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Organ .pecific neoantige~ (OSH) i •• hed from cancer of patienta .ith 

metastatic lung cancer and i. filterad into the urine. The OSK .a. purified 
\ 

and ~haracterized by phy.icochemical meth~d •• , 081 aitivity .a. detected by 
,. ' 

the blocldng of the tube LAI a .... y.. TWO different,. methods are deecribed for : 

ilolating the OSK. By both proceduree material wa.'ilolated that conai.ted 

of three' to four po1ypeptide chain. in the molecular weight range of 43,000 

to 31,000 dalton and 'tba.t had bigb OSI activity. Urinery protein Îl:olated, 

from normal lubjeet~ by tbe ... e ~thods did not'bave OSR activity and àlso 

lacked tbe 3~JOOO mol. wt. protein. tsaunoprecipitation .tudies vitb 

specifie antilera did not sbow tbe presence of 82 mi roglobulin' orBLA 

molecule. in'the 08M material. Furthermore, 
4; 

~r a.sociated aniigena 
~ 1 '. 

such aa carcinoembryonic antige lactoferr' and 
, ','Il , 

al antiehymotrjp.in were 

absent from the final isolate. '" 
Material containtng t~ ~~lOr OSI i'-. Jlycosilated and bal a pl ofi.· 

t 

5.0 to 6.0. By tve.dîmen.io electrophore.i. tbe OSI maCerial wa. 

, heterogeneou. .howing 18&ny pH of 6.2 to 7.2 but aU liad a 

" molecular veight of 31,000 dalton. ,. , 
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,~. Un n'oantigfne .p'cifique ,1 un organe <,RSO). est lib~r4! par de. cellulel 

c~ne'reu.es de p.~ient. porteurs d'un e~ncer mêtalt.tique du po~n et'é.t 
. '/ ., 

r~ dans ·le8· urines". ~ NSO a 'ti iloM et Purifi.f, par des ~thodes . . , 
! 

icochi~ques. L'activit~,du NSO a êt~,d'celêe par bloquag~ du·te~ 

ibition d'adhdaion leucocytaire. Deux mfthodee difftréntea odt dt4!' 
. 

d~crites pour iloler l~ NSO. On a pu i.oler par ces d~ux proc'durea des -

substances consistant. de ttoia, 1. quat,re chaines 'polypeptid~que8 dt un poid~ 
~, # . . 

;lDoUeulaire de 31,000 a 43',000 'dalton avec haute ,~ctivid NSO. De. 

prot~ine8, urinaire obtenues de sujets llormaux par les mimes moyens 'nt avaient 

pas d'activit~ NSO, et ne contenaient' pal la prot~ine de poids mol~culairè 
.' 

31,000. Des êtudes d'ilDlllunopr4!cipitation aveè des anti-s'rums .p4!cifique'a 

n'ont pas dêmontr' la Rrêsèfice de 62 microglobuline ~i de lDo14culea RLA dans 
!' -

le m4t4rie'1 NSO~ D~~ivPl,..a~ les antig4lnea associh au cancer du poUIll~ri tels J , . 
l' ant igane c&rc inoelllbryo&l!nique, 'la làcto~errine et l'al a,nt ichymotryps ine 

Ataietlt absents, du 1II8t'riel raol'. 

Le madriel contenant le NSO du C4ncer du poumo,n elt glycosi1~ et a un 
" 

point i8o'lectrique de to 1 6.0. Au moyen de l!'lectràphorêae sur gel .l 

deux ,dimensions le N80 parait hft'rogêne, montrant plusieurs tacqes variant 

d'un pH ~e 6.2 l 7.2 ma~s'~yant un poids molkulaire' de 31 .. 000 dalton. 
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1. 

Since the turn of the century when Ehrlich Ipeculated tht tumofl may 

be ~ecognized a8 foreign by their host and subsequent!y rejected. efforts 

have been made to identify the relationship of the i\1lDune response to 

ma lignant disease. In its early years the field of tumor - 111111\unol08Y was 

hampered because in the early. experiments which used tumor reject ion as an 

assay. the rejection vas probably due to incompatibility in the major histo-

cOJllpatibility complex (MaC) rather than the tumor pet se. 'The development 

by Gorer of syngeneie mice enabled Foley (1) to show that mice immunized 

with syngenèië'chemically induced t~or8 could reject a graft of the 

immunizing tumor, while normal adult tissues were accepted aa a graft. The 

antigens responsible for thia rejection are c01llJlonly referred to as tUtnQr 

transplantation antigens. In the following yeara Prehn and Hain (4). 

Baldwin (2), 'lbomson and Alexander (3) and many others have shown that in 

experimental models, using mica and rats, several categories of tumor 

antigens may be found. Ii the criteria for tumor antigena in rodents ia 
~ 

followed, it sée1ll8 that tumor antigens may be expressed by h\11Un neoplasia. 

The hallmark of a true tumor antigen as shown in the experimental vork i. 

that it sbould not be expressed by normal adult ti.lues,and should be 

i1llll\unogenic in the primary host 88 detected by in ..!i!2. and in vitro auays. 

This strict definition will apply in this man~script. although for 

historieal and clinical reasons t tumor a8SociJti~n antigens (UA) which are 

not immunoJenic in the pr~màry hOlt will be discu8sed in some detail. 

Although confusion exista in the literature concer~ing the clanification of -

tumor antigen, some definitiona can be made. 

, . 
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2. 
" 

'1. TUDOr specifie transplantation anti,.n (TaTA) 

8. These antigéna ar~ lound in .ynlenaie rodent tumors iDaueed'by 

ehe.ical aDd viral' careinogent and differ fra. antigen.-found on normal 

cells. 

b. Those antïge,ns indueed by, che.ical earcinogen are unique t~ .. the 

" 
ind~ual tumor and differ from other tumors induced by the 

careinogen. 

sue 

• 

e. Viral eareinogeneais viII induee coœmoA TSTA in tumor eells indueed 

by the same virus. 

d. TSTA are recosnized by their ability ta induee tumor rejeetion in 

-synseneie animaIs when immunized with the same tumor. 

2. Oncofetal or oncodevelopmental antigens 

a. These antigens are found in rodent tumors indueed by chemical and 

viral earcinogena. 

b. These antigens are expre.s~d by embryanie and fetal tis$ue. 

c. Oncofetal antigens are immunogenic in the primary hoat. 

3. Organ specifie neoantigen (OSN) 

•. Theae antigena may be the human ~ounterpart of oncofetal tumor 

antigens found in experimentally indueed tumors in rodents 

; 

b. Human organ specifie neoantigens are po.aibly expr~a.ed in embryonic 

organs. 

e, Organ specifie neoantigen. are i.munogenic in the prim.ry host .s 

deterained by in ~ a ... ys • 

.. 

1 
1 

.1 
i 

1 

1 

\ 1 
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C~) 3. 

4. !Umar a.loci.ted antigen. or oneodevel02!ental productl. 

a. Theae moleculee are axpre •• ad on·t~r celll but a180 on normal 
\ 

cell.; the difference il only quantitative. 

b. !Umor a •• ociated antigens are often found in ambryonic ti.lue. 

• 1 
c. Tumor associated antigens are recognized by immunizing a xenogeneie 

j 

1 
host, fOf the y are not ûaBunoaenic in the primary hosto 

1 
.1 

.'l 
"ture of n-Dr ADt:i,ena 

a. Chemically induced antigens 

Foley (1) demon8trated in 1953 that .ubcut~eous grafts of 3 methyl-

< eholanthrene (MC) indu~ed 'sareomata in syngeneic mice-whieh, on ligation of 

1" 

. 1 
their blood supply, resulted in the development of transplantation immunity 

to subsequent challenge by the same tomor. The rejection of the MC induced - .. 
sarcoma in the syngeneic host as demonstrated by Klein ~ (S) points ta 

the fact tnat alien tomor constituents are present. These foreign 

eonstituents are termed tumor specifie tran.plantation antigen (TSTA). TSTA 

have been shown to be specifie and characteriatie of cells tranaformed by 
. 

ehemical carcinogena and are found on the outer' cell surface. Tvo major 

systems are used for tomor induction. 

1) 3-methylchol~nthrene (MC) 
,'" 

Historically, sarCaBata in Bdce induced by MC vere the firet to be 

examined. lt i. generally accepted that .any HC induced •• rcoaata are high-
~ 7" 

ly ÙDaUGogenie, wbich i. probably acquired durins neopla.tic tran.for.ation. , , 

\ 

• 

t
-,,; 
,,' 
'.rI". 
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4. 

One of the ~.t illte~eating features of the TSTA of the MC urcou." is tbat 

they are distinctive cbmpone~t. of an individual tuaot' even vithin ..different_ 

tUlllors arising in the .1l1Di! an,imal, .0 that i1llllUniution .gainat one tUlDOr 

doe. not c~nfer re.i.tance .againat .imiler tuaors induced by th~ .. me 
$ 

carcinogen (36). The heterogeneity of tumor antigens induced by MC ~a8 

recently atudied by pimm et al (6), who showed that .ublines eatablished 
" . , 

from opposite poles of • pr'iury s.rcoma inducéd 6y MC in WAb/Nst rats were 

antigenically dist inct, indicating that primary tqmon c()mprise hetero-

geneous populations of cells.' Moreover, heterogene.ity may a1ao be produced 

in tumor cells c10nally derived as shown by Basombrio and Prehn (7). ntese 

facts May suggest that the carcinogen induces a mutation in the cell' 8 DNA 

which product i. expreued on the ceU 1Ilembrar:te (2). 

2) 4-dimethl\aminobenzene (DAB) 

In the rat thi. car~inogen produces hepatomata.. The hepatoma 

aS80ciated antigens are alao individually diat'inct 8S indicated by the 

8pecificity of the reaiatance elicited againat tran.planted hepatoma cell8 

in syngeneic recipienta (2). This vaa further emphaaized by tahidate (44) 

showing that four distinct hepatoma nodules arising in a single rat vere 

antigenically ~di8tinct. The individual specificit)l of different DAB induced 

hepatoma vas further demonetrated by Baldwin ~ (46) by comparing the 

capacity of the intact tumor to abaorb antibody from tumor immune serum. The 

aame authors further ahowed that serum from tUlllOr immune rata vaa cytotoxic 

for cella of the iuiaunizing tumor when tested in complement dependent 
~ 

inhibition of colony formation of ~lt-ured hepatoma cella. Baldwin and 

, , 
f"1 

1. 

1 
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s. 
J$.mbelton (85) 4180 .howed the exi.tance of e'ell llediated imaaunity, specifie .. 
.for the j.ndividu.l be~.tom. induced by DAB, When lymphocytes frOID lymph 

nodes ai immunized animais verè_ te8ted for colony inbibition, on1y cel1. of 

tbe ia.nunizing hepatoma vere inbibited, while the s.me lymphocytes vere 

ineff.ective for cella of othèr bepatom .. , -lt wasconcluded tbat tumor 

antigen. auoeiated with DAB induced rat hepatomata are individual membrane 

component 8. 

