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_This study de§c'rif:es§" the ‘isolation and purification of -
o . . . ) e ‘. * .
plasna membrane antigens specific ‘for human malignant -

X . . - . . -. \B .
melancma. Plasma membranes were :isclated from melanomad

tm\or spec1f1c ant;body agamst melanana cell 'sprface

-

’

e , ' ) .d
tissue by differential.- and discontiniocus sucrose density

¢ N .
gradient centrifugatién. - These membranes were solubilized
. ° , ’

-./O /‘ . . .
and chranatographed on sepharosé' beads coupled to the

patlent s autologous melanoma spec!iﬂc ;[gG. Thé presence of .

ant1gens m pre’ébsorbed patlents' sera was 1nvestlgate6 by
Y, [

Direct and Indirect membrane mnunofluorescénce tecflmque. oo )
Of sixteen (16) patients stud1,ed ten (10) showed p051t1ve
3

act1V1t:y for plasma membrane fluorescence. 'Ihe melanana .

)

spec1f1c I9G fractlons were then 1solated fram sera, ,showmg

relatwely strong reactivity, b)\ ammonlun sulfate

prec.lp1tqt10n followed by chrcmatography on DEAE—cel],ulose

_ion excharger. .The molecular weight species of the pur1f1ed

4

plasma membr ane ant-lgen‘s, from five(5) d1fferent mglanmas,

were found to be in the range of 50,000 to 185,000 by SDS-

polyacrylamide gel electrophoresis. On counter current
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I. HISTORICAL BACKGROUND AND THE GENERAL DISCRIPTION

L

| OF HUMAN MALIGNANAT MELANOMA*
(Y vt - .

Som
(LI -

-~

“ LT ﬁuman mailgnant melanbma has stimulated the concern of a -
- , ,V )

; " 1arge group of investigators since the onset of recorded L
hlstgry in the fifth century B.C. (Urteaga and Pack, 1966).

.In 1806 the condition was brbﬂght before the medical

41 ' . profe551on for the flrst t1me by Laennec in a paper read

;. é:: \b?fore the faculty ‘of medicine in Parls; Laennec was also'
. e . .

Ye o the firsSt to use the tetm "La Melanose™ to describe the

y / _color 6£ the lesions. In 1833 the lesion was recognized as

¢
%‘ - a malignant tumor .under the ‘term "Melanoma" by Robert
i

-

‘~Carswell. .
. . <’ N o M M K] ) :7
* ‘'Pemberton in 1858 was. the first one who explained
. ‘ : . . ¥ Qm
.accur&tely the appearance of the primary tumor in the " skin

‘énd' other areas of the body. In l§07,‘the lymphatic spread

and. penetration by melanotic cells was observed b§ Sampson
: ‘ Handley and in 19087 Pringle, with respect to the Handley

observation, sngested the surgical dissection and excision

1

- of the primary tumor, " the "inbetween" lymphat1C§4§Qd_rhe—f~———d~
- ~ymphatic

regional nodes for the treatment of melanomas. B

2 »

-

. Téﬁ“hame melanoma was 'subsequently desigpated to a class

o

of skin drowth:of melanqcite Eelﬁ poghlation which appears

. on exposed area of the body and Trepresents two types of r
' ‘.t ) T ‘ Yo . N T {.'

- closely‘related tumor cells. ’ - . T

- o \,
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One of the benign nevi, and'mole§ that remain localizéﬁ

»

at the site of origin throughout life, were known as beauty

«marks during the etghteen centu;y; the dtﬁer, qpmpoéed of -

. highly malignant aTﬁ transplantable tumor cells with th&

, b .
capacity to lnvade and metastasize through any organ in the

body, leaves behlnd mostly p1qmented fé510ns. Thls is the
reason\\ﬁy the tumor had been known as black cancer or black,

death (Urteaga and Pack, 1966; Ackerman and Regato, 1962)

’
. *

__.1I. VARIOUS TYPES OF MALIGNANT 'MELANOMA

AR
¥

From the standpoint'of pathology-and histogenics there
exist -a few dominant types of melanomas. Extensive studies
by Clark et al (1969, 1976) had distinguished four (4)
Qistinctive forms, of melanomas, namely,.lentigé malignant
melanoma, superficial spreading melanonma, ‘nodular melanoma
and ‘arcle lentiginous melanoma, which aré diffg;ené on the

basis of their histological appearances and the biological

behaviour patterns of the. primary twpor.

7/
. [
.

III. THE ORIGIN OF MELANOMA -

hd ~
~
v

Although the reiationshipr between malignant melanomas

and moles was reported by Laennec (1806), » the "histogenetic

correlation between them has been controversial and a reason

for disagreement.

Allen’ and Spitz (1953) believed that almost all
melan;ﬁhs of the skin and mucous membrahe/are derived from

a
o

,u-l'\
N

-
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'pre-existing hevi’ swith junctional . actimity, but Becker

(1948) indicated that pre-existing nevi are responsible for
»' 1 ot

. less than 25%‘0E melanomas, and the rest origin&ie from' the

13 L

melanocytes of the “normal skin that are located at the

v -

epidermal-decmal. junction. . g / \\
" A A = N .

' J

/

“Several other observers such as Russel and Reyes (1959)

-

“‘and Trozak et 6 al (1975) reported a 'high incidence of

N s [ ’ 3! . .
malignant melanoma to be aroused from congenital nevi.

- A

g4

With respect to the occurrence of melanomas in the

[ 4

) ' \ A . .
colored races, Pack (1948) stated that moles and melanomas

. . . o L
are not common in the pigmented races. 1In contrast to this,

Sudanese Africans who were choseﬁ at random. ‘However,

coLlected‘devidence seems to sug@est that melanoma is not a

rare disease in the pigmented raves and indicates the

.

occurrence to" be much greater on the soles of the feet than
&

other™ areas of the body (Lewis,'1967a).‘ '

- ~
-

Studies by Lewis (1967a) in Uéanda Africans clearly

demonstrated the 'relationship'in the intident of melanoma

F ks

and_ what he called "a ‘district pigmented spot" with

junctional activity on the sole of the foot. . g
a A . . . . \

Although the cytogenetlc orLgln of malignant melanomas’

iq still a debatable issue, it appea:s most peOple belleve

that. pre-existing ]unctiona1, nevi and moles are the

precursor of melanomas. ,

-

_Hewer 11935) reported the qpresence of nevi in 95% of 260(

/

1
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- IV. HISTORICAL BACKGROUND OF HOST IMMUNE RESPONSE____ L

TO MALIGNANT DISEASE

¢ .

For any immunological reactive cqlls} there umust exist

7/ , .
antigenst¢ distinct from those of adult host cells. These

antigens cduld be virus specific antigéns, fetal antigéqs,, N

. . s A
or of unknown origin.

k] * , 1’ . )
.The first scientist that slggested the possiblejpresence

&

| \ T
of.host. immune response-was Ehrlich-in 1906, who stated that

the immuniti is not dirested only against microbial and )

parasitic infection but also égainst malignant cells.

1

It was Saméson Handley in 1905 wh; demonstrated the
. prééence of lympﬁocyte infiltration in ﬁalignant melanoma
¢4 and stated .tﬁab' this was résponsible ‘for _thé ‘tuﬂor
1rejection. In 1908, Wade explaineé the\iﬁfiltration by
‘lymﬁhocytes to be the factor respgnsiblg for the ’rejection

of trénsplantedq sarcoma in dogs.” Attempts were madg by

" Ehrlich'in 1909 and Bashford and Russel in 1910 to study the
/ ;

phenomenon of tumor transplantation. The result indicated

that the rejection of transplanted tumor in most cases were

.

-‘N o 0 et e e

due to immunological reactions directed against the normal

™ TR TSRV IE T

allogeneic histocompatibility antigens, because in those

; , experiments, ‘' tumors were grafted between genetically _
. ’ ‘ .

different animals. .

ey :
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. ‘;‘_a;‘///;///ﬂhe of the ea/}y indlcations regarding th

—

‘/;mowever, the originatl demonstration of tumor specific S

bm““1mmunrty - is attributed to Gross (1943) and Foley (1953) who

-
studied tumor‘ ttansplantation of a_ carcinogen-induced

sarcoma in genetically identical mice. « Following this »

+

observation, the existence of tumor specific transplantation ~:

antigen was clearly denonstrated by Prehn-and Main in 1957. )
R ,

o \

Due to the anve observétion, rejection of 1\
tfansplantation aptigens'between inbred animals has b;en .
used in the study of animal tumors. This ﬁype 8f
experlmental approach can fot be nsedﬂln humans ‘because of
ethlcal reasons and 'thé“ lack of a synogeneic ‘donor-host
tglationéhip, éxcept .in ‘the case of 'iéentical * twins.
Therefore, indirect evidence for theéammuniyy in man has
been collected by using'a\variety of "in vitro” and "in ..
vivo" experiments to dgtermine the serological reaction of # *

the host humoral and cellular resporses against the tumor-

associated. antigens.

2 ~ 1
ey T V. MALIGNANT MELANOMA AND IMMUNITY IN l‘}N

\\ -
?

pogsibility

of the influence of host defense mechanism in malignant'

‘melanoma came from the differences in biologic 1 be%av;or’of

the disease, such as itsﬂunpredictat;e and variable natural

history, and the spontaneer regression of the tumor.

1. With Regpect to the Natural Histo » 8everal
1nvestigat0ts includi/g/c/éey and Hogué%\in 16 noticed the
i _*-”_/’

X
.




variability of. siich x éhehomeha,in nalignant~me1anema and in
i1

sgme.cases, the ability of the primary tumor to stay

’

localized for a long period of time during its development

‘B‘denhamp 1968) . '

o In 1968D§ewis and Kiryabwire! stud/ing the Tncidence of

. -
-

] , .
melanomas in Uganda, were able to distinguish three
different type of patients. The first group was

2 ‘ .
characterized by a large primary tumor localized on the sole

of the foot for a long perlod of time w1thout any sign “of

.

metastases. In the second group& ‘the tumor was rapidly:

. ‘ Sy
disseminated in a few weeks or months, and the ,thjrd%~group

was dietinguished by secondary deposits in lymph nodes with-

complete regression,pf the primary tumor.

~ e "

\ i . LN

The influence of such factors of sex,fage, size of the

tumor and degree/bf p1gmentat10n Ja ed to explaxn the above'

diffetences in b%e 8101091ca1 behavior. - Consequently, ‘the

possible involvement of ‘the host-defense mechanisﬁ" was

considered to be responsible - for the delayed metastatic

spread. ‘ )/ : o v

Using complement—depenaent cytotoxic}tf assay, Lewis
(1967b) and his co-workers (Lewis et al 1969) demonstrated

that the differences in the natural hlstéry of the disease

. o

is closeLy related to the presence or absence of anti-

‘melanoma antibodies in the sera of the patients. '

-
N '

-
\-
\
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. 2. . Spontaneous Reqgression of Malignant Melahoma. -
e . o o . <,
LI . N - ’ o s ‘e )
- Spontaneous regressxon oE mallgnant meldnoma is a common -

lezfnt 1n the ‘natural hlstory of the ‘disease aha accounts foc"

about 11% to 15% of all cases ofﬂxfon aneous regreSSLOn in

.human tumor (Eggrson and Cole, 19667 Kopf, 1971). \ S

" oa ‘ The‘incident ;of such a phenomena was further documented

by - C3le (1974) who reported 17 ases.” of spontaneous {

regression of human melanomas. .‘ -

-

. /
A\, ~ ~
\

-ﬁEcently, in’'a reported case by Bodurtha et al (1926)4 A
3(’ )"‘

consLderable anrease in lymphocyte cytotoxlclty vaiues ‘Was

observed during thé regre%slon period qi the tumor. This’

o sﬁggesﬁs that the*host‘contiol methanis@ may be immunologic.
. “ f‘ % , ‘ o
| There argq fa' large number of fhistological studies —————
. > -

indﬁbatgpg,that the host immune response is mediated in part

x\ through® ‘lymphocyte infiltratiod .in melanomas (Handley, -
N 1907 . " Lymphotyte and mohocyte/infiltration - of * the 'tumor

- f’ - N "
] . Jﬁs further reported by Couperlis and Rucker in 1954. Li;tl%

\ . . .. .
(1972) , $tudying® the relationship between  lymphocyte

infxltratlon\ and subsequen development of tumor, noticed

the inverse' relationship bet een prognosis of ‘'the disease

1 v and the degree of lymghotic infiltration. o ‘
, ) . . ‘ !“' l,‘ - A *

{ ’ p ‘{ v ' ' . [N

: "Recently, Roubin et al (1975) reported 25 cases of .

{ ﬁistological appearance of lymphotic ‘infiltration in

melanomas and indicated that the progression of the tumor

f . I
sor
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"corresponded to the decrease .in “thétﬁnumbér' of lymphatic

cells.. Added to this is the ,finding'of Bodurtha et al
. S , o ) . :
(1976) that the: presence of _ lymphocytic infiltration,

" 'melanophages, and degenerated melanoaytes proceeded the™

spontaneous regression of the tumor. o

- <

The’ phenomenon of halo naevus is additional ev1dence

W .

that sugg s' the 1nf10ence of host-immune mechanism in

melanoma, and is belleveg to be. related .to the spontaneous
‘regression ef s«the tumor (Lewis and‘Copeman;‘1952). The
process ofﬂ?he rqjectiéq was recentlyffougd to be (mediated
tﬁrough ceilﬁlaff Emmuéity by lyhﬁhocyteiand.monocftes and «
flnally phagocytdsis of the tumor by macrophages (Rowden and ;

Lewis, 1975). . , .

i

' |

. , \ ‘ |
Although the mechanism of tumor regression is not known ;
{

»

f . .t . /
yet, it has provided another line of evidence in favor of

L3

host-response immunity against melanomas in man(/ '¢'

Lo i

VI. EVIDENCE FOR HUMORAL IMMUNITY. I

s
° . |

1 t

, fhe existence of ‘circulating anti-melanoma antibodies.
have

en demonstrated 'by sezeral éjpes of ‘"in vitro"®

Using an indirect immundfluofescénce techniéue Morton et

"al (1968) demonstrated the presence of c;oss—reactive anti-

‘melanoma antibody in the sera of seven (7) different -

.
1.,_’ ~ - . -
- _ ‘
, technlquﬁ. _
. 1. Immunofluorescence.
» . .
v
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) demonstrated by

)
patients when tested against cytoplasmic and cell surface-
. . ) . f N . . .

. 1
components. . : -

N ®
FI‘ \1‘ - - * 5

The - same technique was®also employed by Romsdahl et al
(1970) and Potra et al” (1971) . These iﬁvestigator§~‘alsp

reported that ‘sera from patients contained cross-reactive

.

anti-melanoma antibodies directed against both cytoplasmic

and surface memb;ane-d?terminants.

1 ~
Y -

<

The presence of a common anti-melanoma cell sur face
- ¥ *

coﬁ@onégts antibody was recently confirmed by Leon§. et al

(1977a, 1977b) in [ the batients' post auto-immune anti-

melanoma sera.

) : ’ : o«
There is 'however, a g;ga; de&& of ‘controversy wi;h

. R
respect to the «cross-~reactivity of the anti-cell sur face

- .

antibodies. Lewis et al (1969), studying A the “humoral

)

immunity in 103 melanoma patients, demonstrated the presence
’ v

of two types of antibodies, one autologous plasma membrane

N

antibodies. which reacted only against the  patients own
’ ] ' ‘

Y -
viable cells with no or very little cross-reactivity, and
. . A R
the other, cross-reactive cytoplasmic antibodies.

AJ

Additional evidpnce came from the work of Phjllips and Lewis

(1970) = who reported ‘that the cell sur face antibodies

14

e membrane immunofluorescence technique

are individuwally distinct for each melarroma. Whereas the

antibodies against cytoplasmic antigens are shared by most

;

of all melanomas.patienﬁs- N . L »
| U S d
y N | . ‘
) ) , .
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‘More recent work £by Bewiq*and co-workers, (Lewis and

S ‘Phillips,)197%; Lewis et al 1975 ')  has ,.supported their

»

observation 1indicating that all surface antibodies
f /

A - ptevious

‘rw \.- ..‘ sy o e
af® patient-specific w1t§ no cross-reactivity.

. ) / . v

2. Complémeﬁt Dependent Cytotoxicity . ° .

' -

+ This techniquée have been use%{ to dem7Lstrate' the

°

g e
-

cytponicity effeéﬁ of patients' sera against the surface of
melanoma cells - ) 5 ) ;

“ * - - 5 N

The first attempt in this respect was reported by Lewis

s%

(1967b) who studied the effect of sera from 16 patients on

the ‘tissue culture f tumors from these pat;ehts. The

e

results indicated the cytotoxiéity effect of autologous Ssera

. . _ o, '
in 15 of 16 cases in patients with localized tumor. ° No

. ~

~

- reactivity was - found in those with disseminated melanomas

—_— —

(Lewis et: al 1969 ). ’ Y

’ 4 ) - > .
v - The above finding was recently confirmed by Bodurtha et

-

~al (1975) who repoffeq cytotoxicity in sera of 90% of his

'patients with localized disease and in, less than 1% of the

¢
patients with advanced metastases when examined in <a
autologous system. : / .
d . ¢ .
! There are a numper of reports which suggest the pr

. A 3 - B hid ' .
investigators have used xenoantfisera (i.e. antisera raised

2



ar am e —— e - il s

f - 1 b * <
. N , :

~¢ ' d) ) : -..\

'

, » against cell surface antigens in animals}’ {n order to
. . \ ' *

S ek

SRS . ' Lo . . e
} Pt absorption studies, demonstrated the .exsitence of shared
i .

o Bl
oty
g oy
]

b ‘ increase the titer of -reactive antibodies, and after

! : "‘ s * N \\,
“4< membrane antibodies when tested against cultured melanoma .
. » . ~ -
‘cells. . w
& . ko

. .. Immune Adherence Assay(IA)\ . ' ) '
. ~

‘ * ¢ E : ’ ' : . ' %
Ll - . 0] . N - I3 [ .
) The assay is a specific immunological reaction which is
'\\"]{. 3 . \

used for the study of antibody to surface membrane melanoma

cell antigens. Melanoma'cells are incubated with serum plus
. complement and, if the serum contains antibody against.
i .

3 surface membfane antigens, the antibody. (pluse cohplemen£1
; will bind to the antigen . This. complex is then
» #

demonstrated’ by the subsequent adherence of indicator cg}ds

o

'(nopmal human erythrocytes).

o Using IA assdy, Hiroshi et al (1976) studied the \

presence of antibodies against sur face antigens of cultured.

: melanoma cells as targets. They detected two classes of
) 1

. a?hibodiés with positive reaction, one autologous which

»

a3

Aould not be removed by absorptf%n tests on 12 allogeneic
melanoma cell lines, and the othér represented a class of
common melanoma antibodies ©  against ' cell surface.
'detéfminaﬁts. : S

1

\
Recently Seibert et al (1977) found a high fepctivity of
sera with allogeneic melanoma cells, which is in agreement
with the abové finding and disagree with those of Lewis et

-
- '
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.al (1969), Lewis and Phillips (1972), and Bodurtha et al

(1975) , who found positive reaclivity only in autologous
systems. ' . ' , R y ‘ .
. y

Kithdugh‘ the abbve finéjﬂgs indicate the pr?sencerof

melanoma-spécific antibodies in .patients' sera, the:

?

inconsistency of the ‘reported results could be due to the

-use of different serological techniques and differences in
Y . u r

the soﬂfce of séEa and target cells. ) )

4. Evidence for "In Vivo"'Binding of Anti-melanoma antibody

[N o N
. . H

One of the most reasonablé lines of ‘evidence for the

2

4 e . . .
presence of melanoma specific antibodies and involvement of

[

N T ‘ s
humoral immunity in melanoma c¢ould be indicated by the

J ..
elution of Ttumpr, specific/ antibodies from melanoma tumogr

.

cells.

°
.

* Romsdahl and Cox. (1973) studying the reactivity of
ﬁelanoma sera against a solublé'extract of the tumor by
immunodiffusi&n, noticed the presence of immunoglobulins,

mainIy .of IgG types, in ‘the tumor extracts. These

immun&blobulins were subsequently isolated from théﬂacell‘

surface’ and were found to block efFectively sensitized
Q 4

lymphocyte cytotoxicity in an allogeneic system.

\

The report of Gupta and Morton (1975) has provided more

evidence for the presence' and specificigx‘ of these

1

-.antibodies. In this study immunoglobulins were ‘eluted "from

the. surface of five(5) different melanomas and found to be

7

’

v
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reactive against both { sonically treated autologous: ‘and

®

e :
.allogeneic homogenates of 'melanomas but notifgainst nqQrmal
4

and other .types of ‘tumor extracts. Also thé found about
- < 7 .

%

32-fold increase in the antigenic activity foIlowing elution

as compared to that against autologous sera,

o

The above findings'could possibly ppovige a reason ' for

the failure of cell-mediated immunity in malignant melanoma.
A S ‘ . .

VII. ‘EVIDENCE FOR CELLULAR IMMUNITY-.
. * a

. N LY :r )
A number of "in vivo" and "in vitro" technnpues have

heen employed - in order - to' demostrate cellular immunity

against melanoma.

1. Lymphocyte Cytotoxicity {
. » . .‘ . [}
This technique has been widely used to ‘test lymphocytes

from mglanoma(patients for their ability to destioy melanoma

‘target cells "in vitro".

e

De Vries et al (1971)- studied lymphocyte cytotoxicity

against melanoma cultured cells and ;epbréed ' positive

\\&ﬁ reaction in 13 of 23 cases agéﬁgst'adtqlogqus tumor cells’
. and in 26 of 48 cases in the §a1;ogeneic_ situation. ' No
redcé n was_ detected against normal skin fibroblast.
Similar findingé’yere‘;lso reported by Poti g; al  (1971)

and confirmed by Narinﬁ_gg al (1972) wpo réported'a high

.~ degree of cross-reactivity in 5.of 18%cases. ' ¢

1

< . ~

v i

> . X}




/‘ Searching’ for 'lymeocyte cytotoxiéity, Hellﬁtrom and,

‘\:Mellstrbm (1973) reported’lympﬁocyte‘cyt?toxicity to be more

effective in patients with locé}ized tumor: A .rdcent report

by: Bodurtha €t al (1976) is in agreement with that of
! ’ . e Lot >
. ‘ Hellstrom. This group of investigators. measured lymphocyte

» fgytdtoxicftf, that was obtained from two different

established melanoma 'cultured cells. They reported a

“

»5

significant increase , in cytotoxicity against "the %¥wo .
e . . .- . .
O

allogeneic melanoma target " Eells .durihg the Tregression

3 .. ~ period of the tumor which appear to be a good-evidence for
) ; o A

¢ ’

tumor destruction through cellular ‘immune mechanism. N

t . - -
H .
+

¥ .
" ‘2. Delayed Cutaneous Hypersensitivity Reaction
- ! N SRR 2N -

. L & . . d'j

Cellular immune reaction,}in melanomas has beermr also

<
s
f' =t

-t

! M) /- 'c -
_demonstrated by skin testing, against meﬁhnoma extracts. "
. ! ' - 1Y . '

a

Stéwart (1969) was one of the eafiy'invgstigatots who

”repqrted gkin reactivity in 25% of his patients; it was also
. ’ o ' v L
" reported to be more common in - patients -with localized

© .7, disease (Fass et al 1970).

& . - . Hollinshead et al (i974) studied skin reaJtrvity to .

