-Glucose-6-phosphatase Assay

D- glucose -6~ phosphatase assay was performed accord1ng to
. the method of Swanson (1965) using the following so]ut1ons
(a) Glucose-6-phosphate solution (0.1M)

0.1M glucose-6-phosphate solution was prepared by suspending 260 mg

of barium salt in 2 ml of distilled water, and dissolving in a minimum
amount 0of0.1 NHCL. Then 72 mg of anhydrous Na4SO4 was added, and the
resulting precipitate was removed by centrifugation. The supernatant
- was subsequently tested for complete precipitation by the addition of a .
small quantity of Na4504 The pH of the s;pernatant was adjusted to
6.5 with 10% NaOH and the volume was brought to 10 mi.

(b) Maleic acide-NaOH buffer (0.1M)

Maleic acid buffer was prepared by dissolving 116 mg of maleic acid

in app;oximate1y 8 ml of distilled water. The pH was then adjusted’
to 6.5with 10%2 NaOH and the volume was brodght tof?b ml.

The incubation mixture for the assay of D-glucose-6-phosphatase
contained 0.1 ml of O0.1M glucose-6-phosphate sotution, 0.3 ml of

maleic acid NaOH buffer pH 6.5 and approximately 50 ug protein in

-

a final volume of 0.5 ml. The ‘reaction tubes were incubated at 37°C

-

.‘for 60 minutes, and the reaction wa§ terminated by addition of 0.5 mi

of416% TCA. The reaction mixture was then diluted to 2.5 ml with

distilled water, then centrifuged to remove the precipitated proteins. \
Then 0.2 ml of the*supernétant was used for the determination of inorganic

\

phosphate released as outlined earlier.




1.1.3 Chemical Analysis

Chemical analysis of the purity of the nuclear preparations
involved the determination of the major constiguents of nuclet /i.e.

‘RNA, DNA, and proteins,

~RNA Determination

The RNA content of‘the nuclear preparations was done
according to Fhe Orcinol procedure as outlined below. Assay mixtures
containing 2 ml, of enzyme/water, and 2 ml of Orcinol reagent (i.e.

0.2'g Orcinol in 20 ml of concentrated HC1 containing 0.1 g FeCl3
freshly prepared) were agitated and then placed in a boiling water
bath for 20 minutes. The reaction tubes were then cooled and ' '
absorbance at 660 mu was read in a Beckman Spectrophotometer. 1.0 ';
mg/ml RNA so]ﬁtion was used as a standard. It should be noted that since
sucrose in high concentration interferes with both the Orcinol test
(Schactner et al 1970) and Lowry (Bonitati et al 1969) all fractioﬁs~
?;Bh the discontinuous sucrose gradient were first dialyzed against .

0.01M PBS pH 7.4 overnight with three (3) changes of. buffer.

!
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Protein Determination ,

[ P R O D NI

Protein assay was done -dccording to the method of Lowry

et al (1951) with the following modifications: the final volume was

b CELONC AR i O DT

decreased to 3.8 ml, and BSA (1 mg/m1) was used as the standard.
' {

Deoxyribonucleic Acid (DNA) Determination

L}
DNA was determined by Ceriotti's modification of the
diphenylamine procedure, except that 2.5N concentrated HC1 was used c!
and smaples were heated for 20 minutes instead of 10 minutes as

suggested by Blodel and Potter (1966). Calf thymus DNA (Sigma) concentra-

tion 2.5-15 ug/ml was used as a stan’da‘rd. Assay mixtures contained 2
ml of protein/sz, 1 ml of Indole (as prepared below), and 1 ml of
2.5N HCT. The mixtyres were shaken well, and then the fubes were cover-
ed with aliminium caps and placed in a boiling water bath for 20
minutes. The tﬁbes were"gien cooled under running water, extracted 3

" “times with 4 ml of chloroform each time, and centrifuged to give a
completely clear interphase. The intensity of the yellow color which
developed was read in a Beckman Spectrophotometer at -490 mu. The
indolé solution was, prepared by“dissolving the indole. (4 mg) in 8 ml

of warm distilled water, cooled under running water and diluted to

volume.

N
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2 ISOLATION AND PURIFICATION OF NUCLEOLI

1.2.1 Sonication of Nuclei

Those nuclear preparations which were of 'adequate yield
and pur',:ity, as determined by electronmicroscopy and enzymatic analysis,
wefe sonicated essentially according to the method of Bush (1967). ‘
Puﬁfied nuclei were suspended in a volume of 20 ml of 0.34 sucrose-
TKM medium containing an RNA polymerase inhibitor (polyvinyl sulphate)
in a final concentration of 1%4. For reléase of the nucleoli from the
nuclear preparatidns,a sor.n‘c-300 dismembrator (obtained from Fischer

Scientific Company) was used. To minimize nucleolar breakdown due to

increased temperature, the sample container was immersed in an ice

" bath throughout the sonication process. The nuclear preparations

were sonicated for 20-second periods. At each time interval, a drop
of the sonicate was used to determine the extent of the destruction

of the nuclei. Sonic o¥cillation was discontinued when most of the

" nuclei were virtually destroyed. Under these conditions (i.e.

temperature and volume which were optimum for sonication) the maximum

destruction of the nuclei was achieved with minimum destruction

of the nucleoli. This did not usually require sonic oscillation periods

longer than 60-100 seconds.

1.2.2 Identification of Nucleoli

Since excessive sonic oscillaﬂons result in 1ncreased‘

destruction of the nucleoli, it was necessary to carefully follow

LSS
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the various stages of destruction of the nuclei. At each step of

the sonication procedure the aliquots of the sonicate were mixed.with °
a few drops of 1% Azure C made up in 0.25M sucrose or dist‘ﬂled water,
The mixture was placed on a clean microscopic slide, covered with a
coverslip, and examined using a light microscope. This stain permitted
the rapid and easy visualization of the nucleoli as well as ribo-

nucleoprotein components of the cytoplasm.

1.2.3 Purification of the Nucleoli from Sonicate

[

The procedure used for purification of the nucleoli was
basically that of Ro et al (1964) . The whole sonicate in a volume of
20 ml of 0.34I‘-; sucrose-TKM 1s layered over 20 ml of 0.88Msycrose in .
TKM, and then centrifuged at 2000 X g in a refrigerated centrifuge
for 20 minutes at 0°C. The sedimented pellet containing purified
nucleoli was furtﬁérpurified by redissolving in 10 volumes of 0.88M
sucrose-TKM and centrifuging once more to remove any co-precipitated
nucleoprotein, To ansure ma'ximum recovery of nu,cle;'h' from the

% onicate, aliquots of sonicate and supernatants from the first and
second centrifugations were routinely checked for loss of small
nucleoli by staining with Azure C as outlined above. In addition.
since the number of nuclei was not determined, ituwas impossible
‘to ‘calculate the recovery of nucleoli from the sonicated nuclear
preﬁaration. Consequently, to further maximize the recovery of nucleoli
from the sonicate, the following fractions were r'outinely assessed )

by chemical (RNA determination) and enzymatic (acivd phosphatase)

analysis. The fractions used for analysis were (a) intact purified




-ficdtion of Nucleoli").

‘nuclei suspended in phosphate buffered saline, (b) the sonicate, (c)

upper layer of the gradient designated NuS,, (d). the lower layer
_ 1

of the gradient designated NuSz, and (e) purified nucleoli.

'

1.3 DETERMINAT ION OF THE PURITY OF THE NUCLEOLAR PREPARATIONS ‘

A~

Analysis : ) .

The criteria used to determine the purity and yield of
nucleoli from normal as well as tumor tissue generally includes

morphological, chemical and enzymatic analysfs.

1.3.1 Morpholggicg] Analysis

Since Tight microscopy provides a ready and reliable

vmethod_for direct visualization of nucleoli in cell fractions, espec-

jally when used in conjunction with cytochemical techniques, e.g.
staining with A;ure C, this method was used primarily to assess the‘

purity of the nucleolar preparations/(see section entitled "Identi-

1.3.2 Enzymatic Analysis

1

Although there are po specific ndc]eo]ar)enzymes which are -

.readily and easily distinguishaple from nuclear enzymes as a whole,

P
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and cytoplasmic marker enzymes than the purified nuclei from which
they were isolated. Consequently, enzymatic analysis of nuc]eo]ar‘“
purity was done using the same procedures, and under the same con-

ditions as was done for nuclear analysis.,

4

- »

1.3.3 Chemical Analysis

The three major constituents of nucleoli are RNA,‘DNA
and proteins - as is the case for nuclei. Thus, the§e were assayed

by'the sdme methods used for determination of nuclear purityf

ISOLATION AND PURIFICATION OF KCI-EXTRACTED NUCLEOLAR ANTIGENS

2.1 THE ISOLATION AND PURIFICATION OF IgG's

" Gammaglobulins were isolated from preabsorbed sera

- showing high tumor specificity. The gammaglobulin fractions were
4

isolated by ammonium sulfate fyactionation according to the fo]]owing‘
procedure: with constant stirring, 0.666 ml of cold saturated ammonium
su]tate solution was added to 1 ml of serum, thus effecting a 40%
saturation. The mixture was fufther stirred for Another ten (10)
minutes and then allowed to stand at 4°C for 30 minutes. It was then
centr1fuged at 20,000 X g for ten (10) minutes. The supernatant

was discarded and the pe11et conta1n1ng the precipitated proteins,

primarily gammaglobulins and some traces of other globu11ns and

.albumin, wasj{edisso1vgd in enough phosphate buffered saline to

restore thé olume of the solution to that of the origjqp] serum

L]
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- sample (Sapin et al. 1975).. The gammaglobulin .fraction was"thgn dialyzed

at 4% against 0.01M PBS pH 7.5 for 24 hours with several changes

A Yy st ST BRI, %0 R Y DNk D tie e

of buffer to remove the ammonium sulfate. After dialysis, the ﬁrdieih

" concentration was determined, and then approximately 10-15 mg of

" gammaglobulin was chromatographed on DEAE cellulose in order to isolate - o -
the 1gG fraction. : 5 . i
: ' -
2.2 DEAE CELLULOSE CHROMATOGRAPHY .