A1thougb for the lut decade tumor rejection antigen. of cbemically 

induced, tumors have been generally considered to be individually 8pecifie. 

this doctrine has been ehallenged. Leiiel and Coggin (8) have demoo.trated 

that previously described unique TSTA of two MC induced fibrosarcomata in 

balb/c mice were in fact mutuaUy crose-reactive, The obaerved cross-

react ion was dependent on tbe .thod of p:rior immunizat ton and tbe dose of 

8econdary challenge. Specificity was obtained only in experimenta in whicb 

initial iDlllunization vilS 'chievE\~ by exci.ion of the tumor followed by 

rechallenge with either the hOll\ologou. or reciprocal tumor line. Crou-

protec~ion (ero.s-reactivity) vu obaerved at low d08es of seeondary 

challenge while high dose conferred specifieity. Moteover, mice ÎllIIIIunized 

with irradiated tumor celh and then challenged vith live tomor cella shoved 

in a11 ca8es signHîcant cross-protection between the two sarcoma lino. 

Jama8bi and Netteshe.in (9) demonatrated "that in five different nlt squalllOu8 

cell carcinomata of the respirat-ory tract induced by DMBA and MC, in vivo 

croN-protection can be indoced ,vitb 4 out of 5 ca-rcinOllaa. Tbj_ ,uIgeata 
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tbat bave a eoaaon TSTA. ln vitro eytoto.leity vith .era fro. 

sboved erol.-reaetivlty a.ong 3 of the eareinOaata 
• -

the poaaible Interpretations of ero'8-reactivlty between 

different ehemically Indueed tuaors 18 that the carcinogen actlvates 

endogenous RNA virua whoa. proteins are expre8sed on the ceU surface. 

Brawn .!.L.!!. (10) in MC Induced fibrosareo_ta in balb/e 1I1ce have .hown that 

the viral protein gP70 18 detected at the caU .urface of D:lst sarco_ta 

studled. Tuaors whleh expr.lled gP70 induced the for_tion of antibodies 

specifie for proteins gP70 and p15 of the murine l~ukeadc virus (MOLV), 

while tuaors lacklng gP70 did note Likewise, Zbar !!..& (11) showed that 

crose-reactivlty lnbetween two MC induced tumors 18 due to endogeneoua 

infection vith MOLV. Since unlnfected allogeneic (to the MC Induced 

sarcoma) embryo celle did not releaae infective virus or gP70, mice 

ll1aJnized with these cella did not inhibit tuaor growth ln vitro. On the 

other-~d uninfected .ynieneie (ta the MC Induced aarco .. ) embryo cella 

release only gP70 lnto IUpernatant fluide, and 1I1ce i..unized with theae 

cella vere l1111alne ta tuaor growth in two of seven experi.nts. Virus 

Infected .yageneie and allogeneie cella releaae both viable viruaea and 

r -, 
V' 

gP70; in .tce i..unized vith theee cella. tu.or growth i8 inhibited in 100% 

of experl .. nt.. Theee reaults indieate that antigen eoded for ~ endogenoua 

MULV -1 funetion 88 eo..on TSTA on che-'ca1ly indueed .urine fibrosarco ... 

/, 
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rhi!to'si-!to,l propertlu of ehetI1ea111, iDd~ 'I8'l'A. 
~ ," 1 " , 

TUlIIOr specifie traneplantaÜoll anU,ens hatre been iaolated and 

partially charàcterized. Matori et al (12) solubilized .. abran~e of MC 

indueed sareoaeta in the mouee vith detergent and, after severai purlfi­

'cation steps on Sel filtration, ion ex change and affinity cbromatography 

determined the aol.cular weight of the TSTA on sodium dodecyl sulphate 

polyacrylam1de gel' electrophoresis (SDS PAGE) to be 70,000 d'alton with an 

electrophoretic mobility of y globuline On the other band J 'ThoEon and 
J 

Alexander (3), analyzing plas. membrane of a MC indueed sarco_ of the rat, 

demonstrated that, after ântigen e~traetion and molecular sieve chromato-

graphy, the molecular weight of the TSTA was of 40,000-50,000 dalton. Like-. ' 

wise Bowen and Baldwin (13) isolated TSTA from the serum from rats bearing 

hepatoma: serum was fractionated by gel filtration and affinity 

chromàtography by using syngeneie rat hepatoma IgG. The purified TSTA had a 

molecular weight of 55,000 and an lsoelectrlc point of 4.6. 

Another approach that W8S 6111Ployed by Thomson.!!...!!. (14) was l1J11ted 

protein digestion of membrane pro-tein from t'he MC induced sarco_ ln male 

hooded rats. Solubilized membrane proteins were frac'Uonated on ion ex'" , ' 

chang~, molecular sleve chromatography, and affinity chromatography using 

IgG fractiort of syngeneic rats hyperimmunlzed to MC-l sarco1ll8. TSTA 

activity was monitored by i~hibition of membrane Immunofluorescence. Maximal 

1STA activity was found to reside ln the aolecular weight range of 40-60,000 

daltons. These prQ~elns, ~n reduction and SDS-PAGE separatIon, were found 

to be 3 polypeptide chains vith uolecular weight. of 12,000, 18,000 and 

25,000 daltons. The major peak had an apparent 1I01ecular welght of 12,000 

~) daltons and an electrophor.tic uobtlity aimilar to tbat of 82 microglobul~n. 

":,. ~. 
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h. ADtigena induced hy viruse. 

In contrast to cheaically.1nduced tu.ora, alrine viral Induced tu.,re 

in experianta! aniula ehare the aa. tullOE' aqUgen for aIl neo a •• 

induced by the same viru8 in the 8a8B boat .~rain (15,16). 

1 ) Antigens Induced bl DNA viruees 

The .ost intensively studied DRA viruses for inducing tumors are 
", 

the slmian virus-40 (SV-40), polyou adenovirus and herpes virus. DRA 

viruses can elther infect or transform the cell. In the case of lytie 

infection the virus directs the cells bioaynthetic proceases to reproduce 

new virions which eventually lead to ceU lysis and death. In the case of 

~rmatlon, the viral DRA is incorporated into the hosts geno .. , induc­

Ing changes in growth propertles and the appe&rance of virally induced tumor 

antigens on the ceU surface. The best studied virus in thb group Is SV-40 

and ft will serve 8.8 an exallPle of the role of DRA viruses in tUlDOrgenesis. 

SV-40 infection causes the expres8ion of viral geno8B in two phases. 

In the first phase, T antigen ls produced and 1& expressed in the nucleus. 

In the second phase, which only appears in lytic infection, there i8 the 

appearance of structura! proteine followed by ce!! 1ys18 and death. Cells 

from many spedes transformed by SV-40 not only eXpress the nuelear T 

anUpn but also the following ceU surface proteins: 1) TSTA that do not 

cross-react with s1Ja:l.lar anUsena from cella transfor_d by chelllica18 or 

other viruses (17); 2) oncofeta! antigens' that croaa-react Vith eabryonic 

tissue of up to 11 ciays gestation. The croas-reacUq eabryonie ti.lue can 

1 
l' 
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confer ·traD,.plaD,t:at1~res1stanc:e in ha_tera against a chaIlèDge with 8V-40 

traD,sforlll8d hamster sar~o_ cells (18) • .. 
Cell surface expression of SV-40 TSTA coiD,cides w1tb nuclear expression 

of T anUgan and occurs nO,t only in traD,sfor.d cella but also cells 

infected with the lytic fom of virus (19). In view of thi. 1t was proposed 

that T antigen and TSTA arerelated, and po88lbly a posttranscriptional 

modification of T antigen leads to the appearance on the cell 8urface of a 
" 

proteln that functions as TSTA (20). 

Rogers and Law (21) deacribe a method for iaolllting TSTA of SV-40 

induced sarcoma by injecting the 'isolate into odce and monitoring for 

transplantation lmmunity to the sarcoma in the Ddce. Cells were'disrupted, 

differentially centrifuged and chromatographed t the fracHon having TSTA 
, 

activity had an apparent molecular weight of 70,000-100,000 daltons • 

.. 
2) TulDOr antigens induced bl RNA viruses 

Transforming RNA viruses act differently from DHA tumor viruses in that 

infection wi th RNA virus u8ually does not lead to cell ly81s but to trans-

formation. RNA viruses are in general retroviruses since they contain 

reverse transcriptase. Not all viruses whlch possess thia enzyme are 

oncogenic. The genome of a typleal retrovirU8 contalns 1) SARe gene which 

"i8 comparable to a gene in the DNA viru8 in that it 18 required for trane-
A 

formation; 2) gag and env genes which code for cell surface proteins which 

make up group specific antigens of the virus. The lIOst extensively studied 

RNA virus is the 1IIlrine leukemia virus (MULV), and as 8uch will serve as an 

:} 
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example for thi. 8roùP. Genetic hybridiution has deaonatrated the pruence 

of MULV genome in miee and ~y be translIlitted vertieally and horisontall)'. 

1 Furthenaore. viral antigens May be expreued in .pont~neou8 antt chemie.lly 

induced tumors in rodents as demonstrated by Aoki et al (22) who also found 
/' 

that this expression ie dependent on the age and strain of the animal. 

As the viral products on the cell suiface are highly illllllunogenic, anti-

bodies against viral determinants are readily produced. The antigen on tbe 

ceU surface, to which these antibodies are directed is the gP70. Recently 

·Elder et al (23) campared the tryptic maps of 27 virion associated gP70 

molecules, and gP70 ieolated from sera and seminal fluid on nine different 

strains of mice. lt was found that ç type 'viruses of lIlurine origin can be 

divided into severaI groups, each group manifesting some degree of poly­

morphism. The free gP70 frOl1l the serull10f all mice i8 conserved pointing to 

the fact that this molecule May be a product of the same viral genome; 

regar~s how manY,other proviruses the mouse harbore. Interestingly, the 

1 gP70 f;~ seminal fluid is different stncturally from its counterpa~t found 

in the serum, perhaps indicating that unique ,provirus may be expressed at 

1 

different sites. The data available today enables us to question the 

presence of true TSTA on tumor cèlla ~roduced by RNA viruses. Indeed Hogg 

(24) using the [1251] antiglobulin b:lnding ",suy showed that Moloney virus 

completely blocked the binding -of mouse and rat sera ta virus shedding 

target 'cells, thus 8uggesting that mice and rats recognite viral deter-
a -

minants. when gP70, P30, Pl5 J vere prepared using guanidine Hel 'lDethod, 
" 

they' were able to. block the binding of the rat anti-Moloney illlDune serum to 
" 

Molaney virOs shedding target cella. It -was demonstrated that the rat serum 
r 
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eontalned .pecifieitlea tOI:. viral proteln ,P10 aad P30, but no antlbody to 

TST! was demne t-rated.. )fj)reover, BDgara et al (25) uainS the.. vi don 

proteine fallad to lnduc:e transplantation red.tance to Friend and Raueher 

indueed leuk.llia ee11;:8. 