4

- autologoﬁs and. allogeneic soluble compoﬁents'o the tumor
ﬂ,. AT cell -membranes in a number of melanoma patients. | Positive
reactions were produced in 17 of 22 phtienﬁs ith early,

T melanoma, in 7 of 19 patiénts in the late stages of the
| N . . - M -~ ,

- - disedse, and .in only 1 of 22 controls. The reactivity was r

not shown . in non-melanotic patients. - ' |

o ' ' . . . (0

7
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The allogeneic skin rehgtiv}ty of ;alt"e;ttacted "cell
surface ant;gens was-reqedtly geported by Roth~g£ gl.(l97§é’
,}976b) and éupported by the finding of grimm et al k1956)
wﬂo reported the release of Qelénoma—qssocislbd antigens

into the tissue culture medium of a single cell 1line that

+ - A

producéd delayed cutaneous hypersensitivity reaction in 4 of
=4

5 melqnoma‘patients.

t

. 3. Leucocyte Migration Inhibition ol

This ‘techniqug has been also wused- to demonstrate,’

A

cellular jimmunity in melanoma patients.

o Cochran et al (1972 ) "by using ‘antigens from 10
. ) melanomas demonstrated leucocyte migration inhibition in 80% .-
PR K . Tx
) - of 46 patients, and~in only 5 of 31 normal controls. Also, £

* he found a signifiqant decrease in-the reactivity folibwind
) ) ’ . o . _
’ surgical operation. The cross-reactivity.of the antigen was

further reported'b§ Segall gg'gl,(i972), ‘ ) ~
. : ~ o . '
- ; The above finding is in agreement with those of Flak et .
P o ' -
‘al . (1973) who reported reactivity by using a preparation of O =
. : o .
membrane antigens from three (3% * melanoma patients.
i Positive reaction were found in 16 patients with progressing
\ . " melanoma and in none of the normal cqntfbls or patients with
P non-melanotic tumors. - i . =
< . € ) .
- ; ' N )
: / S
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| o ‘ VIIT. MELANOMA ANTIGENS & ! s
¢

Recognition of melanoma-associated and specific antigens
. ]
has been the subject of intensive research and has geénerated

1

-

- 'great deal of controversyv with respect to-the cross-’

reactivity of the tumor cell surface antigens, (Lewis et al

1975). ‘ L o

There are two  major methods by which the presenée of

“these antigens ‘has been identified. one “method is to

L

-demonstrate the reactivity of anti-melanoma antibodies in

the sera.of the patidnts or- in  xenoantisera, after

appropriate absorption, against tumo, antigens or cells.

i

The other mpthod i5 to show' the abiljty of the cellular

xJ defense mechanism of melanoma patients to recognize these

14
. antigens "in vivo" or "in vitro". ° i

: v : ’
* 8ince most of the experimental evidence in this respect

N 5

py have - been preSented in the previous sections, only the main:

g e e

findings and ' some other report% regarding cell surface

antigens will be discusseqrhere.

I3

Immunofluorescence staining of viable cell surface

membranes by several investigators (Morton t al 1968 ;
~ ' 4

Romsdahl and Cox, 1970 ;- Potra et al 1971 ; Leong et al

: ~ 1977a, 1977b) has revealed the existence of,melénomé sugface
. antigens which appear to be h{gh{y cross-reactive! Romsdahl
and Cox°1l970& reported the complete elimination‘%f memérane

s

.- - » - e T s L —
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¢ J.,’ N ' ‘
‘immunofluorescence after absorption studies of sera with

allogeneic melanoma cells. .
PR 17 ﬂ
\

The above findings disagree with those of Lewis and co-,

* »
‘workers (Lewis et al 1969 ; Phillips and Lewis, 1970 ;. Lewis
and Phillips, 1972 ; Lewis et al 1975) which have provided

. evidence for the presence of autologous tumor-specific

antigens on the surface of melanomas, and showed that

anorption of the sera with only autologous cells eliminated

. ¥
immunofluorescence staining. g? "
- [ | »

'The individdality of. surfacé antigens was ‘further
demonstrated by Lewis (1976b), Lewis et “al(1969), and
Bodurtha et al (1975) ;usiné a complement ~dependent

cytotoxicity technique.

Seﬁeral other investigators ;(Fritze’ gE: al 1976 ;

Stuhimiller and Seigler, 1977 ; Hakim, 1977) have recently

B & -
localized common cell surface antigen(s) on -cultured

Fd ,
melanoma cells using xenoantisera against tumor cells after

apprdp{date absorption. Although these findings are in

-

‘agreement with the previous reports in which patients sera

were used, the exact correlation between them reguires more’
. .

understanding in respect to the specificity of xenoantisera.

Hiroshi et al (1976), using the technique of immuno-

adherence assay, demonstrated the presence of two classes of

antigens localized on t;§ tumor cell plasma membranes : one

autologous "and the\other shared melanoma surface antigens.

H
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T Seibert et al (1977) by using the same technique also found

1

cross-reactive memggane antigens on cultured-melanomg‘cells
which appeared to be similaf to antigens on , fetal cell
nmembréngsﬂ The presence of‘fetal antigens on a numbe; of
éumqr eells have also been reported by Lewis et'al (1973a),

Fritze et al (1976), and Irie et al (1977).

. Hollinshead et al (1974) has isolated two types of skin

reactive antigens from primary melanomas as well as large
o

metastatic deposites (Ho;linsheaa, 1975) by using 3M KCL
‘extraction. hOne antigen, a glycoprotein, in "Sephadex
fraction II", appeargd to be melanoma‘vspecific and prgdﬁced
pogitive reaction in.l7 of Zi,paéients ;ith skin or ocular
melanoma, and géve neéééi?e réécﬁion in 21_6f22.patients
with other ‘types 6f ‘cahcer. The seéona antigen,  in

"Sephadex fiac;ion III" appeared to .be more widely

it

distributed, producing positive reaction in 9 of 21 patients
with early meldnoma, in 13 of 18 patients with advanced

melanoma and in 5 of 6 patients with breast cancer, and also v

\

appeared to be similar to some of the proteins isolated from

fetal skin. The molecular weights of these partially

_purifigd anyigens were repérted ‘td be bétween 10,000 to ;
49,009‘daftohs. ' A y )

The presence of a more broadly redctive group of
melanoma-associated antigen 1in common with neoplasms other
than melanoma has"been found in tissue culture medium f a ‘

single cell line of human melanoma which , after partial

~

\
m
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.
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1
purification by chroﬁatography, 4as found to be a rather

-

large glycoprotein, slighitly ﬁegatively charged, . with a

molecular weight greater than 200,000 daltoﬂé, Grimm et \al

(1976) . - L -

Roth et al (1976a, 1976b) used 3M KCL to isolate
melaﬁom?Laggociéted adkigéns frém a fresh surgical specimen.
Positive vskin reactions to* these antigens were noted in 25
of 39 melanoma patients and 7. of 30 patients wi'th other
neoplasmic disease. Only 4 'of) 28 patienté reaqted to
autologous muscle extract. Partial pdrificati;n of the
soluble antigen fraction,:' by the same technique as
Hollinshead et él ﬁ1974) indicated a large molecular weight
species with the‘similar size as that found by Grimm gﬁ al

* o

(1976) . ‘ o = '
* T B ¢ ) ;
Bystryn and Sma¥ley (1977) employed lactoperoxidase-

iodinated cultured melanoga‘cells and xenoantisera raised in

rabbit to identify cell sur face melanoma-associated’ ’

antigens. After solubilization of the cell in non-iodic

.detergent, labelled melanoma antigens were identified by\_a

guantitative double antiboéy—antigen binding assay.

~
I

‘ 0 e . .
Appropriate absorption studies suggested the possibility -

.- y ol
that melanoma cells carry both melanoma-specific and fetal

éntiggns on their surface. 'After partial\purification of

these antigens by chromatogfaphy, their_.-molec

ar weights
were reported to be greater Ehan’;GD;OOO daltons '

i F .

“ A
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Although progress is being made in order to isolate
melanoma cell surface antigens , there seem to be numergus:
inconsistépcies in. the literature, .the major problem being

the tissue specificity of the tumor antigens. - W

However, it seems clear that there is mpore than one
/]

" f

group of antigens present on the surface of melanoma cells.

One group being individuafly specifié antigens , dand -the’

'

other, tumor specific” and associated antigens.
Inconsistancies in the results could be due to the different
sources of tumor materials, and differences in the isolation

and solubilization techniqueé that have Dbeen used.

Standardization 6f the techniques may be the answer to these

contradictory results. e

-
.~ *

. '

IX. THE RELATIONSHIP BETWEEN HOST IMMUNE RESPONSE AND THE .

L]

VARIOUS STAGES OF THE DISEASE -

{ .

Although 'the accumulated evidences indicates . that

melanoma patients respénd to their tumor by developing
humoral and cellular immunity, critical evidence must exist

to ‘explain the significance of this relatigpship by

,'dempnstrating that the presence of host immune response is

\\

related in some way to the natural history of the tumor.

¢ ‘

-

Several investigators have attempted to correlete the

&
presence oﬁ circulating antibody in patients’ sera with the

plinical . stages of the disease and demonstrated that .
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circulating ahti-melﬁnoma *antibodies are ' important. in

v

preventing or delaying the metastases of the tﬁgar;

Mortoen (1§71 ). by using'membrane immunofluorescence
assay, réported the preéence of a h%gh titer of anéibody “in

patiéﬁts with localized disease.. Lewis et al (1973a) has

also reported that surface antibodies are present mostly in

patients -with localized disease and disappear as

13

dissemination occurs. These -antibodies wvere not found to be
related to. the total mass or vo%ume of the tumor present,

@

but to the degree of localization.

These workers provide. additional evidence for a number
of ‘different tumor4associateq antigens and proposed the
appearence of 'antibodies to these various antigens at

&

different times 1in the cour se of the disease (Lewis et al

I4

1973b) . - - ’ o o

The relatioﬂshié between the circulating antibodies and
th;“ Aaédral history of the tumor is also documented Ly the
demog€tration of complement-dependent cytotoxic antibodies
againét Pg?e sur face q§terminants (Lewis et gi 1969
Bodu:tng 35333 1975 ). 4These investigators repérted that
éhe antiboéies are preséat’in patients with early stages of -
melan;ma (Stages I and II ), and do ‘not -occur in highly
metastesized  tumors (Sﬁége IV) . In these examples,
disseminatipn of the tumor with metastases was asgoéiéfsd

-

with a lack of detis;able antibody. //
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vitro” lymphocth'cytotoxicity assay.

] \
~and  humoral immunity are more ‘reactive in patients with

™ - "
o /

g}th respect - to - the cytoplasmic antibodies, the

e

situation is not as clear. Wood and Barth (1974) reported !
- ,/‘/ ' 23 ' ’

that Qg;ienté/’ with 1local, @ regional, and disseminatsﬁ

T S

melangma showed cytoplasmic antibodies with equai fréquency;

but they also mentioned that patients with disseminated

disease have a highér antibody titer. The anti-cytoplasmic

Wi

antibodies  have been, reported to have less stage

relationship and occur in more advancéd stages of melanoma
; /

(Lewis et al 1973b). e
et a’

.

The ,relationship between cellular immunit&i and. the

g 5

-

natural history of mfelanoma is more confusing.
/ ) o ’ i
Fass gt al. (1970) reported skin reactivity against

\

dutologous, saline extract of tumor i 109% of his tests and

only in patients with Stage I melanoma. Hollinshead et al

(1974) found autologous and allogeneic skin reactivity :

against his. two partially purified surface adtigens in

- -
patients with .stage II and stage III of the disease.

d

Helbstrom and Hellstrom (1973) stated that lymghocyte
from patients with advanced melanoma are less reactéve than

those from patients. with 'a small tumor load, by using "in

.

The aboveﬁﬁindings'and many more suggest that ce&lular
¢ :
early stage of .the disease and tend to | decrease with

progression of the tumor, /excépt' for antibodies against
/ L3
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cytoplasmic components. : //J

Lewis et al (1971) clearly ' demonstrated that the °

presence of antiqody-'in the circulation has a strong

-

) R . - :
influence on the duration of localization, and the drop in
,[detectable antibodies :often procéeds‘ the . appearance of

f . . } . . [
imetastatic spread within weeks or months. Therefore, the

question to be answered is that if circulating antibodies
* g ?ﬁ‘ [

and cellular immunity are  important in pre&%hfing

dissemination, why does ‘the mechaniém eventually become

. 4 " e
ineffective? ‘

’

X.. REASON FOR THE FAILURE OF IMMUNE MECHANISM

¢

Cell sur face antigens are believed to be responsible for

rejectioh phenomena in malignant <tumor because of their

‘ sugceptibiliby to attac® “hy humoral and cellular ‘immune

systems. There are a number of mechanisms descsibgd,which

may bé respoqsibfé_for the failu&% of host immune mechanism®

in malignancy.

3 L P e

ola aRd Boyse (19683 postuiated thag tumors devélop, -

despite their-antigenecity , because their growth- exceeds
the' capacity of immune_re;ponsé. They also suggésﬁed tpat
'qftastatié tumor éells are different. in" antigenicity frém
those idA the primary tumors; -or, they may: lose’their .
aitigenic determinants 'completely (i.e. Antigenic

~

modulation);

=
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The second mechanism implies that in some patients with’
progress1ve tumor the immune system becomes incompetent ‘ang

can no longer recognlze and react against tumor antigens.

3 4 . A [} ’ - '
Using ' autologous sera from melanoma patients in early

\stages of the tumor development, it was shown ' that these -
\iera are ‘abie. to react against autologéus primary tumor

ells as well as the metastatic cells obtained at various

\.

t1mes during " the course of the diaease.' However, the sera_y

obtained at the late stage failed to react against either
\ . 7

autologous ppiﬁary cell or cells from metastatic tis#ue.

:Th se results~clearly ruled out the involvement of ‘the first

.

po]sibility and led to .the suggestion that som# kind of

change in thHe patient's serum was responsible for the above

differences (Lewis, 1972).
B \‘ A

To studi\ the second mechanism,.lkonopisov'gt al (1970)'
showed that ia patients with non-detectable anti-me;ahpma '
" antibody, auté-immuqization ‘with autologous irfadiated.
metastatic tumor cells‘céuld stimulate the immune response

'ané raised tumor-specific antibodies which could react with

[
both autologous primary and metastatic tumor cellsy and

lasted for up to 14 days. in the circulation.
/ . 4

g ) )

B - .
| . , e

.| The third possibility suggested that tumor cells, in the
détastatic phase, act as a séonge\ and absogb specific
Antibodies from the blood stream. Elution of these anti-

tumor antibodies, which have been stated to be bound to the

g,
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cell, surface membrane, has been previouély reperted and was

found to effectively block cell-mediated cytotoxicitY',"iﬁ

ditrb"‘(Romsdahl and Cox,. 1973 ; Gupta and Morton, 1975).

A

Other investigators (Hellstrdm, 1967 ; Hellstrom é& al

4

- 1971) repor¥ed the presence of blocking factors (especially

in the sera of patients with progressive disease) which also
' L4

appeared ta inhibit cell-medigfed responses and were found

to be immunogiobulin. Thesd workers suggested that tumor-

specific antibodies were masking the .antigenic déterminants

1

and thgrefére‘ protecting the tumor cell from .being

recognized and destroyed by cellular immune mechanism.
. | : ¢
The recent report of Lewis et al "(1976a) , however, is

not in agreement with the above findings and demonstrated
. .

_that antibody could not be.detectea o the surface of tumor

e
=

cells and "that the soakin&"of the griti-melanoma antibodies

can not be related to the tumor load. -~

The disappearence of anti-tumdr ant ibodies has also been

reported to be due to the shedding of surface antigens which

bind to  the 'specific antibodies and . therefore, form

\ X .
complexes that: block lymphocyte cytotoxicity (Alexander,

1974). ﬁor such a mechanism to be operative, a rapid

membrane antigen  turnover and release from tumor cell into

the body flujd would be a pierequisite.- Evidence for ""in

-vétro", shedding of melanoma antigens that also reported by

- L4
several investigators,. suggests similar "in vivo" phenopena

/ ¢
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‘ . . . ' i

. . {
of tumor .protection against qut defense mechanism by .either

reducing the number of recognizable antigens on tghor cells,

or by #forming immune complexes with free adfibodies that

' react with cytotoxic T <cells before they reach their
- .

targets. (Grimm et al 1976 ; Stihimiller et al 1977 : Leong
]
et al 1977a). ’

Another .mechanism which effects the host-tumor
relationship has been described: by Lewis et al (1971).

. *These investigators reported that = the dééelopmgnt ofj an

¢ +

. . anﬁilantibody is gesg9nsib1e for inactivation of ‘the tumor-

specific antibodies ih'?ﬁélanoma. They demonstrated, by
. membrane immunofluorescence technique agiinstjthé patients'
tumor cells, the presence of an ’IgG-type molecuie +in  the
negative ser&8 of patients with disseminated melanoma which
could specifically inhibit the activity of ;ﬁhe autologous

pos&five sera taken from the same patients after auto=

- .

. " immunization.

. Additional evidence in favor of the above meghalism was

also reported by Hartmann and Lewis (197&) and more'récently

by Lewis et al (1976b).

1

a—

. From the above studies it seem% clear that the potential
[} .

for- "in wvivo" blockapg of the host anti-tumor immune'

-

responseg does exist and may therefore permit the growth of

w0 P

¢ ]
immunogenic tumors. .- . o \ .
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, XI. IMPORTANCE OF CELL SURFACE ANTIGENS

- There, is now evidence for: the spontaneous regression of

»

‘malignant melanoma due to the influence “of humoral and

!

i
t
i

co

«
. 3

cellular immuné “tesponses.

.Anti-cell surface antibodies have been shown to have a

close stage relationship with the disease and appear mostly

in the 'é%rly stages or localized stage of melanoma and

~

disappear prior to dissemination of the tumor. It is

believed that' they may _be responsible for delayed

dissemination. L ‘ ' 3

<

There may be several different blocking factors prgseht

in patients' sera that protect cancer cells from lyﬂphodytes .

or are responsible for the decrease in the level of anti-

membrane antibodies duping the progression of the disease.

¢

.However, if one considers the relationship beﬁween host

immune mechanism and the phenomena of sppntaneods regression
in some patients, then the recognit;on'of the tumor in its

. ’ |
early stages and maintaining the level of circulating anti-

melanoma antibodies may well be helpful in the coﬁfrol of

‘2

the tumor. R

’

. ©

There is evidence whi¢h seéms to explain the importance:

of early diagnosis“'in“-malignant melanoma, regarding the -

prognosis of the disease (Bodenham, 1968).

o
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The existence of tumor-specific antigens ha

o

egtaﬁlished by the- demonstration of' such antigens in
mélangma'cgll extracts and by the bresgnce ip
sera, .of‘ aqtiboﬁy that 1is specifically dirgected agains
melanoma .cell surface de%erhinaﬁts, o : l
. - IV

Since the celtl sur face is more accessible
. . . o
immunological reactions, the antigens thereon a
likely to elicit céllular. or humoral responses cap

inhibiting tuﬁbr growth. Clearly, isolation, purifi

and characterizationof such’antigens could be an e
first oétep in their evenfual possible use in immﬁho
~especially in the early stages éf the disease. Thi
hélp 1ﬁd understanding the n;ture offb;gdkinggiaeto

3

seens to:éomebow be -responsible for tumor growth.

qurf least, tpe’ availability - of purified antigens ‘are

ig
- ©
potentially-useful as immnuodiagnostic agénts, and %Lul@ b

uséd to develop ﬁote sensitive éiagnqstic serologiga tests
." N _
They could alsd be - useful;, "in "a more 1limited .way, 4

[ Lo

increaging hdst immune responses against the tumor and the

B m > A e

j— b a

production of hidhly specifié antisera. !

XII.  BIOLOGICAL MEMBRANE AND FUNCTION OF

< HISTOCOMPATIBILITY ANTIGENS (HLA) . |

\»

R

: . y
It is now known that cell membrane structure

« , ®

function .are ‘intimately related. The cell surface

. ) N € ¢
£ ' M . .. -
" ' . o -
<

y
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events ~ occuring in differentiation, ~ malignant . s
transformation, and in both normal and’ tumor immune

W

responses (BreEscher and Raff, 1975). . A Vo ﬂ 5

a2

: ' It has been well documented that there are differefggz\_

o0

.o between the cell surfaces of normal and malignant cells.

b

‘ |
. H

The ma)Qf histocompatibility antigens represent a 'group T F

i

|
]
|

of cell sur face glycoproteins and are presenf on almost all

types of cells, like most struituralr proﬁeinsf hence they

v/

r - o, L
can interact directly with'materials, such as serum antibody

and surface éubbtqnces‘of other cells, in the ex‘tracellular

’ "N
. environment. *‘The function of HLA antigens have been well ¢

13

. recognized with felation o organ , transplantation. There

[N ]

are allogeneic systems on the lymphocytes of man anaiggous
, X . )

¢

to the Ia antigens of mice. The genetic control ~of the

serum complement components has been also attributed to the
- . ’ » (‘ Ed "

function of HLA complex, (Cunninghém, 1977 ; Gill et al
L]

1978). In additiqgl_ﬂgA;antigens have been associated with - .

susceptibility to. a, varfety of immunoloéicéllyc mediated .

% disease including maligmant melanoma, (Clark et al 1973 ;

9

" 5i et al- 1974 ; Bergholiz et al 1977). Moreover,
N ;
. v melandma_ antigens have been suggested to be altered.
. ) H ' ‘ ~— .

 histocompatibility antigens, (Thomson et 'al 1976). !

°

N n
- \\ ‘ ) ¢ (
According to the thggiy of immunological surveillance,

) . . . ]
harmful mutations, sych as those that cause cancer, are
‘ AT : _

constantly cadéing‘changes in phe cell surface structure

. .
I : “' -
/ ‘ | “
- .

’
!
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which are, sucbeed}ngly identified by -the immune systeq,
especially a class éf&lymphocytes‘that cénstthly cﬁecks the
body's own cells and tissues. Thesg lymphocytes will then
transfer the signal back to tﬁe lymph nodess and alter a
class of 1ymphoc§tes known as Killer”~ T.célls to attack and‘
destroy the defective cells. The Killer- T cells funcéion
in much the same way.as they kill fogeign cells during graft
réjecéion.'aln graft réjection, the Killer- iil}eils éttack
the foreign hiétocompatibility antigens; whereas in the case

of the body's own abnormal cells, tns histocompatibility

r
~

antigens on the T-cells and the target cell are identical.
<Y . y . .

Therefore. T-cells must recognize . some signals’ such as a -
he? -] .

. wiral antigen or tumor-specific antigens that allow them to

Stk & n ek

distinguish the altered cells from normal ones.

:

Evidence to 'support the above phenomena came- from the
finding that Killer—T cells could not destroy cells infected

with viruses unless the killer calls and the target" cells

g //;/, had ,at least one H-2 antigen in common. The same was ‘also

found to ,be true for the killing of cancer cells by Killer-T

Al

cells. . Further evidence indicaﬁing that. specific éntibody

blocking of the shared H~2 antigen on the target cells

inhibits the lymphocyté cytotoxicity effect. e

Based on the above findings, two-'general mechgn;sés have

been proposed to.eiplain the role of H-2 antiééns iny the

‘

destruction of abnormal cells by Killer—T‘\Eéflﬁ. One

hypotpésis suggested that the killer lymphocytes have two

.
‘o
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types of receptor mglecules on their surface: one that binds
to the H—i‘antigens, and the other that pinds to the wviral
or tumor specific antigen. Aecordiné to this hypothesis,
the binding of the two receptors 'is necessary for the
elimination of the abnormal cell. The second hypothesiy
suggeets that the killer lymphocyte has only one receptor
which selectively bieds to a hybrid antigen consisting of an

H-2 antigen bound to‘ag abnormal antigen.

-4

Although the exact function 3 of histocbméatibility

. . - s
antigens- in 'the destruction of abnormal cells by Killer-T

cells is not fully understdod, the reported evideﬁce, by

Cunningham appears to be in favor of’the second, hypothesis,

and indicated that H-~2 and ‘foreign antigens can interact

with each other to form a hybrid molecule recognizabale by

the Killer~-T cells, (Cunningham, 1977).

<

XIII. PURPOSE AND OBJECTIVES OF THE PROJECT

.
- o -

“From- theuabouempesults 1t can be inferred that tumor -~

associated and speciflc ant1gens are present on the surface

"of/ﬁeianoma cells and can be identified by several "in

vitro® .and "in vivo" serological techniques measuring
B N

", humoral and cellular immunity. Although the preeehce of

‘&
s

' common melanoma cell sur face antigens have been

controversial, there are several reports describing the

scross—reactivity and/or individuality of these antigens '

using totally different approaches.

s

.
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.cytoplasmic contamination.

) ' .32

With respect to the importance and possible\ usefulness

-~

of these antigens as a diagnostic tool and from ‘the

"immunotherapical point of view described previously, studies

were initiated to |identify and isolate melanoma cell surface

c

adtigens from metastatic specimens in a highly purified
ot .

a

\
In line with the objectives putlined above, the results

5

reported in this |thesis give evidence to some initial

success achiéved in our laboratory by the experimental

approach we have taken in an attempt to identify and isolate
melanoma specific |surface antigens. In this part of the

study three points have beén considered.

1. Absorption !studies of the sera to establish

specificity of any p sitive or negative reaction. .