7

+ The gammaglobulin fractions whiéh were isolated by . . o
. LN L]
o

salt precipitation were subjected to chromatogrqphy on DEAE ce11u1oéw.‘/',

Preparation of Absorbant: DEAE cellulose was washed in alkali and acid

to remove impurities‘and fine particles using the follewing procedure: g
approximately 10 g of DEAE cellulose was suspended in 900-1000 ml of
" 0.2M NaOH. The suspension was gently stirred and then allowed tp stand
at room temperature for ?0 minutes to allow the hegV%er particles to
settle. The fine particles weré'theﬁ removed by aspi}atipn. This
procedure was repeated twice, followed by severa1’washfﬁg§ with the same
”VBIume of 0.2M HC1. The slurries were then washed with several volumes
‘(900-1000) of distilled water until the pH was approximatgly 5.0, then
neutralized with coqcentrated K2HP04. The slurries were finally washed

3 times 1n'bhosphate buffered saline (0.01M, containing 0.15M NaCl, pH 7.4i

Ha

and resuspended in 500 mi of the same buffer until used. T

Y

[N °

. . ~ ‘
2.2.1 Preparation and Elution o . ‘ s

[




A colum (20 X 1,5 ‘cm,‘Pharm'aEi’: Fine Chemicals) was filled
to 1/3 its heigrit with startiné buffer. Then the ge] s]ﬁrry in the
same buffer was added, and the column was packed to Fhe required
height using a flow rate induced by gravity. To furthérleq;ilibrate :
the ¢olumn prior tov appiication of the sample, approxiimately 500 ml

of the starting buffer was used to continuously wash the column for

10-12 hours, During thi§ equiHb;'aéibn procedure, the ammonium preci-
pitateﬁ gammagiobulin fractions were dialyzed for 10-12 hours against

the sta;'ting buffer. Tﬁe equilibrated fraction, in a volume of 1.0

ml, v;as absorbed onto the column by washing in with two (2) volumes

of the same buffer. The column was then filled with buf’er and the

elution gradient was attached. The e1ut1‘n‘§ salt gradient, consisting

of 0..065M.and‘0.5M NaCl ‘made up in 0.01M bhosphate buffer, was set up

by siphoning 200 ml ‘of the 19wer (0.005M) buffer, Eeeping constant

the volume of the mixing chambers. The flow rate was adjusted'to 3 ml

per gO nﬁnutes and 3 ml fract;éns were collected using a Minirac , Yo

1700 fraction collector from LKB Biocal Instruments.

¢ . b
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2.2.2 Analysis of Fractions ' .

'
-9
?

The fracti‘ons were then dilalyzed against 0.01M phosphate
' puffer ovemjght, and the protein, concentr;tio'n was subsequently
détermined by U.V. absorption (optic’a‘l density 2680 mu). Fractions
wh"i’ch wer}e found tp contain \}efy high concentrations 61f Irrmungglo-
bulin G as defennined by inmunoqogica'l techniques (see sectipn 3.2,

Immunological analysis), were pooled and concentrated by{ﬂtrafﬁtration

- to a final concentration of ]q-lsumg/mh ~In addition, the "purity of EW

&
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FgG-rich fraction was ‘assessed by douwe diffusion (Outerlony) and cross-

‘over 1munoe1ectrophores1s

\ '
.

. . J /
2.3 ‘ KC1 EXTRACTION OF PUTATIVE ANTIGEN(S)

The ‘purified nucleolar preparations were tested for anti- .
'gen,ic activity by using the three immunological techniques described
below. Those nucleolar preparations which were of high antigenic
act1v1ty vjer'e used to extract the putative antigen(s). Solub]f ant1gemc
material was extracted from purified nucleolar preparatwns with
hypertonic (3M) potassium chloride, essent1aHy accordmg to the methad
of Mavligit et al (1973). An aliquot of the nucleolar preparation
was suspended in 5 m1 of 3M KC1 made up in 0.1M phosphate buffered
saline pH 7.2. The mixture was stirred for one hour at 40(: and 'the;\
transferred to a dialysis bag, and then dialyzed. against 0.0IM PBS
pH 7.2 for 24 hours with three changes of the buffer. The m’ixture

was then centrifuged in the micro-eppendorf centrifuge for thirty

(30) minutes at 40C. The supernatant, containing the extracted nucleolar

proteiﬁs, was transferred to another dialysis bag Kand dialyzed
against 0.01M PBS pH 7.4 for eight (8) hodrs. ’Aft'er dialysis} the
mi;(ture was removed and concenfrated using polyethylene glycol. The
protein concentratwn was then est1mated by m?surement of optical
density at 280 mu. An aliquot of the KCT extract was retested for

antigenic activity, and the remainder was chromatographed on Sepharose

* 4B-IgG columns.

A2,
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2.4 AFFINITY CHROMATOGRAPHY OF
‘ .
. 3M KC1 EXTRACTS

'Partially purified IgG's were coupled to Sepharose

e TR S s A € 83 e i Yo T
. : .

4B using the cyanogen bromide procedure of Cutrecasas (1970)and

affinity chromatography was carried out as described by Thomson
' . . / .

et al (1976).

2.4.1 Coupling éf Ligand to Sepharose
v Aphroximately 15 ml bf Sepharose 4B was'washe threg (3)

times with distilled watér by centrifuga£ion,at 7000 rpm foy five

. (5) minutes at 0%C. The packed Sepharose volume was determined, and then

mixed with an'équa1 amount of cold distilled water. Approximatgay

4.0 g (1g/5 ml of suspension) of finely.divided cyanogen bromide was\

added at once to the stirred suspension.'Tﬁe pH of the suspension was

immediately raised to and maintained between 10.5 and'11.1 by the

addition of 10% NaOH. At the same ‘time, the temperaturé was maintained .

at approximately 20%¢C by the -addition of pleces qf ice as neaded, ,

The reaction was completed in about 10 minutes; this was shown by the

cessation of proton release and concommitant stabilization of the pH.

As soon as the.reaction was completed, a large amount of ice was added
to the suspension, which was then quickly'fransferred to a Buchne

- ; 7 '
funnel and immediately washed rapidly under suction with 200 ml

“

of cold citrate buffer (0.2M, pH 6.5). IgG's in the same volume of

; . g citrate buffer as the packgh Sephdrosé 4B were added to the washed,
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activated Sepharose, and the suspension was mixed gently in a beaker

" using a glass stirring rod. The suspension was stirre\d .gently for fou’r: »

(4) hours in a small beaker, and then a‘llowgd to stana at 49¢C overnight

to ensure complete loss of reactive groups. Since 'activated' Sepharose

N

is véry unstable, extreme caution was taken to‘ ensure that the pH

of the suspension during the activation process did not rise about -pH
11.1. Also, care was taken to make sure that the entire procedure,
i.e.from the activation of Sepharose through to the coupling stage,

did not last Tonger than 10-12 minutes.

 2.4.2 Preparation of Column

\ .

" Using a colum (1 X 5 am), Appm'ximately 4 ml of coupled
Sepharose 4B~1gG slurry was gently added. The column was packed using
a flow'rate induced by gravit&. To remove all the unreactive 11'gand,~
the column was washed continﬁé]ly for ten (10) hours with 50 ml of
starting buffer, i.e.0.01M tris-HCI pH 7.4 containing 0.15M NaCl.
During the washing procedure, tt;e fractions collected were mqnitor'ed ¢
for protein content by determination of absorbance at 280 mu, When
approximatefy five (5) consecutive fractions had abosrbance 280 readings
of zero, it was Assumed that the ligand (IgG) was no longer being

removed, At this point, a known amount of KC1 extract (in the starting

buffer) was- applied onto the column. The sample was absorbed onto the o

coTlumn by washing in with two volumes of the same buffer, The flow rate
was then stqpped for one hour to permit maximum reaction between the

11gand and the KCl extracted proteins. Collection of fractions was

resﬁed and the column was again washed continously with tris-HC] buffer
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~until the absorbance returned to zero. At this point, the .cq]umn was ¢
.fur‘ther washed uﬁtﬂ‘approximate]y ten (10) more fractions of zero
_absorbance were collected. This was done to ensure that the- KC !
. extracted proteins were }no longer t;eing eluted from "the column.' The o
' column was then filled with buffer, and connected to a buffer
well containing 3M KCNS.The column was eiuted and 0.7 ml fractions
R . were collected by hand. Fractions were reaé‘ at 280 nM in a spectrophoto-
_ meter. When the abosrbance readings of the fractions reached the level
at which KNS read, ten (10) more fractions were collected. The
, fractions were dialyzed for forty eight (48) hours against three (3)
changes of 0.001M tris-HC1 buffer containing 0.015M NaCl pH 7.4.
After dialysis, protein concentration was determined on al;'quots of frac-
) tions ~by the method of Lowry et al (1951) and the fractions were
concentrated ysing the calcium ch]orfdg p}'ocedure as outlined earlier.
. .S'amples were pooled and analyzed by SDSPAGE, and by cross-over T j
1nmunoe1ectrophores1‘s.‘ , . o ' . '

+ . BIOCHEMICAL AND IMMUNOLOGICAL ANALYSIS 1
|
\
{

/

3.1 ‘ SDS-ACRY LAMI bE GEL ELECTROPHORESIS

N , Samples of (a) purified nucleoli, (b) KC1 extracts before
and'after affinity chromatography were analyzed by SDS polyacryl amidg
gel electrophoresis according to the method of Fairbanks et al (197_1)
with several mdif1c$tions: In order. to make three gels, the concen-

trated stock splutions were mixed in the order and proportions given

in table (3). The mi>‘<tur-e was deaerated and then the ammonium persulfate )

v
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TABLE 3 ‘ | J{/

Solutions used for preparation of 5.6% SDS acrylamide gels.

A) Stock solutions

- acrylamide 40 gm
methylene-bis-acrylamide 1.5 gm
H20 to 100 ml

20 gm SDS in H,0 to 100 m1 (w/v) 520%)‘
15 mg (NH,) Zg in 1 ml water (1.5%)
5 ul TEMED $h21 M1 water (0.5%)

Buffer 10 X concentrated pH 7.4

1.0M tris (40 ml)~hydroxymethylaminomethane

2.0M sodium acetate (10 ml)

0.2M EDTA (10 m])-ethylenediamine tetra acetic acid
20 to 100 ml

=

B) Electrophoresis buffer (per liter) .,

- buffer 10 X concentrated 100 mi
- 20% SDS 50 m \
- H,0 850 m . '

C) Gels {per 10 ml of solution)

- concentrated acrylamide solution 1.4 mi
buffer 10 X concentrated 1.0 ml

20% SDS 0.5 ml

1.5% (NH S SO m1
0'on SR 0.
HZO 5.6 ml

5 ml

Sta1ning and destaining solut1ons (D E,F)

D) - 25% isopropyl alcohol
10% acetic acid )
0.05% Coomasie brilliant hlue

E) - 10% isopropy! alcohol
- 10% acetic acid

- 0.005% Coomasie brilliant blue )
F) - 10% acetic acid

0.002% Coomasie brilliant blue °
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and Temed were added, stirred, and quickly transferred to 13 cm glass

tubes (13 cm X 8 mm Ldiameter) that had been previously cleaned by

soaking in chromic sulfuric solution for ten (10) hours, followed /

by extensive rinsing in distilled water’. Each column (height 11 cm) /

. was overlaid gently with a solution consisting of 0.1% SDS, 0.15%

ammonium persulfate and 0.05% Temed. The gels were left to polymerize
(approximately 30-45 minutes at room temperature), and then th tops of

the ge]s'were rinsed with distilled water andﬁoverlaid'with about 0.5 ml

7

of the electrophoresis buffer solution B, tgb]e (3) The gels were

4\

covered with parafin paper and allowed ta éfand at room temperature for
10-12 hours to ensure minimum band curvq(th?;a.