From the aOOve' lt aee_ tut true TSTA in RNA induced tUlIOrs probably 

do not exist, or if present, their i~nogenicity ,.y he tao weak in the 

prlmary host ta deteet a resfOne. Vith the preaent techniques, especiaUy 

vhen a massive response 1s generated ~owards viraIIy induced protelns. 

OIlcofeta1. Aatf.l!!! 

T1.UIIlrs JlBY- express on their cell surface proteins whieh àre nor.Uy ," 

. detectable only in embryos and fetùses (26). lt ls believed th1s reappear-
If , 

ance of fetal proteins 1& the consequence of gane derepression (24) (28). 

Thelle antigena have been observed to be cross-reac.t!ve with anUgens 
1" 

present 4b ch~m:Lcal1y and viralIy lnduced tUlIKIra but .re distinét froll TST~ -.... __ 

;l.nduced by the chem:lcal carclnogen or the Vi~US. This 'fact W, de.,n8t~atechL : 
by Thomsôn and Alexander (3) who analyzed the constituents of' plasllla 

JDelllbrane of a tletbylcholanthrene induced sarcolIB (HC-I) in the rat. The· ~ . . 
authors descrlbed four tUDlOr aS80clated œcrollOleeules. One vas the TSTÂ 

J ' 

~ found only ln MC induced aarco. and nat on elllb;ryomc tissue. Thls antiSen 
. -

vas i~nogenlc in the primary bost. l'bree other antigens, of wb1,ch only 
, " 

one was illllllnosent:ç in the pri_ry hast, wer~ fouDd to' he cross reaethe .' . / 
with embryonle tisSue and with _ny rat sarcOMta, thus ,fUlflll1ng tbe 

cri teria of oncofetal antisens. 
\, 
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The detlOnetratiod that multiparou. pregnant rodent. mount cellular and 

humoral baune responee to fetal conat ituente whicb in turn cro .. -react vith 

maligBant tissue lende aupport to the exi.tence of oneofet.l antigen •. 

Steel and Syogren (38) demon.tr.ted tbat peripher.l blood lymphocytes of 

multip.rou. pr~gnant Wi'Ur/Jl'urth rata 1Iere cytotoxic to plated celh deriv-

ed. fram chem~c.lly induced (N-methyl-N-nitro-N-nitroso- guanidine) rat colon 

.denocarcinom. aa we.rt\,as fetal kidney, liver, and colon cella, but not to 

normal adult rat colon mueos.l cella. Conversely, blood lymp{oCytes from 

rata bearing coion carcinoma induced by nitroao-guanidine and 1,2 dimethyl-

hydrazine were cytotoxic to fetal colon but not to fetal liver, fetal kidney 

or normal aduit rat colon mucos. cella. Cytotoxicity of lymphocytes from 

colon carcinoma bearipg r.ta wa. blocked by sera of multiparous pregnant 

rata a. well a. by sera from carcinOllWl be.ring r.ts when fetal colon or 

colon carcinoma cella were used as targeta. Bloeking Act ivity could be 
'-

absorbed by incubating multiparous rat sera with colon e.rcinoma and fet.l 

gut cells but not by polyom. virus induced sarcom., normal colon mucola. 

fetal kidney or whole embryo cella. Blocking activity was recovered from 

colon ~~einoma cella .nd fetal gut cells by elution at low pH. 

Mor.e recently Coggin et al (31) have ahown th.t in two MC induced 

balb/c •• rcamata, oneofetal antigena .re reeognized by cytotoxic lympho-

cytea derived from pregnant mice. A similar fetal cntigen determinant va. 

ob,ferved on two DMBA induced 8.rcom.t. of h.mlters, which were likewiae 

recognized by mat~rnal cytotoxic I~phocyte •. 

, lm. "'II".'''' 
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Using 4-dl .. thylam1noazo benBene (DAB) Induced hepato .. aDd 3 Methyl-

cholanthrene induced sarcomata in syngeneic rats, Baldwin et al (29) have - , 

presented a1_~la~ data, and have shown thar: elll,,;yoo1c ant1geu are present 

on the cell surface by their reaet1vity in .1Dbrane i1DllUnofluoreacenee tests 
1 

with sera from III1ltiparoua rats. The sa_ sera ,a180 showed complement-

dependent cyt0 toxici ty for target tumr cells, and lymph node cells from 

IIIllt1paroua rats when eOlllpared to lYlDphocytes from virgin age .atched rats 

were also cytotoxic. The eabryon1c antigens could he demonstrated on 

elllbryonic cells but not on adult cultured rat liver cells or lung fibro-

blasts. Sinee these embryonic antigens were COlllJllOn to both tUlllOr types, 

they differ from the individually distinct TSTA. In other exper1ments 

Baldwin and Embelton (30) showed that in epontaneous I18mmary carc1noma of 

the rat, tUlllOr bearer lymph Dode cells were cytotone for spontan~ously 

arising and chemieally induced tuJll)rs. This cytotoxielty was blocked by 

pretreatrœnt with serum of tUlllOr bearing rats and alao with sera of III1lt1-

parous rats. Conversely tumar bearer sera -were able to block sensltized 

lymph node cells from Dllitiparous rats from attacking eabryo cells. This 

not only sugge8ts the presence of oncofetal neoantlgens but a~so thelr 

11111111oogeneic1ty in the primary host. Brawn (32) showed that lY1llPhocytes 

1 

from lymph node of pregnant balb/c œce inhlb1ted the in vitro colony forma-

tion of pr1mary syngenele MC lnduced SarC(nDS, while lymph node cells from 

matched virgin females did note Parker and Rosenberg (33) delllOnstrated by 

the microcytox1city a8881 that cross-react1. vit y allOng three MC induced 

sarcoDias ln C51 Bl/6N feule mice 18 probably' due to a cOllmln fetal ant1.gen,. 

whlch is distinct froll the individual TSTA. Hovever, in expert_nts' of in 

vivo challenge vith the tumors, cross-reactivity vas not exhibited, BD it"--

see1lB to he thst the tetal antigen .y not provlde for 1.n ~ ll1111Une 

protection. 
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On the other band Hedlund and Sjogren (34) ba'N 8uceeeded tn induetng 

transplantation laaunity to cheldeally indueed rat colon earclnoma bf 
n' 

i1llll1nizing with fetal colon. Llke1f1se, Le_vel and Welle (35) ehowed that 

if BS7/B165 .ee weça i-.nized vith ayngeneie_ fetal tisBue, they generated 

antibodiea ta MC induced tu.ar cella iro. the Ba .. 111 ce. 

Both simian virus-40 (SV-40) indueed viral oncog_oesis and growth of 

tranaplantated SV-40 tranafor1ll8d tuaor cella can be prevented ln ha_tera by 

prior i1llm.tnization· With intact fetal celle. The fetal deterlld.nant 

responslble for inducing transplantation resiltance ls detectable by this 

technique up to the Il th ges tational day but not thereafter. Crude plasma 

membranes from 10 to 14 days oid eabryos are capable of inductng prqtection 

agdnst challenge vith SV40 transformed ha_ter sarcoma cella. In addition, 

spleen ceUs from adult hallStera lœalnized agalnst SV40 surface andgen will 

undergo hlastic transformation on expo.ure to homlogous tUlIOr cells and ta 

10 and 14 day eabryontc cella (18). 

Some generaHution. can be ade from the data presented: 

1) Oncofetal antigene' exiat as aeparate entitiee in cheaieally and 

vlrally lnduced tumra in rodente. 

2) Oncofeta! antigene differ from T~TA. 

3) Oncofeta! anttgen. are not usually specifie for any given tUJ/lOr but 

are shared by tumor8 induced by different _thods. 

4) There la no e'Videnee as ta whether experillental oncofetal antigena 

are organ-apeclflc. 

5) Specifie lm.mity to oncofeta1 antigens .y be genera~ed by 1-a1ni..z-

ing adults with fetal tissue or by pregnancy. 
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oru-Dr a •• Geiat.. atip ... ODcodeveloeptal producta 
. 

It has been frequently noted that cancer ti.sue often elo.ely reaeables 

fetal., or embryonic t iS8ue on histologiesl ex.mination. The morphologie.l 

reaemblance of cancer tiuue of adults to non-malignant but lee. differen-

tiated tiuue has been extended to bioehemieal and illlDunologicsl simi1sr-

ities. An increasing number of tumor products which reeembl;@ fetal or 

deve lopmental pf'oducts have been described. These oncQdevelopmental 

products are not true tumor antigens sine~ there ia no evidenee that they 

are illDunogenic in the primary host. MoreGvet, aIl are recognized by 

immunizing xenogene le animaIs. However, these products do serve as markers 

of tumor presence and growth. The two most widely recognized oneodevelop-

mental, product8 are carcinoembryonic ~ntigen (CEA) and Alpha-feto Protein 
p 

{AFP). 

Carcinoembryonic Ant~len (CHA) 

CEA was tint identified in .colonie tumor tissue by mean. of snti.era 
.' 

(raised in rabbits) against colonie tumor. Th~ antiserum contained anti-

bodies specifie to colon carcinoma after extensive adsorption with normal 

colon tissue (39). When described by Gold .et al in 1965 it appeared to be 

speci fic for aden.rcinomas derived from the digestive tract. However, 

after a radioimmunoas.ay was devised by Thomson et al (40) 1 it was found 

that elevated CEA leveis vere also identified in other types of tumore, sueh 

as breast, Iung, and ovarian carcinoms8 • 

. The CEA moleéUI(! ia a glycoprotein baving a molecular weigbt of 200,000 

dalton. The carbohydrate content accounts for 40-70% of it8 weigh~. 'lbe 

molecule i. intimately a .. ociated vith the cell glyeocalyx. The CEA 

-~~-""!,,,"--...,--- ._- -~ -- -
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Molecule ha. a B-electrophoretic mobility at pB 7-8.4 (41) and an iso-

electrie point of 6.8. 

The biological iignificance of the CItA Molecule is not vell understood, 

but its prevalence in verious ~ancers enables it to be used for the monitor-

ing of patients for cancer recurrence. 

Alpha-feto Prote in (AFP) 

Alpha-feto protein is produced by the liver. It is a normal serum 

constituent during fetal life but di .. ppears rapidly within two veeks .E!! 

partum (42). 