2. Membrane isolation and purification to elimiqate'.

,
and, 3. Autologous reaction,tbyfeliminate contribut&bn

of antibpdies to histdcompatibility antigens. '

our laboratory to identify -and- isolate melanoma-specific

l(‘)s
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I. CHEMICALS -~ . /
%

r ~

All chemicals were feagent grade. Acrylamide, AMP (Tybe
I;); ATP (disodidh .salt), Cdomassié brilliant blue, DEAE-
cellulose (medium mesh), DTT, EDTE (disodium sait),'EGTA, G-~
6-phosphate {Barium salé), Maleic acid and 8SDS were

purchased from Sigma Chemical Company, St. Louis. - Mo.

‘U.S.A.. ' - \

- Cyanogen bromide , TCA, Triton.X-100 were obtained ;orm '
Fisher Scientific Company; Sephadex G-200, Sepharose 4B,

-

from Pharmcia, Dorval, Quebec.

Glass distilled water was used throughout.

/

II. SONICATION

The sonic 300 dismembrator used was, a product of Fisher
Scientific Combany. For suspension.of total volume of ahoht
o J2 ml a 1/8 inch probe was used. The power was normally seé
///////// to a reading between 33-35 of a possible maximum of 100.
‘ {‘ The sample ™ container was always immersed in an ice bucket
A5 ,during sonication. Son&cation was performed in four.léf
second pgriods interspersed with one minute coorqng
intervals during which the sample was stirred. The probe
was ‘never‘ allowed to touch the sides of the container as
this was found to produce excessive heating. If these pre-
cautions are not taken the temperature of the suspension can

rise as high as 40°C . even when the samplé is surrounded by

x

a
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4}1-«
N

0 8 |

»

Tr T AN el § NI DT S TS B b e S I T T s
AR F e, TR, o AR TR e L
UL T Stabe SRR LR (I




34

crushed ice. ‘ o *

IIT. CENTRIFUGATION | “
' N

hY

Cegtrifugation at 10,000 g or below was performed in a
Sorvall superspeed 'RC-2B refrigerated centrifuge “at a

temperature of 0° . to 4°C .
s . \ B
f Centrifugation at higher g forces was performed in\a L2-

50 Model Beckman ultracentrifuge using swinging buckéﬁ\\GS

titanium rotor and polyallomer centrifuge tubes.

Iv.. TEMPERATURE CONTROL

- * -y

. ¢

Unless " otherwise §E§ted, all operations were performed

at 0°Cc . to 4°C . to ensure protein stability. All large“

scale operatiaqns such as column chromatography, d{aﬂysis,

/

etc. were performed in a 456}. cold room. o

V. DIALYSIS .

r,
]

Dialysis was carried out overnighE with ' several buffer

"

changes using‘'spectrapor membrane tubings (Spectrum Medical

N

Industries, LoOs Angelgﬁ) with abpropriate molecular weight

cut offs. The tubings were prepared by heating at 80%¢c .

for 30 min, in 0.1M NaHCO; followed by intensive rinsing

with distilled water.:

2 S A e, ol
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o

Dry calcium chloride was used to concentrate very
diluted protien fractions and to provide a system by which

alﬁgst all the matérials could be cgnserved during the

process. This was done by placing the sample container in a

- ) °
desicator containing dry .calcium chloride and evacuating

N

4 ’//'with a vacuum pump. ] J . .
" « , ; N

‘ J

/

To concentrate lérger fractions (i.e. fraction volume of'

aboute 15-20 ml) an amicon concentrapbf Model 75 PSI was

°

Ejed. The pressure source was a nitrogen tank, and the
, . .

wer wgs,set to reading of about 25 pound per'%quaré inch.
" A membrane filter' with a molecular weight cut off of 50,000

daltons was also used.

[ ;. VII. SOURCE OF TUMOR MATERIAL

LY

Human halignant cells, tissue and sera were provided by

. the McGill University Cancer research Unit, Méﬁireal,
C uebec. . )
» @ . °
4 : : i
1. Methods of Obtaining v t
>~ . . y
. i. - Tissue. cancer tissue was obtained either at surgery

or authopsy and sent immediately to the laboratory. = The

specimens were placed in a clean petri-dish with a small
amount of tissue culéure medium 13@ (T.C. 199), seafed with

masking tape$3nd placed in a walk-in deep freeze at f136°C
(Phillips and Lewis, 1970).

v
Py am G S T B ———
AT .

VI. CONCENTRATION OF PROTEIN FRACTIONS Y
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ii. cells. tissue, for cell suspension was minced as finely
as pg§sib1e in a’ small amouﬁg of~§.C. 199 and filtered

through sterile gauze. 1-2 drops of the cell suspension was

%Y mixed with 2 /drops of trypan blue and placed on ‘a
“ Haemocytométer slide. The number of viable tumor cells was
then bounted using a light microscope. Suspeqsions

\ .
containing cells with a high viability were frozen as _ ‘
€ . |
follows: the desired number of cells in suspension wgs'

- .
ceAtrifuged, the supernatant was decanted anq,jha\gglliowere
“ e \

placed in 1-ml sterile ampoules containiﬁg 0.15 m}

- dimethylsulfoxide (DMSO), 0.15 ml fetal calf serum (FCS) and

0.7 ml T.C. 199 containing }0% FCS. The ampoulés were then

sealed and placed inside a tightly closed 1liquid nitrogen

for apprdzimately 45 minutes @nd storeg—aﬁ—-iaéot .o

.

chamber
¢+ in vapéur phase 1liquid pitrogen freezer (ghillibs and
Lewis, 1970; Lewis Q;Tdaémiuip"é;\}lszz). |
iii. Sera. sera wége obtained from blood sahpleS“wﬁicq were
collected qnly from maliénanﬁ melanoma patiéhts who has had .
) suréical treatment. As a means of increasing thé

significance and specificity of .the results, sera were

absorbed by‘thé following technique (Minden et al. 1974).

7 7

normal humqé spleén cells and 2x10 tumor cells

\\ - 4.5x10
'\ pooled from a yariety of noniﬁélaqotic-pqmo;s were prepared

\\\ by washing in sterile PBS (0G.01lM KPO4§ 0.1M NaCl pf 7.2) ,and

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

/

]
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brought up to 37°C . Absorption was performed at 37°c . for

one hour and continued overnight at 4° C . with constant

stirring of the suspension. After this period, the samples

were centrifugea' at 2000g for 30 minutes, and the

<
supernatant was separated and kept-at -20°C . until tested
by membrane imﬁunofluorescgnce.

' {

-~

|

VIII. SURE"A@E' MEMBRANE IMMUNOFLUORESCENCE TECHNIQUES

.

//' Direct and indirect membrane immunofluorescence were

/ pé}formed by the ‘method of Phillips ,and Lewis (1970) and,

Lewis and Phiiiips (1972) as follows: -

1. Indirect . . . "
About 1x106 cells per sample were placed into small

centrifuge tﬁbes and 'spun' down at 100g for 2-3 minutes.
.. After removal of the supernatant, the célls were washed 4
times in PBS- and added to tubes each containing 0.1 ml of
1:4 PBS diluted autologous patient, serum, mixed*‘ptopé;I;;
and allowad to stand at room temperature for 30 minutes for
fhe anfibody-an;igeﬁgreactipn to takehp}ace, ahd then washed
3" times in PBS S;Kcentrifugation at 100g for 2-3 minutes.
At the end .of the final wash, 0.01 ml of fluorescein
isothiocégg;Ze {FITC) conju;ated angisefum (see below for
, preparation) w$s added‘éo each tube and mixed 4hroughly.
‘Thé\;suspension was again left at room temperature for 20

mind&fs to allow reaction to take place between ° -the

, . ® .
conjugated antiserum and any antigenically bound gamma

y L %

——
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globulins. Washing was repeated 5 times in PBS at 100g, the

final precipitate being resuspéndéﬁ in 1:1 glycerol:PBS pH

7.6; a few drops were then piaced on a microscope slide’ and

o

toppéd ' with a No:1 grade coverslip. The slides were %&en
viewed under 'an illuminated .U.V. Light fluorescence

microscope, and the number of cells sho%ing positive

I

membrane fluorescence were recorded. ¢ '

2. Direct ' *

~

A \\

To insure the specifichty of _the membrane reaction,

direct immunofluorescence was\performed as follows: Melanama

patients' cells were centrifuged and washed 4 times in PBS
A ] >

and incubated directly with the fluorescein ‘conjugated

e

antisera without being treated with//;he//éﬁiblogoﬁs serum.

//’
The rest of the procedure-was followed as described above.

. —The basic steps of dlirect and indirect immundfluorescént

techniques are $ummariz
B ‘\

3. Conjugated Antiserum

~

The /.conjugate ppsed in this'~stud§ was, flugrescein

“i

. . J,
isothio¢cyarate isomer I (FITC), conjugated t6 goat anti-

!

'

human gamha globulins and was obtained from Bebrin%J

]

Institpte, Germany. To prepare the conjugate, jone ampoule's
contezt was dissolved in 1 ml of distilled watér and 7 ml of

PBS H 7.3 to give the propér working dilut on kiewis and
| *

l
Phiilips, 1972). =~_ °,
]

=
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IX. ISOLATION QE MELAﬁOMA CELL PLASMA hEMBRANBS
N \ .

Esseptially- the same method was used EOA isolation of

. ’ & , *
membrane from :both melanoma‘tnmor tissue a d vxi%le tumor

i .
cells.
PR N » .
&
P ] 1

3 . . ! .

In the case of melanoma tissue, the | tumor tissue was

{ ) - !

* -
.l’ €

-thawed rapidly in a‘40°C . water bath and finefi minced with

stainless steel sc1550rs. It was then suspended in a volume

of

pH:_7.S; homogenl%ed W1th 10—12 strokés u51ng a glass

homoge
e & -‘\ \

order td remove unbroken materials. >

| Y - o
/ | s
| .

,Free tumor cells were also thawed at 40°d\1 , ‘'washed by

| .
centrifugation in the same buffer and homogenized as above.

B ¥y
In both cases, the suspensipn was cerftrifuged for 10

minutes at 700g in order to remove unbroken cells and

nuclei. The :pelleg//was resuspended in 2-5 ml of the same

buffer, homogenized gently and centrifuged as | before. "“The

two supernatants were combined and centrifuged at 7,000g for
. AN . : .
10 minutes to remove cell organelles such as mitochondﬂ&e.

2

The 7,000g superhatant: was centrifuged at [10,000g for 10

minutes to precipitg@e the lysozymes. The 10,0dOg

superpatant' was then centrifuged at’200,000g for oné hour.

.200,000g pellet was then washed tw1ce 1n 0 01 M ‘NaHCO, and

3
suspended in 0.1 ml of the same ] buffer " by . gentle

.
e . L
T s

-25 M sucrose contaqung 5 mM Tris -HCL, 0‘2 mM Mgsoq,L

‘éer, and. passed through 4 layers of cheese cloth in

4
* By doing so, a pellet of crude Membranes was obtaiAed. The,

o
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e

4Q

-

-

homogenization ‘in a loose~-fitting homogenizer.' The

suspension was mixed with’ 1.7 ml of 70.74% sucrose in "0.01M
NaHCO,. A’ gradient was created by layering successively 1

ml of 53.6% ;ucrosé; 0.9 ml of 48.45% sucrose,°’ 0.7 ml of

"42.9§,sucrose,-and 0.6 ml-of 37.4% sucrose, in OZGIMQNaHCOB,

over the 70.74% sucrose-200,000g pellet suspension. Four

'0.01M NéHCO} and centrifuged at 200,000g9 for 1 hour. The

/

v

(4)  -bands ap%?ared on the gradient, these wére collected

with pasteur pipettes, résuspendéd in about 10 volumes' of

membrane fractions as well as the sample fractions from

homogenaﬁé, :7069, 70009, 10,0009’ and id0,000g supernatants

were dialyzed against 6.15M NaCl, frozen at ‘—20o C . and

‘ -
\ " » Al
- - .
“ .
h

stored.

»

X. PROTEIN CONCENTRATION DETERMINATION
L ) - ° ‘P

Protein concentration was determined by the method of

° [ g

Lowry et al (1951), except that the final vo%umé of the

14

. 4
reaction mixture was decreased to 3.8 ml, and lmg/ml BSA was

used .as a standard solution. . - ' ¥

© 3

"

— ’ . )
XI. ENZYMATIC PROPERTIES OF IéOEX&ED MEMBRANE 'FRACTIONS
. * o N\, , . L auan) L ]

o N

.~

? .

The following'enzymg,markers'were employed éolfOIIQW\sbe
yield and -“the purity of plasma membraneé«dﬁ;ing isolatio}

e .
procedure:, K ’j_ v_\
a. 5'- NUCLEOTIDASE ‘ . .
b. -Nat+k* ApEnOSINE - TRIPHOS;HATfSE L A
c. GLUCOSE-6-PHOSPHATASE c '

R 3]

o



1. Principle o ' )
. . o 4

. N . o
-~ r L4 *

TE%‘ methods by which. E%ﬁ activities 'pf the above

;" . mehéioned enzymes . were. determined ‘are bised on. the
. . ’ . incubation of the specific substrate with each sample

fraction, and determination of the .liberated inorganic

. 2

phosphate. o
) : ; Co oL b
_+ ., =«2. 5'-Nucleotidase ; - ) /o

;$ 5'~nucleotidase activity.was determined by a technique

L C - agapted from the method ‘oF" Schachter et al (1970) and

'+ modified by the method of Schimmel et al (1973) as follows.

] ) (
An aliquot containing 50 pg of protein was added to an

- incubation mixture ,containing 125 mM glycine-HCl1l (pH 815),' j

. 12.5 mM MgCl, ‘0.2 mM EDTA and 7.5 mM AMP in a_ final volume i
_ of 0.3 ml. | Lo ‘ e L]
Q R , )
% Lo After incubation at 37°C . for“GQ/minutes the reaction
. - ‘. > . - . S 1
x - was stopped by addition of 0.3 -ml og//cold 10% TCA. The,
“?Li ) precipitated protein was removed by centrifugation, and, the

-_.inorganic phosphate. conte%t of . the supérnatant . was

determiqéd.

- 3. OUABAIN SENSITIVE Na'+K' ADENOSINE-TRIPHOSPHATASE

’
Q

- ATPase 3

K . <

..

" Ouabain " sensitive Natekt transport  activity -was

_determined by the method of Schimmel et al (1973) except .

-




Py
©

\\\
\

-
[

that the findl volume was increi;gd to 0.4 ml and sodium

£l

plus ' potassiﬁm salts were omitted from the - mixture

containing ouabain, according to the method.of Post and Sen

(1967)." ° v . S c

-

=

¥ . N

e o
Into two test tubes was placed 50 pg of protein from
- each of the fractionéf To the first and second tubes was

added -0.1 Wl of Imidazole-HCl buffer (pH 7.5) containing 16
L é .

¥

mM MgClZ, 2 mM ethylenglycol-bis (B-aminoethylether) N, ‘N-

tetraacetic acid (EGTA), and 20 mM NaN
0.1

3 To the first tube

was added ml of a solution of 0.4 M NaCl, 0.08 M KC1,

.

and to the second ' tube was added 0.05 ml of 1.328 mM
ouabéin.‘ To all tubes was added enough water to bring the
volume to 0.4 ml. Both ,tubes "as well as twyo blanks

. . \ . I_
containing : no .protein were incubated at 37%c . for 5:.

4
&

minutes, and 0.05 ml of 40 M ATP was added to each tube.

4_The reacﬁibnryaswthenvallowed"tomé“n inde for 60 minutésﬂgﬁ

.~ a 37°C . water bath with occational shaking. At the end of

thé incubation time, the reactiop was stopped by addition of

0.4 ml of cold 10% 'TCA. The _

prfcipitated proteins were

removed by pentrifugafion' and ¢t inqrg%;ic phosphate

- "+ content of the supernatant was determind. Ng++K+ ATPase

-

activity was calculated as the difference in AQPase activfty

>

in the presence and absence of ouabain. T '




%

4.. Glucose-6-Phosphatase :

gl

The enzyme was assayed by the method of Swanson (1965)

~ u

as follows: <In a ﬁ.§ ml -incubation mixture was added 0.3 ml
of 116 mg/10 ml maleic ‘acid-NaOH buffer (pH 6.5), 50 pg of

protein "and 0.1 @l of 0.1M G;G—phosphéte (see below .for

/

preparation). The reaction was carried out for 60 minutes :

° ¢ . and terminated by addition of 0.5 ml %of 10% cold

TCA. After diluting the suspension to 2.5 ml, the

at 37
) . C g
precipitated ' proteins were removed by centrifugation in a !
clinical centrifuge, and inorganic .-phosphate content of the }

supernatant was determind.

FITR Y A e

‘E—G-phbsphate stock solution (0.1M) was prepared by

suspending 260 mg of thelsalt in 2 m1 of distilled water and -

*
4
“
]
¥
H
7

dissolving in a minimum amount of 1N HCl. This was followed’
__’-’_J"‘ v\"‘

by —the——addition "6f~ 72 mg of anhydrous Na,SO,. - The

precipitated BaSO4 was removed bx_centrifugation~and the
supernatant solution was tested for . complete precipitation

with a very small amount of N22SO4' The .pH of - the

- supernatant solution was then brought to 6.5 with NaOH and

o

the volume was brought to 5 ml befope(use.“

- - Ad ‘
’
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N . XII. ANALYTICAL METHODS ‘
1.  Inotganic Phoéphgte Analysis . o ) l )
. ' Enzymatically released inorganic phosphate was measured

by the method of Lowry and Lopez é}946) as follows:

To a known amount of each supernatant, usually 0.2 ml,
was added 2.0 ml of of freshly prepared 2% ascorbic acid and -

2.0 ml of.0.%% ammonium molybdate i 2N'ﬁ2804. ‘After proper

éhéking, the reaction was allowed to take place "at 45°c .

o

for 20 minutes and stopped by immediate cooling. The

optical density of the suspension was then determind at-QZO

um in a Beckman DB~G_, spectrophotometer. To perform the

standard experiment, lmM KH,PO,, solution was used.

4 ‘ .

' 3 v

2

-

~“, " A unft ‘of activity was expressed as micromoles of
inorganic phosphate released per 60 mindtes, and specific

. activity was defined as unit per mg of protein.

2. 8SDS Acrylamide Gel Electrophoresis

SDS—gel électtophoresis was performed by the method of
Fairbanks et al (1971) using the components indicated in )
table 1. A dis¢ electrophoresis apparatus connected to a
power-supply from instrumentation Specialties Company was

¥ employed in these experiments.’

/ To form a working solution for 3 gels, concentrated

stock solutions were mixed (in the order and \proportiohs

A' Al




given in table '1, | except that the addition of ammonium

- Fl

persulfate and TEMED vwas followed after deaeration of the

mixture), “-and added to 13 cm glass tubes of 8 mm diameter.

that had been cleaned by soaking in chromic-sulfuric acid. <:

Each column was gently overlaid with a solution of 0.1% SDS,

0.15%. ammonium persul fate, and 0.05% TEMED. When

polymerization was completed, the tops of the gels were

rinsed and overlaid with about 0.5 ml of electrophoresis

buffer. The gels were then covered and left to stand at

room temperature for about 12 hours.

i

1. Sample Preparation L .

Sample loads of about 150 pg of proteins were fifét

dialyzed overnight against 10 mM Tris~HCl, lmM EDTA (pH 8)(

and prepared for electrophoreéis by adding the following to

the stated final concentration: 1% SDS, 10mM Tris-HCl (pH

8), 1ImM EDTA (pH 8) and 40 mM DTT. The clear sample

- solutions were allowed to incubate at 37°C. for 30 minutes

to promote reduction of disulfide bonds by DPT. The treated
samples were then made 5% in sucrose plus a sufficient
amount of 0.05% bromophenol brilliant blue and subjected to
electrophoresis in the 5.6% polyacrylamide gels ;}n the

apparatus employed.

Each' sample was taken up'in a disposable mic}opipette
and discharged gently beneath the upper buffer onto the top

of the gel. Electrophocesi; was carried out for about 3

\
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| | )
s ' , . \\\ }
- ' ) :

v

' RN
hours at 8 m2y tube by which time| the trdcking dye had

travel}ed abouts10-12 cm. Molecular weight 'markers were
L )
also ' treated n the same manner except that they were

}
incubated for 20 minutes at 45°C . -
; , 1

2.§ staining and Destaining / . \

When the electbophoresfs was comﬁﬁeted, _tﬁe gels were

stained for protein with Coomassie brilliaqt'ﬁlue. They

- r - t
were placed in culture test tubes to | which was added the

r

fixing, staining and destaining solutions' in 'the order .and
+ ) »
proportion ‘given below: | v

\

A) 25% isopropyl alcohol, 10% acetic acid, and 0.05%
. A ‘
Coomassie brilliant blue overnight.
: ‘

, B) 10% isopropyl alcohol, 10% acetic acid;, and 0.005%

Coomassie brilliant blue for 6 hours.

1

)

C) 10% acetic acid and 0.002% Coomgssie bpiliiant blué,
overnight. _ ' : \

t e

D} 10% acetic acid several hours, until the background
was clear. | ’ ’
'

'
O .
o

3. Estimation of Molecular Weight

Except for ' BSA ,and,ﬁ—galactosidase,\ the fol#iwing

lyophilized proteins, ‘which were providéd in the Pharmacia

Ly

calibration kit for protein molecular weight determination,

-~ i

weéere used.

. oy e e
PR R A S SVISE I NI S e B
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PROTEIN STANDARD . M. W
! ’—.
Ribonuclease (A) 13,700 -
oy Chymotrypsinogen (A) 25,000 *
P / . Mldolase ’ 10,009 |
F- Ovalbumin® ¥ 45,000 o
: ]
E* BSA y 68,000 ) /
! " B-galactosidase : 135,000 \

¥ . ¢
v . . © . ~ afes

Molecular weights of the stained protein bands were

4 .
calculated from a standard curve constructed from the
g ’ electrophoretic mobilities of the marker proteins versus the
nl . -
§ \\ known molecular weights expressed on a K6 semi-logarithmic

scale, (Fig. 12). The mobility was calculated from the

"Weber and Osborn (1969) equation;

N

A D
¢ M = o X ~—
B C

Where

M

mobility

A = distance of protein migration

w
n

distance of dye migration . T

(o]
"

length before staining

o
]

‘length after destaining

\
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XIII. MEMBRANE ELECTéON—MICROSCOPY

Electron—microscopic visualization of isolated - éell
surféce membranes as wéﬁﬁ .as  the 200,000qg pelletrwere
performed at McGill Cancer dnit Microscopy department. To
do so; membrane pellets wer; washed ‘in d}stilled water by
centrifugation and fixed by the additon of about 2 ml of 4%
gluteraldehyde 1in 0.2M sodi.v.;m cacodylate pH 7.2 and allowed.
to stand at 0°C . for about 60 minutes. Following this,
membranes were pelleted dewn by géntrifugation a:\560y000g
for 30 mi;utes and fixed for thé second tiﬁe.at 0 C . in the

, g
same buffer for 2 hours.

-

-

Further, preparations were done by the departmental

124
~

electron-micrd's&ppist.

-~

XIV. PURIFICATION OF IgG
 —

” L
_IgGs were purified from preabsorbed sera showing tumor

specificity by membrane immunofluorescence, as follows.

/

-

—

1. Ammonium Sulfate Precipitation

To a known amount of serum was added, with constant
stirring, sufficient amount of saturatéd ammonium sulfate
untif4 a concentration of 40% was attained. Stirring was
continived for 5-10 minutes and the mixture was ailowed to
stand for 30 minutes. The precipitated proteins wege

removed by centrifugation at 20,000 for 10 minutes, and

resuspended in a volume of the étarting‘buffer, 0,01M KPO

’

4'

. v e Lt e A A j._ —-
T 3 e ——— z
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pH 7.5 equal to that of the original serum (Sapin et al

. 1975). The suspension was then‘tquilibrated‘against the

same buffer by dialy%is, and chromatographed on

. diethylaminoethyl (DEAE)—cellu@ose.