\ \

3.1.1 Preparation of Samples

Approximately {00 t;g protr_ein samples of 1% SDS solqbined(
nucleold préparations were prepared for electrophoresis by first: ‘
dialyzing against 10 mM tris-HC1 pH 8.0 containing 1 mM EDTA for 10-

12 hours at 4°C, foﬁowed by the addition of the following to final
concentrations: 1% SDS, ImM EDTA (pH 8.,0), 10 mM tris-HC1 (pH 8.0)

and 40 MM DYT. In addition, samples containing salts (i.e. KC1 extracts)
were first dialyzed against the same buffer plds 1% SDS. The samples
were then incubated at 37‘3C for 30 minutes to ensuie~Full reductjon

of disulfide bonds by DTT. After incubation, the samples were made

5% in sucrose, and then 5‘-10 ul of 0.05% bromophenol brﬁHant blue

was added. Each sample was then taken up in a disposable Pasteur '
pipette and discharged gently beneath the electrophoretic buffer onto

{




&3

« the top of the gel. A mixture of proteins of known molecular weight,
which was used as molecular weight markers was treated in the same
" manner as samples with the exception that they were incubated at

45%¢ fgr 20 minutes.
. i
3.1.2 Running of the Gels

Electrophoresis was performed using a disc-e]ectrophoresig
apparatus conneqtéd to a power supply purchased from Instrumentation
Specia]itiés'Company. The current was approximately 8 mA per tube.

When the tracking dye had travelled approximately 3/4 of the gel

Tength (normally 3-4 hours), e]ect%ophorpsis was fermingted. After
‘electréphoresis, the gels were removed from the tubes by gently squirt-
ing distilled water between the walls of the glass tube and the gel,
using a 5 ml syringe fitted with a 2-inch blunted needle. The gel .
length. and tﬁe position of the tracking dye was recorded, and then the

gels were stained and destained .

3.1.3 Staining and Des . ving |

1 The gels were}Placed in culture test tubes and stained for

protein with Coomasxe bri1§ﬁant blue using the following procedure:
f ,

gels were fixed in solutio (D» for 8-10 hours, followed by staining

‘ d
in solution (E) for gpprox}Jate1y 6 hours. To further intensify the

pfote1q pattern, the gels re then stained overnight in solution (F).

L | .
Afterwards,the ge]slﬁere deStained with several changes of 10% acetic °

{
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acid,until the background allowed the bands to be seen Flearly.'

3.1.4 Analysis gijrotein Patterns

The molecular weights of the various molecular weight
species'invo1ved were calculated by use of a stand;rd curve constructed
from the mobilitfe; of the marker proteins as a function of their
known weights on semilogarithmic coordinates. Since gels expand to
differen£ degrees during the staining procedure, the relative mobilities

were calculated using the following equation:

Mobility = (distance of protein migration)(gel length bafore staining)
(distance of dye migration)(gel length after staining) -

Molecular Wejght Markers

Ribonuclease A (13,700), chymotrypsinogen A (25,000),
aldolase (40,000), ovalbumin (45,000), bovine serum albumin - BSA -
(68,000) , and P-galactosidase (1353000).

ﬂ,

3.2 i IMMUNOLOGICAL ANALYSIS

The following immunological techniques were used to detect
antigens: (a) immunoprecipitation, (b) &oub1e"d1ffusion.$nd (c)
counter current immunoelectrophoresis. Because of the ease and rapid-
ity with which the above analyses can be performed, the first two methods

were routinely used for (1) checking the retention of antigenic-ictivity

‘ .




&

during the various stages of cell fractionation, and (2) localization .

&

and subsequent analysis of the purity of the IgG fraction during ion

exchange chromatography.

It should be noted that since opal@scence interferes with

3
i
i
k
H
¢

the visualizationand subsequent interpretation of precipitin bands,

the serum was firgt clarified by centrifugation in a micro-eppéndorf

3200 centrifuge fo; ten (10) minutes. After centrifugation, the clairified .
serum was removed and used for analysis. Prior to analysis, all fractions
to be tested were dialyzed for 8-16 hours at 4°c against 0.15M NaCl .'

3

3.2.1 Immunoprecipitatioh

Approximately 20 ul of fraction to be tested was placed on
a glass coversHp' cc;tated with wa# and then gently inserted into a
. 90 "ul capliiary tube. To prevent mixing, the tube was slanted ;thﬂy,
and: an equal volume (20 ul) of test serum was carefully added by
" introducing the c1air1f1éd' serum by a Hami1ton syr1'nge aTong ';he walls

of the tube near the surface of the bottom solutidn. The tubes were -

allowed to stand for one hour then viewed for formation of a precipitin .
line. A precipitin ring, which is indicative of a positive reaction.
occurred as a result of the diffusion of\the antigen and antibody _ ) &
until their concentration ratio was optimum for prec1p1‘t$t1‘on.As controls,

20 ul of 0.01M tris-HC1 buffer pH 7.4 containing 0.15M NaCl and 20 ul

of IgG, and 20 ul of goat anti-human IgG were used.
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5. igar from the wells was removed by using a Pasteur pipette attached

7. As controls, 15 ul of human 1gG, anti-human IgG or buffer were

.51,

3.2.2 Double Diffusion (Ouchterlony)

Double diffusion in two dimensions, a procedure developed

.by Ouchterlony (1958), involves placing an antigen and an antibody

solution in separate wells cut in agar, and allowing the reagents to

diffuse freely and form precipitin bands at a point whe}‘e they meet
at equivalent proportions. The procedure of double diffusion is 4
outlined below:

(a) Preparation of Agar Plates

pr (
1. 1% Noble agar, prepared by qisso1ving 1 gin 90 mi of 0.1% saline,

was melted \and cooled to-approximately SO-GOOC, ‘then 10 ‘m] of JO"SM
merthiolate solution was added, a'n.d mixed well.

2. Ilnmediately, approximately 2.5 fil of hot agar was pipetted onto

a clean microscopic slide and allowed to solidify to an even coat.

3. The agar slides were covered and further cooled for f'iéteen (15)

minutes at roam temperature,

A
2

4. Agar slides-were placed over the geometric patfern required, and
either a rounded metal cutter or special gel puncher was used to cut

wells into the agar _according to the pattern.

to a vacuum, line.
6. Then the wells were filled with approximately 15 ul of sam;ﬁes to !

be tested using a 50 ul Hamilton syringe.

included.

8. Slides were marked to facilitate edsy identification durin

-
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subsequent staining and destaining procedure.

9, Slides were placed in a special gel chamber on top of pieces of

e s

lintless paper dampened with distilled water, and were examined

periodically for development of precipitin Tines.

BRIy

10. When the development of precipitin lines seemed optirﬁum (10-12
hours), “they were gfaaed 1 - (slight) to 3 - (very inte’nse){, or o

further dried and stajned (see below).

th

e

]

(b) Washing _qp;g_ Drying Plates

. After visual anaﬁysis of the precipitin 1ines, the un-

; reacte& proteins were removed by immersing the slides in a bath of

. 0.0IM phosphate buffer, pH 7.5 containing 0.015M NaC1. The slides were
removed, placed between large pieces of filter paper, and subjected
'to a steady stream of warm air. As the filtgr paper dries, it removes
water and salts from the agar gel; consequently, the agar dries to a

thin and even surface.

N~

{c) Staining and Destaining of Plates .
Lor : '
The slides were stained according to the procedur:e of
Ut"iel (19?1). The dried plates were carefully placed in a staining
- solution consisting of 0.1% Ponceau red or 0.1% amido black, 0.425M ‘ ;
acetic acid, and 0.0425M sodium acetate for two (2) hours. Excess stain
was removed by transferring slides to- 2% acetic acid. The slides f'

were further destained for approximately 30-45 minutes with three ‘

changes of the c;estaining solution. When the gel bands could be seen . {




ta

clearly, the slides Qere removed and air-dried in a vertical position.

3.2.3 Counter Current Immunoelectrophoresis
Counter current immunoelectrophoresis was performed by
the method of Dr. D. Hartmann (Meerovitch et al 1977) of the Cancer

Re\search Unit, McGill University. - ‘ 4

Preparation of Plates: Approximately 0.5 g of Sigma type 11 agarose

medium EEQ was dissolved in 50 ml of Veronal acetate-HCl buffer pH

8.2 and heated, As soon as the so'lgtion started to boil, #t was
removed from the heat and poured into a clean plate and allowed to
solidify sloyﬂy at room temperature to an even surface., A specianyv
made template containing cylindrical openings was placed over the
plate and secured by use of two side hooks. The well pattern was first
marked by use of a rounded steel cutter and the gel was subsequently
cut using a squai'e metal cutter. Finally, the agar was removed by

a Pasteur pipette under negative pressure,

Sample Preparation: Samples to be tested, i.e. sera and antigenic

fractions, were' removed from the freezer,' thawed rapidly in a 40°¢
‘wa'ter bath, and allowed to stand at room temperature for thirty (39)
minutes. After this time, the test serum was-aqidified by a 1:8
“dilution with 0.02M glycine-HC1 buffer pH 2.2. . In addition, the controls
(human IgG and anti-human 1gG), were diluted (1:8) :w'lth Venonal-
acetate HC1, and glycine buffer respectively. After thirty (30)

minutes of further incﬁbation, approximately 15 ul of either acidified

BRI P B Tl el
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sera and the anti-IgG co:%rol was carefully placed in the wef]s located
on the anode side, while equal amounts of antigenic fractions and
buffered IgG's were\p]hted in the cathode side of the platea. Any

excess reactant was &uick]y removed by a Hamilton syringe and then

electrophoresis was done.

¥
Electrophoresis: The electrophoretic plates, cells and power supply.’

used -were purchased from Hyland, Ca11f6rn1a. U.S.A. Apdelectrophoretic )
cél] filled with Veronal acetate buffer was moqnted above the power
supply. A connective metal electrode was p]acg; in each chamber and
covered with conductive sponge which had been soaked in the same \
buffer. The filled plate was carefully invgrtéd and fitted over the
81ECtTOPn0P9tiC cells so that the serum-containing wells were posi- -
t{oned near the anode side of the power supply. Electrophoresis was
carried out at 30 mA for sixty (60) minutes at room temperature.

After electrophoresis, the plates were removed, washed, and ;na1yzed

using the same method as used for immunodiffusion.

SPECIFICITY OF NUCLEOLAR ANTIGEN(S)

ATo demonstrate the specificity of nucqu]ar antigen(s),
the following experiments were done. Normal serum was diluted 1:5 with
PBS (0.01M pH 7.4) and a krown amount of purified nucleoli was added. -
The mixture was incubated at 37°C for five (5) minutes and cooled, and
then overnight at 4°C. Nucleoli were co]lecﬁsd and, washed twice with
three (3) volumes of the same buffer by centrifugation in*a micro-
eppendorf 3200 centrifuge at a%¢ for‘tén (10) minutes. The nudjeoli

)

-~
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:iments were repeated with autologous 'Eumor serum and sera from other

~

PRy

.
6

¥

were recollected by—centr:ifugation. Following centrifugation, the

supernatant and ‘the peﬁet“weré collected. The pellet was suspended
in 3M KC1 and extracted as described previously. After exg;action;
the suspension was dialyzed against pﬁosphate_:buffered saline pH 7.4.
The dialyzed suspension was centr‘?‘fuged, .and'the supernatant Qas -
collected and concentrated.. The fractions were i;‘.hen analyzed for

antigenic activity by cross-over immunoelectrophoresis. The exper- ' .