This pr?tein has a moleeular weight of 70,000 daltons and a carbohydrate 

content of 40% (42). Its sequence sugsests hamology with serum albumin 

(43). The biologieal function of AFP is not understood. It may be the 

fetai countèrpart ta albumin and have the same functions. However, AFP haB 

been deBcribed by Murgita and Tomaai to have SDme inhibitory effect on 

immune function, in vitro (45). Thi. vas ~iaclo.ed by monitoring primary 

and secondary imaune re.ponses in the presence of AFP (purified and derived 

trom amniotic fluid) using the plaque foraing assay and sheep red blood 

cells (SRBC) a. antigen. Dther functions 8uch 8S protection of the fetus 

from maternaI estrogen and •• an organizational signal for liver lobule 
! .... ~~ 

formation i. still debatable (42). As primary hapatocellular carcinoma and 

regenerative processes in the liver pro duce high levels of AFP, measurements 

of AFP in these di.ease- can diagnose and monitor theae conditions. 
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Og!! aec!fic .... Cil!!! of --- ! .... (OI!) 

The develop.nt of Gaopla.!a 18 graclu..al and !llvolv •• alterat1oa. of.-the 
,-

nor .. l phenotype during preneopl .. tie phases. The cancer phenotype ls 

uaually .. aociAte9 with ao .. los. of speeialic.d function along vith the 

eppearanee of prote lu that a;oe usually prelent at- earUer ltap of da.,..,­

_nt. Tb1e notion as presented by Potter (26) expla1ns the pbeno_non tut ... 
certain hu.en cancers have the pbenotypie expre'lion of e~ryonal or fetal 

cel18. Potter hypotbeslzed that the neopl •• tie transfor .. tlon could be 

looked upon al "blocked ontogeny". Organ .pacifie neoantigena (OSS) are 

proba~ly expresaed br stem cells of the developing orga~8, but not by the 

adult organ. When cells becOlll! neoplasUc they onee IIOfe reexpress the OSN 

as thouSh they are blocked at the point vere OSN are usually expressed. 

Evidence for the presence of organ specifie'neoantigena (OSS) of hu .. n 

cancer is based upon certain prelliises. 1) r-.nogenicity ln the primary 

host as diaclosed by .!!. ~ and !! ~ &.s.Y.; 2) Speciflcity of the 

illDlne response evoked by a particular tu.or'a OSR;, 3) ne.,nstraUon that 

the corresponding fetal organ (of a particular type of ne9pla •• ) i. 

reeognized by the canc,r bearer 'a l~ne syste •• 

Bxperl111!ntal results that support these preGses will be deser.1bed. 

1) Delayed type skin hypersen81tlvlty 

Beben.nn (49) tested cancer patients vith allogeueie .. vell 88 

autologous tuaor anUgen by .eana of delayed type skin byper.eneitivity. 

Soluble tu.or antigen. vere prepared fro. tu.,r eell _lIb'ranes by lov 

. ---. 
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frequency .. nicatlon followed bJ laparatloa b.r ~l.oulat li~.. chro .. to-
, lt 

C 
graphy, ion exeblbge êbro .. tolraphy aQ4 b.f srad1.nt polyaeryla.td. eleetro-

1 

phousil. Tu.,r anUglna were obtained froe lurgical aped_nI of luna and 

colon carcina .. and, fro. the correspondins fetal·organs. Wben &Dtliena Wlre 

Injected intrader .. Ily in the approprtata patient., all the •• antilens 

ellcited positive delayed typ'e hyper •• nsltivity re.pons.s wb11. co~arable 
i 

preparat~on fro. noraal tissue sa .. nelati .. reactionl. Po.iti .. reactions 

per.ilted after ellidnation of carcinoeabryonlc antigen bf 181 el.ct~Q-

phoresis • 

:'" J( 

2) Cell mediated cytotoxiclty 

Vase and Moore (48) uslng a cytotoxiclty alsay exposed cells froe 

vadous organs from 13 week old fetuse. to PBL fro. heaithy dO,nors', cancer 

patients, < .. lignant aelano .. , lung carcino .. , colon careino .. , bladder 
r 

carcinoma) and patients vith non-.alignant cha.t eonditions. Peripheral 

blood leukocyte. froa patients with cancer, wbén reacted with fetal orlane, . 

ehowed sreater cytotoxic potential ~o~ared to leukoeyte. fro. patienta vith 

no .. lignant conditions. Inte~e.tingly, cytotoxicity did not reveal 

selectivity with 'regard ta fetal tarlet cell derivation. 

3) Leukoc,te itt,ratioQ inhibition a •• a, (LMI) , 

ZaHer et al (89) used the LK1 a ... y to de.:matrate that leukocyçes -
froe cancer patienta are .8n.iti.ed to fetal ti •• ue of 10-22 .. eka ,e.ta­

UOn: whole fetal antigen and antilen derlved fro. colon, lung and ga.trie 

carcinoata (extracted vith 3M lCCl). In SOI of the te.ts, 1 euko cy te. 
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derhed froa colorectal, -luns aM g .. trie cancer de.,netrate _gration 

inhibition in the preeenee of whole ..fetal anUgea. wb1le no~_l clonore' 

• 
leukocyte. did Dot. ln 81%, 67.41 aad 69% of the teat., leukocyte. froa 

gaatric colore ct aI and IUDI ~cer patient. re,pectively de.on.trated 

ad.gration inhibition vben expoaed to the reapective anUgena. ln only 2% to 

5% of the tetta, did leultocytee of oor_1 donora diaclole 8lgration , 

inhibition. Specificity of the.e reactions wa. not clear becaUl~ in 50% of 

the telta leultocyte. froa cancer patient. (breatt, th1Told, kidney, brain) 

showed leukocyt.e mgr.tion inhibition in the presence of an unrelateel tu.,r 

antigen extracts. 

4) DIe of PBL fr01l 'cancer aUentt 

Levini ~ (130) atudied the blastogenie reaponse to an ovarian 

cancer erude œIl extraet in 48 patients with ovarian cancer. The controls 

vere 26 healthy fe_les _tcheci for age and 18 fe'llale patiente with other 

typel of cancer in rellis8ion"tr01l the elisease. The bla.topnie re.ponae to 

fe~al ovary, lunS t and liver and'nor.al adult ovary vere alao a •• e •• ed in 

aIl 3 groupa. The blastogenie responae to ovarian cancer and fetal ovary 

~re founel to be significantly greater in ovarian cancer patients than in 

controls, but not in .the group having other typet of cancer in reDliaaion. 

A few ovarian cancer patients responded to adult ovarian tia.ue, but the 

overall reacUvity of PBL frCla the ovarian cancer patient group wu not 

detectecl when e~o.ed to nor.al avarlan ti •• ue. 

1 

l 

1 
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S) Leultoeyt. adherance inhibition (LAI)" 

Based.on many expérimenta and large noabers of cançer patient. (eolop, 

brealt, melanoma, pancrea,) as .e1l a. patient, Itudied wi~b out cancer'in 

Thomson'. laboratory (63) (65) (66) (67) (68) a consistant pattern emerge.: 

1) The OSN is recognized by allo8en~ie or authochtonoui leukocytea froa 

patienta with the aate cancer; 2) andtuaor iaBUnity is pre~nt in lIlOit 

is aeldom detected. 3) the iDDune reaponse, evoked towarda the OSN of the 
, patients with early cancer • .mile in diueainated diaea,e antitUlllOr illlllUnity 

tumor. i. specifie and doea not exiat to normal tissue of the same organ; 

4) the organ specifie neoantigena are probably fetal antigens as 13 to 19 

week old fetal organs are able to 8ubstitute for tumor extracts and to 

generate positive LAI reaponaea. 
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~. Mhereace laIalbitloa (LAI) 

a. General 

Evidence for the presence of neoantigens in human tuaors 18 based on 

data deriyed from different in-vitro tests. Difficulties have been 
- -""-'-,--

encountered with various _thod. fot .aeuring .!! ~ cytotoxic:ity of 

peripheral blood leukocytes from cancer patients (53) (47) (48) (55), and as 

a result, other tests have been devised ta measure cellular immun1ty: 

eutaneous delayed in ~ hypersensitivity to cancer tissue extracts (56) 

(54) (83), leukoeyte stiDlllation by tUlllOr eells or tUlIX>r extraets (57) (58), 

migration inhibition of Ieukocytes by tumor extracts (59) (60) (61), (62) or 

inhibition of adherance of leukoeytes to glass b1 tumor extraets (51). 

The IDOst proadsing in vitro a88ay is leukocyte adherance inhibition 

(LAI). The assay was described originally by HaUiday and Miller (51) and 

was later modlfied for test tubee and for automaUon by eomputerized image 

anaiyais (63) (50). The LAI a8say 1& based on the phenomenon of tUlIX>r 

antigen induced leukoeyte adheranee inhibition. Leukocytes derived from 

patienta bearing cancers, aiter being incubated in vitro with extracts of 

cancer tissue ari.iog trom the same organ and of the same histogenesis, 108e 
n 

their ability to adhere to glass. 

Since the original description, the validity of the assay has been 

strengthened by nuœerous etudies done in Thomson's laboratory and elsewhere 

(64) (52) (51) (65) (66) (134). The sp~clficity and sensltlvlty of the tube 

LAI 8s8ay vas studied with coded samples of PBL from patients vith breast 
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carcino .. of stage. 1, ~I, and III (67) (65); positive te.ta vere fouDd in 

83%, 72% and 29% of patients, respeetively. ln _ta,. IV, only 15% were 

positive. Of control subjects only three percent were positive. Tuaor 

specifie l111alnity to carcino ... of the colon, pancreas and lung vas also • studied (63) (66) (68). Of 1,292 contro~ lubjects vith benign di.orders or 

other .. lignancies, one percent had a positive test. Of patients vith 

inflaamatory conditions of colon, pancre .. and lung thrae percent vere 

positive. Dy contrast, of 351 patients .tth cancer of the above .. ntioned 

organs, 80% were positive. Antituaor illBlnity in _lignant melano ... 

patients (69) was a1so measured by mean. of the tube LAI aS8ay. Of the 

patients with ma1ignant melanoma, 80% re.ponded to extracts of malignant 

melanoma while of 475 control subject8 le8. than five percent had po8itive 

tests. 

ln the above studies it was noted that the antitumor immunè response to 

malignant melanoma and colon .ntigens was reduced vith increaaing tu~r 

burden, and patients .tth advanced cancers aeldo. exhibited LAI reactivlty 

(70) (63). The diminished LAI re.pon8e ~ppears to be the result of frae 

tumor antigen released trom the tumor8. 

b. Blocking the LAI a8say 

In early experiments, Thomson et al spèculated that free, excess tumor 

antigen in the serum of advanced cancer patienta blocked the .bost'. immune 

response. lt wae P9stulated that the exees. pf tuaor antlgen is re8pon.lbl. 

for the abrogation of the LAI re.ponse. In subsequent experimenta, incuba-

tion in vitro of known positive LAI cella vith axee •• tUllOr antigen caused 

........ -- --------~---... ----~ ----~'_ T- ~~ 
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the cella to become unreap~nl1ve to subàequent challenge vith the antigen, 

thua mlm:1cking the .!! ~ lituatlon of advanced cancer wbere LAI. posiÇ1ve 

leukocytes revert to LAI negative vith lncreaséd tüaor burden. Thla 

observation lead to the development of the blocklng LAI allay. The blocking 

asaay ls currently used to aonitor the iaolation of tuaor antigen. The 

presence of tumor antlgen ls recognized by the abllity of an iaolate to 

block specifieally the positive reapon .. of peripherâl blood leukocytes 

(PBL) previoualy active ift the~ a8say. 