2. Preparation of the Absdrbent

3

DEAE-cellulose was precycled by treatment with 0.2M NaOH
and 0.2M HCl. Slurries were washed with distilled water
until "close to pH 5, then they were neutralized using

concentrated KZHPO4 and finally they were wasﬁég with the

~starting buffer, i.e. O.OlM'KPd4 pH 7.5. After the removal

application of the sambles (sober et al 1956).

of fines by several decantations, .the absorbent was poured

¢ o~

as a slurry into a chromatographic¢ column, from Pharmacia

fine chemicals (20 x 1.5 cm), and allowed to. settle under

flow conditién 4induced by gravity. When gravity settling.

was nearly complete, the absorbent was further compacted and

equilibrated by mounting the column above a fraction-

collector (Minirac 17,000 from'LKB (Biocal, instrument), and

passage of the starting buffer for about 24 hours prior ts

4

3. Development of the Chromatogram /

The equilibrated protein sample was absorbed into the

0

column with several 1 ml portions of the starting buffer

.before the continuous flow was begqun. The column was then

eluted with sglt gradient of 0.005M and 0.5M NaCl in 0.01lM

a
KPO, pH 7.5 At a floy rate of about 0.2 ml per minute

P

A R B e 4+ T
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(Williams ‘and Chase, 1967 and 1968). Thg eluting buffer
gradient applied to the column wasformed:by,siphoning iOO mli
of the high molafity buffer into a mixing ?hamber contaiping

290 ml of the low, délarity buffer,. keeping constant the

" volume of the mixing chamber. ) “ ’

‘4. . Examinafion of the Effluent

v
The, efifluent ;;actioﬁé were routinely examined for
protein at /280 mp iY. a Beckman DB-G épectrophotometef. The
eluted - peak fractions were also routinely tested by either
double-df%fusion or micro—immunoprecipitation against goat
] N v
. anti-h&g;n IgG and/or anti-~human serum proteins. The IgG k
: o ‘ o |
° rich fractions were then combined, concentrated, and stored ?
/, ‘ ‘ ,
at -20°C . until used. : . - T
- . XV. IMMUNOLOGICAL METHODS
1. T¥mmunodiffusion ‘ )
~ Double-diffusion in.1% Nobel agar was carried out by the

Ouchterloﬁy technique in Gelman immdnoplates-usinﬁ enlarged

wells when necessafy (Ouchterlony, 1958). Routinely, 1 gm

oof the agar was placed in 90 ml of 0.1% saline, melted,

tooled to about 6§0°C . and then 10 ml of 157> M merthiolate -
/ solution was added and mixed. Immediately, 2 to 2.5 ml of

melted agar were poured on. each microscopic slide and

allowed to solidify so as to fp;m a éerfectly level surfaée.




%

_constituents,
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Wells were éut with a rounded yetal cutter or by using a -

special gel puncher (Gelman Instrument Co.) and the agar
\

Plugs yere sucked 'out through a pasteur pipette connected to

\

a‘ vacuum line. §&nally about 10—15‘p1 samples were poured-
into each weil usin a 50 ml éiring (Hamilton Co.
Reno Nevada). A posi\ive~contrb1 of human IgG or anti-human.
19G (Behgingwerke AG Germany)

¥ - (]
was alseﬂgncluded in each run. (

il

Precipitation lines wexe d£§eloped overnight and recorded
I

either by photography after staining of the slides or gtadéd

w

1+ to 3+ according to intensity of the lines.

VN 4

2. 'Staining of Precipitation\Lines in Gels

f. Washing and Drying of the Plates

After the development £ the antigen-antibody

precipitates, the gels were washed\in (0.01M KPO 0.01

4 r
R i
NaCl pH 775) for 24 hours

\\‘

» ,
The drying of the plates reduced the gel layer to a thin

transparent film and was accomplished by ﬁlacing a sheet of
-,
filter paper over the gel plate, which was then exposed to a Lo

current of air until dried. The filter paper was-.then:

!

removed and the plate was cleaned for a few seconds in

running tap'water (Uriel,1971). R
. 13

L}
.
o

[

[
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ii. staining Reaction
- - , e \
. S
The slides were stain€d .-for—the /characterization of
7 <

proteins in immunochemical precipitétes using the followin\{;

——

method (Uriel, 1971).

The dried plates were immersed in the staining‘solution,
) ;
containing 0.1% ponceau red or amido black, 0.425M acetic

_acid and 0.042M sodium acetate for about 2 hours, and
washed in 2% acetdc acid until the gel backgrour}'é was
decolorized. After decolorization they were rinsed 1in

distilled water and dried under a current of

3. Immunoprecipitati

‘ Microprecipitatioln in_ 50 pl capillary tube was pe‘rfbrmed'
for the 1identification "of .IgG rich fractions ei!ﬁted from
DEAE—cellulose. cc;lumn or, in some cases, to teu.st the
antiéenic activity of the solubilized ‘membranet, except that
melanoma autologous serum\;rs first c ntrlfugea (Canlab
Mlccoeppmdorf 3200 centnfug*eT‘for*-lb mlnut:es and the
)clarﬁified serum was removed with a ~ pasteur pipette before

being used. N

N

In both cases about 20 pl -of either clanfxed autologous
serum or goat anti- human IgG was placed on a glass coverslip
coated withwax and inserted into a capillary tube followed

by the addition of 20 pl of either solubil ized membranes or’

IgG . fraction . After mixing ‘the two phases, the tu&' was -

- N li

o -

SUTRREATY o Mt YT




~

53 -

e

9

s

viewed for the presence of formed Ag/Ab precipitates. As a.

control éxperiment instead 6£.the antigen fraction, 20 U

of 0 01M Trls HC1 buffer pH 7.4 contalnlng 0.15M NaCl was

\

// - R

DCounter Current Immunoelectrophore51s v ,
\ S ro
Crossover i i i

immunoelectrophoresis in agargse was -

qccompllshed by the method modified by Dr. D. Hartmann of
s v

the McGill University .Cancer Research Unit (Meerovitch et al

“1977) o - N

-

The. electropgérgtic plates, ¢ells and power supply

emplbyed in these experimgnts‘\were products of Hyland

’

California, U.S.A

//
/

o - 'v

. L] // '
i. Preparation of‘Agarose Plates

Routinely,

of Sigma type II agarose medium EEO

was dissolved in 50 ml of veronal-acetate-HCl buffer (0.5%
B 1o ) . ; »
Na-barbiturte, 0.333% CH3CooNa. 3 H,0 and 0.1% NaN, pH 8.5)

°

and allowed to boil on a hot plate. As sbon as the boiling

.

started, - the flask was removed and 25 ml of the melted.

agarose was poured into a' precleanhed plate, covered ané-'~\§;g

allowed to solidify so as to form a perfectly 1e§e1 sur face

and give a diffusion layer of suitable thickness.

allowed to stand at room temperatu for abouti 1 hgur and ™ /

7

/

- S

Pak 4% o oMRaLA
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___loose-fitting rounded steel -.cutter through géchvhéle and

/ 2, 54 ’ . . -
s . .. ,
“ ‘ }

ii. Procedure for Making the Wells

. ‘ s
’ o . - .

A specially made template containing cylindrical

Jopeningg/ﬂas placed on top of the plate andhsecﬁrea by means
" \ ™, L ) .
of two side holders. Th§ we%%ilyere marked by pressing a .

©

metal: cutter.

@

finally cut by using a gquare They: were

-
]

. ‘
size and shape tg accommodate the

‘required number of tests and located Y}tﬁin the 1lines - of

punched to the desired

’ - e )
_flow of electerical charges, 1-2 centimeter apart from the
o M » e El .

2 e

top and bottom sides of the glafé. It isaimportant to leave

a sufficiently largg«spégé on the cathode and anode side for

I

the conductive’ sbongés. 4 The agar. plﬁg was : sucked out

through a flattend énd of a pasteur pipette connected-to a-

vacuum line. { "
L | “ ] :

[ - 4 3 N

iii. Sampleé Preparation andsﬂggiication i

e
L] Py

Frozen sera and antigen fractions were thawed rapidly in
¥ ca 40° C

-

. water bath and a required amount of each fraction
. was transfered 'into small plastic tube. This was allewed to

L )

sEand at rogm temperature for

at least 50 minutes. The
'3 : ’ ¢

N

serum was positively charged by 1/8. di;utidn in 0.24

+

glyéine~ HC1 “buffer“pH 2.2 . As a positive control human

19G and anti<human IgG were also diluted-1/8 in the veronal
/ - . . ' . . .

‘acetate-HCl and glycine-HC1 buffer, respectively. After-

anothet 30. minutes of incubation at room’ temperature, -the ,
.acidified 'sera or anti-human IgG were plébed'into the wells
3 - - . _ ,




| )]
Fa T Co
(‘L: ‘ o . . ‘ 5 S[
i Lo e 7
i ) ) - - y -
- .. o . B .
~on the anode side, and the antigen‘ or the buffered 1IgG
- fraction onethe cathode side of the pléte. It is advisable
. i
.- ' to use}beiwéen 20-25 pl of sample per well so as to
/ faéilita;e proper electerical conduction.
~ Y, ) g N ﬁ' N : . .
' 2 “, iv. Electrobhoresis BN > . e
t \ . ) & ) .o
, e An electrophoretic cell containing the weronal-acetate-
. HCL buffer was mounted properly above .the perr supply.
~ .Into each chamber was placed a cohnecxive metal electrode

- . and covered with the conductive sponge which was presdakeq
- : o . . : ?
. .«in the same buffer. The filled plate was then inverted and

fitted above the electrophoretic cell so, that the antibody-

s M . \\<. )
containing wells were near the anode., side of the power

“ ‘ P U,
" supply. ° )
- : * " The eiectrophoretip run was, carried 'opt - in  'the
, ' s conventional way using. a constant current of 30(mA) for 60

. minutes.

LN [}

,gtadéd,1+ to 3+ gé%oraing to the intensity of the lines.

l‘ Co. . v ¢ °

.
l £

.' 7 ¥VI.  EXPERIMENTS TO DETERMINE OPTIMUH CONDITION
[ \ » g
o 'L 7 e . FOR MEMBRANE SOLUBILIZATION
. . . , - ;
> N Salt Eitraction'gg.Soluble Membrane Antigen
‘\.\ Bxge:tonic salt extraction of membrane-associated

¢

f
v - . N
R N
d ot - - .
* P ‘ - . v
. ° , . . 4

- r Following electrophoresis,(the plates were either washed
. , aﬁd stained, employing ‘the same method as descriped fdr
: ‘ Q N a )

{ . immunogdiffusion, and finally recor8ed by photography, or

o
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antigens in soluble form with 1M KC1 was _performed b¥ the

. method of Reisfeld et al t1971) as Follows:

”r i ' .
A known amount of isolated plasma membranes ’@as

xsdspended in 0.15M .NaCl contalnlng 1M KCl1 and dfalyzed ‘

against the same solutlon for about 16 hours. The extracted
membrane edmponents were removed by " centrifuga;ion
(Microeppenddrf \centrifuge for 0 minutes) { the resulting
sediment was resuspended in 0. lSM NaCl, and finally both

fractlons were dialyzed agaxnst physiological saline

solution overrlght;befoteubeing used.

.2, Sonication and Salt Extraction’ o

' Membrane sonication was performed as described be@ore:'
’ A

"the sonicated membrane were . then subjected to hypértonic

]

salt’ exbractlon as above, the supernatant _was removed by
centrlfugation, ‘the pellet was resuspended »in physiological

galine followeF by dialysis of_the fractions against 0.15M

NaCl. L o )

: . L )
3. 'Membrane Solubilization with SDS s )
Tumor cell membranes were selubilzed(in‘o..OI‘M-KPO4 pH

1.4 containlng l%dﬁcdium'dodecyl sulfate (SDS) . Following ,
solubilization an aliquot of the mixture was removed and
stored ‘'until further use._,The remaindet was centrifuged e

the supernatan and pellet were collected as described above

L, and 8DS was removed by dialyais against 3 changes of 0.15M

&

. } AT SR ‘iﬁn.x NG
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NaCl containing lgm/liter of Dowex 50H : ‘

‘4. Membrane Solubilization with Triton X-100

Membrane solubilization ,with 1% o Triton X-100 was-
13 ' .
performed as described above for SDS except that Triton was

replaced for SDS and Dowex was-omitted from the dialysis

A 'l

solution.

“

’ . \ .
In order to select a suitable technique for membrane

T /
. ’
‘.

solubilization, all fractions were examined by double .

diffusion and crossover~ immunoelectrophoresis as described

’ before. In. adéition, a positive control of cytochrome

oxidase and rabbit anti-cytochrome oxidase (Kindly provided

by Dr.‘ Jd. Kornblatt, Department. of Biology,:Concordia

. , N
University), and also 1% Triton, 1M KCl1 , anti-human IgG, and

yhenever necessary 0.2M glycine&HCl buffer - pH 2.2 were

L

included in each run. Consequently, the following method'of

solubilization was used throughout.

5. Solubilization of Membranes .

&

Isolated plasma membranes were dialyzed for.16 hours
against 1M KCl aﬁd exposed to low frequency sonicatioﬁ for
four sequential periodg as mentioned earlier. To this was
added sufficient,quantity of 10% Triton-X10 to achieve a
concentration ;f 1? . After 30 minuteg o incubg;i?n with
occasional stiiring, unsolubilized conéiitue ts were removed

by centrifugation using a micféeppendo:f 200 centfifuge.

A/' ot
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Following solubilization Triton Wwas removed by extensive
. L3

1
|

g§ialysis against 0.0lM Tris-HC1 pH 7.4 containing 0.15M .

NaCl.
o XVII. REMOVAL Q_E MELANOMAY:EiLL MEMBRANE BOUND

/ 196 gdggégnas ‘ }.

In ‘order to remove embrane~bound immunoglobulins,

. ’ solubilized tumor cell membranes were chromatographed/;n

“Sephadex G-200 with or without - acidification of membrane

components according to the method of Phillips and Lewis

U (1971) .

¢
Y \

1. Membrane Acidification

Solugilized tumor plasma membranes were acidified by 1:3
dilution - in 0..2M ’glycinerHCI buffer pH 2;2 prior to

chromatography on Sephadex G-200 columns.

2. ‘M61ecu1ar Sieve Chromatography gﬁ Sephadex G-200

'Sephadex gels were washed at least three times in 0.1M
'KC1 and allowed 63 lswill"in a boiling water bath under
suction for about five‘ﬁours, followed by ﬁncubation at room
temperature ovérﬁight. Slurries were equilibriated with

stétting buffers (0.01M KPO4 pH 7.4 or 0.2M glycine-HCll

buffer pH 2.2), after " removal of fines by decantation,

20lumns (1x5 c¢m)} were poured and packed under a flow
zondition of about . 0.05 ml per minute . In order to

stabilize and equilibrate the gel. bed, 5 column volumes \oE

- e 4T AN YD " O LA NI
L—_ T A R R e S el



the starting buffer were passed through each column prior to

application of the sample.  Blue dextran 2000  (Pharmacia

fine chemicals) at a concentr

ion of-2 mg/ml was used for

determination of the —void umes. - Solubilized membrane

components in-0.01M KPU, (pH 7.4) or, after acidification in

s

0.2M glycine-HCl, were then applded onto the spepific coluﬁn

. and eluted with the starting buffer.

| bN

The , effluent frac%égg; were'examineduin a Beckman DB-G

'Lpectrophotometer at 280 mp, dialyzed against 0.15M. NaCi,

d finally examined by immunodiffusion an@ crossoverJ.

}
\ l i\ unoelectrophoresis against autologous serum and anti-
1 . : )

-
:

* ~
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Cuatrecasas (1970) as modified by Thomson 35 al (1973) as

60

XVIII. AFFINITY CHROMATOGRAPQY OF SOLUBILIZED MEMBRANES

4

1. Preparation of Sepharose 4B-IgG

. T X -~

Partially purified IgG was coupled to Sepharose 4B (Sep
4B) with cyanogen bromide (CnBr) according to the methods of
. ‘ - : &

follows:

10 ml of packed Sep 4B was'centrifuged at 1000g‘ for 5
minutes. The supernatant was d@scatded and the packed beads
wege \wash%g three times in cold distilled water by
ceatfifugation, . The washed Sep 4B was resuspended in kpml
of cold water ané then finely divided CnBr (lgm per 5ml of
suspension)’ was added at on%e to the stirred suspension.
The pH of the suspensfon was immediately raised to and
maintained between 10.5-11.1 by the addition of 10% NaOH.
Aé the same time the temperature of the suspensian was helé
at about 20°§ . by the addition of crushed ice, as needed.
When the reaction was completed, as indicated By the
cessation of proton release, a large amount of icé was added
rapidly to the mixture which was then transferred quickly to

a Buchner funnel anq)Washea throughly with cold 0.2M ¢itrate

buffer pH 6.5.

Theé*isolated IgG fraction was made 0.2M in citrate
buffer pH ‘6.5 in a final volume equal to that of packed

activated beads, added to the moist washed Sep 4B and mixed

. 0y
»
'

i
)
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immediately with a glass stirring rod. The suspeﬁsion was
. —_— ,
then transferred .to a 20 ml1 beaker containing a magnetic

m%xing bar, -stirred gently for fodr hours, then allowed to

t

stand at 4°C | for 16 to 20 hours.| The entire procedure of
i
activation, washing, and ling usually took 9 to 12

minuteg.. ..,

2. Chromatography of Solubilized Membranes on Sep 4B-IgG

1

Coluﬁns (1x5) cm were washed: with about 50 column
volumes of cold Tris-NaCl buffer (0.01 M Tris-HCI, 0.154
NaCl pH 5.4; until the OD of ‘éhe elute was Zero.
Sélubilizeé membranes in the same bufgg} were then absorbed
onto the column énd buffer flow was\étopped for one hour.
Following thisa the column wa§§§géiﬁ washed with the buffer
until ‘'no more protein was ,eluted.“?'This usually required
about 20 column volumes. Finally the column was eﬂﬁted with
34 KCNS and 0.6-1 ml fractions were collected. ODs of ‘the
fractions weté determined at 280 . mp, the appropriate
fractions were pooled and dia%yzéa against several changeé
of -1 to 10 diluted Tris-NaCl buffer overnighé. The
dialysate was concentrated to about ld~fold‘ by using dry

calcium chlotidﬁ' as pgeviously*desctibed and stored at -20°

C . until usegd. Aliquobﬁ of fractionsoisolatéd from Sep 4B-

IgG columns |were either electrophoresed on’ SDS acrylamide
gels or use for counter-current immunoelectrophoretic

assay. The basic steps of affinity chromatography technique

&

¢

. ..-m--«l(u{-—_,.____.___ -

TR Sy DT oty ez

S e it a0

A



3re summarized in Fig.3. : .
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| I. MELANOMA SPECIFIC ANTIBODIES IN PATIENTS SERA
1. Absorption . : ’ . .

’ ¥

To establish specificity in determining the occurrence of

antiden on a range of malignant melanoma tissue and to

¥

~

--4—————————e}iminate - ~the ~contribution ~of antibodies to

histocompatibility antigens, antibody absorption tests were:
i performed (see Part B, VII,1, "iii). For this purpose,

positive patients' sera were mixed and ‘incubated with normal
human spleen cells and with-a number of non- melanotic tumor

. i ' .
cells. Supernatants were removed by c¢entrifugation and

retested by the membrane immunofluorescence _technique,

; -

2. Membrane Immunofluorescent Tests on

Autologous Melatioma Cells (MIF) o o

pdring early investigation into the host response in’

'human malignant melanoma by Lewis_and co-workers (Lewis et

al, 1969; Phillips and Lewis, 1970), there appeared to.be a
> distinct class pf antigen, in add?tion\to other typ%s, and a
correspo;ding’ antibody class against it. The antibody
system was shown to be .directed against the plagy; membrane
of the patient's autologous tumor cells and present only in
the serum of patients with early oT‘localized Qisgase. The

- - s
- . presence of thigs class of antibody was shHown by both

(4 . »
immunofluorescent and tissue culture cytotoxicity.

. 3
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In the present investigation, following the absorption
of patients' sera the preliminary step was to select tumor
from patients with an autologous antibody-antigen system.

To confirm the presence of such a system, indirect . membrane

immunofluorescence tests were carried out (see Materials and

‘__d’¢“~wﬁygx_mg;hods), In these experiments, melanoma cells were washed

in PBS and mixed with 1:4 PBS—diluLeé)autologous sergum.
owed

Antibody-antigen reaction was then all to take place.

Following this, 'cells were washed once again and treated

with fluorescein isotﬁiocyaggte isomer I YFITC) conjugated

to goat anti“human gamma globulins, and ghe reaction was

allowed to take place between the conjugated antiserum and

any antigenically-bound gamma globulins. The formation of
\ - .

antigen-antibody complexes were then viewed under a

fluorescence microscope.

The specificity of the membrane reaction was justified

A
o L:>

were directly treated with the conjugated anti-human gamma

by the direct immuﬁofluorespent technique by which cells

globulins. Fluorescence microscopy was performed at the

McGill University Cancer Research Unit according to the
method of Phillips and Lewis (1970), and Lewis and Phillips

(1972) . ’ The results of MIF tests on the sera and the

melanoma cells of 16 patients are summer ized in table 2. On
the 'basis of serum reactivity as compared to the controls,
three groups of patients can be defined. The majority , 6

out of 16 patients; showed no detectable antibody to

&

N "{ g AM}S&‘& uatnim%’ﬁmmvmm
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autologous melanoma cells . Five patients showed weak
reagtivity at 1:4 serum dilution (patients TR,bCA, co, oL,
DC) , and five patients (patients RO, VE, MC, DO, and DU)
showed reaction with positive titer above 50%.

These results indicate that the binding of FITC

. //“‘/ .
conjugate to tumor cells which were pretreated .with

autologous preabsorbed serum is mainly dependent on the

presence of two unknown factors‘in Fhe system, name1§' the
level of abtigen and/or antibody.‘ Coﬁseguently , sera from
the above five patients were selected as felatively strong
positive after being tested by MIF ﬁechniéues. Tumor
materials from thesé’_pa£ients and others were used for

further biochemical and immunological analysis throughout
\ ;

the ipvéstigation. ’

0 - o L p
3. Partial Purification gg 196G

Since the qemonstration of fumdr—specific antibodies in
human méLignant melgnoma, two types of iﬁmgnog}obulin
cgmponeh,iiizW were found to be. involved in the specific
reaction against(,tuﬁor antigens (Lewis et El.,' 1976a;
Romsd;hl and Cox ,1973; Seibert et al , 1977). The‘activity

was characteristic of an antibody either of IgM and mainiy

, of the IgG type. Therefore, 1-1.5 ml of serum from each of

1,

the six patients (patients VE, MC, OL, RO, DU, and DO)
showing relatively strong tumor specificity by membrane

immunofluorescence, Wwere

i

-

a

" »

e
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addition of saturated ammonium sulfi&e.

*

) .
)/ . After centrlfugatlon, the prec1p1tates were dlssolved in

0.01M KPO4 pH 7 5 and dialyzed ovennught agalnst the same %
\\ * buffer followed by proteln concentratlon determination
‘ (téble 3) . 1 The ammonium sulfate precipitated fractions
were absorbed.onto pre-equilibfeted DEAE—ce;lulose colymns,

and immunoglobulins were eluted with a ealt gradient of
0.005M and 0.5M NaCl in the starting butfer.\ The eluted
fractions were then examlned for proteln by mezﬁur‘pg their
absorbance at a wavelength of 280 mp (table 4- 9). vif it ie

- shown 1in ‘the effluent dlegrams-that have resulted .(Fig. 4)-
, six (6) virtually identical chromatographic patterns were
obtained, each showing a large unretarded peak foliowed by a

well—seg%rated small peak and two somewhat spread peaks of

o
intermediate sizes.

By immunodiffusion tests done on _ the elyted peak

" .fractions against antl—human 149G, as compared in two cases
¥ i

3“13((‘ [ i
%tuxequg e. "Patients VE and MC) against anti—pu?an serum -
4 ” ﬁ%ﬁoteiné, I9G rich fractions were found to be eluted always .

in the first peak (tables 10-11)- . Having established this,
the chromatographlc fractidns from patients DO, DU, . RO and

’ OL-- were routinely checked by microprecipitation tests

(

| .
- &” against anti-human IgG as described in Pa;t‘fB (tables 12-

15y. ¢ I

~
% . )
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n

Data presented in- Fing‘and'Fig.G sho& the results of g

L]

double diffusion test of the - eluted peak”’ fractions * from

patients VE and MC wher* examined againétlantiihuman 19G,

Y a
<

which indicate the formation of single ptecipitation arcs

with a 1iﬁq of identiiy to commercially prepared human IgG.
In both 'cases, as expected, -Igé positive fractions

precipitate with'anti-human serum proteins, but again single

3 [3
I

precipitation lines developed (Fig.7). By _ comparing' these
results , ‘one could corclude that the DEAE-cellulgse

fractionation proceduré is very reproducable and® also ~that

N 4

separated 1IgG. fractions - are fairly free of contamination

with other types of serum proteins.