<

non-melanotic cdncer patients sybétituted for normal serum. \

- f . ”

e,
o
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RESULTS
/ Al

> CYTOPLASMIC IWWOFLUORESCENCE

et al 1971, Lewis and Phﬂ'h'ps 1972, McBrid:fg_t__a_l_ 1973, have

ed specific immunofluorescence on the surface of living ceHs'

or in/the cytoplasm and nucléoli of snap-frozer; cell preparations;.
However, unlike tl'?e surface ‘ﬁlembrane reaction, the cytoplasmic .react'ion-‘
exhibited a wide degree' of cross r:ea;ctivity in that positive sera

from a number of; malignantmelanoma patients reacted strongly against
many cell prepar‘ations‘ from other melanoma patients.. Therefore, ;6
determine which melanotic séra and tissue were to be used for th;e
isolation o‘f the immunoglobulin components; and suhb:sequent- 1'so‘1at1\on

of putative nucleolar aontigens against which the components réacted,‘ R

indirect cytoplasmic 1 oﬂﬁorescencq was performed using the

- procedures described by Phillips and Lewis (1972) (Lewis and Phillibs

[T

A\

. 1970).

» , - ) N

a

L] *

7
~, J

To establish specificity of the cytdoplasmic reaction,

N

sera wéreu first examined for the exi_stence of autqloéous tumor-specific
.antibodies by inhibition studids with.KCl extracts qf the tumors o
and for titer of theselant’ibodies to cytoplasmic ant'iger;;by reacting
'them with aRo]ogous cells. Positive ‘sera were absorbéd with normal

s&leen cells and with pgoYed non-mel anofic tur;lor cells and re-tesSted
v l' . . L.

. .
3
. L . ’ . ,
Il ’ * . .
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PLATES 1 and 2 o

Schematic representation of cytoplasmic immunofluorescence. i
1) direct fluorescence

2) indirect fludrescence,

N ¢
(from Lewis 1974) /
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. " PLATES 1 and 2 ;
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* for reactivity. Tumor tissue which was found to have high reactivity

the serum immunoglobulin molecules and any tumor-specific antigenic

also the' titer of the immunoglobulins present, sera and tissue material

. (

Al

was -used to make cell suspensions and smears of -these suspensions )
. . " ‘
were snap-frozen in-a mixture of isopentane and liquid nitrogen.

fFor analysis, smears were thawed, washed with phosphate buffered i

saline (PBS) and inéubated with autologous positi@e sera (1:4 diluted

wiﬁh PBS) for a period of time sufficient to allow the reaction between ' .

molecule present to occur. To further ensure the specificity of the

cytoplasmic reactign, direct immunofluorescence in which tbe/smears

were directly treated with the conjugate, was also performed. [n addition,

to check the quality Sf the commercially prepared conjugate in terms

of freehfluorochrome and non-gammaglobulin Qrotein content, control

smears were treated with PBS and analyzed far non-specific fluorescence. . ZE/’%‘*
Under the above conditions, positive f1uoresc;nce was

recorded when the cytoplasm (nucleolar region) stained a deep grass

green in contrast with the light reddish green surroundings. The results

obtained with smearsof tumor cells from several malignant melanoma

patients are shown in tables (1;2). It can be seen that thgre was a,

wide range of cross reactivity between highly positive sera from any A -

one of the patients and snap-frozen cell preparations of most of the

melanoma tumors tested. In terms of degree of positivity, the results in

table (1) indicate that five (5) patients (Ros , Ven, Duc, McK, Dal) ' v
were strongly positive, while the sera of other‘patients showed a lesser
degree of positivity. Since the degree of positivity observed reflects )

the amount of antigenic molecules present in ti cell preparations and
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TABLE 1 /

~ CYTOPLASMIC IMMUNOFLBORESCENCE
\ o

t

U

Patient's Name Immunofluorescence Pattern

‘Ros +
“Duc + ’
McK +
Fet +
Per ) +
Shu o + -
Da + .
Ven ) ' +
Tre . +
Control Roi Y .
Control Cha ' " o . -
L Normal Sera | ’ -

Determ'l nation of melanoma specific posit1ve ant1b0d1es

(\+) indicates high titer, ("’ ) indicates low titer, and ( -) -

\

‘-1nr1cates absence of detectable melanoma specific antibodies."

.“" . . ' r) /?l
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TABLE 2

.CYTOPLASMIC IMMUNOFLUQRESCENCE

|
Determination of titer of positive ant'lbddy agafnst autologous and

allogeneic smears. 9\

(

Patient's serum// Corresponding Patient's Smear

'\> Ros Duc® MK Dal  Ven

(\v

Ros. ’ “1/128 1/64 17128 1/64 /32
Duc N /32 1)1281/32  1/64 /32
MK ss 13 1128 1764 164
Dal 17128 17128 1/64  1/128 1/64
Ven 1732 1/64 1/64  1/32  1/64 -

- )

" Al sera were diluted (1/4, l/jhl/lﬁ, 1/3?:!‘ 1/64, 1/128)
F

with P8S (0.01M potassium phosphate contain 0.15M NaCl) pH 7.3, The

sera with the highes{ titer of pos;iti‘\)e" antibodies were used for

-~

further work. ' 4
. , v

o

Y
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were selected from those sera and cell preparations which exhibited

P L

high reactivity. However, in some experiments other positive sera,

i = T

normal sera and non-melanotic tumor tissue were used.

.. \
ISOLATION AND PURIFICATION OF IMMUNQGLOBULIN 6 -

*

el dahs
LI S

It,i‘.s known that\\the two main types of& immunoglobulin . . /
‘ molecules involved in the spec;.fic reaction against tumor-specific

antigens are IgG and IgM.(Romsdahl and Cox 1973, Seibert et al 1977,

and Lewis et al 1977). Therefore, serav (Ros ', Ven, McK, Dal, Du¢)

which were strongly positive by cytoplasmic immnofluorescence
<(i.e. appeared to have a high titer of tumor-specific immunoglobulin, ' by
tables (1,2) ) were used for the isolation and purification of IgG‘sf -

The immunoglobulin component of the positive sera was precipitated

by the addition of ammonium sulfate to 40% saturation. As ion ex-

change chromatography requires that the sample bc applied at low.

ionic strength, 'ilrmun‘%g]obulin pellets were dialy
‘ »
for #-12 hours at ¢ against three changes of phosphate buffer

extensively

(0.01M P8BS pH~ 7.4}. DEAE cellulose was washed to remove fmpurities and
fines, and then pre-cycled to maximize the availability of charged i N\
reactive groups. A column was then packed to the required height \;ith

gel s]urries and equilibrated by continuous wa‘shin'g with starting

buffer for 8-10 hours. Af‘ter equilibration, 10415 mg of the 40%

amonium sulphate prec{pitate, previously. dialyzed .agaiﬁst the same

buffer'., was absorbed onto the column. The -co!umn was then el‘utec.I

with a linear sal‘t gradient consisting of ,0. 005M NaCl an;i 0.8 MaCl

"made up:in the phosphate buffer (0.01M P8, pH 7.4). To maximize

the resblutfon, the flow rate of . ‘ o
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the column was adjusted to 3 m1/20 minutes and 3 ml fractions were.

collected and checked for protein on a Beckman spectrophotometer at

280 nm.

The protein élutidn profiles ‘from DEAE cellulose 4
chromatography of 40% ammonium sulphate precipitate of sera for
five (5) melanoma patients are shown:in figures (1,2). The profiles are
very similar. It can be seen in figure (1),which shows the complete
prpfﬂes from patients Ros and Ven, that there are three main m%ions '
of pmtein-con;taining material: (a)_a large unretarded peak which is
eluted at very low ionic strength. This peak was presumed to be the
1gG-rich fractipri an the basis that most IgG molecules carry a
slightly net positive charge, and therefore would bind very loosely
to the positively charged DEAE cellulose; (b) a well defined peak
of 1'nte;1ned1ate height occuring between fraction 24 and fraction 30
presumed to be IgM; and, (c) a series of poorly defined, small pqus

»iﬁ

presumably other type 1rrmunog]obu]1n molecules.

In order to confirm which fraction contained the ?é‘rs, )
fractions from the ‘three main peaks.were pooled, c;ncentrated a'nq,
analyzed by the following‘immnologicﬂ techniques: approximately
10-15 ul aliﬂ,ots ofthe pooled fractions were analyzed by micro-
pr‘ecipitation and double diffusion using commercially prepared goat
anti-human IgG and anti-human serum proteins. The results of these

analyses are presented in tables (4,5) & plate (3"Plate Y(3) shows

- that fractions 11 to 16, in the'ﬁrst peak, contained ItjG's. Analysis €
. of the IgG fractions by the method described by Preddie et al 1978a,

1

« T .=

P e e
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F IGURES
1. DEAE cellulose chromatography of 40% ammonium su];ih_ate preci-
pitate from patients Ros - w - W - @ - and Ven -0-0-0-. .
2. DEAE cellulose chromatography of 40% ammonium sulphate preci-
pitate from patients McK - & - &~ &' -, Duc -0-0-0- and
Dal -m-m-®-, . ]
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»
TABLE 4
Determination of purity of IgG-rich fraction isolated by DEAE e e
cellulose chromatography. .
The following fractions were tested against commercially prepared goat
anti-human IgG using the following two immunological techniques (a) -
microprecipitation, (b) double diffusion.
Table (4 ) Use of Ros serum Strength of precipitin line
/ . ) ' '
Fraction number . Micropre\ipitation Double Diffusiogj ’
Controls: 1) Buffer (0,0W = =
\ , PBS pH 7.4) )
2) IgG s -+ .
.. 10 ‘ - T
n + o+
\‘ . - _a .
12 ”~ ++ ++
13 ++ =+ .
14 ++ =+
15 b e
16 ++ R .l
17 ’ - ) -
18 . A + A
19 + +
" 20! i T + ,
21 \ | o+ ' e
22-30 L . . -
43-50 - ' ’\ L - . - L )
" ! . . ' o l . o > ; ‘
. % ' - ' 1
. - T S |
¥ ‘ R » - C ‘ N ‘ / |
. \‘ \ \ ‘L . - ,." ' .L ’ . . v ' '
A } L UM osious ot msntuinte s e —



TABLE 5

Determination of purity of the Ig6-rich fraction

cellulose chromatography.

v

Use of Dal serum.

==

isolated by DEAE

) 3

.