The bloeking of a positive reapona.! was... proven to be llDUnologically' 

specifie because blocking of leukocytes' positive LAI responae is achieved 
--

only when leukocytes are incubated vith isolates derived from patients wtth 

cancer of the same organ as the leukocyte donor. Besides its immunologic 

speclficity, t~·blocking assay haa the advantage that it ls posslble to use 

very small quant~ties of isolates, and tbe minimum quantlty of protein in 

each sample that ~s able to block the LAI response cao he deteraine4, thus 

allowlng the enrlchment and speciflc activlty of an lsolàte to he 

calculated. 

c. Mechaniama _diatins the LAI relponae 

• 

.. 

The reacU ve celI ln t~ LAI a81ay 1_ the IIOnocyte (70). The Dechanism-
. 

whereby the apeéific tumo! antigen 18 recogn1zed il by cytophillc antltuaor 

antibôdies which are bound to Pc ~eceptQrs on the celi surfac, of the 

monocyte (70). Noraal peripheral blood IIOnocytes cano he ':araed" by incuba-

tion vith serum or IgG fro. a reactlve cancer patient, as these monocytes 

vere found to he active when tested in the LAI a~e.y. lt ls belieyed tbat 

when, anUgen la bound, tbere la croll-l1nk1ng of ceU bound IgO moleculee 

:-:----. -v- " 
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with bridging of I,a:-Fc receptors. Thi. pbano.non prohably iuiti.te. 

1 Jjbysieal and chem:lcal ~nges iu tbe _abrana such a .. thylat~'on of 
~ . 

'._brane phospholipids vith subsequent translocation of these lipida from ' 

the inst de to the outside of the lIe_brane (71). This in tum leads to ca++ 
~ r- 4 ,. 

~nflUX, ~elea8e of arachidonic aci~, l,s~o8PhatlCYlChOliDe_ and ~rosta-
glandina. Theae biocbem:leal changes facil~te tran,wdsslon of s~gna18 br 

the influx of eai aM the ~en.ration of eyelie AMP. ' lIev experi_nCal 

evidenee has been obtained demonstrating tbd"" adiators are produced br the 

monocytes seconaary to aneigen binding and /these' aediators are responsi~le 

for the LAI phenomenon. Indeed, in 'lb07n' s laboratory it w&s found that 

supernatants from monocytes that were armed by positive LAI serum and expos-

ed ta tumor antigen inhlbited the glas8 adherence of normal leukocytes, 

where8s appropriate control supernatant8 had no effect. The link Mtween 

the st1D1lus and the physiologie response seelll8 to he ea* influx. lb a , , 

mammalian cell C~++ concentration in a steady state,ls in the ranges from 

10-8 to 10-7M, and cell stimulation will increase the influx of ea++ or 

release from the cel! _mbrane. lncrease of Ca++ to 10-~ in the cytosol 

will activate ea++ binding proteine such as calmodulin to fora a complex 

with C.++. This complu: in turo with effector prote1ns will trigger blo-

whieh re~ult in physiologieal effects. Calcium 

permeabilityof the cell membrane to.Ca++. When 

normal leukocy sare incubated with calcium ionophore, they will exh~bit 

ce while positive LAI leukocytes lose tbeir reaetivity ta 
~ 

the sensitizing tUDOr antigen. Ouabain, which inc~ea8es intracellular 

calcium concentratj.ol\ by lnhibitingl·sodi.WI potass1ua ATPaae, wu also shawn 
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to enhance the non-adherence propertles of normal leukoeytea and to negste 
) l 

the positive LAI r-esponse. Conversely blocking ea++ infJux into the cel1 by 

1 

us1ng cromolyn sodium, l1docaine and nifediplne was sbown t~ nttll1fy in "8. 

dose response fasbion the reactlvity of, positive LAI leultocyte8 to the 

sensitizing tumar antigen, but no effect wu noted on the glas8 adherance 

properties of normal leukocytes. TheBe exper,imente demonstrate that 
~ 

increase of intracellular concentration of Ca++ triggers changes which are 

manifested by a 1088. of the leultocyteB' glass adheran~e propex;t:l,es. \ 

'lt was noted that cancer patients wlth previously positive tests 
~ . 

converted 'to negatoi ve tu·ts for up to two weeks after surgery (69). Experi-

mental evidenee suggested that cortisol produced because of stress at 

8urgery was responsible for this change in LAI response •. Cortisol added to 
p 

the tube LAI assay had a blphasic effect;' at a concentration two-fQld above 

physiologieal levels sensltization of PBL by cytophilic, antibod~es was 

inhlbited whUe a\ higher level~. the reactive cella' respo~se with tumor 

anUgen was inhib;ited even i~ the cells were armed ,(73) j, From thb latter 

experiment it was evident that h1gh cort;Lsol levels act directly on the 

IOOnoeytes and prevent their activation. Steroids are anti-inflamatory drugs 

in part at least because of their ability to inbibit membrane bound 

phpspholipase ~ of the, leukoeytes and to pt:event 0 the conversion bf !llémbrane 

phospholipide in~o free arachidonic- acid which ls t~ substrate for 

prostaglandin (PG) and 1eukotdenes ay:rÏthesis, Since the znocyte ia the 

; cell whoae membrane contri butes mostly to PG production. it was felt tbat 
\ 

cortisol .y act, at this 1~ve1. Tht! first link between PG aynthesis and LAI 

reactivity wu proposed by Faeby and Appelbooa (81) who studied the LAI 

(-) ~ respoDse in rheumatoid arthritis. Tbeae aut~oFs noted that the LAI reeponse \ 
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ls inhibiêed by indomethacin, an inhibitor of the cyclooxygenase pathway of 

PG synthesis. But if leultocytes vere incubated witb both prosUglandin E2 

(PGE2) and indometha~in; they retained their reactivlty. Similarly, when 

PGE2 was- incubated vith leultocytes from cancer patients vith negative tests 
~ 

(either after surgery or wtith high tuw.>r burdeu), it was found lo convert 

their reeponse to positive. The response to PGE2 was dose-dependent, 

effects were undetected below lO-6M and maximal between lO-6M and lO-SM, and 

declined above lO-SM (133). 

PGE2 stimulatés adenyl cyclase to rai se intracellular cyclic AKP. In 

fact cyclic AMP levels were elevated imaediately after ?ÇE 2 incubation. 

Substances which elevate intracellular eyclic ANF such as dlbutyryl cyclic 

AMP, or Inhibit its degradation lilte amtnophylline also increases the LAI 

response.f Phospholipase A2 is the enzyme which provides endogenous 

arachidoplc acid which serves as a substrate for cyclooxygenase and lipoxy-

genase mètabolic pathways. Blocking phosphollpase A2 (a, le the case with 

steroids) negates the LAI response while block1}g' the cyelooxygenase by 

indoœthacin has no effect on the LAI response. The later 1II8tabollc pathway 

does not mediate the reeponse but it seeme to have ~ important role in 

IIIOdulating the LAI re.ponse. The products fr01ll the S-l1poxygenase pathway 

are responsible for medlating the LAI phenomenon. Nordihydroguairetlc acid 

(NDG!) is an inhlbitor of 'S-lypoxygenase pathway and It negates the positive 
1-

LAI response in a dose response fashion (133). Leuktrien~s C and D, which 

are equivalent to the slow reacting substances of ànaphylaxie, are products .... 

of 5-1ypoxygenase pathway. FPL 5512 Is a specifie lahibitor of leukotrienes 

o and D. lncubati-on of LAI,positive PBL vith ln dose 

response fa.hlon their response. 
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The patterg that emerges ill u follows: Ca++ ion and cyclic nucleotides 

serve as second tDessengers to the triggering event init iated by bridging of 

th~ Fe receptors. Ca++ complexed to calmodulin probably activates phospho-

lipase A2 (72) which in turn releues araehidonic acid Krom cell membrane 

phosphol ipids. The arachidonic acid is metabolized slong two pathways 

leading to prostaglandin and leukotrienes J the firILt modulates the LAI 

phenomenon and the latter Mediates it. This system seems to be governed by 

feed back meehanisms which operate through cycUe nucleotides perhaps by 

regulatlng the Ca++ ion flux and its accumulation in the' endoplasmlc 

reticulum. These results have led to a better understanding of wtly PSL hom 

advanced cancer patlents show low or no reactivlty. Exces8 tumor antigen in 

the circulation repeatedly activates the monocytes whleh are not able to be 

reactivated as cych.c nucleotides are not generated at t~e same rate. 

AddltlOn of PGE 2 or aminophylline will r8lse cyclic nucleotide levels and 

restore the cells capacity to react. Likewise leukocytes from cancer bear-

ing patients inmediately after 8urgery are not able to respond in the LAI 

a88ay as prostaglandin synthesis is blocked by cortisol and hence cyclic 

nuc leot ldes are not formed ln 8ufficient &mount to wnoduIate the LAI 

aet Ivity. 

( 
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lelee.e ead tete of tu.n- _tip_ 

Circulatil}g soluble TSTA bave been demonstrated in chemicaUy induced 

rat sarcoma by Thomson et al (74). The levels of circulating TSTA vere 

elevated ·l.IDuediately after tumor cell injection probably 8S a result of cell 

autolysis; Bubsequently the levels of tSTA dropped only to rise again 

between 10 and 16 days after injection. This second elevstion of TS!A level 

was 8ttrlbuted to a spec~fic immunologies! attaek on tumor cells and shedd-

lng of the TSTA. Evidence for the immune mechanislll for TSTA shedding vas 

suggested by Thomson et al (75) because rats X-irradiated before MC-l tlllllor 

lmplantat 100 had less tumor 8nt~gen in their sera aftee 10-12 daye. A 

Slmllar pattern of fluctuation of the concentratlon of TSTA 10 senan vas 

tound ln DBA/2 mice bearing spontaneous SL2 lymphomas (76). 

Shedding of -TSTA from the tumor cell surface also occurs spontaneously 

\ 
8S shown by Davey et al (77) ln the DBA/2 ,murine M-lymphoma. These authors 

have found that metastizing mouse lymphoma ceLls spontaneously shed H-2 

ant igens lhat are readily detectable in soluble form in sera of tumor bear-

lng mice. 