4 .

- . II. ISOLATION AND CHEMICAL ANALYSIS L
OF TUMOR CELL PLASMA MEMBRANES . B
0 a

Having demonstrated the presence of tumor specific
PRy *
[

antibodies 'in the ﬁatients' sera , the approach was -to’ try

S o

to isolate and identify antigens which were as§ociéted: with’
! \

e

the tumor cell plasma membranes. For. this Sﬁrpose viable
. w ! .

. . w ) . o [3
tumor cells or frozen tissue were homogenized in the Tris-

F

. é 4 g
HCl-sucrose buffer followed by differential centrifugation
as described in Part B¥ The basic sﬁeﬁs of isolation ‘are
shown in Fig.8 . o ~ .
. Q- I

v
°

‘The final pellet (200,000g pellet) was then further
purified by flotation throuéh a sucrose éradient, .(Fig.il
followed' by ultra centrifugation. The bands which(qué}red,

~ +
[ L ’

°

Q .

’



-9n Ehg"gradient were then collected and prepared for further

o

stqdigs.~ ‘ | \\

1. _Chemical Analysis

-

P o N
The recovery and purity of. plasma m%mbranes ar'each

£ .

‘“stage during* the isblation procedure was procceded by

assaying for protein, Na'+k' ATPase and 5'-nucleotidase.

1

- « . AN
Contamination with cytoplasmic membranes was monitored by

-assaying for glupose;ﬁ-phosphatase. The purity and the

integrity of the final preparariom“of piasma membranes were

also checked by electron-microscopy as compared to the

- 200,000g pellet. )

Protexn concentratlon was determined by tﬂe method’  of
Lo!yy' et al (1951) on 10 pl a11quots of each fractlon. The

'adt1v1ty of thg above-mentioned enzymes were ' measured by
% ° L 2 -
incubating ' 50 pg protein from each fraction inthe specific

buffer-substrate system and measuring— the relefse of

‘ inorgamic phosphate from the appropriate substrate at 3’°c .

«

"during the zero-order portion of the reaction.- The enryme
S o ' ‘

activites ' were ed for phosphate release in ‘the
wabsence of the-enZyme fraction, Since different metastatic

tumor tissués were utilized during the course of the

R

expgr ents, the enzyme markers were assayed for individual

tient's plasma membranes isolation..

Tables 16-24 show the resulté of thewrepresentative
g -—
experiments indicatingothat the plasma membrane %raction was

~
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‘lnsignificant

b,

in all cases concenttated in Band $1 of the sucrose‘gtadienﬂ

]

(Fig.9) . A comparison of the enzyme marker activities in

Band #1 over that of the homogenates is also shown in table

-

25. | ‘ : :
. - XJ N -
In term of  5'-nucleotidase (commonly used as enzyme
marker for - plasma membranes) these experiments yielded

betweegn 1% to! 6% recoveries in Band #1 over those present in

5

L

‘” éhe total tuTor cell homogenates, with an average 1l.5-fold

increase in ts specific activity. This indicates the

hiéhest enrichment of 5'~nucleotidase’ as compared to the

mean values of 6.6 , 6.1 , and 6.0 for Band #2, Band #3, and
Band #4 respectively. The recovéries of Na++K+ ATPase (an
|

enzyme marker |for plasma membranes) in Band §1 were between

1.2% to 5.6% ., whi¢ch closely parallel that of 5'-

nucleotidase iE all cases with an average 12.2-fold increase

in its. specific acélyity, which is also the highest degree

of purificatio

if compared with 6.3 , 5.6 , and 4.0 for
the 'ofher three bands. .

“

However, in°‘ .Band #l,lthe'recoveries of the cytoplasmic
marker . glucose-6-phosphatase, were between 0.08% to 0.57%

with an average encichment value of 179 over that present in

the homogenates|, indicaténg that the plasma ~membranes were

slightly contaminated. 'In thése fractions (Band #1) the

. enrichment 'of glucose-6-phosphatase could be éonsidgred

fth respect to the 'avefage pucification

valyes of 5.5 £or Band .42 and 11.7S fof Band #3.

W |
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III. E&EQTRGN- ICROSCOPY

H

¢ )
i

On eleétron-microscopic examination of isolated plasm?

membranes in Band #1, and of 200,000g pellet, it is clear

that 200,000g pellet consisted of plasma membranes

contamlnated w1th a high level of rough and smooth membranes

., as well as free ribosomes, with no mltochondrla, lysozymes,

and other cell organelles (Flg.lO). In contrast to this, an

electronmicrograph - of the tumor cell plasma membrane

fraction seems to indicate . the presence of only surface

\ ‘ L3 v »
membrane with no cytoplasnic contamination; in particular, .

no endoplasmic reticulum was observed (Fig.1ll).

*

the membrane -

Consequently, fractions in Band #1 were
. collected as purified tumor cell plasma membraécs and used

in all subsequent experiments.

. ¥ ’
V. PROFILES OF SOLUBLE PROTEINS FROM TUMOR CELL ‘

PLASMA MEMBRANES .
Baving completed tumor cell plasma membrane isolation

from malignant melanoma “pétients, the: number tand' the

’ ' )
molecular weight of the constituent polypeptide chains of
isolated membrane fractions (Band #1) were determind by sos~
A ' acrylamide gel disc electrophoresis.

5 . . <
v R -
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v

Sample \loads of‘;bout 150 pg protein, from each- of the
pqt%ent's membrane fractions, were solubilized with sSDS .
Disdlfide bonds were reduced by incubatiéﬁ with DTf, and
finally prepared for electrophoresis By the additio?,céf

concentrated sucrose and tracking dye.

Electrophoresis was done in a system containing 5.6%

/ polyacrylamide and 1% S5DS, on separate gels, .for about 3
/ .

bl

hours at B(mAytubéﬁés'described by Fairbanks et al (1971): - °°

gy
L

| ] . 1
¢ When the tr@cer (bromophenol blue ) incorporated in the

runs had migrated a distance of about 10-11 cm,

4 °

electrophoresis was stopped, gels were removed and stained

for protein with Coomassie brillianttblhe. After removing

the background stain with severél chanées of 10% acetic’acid
' r gels were\photographed and electkophoretic mobilitieé of .

plotein bands were calculated: according to the me thod oftﬁ‘
« 50 g e
Weber and Osborn (1969). LG Lo ; . ) ,

/
.An estimate of the size of_ the."hq;ecular species was

then obtained from a. standard.curve constructed From the

electrophoretic mobilities of SDS-denatured market proteins -~

plotted égainét the log of their molecular‘weigﬁts,(ﬂid.li)."
i u .
A rough estimate ©of the size of the% higier mpfecular
e . - ' ' AT __—
polypeptides was obtained by extrapolation of tile
’ . ’ > B . U .

: - » 4 s }—‘r
« ' . .

The six(6) marker\pr teins (table 26f’hsed were run on.

duplicate.gels, except| for aldolase and B-galactosidase, but

y ] L] |
s EEN e, v
! .
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are shown together in Fig.12 . The molecular weights of the

.

marker proteins were taken from the Pharmacia calibration
“kit, except for serum albumine and lﬂ—galactpsidase which

were taken from Weber and Osborn (1969).

The reproducibility of the system could be seen from the
data in table 26, indicating a deviation of 1less than 4%

over the average mobilities calculated for the same proéeins
. which were rup in duplicate. ‘ ~

Tables: 27-35 show thé number .and 'estimézedi\molecular
N ‘ <

weights of constituents protein-contaning molecules of the

isolated plasma membranes from nine (9) melanoma patients
1

(patients CA, CO, DU, DO, MC, OL, RO, TR, and VE). .

- ‘
I -

By comparison of eiectrophogograms of the 1isolated
memgraﬁas {Banqufl), only 20-28 banés could be distinguiéhed
“in all cases,:Qith molecular weights rangling Eiom 360,000 to
;},700‘d§1§oqs. There may Pg, gdditioal minor cbmponénts
that ' have%'qot been gééh bec;dge the amount of samples
“applied is_keéﬁ low éﬁ prevent éﬁe distortion of the major

" bands which usually occur when the gels are overloaded.

&”A large portign of the éroteins‘in this membrne system
‘ aéparently are of unusually high molecular weights. This_x
can be, °“seen in ‘tabels 27Jﬁ0ﬂah5 corresponding Fig.13 which

couldlbe due to no cgbalentlx;qund‘polymers to subunits.

¢
~=.




TG TR At e

Cigd

PR, e L

~ v d

With respect to the different type of metastatic tissue
that %asﬂ .originally . used, ° the variation in the
characteristic patterns detected for these membranes could
be insignificant, because not only the resulted protein

’

bands are within the same range of molecular weights in all
| - . .
cases, but' also more than 70% of them appeared to have the

same sizes with a variation of +500 daltons.

_° V. DEVELOPMENT OF A MORE EFFECTIVE METHOD

" FOR MEMBRANE SOLUBILIZATION °

'\ .

As indicated in Part B (Part B, XVI, 1-4) of this

~

thesis, four(4) different solubilization techniques were
employed in order to find an effgctive method of
solubiliziqg'the tumor cell plasma membranes, desirable from
the sgggdpoiht of vyield _aﬁd recovery as well as the

iahunologicél activity of the membrane antigens.

The initial stimulus was the finding by Reisfeld et al (1971)

that hypertonic. salt extraction with 3M KC1 alone or in

conjunction with. SOﬁication, efficiently solubilized HLA

_antigens from cultured lymphoblasts. " :
(\V 3 - a } f
’ ” > ’ \ A
Sche in this investigation limited amount of isolated
- ‘e ! S

. membrane proteins iwere availa }f' and sincé high salt

concentration does :not “extract all’ the plasma membrane

proteins, an attempt waé also made to use SDS and riton X-

100 solubilization as well gbt development of the method.

-8 0L

~
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For this purpose an aliquot of 0.4 ml of patient VE
plasma membrane fraction' (Band #1} equivalent to 0.8 mg
protein was divided into four(4). equal portions and treated

as follows:

\ oL
)

One sample w;é subjected to 1.0M KCl extraction as
described in Part B. Extracted membrane proteins were
removed by centrifugation and the resulting sediment was

resuspended in physiological saline followed by dialysis.

4 3

The second membrane fraction was. first depolymerized by
sonication and dialyzed against KCl solution as above.

After removing an aliquot of about 20pl, the remainder was

centrifuged and the. resulting supernat§nt and pellet were

\

. .  collected as described in Materials and Methods.

. SDS solubilization of the third plasma\membraqé fraction
- ) - was performed as mentioneé in Part B. Follgwing the removal
of a.20 pl sample f om the mixture, unsolubilized componénts
L [were sedimentéd' b centrifugation, the supernatant was
collected, and SDS was rfmqved by extensive dialysis against

Dowex in‘physiologiéal saline.

The fourth fraction was subjected to solubilization with

L 1% Triton X-100 as described in Materials and Methods.‘5>
thw’f “ Finally, antigenic ‘Ltivity of all nine fracéions was
! ) . estéblished by 'immunodiffuaion and  crossover-

immunoeiecbrophoresis tests’against' autologous preabsorbed

a

K
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' tumor antigens or,

75 "

VE, using 1M KCl, 1% Triton X-100 ,

|
|
!
serum of patient}

cytochrome oxidase| / anti-cytochrome oxidase, and anti-human

IgG as controls.

on’ double diffusion assay only a singde precipitation
arc was observed fpr anti-human IgG against the patieht's
serum (table 36). -Furthermore, no detectable precipitation

was observed for [cytochrome oxidase with ant%—cytochrome

oxidase, or between any of the solubilized fractions apd the

autologous serum. | The resulting negative reactions in this
case could possibly be due to the presence-of a low level of
antibodies, or both, in the system, a lack

of proper diffusion through the gel bed, or Einally the

' sensitivity of the technique.

»n

On the other [hand, by c;ossover—iﬁmunoelectrophoresis

positive reactions were seen with those fractions which were

treated with Triton X-100, sonication and higﬂ salt:
extraction, ;nd ith salt extraction alone Fig.14 . No
reaction was obse d betwegn SDS—solubi}izgd samples and
the patient serum. Similarly% a reaction was never seen in

the fractions ontaining unsolubilized ‘materials. All

‘controls resul ted in a negative reaction except for
cytochromé and a ti-cytoéﬁ?ome oxidase, as well/gz

for IgG’

Based on these resultes (éable 36), a solubilization

method was developed which ‘cqngisted"of a) high salt

1

P Wav&ag}:ax;-g JEC TSRV




patient VE, that solubilized plasma membranes produced a

‘positive reaction on double diffusion with anti-human 1gG.

. . : ) N
their interference during the isolation procedure.

extraction for 16 hours‘followed by b} sonication for four
| : ! )

sequential periods and finally c) treatment with 1% . Triton

X-100 for total solubilizaktion of the membrane components

(see Part B).
This method was used during further investigation.

VI. IMMUNOGLOBULINS IN MALIGNANT MELANOMA CELL MEMBRANES

L /

The presence of immunoglobulins in saline eluates of

-

human malignant tissue was suégested by the findings of

-
x M }

Romsdahl and Cox, (1973) and' Gupta and Morton,(1975).

/
In this‘investigation, during the search for melanoma

antigens, it was noticed, particularly in the case of

Therefofe,'the isolation of this IgG molecules was thought
to be i&poctant for the foilowing reasons: (1) to trace back
the presence of me;anomq ‘speéific anﬁigens and thit
isolation by affinity jch%;ﬁatograpﬁy and (2) to inhibit

¥

I‘J’ )
For this experiments , 0.4 ml of 2.7 mg/ml solubilized

1

membrane from patient VE waé divided into two equal
fractions. ’bne fraction was acidié&ed by 1:3 dilution with
glycine-HCl -buffer pH ‘2.2 i; order to dissociate ény 139G~
bound céﬁgiexeé.in-the system, and the second was made 0.1M

in RP94 pH~Z.4‘followed’by'chromatogréphy on Sephadex G-200
. . - J‘ . 1

.
h

a

P ]
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. 200, the chromatogram was developed with glycine-HCl

17

J

columns. (sée Part B, XVII, 2). ’
| .
The chromatograms were developed with the specific
starting buffers at a flow rate of .05 ml per minute ,
the eluate was collected in 3-drop fractions, and dialyzed

against 0.15M NaCl overanht. '

»

On . immunodiffusion tests

against anti-human IgG,

fractions 2,

3, and 4 eluted from the acidified column had

positive reactions shown by a line of identity to human IgG
(Fig.15). The results in table 37 show that only upon

acidification the IgG molecules could be separated and

¢

The ¢htire procedure was repeated using the total amount

identified by the above techniques. *

.

of isolated solubilized \plasma membranes (0.9 ml of 2.7

-

mg/ml) from the same patient. Following acidification, the

suspension was applied to a column (2x10 cm) of Sephadex G-

buffer

and 0.5 ml fractions were'cbllected and.dialyzed as above.

On  immunodiffusion with anti-human I9G; separated IgG

molecules were found to be eluted in peak #1 of Fig.16 . 1In

the run for Fig.l6. the distribution{d¥ the antigen(s) was ¥

determined by crossover-immnuoelectrophoresis against the

, ‘ L . 4
patient's own seruin. The results in table 38 and Fig.17

show that, antigens. were eluted in peaks 2, 3, and"&, in a
tqtél volume of about 5 ml. The’chcomatographic pattecn may

suggest the presence of a different mglecular‘weighﬁ species
- "d. n ¢ R *
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of the\ antigens or it could be due to poor separation’ of the

brane proteins. 4 .
membr a p ns AN

!

S

The corresponding positive fractions were then combined

and “tested agains% the membrane-bound }solated IgG fraction

} i ] -
bf double diffusion in agar; no detectable precipitation
line was observed. The remainder of the antigen fraction d
was stored  at -20° ¢ ., before further affinityi

chromatography studies.

VII. PURIFICATION OF THE AUTOLOGOUS

o

MELANOMA SPECIFIC ANTIGENS )

°

. 1. ' Affinity Chromatography of The tumor .o

> Solubitized Pla'sma Membranes - !

ki
¢

> : ‘ . '
Having demonstrated the presence of autolqgous melanoma

!

gntigéns in the solubilized membrane €raction of patient VE,
the affinity chromatograéhy technique offCautrecases (1970)
as modified by Thomson et al (1973) wa%s emplqyed for the
final purification of the iFtigen(s). from a number of:

isolated tumor cell plasma membranes. -~

- -

For this purpose, partially purifiig IgG\fractfcns'at ‘a '

. protein concentration imdicated in table 39 from each of the

five(5) melanoma patients was coupled to Sepharose 4B with

. . . , /
Loaee cyanagen - bromide ' (ChBr). Sepharose 4B was activated by

‘?
:
’

using lmagm cyanogen bro&ide per 5 ml of suspensioh, and the

g
A
v

.
.
- ' -
- ' - . ' .
o d
. . -
. . '
«
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pB was held between 10.5 and 11.1 by the addition of 10%

NaOH. When the reaction was completed, the activated beads-

N

were washed with citrate buffer and gently mixed with the

IgG fraction in the same buffer, Following this, the

coupled batches of Sep '4B-IgG were then packed into 5

+different columns (1x5 cm), washednwith the Tris-NaCl buffer

.
. - . - + —
ml JrH Y 0 B kg
— ot e *

-~
~

until the 0D of the eluate was zéro.

. Butologous solubilized membr\gges in the same Tris-Nacl
buffer were }:hgn absorbed onto the appsopciate column and
the Ab/Ag rg‘action allowed to take place by closing the flow
for about 1  hour. After ali the unretarde}a" membr ane !
coxp'ponets had been flushed from the column by th'e- Tris-NaCl/
buffer, aissociatio‘n of the antigens from Sep 4B-IgG was

brought about by washing the column with freshly prepared,

34 KCNS. (See Part B, RVIII, 1-2). The eluted Fractions

" were then examined.for protein. by measuring their absorbance

at a wave length of 280 mp, see tables-40-44.

Affinity chromatography patterns t.of the auto’logou‘s
~ , e .
solubilized membranes from the 5 patients (patients D0, MC,

OL, RO and’ DU) are also shown in Figqg. 18. - Five somewhat
k

identical and . reproducible é&hromatographic profiles were

obtained, each having three well-sgseparated peaks. The first

large peak 1is the wunbound Igé moleculles, followed bxﬁ\re
. ) .

second large peak which contains unretarded plasma mambrane

components. The bound antigenic materials which yere eluted . :

-

with 3M KCNS resulted in the format}on of the third, Very

( *

¢
A -~ .
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small peak. ' L

“ X
| *

. In each case, materials eluted in peak #3”yére pooled, o

3

dialyzed, and concentrated as dgscribed in Part'B. Table 45
shows the volume and protein concentration of thgrisolatedl

antigenic fractisﬁs)\ Aliquots of fractions ,iso}atqd from
o

Sep 4B-IgG columns were either electrophoresed on S8SDS

acrylamide gels or uggd for crossover-immunoelectrophoretic
' AN
test against the autologous serum. *

1

2. SDS—Acrylamlde Gel Electrophoresis of Purlfled

Tumor Cell Plasma Membr ane AntlgenS‘

VIR

)

. To determine the number and molecular weight species of L
the antigen fractlons isolated by 'afflnlty chromatography, .

. ‘ samples of about 0.25-0.30 ml of each ant en fractlon

PR TP S P

eluted from the Sepharose 4B-I1gG column were .epgreé for

and electrophoresed as described ih Part B (Materials and ]
Methods) . ' ' ' ' » v

~

After the completion of the electrophoretic, rﬁn, gelé y

PEPPRNEY S ]

were stained with Coomassie: brilliant blue ahd\molecularr ‘ ‘

/ Cy \ ' Ty

weights of the stained bands were)caTculited from a standard §

. : / ° s \ y ;
T curve (Fig.12) . : / \ . Voo . ﬁ

: . | .

! N

membranevantiggns from five(S) - Melanoma * atﬂents' ?umor
cells are .shown in table 46 and . the correspo; d#ng Figs‘ 19

) x 4 "\ \ .
and 20. T ‘ ‘<
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As tﬁe reeults,indiéate, there were six (6) protein
bands in thepkso;ated antigen fraction f}om_gatientg Do, RO,

and DU with molecular weights tanging from 56,000 to 185,000 "
daltons? ThlS GWAS“also the case for patlents MC and oL, '

except that these fractlons contalned seven (7)-and four (4)

protelnSrfespectlvely. "\

g - By campar1son of the. molecular weight species in the .
isolated antigen fractxons, ‘at least four’ (4) protein. bands
with approx1mate molecula; weights of 175,000 daltons, ‘ . .

: . R , .
75,000 daltons,~§6,000 daltons, and 57,000 daltons were

.
‘

. found . to be _ common in all cases with a variation,of'léis J
ol L . L 1
e

than 200 daltons. The other proteinsfﬁﬁgurd also
X ‘
con51dered to be sxmllar molecular)welght specles but with a-

hlgher varlatlon, i.e. " Of less than 1000 daltons. This.

: . R4
- could be due ; to experimental error , but most likely to a

.

slight differegte in the amount of the croés-lﬁnker T 3

(methyfeﬁe—bisacrylamide) which was eg : during the -
i :
preparatxon of the gels for ea électrophore ic run. 7

~ 13 . »L 5 -7 - X

The above autologouys molecular we;ght §~EEIEB\~isolated )
by afflnlty chtomatography were also origlnalWy found in the

) correspondlng solubilized melano#a plasma membranes by SDS- ‘

l “ gel electrophore51s, tables 2{—31 and Flg.— 13, as well as

1

\ . in the solubilized tumor cell plasma membranes of four( (4)

- o
N v !

\
more melanoma patients whose membtfneq,antigens were\not

‘ ' . - i we .
iaolated tqblesusz 35. ~ _ ; » ‘ .

' ~,‘-_,'_' _ h .4 ’Q R , “‘ .’ .u\ i l
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'S VIII. . SPECIFICITY OF THE MEMBRANE ANTIGENS
‘gg\.\“"l _ . . . . . - ’ * ' _ // ' ’
> ’ -To determine the specifici¥y.df;\;he isolated " membrane Q\

: ﬁ antigens, crossovér;immunoelecf?ophoresis was performed with g
N > _sera from eight (8) normal people ““(abtained’ from the = °*
& ’ * /

- : .- Mbntgeal Gener%l Hospital) as well as sera from autologous

1

and allogeneic melaqpma patients as described. L? Part (B,

- A XV, 4). The results presented in table 47 and Figs. 21-24°

demonstrate that, in diition to the .control experiments,
B R f i & N . K]

all the ‘meladotic sera pfecipitatgd the autologous as ;Ell

as the allogeneic antigens whereas there was no reactivity: -
? e - - .

against normal sera. . - ‘ ; o

M ¢ - - ' . .’ » 5
. * oy 0y .

’ I3 . 3 ‘ 3 .

¢ . Based - on the above findings, it could be concluded. that g

there is at leastuqng'tybe of antigen, located on the . tumor

Y . : .
cell surface of each of these patients (patients DO, DU, LO,

g

MG, and RO) which cross-reacts wig& sera from other melanoma

L J . -~,
patients tested in these experiments, and may possibly be
< . v ,
mel anoma~specific antigen(s). ) j
N L 4 ’ .

- w ° \ -~ ' . - o
. T~ . = . . . N
‘ o . T~ ~ % \“ 7 ' . o
\ \ - : h N ' % ;
. / - o , : . 3
N : ¢ -~ " » -

P s ~ o « ' ~ A 9 £ . (% o !

\\. ) ) Y - o . oL .
© . J . A
" \ a ? » [} I
- // )}’ R . [ -
“ , ot .~ . - - . ‘ » ’
. -, . - :
v /. \_‘ = . ' 4
@ ‘ VT - «
'¢ T 3 s




) R - 4 .
' . T . . ) . . N
~ . . o . I . . - - M
e e ey Vo e e . : NG s—————
) . - ’ > . v
~ M -
T . \
i . . - N
h ' . + f . el o .
- . —_
. RN [} N . . , s hl
. - . = . .
3 *\\\ b “a . - '
d \\ ' ~ * :'
[‘ . . -~ . - o4 . '
. CoL T < . N S

. -~
N t h .
o
- ! t " ~
-
~ ’ o
; . .
.
N .
Y .