Degree of Positivity

Fraction number Q
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, Locahzat'lon of I _g_ in Fractmns Follewing DEAE\ Cellulase Chromatography
'

’ . \ /
Doub]e diff‘usmn prec1p1t1n react1on. )

’

R

the colupm were p]aced in wells. 10 to 16 and well 18; wells 15 and 17
contained eonmercial]y prepared IgG and tr1s HC1 (O:OIM pH 7.4)
respectively. Co . !

i L]
<
¢ \
[ ] -
*>S

H Y -
B) .Anti- huma IgG was p1aqed in .the center weH , and co]umn fractwns

were placed 1n wells 19 t‘d 23.;.”&”5 24/\F contau]ed comrma}}y

prepared 146G, and well 26 contained buffer. . ;

al

-

.
*

, . [ ' -, . \‘ . /:b 4 _‘
e A) Anti-human IgG was p1aced‘in the center we 1, and fractions ‘fr&w ’“' I
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show that these were highly purified mlecules.«Thereforé, only :

. ' this peak was 'routinely used as the IgG source for all further
\, . , C
~ experiments. Note that with sera from patients McK, Duc and Dal . R
elution was stopped after the first peak emerged. . ;
&>

i

, LOCALIZATION OF THE ANTIGENIC ACTIVITY ASSOCIATED HLTH NUCLEOLT OF
' ¢
. ' MALIGNANT VELANOMA CELLS ‘ '\q

-

\ '

@

~

o - o To do this, it was first necessary éo show that ?:he -
/ . nucﬂaar pellets from which the nucleolar preparations were to t;e
de;ived wére of acé:ebtable purity in terms qf rphg]ogica-l integrity
1 . and enzy'matic activity. Therefore, nuclei isolated b tghe sucrose- ;o
. - @cium-ﬁ)ﬂocgdure were analyzed by: (a) electronmicroscopy - the \rfesults N
3 ‘ T, fr:om e]ecf?"\oqmicm@aphs of nuclei isolated from patients Ros and Ven
i - - (these are representative of nuclei obtained from tumors of the other -

' L - » thr"ee patients in this ,;tudy) are shown in plate #4)and ;’ndicat? that

e « ' the method 'used provides nuclei of high morpholqgtcal mtegmt;ﬂ One ‘-

i3 - can a]so observe that there is n% p?asma membrane or cytop]asmc

ar %

contam,‘natwn visible-at trLis high level of magnification (33, 000)s
“w (b) that th‘é nuclei were, hlgtﬂy pur'i f1ed c_\Jan be determmed from the
»

. ‘ resu}ts in tableg(6,7pn.the chemica] ana]yses of the nuc]ear pre- . lb

\ . -

’ ' ) parations‘ It can be seen that- the percent recovery of nuc1e1c acid -

- - (i.e. DNA)'in the nuc]ear pe'Het reljwe to that in the crude honio-

5. - - genh‘averages 71%, and the RNA:DNA

atio of- the nuclear peﬂet - ,h )
T ) ' ranged Tr‘om 0. 22 to 0 7 an afera :

! ’ N -
.
\ . C . .
:
.
:

Hav1ng“”detenmned that the nuclear pel]éts were of;c—

4

L ]
i3

‘9 o . ceptable morphological and chemjca.l pur'ity, the rext step was to '
_ oo . .,'« 4 oo o N
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iy * in the Methods sectign.
" I3 T ' oy &k}

. N . n-: ) ¢ 2
& \‘\.J. , - . @,/'
D b . g - N
- \'l\ © T‘ - )

L 2N : . -

-
‘ v
. ~, . -
\ . .- .72,
o -
. - ~ hd v
P
- N
2 , @ >
<
- 1
’ i < -
N 4
1
- e,
L N .

I

. ‘,.' ~‘ J .
\\:‘\‘*".r N ¢
. v .
. s
The magnification was X 33,000." The nuclei were putiEied as_desbr%beq" A
) \ . -




. R .~ % o * A/Av
e - - 1§‘v4; — ~. X _ - > . ’ ) rn ° N Te 8 p——
. ) . - R , —_— 3 . s X \\.4/
| T T 7
. Q : i o ¥ L e
. - - -y R N N - l’ N
e = e {
. 7l . A 4 % ol - » . _ : . " ~
. o ) 3 -
’ - o ) ! » LN .vu
- . . : . - N 4 4 \ .
. - .N_rumwz WGL'0) BUL{®S YILM u 50 03 pajsnfpe atam pm?wa/_om_u:: pue :
- +33eusbowoy 40 mmE:_.o>\m£. .:oruu—om& Yoed Lom _uwmz mmz anssL3 40 wb g hﬁmumsﬁxoxn% .opao:azv 5. o
suop sem p:mEEmaxm yoej .S:mECmaxw ANV oM3 JO abedane 9yl .aJe sanjeA syl . T ’ "
. R - . . ~ iy
I REA0 €L  ¥6°0 22°€L €49 9L’ OL'% QS 90°E LEe 1eq u
- o o LT < o
20°1 LETOD 8°L 2Ll - 0722 L°29 oLy 6G°L LB €L 6Ly 2L°bE :m‘> ,

. .141/ * i - - . , % . AN ‘, o
L1171 EE'0. - 679 66°0 £l %um? 96°¢ 1434 06°GL BR'e [8°12 u_._a. T
6L"L GE'0 « 28 18°0 [8°6 €8°69 ./[2°2 TS g-le 90" em.wﬁ. AW qu_

. N . . . i ) )..Mux *» A N . . - ~
€51 €2°0 S°9 970 " €L7LL £5°0L 0€°€e 8LV .58l S0°S LE“Le- SM 0 :
_ . 10"t V EE"0 - N.\m,u.d, 8E°'L 107§l . ¢L 8L 0¢-v 'S At -mm &/ L0E s .
% Lu/duw SR ATy T , % E\ms _
vNG ) 39| |ed" 3o[|9d (w/bw 3a|(dd 3a||ed [w/Bw - 38i1ad / 751 1ad w/bw :
uLa304y YNQ/YNY Jb3[ONN Je3(ONN WOH  JRS{ONN JeAEONN  wof . ..:..wpo:z .Eﬂu:z WOH ON
ww(.mﬂugz 40 oL3Ey - .ut <\z~_ - - :.F. vYNG. - "UT ursjoag JuaLjed
- . . . ﬂ i ‘\ 1 ) \
L o e €
. “ o @. Enr T .m:o_.am;mam.& smm»u:z .._xw »ur:& +o m~m>._..mc< Leotway)
. s ) T [ ~_ ¢ . 4 4 <0 : J.
* a - - . . ﬂd - -
A, i , oW . . - J S
e - . ] ;e L ) . . ) o a/ —
) :\ - . A . . . . . N . h\. ~
. i N . . T s )n A S
& S .km - . —_ ) - . g S S =



- 1} [ - I J - -
e gt h i .N«.‘ Aal PN . - IA R llll:lll.ll.l - " — i . ~ -
7 \ " ’ . ! R - % . * 0 . .....
+ - B . .
- AR ' '
< ® s N - h = . & " .f\ +
> ) . \\/ . ) - a h - - . . ] .‘. )
) : R ) ' “ Lt N . ) - . P .
o , ~ B ; ’ ) . o 4 T : . - ) 'h )
. = . . . "(L9®N KIS 1" 0) BuL[eg 7 LM N
. ‘ KA LY / . ’ ) n. i . . - « . e N\ i
o \b/ LW G°0 03°paisnfpe sJom suoLiededadd ue|03|3nu LLe<30 saunjoa ayj **K1aAL399lsad . P
. <021L°0 ucm vm.— 3J43M san|ea ULD30dd YNy Pu®.yNQ:YNYy 9beusAe 94l  *sjeoijdnp uL :_.I ) -
) SBM jusiiiiadxd ;u%w *Sjusuidadxs A& onu.mo.mmmm.‘_,gm 33 aue san|ea ay . ~-
-~ - s ’ g ¥ ‘ A N )
- - ' 1 “ o ~ . - o - =
. ~ A \ 2 -
N u. ' ~ ﬁ ‘ - o ’ N w. n. «
S sL'o . 1238 B vo'E 620 9~ T ugp R
- . R vL%0 Al | . 6le v2°0 -0ED . " leg
P [L°0 , 0z°1 - 6872 920, .gzE0. . ong .
- ‘ e S \ -,
. L0°0 - £0°2 6L°€ . 2L'0 ¥2°o T AW -
= 5 - & ’ v M .\'\. -
60°0 98°L , SL°2 vi0 A92°0 . - -
) 91°0 g 8E°1 ) =5¢°¢ . 92°0 o+ 9¢8°0 ) _ mE/ )
i & " . - 7 < »“ &‘
TCETNTETT e : K
. utsjouaiyny , VNG YNy ) : " \/.M/
i ‘ ] L/ B Lw/bw Lui/ By : o :
© 70 o#1ey " Ure30dg . VNG Ve _J3ginu jusiieq - y
7 * ) [ -3 r ’ \/ i Y . R -
; - i . ' « ) : 3 »
- - 7 eVl SUOLjeaedaug ..mrowiazzud A3 tang Mo/u,,mx;m_& requsug 7, -
M - ° ,./ 4 l - l\‘ .. T - ‘M ’ ' “wl..\;& ‘\ ’ ~._ ’ "ad .
i . LN v : . . ~
. s A T
i . -n - N - . g - » I .i
. ~ o
. o . & e . N ~
- . \ - . - RS N € °




[ A |

) ‘ o
. ~ v

v

5{2 that nucleoli isolated from these purified nuclei were also of high

purity. The electronmicrographs of purified nuc1e011 are shown in
plates (5a,b), The nucleoli appear to be morpho]og1ca11y intact and

A
free of visible comtaminants. These nuc};o11 purified from nuclei

jsolated from patients Ros and Ven are,repr;sentative of the other
three patients which are a part of this study. The nucleolar pellets
were further analyzed for pur{ty by enzymatic and chemical methods.
Resylts of enzymafic analyses (table 8,9,10) appear to confirm
that in a11 f1vé?tumors the nucleolar pellets were free of (a)
cytop]asm1c contam1nat1on as determined by glucose-6- phosphatase
an enzyme marker commonly used for smooth endoplasm1c ret1db1um,
'(b) lysosomes as determined by ac1d phosphatase, and (c) plasma '

4/ yembrane as ;eterm1ned by 5 nucleotidase activity. S1nce the

" specific activities of the marker enzymes in the nucleolar pellets

v

/ ‘ ) ¢
;??/ represented only. a fraction of the activity found in the nuclei from . '

which they were derived, it is reasonable to conc[ode that the-nuc]eoli
ore free from contamination by pieces of nuclei. On the other hand,
the yield of nucleofi which was obtained indirept]y by measuring the

¥ recovery of glycose-6-phosphatase activity and ribonucleic acid

| appeareq-to be very good in all;five tumors. The results in tables
(11, 12) (frpm three patients)’ appear to indicate that the method used

* to 1solate nuclet resu]ted in, nuc]eo]ar pel]ets of high yield and Tow
y degree of contamination. Thds, those preparaﬁ1ons which were previously )

found to be morphol%gica]ly pure and enzymatica11y and chemically

sggisfactory were used to 'extract the putat1ve ant1gens So1ub1e aﬁ%igen~

ically.active materia]‘iis extracted from-pur1f1ed nucleolar preparations .

t@__&(twith¢hypertonic 3h‘botassium chloride essentially according to the

[} ‘ .
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~ _ PLATE 5

Electronmicrographs of purified-nucleoli isolated from\me]anoma cells.
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\A) Nucléoli from Ros tumdr cells. Magnification approx. X 20,000