TL ant~gen ia a cell surface antigen that is detectable on certain 

mouse leukemia cells and on normal th~ocyte8 in certain mouse strains. It 

was shown that TL antigen pre.sent on the cell surface disappears following 

passive immunization of t~e TL positive host with anti-TL antiserlllll or 

following in vitro incu~ation of TL positive cella with the respective anti-

senllll (8) 09h To describe this phenomenon, Old and Boyse eoined the term 

"ant igenic modulat ion". Antigenic modulation is reversible in \:he ~ vitro 

and ~ vivo experiments (80) after placing the cell's in medium which is free 

( of the respective antibody. The ~ellular process that operates during 



modulation i8 energy dependent. Alter change of their spacial configuration 

by binding antibody, the &ntigen diaappeara thro~h internalization by 

pinocyt08is. 

Tumor &ntigen, after being 8hed froll the tUllOr ,cel! surface, finda 1 ta 

way into the lymph and the systemic circulation (75,76). SODe of the 

protein or proteins which constitute the tumor antigens are filtered through 

the kidney and find their way into the urine. The pos8ibility that-.ntigens 

from tumors originating outside the urinary tract mtght be found in the 

urine is weIl documented. Jehn et al (82) reported that a Melanome patient 

filtered melanome associated antigen into the urine since this protein, when 

incubated with lymphocytes of the same patient and six other melanoma 

patients, cauaed blastic transformation of the homologous and autologous 

lymphocytes. This urinary protein was sim1lar to an extract froll mallgnant 

melanoma, when compared for biologie activity and Immunocheadcal identity by 

gel diffusion using rabbit antisèrum. Usi08 the leukocyte adherance 

inhibition assay (LAI), Lopez et al (84) vere able to detect OSN of breast 

cancer bath in serum and in urine of patients vith metastatic cancer. Using 

serum from a source autologous vith the source of urine, Gupta et al (86) 

and Rote et al (87) demonstrated in the complement fixation a88ay' that tUllOr 

antigen i8 present in urine of patient~ bearing solid tumars. The same 

authors found that the amount of tumar anti~en in the urine is dependent 

- upon tuaor mass, and after surgiesl excision the aaount of tumor &ntigen in 

the urine decreased. From the evidence presented, 1t 8ee_ that the. quantity 

of free tumar antigens which circulates in serum and is eventually filtered 

in the urine 18 de pendant on tumor !IIl8S. The shedding' of tumor antigen is 

C probably important because of !ts abill ty to alter the boat' a i~e 
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response by combining vith specifie receptora on the surface of the' illllllUne' 

cella or with antitumol" antiboay. Shed tUlllor antigens may provide a 

mechanism by which the tumor escapes the host's immune rejection. 

Hellstrom et al (88) claimed that serum from a tumor bearing host 

blocked the ih vitro eytotoxicity of the hosts' lymphocytes for the 

authochtonous tumor cells, They suggested tbat the blocking factor was an 

antibody since serum from mice witA growing Moloney sarcomas but not from 

mice vith spontaneous mammary carcinomas or MC induced s~rcoma abrogated the 

inhibltory effect of lymph node cells derlved from mice who spontaneously 

recovered from the Moloney-induced tumor, This hypothesis v~s seriously 

chsllenged by Baldwin et al (90), for they demonstrated vith the rat 

hepatoma model that levels of cytotoxic antibody rose in the serum after 

tumor eXCiSion and corre1ated with the 10ss of serum blocking activity of 

the CytotOlpC effect produced by immune lymph node cells. On the other 

hand, serum from rats repeatedly immunlzed to hepatoma blocked lymph node 

cell medlated reactlons ln vitro àespite the i.mmune status of the donor. 

Slmllarly, Sj,ogren et al (91) demonstrated that sera from ml ce carrying 

sarcoma induced by either Moloney virus or methylcholanthren~ blocks the 

cytotoxic eff~ct of lymphocytes immune to tne tumor specifie a~tigen of the 

respective neoplasm. When the serum vas fracttonated by adsorption onto 

tumar cells and recovered ,by elution vith lov pH, it was shown ta contain 

high and low molecuiar weight fractions. When the high molecular weight i 

, 
fraction vas incubated vith the t,rget tumor cells or lymphocytes, there vas 

no blocking. But after 1:1 admixture of both the high and low moleculai 

t ' weight fraction, there was blocking aetlvity. These experiments suggested 

( tbat antigen-antibody complexes and fret ant~gen poSseS8 block}ng activity. 

Subsequently, Baldwin et al (92) drev the distinction between "blocking" 
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which involvea interaction betveen serum and tUlllor cell., and "inhibition" 

• 
in which interactions vere being made betveen serum and tumor sensitized 

lymphocytes. the same authors showed that tumor antigen obtained by papain 

digest~~n of rat hepatom~ membrane vhen mixed with specifie antiserum Mani· 

fested blocking ~ctivity enl)' after ant igen-antibody complex~ were fotmed 

in the zone of equivalence. On the other hand, using hooded rats beiring 
, 

chemically induced MC-l sarcoea, Thomson et al (75) have demonstrated by 
, 

means of iQdjrect immunofluorescence and mixed hemoadsorption with a [51Cr l 

labeLed indicator cells that, after tumor excision, anti-TSTA antibody was 

measu~able in serum and lymph. By contrast. ln the tumor bearing animal, 

antl-TSTA antibodles were not detected. It WBS hypothesized that in the 

presence of a growing tumor the serum contained antigen-antibody complexes 

with antigen in excess. This hypothesis was confirmed by the same authors 

after the complexes were split by salt or acid and fractionated by ultra-

flltration to high and lowmolecular weight fractions. It was fQund that· 

the Low molecular weight fraction inhibited the anti TSTA antibody ~en 

tested by either membrane immunofluoresecence or mixed hemoa48orption, 

1ndlcatlRg the presence of antigen from antigen-antibody complexes in the 

circulation of the tumor bearing hosto Additional support for tumor 

antigens as inhibitors of cellular antitumor immune responses vas obtained 

by Curne and Basham (93) and Currie (94). Lymphocytes from cancer patients 

were assayed in microcytotoxicity assay against autologous and allogeneie 

tumor cells. Extensive washing of the lymphocytes from various cancer 

patients (me 1 anoma, bladder carcinoma, hypernephroma. fibrosarcoma, 

transitionsl cell carcinoma) va8 found to enhance their cytotoxic effect. 

This effect was reatricted to auto10gou8 tumor cella and allogeneie celle of 

, 
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• i.Uar hhtological orilin. Cytotollicity evoked by ••• bin. wa. abolhhed 

by adding the patient,' aerua. the •• rua eoœponent re.pon.ible for 

inhibit~ng lYllphocyte cytotoxicity had no detectable affioity for the target 

ceUa and .pp.are w/ Act on the lyaphocyte lurface, ialplying that tuaaor 
• 

antigen •• y weil be implicated. 
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The .. jor hi.toeollpatibility collplex. the muae 11 known .. the ,''''' , 
H-2 complexe This cOlIPlex i. found o~ chro.,ao_ 17 and eontaill8 a seriee 

of clC?8ely United loci which code for calI surface proteins. Aceording to 

Klein (95), the ceU aurface protelna coded for by thes. ,enel can he 

·di vlded in 3 classes. 

Clau 1 loci 

K and 0 loci ion the lIIOuse each condat of 1II11tipie alleles coding for ~ 

serologically detectable ailoantigena. The alloantigen. are glycoproteins, 

havlng a 1II01ecular weight of 44,000. and are auociated noncovalently wi th a-

12,000 dalton polypeptide coded for on chrolOO80E 15 known as a2 

lllicrogiobulln. In the ceU al1abrane, the class 1 1D01ecuie haa ita amno 
. 

terminal end aw,ay from the celi surface to the perlphery. 'lbe allino-terminal 

end contains the epitope reeponsible for iuunological recognition and 

di versi ty. The re_inder o~ the mlecule spans the ceU .. abrane. and the 

carboxy-terllinal 18 found inaide the celle This end 1s believed ta he 

reversibly phosphorylated (96), which _y he the JEans by, whiè~ outside 

signals are transduced internally. 

There is so_ degree of aequence homlogy be.tween cl~as 1 IIDlecules. a2 

microglobul1n and the CH3 do_in of the i\llllnoglobulin IIOlecule (97. 98. 99, 

100. 101). Thi. fact argues in favor for a cOa.)n aoceUral pne wbich 

dlverged early in evolutlon. and explalna siail.rity ln prlaary and 

secondary structure. 
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BioloJical f~nction of clau 1 gene products 

'nle products of cl .. s 1 genes are the K. and D antigens. Functionally, 

theae alloantigena are mainly involved in regulation of lymphocyte receptor 

and effector functions auch as rapid allograft rejection, cell mediated 

lympholysis (CMt) , certain weak mixed lymphocyte reactions (MLR) , and the 

specificity of effector T lymphocytes directed against virally infected 

cella. 

Clau II loci 

According to the unitarian theory of the major histocompatibility 

complex in the mouse put forward by Klein et al (102, 103), the la molecules 

of the cell surface are the producta of the immune response (IR) genes 

located ln the 1 reg10n of the MHC. Structurally the la molecules contain 

two polypept ide ehains a and e having a moleeular weight of 32,000 and 

28,000 respectively. The chains are synthesized separately and linked non­

covalently on the cell surface. The polypeptide chains are integrated ln 

the ceH- surface and span it, so that the amino-terminal end protrudes to 

the outside and tbe carboxy terminal end is found inside the cell. The 

allotypic site is exclusively found on the a cha1n. 

Biologieal function of class II gene products 

The la moleeules are mainly involved ~ vivo in the control of immune 

responsiveness, T-8 cel! collaboration, and antigen presentation by 

macrophages, white .!!!. vitro they govern the mixed lymphocyte reaction. 

Clau III genes 

In this locus there are genes which code for the synthesis of soluble 

glycoproteins which are part of the complelllent aequence, including C .. ; 

funet ionally thi. locus, according to Klein, should ba omitted from the Mlle. 
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Histocoapatibility antlgens see. to he markers of self recognition. 

This hypotheèls vas preaented by Zinkernagel and Doherty (117), who have 

demon.trated that virally Infected cells vere lysed only by cytotoxic T 

lymphocytes sbaring the same H-2 determinants a. the target cells. For this 

phenomenon. they colned the tera "H-2 re8triction." and Blanaen ~ (129) 

have proven that thia de pends upon the D and K gene products. The echanislI 

by whlch antigens aS80ciate with MIIC gene product8 ia not clear, but two 

concepts are favored: 1) Dlal recognition - impl1es that cytotoxic T cel! 

recognizes separately at the sae time on the target cell surface 

speeiflcities of self and foreign antigen (128); 2) Altered self - lmp11es 

tbat self MHC gene product 1a altered by a fore1gn antlgen and as such i8 

recognlzed br cytotoxic T celle 

Parmiani and Inverntzi wen the tirst to note that saDI! MC induced 

fibrosarcomata ln balb/c miee grew ea81ly 1n a 8ingle allogenelc strain but 

others dld not (104)..- Adop,ting the hypothea18 forwarded by Klein and Klein 

( 105), they suggested that TSTA _y originate froll an alteration of hi."IIto-

compatib1l1ty antigen (HA) eall8ed by the chell1eal or viral earcinogen. 