N
] sy N
™ .
. R :
. v -
.I
. ' .
. . .
. y K S
. » .
.
N .
1
b~
. . F
s ‘.
' Y
n . .
. .
L] . '
[ N .
. -
AL S )
. : ., .. . .
" ' b \ . N
PP . ? - B LR
.
“ M N
v .. . [N i . . .
. ;
. ¥ . . . - : . R . . N
) . - - N
. : ) O . N - \ .
B . .
v .- -
v, . S ot . . [N
y r ool ‘ N
. : . L4 ‘
. N . o ey ‘ & . . . L.
- L. . o . * . . - A
4 : s v T . . ' . :
. LRSS Y 9 * ' : ) .
- o o . N - . M
* - ’ ’ - . o - ! 4
~ - Lo .. . . .
. - " . . Q o .
- N . . . - . - N
N . ~ - ES . R ‘“ N R
e * N B . i
. ~ </
. ' . - . . , - s
. » 2 . ..
.« -~ : . ' * v
ax . ~ \ . r ° .
. . . . .
\ - - . . . / . - 7 v
. L. . .
N “ - R .
LS - < .o - ) - .
. . . . LI
. L -
\ . . B j
& faw N ® f . -
. y \ ' ] . Lo
- % . - N ¢ [ » - !
) . . v . .ot
. - " . ' ' . . '
B ¢ ' N
!"’ f N > v
) ) - . - . .
. PO . . \ . e
. + - - o
) . ”, - oo = ‘ ‘ - )
. , . . : - Lo .o
) [N ) .
. J . S
' . . . . . . .
p . '1* \y ‘e g " 1
. .
. . . . PAN ‘




Y

st woas presm PG T 2 e

PO ATl

- Romsdahl et al, 1470 ; Po;ravgg gl,‘“1971 .3 Leong et al,

different patients). Since it 1is somehow difficlt to

. reaction due to the presence of antibodies ~ to

T i R
s . : \
¢ !

. [Y M
Since auto-antibodies against the Surface determinants \

of melanoma cells were found to be hlgwly stage dependent

-
and circulate in the sera of' pat1ents in the early stages of

the dlsease (Lé@ls et al 1969, 1973a, 1973b ; Morton, 1971 ;

~

Bodurtha. et —al 1975 ), ''an  indirect  membrane

1mmunofluorescence techqlque was employed 1n order to select

patlents w1th positive antibody activity for piasmafmembrane,

o [ .
fluorescence. ' ’ %&l

3y

. N .
This method has - been widely used in a numbeg of

laboratories (Lewis et al,1969,' 1975 ; Lewis and Phillips,
1972 ; Phillips and Lewis, 1970 ; Moiton et al, 1968 ;

- . : < .
1977a, 1977bY}' ‘which have reperted that sera from patients
with malignanE melanoma react:with sbrfaee‘ antigens. : Some
of ghese reports deal with the allogeneic specifieitx of the

reaction (i.e. Reaction between sera and cells from

demonstrate or prove the sp%cificity "of an allogeneic

.
A

histocomg§Q§F111ty antlgens, pre—-absorbed patLents' ‘Sera
were tested and used in autologous systems (i. e. Reaction

between sera and cells from the same patient)
’ -«

1

. Absorption of the sera with normal human spleen cells as

well as ‘with a variety of _nonmelanotic cells was also
- \ . {n., h
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. performed . to insuré ~the specificity ofrj_any positive
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v ' reaction, in particular when antigens wére being ‘tested

a¥a1nst sera from other melanoma patlents as well as normal -

F - controls. ﬁowever, the ,1mmunof1uore$cence dacg in thls
e ' gtudy.showed positive readtion in 10 out:- df 16 patients’
. . ) . * P - ‘

- (ire. In 62.5% of the tests), when viable melanoma cells

. - . ¢ ! . " - -

-were tested with éhe patidnts, autologous,. preabsorbed

R - - B . (- . .

ﬁ I t . W L , ,
. (table * 2). The 62.5% frequency of the positive re ct}oné

»
.

-

-

as reported by _several 1nvestlgators (Lew1s e

Ph1111ps and Lew1s, 1970 Morton et al, 1968 Romsdahl et
al, 1970; Potra et al, 1971, Leong - et al, 1977a, 1977b)

This low frequency could either be due to the sen51t1v1ty of

Y

the techn1que or most probably to the p0551b1e influence of
the blocking factors described in sect1on (A, X). ' Add1t1ona1
‘factors thac\mlght account for the ébsence of th autoL?gous
reactions in patlents (MU, UR,- GE, PR, TU, and FE) could be

"o . * . due to - the presence of a lower number of antigenic

{
¥
{
]
!
I
E -t deteérminants on these melanoma cells,-er to the presence of

Ny

embedded 'antigens in'the phospholipid bilayers of the cell

a

RESAITIes

e membranes (Leong et al, 1977a,1977b). It is also possible

Al on. o
«

.
- «

that patients in the advanced stages of the, disedserhave

I* ©  less aotibédy against suface membrane antigens {Lewis et al, . ‘%
., R - %

.t
SR

" 71969, 1973a, 1973b; Morton,1971; Bodurtha et al, 1975).
\ ¢ , °

v

AS R

-~
5

Moreover,  the ’ specificity of the p051§gve membr ane

T

fluorescence reactions were further dOdumented b dxrect
g y

»
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1) : \
‘. : add1t1on of the patlent s own serum waé“vomitted Erom' the

fluorescence gtalnlng steps, and cohs quently 1nh1bitxw§ the’

[ N2
b1nd1ng,of fluoresceln ’con]uqated oat anti-human ]gamma

' globulin to the cell suface antigens (Table 2).

!
/ »
1

] 1

LY

3 . ? B -

ro, .
i Since the results reported ‘from -a number of laboratories
o i:iiséted that Igé\

- - "
* infolved . in _ éhe

was - the major. immunoglobulin species
. ! . "

reaction with melanema -antigens

>

specific

3"4’ (Lewis et al, 1969')Leong et al, 1977a, - Romsdahl', and Cox,
0 1973; Gupta and Morton, ‘1975) the IgG “fractions were
- }solated from. patlents VE MC DO, DU, RO and OL sera (arl

. LN

The

. that a decrease‘in the pH or ionic strength of the phosphate

showed relatxvely vstrp‘ng nplanoma tumor spetific act1vity).

by ammonium sulfate pre01p1tat10n followed by chromatography '

&
|

. on DEAB-cellulose ion -exchanger. elutlon of the
| ,,1mmunoglohn11n fractions was ach;evegng_incg_gg_,t;gn,pf _
*galti gradlent A;n the elutxng cphosphate) buffer. IgG réch_
) " fractions were found to be eluted always in the' first beak
f{;“iw when‘ " examineéd _ by . doqble diffusipn or micro-‘
' immﬁnoprecipitation against anti-human IgGsmand antl%humanw
. serum’ proteins, tables 10-15 and Fig. 4. It is notewgrthy -

N 4 tbuffer ‘was necessary for tire higher yield of fractionated
. .IgG ‘ molecules. ' A ‘more distinct separatgon of
N immunoglohulin-tYpe moledules could §l30-5e achievedfby
N using a véry slo; flow rate during the entire isolat1on.
: | . 5 |
3 o 4

a
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Using ﬁhe above criteria, fractionated 1IgG molecules

e . . . " N ,

were found to be' free of contamination.fromother serum

proteins, . because—Jonly single precipitation arcs were

developeg,i with a line of identity’tobcommércially prepared

human IgG,.on Ouéhéerlony'tests agéinst rabbit"aﬁti—pudgn
igG (Fig. 5 and ‘6)qgé well as anEi—hden serum proteins
(Fig. ‘7). Of'COUfse this~does not rule out the co-elytion
of * protein (s). with a similar net charge or jsoeléé%fic
point. The ,yieLdé og’fthe pértiéily guniﬁieQ. Ié

.

indivigual patients were between 9.7 to 12.9 mg/ml of sera

-

which are within.the,  range repofled for I1gG content' of

-normal human serum (Roitt, 1974). ' . )

\ A

- Yo - te
. )
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11. ISOLATION,AND CHEMICAL ANALYSIS OF S

N
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35

L R T N B

" THE TUMOR CELL PLASMA MEMBRANES
N\

- . : . . ] ‘
Methodologically, the isolation of tumor cell meribranes
described in Part B was a variant of that:‘eméloyed by
Preddie et al (1978a, 1978b). Thus, a change was made 'in
, e :

. L . ‘ i
the sucrose gradient preparation used’ for suface membrane

pufification, from ’total volume of 26 ml to 4.9 ml. As a

oot 0 -

‘result, it could be used when oply & shal} amount . of ‘gqrude ,

v . A .
‘membrane preparation 4was_ava11a51g. Plasma membranes were
- - . Y !

isolat?d from -tumor cells or. from tissue by homogenization
- - ’ r—

in buffered isbtgnic sucrose followed by différentiél gna .

sucrose discontinious density gradient, centrifugation.

:

Since mostly frozen metastatic tissue was used,- ¥he most

K3

L
- -

ry
N 2 ! . oy,

-

-
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A

‘ ) I
o T . } p o
crucial step was found to be homogepization: of tumors from
s € * [ )

different patiepts.. It yés noted that over-homogenization

’ A >

+could .result in a poor séparation of plasma membranes from
internal cytoplasmic membranes.’ . o P

P ~ 3
v . e

THe results presented in, tables.}6-25 appear.to show
L4 3 . .

4

L)

‘that melanoma cell plasma membrane fractions were- always ~

-~

concentrated in. Band- §1° of - the sucfosé\densiﬁy’gradient

A

(Fig. 9). This band cont

’

V)

ined the highest~enrichment of

ouabain sensitive - Na*t+K+ ' ATPase and 5'-nucleéotidase

activities and showed . no significant G-6-phosphatase '

. activity, indicating that -the plasma membranes in Band #r

'

g . . : ' i .
,were not contaminated to' any - significant extent . with

o

—

N R : - o L.
cytoplasmic membranes,; since a high concentration of G-6- .

'phospha;ase, as indjgated by its specific activity, . is

r

n
[ 4

.

+

esent-—im—Band—#2" “and Band §3. These results are in-
Iy ¢ . st »

-~ m

‘. ‘“

agfeement with the electroﬁ—micqoscppic vigualizatjon of the

protein fraction in Band #1 and'Z0,000g pellet (Fig. 1Q and

Al »

- . . o
. - :
.

. ? "y ' . ~ ’
. Although the average specifig activities of the . enzyme -

‘e ll)’. N .‘“_ ,I“ N . ' ’ - -

-markers - for plasma membranes ﬁasyincreasea-ll;S and ‘'12.2

fold (table 25) for 5'-nucleotidase and ’+4K+ ATPase -

~

rESpectiv%é;j he average yiefds~o£ these enzymes were found

‘to-be ‘between 3.5 .4% of that pre%ent in the initial ' .,
g . g !

homogenates.  This low (value may accggat for the very'low

€ P ‘ ' .

yield of plasma‘memBrane/ proteins during the isolation steps

[} ) .

otation which could eleminate those

-

‘invq%blng. washing and

v

.

iy
-~

- R e

e s}“ & o L
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v o . ‘ . y .
mémhranes\with adhering mitochondria, ﬁuclei, a
s . ' - ’ .

cytoplasmic componentsgeh ) ‘ , : E

L ! o . ..H ' L
3 Determination of the molecular weights of the~p;dtein
. constitdenps of the tymor cell plasma membranes b& SDS~
I3 ' ¢ N - \ ’

polyaéryiamiae gel disc élgctcophoresis (tables 27-35) and

o . \ ' @ - v « -
- i#(Fig. 13), showed that these membranes are made up of a

- ‘complex mixture of 50—28 different -moleculat weights classes

of proteins which igdicate the -heEerbgeﬁéity’ of melanoma -

cell plasma membrane proteins.:

Q.

.~ These regults‘inQicate tha} no'singlg polypep%ide;cﬁain ,

present in melanoma cell membranes has' a, larger moleculatr

N
]

weigﬁt than about 360,\000; or smallet than.13[de daltons.

S6lubilization of  the membxane proteins in 2% SDS followed+

\ . N . ‘ , S
-by incubation of the mixture at 95°C . in a.water bath for,

P

about 3 minutes.did not change the destribution pattern of

:

i

these proteins. There may,* however, be additional minor

compénéﬁté-that have/ not been seen, because Ehe amount .of '

léamples applied is ﬁapﬁ low to prevent the _distortion of the.

major bands whidh occurs when the gel's are overloded.. .

l
1

'It'should be noted that the differences in the pattern

¢

and” the number —of protein bands,are due to the fact that

plasma membranes weré prepared from different metastatic

deposits - and therefore, the présence of several other types

oF tissue such as vescular and netrve ‘elements as well as

rormal cell constituents may qomplicate thp electrophoretic

Vot

FY f )
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-~ © . pattern. However, similar ,difference has been revealed by
. . . . : :

. " . “ ‘ - .
, . " “polyacrylamide gel electrophoresis of ' KC1 extracts%of .
N . ‘ ,

~ e différént primary mebéstaté@ melanoma tissues as reported by 1
. Hollinshead {1975). . ‘ ( o ]

' III. DIFFICULTIES IN THE DETECTION OF MELANOMA ANBIGENS

- ' "

Q i o

g v Membranes, becauseé of °the difficulty with which they

diffused in agar, could not‘ge ‘used in double diffusion,

¢ !

B . , crossover-immunoelectrophoresis + tests, or * ,in affipity .

chromatography for obvious reasons. Isolated membrages were

" therefore soluhikized by the teqﬁniquehdéscfiSed Ain arg,(§,4
- XYI, 5). 'Héweﬁer sqlubfl{qed ;mgﬂﬁranes ‘did not qivév

p&sitivé.:results when gesteé against eithgg autéLpgous 6;
.; " allogeneic sera ih‘déuble\diffusion. —_

.
- *
b

‘ i -

‘

7

"
%he presence of IgG molecules in “the solubilized
! .
' - . membrane fraction of melanoma patients in particular/patient
; 54 .

_.VE (tables, 317, 38) ana (Fig. 15), was.thought to Xbe the

§ ‘ -factor, that prevented the formation of
- . - o N 7’ \

ines of identity by

ere ‘found iq ﬁhe

ST
et

P . C
f d ' double diffusionn. Since no IgG molecules
. - ‘ : A I ‘

diments,: it is~ "

N

’ ) . supernatants after waShing the membrane

BN sugqestea that tﬁese‘prot

_.-s{g"“-..a‘ﬁ-g f,é«f

" A

had been firmly bound to th;

tumor ‘tissue. Althoﬁgh'it ould 'in fact be the m;in’facﬁor

P /inVolved, elution of the "in vivo"-bound IgG and ‘posgibly - )%
- ;/otﬁer immunoélobulin' molecules from solubi}}zed.'tumor q}g <

o / membrades' .bY accidificatian and ‘.§ephadéx G-200 §

| < | " éhtoﬁatbgraphy did. hot. 1mprove . the production of . any ¥

. [ - . -

\ <
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’ prec%?itatign arc when ‘sested against. either autologous : .

v . ,serum - or separated IgG 'ﬁolecd&es. by -double diffusioﬁ "

C “technique, .. :“ LoV oL g e 1‘ 0’ . ¢

s e i " o0
. . It_{g‘possible Ehas Fhe low conbentration of eiphér

antigens gr Entibody, or both , in the system was

respon51ble for the negatlve results observed, although the

. . 1nvolvement of pther types ' of* blocking or 1nterfe;ing

'

factor's ptesent.in-whole membrane-ar sera could not be.ruled -
: ©tout, e S . : N .

e N . -

However, the observation of the positive results by

" )

- Lot crossover—immunoelectroﬁhbresis, (tabies 36, 38) .and (Fig.
17), was a good indication that theére are still, antlgeneic . : g
(. molecules in the solubilized membtane fraction~ whlch .could - ,

. " be posskbly isblated even ?hough they seemed to be present

. . .in a very ‘low concentfation, or somehow blocke& This - T
. ‘ A )

* © "latter 90351b111ty . could make the detection apd the - 3

1
'Y

‘lsolatlon of these antigens of 1low concentratﬁon next to

3 . .

1mpossibleé, D o ~ ‘ Y

< ) ' © " + N - ' ' -~ ) - 'E}E
/ It was (therefore decided to isolate the. antigens . 7,

s ' N - o sj.m

) - . difectly, by an autologous affinity dhrometography system T, i
) ‘ s

. which allows selective isolation of tumor antigens without
| trying to elute any Bouﬁd iﬁﬁunoglobulins, for the following
re;sons-: 1) to elimlnate Benaturation of.membzane ‘proteins

.which would possibly be caused upon acié!f1cation3 and 2)

. L. since fsolated membrane fgact;ons were available: in a

. ) | ) ‘ -

g - RprTraoe g e TS D R
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limited amourit (table 39), dilution of these fractions |
- . “ ) - ) e
‘-during the. steps bf IgGPseparation would cause elimination |,

£

. of some proteins including antigenic molecules.

L4

i . % AS -
®

a

. However, the pfesence of coating immunoglobulins on 'the ]
plasma membrane of melanoma tumor cells .have been .also

reported by other investigators (Romsdahl and Cox,)~l973 :

. ’ L ‘
Gupta and Morton, 1975). This could possibly be a factJE\>
involyed in the 'mechanism by which antigenic' tumor can
escgﬁe fﬁgm immunological gestruction:by host lymphocypes,

c. - - and will require further consideration when studying the

A
4

. 9, . .
immyiology of malignang conditions, such as malignant

z
¢ . v

1 - {

melanoma. .
.

, IV. ISOLATION Q_E_')MELANOMA CELL SURFACE ANTIGENS

. ' v

The above studies described thé detelftion and isolation’
M of tumorrantigens on the surface of human malignant melanoma

; . cells, This was performed by isolat}on of cell surface
membranes by . differential and sucrose density gradient .

centrifugap}oﬁ and finally chromatography of the solubiliﬁed‘-
membranes on autologou7 affinity columns constructed from
preabsorbed patients’ / sera. and Sepharose  4B. The ¢

. . \ 9
' ) identification of the <antigens was done by crossover-

(3 )

immunoelectrophoresis which has been widely 'used both for

« . )

antigen and éntibod} detection (Kohn and Weaver, 1974).

R )

i ¥
~

-’ The major.advantage of this apporoach 'is that it permits

. the isolation: of antigens present in the whole cell membrane
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‘even Af some ahtiggns.may be embedded in the phospholipid
.bila}er-(Leong-g& al, 1977a, 1977b) . ’Thefe are a number of

repolts which  indicate cell surface antigéns ﬁrovoke

~— -

spec?fic "in vivo" and "ih vitro¥ cellular..and humoral

‘immune responses. These antigens have beén detected by a

variety of techniques including indirect membrane

'-immunofluorescgnce (Lewis et al, 1969, 1975 ; Léwis and

+

¢

Phillips, 1972 ; Phillips and Lewis, 1970 ; Moxton et al,

1968 ; Romsdahl et al, 1970 ; Potra et al, 1971 ; Leong et

al, 1977a, 1977b) ; coﬁplement dependent cytatoxic effects

of the .patients' seta (Lewis, 1967b ; Lewis et al, 1969 ;
Bodurtha et al, 1975) or of xenoantisera (Fritze et al, 1976
; Stuhimiller and Seigler, 1977 ; Hakim, 1977) against

sur face antigéns. Immunoadherence assay of cultured

melanoma cell lines -(Hiroshi et al, 1976 ; Seibert et al,
- . * L
1977), and lymphosyte cytotoxicity assay of mel anoma

patients against either melanoma cells 'fro?'established

P

cultures, or surgical specimen (Potra et’'ak, 1971 ; De Vries

o

et al, 1971 ; Narin et al, 1972 ; Hellstrom and Hellstrom,
1973 ; Bodurtha et al, 1516). Nevertheless, these ‘methods
‘could not possibly detect tightly bound antigens which are
not fully exTosed and are well inserted ,in. the membtane
matrix.’ '

-

A variety of. metheds has also been used to identify

. {f .
antigens once they are 'solubilﬁged, such as delayed

cutaneous hypersensitivity reaction (Stewart, 1969 ; Fass et

L9

»

'
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al, 1970 ; Hollinshead et. al, 1974 } Roth et al, 1976a,

197§o) } and leucocyte mlgratlon inhlbltion (Cochran et al,
1972 ; Segall et al, 1972, ; Flak _e_t al,  1973). The
solubiliiatioo technigques” included salt‘extractioq of the
cell"’sorface ,antigens and/or sonicationgof "the extracted
membrane components. MoreOver, .detergent yextraction. of
lactoperoxidase 1od1nated human melanoma cells in culrures
(Bystryn, and Smalley, 1977) ~and ‘also trypsinihation ofr

melanoma-associated antigens (Leong et al, 1977a)

a4 »

r

The diéadvantages of the‘ above techmdigues are the

[

following : 1) since cytoplasmic (Lewis et al, 1969 ; Morton

et al, 1968 ; Oettgen et al, 1968 ; Phillips and Lewis,1970

-; Romsdahl SE.EE: 1970) .-and nucleolar IMcbriae et al, 1972 ;

Bowen et al, 1976) me ano‘afagsociated antigeos” have been
reported to be preseot\in melanoma cells, tﬁey would be argo
released uLﬂh cell sur face antigens when. 3M KCl is befng
used (Bystryn and Smalley, 1977), and, in this condit1on,
moe&\g::bably onlyﬁloose1y~bound ant1genic spec1es wOuld be

released; 2) ‘iodination procedure would most poésibly detecb:

. those ant1gena which areg"%sfessible as well ‘as suitable

"o

(i.e. Having sufficiegt number of tyrosine residues)- for
lacvoperoxidase reaction, 3) enzymatlc,/;reatment would;
digest portions 4°f membrane antigens since active melanoma
cell memorane antigenic determinants ‘were .apparent;y
retained  after trypsinization (ﬁeongi et al, 1977a); and
finally 4) since the whole membranes are not being isolated

- ) \

~

-~
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‘Mater:.als and. Methods) allow&solublﬂzatlon 6f almost 1001 .

o

‘et al, 1978), they could be consideréd xesponsible for the

h40-44), rit is highly un11ke1y that they are HLA.aor other

and Figs. 21-24). On_ the other hand, the nature of the |

and utilized, some antigens may not have been detected. It

s { . - . "~ .
is also possible that. in the case of whole . membrane

Y

, isolation, sbme' antigenic materfﬁls mayn ‘be, lost during

. s /

isolation ahd washlng steps. .-
- ‘ + o e

Cbnsquently; the whole cell safface menbrénés used - in
S . o oo
this study may permit the identification of more antigenic
: , - .

determinants. not . detected by the above methods. * 1in
0 t

N - H
.-, . <

addition, the  solubilization technique (see"‘Part B,

L

-Q

of membrane ptotelns s;nce it has the advantage of salt

o . "

extraétion, sonication, and detergent solubilization.

..' i ) ' B ! N
From the foredo1ng results, the antigens isolated ' in

this study appear to be melanoma specific ant1gen% shared by
all melanoma patlents involved in the experiments areported
heré. With- respect ‘to the five (5) autologous system by

¥

thCh melanoma antigens, have been 1solated and used (tables

alioantigens.» - Moreover, the absence of ang" detectable
reaction between' the' isolated antigens and the  sera from

normai\gdntrols confirms the above .consideration, (table 47

detected\ antigens is still a question of considerable
importance.\ »Since  HLA antigens are the' strdngest

histocompatiﬂllity-ant1gens in man (Cunningham, 1977 ; Gill

obsetged cross—reactivgty, bpt, this possibility has been




virus-like

" melanoma

,posgible that

sera

cells as

Meianoma cell have often been shown to

1973a ; Hollinshead et

4

et al, 1976

RNA tumor viruses have been

Fritze et

partieleé,

: -»
Bystryn and Smalley, 1977).

with

.cells (Parsons t

reactivity among melanomas.

antigens.

Several investigator(,

——

tnese

from other

antigens

'support the nelationship to fetal

if such a poss1b111§y exlst

’
7

?

Phillips, 1972 ; Lewis et F‘ 1969, 1975

Phllllps and Lew1s, 1970

al, 1974-
al, 1976
also - reported
responsible

'antigené

(iewis, Lewis

Bodurtha

melanomas.