B) Nucleoli from Ven tumor éeﬂs. Magnifdication approx. X 33,000

Nucieoh’ were purifieﬁ as de'scrib%d in the Methods section.
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PLATE 6 ’ '
Electronmicrographs of isolated nuclef stained with Azure C. Y
: 7
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A) Nucléf isolated from Duc tumor cells. |
B) Nuclei isolatéd from McK tumor cells.
Magnifi::ation wa:s approx. 33,000. Isolation and staining of nuclei was
Al
‘done as described in the Methods section. .. - ‘ *
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§ TABLE 8
B Nucleotidase, Enzymatic Analysis p_leudeol:ar Purity.
v Patient Fraction 0.07820nm um Pi/hr/50ug Specific  Rel. Spec.
. ‘protein <« Activity Activity
Ros Homogenate 0.042 0.105 0.035 0
"Nuclei 0.037 0.228 . ' .0.076 2.17 .
Nucleoli © 0.002 0.023 0.026 0.74 . ’
’ Tre - Homogenate  /0.014 - 0.126 0.042 B
) Nucle 0.021 0.108 0.039 0.857
Nuc’leol” 0.006 0,045 0.015 k 0.357
.- McK Homogenate 0.008 0.084 0:028 1
. .+ & Nuclei 0.025 . 0.165 0.055 1.945
' Nuc]eo‘h 0.00 0,027 0‘.009 0.321
/7 D Homogenate  0.0fi2 0.105 . 0.035 1
v Nuclei | 0.0%4 0.219 0.073 2.085
Nucleoli  <-.0.GP3 0.032 0.017 . 0.486 )
Dal Homogenate . 0.008 \0.085 0.029 2 "
Nuclei 0.062 0.288 0.09%6 ° &£31 _
’ Nucleo]i ., 0.006 0.047 0.016 ' 0.552
L “*  Ven Homogenate 0.007 0.081 K 0.027 1
- Nuclei 0.030 0.189 0.063 2.33
/ @uc’leoli 0.007 0.060 0.024 0.88
3 T The values presented in table 8 are the average of two r

[

(2) experiments. Each determination was dape in duplicate. Specific
activity’was calculated as micromoles Pi/min./mg protein. Relative §;3ecific

activity (Rel. Spec. Activity) was, calculated with respecf ‘to the homogenate.
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Vo TABLE 9

’ 1ALE
g
Enzymatic Anal&sis'b_f_ Purity of Nucleolar Preparations. ;
: Glucose-b-phosphatase 3
Gl ' :
Patient ' Fraction 0.D. 820nm um Pi/hr/50ug Specific Rel. Spec. :’E
’ . 7 protein Activity Activity ;
Ros Homogenate. 0.035 3.49 1.17 1 P
Nuclei 0.066 44,33 | 14.77 12.67 .
Nucleoli 0.012. . 8.67 _ 2.88 2.47
. fre . @ Homogenate 0.038 4.121 . 1.37 B
Nuclei .,  0.034 20.42 p~ 6.81 495
Nucleoli 0.017 .+ 10.36 3.46 ° | - 2.52
. . !
McK Homogenate 0.024 . 3.45 1.15 |
Nuclei 0.029 20.38 6.78 5.95
* Nuclepli 0.005 2,351 0.78 0.68
buc Homogenate  0.027 3.3 1,14 1
Nuclei 0.039 31.8 - / 10.61 9,27
o, ' * Nucleoli 0.013 ©7.27 2,42 2.12 ;
Dal ~  Homogenate 0.032 - 3.45 . 148 1
. Nuclei 0.033 24.16 8.05 7.23
Nucleoli  0.015 11.98 . 3.99 , 3.48
Ven Homogenat}\e 0.049 4.1 - 1.37 1 :
Nuclei 0.062 36.40 12.13 8.86
9.62 3.20 2.34

Nucleoli = 0.018

The values presented in table 9 are the aveirage of two (2)
experiments. Each determination was done in duplicate. Specifi¢ activity was
~calculated as ‘micr_'omoles Pi/min./mg pr'otem. Relative specific activity

\ (Rel. Spec. Activity)'was calculated with ,respect’to the homogenate.,
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TABLE 10 - ‘ '4
Enzyme Analysis of Nucleolar Purity ’ ) '
- * | Acid Phosphatase ‘ N\
» "+ patient Fractioé 0.D0. 405 nm pm Pi/hr/50ug Specific Rel.Spec. %
‘ ‘protein Activity Activity 7
Ros  Homogemate 0,042 0.070 0.023 -1 ?
Nuclei . 0.065 0.112 0.037 1.611 { |
Nucleoli 0.003 0.006 0.002 0.087 ;
Tre  Homogenate  0.039 0.063 0.021 1
Nuclei 0.068 0.113 0.038 1.809
Nucleoli - 0.007 ° 0,002 0.001 +0.048
McK Homogenate  0.032 0.054 0.018 1 ,
Nuclei 0.054 0.090 0.030 1.667 ¢
Nucleoli 0'002. 0.005. *0.002 0.111
,  Duc  Homogenate ° 0.046 -~ 0.073 0.024 1 x
Nuclei 0.051. . 0.080 © 0,027 1.125 }
’ Nucleoli 0.004 0.0QQ 0.003 0.125
Dal. Homogenate 0.037 0.061 0.020 1 -
Nuclei 0.059 0.103Yy . 0.034 1.700
“Nucleoli 0.002 V.O.OOS 9.002 " 0.100
Ven  Homogenate ° 0.047 0.075 © ,  0.025 i )
Nuclei 0.068 0.113 0.038 1.520
Nucleoli - 0.003 0.006 ~0.002 0.080
The values presented in table 10 are the average of two (2) \
. experimeﬁts. Each determination was done in du?ﬂicate. .Speciﬁc activity was
-calculated as micromoles Pi/min./mg protein.-Relative specific activity
(Rel. Spec. Activity) was calculated with respect to the homogenate. & ..
‘/- <
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TABLE 11
Determination of Recovery of Nucleold ) )
" * Intranuclear-Distribution of Glucgse-6-phosphatase
Patient  Fraction number '\Recovery activity
“ Pi/min/mg protein.
. o
Ros Nuclei ° 14.38 .
Sonicate 17.12
NuSl . 10.03 .
NuS2 - 2.66 )
] Pur? nucleoli 1.48
Tre " Nuclei '+ 6.93 v T
Sonicate - 8.15¢ . ,
- NuS1 4.93
Nus, ) 1.51
Pur? nucleold 1.23 )
Dal Nuclei 7.95 » :
' Sonicate - 8.66 )
NuS] 4.53
Nu$ 2,36 .
Pur’ nucleoli 1.26 .
) ’ “
' Recovery of nucleoli was determined by comparing the recovered
actjvity of glucose-6-phosphatase in thé various fractions of the gradients AR

. relative to that of the nuclei. The data for these enzyme assays are given

. e

for three (3% patients onlyand is representative of all the other,

\ batients studied.
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Intranuclédr Distribution of Ribonucleic Acid (RNA) . . - \ ‘
/1 - \ ) X ) o ' B b ) : ; . . R o
e Patient  Fraction  RNA mg/ml - S c
’ : : b 4 . /
. Ros -Nuclei .o 1.42 . .
‘ ~ Sonicate , 1.56 L ) | ]
: © NuS 0.1 - C A
: . Nus) 0.32 . N Ly T ~
, Pur? nucleoli 0.93 . na N -
Tre Nuclei 1.5 . : . :
L " Sonicate .21, . " . ’ ) . e A
NuS‘l 0.05 ¢ ' o . ] " . . . o
¢ NUSZ 90,08 R 4. «~# . : o ‘e - .o
Pur nucleoli 0.87 _— . S
“ -.Dal Nuclei 1.68- ‘. L o
. +Sonicate 1.76. T - S R |
~ Nus,’ T 0.25 . # N
NuS 0.49 ' ‘
) Pur! nucleoli 1.05° ' e .
N ‘ o . & . ‘ SR IV P
C Recovery~of nucleoli was detennineﬁq by comparing the .
recovery of RNA in the various fractions of the gradient relative T
to the activity in whole nuelei. The volumes of the various frag:ti'c;ns N ‘
tised to isolate and purify the nucleoli were adj(ted,tq 0.5 m} with = . - ¥
: “ ' I N S
Saline (0.15M NaC1). =~ _ AR N I
v - " N Q ° ~ A
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" method of Mavligit et al (1973). \After extensive dialysis to remove

' Sepharose 4B-IgG columns.

5

KC1, aliquots of the KC! extracts were tested for ant1ﬂen1c activity
by 1mmunodiffus1on and cmss—over lmmunoelectrophores-ns. The remainder’

of the KC1 extracts were subJected to affinity chromatography on

AFFINITY CHROMATOGRAPHY

_ to'Sépharose 4B and affinity chromatography was done as described in

_extracts, were absorbed onto the columns. The columns were washed with

" by 3M KONS. The two curves represent the absorbance ats280 nm before

Purified IgG's from.‘sera of fi)ie patients were coupléd

the Methods section of the text.-Aliquots, 5.5 to 8.5 mg of K(I

the same buffer and then eluted with 3M KCNS. Fractions (0.7 mi)
werecollected and protein concentration was determined by absorption

at 280nm. The protein 'elaution ‘profﬂes of KC1 extracts of the five
tumors are shown in figures (3,4,'5). The elution “profiles are similar, '
whether the affinity column was prepared with autologous or with
al,logeneic tumor-specific IgG. Three distinct areas are observed in

fhe elution profiles: (aj peak 1 répresents unbound 1igand eluted
during the first washing with starting buf‘fér; (b) pe.ak 2 represents

material for which there'is no, qo'rrhesponaing I3G bound to the Sepharose

48, and (c) peak 3 represents.bound antigenic material that is eluted

and after dialysis to remove" KCNS which affects the absorbance at
280 nm. ’ ‘ . ) )

The fractions from the three major peaks were pooled

-
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_and dialyzed for forty eight (48) hours against three changes of

buffer (0.001M tris-HCl pH 7.4 containing 0.15M NaCl). After dia]yéis,
the fractions were re-cb.ecked f.‘or’protein,pooled qnd concentrated (wlfoid'
by the calcium chloride method. Aliquots of concentrated fractions
were tested for' antigenic activity and e1ectro;5horesed on SDSPAGiE.

The results of immunological analysis of the fractions

eluted from Sepharose 4B-IgG colums are shown in table (13) and plates'

‘¢

(8a,8b)Due to very low conceatration of protein in the 3M KC1 extracts

from two patients, these were pooled. This was considered very reason-
qiﬂe because the material from these two patients cross—reacted with
each other ;in other words, they both contained allogeneic tumor-
specific anti'g_ens. However, the presence of undetected autologous
tunbr-specific antigens in either or both of ’these tumor fractions“
cannot be ruled out. The KCNS fraction eluted from each of tﬁe five

patients contained melanoma tumor-specific antigenic material. "

Cross-over immunoelectrophoresis was used to monitor .