Aecording to' this hypothe8ia, chemieal and viral carcinogens lI&y cause the 

expre8sion of genes whose product8 are antigente.lIy cross-reactive with the 

histoeoapatibil1ty antigens of normal allogeneie tissue. 
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Evidence der1-ved fl'oll ehell1cally and virally indueed tU8)rs, as vell as 

hUMn neoplas .. , sugsests tbe existence of so_ relationship between the MIIC 

eoded 1I01ecules and tUlIOr anUgens (104) (Ul) (114) (122) (125). 'lbe _in 

question that ariaes is whether th1s relationship could be looked at as if 

tumor anUsens are: 1) the consequence of an expression of alien ~C coded 

DIOlecule; 2) tUJIlOr anUgena are altered HBC eoded molecules or 3) tu.:>r 

antigens are not related to MHC coded molecules but are nonco~alently linked 

to 62 microslobulinj 4) tumer antigens are not related to Mlle coded 

molecules and merely copur1fy vith thea. 

1) Transplantation studies 

Invernlzzi and Parlliani (107) (106) and Parmiani et al (139) have found 

that the balb/c lIOuse sarco .. (C-l) apparently cross-reaets vith H-2k 

normal tissue.- The ev1d~ce supporting thi. finding was suggested by 

experiments, in which balb/c adce that vere made lJIIIIUDe to C3Hf and AKR mice 

tissue (all share Kk coded antigens) de.,nstrated in subsequent 

experiments t-ransplantation relistance to challenge vith 105 eells of C-l. 

The immunologie specificity of this ti.sue eross-reaetion was further 

demonstrated by the use of congenic alee. It vas shawn that balb/c )IIlee 

developed antitumor transplantation iaaun1ty when iaaunized againat R-2k 

and KkLAk tissue. The sa.e type of imaunization was ineffective vith 

other antigen1eally unrelated balb/c sarcoMs. The faet that C-l cross-

_reacU vit Y 18 restricted. to only certain H-2 antigens, thst alloiJIIIUnization 

1 +1000 
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was ineffective against tumors lacking alien H-2 determinants, that anti C-I 

illllllunity would be passively translIlitted with balb/c anti H-2k lymphocytes, 

strengthen the evidence of i~unological specificit~. 

Martin and Gipson (109) and Gipson et al (lOS) showed that i1JlllUnintion 

of C3Hf mice with normal BIOA tissue induced- transplantation immunity to 
-

subsequent challenge of C3Hf lung' tumors expressing H-2k like determin-

ants. 'l'hese authors concluded that there is an extra H-2 antigen in the R 
1 

region of the H-2k haplotype of the C3Hf lung tumor which ia different 

from the K region of the C3Hf mice. 

Serologie studies 

Using monospecific antÏ8era produced in congenie mice, Mesehini et al 

(110 J 127) were able to show that C-l sareoma adsorbed from the serum the 

cytotoxie activity to antigenically related normal lymphocytes, not only 

anti H-2Dd and Rd but alao H-2Kk • After immunization of balb/c mice 

with C-l cells 1 antisera obtained contained ant ibodies against Kk 

spec i ficity. The concomitant existance of K anèi D specificit ies was 

demonstrated by immunofluoreseence-, indieating tliat H-2d and H-2k are 

simultaneously expressed on the same C-I tumor eell. Recently Roman and 

Bonavida (111) reported tbat SJL (H-2S ), r~~ieulum eell slrcoma expressed 

extra H-2d and H-2k antigens which w~re detected by complement dependent 

cytotoxicity of the tumor cells. Bowen and Baldwin (112) had tound that 

tumor specifie antigens of the MC-induced fibroaarcoma have immunochemical 

and structural similarity to normal 8-2 antigens of the same species. 

- -----~- }" 
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Biochellical purification of the alien 8-2 anttgena ( 118) demna t rated 

that it 1s a 'glycoprotein having a mleculer wight of 48,000 dalton, and 

that it ls noncovalently UnIted to 82 microglobulJ:o. Chellical atabUity to 

papain digestion and different elution positïon on gel filtration dis tin­

guishes the alien from the original haplolype. 

Roman and Bonavida (111) have also pudf1ed a 45,000 dalton IBOleçule 

solubll1zed from SJL (H-2s ) tumor and shown that 1t ls reacUve vith 
1 

H-2d sera, and the anti-H-~ anUsera does Dot react with norllBl SJL 

lymphocytes! The presence Lk alien H-2 specific1t1es seelDS to be well 

documènted. The unanswered question ia whèther they are the TSTA? 

Uslng tell hybridization vith subsequent karyotype analyses of selected 
, 

hybrids, K.bin and Klein (112) have shown that the gene coding for TSTA U 

not present on chroDlOSC)!œ 17; they therefor-: concluded that t}le-t:umor 

antigen 18 not related to H-2 products. Likewia.e, Bowen and Baldwin (119) 

have shown that in rat hepato.a D23, the TSTA 18 not directly associatea 

vith the.rat hi stocompatib1li t y complex as there is no reactivity with an 

alloant18era raised against syngeneic ery,throcytes. FurtherBDre, the saDI! 

authon (120) could not Und any anoclation between TSTA and 82 m1cro")~. 

globuline Recently, Parman1 '8 group haa shown that passage .!! vltro of C-l 

célIs causes them to lose thelr serolog1cally detectible H-2 ~ntigens, while 

TSTA 1s reta1ned (121). Indeed purification on gel filtration and lens 

cul1nar~s affini cy colu1lll8 'of deterge'nt solubilized membrane indieate that 

che TSTA and alien H-2 anUgens are separate entit1es. In conclusion, it 

seelll that alien H-2 8pec1fi~lties are found on certain tuaaor surfaces in 

clo,e proximity to the native hap+otype. 'The aHen haplotype il no-t the 

TSTA and probably is an ep1pheno1ll!p.on of lIIIJ.ignant tranlfor_tion. 
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Coeapping and l..,noprecipitatlon expert_nte favor the aIterad self 
, ,. 

hypothes18 (128). The 8a_ type of 'expert.nts, were a180 pre8ented as 

evidenée for the relation8hip' between tumr antigens and H-2 anUgen!, !!!. à 

!!!. the sa_, hypoth~jimoto ~ (113) deteeted soluble tUIIDr 
.. 

" 
asspeiatecl antigen and h1stoeompatibllity snt:lgens in 8erà of A!J mce besr-

, ' 

ing spontaneoua LI1-17 lyçhoIE ,by the means of ,the inhibition of tlle cyto-

toncHy of rabbit anti-L1l17 serum and of a1loantisera to normal AlJ anti-

gens, respectively., It was shown that both .ntigens éopurif1ed froll serull 

of tU8>r bearing anials using reverse imaJnoabsorbents prepared by 
Cl 

insolubllization of eUher rabbit anU Ll1l7 antibodus or of the ant! AlJ 

alloantlbodies. lt was suggested by the authors tbat the determnants 

respons1ble for tbese two anUgenie specificities were ad,oliated with the 
/' 

same mlecular miety. Goodlng and Edldin (114) uslng 11111l1nofluorescence 

techniques de8>nstrated that terat01l8 antigen co-caps vith H-2D and H-2K 

DIllecules in various, transformed fibroblasts and teratoma cell lines. 

Bubbera and Lilly (115) have sholftl t'bat in serua of bal bIc 1Iice infected 10 

- 14 days prevlously with Friend- virus (FV), t~re are viral partieles whoae 

envelope contains H-2K and H-2D deterlll1nants. This was de.,nstrated by tht\ 
, 

abillty of virions isolated from lnfected sera of balb/c mce to Inhibit the 

cytotoxic activlty of varioua H-2 antisera. The sailli! authon also have 

shown that capping of FV anttgens on H-2b tUlIOr c~ll surfaces caused 

partial co-capping of B-2D but not H-2It antige.ns. 

, 
1 . : 
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Rece~tly CaUahan !L!!. (116) characterized a plas •• lIbrane antigen 

( of, the 1II1rine lYlIPhoma 6C3 lied. Syngeneic CS8/Rej anti-6C3 Bed ant1serua 

"-waa shown to be ",apecifical ly reacUve with the lyapho .. cells. Alloantisera 
1 ; 

to H-2, 2.3 vere found ta re.ct in imsunoprecipitation and cytotoxicity 
, 

-t.adeorption vith lYlIPho- cell lysatee. SDS PAGE electrophoresie of tadi, 

labeled illlllUnoprecipi tetes of tUlIIOr cell ext racts obtained with alloanti­

serum and ant~ 6C3 Hed vere identical. Proteina wi th molecular weigbt of 
, 

approximately 70,000, 45,000 and 12,000 daltons were apparent in both. 

From the data presented above, altered 8-2 antigen may be the tumor 

antigen (in conformity vith the aItered self hypothesi's). lt cannot be 

,,1 

excluded, however, that tumor antigens and H-2 antigens are separa te 

entiUes found in close proxim1ty on the tU1IIOr celi surface, and thus 

co-purify and co-cap as one. 
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Tu.or ant:igena of b ...... cancer and hi.t:ocoçat:ibilit:y cO!plell: (IILA.) 

Extrapolating from the rodent system, it aeemed logieal to investigate 

whether human tumor antigens are related to HLA antigens. Reisr~ld's grou1> 

~ 
isolated tumor specifie antigen from a melanoma cell llne, the tumar antigen 

1.n the spent medlum from a me lanoma eell 1 i ne was precipitated by allDDonilDD 

sulfate, separated by Kbr floatatLOn, CM cellulose 10n exehange and lentil 

lectin Sepharose affinlty chromatography. The melanoma specifie antigen 

detected by means of the LAI assay, antuerum, and dell!yed type 

hypi'tsenslt1vlty was not assoclated wlth material eontaining HLA antigens, 

oor was it associated with ~2 microglobulln (122, 123). Cell kInt>tIc 

studles done by the same group demonstrated that the HLA antigen profile of 

cultured melanome cells from Olne patIents, measured by a quantitatlve 

mlcroadsorpt Ion technique, does not dl ffer from that of autologous 

lymphoblasts (131). 