_ ruled: out ay the fact that‘%ntigens have been isolated in
autologous systems using pre—abeé:bed.sera with normal human
well as with a variety.of non-melanotic
carry both
‘“gnelanoma—apeéifie?and fetal antigens on their surface (Lewis‘
Hollinshead, }975 ;e
Hifoshi et al, 1976

In‘addition, the presence of
some-pioperties,in common with

some human

7
A

It is therefore

for cros's-

There is however no.evidence to

to virus-

It could be useful tQ test addltlonal
paﬁients in the same manner, as well as patients w1th cancer

than melanoma, and also fetal membraneg to detetmlne

and -

Everson and Cole,
et al,’ 1975 ';
t gl, '1977) have identified autologdas*ftﬁ;g.
'Patient'épecific) melnoma antigens which do not cross-react
ance isolated membrane
antigens in this study have been shown to react specif1ca11y

. against _patients':0 own sega as well as allogeneic sera from/”




P

[N

other melanomas, '(table’ 47 and, Figs. =~ 21-24), 'gge
N -

possibility- that, patient ‘specific\antigens‘have also been
g . .

2 - o .
isolated but could not be detected wiﬁp this approach, can

not"be ruled out+— For this reas;h. absorption of each

patient's serum ,/with autologous and allogeneic melanoma

-

cells 'should have been included before testing’the sera by

,c:ossovek—,immunoelectrophoresis , but this requires the

continuing . availability of the target cells, which was not

possible at the ‘time.

o -
&

3

The results presented here show the mélecuiar weight
species of the -purified plasma membrane antigéns from
five(?) melanoma patients to be in the range of 50,000 to
185,000 daltons, as revealed by SDS-polyacrylamide gel
electrophoretic studies (table 46 and'f}gs. 19,%0)ﬂ There

are seven (7)‘ molecular species 1in the isolated antigen

fraction from patient MC, six (6) from patients DO, DU, RO

A

and four (4) molecular species from patient OL. These"

v

differences could possibly be due to -"the Ffact that the

/

corresponding autologous sera ﬁsed for purification of tke
antigen.bf\éffinity chrpmatogrﬁéhy had di;ferent titers of
me&brane specifick antibodies, specially in " the case of
patients MC and OL, as shown Sy membrane immunoflporescence
technique*~ (table 23.' The changes in the antibody titer has

apparently reflected the protein‘ concentration of the

]

isolated antigens (table 45).

e,

B W Coe
¢ . g ’




i ‘Regardless of. the above differences,. the detected

; N ',protein species from all five (5) patients appear to " have

similar molecular wieghts, with a variation less than 200
. e \

weight species have also been detected in the original

»

plﬁsma membrane preparations, (tables 27-31).

. ' 1
. » «

Because of the small quantity of the tumor. cell plasma

”

?

membranes available from other melanofas.involved in this

-

species have been identified in soluble membrane preparatidn
. - |

These proteins have been assumed %to be melanoma specific
-4

»
Mt

‘major proteins .

S . . .
} A antigens, although they could bg\gubunits of one or more
L : ‘ :
F e

i ‘ -
It should be mentioned that the. molecular weight of

N

partial}y purified melanbma cell sdfface ahtigens have been

3 deseribed by some workers to be lower and;in the range of

about 10,000 to 40,000 for antigens prepared from-3M KC1l

; . Hollinshead et al, 1975) and of 40,000 to' 60,000 for”

antjgens isolated by chrométbgraphy of',urinel from some

~

. melanoma patients (Carrel et'al, 1973). -

¥

There are some other investigators who have reported the

- " molecular weight of melanoma antigens to be greater than
“\

. * ~

~ )

daltons in most cases; furthermoren the "isolated molecular -

. v - ' t o )
study, it has not bheen possible to isolate and." compare .

, anEigens from these patients, but similar molecular weiéﬁﬁ“'

R ‘from four (4) other melanotic patients ', (tables,¢3i-35).

: ) ;xtratts of melanoma tumor cells (Hollinshead, 1974 rj'
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200,000 daltons for antigens found in the tis§ue culture

medium of a single cell line after partial puriffbatiqn by

| chromatography (Grimm, et al, 1976 ), and of the similar

. . . T ‘ .
size, ¥Xor -altigens isolated by the same technique as.
» \ °

Hollin gad et al, (1974), froﬁ a fresh surgical specimen.

In addition, Bystryn and Smalley (1977) have reported the

'

molecular weight of lactoperoxidase-iodinated HMiture”’

melanoma cell surface antigens to be greater than 160,000
x

daltons. \\ - .

N

. Inconsistancies in the results coulg_bé due to 1) the
{Qifferent sources of tumor materials used, 2)£he differnt

effect of various solubilization techniques and 3)the
, .

existence of multiple patient-specific or melanoma-specific

v

and assogiated antigens. From an another viewpoint, if

v

. . . ,
fetal antigens are in fact found in “melanomas _the

. s .
contradictory results. could be due to the expression of

different fetal cell membrane antigens in different

s
v

patients.

‘The molecular weights of the dntigens presenteh in this

t

study seem to be close to some of the previous findings. ,

but still a firm conclusion cin not be drawn singé proteins
are dissociated into subuynits . duringy SDS—acrylamide: gel
electrophoresis. The _present 'reéulés ﬁowever' appear to
confirm some. of the prev}oué findings regarding the cross-

reactivity of membrane antigens jMorton t al, 1968 ;

-

Romsdahl et al, 1970 ; Potra et al, 1971 : Hollinshead et

- a a

+ P ' (
. ¢ . . A\ "
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al, 1974 ; Hollinshead, 1975 ; Grimm et al, 1976 ; Roth et
%y,. 1976a, 1976b ; Fritze et al, 1976 ; Hiroshi et al, 1976
: ' ; ‘Bystryn énd Smalley, 1977 ; leéng et él, 1977a , 1977b ;
- Seibert et al, 19?7 ;\§tuhiﬁillet and $Seigler, 1977),1 and
. also the recent obsefv;tion ?f Preddie et al (1977, 19784, .

1978b) which described the, isolatiOn of individually

. . specific aﬁdAcross—reactive melanoma antigens fro&ﬂa number

',k of melanoma patients by.aimggz the same overall approaches ,

. except that lactoperoxidase-iodinated tumor cells. were used

+

o

as’ starting material..’ The molecular weights of- gpe »

e >

iqginated° antigens were found to be of about 80,000.and~

[t

:
e

. - ' 124,000 by SDS-gel electrophoresis. The-’former' molecular

a ) ~ weight species does noﬁ'differ significantly from one of  the
, .

LEY

membrane antigens involved in this study.

N . , s

N

e,
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TABLE 1

FORMULAS FOR STOCK SOLUTIONS, BUFFER?, AND GELS

A.

Stock Solutions : o / ,

oK.

7
CON ACBIS © 10X CON BUFFER (PH 7.4),

Acrylamide (40q) 1.0M ris (40ml)
Bis (1.5q) ' 2.0M Sodium acetate (10ml)

Hzo-to 100 ml 0.2M EDTA (10ML) N
. Acetic acid to pH 7.4
- Hz'o to 100 ml
20% (W/W) SDS .
1.5% (W/V) Amponium pex:sulfate . ) »«i‘;&.“ .
0. 5% (v/NV) TEMED ‘
B. Electrophoresm Buffer (per liter) ’
10 x CON BUFFER (100 ML) -
20% SDS (50 ML) )
H O (850 ml)
C. Gels’ (per 10 ml of solutlon 5.6% in acrylamlde)

l
Con 'ACBIS (1.4 ML)
10 x CON BUFFER (1.0 ML)
20% .SDS (0.5 ML) . g
8”20 (5.6 ml) . -
175% Ammonium persul fate (1 0 ml)

0.5% TEMED (0.5 ML) ° &

~,

F3d
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TRBIE2 = " | o
———— i . . ' BRI ¢
summ OF MIF* RESULTS ON AUTO Mmm CELLS o
T T St e . i ’ C
- SERA .* RESULTS OF MIF TESTS : v ) . ;
» No,of Mnth . No. . MIF - ) o]
 PATIENT SERUM  BEIWEEN ' POSITIVE/  INDEX + # ) S "
L SAMPLE  FIRST AND - TOTAL TESTS %POSI’I‘IVE o .
. LAST" SERUM 3
- samples ’ .t .
Mo .c4-"% 2 . o 0% ; -
" UR 3 3 0/4 . 0% N
.UR 3 3 0/3° . 0%
GE, 4 1 - 0/4 0% S
PR .. 4 6 ° 0/4 . 0%. o ¢
TR 5° . 8 5/5 6-8% . . .
TU 0/ ! ’ 0/3 0% 4" v
CA 3 2 .3/3 /6-9%
co 2 1\ 22 13-14%
DO 3 1 \ 3/3 39-14% .
FE c1 - “0/1 Py a T
- OL - 4 1 - 4 15-25%
RO 3 *1 3/} s f'55-66% .
VE, 4 ", 2 4y 20~60%
MC 3 3 3 -7 60-75%
DO 48 1 ‘ 48T .. 35-65% o
BG . 3. \{ 3/3 [.> 39-40% °
. DIREC - Vo Y 0/1 0% .
*MIF =  Membrane Immunofluorescence. L T
+Index = Refers to, the lowest’ and the highest percent of .- . ‘
\ positively stained celgs at 1:4 serum ‘dilution. .
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v AMHONIOM SULFATE PRECIPfTAgRON -

MIF INDEX VOLUME  CON.*
OF S$POSTTIVE

vﬁmnmw CON.

PROTEIN 40% AM.SUL. PROTEIN

mg/ml

8 8 8 & &

* 30-7 =75

32
40

3
a5

" * = Concentration,
Ammonium sul fate




TABLE' 4
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FRACTIONS OF 40% AMMONIOUM
TED SERUM PROTEINS

EF
. SULFATE

PATIENT VE.'

mz

oD
280 FRACTIONS
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8%
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) TABIE 5 ¥ ‘
. ~ 4 ————— . s d - !
PATIENT MC. EFFLUENT FRACTIONS OF 40% AMMONIOUM
i " SULFATE PRECIPITATED SERUM PROTEINS 4," )

- oD ) oD . - oD
FRCTIONS 280 FRACTIONS™ 280 FRACTIONS 280 /

1 - 00 . 11 - 0.5 21 0.03 - .
‘L 0.00 12 1.2 22 0.01% .

2
3. 001 0.3 .23 0.02 e
L4 0.0 o 0.12, 24, /0.04 -
5 00 ¢ 15 0.08 25 0.06

6 0.0 16 " .008 2 0.08 .
7 0.0 Y 0:04 27 . 0.17
\8 . 0.0 18 0.03 28 0.06 S
9 0.0 19 0.02 29 0.04 -

S T ' . v ¥
“10-© 0.09 '-7}0. 0.03 30 .o0.02 .
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“ ' TRBIE 6 .- v -
PATIENT DO. EFFLUENT FRACTIONS OF 40% AMMONTOM Y,
SULFATE PRECIPFTATED SERM PROTEINS
@ ' r m B - ‘m )

280  .FRACTIONS' 280 FRACTIONS 280

0.0 11 0.03 22 - 0.04 ~ -
0.0 12 0.56 & 22 0.03

0.0 S 13 . .5 23 0.03 S
£ 0.0 14 ;.  0.51 24 © 0.06

0.0 - 15 . 0.2 25 0.10 ; o,

0.0 16 0.12 2. 0.12

0.0 .17 0.09 .27 " . 0.07

0.0 N18 T 0.07 28" 0.04 _

0.0 19 ' 0.06 29 0.04 4

0.0 _% 20 .. 0.05 30 0.04
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< o . TABLE 7 a
- PATIENT DU. EFFLUENT FRACTIONS OF 40% AMMONIOWM -~
. SULFATE PRECIPITATED SERIM PROTEINS ~ .
oD ‘ oD oD
FRCTIONS 280 FRACTIONS 280 -FRACTIONS ~-280
— —tp— e e e et —_— ‘ -
1, 0.0 1 00, 2 0.16 "
2 0.0° 12 0.0 22 0.15
? ° ;'\u
3 0.0 13 0.02 23 0.12
4 . 0.0 14 0.5 24, %8.10
5 .00 15 1.2 25 'o(oa
. 6 0.0 16 . - 0.85 26 } 0.06
g ' 7- 0o Y o2 2/ o.08
[ 8 0.0. 18 - 034 28 0.03
9 0.0 .19° - 0,25 .29 -0.03
} ) -
) c 10 0.0 - 20 0.2 30 .  0.03
E | . -
_ o
] L \,
: . = :
e
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N 1
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) TABLE 8- ‘
PATIENT RO. EFFLUENT FRACTIONS 'OF 40% AMMONIOUM
. SULFATE PRECIFITATED SERM PROTEINS  ~
. st Cl& CD .- oD .
FRCTIONS - 28 FRACTIONS ' 280 FRACTIONS 28D -
1 0.0 -1 0.12 = 21 06
2 0.0 12 0.4 22 0.06
& 3 0.0 13 0.61 23, 0.08 "
” 4 0.0, 14 0.7  24..  0.13 . v
‘ 5 0.0 - - 15 1,6 25 0.08
6 0.0+ 16 0.4 26 0.06
) 7 0.0 .17 S 0.12 , 27 0.04 ,
. '8 0.0 18 004 - 28 0.05 "
: 9 0.0 19 0.03 29  0.05
' 10  0.02 2 _  0.02- 30  0.05-
{
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. PATIENT OL. EFFLUENT FRACTIONS OF 40% AMMONIOM
- Lot SULFATE PRECIPITATED ‘SERUM PROTEINS

S FRCTIONS 280
T 1 0.0
. 0.0
- 37, 0.0
:‘ 4 0-0
5 0.0°
) 6 "°0.0
C 9 0.0
8 0.02
o 9 0.65
) 10, 1.4
“ I\ .
S N
' ; . °
— ‘ ) ) ) Q;
E. -a \ .
L] ‘o
-

, FRACTIONS = 280 FRACTIONS 280

oD

J

‘N 0.52 21 0.035

12 .~ 017 22 0.0

13 0.09 23 0.09

s
52 4

14 .0.06 . 24 . ° 0.1
15 .0.045 25 . 0.13
16 0.04 * 26 &  0.06

—

17 - .0.04 27 - 0.055

; J )

.18 0.035 28 0.01
. A .
19 0.025. 29- .01

20 - 0,04 30 ©  0.06
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o TABLE 10 o -
- ' i ‘
'PATIENT VE. IMMUNODIFFUSION ANALYSTS OF DEAE-CELLULOS
R SEPARATED SERUM COMPONENTS. (10p1/SAMPLE)
' AGAINST ANTI-H-S-P AND ANTI-H-IGG  »
0 BGAINST  AGAINST BGAINST  AGAINST
» + FRACTIONS ANTI-H-S-P* ANTI-H-IgG+ FRACTIONS ANTI-H-S-P }\NI'I—H—IgGI
11 - -. 38 v -
12 + + 39 b -
13 + T+ 40 + -
14 + + 41, .+ -
15 © 4 + ° 42 s+ . -
‘16 , + B 43 T4 =
17 + + 4 . + -
18 R + " 45 _h - r
19 + + 46 + -
20 +/- +/- a7 + Som )
21 +/- - 48 e -
¢ 22 +/- - 49 + -
26 + -\ 50 + -
27 + - , 51 4+ -
28 + - % 9 52 + -
34 o+ - 53 + -,
35 + - - 54 .+ - -
736 - #* - 25  + -
37 + - g6 + +
_ t ’=,A’Aﬂt'— man..serum=protein L] =k *
4+ = Anti-human IgG. ) _
- N \ . \ -
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; TABLE 11 N >
' . Iy
. : I i
C/ ' PATIENT MC. IMMUNODIFFUSION ANALYSIS OF DEAE-CELLULOSE ©
; SEPARATED SERUM COMPONENTS (10p1/SAMPLE)
AGAINST ANTI-H-S-P AND ANTI-H-IgG - ~
AGAINST AGAINST AGAINST  AGAINST
FRACTIONS ANTI-H-S-P ANTI-H-IgG FRACTIONS ANTI-H-S-P ANTI-H-IgG
9 - [
' 10 1 + 19 . +/- -
’ ' +) . + 20 " 4 S
12 .+ .+ - 25 + | -
. - 13- - + + 26 + c-
14 + o+ 27 e -
" 15 + ';' + . o+ 28 + -
.16 .+ 4/ 29 + -
17 R 7 e . - 30" +/- -
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) TABLE 12 >
- " PATIENT DO. MICROPRECIPITATION ANALYSIS OF DEAE-
: ' CELLULOSE SEPARATED SERUM COMPONENTS
o . (10u1/SAMPLE) AGAINST ANTI-H-IgG
X FRACTIONS ANTI-HUMAN FRACTIONS ANTI-HUMAN :
19G 1g9G “3,
11 - 17- + ]
, 12 + 18 - =
»
13 + ' 19 -
- Y - ) '
14 + 20 - , '
- g 15 + 21 - -
. i *
\‘\r\ 16 + * 'IgG +
. . .
\ ‘ ’
i ‘ " . -, ’
i ,
? n -
L : -
: |
i . . \ .
- _ . * (r‘
- A S .
- ) v
‘ ¢ »
) : _\ : - i ) _\ ¢ T
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[ - ' TABLE 13

.  PATIENT DU. MICROPRECIPITATION ANALYSIS OF DEAE-
st CELLULOSE SEPARATED SERUM COMPONENTS .
. (10u1/SAMPIE) ' AGAINST ANTI-H-IgQG .

£ FRACTIONS ANTIHUMAN FRACTIONS ANTI-HUMAN \/\

IgG . I19G

. ) ¢ i

13 - . 21" + -
14 + - 22 +

. 15 ' + 23 +

17 + 25

18 “+ - 26

19 4 .27

20 - + 196G




TABLE 14. -
PATIENT OL. MICROPRECIPITATION ANALYSIS OF DEAE~ b
- CELLULOSE SEPARATED SERUM COMPONENTS
‘ (10p1/SAMPLE) AGAINST ANTI-H-IgG

FRACTIONS ANTI-HUMAN FRACTIONS  ANTI-HUMAN
. IqG . 196
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« " TABLE 15
PATIENT RO. MICROPRECIPITATION ANALYSIS OF
I CELLUIDSE SEPARATED SERUM .'
: (10p1/SAMPLE) AGAINST ANTI-H~IGG
) FRACTIONS ANTI-HUMAN FRACTIONS ANTI-HUMAN
- 196G 19G *
< 10 - 17 + - .
4 V; o : )
1 “+ ', 18 + : |
’ - o, «' }
+ 12 + - 19 st i
13 Lt 20 R 7
. 14 + 21 -
' . [ ' ’ {
15 4 22 . - : i
. !
16 ¥ 19G +
. ¢ O - T .
- N .
. ) ot H
g hal
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R N
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ENZYME MARKERS ACTIVITIES IN PATIENT TUMOR
CELL 'PLASMA MEMBRANES (BAND 1)

5

PATIENTS FRACTIONS

5'-NUCLEOTIDASE Nat+ Kt ATPase G-6-PHOSPHATASE

*UNIT/mg UNIT/mg UNIT/mg , ‘
PROTEIN PROTEIN PROTEIN .
TR HOMOGNATE ©° 0.6 « v 0.06 N.D '
BAND 1 - 4.8(8)+ 0.49(8.2) -
CA 700 G SUPER- - . ! o
: NATANT | 0.138 0.75 N.D
BAND1 "% 1.41(10.2) 7.25(9.6) - CL e
co HOMOGENATE , 0.31 0.062 ﬁ)
BAND 1 4.08(12) 0.896(14.2) = - ° .o
PU  HOMOGENATE . 0.93 0.281 | 0.13 3
BAND 1 9.45(10) 2.86(10) 0.19(1.4)
OL  HOMOGENATE 3.5 0.2 0.05 - .
© BAND 1 30.9 (8.8) 1.36 (6.8) . _0.08 (1.6)
RO HOMOGENATE 0.46 . 0.21 N.D - |
T BAND1 7.8 (16.9) 2.18 (10.3) - /L
VE . HOMOGENATE 0.52  0.06 0.07
BAND 1 5.1 (9.8) 1.02 (17) 0.1 (2.7)
MC  HOMOGENATE 0.66 0.11 0.032
BAND 1 ° 9.16 (13. 8) 1.9 (17.2) 0.10 (3)
DO HOMOGENATE 0.46 0.24 0.09 )
. BAND 1 16.6 (14.3) 4.1 (17) 0.10 (1.1) \
* =  The unit of act1v1ty is defined 1n'part B (Matenals and Methods)
+ = The values in brackets represent an increase in specific act:1v1ty

over’ that of the homogenate

-

¥

-
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TABLE 26 . )
. . —
MARKER PROTEINS FOR MOLECULAR WEIGHT
DETERMINATION
PROTEIN MOL,. WP OF MOBILITY  AVERAGE
POLYPEPTIDE MOBILITY
CHAIN (M) T {CM)
Ribonuclease (3) 13,700 0.98 0.985 + 0.5%
- . 0.99
Chymotrypsi_pogen(A)* 25,000 0.86 0.86 + 0.0%
. s 0.86 s
Ovalbumin 45,000 0.65 0.63 + 3.1%
" 0.61
Serun Albumin 68,000 0.52 0.515 + 0.9%
»* 0051 :
Aldolase 40,000 0.68 - -
' //— e
B-Galactosidase* 135,000 0.2 5 - I

exist as oligomers.

/-~

* = Indicates proteins v(rhich, ‘under native conditions,
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TABLE 27

/ o

DETERMINATION OF THE MOLECULAR WEIGHTS -
OF THE POLYPEPTIDE CHAINS OF TUMOR CELL PLASMA

ol o

w©

pmmns FROM PATIENT RO

NO.OF MOBILITY MOLECULAR NO.OF MOBILITY MOLECULAR

BANDS  (QM) WEIGHT ~ BANDS  (CM) WEIGHT
1 0.0 350,000, 14 0.523 68,000 '
2 ,0.055 340,000 15 0.569 56,000
3 0.085 310,000 16 0.587 55,000
4 0.128 2'60,090 17 0.597 53,000~
5 0.183 215,000 ia—* —0:633 ~ 47,000
g7 175,000 20  0.688 38,000
8 0.275 160,000 21 0.734 33,000
9 0.321 135,000 22 0.78 28,000
10 0.358 120,000 2 0.799 27,000
11 0.394 110.000 24 o.szé - 24,000
95,000 25 0.872 21,600,
77,000 26— 0,918 18,000
/
’ ~
. )

.
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L _TABLE 28 ;
DETERMINATION OF THE MOLECULAR WEIGHTS OF THE - : _

.\ POLYPEPTIDE CHAINS OF TUMOR CELL PLASMA MEMBRANES | 2

§ FROM PATIENT DU. o ¥

a i
. , -
.

NO.OF  MOLECUIAR NO.OF  MOLECULAR

BAND WEIGHT BAND WEIGHT J
_} 1 350000 15 85,000 R
o 0 .2 325,000 16 73,000 |
§ ' 3 320,000 17 62,000 ‘
275,000 18 58,000

b 5 ° 220,000 . 19 51,000
' 6 20,0000 ' 20 47,000 i
| L7 185,000 - 21 42,000
f & 170,000 22 39,000
’ ] 9 160,000 ' 23 33,000

10 146,000 24 29,000

,u 137,000 25 27,000 ¥
12 122,000 26 24,000 )
13 110,000 27 18,000

14, 95,000 . 28 14,000
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_TABLE 29 ‘
DETERMINATION OF THE MOLECURAR WEIGHTS OF THE
POLYPEPTIDE CHAINS OF TUMOR PLASMA MEMBRANES
‘ FROM PATIENT OL.
NO.OF  MOLECULAR  NO.OF  MOLECULAR
- BAND | WEIGHT BAND WEIGHT.
1 350,000 12 100, 000-
:______—————r—~f——9§f*~‘*’”‘i‘“”"35376667”#”~_~i§~7"' 88,000
RPN 300,000 14 86,000
4 255,000 . 15 62,000 .
. // - 5 216,000 ° 16 48,000
— 6 185,000 17 40,000
g 7 175,000 18 34,000
i " 160,000 19 27,500
) 9 . 140,000 20" 21,000 .
10 122,000 21 18,Q00 F
1 108,00 22
) ‘
- S r ~
S
O )
-
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¢ ' TABLE 30

DETERMINATION OF THE MOLECULAR WEIGHTS OF THE
POLYPEPTIDE CHAINS OF TUMOR CELL PLASMA MEMBRANES

. FROM PATIENT MC.
,  NO.OF  MOLECUIAR  NO.OF MOLECULAR
- BAND WEIGHT BAND WEIGHT
1 340,000 15 7,000
. 2 230,000 16 67,000 i
3 190,000 17 61,000
4 175,000 - 18 55,000
5 170,000 19 50,000
: ) 6 160,000 20 47,000 .
7 145,000 21 44,000 _ -
. 8 . 130,000 _ 22 39,000
9 117,000. 23 36,000
10 100,000 24 33,000 / \
' 1 8000 Afé 28,000
12" 84,000 26 24,000
13 79,000 27 20,000 }
- " 147 \.76,000 28 17,000
- N

BRI - 5 1y 15 uoiawaba s o st a Bulas tw
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TABLE 31
DETERMINATION OF THE MOLECULAR WEIGHTS OF THE
CPOLYPEPTIDE CHAINS OF TUMOR CELL PLASMA MEMB
FROM PATIENT DO. :

NO.OF  MOLECUTAR NO.OF  MOLECULAR

BAND WEIGHT BAND WEIGHT
- o 1 360,000 ' 11 ”_/jgz,ooq
s 2 275,000 12 76,000
oA T 3 227,000 13 64,000
' ' 4] 185,000 14 59,000 5 . .
5 180,000 15 50,000 -
6 160,000 16 41,000
7/ "140,000 17 . 34,000 N
8 128,000 18" 29,000
9 108,000 19 24,000
‘10 100,000 20 22,000
B \
' t
S TN
!
‘ .
\ y




TABLE 32 - ..