" antigenic activity during tumor cell fractionation. The resylts in table '

i 7

(14) show that in all cases except for Tre nuclei (this preparation of
nuclei suffered some spurious breakage) the‘nuclei 'Were negative,
whereas homogenates,nucleoli and KC1 extracts of nuc]’eoH were positive.
The results also show that pre-absorption of the nucleoli with normal
serum and/or serum from other non-melanoma cancer patients had no effect

on the antigenic activity recovered in KC1 extracts, but on the other

" hand, prg-absprption with autologous‘ tumor-specific serum abolished

all antigenic activity.
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“TABLE 13

0y - ‘ it —p—
.
”

[N

" Identification of the Antigenic Activity by Cross-over Imminoelec-

{ .
trophoresis of Fractions Eluted by 3M KCNS in Affinity Chron;atography.

' G
Affinity Chromatography Fraction number Cross-over immuno- -
system - electrophoresis

Ros and Dal KC1 extracts 31-32 e .
on Ros 1gG - . 33-34 - \
C . 35-36 + .
- 37-38 +
39-40 ’ +
41-42 ' -
43-44 -
McK KC1 extracts on Ros ‘
. lgG .. 44-45 -
46-48 +
- 49-50 +
“ 51-52 Ct
53-55 -
Duc KC1 extracts on Duc
- 196G C 57-58 . -
) 59-61 + .
, '62-63 ' +
X C 64-65 + o
. " 66-67 -
Fei KC1 extracts on Ven " ‘ '
196G 40-41 ' -
. ' 42-43 : .* )
- 44-45 ) +
Tre KC1 extracts on-McK
IqG 37-38 1 + ;
39-40 +
\\ - . 41"42 ) + N )
KCNS e]utﬂ)n profiles of these experiments, except for McK KC1 extracts on

Ros IgG, are not shown in figures 3, 4 or 5.




PLATE 8 - o - ‘-

7 v

Ce Cross-over ‘irrmuno‘electmphoresis'.

/

Imupoelectrophoresis was done as described in the Methods section of .

the teft.

+

V ,,“.;A) 1. KCNS eluate of KC1 extracts of Ros nucleoh which was eluted
X from an .affinity colum. a . e .
- 2. KBNS eluate of KC1 éxtracts of Ven nucleoli, which was e'luted .
| f%n affinity coTumn. .
3. KCNS gluate of KC1 extracts of Ros nuc]eoh which were absorbed
Wi th normal serum before extraction with KC1.
‘ 4, KCNS eluate of KC1 extracts .of Ven nucleoli which were absorbed
" with norma] serum before extraction with KCI.
) 5, same as (3) but’ the nucléoli were absorbed with serum from
a pat1"e.nt with coy cancer before extraction with KCI1.

B) 1. same as A) 4. but the nucleoli were absorbéd with serum from
a- pat1ent with breast cancer before extractmn with 'KC1.
\—"‘\2.' No rmal human 196G versus anti-human IgG. )

13 KC] extract of nucleoli from Ros tumor cells which were
absorb;d with Ros autologous melanoma tumor-spec1 fic serum’
before extraction with KCJ

4. Normal human IgG versus “anti-human IgG. .
5, KC1 extract of nucleoli from Ven tumor cells which were

1 absorbed wi th Ven autologous melanoma tumor-specific serum
.before extraction w1 th KCI
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TABLE 1

Determinatq:dn"d;‘ Antigénic Activity during Cell Fractionation by

~ Cross-over Tmmunoelectrophoresis (CIE). .

¢ AY

Tumor  CIE CIE CIE

Sera Tumor

Source Source Fraction results results (a) results (b)

Ros . Duc Homogenate +

Ros -~ Duc Nuclei -

Ros Duc Nucleoli + A

Ros Duc 3M KC1 ext. = =+ -

Ros Dal Homogenate +

Ros Dal Nuclei - ;

Ros Dal Nucleoli +

Ros Dal 3M KC1 ext. + ++ -

Ros Tre Homogenate +

Ros Tre " Nuclei +

Ros Tre Nucleoli ¥

Ros Tre 3M KC1 ext. ++ - -

Ros' ' Ros. Homogenate + - o i
Ros Ros Nuc]ei - PP

Ros Ros Nucleoli + B \,3 ‘

Ros Ros 3M KC1 ext,  ++ S - AR ‘
Ros Fei Homogenate + .
Ros Fei Nuclei - /

Ros Fei Nucleoli +

Ros Fei 3M KC1 ext. +

Fei McK Homogenafe +

Fei McK Nuclei - :
Fei McK Nucleoli 2

“Fei McK M KC1 ext, +* + -

CIE results (a) - the nucleoli were absorbed either with normal
serum.or with sera from n,on-melanotic cancer patients before they were
extracted with.3M KC1. CIE results (b) - the nucleoli were absorbed with
autologous tumor-specific serum before they were 'extracted with 3M KC1.

s g S S e 4w




. were,e1ectrophoresed on SDS PAGE as described in the Methods section

. . S

. A116uots of 3M KC1 extracts and.3M KCNS .eluted fractions
of the téxg. The results ‘of electrophoresis shown in table (15) and
plates (7, 9) lead to the following conclusions: (a) purified nucleoli
from each of the five patients contained between 20 and 25 different /
molecular weight species; and (B) only  four molecular weight species
wereobserved in the e]yate %rom the affinity columns suggesting~tﬁat
at least four protein—containing‘spéciés amondg the species present in
the nucleoli are meianoma tumor-specific antigenic ﬁblecu]es. SDS FAGE
of KCNS aéfinity columns eluates of KCi ext;aCts of nucleoli (Ros and Ven)

which were prg-absorbed with autologous tumor-specific IgG, showed no

pgptein-contdining bands, indicating that pre-absorption with autologou$

sera neutralizes these antigenic molecules. ‘
] ’ ' ‘ \

.
4

-




PLATE 7.

1
o

SDS acrylamide gel electrophoresis.

4

1) KC1 extract of nuc]leoh' isolated. from.Ros tumor cells. ‘ : ~
2) KCY extract of nucleoli isolated from Ven tumor ceHs.\ ) '

3)°KC1 extract of nucleoli isolated from Dal tumor cells.
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SDS acrylamde gel e].ectrophore51s of KCNS e]uates of 3M KC1 extracts,
from affinity columns. e ' )

° (
#
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TABLE 15 . . .

' SDS acrylamide gel electrophoresis of KCNS fractions from the

affini{y columns: molecular weighg; of‘Coomasie.briTTiant blue stained ’

species.
. N . ® . ! > .h { ) -
Patient C 7, Mobility Molecular weight
- ’ xi0-3,
' ) , ¢
Ros ~ 0.255 . , 165
~~ 0. 427 n - 93
' 0.492 . 75
.. 0.526 ‘ 69
Tre . 0.270 165 o R
. 0.413 _ 95 .
. «0.524 - 69 e
McK S "’ 0.265 : 163
0.430 : 93
0.506 74
0.521 » 67.
Duc o 0.232' ' 170
0.420 ‘ 95
i 0.493 73
0.523 : 69
Dal . 0.253 - 165
: 0.432 ‘ 93 -
0.493 73
- 0.530 . 66

g
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. . DISCUSS IO
< " , :\ The importarice of studies on the structure and function
.- " of the nucleoli in cancer cells has been apparent since the early - o
o " 20th century when several 1nvest1gators suggested that nucleolar é
abberation was a constant, and possibly a d1agnost1c 1nd1cat1on of ?

‘ma11gnancx (MacCarty and Haumeder 1934, MecCarty;gg al71936, MacCarty
1937, and ‘Busch gﬁ{gl 1963). However, until fecently—g:eh'studies
L have been Timited primarily to cytological and morphological examination
' panﬁly‘due to probiems involved in the isolation and purification of

nucleoli from mammalian tissue in general and human tgnor tissue 'in

particular. These studies appeared to indicate that although nucleolar
size, number and morphology were more frequently abberrant in neoplastic
as compared to the corresponding normal cells, these differences seemed

neither specific not constant.

With the advent of more powerful techniques (e.g. histo-
.chemical .and autoradiography) coupfed wieh the development of methods

for isolation of purified nucleoli and biochemical analysis of puri-

) //;/,///”’ fied material from these nucleoli, 1t has been possible to suggest
3, : .that perhaps the major differences between the nuc]eo11 of normal cells
ﬁg and cancer cells may reside at the level of the nuc1eola; chromosomai-

complex. It has been postutated that neoplastic transﬁgrmat1on causing
. dissociation of the nucleolar chromosomal complex may result in tbe/

nucleoli of cancer cells synthesizing abnormal products (i.e. ribo-

{ ‘ ) - ,
P " nucleoproteins) which could affect the responsiveness of/fne cancer

i

_cells to both internal and external control systems. In support of
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' this postulate is the fi‘nding of several investigat'osz that 'antigens'
of norm.a] cells differ from those of cancer cells of the c'orr'espondi‘ng
organ (Farhad-Marashi ;_e_t_a_'l_ 1979). However, little is known concerning
the, imunological characteristics of the nucleoli. Severél investi-
gators have reported that antibodies to nucleoli in ﬁuto:immuné diseases
(Nelson 1977) and'in malignant melanoma (McBride et al 1972, Lewis
et al 1973, and Bowen et al"1976). With respect to malignant melanomi,
«all three groups of investigators fou‘nd that there exists in the sera
of patients with advanced malignant melanoma, antibodies to antigens
associated with their ngcleoli. How ;;‘, neither of these groups

sought to isolate the nucleoli and show definitively that this was the

' 'organeHe against which the tumor-specific antibodies were reacting.

Moreover, no attempt was made to isolate and purify the antigenic
determinants of the nucleoli involved in the tumor-specific immunity

reaction. Nevertheless, there appears to be broad agreement that the

_ antibodies directed against the antigénic determinants of the nucleoli

*

were prim&rﬂ_y present jn the latter stages of the disease, and that
their presence (i.e. frequency and tit‘er) appéared to have some corr-
elation with the clinical stage of the disease. Since the antigen(s)
was &etecfed and anhalyzed indirectly in all cases, little information
w;as avaﬂ‘ab]e concerning: ' |

b(i) the number of antigenic species involved- i.e. the nunberf
of molecular spe&ies and their.molecular weights-

(11) the immunological relationship between these antigenic
species and those of other tumor-specific cytoplasmic and membrane- '
associated antigens (Preddie et al 1978a, 1976b: Khosravi 11978, Persad
1978, Persad 1979), and
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* (iii) the chemical .nature of the riucleolar associated antigen(s).

/ The results presented in this thesis provide the following:

gt i

>

(a) a reliable method for the isolation and purification )

of the nucleoli of malignant melanoma cells, and the isolation of

ER Ry

tumor-specific antigen(s) from these cells. These methods may be

adaptable to other types of malignant cells,
(b) some-preliminary information on the immunological speci- €. ‘

ficity of these antigens.

The information on the relationship between the tumor-
specific nucleolar antigens and other {umor-spedﬁc antigens asso-
ciated with mah‘gnanf melanoma has already been provided in part by

Preddie et al 1978 and is not included in this thesis.

1

LOCALIZATION OF THE ANTIGENIC ACTIVITY ASSOCIATED WITH THE NUCLEOLI

i

OF MALIGNANT MELANOMA CELLS | \

& . ,' ' , For this investigation, twelve (12) patients were selected, /
¢ . ‘ 10 with malignant me.lanoma and 2 with non-melanotic malignancies.
Since auto-antibodies against nucleolar determinants were found to be
' : highly stage-specific, i.e. they appeared in the patient's sergm only
during the latter stages (stagés 3 and 4) of the diisease (Lewis
et al 1973a,b, McBride et al 1972, Bowen et al 1976), indirect cyto-
plasmic immunofiuorescence 'wgé used to select those patients possessing

high titres of positive ant'ibody against cj/toplasmic antigenic determin-

e e S S e AN, 4 31 i et

e o ants of melanoma cells. The widespread use of this technique is due




[ORIe)

".100.
s

to its sensitivity and specificity. It has been employed to show spe-
cific positive immunofluorescence on the surface of viable cells and

in the cytoplasm and nucleoli of snap-frozen cell preparations.

P T

Although there remains some quéstions concerning its specificity

[

. {i.e. the reaction between normal sera ana melanoma target cells -
Lewis et al 1969, Whitehead 1973), the bulk ¢ff the available data
appears to indicate thaf immunofluorescence provides an excellent
.serological tool for analyzing the presence and the distribl;tion
of tumor-specific antigens in tumor cells.

/ , In order to establish specificity, sera containir]g tumor- '
specific antibodies were absorbed with nom}al human spleen cells as
well as with a variety of non-melanotic tumor cells. This absorption
procedure ensured specificity pi‘ tﬁe reaction when tissue was being
tested against sera from otherT melanoma patients as well as normal

controls. In addition, the specificity of the.cytoplasmic fluorescence

orbi i S

observed was further confirmed by the use of the direct immunofluor-

o

- ' escence test in which the addition of the batignts' own sera was ' | .
omitted (plate 1,2). : ‘ ' j
5
| The immunofluorescence studies (table 1) show that 70% - , -
of the patients selected had strong positive immunofluoreséence for
- the nuc]eo_H of snap-frozen smears, when tested with the patients’
autologous.sera. On the other hand, there was cmss;reactivity betw;aen

the highly positive sera and nucleolar preparations obtained from other’

malignant melanoma patients. Keeping in mind that®in all.cases studied,

; : : this reaction wasfound to be less intense than the autologous reaction./a—-
b ‘ : ' ‘ "/




Thét the reaction observed was specific can be inferred from: (a)

the lack of positive reaction between the norma]isera and all nucleo-
lar preparations of Talignant melanoma cells, and (b) a lack of positive
reactions between the'h{ghly positive sera from patients with other types

of malignancies and nucleolar preparations of malignant melanoma,

I
*

The 70% frequency of positive reaction, although high,
was found to be in the region reported by other investigators. More-
over, it reflects the bias selection of tissue and sera uysed, in that

tissue and sera were selected mainly from patients whose disease was

. primarily in the latter stages, McBride-et al"(1972) reported 15%

of positive cells tested with autologous sera were positive, as seen
by the presence of single large brightly stained intranuglear body.
Moreover, sera with high antibody titer, when tested with tumor cell
preﬁaration of other melanoma patients, 39% were pbsitive for the pre-
sence of ihe‘nuclear antigen(s). Qverall, the nucleolar.antigeq was
found to be present in.45% if the 140 patients tested, of wHich 57%
and 34% were in stages 3 and 4 respect;vely. Bowen et al (1976)
reported that 19% (33 of 175 patients) of autologous serum cell
combinations were positive for the nucleolar antigen, while there was
cross-reactivity between positive sera and 45% of patients tested .
(63 of 175). ALout 91% of the positive patients were in clinigaT*Stiges
3 (57%) and'4 (34%). . : L

»~  ISOLATION_AND PURIFICATION

OF THE NUCLEOLI

-Because the isolation of the nuclei was a necessary
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. preréquisite'for the isolation of ﬁuc1eoli, the method se]ec;ed for
isolation of nucleoli had to meet the following criterfﬁ:' (i) isolated
nuclei had to retain their morphological structure, (ii) the nuclei
had tohﬁe isolated in a highly purified form, and (iii) the isolated
nuclei had to show retention of high enzymatic activity. Blodet@and
Potter's (1966) modification of the sucrose calcium?brocedure proposed
by Chauveau et al (1956) was the method of choice since it resulted
in isolated nuclei which met the criteria stated above. Of crucial
importance to the isolation of acceptable nuclei was the degree of
homogenization. Too much homogenization’resu1ted in excessive damage
to tﬁe npélei and thus decrease in'wholé nuclei recovered in the nuclear
pellet; on the other hand, insufficient homogenization resulted in an
" increased contaminatién of the nuclear pellet by cytoplasmic contents.
Therefore, the conditions selected for homogenization represented a
compromise to achieve maximum\recovery of the nuclei with minimum
contamination by cytop13j?1c aﬁh/or membrane components.
Electronmicrographs of sample nuclear preparation showed
that the nﬁclei were of high purity and were 'not contaminated to any

significant degree by other non-nuclear material (plate 4). In addition,
—

1

ev{dence derived from chemical and enzymatic ‘analysis (tables 6, 8,

9, 10), and. the fact that the yield of nucleic acid in the nuclear

pellet averaged 71%, suggested strongly thaf,the'iso1a£ed nuclei

- were quite acceptaBﬁ\\ for use to obtain nucleoli. In this study, the
method of Ro and Busch (1964), using éonication'tb disrupt the nuclei,
resulted in nucleoli of high purity, as indicated by electronmicrographs

of  the preparations {plates 5, 6, 7).

.
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The purified nuc1e0h contained only a fr'actmn of the specific actw1ties
, of the enzyme marFers found in the nuclear pellets from whibb they were
dem‘ ved (0.56, 2,263, and 0.091 respectively). Arssuming that the nuc]?i

\

fromwhich the nucleolar preparations were made were relatively free from
]

major cytoplasmic contamination,\fhen these nucleoli were considered to

be of” acceptable purity for the i o1at1‘9n of antigens.
v \ N )
“I'SOLATION QF TUMOR-SPECIFIC ANTIGENS ASSOCIATED WITH NUCLEOLI OF
MALIGNANT MELANOMA CELLS

Having shown that‘ghé nacleoli were of aéceptab]e purity,
the next step was to extract ahd charac‘t\erize the melanoma specific
antigens from these nucleali. Antigens Were extracted with 3M potassium
chioride and purified by affinity chromqtography on columns of tumor-
specific IgG coupled to Sepharose 48. Extr\\"action with 34 KC1 has been
usedBy other investigators (Roth et al 1976.\\Mav1igite_t_gl 1972, Maviigit

1973) to extract antigens from solid tumors.

MY
A

)
\

N
The appropriate fractions were tested fs\r: antigenic activity

A

uéing purified tumor-specific IgG and anti-human ng The results

(table 13 and plates 8, 9) show that all of the ant\gemc activity was
_eluted with 3M KCNS Fractmns which showed antlgemc activity and were

in adequate amounts were used to re-establish the spe ificity of the nucleo-

Nar antigens and were analyzed by SDSAacnylamide gel electrophoresis.
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PROBLEMS INVOLVED IN DETECTION OF ANTIGENIC ACTIVITY

Lt
L}

Three immunological techniques of varying sensitivities
were used throughout this project, to monitor antigenic activity
during the various isolations, ;:oncentrations‘, and analytical procedures.
Therefare, it is likely that any ani;igenic mo]eéuJes present were
detected. In parti cular, table (14) shows that cross-over immunoelectro-
phoresis provided a reliable means of monitoring a\ntigenic activity
during‘ tumor cell fractionation. However, since the amount of antigen-
ically active KCL-ex‘g‘raqted material was a:lways in very limited quant'ity:
it is highly' possible that%ﬂution of these fractions prior to and
during affinity chromatography could have resulted in the loss of some

antigenically activemoleculks.

f .

CHARACTE RIZAT ION g‘g_ms_ NUCLEOLAR ANTIGENS

The 1dentifi'<:.afion of the antigens associated with the
nuc]eoius of malignant melanoma tumor cells was done ‘primarﬂy‘ py
cross-over imunoelectrophoresis, a technique widely used for the
detection of both antigens and antibodies. The major Advantages of this
method are: (a) its sensitivity (i.e. it can detect less than 10 ug

protein), (b) it is highly reproducible and (c) it is very rapid.

By this method, the fractions (KCNS eiuted) from 5 affinity
columns were re-tested for antiéenic activity against purified allo-
geneic and adtologous sera. In all caseg, except for column No.2, where
the material recovered was in very low concentrat.ion, the fractions
showed good’ antige’nic,acti'vi ty. To determine the number of moleuclar

‘ weight species present in the antigenic fractions isoldted by affinity

chromatography, aliquots of -fractions were analyzed by SDSPAGE.

y
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The data in tables (15 ‘)Eand plate (7) indicates the following: «
. . .
(I) There appears to be about 4 molecular species varying
“in molecular weight from 65,000 - 165,000 in KC1 extracts of nucleoli
obtained from melanoma tumdr of five patients.
(I1) The molecular weighr speg;es found in fracgions isolated

by affinity chromatography were also foung\in‘the KC1 extract and

in the solubilized nucleoli.

The variation in number of molecular weight species obtained for the
different patients may be due to one or all of the following poss--
bilities: | |

(a) the nucleolar pe]iets were prepared from different me-
tastatic tissue. .

(b) the loss of protein (antigenic molecules) during the

various isolation and concentration procedures.

-

THE SPECIFICITY OF THE NUCLEOLAR ANTIGENS

In order to confirm that the antigens isolated from
nucleoli were indeed me\anohé-specific antigens, purified nucleoli
were apsorbed with normal sera , with pob1ed sera from patients

with other neoplastic diseases, and with autologous tumor-specific

" sera. In the cases of absorbance with normmal sera and sera from

non-melanotic cancer patients, it was possible to extract the total

amount of antiéens from fhése nucleoli after absorption. On the other

®
;

£
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hand, in the case of the autologous tumor-specific serum, it was
.

,not,possi“ble to bbtain antigens after absorption. This confirmed the-

. antigens were indeed melanoma tumor-specific,

a

~ . /
.
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CONCLUSIONS
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The precegding discussion describes a specific approach '

to the Tocalization and isolation of antigens associated with the

JEW- TR Sepr PrTRE S

nucleolus of malignant melanoma cells. These antigens were extracted
with 3M KC1 from purified nucleoli that were isolated by differential / g
and sucrose density centrifuga;ion and then purified by affinity
chromatography on Sepharose 4§-IgG bound columns. The identification
, ‘bf these anfiéens was made by employing the techpiqpe of cross-over
immunoelectrophoresis. The antigens isolated appeared to be (a)
allogeneic, i.e. they were present in all patients and freely cross-
reacted, and (b) specifié, i.e. they did nof react with sera from ‘
normal patients or with sera of pat}ents with other forms of cancer, . o
and' (c) specifically located in the'nucleolus, The chemical nature - b

of these antigens will be the subject of additional investigation.
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