DETERMINATION OF THE MOLECULAR WEIGHTS OF THE
POLYPEPTIDE CHAINS OF TUMOR CELL PLASMA MEMBRANES
o - FROM PATIENT TR.

e

NO.OF  MOLECULAR = NO.OF MO -
+ BAND WEIGHT BAND WE . '

350,000 \13 71,000

280,000 14 67,000
“ 240,000 15 57,000
190,000 16 §3,000

-

1

2

3

4 .

5 180,00 17 43,000
6 .

7

8

9

137,000 18 36,000
116,000 - 19 33,000

- 110,000 22,000
93,000 | © 18,500
10 85,000 13,700

B4

LA 77,000
12 74,000
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DETERMINATION OF THE MOLECULAR WEIGHTS OF THE
POLYPEPTIDE CHAINS OF TUMOR CELL PLASMA MEMBRANES

FROM PATIENT CA.

132

TABLE 33

NO.OF  MOLECULAR

NO.OF MOLECULAR

BAND - WEIGHT BAND WEIGHT
1 35,000 14 66,000
2 255,000 15 ° 62,000
3 230,000 16 56,000
4. 190,000 17 46,000
- s 170,000 18 41,000
6 150,000 19 38,000
7 140,000+ .20 32,000
8. 130,000 21 29,960
9 115,000 22 26,000
10. 107,000 23 23,000
11 97,000 24, 20,500
12 92,000 25 14,000
13 75,0601 |
°* \ i
q
. .
N "o,
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TABLE 34

et e e

DETERMINATION OF THE MOLECULAR WEI OF THE
POLYPEPTIDE CHAINS OF TUMOR CELL PIA%PANES
' FROM PATIENT CO.

NO.OF  MOLECULAR  NO.OF  MOLECUIAR

BAND ©  WEIGHT BAND WEIGHT
! 350,000 14 87,000
2 330,000 . 15 81,000
3 315,000 16 74,000
4 288,000 17 62,000
i 5 235,000 18 55,00
6 220,000 19 48,00§
7 + 195,000 20 42,000
g 170,000 21 ' 39,000
9 145,000 22 33,000
10, 125,000 ©23 . 28,000 -
. 11 110,000 " 24 24,000
12 100,000 _ 25 - 21,000
13 97,000 . 26 17,500
N _
) \
ﬂ ! "s'i '
o *®
N | .




TABLE 35

DETERMINATION OF THEMOLECULAR, WEIGHTS OF THE
POLYPEPTIDE CHATINS OF TUMOR CELL PLASMA MEMBRANE
*  FROM PATIENT VE. ‘

L] )

' MOLECULAR ~ NO.OF  MOLEGULAR
WEIGHT  BAND  WEIGHT

-

350,000° 14 65,000

340,000 15 62,000
320,000 . 16 7 54,000

310,000 17 44,000

¥

" 275,000 18 39,000
225,000 -19 33,000
130,000 G 20 . 29,000
160,000 21 27,000
140,000 22 24,000 |
120,000 23 21,000
115,000 24 18,000
85,000 4 14,000

9

74,000 .

A e,

"
X
5
%
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. TABIE 36. .. : )

RESULTS OF DOUBLE DIFFUSION AND CROSSOVER -
IMMUNOELECTROPHORESIS ON SOLUBILIZED MEMBRANE
/\ - FRACTIONS AND AUTOLOGOUS PATIENT'S SERUM o
: , ‘ . IMMUNOELEC=
. ‘FRACTIONS . ", - DOUBLE DIFFUSION TROPHORESIS
", KCl extraction o - L N
Supernatant - . * - oo ' -
~ Precipitate- - L - e°

Sonication & KC1 extraction ' : ’
Mixture . . L ) . o+ . -
Supernatant : . - . “+

* . Precipitate i '

+ SpS-solubilization
. Mixture
*  Supernatant :
v Precipitate .

v =3

Triton Solubilization  ~

Mixture
Controls. o . Coe
. .IM KC1
1% Triton X -100 ’

">  Glycine-HCl
Anti-Human IgG
Cytochrome anti-

\ cytochrame oxidase

e e o o e W
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FRACTION

TABLE 37. T

_.___.\_.-—..° ’

IMMUNODIFFUSION AMALYSIS OF SEPHADEX G-200
SEPERATED MEMBRANE PROTEYNS (101/SAMPLE)
AGAINST ANTI-HUMAN-IGG S

: { N : R g \
WBMIEEIJSICN II)UBLE DIFFUSION DOUBLE DIFFUSION
AGAINST ANTI- -  AGAINST-ANTI- AGAINST VE SERUM

HIMAN-1gG HOMAN-IgG T —
(ACIDIFIED) (UNACIDIFIED) {BOTH)
R £
o+ - ‘ !
\\ + . 7 T LN -
+ N Y . ~
. '/ { \' - - -
oo . - | -
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" TABLE 38
IMMUNODIFFUSION'AND CROSSOVER IMMUNOELECTROPHORESIS

ANALYSIS OF SEPHADEX G-200 SEPARATED MEMBRANE
PROTEINS (20ul/SAMPLE) AGAINST ANTI-HUMAN-IGG AND

PATIENT VE SERUM

s

- ~ .
DOUBLE-DIFFUSION IMMUNOELECTROPHORESIS
. oD AGAINST AGAINST
- - FRATION " 280 ° ANTI-HUMAN IgG VE-SERIM
1 0.0 - T = -
2 5.0 - -
3 0.0 - o
4 0.1 - -
5 0.19 + -
6 0.2 + - .
S 0.195 - + -
8 0.165 - +
9 0.32 - +
10 o 0.37 - . H
g 11 0.21 = \ +
12 7 0.29 . - c +
13 0.20 - +
” 14 0.155 - +
- 15 0.105 - +
16 0.055 fom +
17 0.04 - +
’ . - 18 0.09 -7 to+
‘ 19 0.06 - - -
20 0.05 . - -
21 0.06 - -
22 0.05 - -
23 +0.09 - -
g ‘ /.o 28" 0.04 < 7
. .25 0.02. . - . Ll
'26 0.07 -~ : -
.27 '0.05 - -
. 28% 0.05 - - N.D,
29% 0.05 - N.D.
’ H-igG - + -
ANTI-H-IgG - - ++

* = Peak Fraction 2 & 3 against eluted "in v{vo"-bomd
* = IjG molecules ;

“““““““
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. PROTEIN CONCENTRATION OF AUTOLOGOUS IgG AND . '
** PUMOR CELL PLASMA MEMBRANES USED FOR THE RUN
JOF AFFINITY CHROMATOGRAPHY )

mg IgG USED VOLUME  CON. OF. TOTAL '
: FOR BINDING SOLUBILIZED SOLUBILIZED FROTEIN Co :
. PATIENT 1TO SEP 4B . MEMBRANES  MEMBRANES

(nl) m/l (n)
A 12 L0 2.4 2.4 e
0o 10.4 1.8 ‘1.4 2.52.°
o 1296 0.6 - 35 2.1
. OL 9.75 0.7 3.5 2.45 !

. R . 13.5 0.6 - 4.3 " 2.58
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AFFINITY CBOROMATOGRAPHY FRACTIGNS OF THE AUTOLOGOUS
SOLUBILIZED PLASMA MEMBRANES FROM PATIENT DO. -

PRy

FRACTIONS \m.m-m'rmn@s VOLIUME _OD
{ml) 280 (ml}) 280

FIRST WASH

v 0.0

O.gOHU!
w

G AN -2

0
0
0.
0
0

~!
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t X

v

WO IO N b=

2 & 2 8 38 8 8 &8 & 8 8W
T
]

A

e. @

w
<
X

coooe
°888%

oo
2o

4 3 &8 5 &8 &8 s % 8 8 8 3 s ¢8
~

8 " 5 8 8 3 2 8 8 §S 8% 838 8 » B
=
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TABLE 42

A

AFFINITY CHOBSMATOGRAPHY FRACTIONS OF THE AUTOLOGOUS

MEMBRANES FROM PATIENT OL.

.SOLUBILIZED

FRACTIONS VOLIUME OD FRACTIONS VOLIUME OD

(ml)

280

+ (ml)

280

FIRST WASH

<*A ™~

o (=N~ [~ X~
*8 8 8 ‘' B 2 5 8 8 e & & 0 o o
o OO0
* '
n T
Mz & 8 Ool"..l....l

s+ s o s s eE E E R EE R B R
OO0 QO ,.
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MONMLNO~S0ON

A
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Qo

s o ofg % B & B
000;. .

s
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g TABLE 43

AFFPINITY CHOROMATOGRAPHY FRACTIONS OF THE AUTOLOGOUS
. SOLUBILIZED PLASMA MEMBRANES FROM PATIENT FO,

"FRACTIONS VOLIUWME. 0D FRACTIONS VOLIUME OD

4 (ml) 280 (ml) 280
FIRST . »
1 3 7 0.07 25 3 0.0
2 i 0.0% 26 * - ®
3 . 0.2 RCNS-APPLIED ' ’
LY = 0. 27 0.6 * i
5 - 0.05 28 . -
6 " 0.0 ‘29 - . ¢ . *
7 ‘ ] - 30 [ L]
‘ 8 ] [ ] 31 - - ) .
9 . .. 32 - 0.01
C AG-APPLIED 33 - 0.08
Y 10 . 0.12 34 - 0.04
11 . 0.41 35 y 0.03
12 . 0.4 36 - 0.02
13 . 0.35 37 . 0.01
\ 14 . 0.2 38 - 0.0
© 15 . 0.1 39 . v
16 . 0.01° 40 " . ,
17 . 0.0 41 " »
, 18 » L] " ‘2 . » »
19 L} n ‘3 - ]
20 L] L} “ ] n
/\ . 21 L] [} 45 . L] N
- -.’ 3 22 » L} ‘6 - [
23 L] " ‘7 » L J
2‘ L] ] ‘B - ..
\
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’ 3 TABLE 44 | 3

SOLUBILIZED PLASMA MEMBRANES FROM PATIENT DU.

FRACTIONS VOLIUME OD FRACTIONS VOLIUME OD

(ml) 280 ¢ ‘ (m1) 280" . {
FIRST wasH ’ ‘ \
1 3 0.13 24 3 0.0
2 . 0.27 KNCS-APPLIED ,
3 - 0.14 25 0.5 . _
‘ 4. . 0.05 26 . . |
¥ , .5 . 0.0 27 - . : !
[ ] »n [ ] [ ]
B 8 . . 30 . 0.05
I 9 " " k)| . 0.09 \
- AG-APPLIED 32 . .04 - A
5 107, .. "o 3 . 0.03 ¥
4 11 » 0.06 k! " 0.02
12 . " 0.46 35 . 0.01
X - 13 . 0.45 36 . 0.0
14 " . 0.4 37 L . '
15 . 0.26 38 » .
16 " 0.13 39 . . :
17 = 0.08 40 LS " .
18 .. 0.0 41 . »
19 -~ " . 42 " \ "
20 [ ] - 43 [ ] » “
21 . . 44 . "
’ 22 ] [ ] 45 £ [ ] 4 L ]
‘n L]

[
(=4
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' TABLE 45
E 1 *
; : ' PROTEIN TION OF ISOLATED ANTIGEN FRACTIONS

BY AFF| CHROMATOGRAPHY

VOLUME OF: , '
CONCENTRATED
PATTENT FRACTIONS . PROTEINY CONC.
. om - ¢ ma/ml
] / , o 0.5 0.1
- - 0.5 "0.22
oL 0.75 0.133
e .
J O 0.5 0.22
o’ 0.5 - 0.16
\'}-’Q‘
4
\
|
» o
/ - P
" |
] O ‘ |
[).
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TABLE 46

MOLECULAR WEIGHTS OF THE ISOLATED TUMOR CELL L
PLASMA MEMERANE ANTIGENS ‘ :

| PATIENT NO.OF MOLECULAR

PATIENT NO.OF ' MOLECULAR

_ W N

185,000

176,000

75,000
66,000

= BAND  WEIGHT . BAND . - WEIGHT
o 1 177,000 B ¢ 1 185,000
2 160,000 /i 170,000
3 ., 75,000 -3 91,000
4 }64,000 4 73,000
s ™ 57,000 ‘ 5° 66,000
6 50,000 6 56, 000
M 1 1,00 1 183,000
2 160,000 _- 2 175,000
3 73,5000 "3 93,000
4 66,000 © 4 1,500
s ' 61,000 5 55',006‘
‘ 6 .57,000 6 57,000 -
7 50,000




.®

L

»

146

TABLE 47

CROSSOVER IMMUNOELECTROPHORESIS ON ISOLATED MELANOMA

CELL MEMBRANE ANTIGENS

8
-

PATIENT - , PATIENT &
SERA ANTIGEN MEMBRANE POSITIVE SERA ANTIGEN MEMBRANE FOSITIVE
FROM FRM  ANTIGEN REACTION FROM FROM  ANTIGEN -REACTION
- Mg - pg
DU il 3.2-4 + NORMAL (1) DU 3.2-4 -
. DO DO 445 4 NORMAL(2) . " . -
MC MC 2.4-3 + NORMAL (3) " . -
RO RO 4.4-5 + NORMAL (4) " -
OL OL 2.6-3 + NORMAL(S) DO’ 4.4-5 -
DU Do 4.4-5 + NORMAL (6) . . -
DU MC 2.4-3 + NORMEL(7). ™ -
DU RO . 4,4~5 + NORMAL (8) " . -
MC RO 4,4-5 + NORMAL(1l) . MC 2.4-3 -
MC o 3.2-4 + NORMAL (2) " . -
MC OL 2.6-3 + NORMAL(3) ' *® " o
D . 3.2-4 ¥ NORMAL (4) - " -
Do’ Mc 2.4-3 + NORMAL(5) RO 4.4-5 -
D0 RO 4.4-5 + NORMAL (6) . . -
R M 2.4-3 . NORMAL (7) - . -
RO OL 2.6-3 + NORMAL(8) - . -
RO Do 4.4-5 + NORMAL(1)  OL 2.6-3 -
oL Do 4.4-5 + NORMAL (2) " . -
OL .u 3.2-4 + NORMAL(3) . .- -
oL .MC 2.4-3 +- NORMAL (4) . " -
: ANTI-H.IgG*  H-IgG +H
. , ANTI-C-O** c-0 - £+
* = Anti-Human IgG o
** = Anti cytochrame oxidase .
‘ N
, R
g ,
]
—t » /
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Ab conjigated
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'Fig.l. Diagramatic Summary of the Direct

Tamunofluorescence Technique. ) . /
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[

Serum antibody

Ab/Ag complex .

.OOO

&
, Ab/Ag Q
; Antiserum  Anti-human
: complex gommao -giobulin
. P conjugoied fo
fluorochrome

Specific wavelength
light stimulation

( I 0000 )
_a.. .A. D Fluorescence

"OG'

) Fig.2. . Diagrammatic Summary  of the “Indirect
Imnunofluorescence Technique, DQ\
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‘Q-\Q\\ membrones Qﬂfgr ) YKCNS P
‘ al . ’ b c ,
F')‘ *f . = o . -o -
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. r’”‘G 4 e, Ce- Asticen & O%‘ [
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Fig.3. Diagrammatic Summary of the Affinity Chramatography. i
Melahama IgG was bound to CrBr activated Sep 4B, t
.after washing® the column; solubilized membrane was . ;

pour

onto the column

(a).

The - antigens were

retained by the fixed- IgG molecules, whereas all
other ' proteins were washed away completly (b).
Finally the antigens were freed fram IgG molecules
by eluting the column with 3M KCNS (c).
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- ‘ FRACT!ON NUMBER .
Salt Gtadient Elutmn of Imnurplobulm G fran DEAE—-
Cellulose Colymn. : '
The column bed was 20 X 1.5 cn. the starting ‘buffer ' -
was 0.01 M xpo Nggl-; adient consisted of ,.»:'
0.005 M and in’ the s ting buffer.”” The o} -
flow rate was of about 12 mi/hr. ‘Anti-human IgG and . .
-anti- ruh proteins were-used to localize IgG
to its réspective peak fraction (i e. Peak No.l) .




Fig.5. Immunodiffusion-of Isolated IgG Peak® Fractions (see
Pigi4ipfrom Patient (VE) Serum Against Rabbit Anti—
- Human IgG. . .

1) fraction No.ll; 2) fraction MNo.12; 3) fraction

No.13 4) ooncentrated IgG positive fractions; 5) °
fraction No.15; 6) commercially prepared human IgG;

.} anti~human Ig9G.




<o Fig.6. Immunodiffusion of Isolated I1gG- éeak : actions’ (kee
- Fig.4) from Patient (VC) Serum Againstl Rabbit Anti-
Human IgG. ’

'
w
]

1) fraction No.10; 2) fraction No.lll: 3) fraction
No.12 4) concentrated IgG positive fractions; 5)
fraction No.13; 6) commercially prepared humin IQG;
7), anti-human IgG. : .

»

«

~
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Fig.7.  Immunodiffusion of Concentrated IgG Positive
Fraction fram Patients (VE) and (MC) Sera »Against )
. Rabbit Anti-Human Serum Proteins.
1) Concentrated IgG positive fractions from- patient
(VE); 2 and 4) Commertially prepared human IgG; 3) ° I )
Concentrated 19G positive fraction from patient ‘
(MC); 5) Rabbit anti-human serum proteins. N .
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Cells or Tissue

\ l!omogen.iud in Buffer.(0.2M Sucrose, 0.2mM
MgSOy, S Tris-HGL pH 7.5)

e

B
Centri ed 700xg,
a4 4

/ ' 1
Supernatant . Pellet
1y ' o
‘ Re-homogenized

790Xg
10min.

s

-+——C ombine-————-—Su% ernatant

7000 x g.
10 nin.

Supernatant
(1II1)

10,000xg
10 nin.
{ -

+

! ', Supernatant
. ; . (v) .

\ Crude Mémbrane - Pellet °

Diagran I)Q’ustrating Fractionation Procedqre for the
Pteparati of Crude Tumor Cell Plasma Membranes.
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42.9% |

. v

RN
48.45°
A

Fig.9. 'Sucrose Density Gradient Centrifugation of the
‘ 200,000g Precipitate (Plasma Membrane Enriched

Fraction).

~a v Centrifugation was performed at' 66,000g for 75 min;
" protein bands were collected and examined for enzyme

marker activities. -

3
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- Fig.12. Calibration Curve for the Determination of| the
Molecular Weight of the Polypeptide Chains of|Cell .
Surface Membranes. . -
, T : The six marker proteins were alactosidase, |BSA
. . ovalbumin, lciola:fse, chmo%r—gpsinoggt)i () and

ribonuclease (A). All proteins were run!/ on
. ) duplicate gels.except B-galactosidase and aldolase.
- ‘\ . Higher - molecular weights were estimated|

extrapolation of the calibration curve.
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Fig,13. ' SDS-polyacrylamide Gel Electrophoresis Separation

of Tumor Cell Plasma Membranes of

Metastatic
Melanoma Tissues. .

o

. Gels were stained with <Coomassie brilliant blue.
- Sample loads were approx. 150 pg. From left to
right melanoma cell membranes were from patients 1)
RO; 2) VE; 3) DU; 4) TR; 5) CA; 6) CO; 7) MC.




Fig.14. ' Crossover Immunoelectrophoresis of Solubilized
Plasma Membrane Antigens from Patient” (VE) RAgainst
the Autologous Preabsorbed Sera. :

) Well No.l and 2, patient (VE)' séra preabsorbed with

" . s« normal humant spleen cells and a variety of
nommelanotic cells; well No.4 1M KC1 extract of
plasma membranes from (VE); Well No.3 1M KCl -extract
of sonicated (VE) plasma membranes.
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Fig.15. Immunodiffusion of Fractionated Membrane Bound IgG, ' .
o Through Sephadex-G200, Against Anti-Human IgG.

Well No. 1 and 2 fractions; Well No. 3 human IgG; .
. Well No.4, 5, and 6, fractions 3,4 ‘and 5; Well No.?7, '
, rabbit ant:i-vhunan IgG. b
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.17. Crossover Imnunoelecttophoresig of ‘Plasma Membrane
Proteins’ (Fractignated Through Sephadex G-ZOO) of
Patient' (VE) against the autologous serum.

. Well No.l, 2 and -3, preabsorbed ser; from patient
£

(VE); Well No.4, 5 and 6, contained’ fractions 10 12
and 18, eluted from-Sephadex column, i




FRACTION NUMBER

- Fig.18. }\ffinity' Ch}anatogrilphy' Profiles: of Cell Surface
) Antigens from (5) Melanoma Patients.

1

First peak is the uhbound IgG molecules eluted after
" the first wash with 50 column volumes of 0.01M Tris-
HQ1 pH 7.4 containing 0.15M NaCl. ' The ‘second. peak-
icates the unretardpd membrane camponents,,

e third peak -is the“antigenic x;r\oleculel freed with
KCNS. ' - T .
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Fig.19. SDS-polyacrylamide Gel Eleétfoéhoresis of
' Cell Surface Antigens Eluted From Autologous IgG

* Affinity Colunns{ ’ R
s A bromophenol blue tracking dye was: used in each

. preparation. Sample loads were approx. 25 jug.

L ) Bands” were staired with Coomassie brilliant blue.
JFrom left to” right antigenS were isolated from

- . Ratients 1) DO; 2) RO; 3) DU; 4) OL; 5) MC.
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' Fig.20. Diagramatic Presentation of Molecular Species of

the Purified: Tumor Cell Surface Antigens, Eluted
fram Autologous Affinity Columns, as Revealed by
SDS-polyacrylamide Gel Electrophoresis for'the Run
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7 Fig.21. Crossover Immunoelectrophoresis ' of  Surface ¥ T

. ' Plasma Membranes by Mitologous IgG Affinity Column, -

AT ‘ Antigens, Isolat From Patient (MC) i'mnor Cell .., oo
’ ' Against Allogé{sei Mé}an&tic Sera/. RN @ « -

’ 1) Preabsq;betgi s}erun fromy“{datient (DU);  2)°

: _ Preabsorbed serum from pati;gng: (DO); 3) Preabsorbed .
AR R (O g serum from patierit. (RO); -4) Preabsorbed serum from:
o ., patient (OL); 5, 6, 7, ‘and 8, purified melanoma - B

\’ . antigens fram patient (MC). o ' : :
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oxidase; 6,7,8, and"9, .purified melanama -antigen; 3 ERN
Cu L 10) Cytochrane oxidase., - oo -
t R ' . o . .
v ?‘ . . ? , ‘ .J ) :"“ e
& ' ‘ . B R " GZ “ w e iy : , —



/

Crossover Immunoelectrophoresis of Surface
Antigens, 'Isolated froh ‘Patient (DY) Tumor Cell
Plasma : Membranes by Ausologous IgG - Affinity
Chramatography, MAgainst Allogeneic apd the
Autologous Melanotic Sera. -

Well No. 1, 2, and 3, preabsorbed allogeneic sera
from patients MG, DO, OL ; 4) Autologous sera from

(DU); Well No. 5,

. 6, 7, and 8, purified -antigens
from (DO). /" : . '

3
4
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Fig.24. Crossover Immunoelectrophoresis of Surface Antigens _
(Isolated from Patient DU Tumor Cell Plasma Membrane. :
by BAutologous IgG Affinity Chromatography) Agasnit")\

Normal Controls.
“1) and 2) Anti-Hfnan IgG; 3) /and 4) Normal human
sera (1) and (2); 5) and 6) Human' IgG; 7) and 8)
Purified melangua antigens from patient (DU).
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