Malleyet al (24) also could not ftnd a cor~lation between melanoma 
" 

assoclated ant 1geo and HLA ant 1geo, but demonstrated close associat Ion with 

~2 mlcroglobul1.n. These Authou demonstrated that the majorlty of melanome 

tumor antigen activity (assessed by the LAI asuy) from melanoma extracts 

derived from fresh tumou blnds to Sepharose ant1-82 mlcroglobulin adsor-

bent. Aetivity of the tumor antigen was retained after HLA ant1gen removal 

by KBr fIoatat ion. On the other- hand, Thomson ~ (I2S, 133) and Rauch et 

al (26) have demonstrated that tumor antigens.-are assoclated with H1A 

antigens and 62 mlcroglobulin. Br-east care1noms, melanoma, and hepatoma 

membrane vere 601ubil ized and digeeted by papain. Membrane proteins were 

then aubjected to 1I01ecular .ieve chr01llBtography and snti human 82 micro-

globulin .ffini ty chra.atography. Tumor- Bnt igen Activity wu assesaed by 
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means of the LAI 8S88y, whill:! the preaence of 82 microglobin and HL/. 

antlgens (A, B) vere determined by radioi1lllluneaauy. Indeed, it was found 

that tumor antigen act.y and HLA antigena were found in the aame bound 

tract ion from the a2 microglobul in affinity column, On SDS polyacrylamide 

gel electrophoresis, the material corttaining tumor antigen activity was 

cS'lDposed of two major subunita vith moleC'ular weight approximately 12,000 

and 40,000. Although the evidence from Thomson 's laboratory PQinta to the 

cOlsolat Lon of tumor ant 1gen and the HLA Molecule 1 it should be borne in 

mlnd that tumor ant igen May not be re lated ta RLA. Rather OSN May be 

strongly bound ta the HLA Molecules and only copurlfy vith them, or OSN 

could be a ddferent famlly of 'Molecules that are slso linked to 62 mlcro-

globulln. 

HUllan lUIlJ t...,r antigeD 
1 

The ~eftnltlon of lung tumor antLgens in this reVlew 18 restr'icted to 

protelns denved from tumor tissue that are capable of eliciting an immune 

respoose ln the prlmary hast. Molecules often assoclated with lung cancer 

such 88 carcinoembryonic antigen (CEA), antldiuretic hormone (ADH) and human 

chofloolc gonadot ropin (RCG) are not cons idered. ln accordance with the 

above statement, the presence in the primary hast of humoral and cellular 

Immunlty directed againat lung cancer constituents 18 mandatory. Several in 

VIVO and ~ vitro &8uys are employed Ln order to diaclose itmlunity in the 

hast against lung tumor cells. 
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1) Delayed hypersenaitivity 

Hollinshead et al (56) tested in vivo delayed hypersensiUvity 

reactions to a .. brane preparation of hulYIl lung cancer cella, "nor_l" lung 

cells from the same lung and normal lung cella from a healthy accident 

vieU m. These membranes vere lonicated and subjected to a>lecular sieve 

chromatography. Fractions were teated by intraderllll11 injections. Of '106 

patients tested vith fractions of lung cancer sonicates, 50 reacted 

poa1ti vely. Of 106 patients tested vith normal lung sonicates fraction from 

the cancer patients, 17 produced positive delayed type hypersensitivity skln 

reactions in autologous and allogeneic lung cancer patients. Allogeneic 

tests on a patient vi th epidenooid lung cancer vere performed' vi th the 

soluble antigens. both trom epidenooid cancer cells and from Jœtastatie 

tumors groving in the lung of patients vith intestinal and cervical cancers; 

only the epiderooid lung cancer soluble antigens gave posi ti ve tests. 

Recently, Sega et al (54) employed a lung tUJIM)r assoe1ated antigen prepared 

by homogenlzation of surgieal specimens of adenocarcinoma and epiderlKlid 

carc1noma. The pooled crude extracts were subm1tted to gel filtration on 

Sephadex 8-200. TulllOr antigen activity was initially determined by œans of 

xenoantisera on double ilDllllnodiffusion.The active fraction was util1zed for 

skin testing for detection of delayed type hyperaensitlvi ty. Skln reaction 

occurred in 32% of lung cancer patientsi 48% of those vith l1mited disease 

and 17% vith extensive disease were positive. 

2) Cell mediated cytot?,x1c1~l 

Vose et al (47) obtained peripheral blood 1 YlIIPho cy tes (PBL) from 

... 1 patients vith pulmoary neoplasla and tested thell for cytotoxicity against 
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cultured cells derived froll lung tuaor of diffe~ent histologieal type" .. 
fetal and normal adult tissue and tumor8 ariBlng in otber organs (colon, 

breast, bladder).· Leukoey~e8 from 75% of patients were cytotoxic for cells 

froll lung tUllOr while reactivity against normal adu,lt lurtg cells and 
} 

unrelated tumor cells (colon, breast, bladder) ~as 42%'and 18%, 

respectively. Leukocytes from lung cancer patients were al80 cytotoxic for 

cells from fetal lung with màximal cytotoxicity (88%) observed for fetal 

cells at 13-14 week gestation. However, 35% cros~-reactive cytotoxicity of 

leukeytes from non lung tumor bearing patients was observed to lung cancer 

cella. 

In a study by Pierce and Devald (53), PBL from patients having broncho-

genie careirroma, but clinically diseas8 free, were found to be more 

cytotoxic to bronchogenic carcinomB cells than leukocytes from normal donor 

or patients with advanc~d disease. In control experiments the same PBL vere 

more cytotoxic to bronchogenic carcinoD8 cells tban to cultured fibroblasts. 

3) Leukocyte migration inhibition assay (LMI) 

Vose et al (60) examined the immune reactivity of PBL trom healthy 

donors, from patients wi th lu~ cancer, from patients with malignant disease. 

outside the lung by tbe leukocyte migration inbibi Uon assay. The anUgens 

were homogenates of lung tumor tissue, lung tissue materlal derived from 

tUllOr free area, and materlal froll non .. lignant lung leslons. P8L 

migration was inbi bited in the lung cancer patient group in respoDse to lung 

cancer extracts, but also to tumar free and normal lung homogenates. They 

concluded that in some lung cancer patients sensitization i8 not only 

\' against tulOOr specifie antigens but also against antigens of normal lung 

tissue. 
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McCoy ~ (59) used as a source of antigen a lM KCI extract of a 

tissue cultured squamous cell lung tuaor céll 1ine and a fresh pleural 

effusion from a patient vith adenocarcinoœa of lung. Of patients with lung 

cancer t 60% reacted in the direct capillary tube LMI asaaYt whereas of 

normal donors, 10% did. SODe cross-reactivity waa noted vith breast 

carcinome patients. InterestinglYt there was no correlation between LMI 

reactivity and disease stage, nor between LHI reactivity and histological 

type, since PBL from patients with oat celit squaaous cell, and 

adenocarcinoma were reactive against the same extracts. Thus, most patients 

vith earcinoma of the lung had cell mediated immunity against a co~n lung 

cancer organ-specifie neoantigen which was not restricted to a given 

histologie type ôf lung carcinome • 

. 4) Blastogenic response of PBL of lung cancer patients 

Sega et al (83) have purified lung tumor antigen from lung tumot tissue 

and tissues from humen 3 to 5 months fetuses by homogenization and ammonium 

sulfate precipitation. Proteins were further purlfied by DUE 

chromatography. Elution of an antigen from fetal lun~ tumer was monitored 

in a double immunodiffusion test with antiserum raised in rabbit. The 

holated protein was used as an antigen for inducing blastogenic response of 

FlcoU separated PSL as ueasured by [3H]thymidine incorporation. PSL from 

lung tumor patients showed a significant blastogenic response in 60% of the 

cases. PBL of healthy.individuals and from patients having other melignant 

disease and chronic inflammatory lung disease were completely unreactive. 
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5) Leukocyte adherence inhibition (LAI) 

Anti tUIIDr i •• mi ty to hu.n lung cancer was measured by the LAI assay. 

(68) (63). A positive test to lung cancer antigen vas detected vith PBL 

from "56% of patients with lung cancer and 4% of patients with infla ..... tory 

lung disease. The LAI response vas related to the extent of the tumor, as 

80% with stage If 66% vith stage II, 54% vith local1zed S'tage III and 35% 

with widespread stage III were LAI positive. Leukocytes from patients with 

adenocarcinoma, oat cell carcinoma, and squamous ~ell carcinome reacted to a 

common tumor antigen shared by 411 lung tumors. 

Recently, Sanner et al (64) modified the LAI Assay by trypsinizing 

normal donor leukocytes and then Incubating them vith serum from patients 

before they vere exposed to antigen extracts derlved from lung and breast 

human earcinolJll eell 11nes. Othervise, the assay was conducted in 8 similar 

manner to that of Bal 11day 's hellDcytolleter tœthod, vith which lt W8S 

compared. Of 21 lung cancer patients studied, 95% (20) gave a positive 

response in the modlfled &Saays when breast cancer antigen vas employed. 

None of the control serum teated gav~ positive r~sponses. 

From the data presented, the following conclusions may he dr~wn: 

1) Lung tUlIlOr antigen exists and ls illl1lUnogenic in the primary host. 

2) Lung tumor antigen is probably a fetal component. 

3) Lung tumor antigen expressess 8 common epitope on histologieally 

di'fferent lung cancers. 

4) There ls 8 direct correlation between spread of disease and the amount of 

immune responae detected. 
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CBAPTD II 

S1gnif1c:ance, ratioDal. and objectives of preaent 8t:ud7 

Certain human tumor antigens are organ specifie and are probably 

expressed in embryonie tissue 1 suggesting that they _y have an important 

role in differentiation. Tumor antigens in human are also found to 

cireulate free and ar~ excreted in the urine. Attempts to define and 

isolate human tumor antigens in the past employing xenoantlsera to tumar 

produets have fa1led mainly beeause of inablli ty of xenogeneie animal to 

respond to the specifie epitope which evokes an illlJlJ.me response in the human 

host. Conversly. the LAI a8s8y for detecting and IOOnitoring the isolation 

of the putative tumar antigen has the advantage that it measures the host 's 

immune response which ia directed to a molecule containing the epitope or 
Q 

epi topes Fhat are suffic1ently unique to evoke an anti tumor immune response. 

Since past attempta to lsolate and characterize lung tumar antigen have 

fa1led. it was felt that an attempt to isolate lung tumor antigen by using 

the LAI assay to DDni tor i ts purification might prove suecessful. 

Urine of lung cancer patients was chosen as a source for the tumor 

antlgen for the following reasons: 

1) Ease of collection with no difficulty in obtaining large quantities. 

2) No dependeney on pathologieal specimens. 

3) The putative tumor antigen is partially pur1fled as proteine a..re 

filtered through the kidney. 
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'nle objective~f this study was to isolate. purify and characterize the 

tumor ant igen from lung cancer patient 8 and thua re.olve the debate about l 

1 
1 

the nature of tumor ant igens. Once isolated and characterized it aay be 

possible to.develop simple serologle aS88ys vith the specificityand 

sensitivity of the LAI assay, so that routine laboratories can avail 

themselves of this diagnostic too1. 
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CIIAP!'&I III 

j 
Material and Methode 

Patients: 

Twenty patients having advllnced lung cancer were asked to collect their 

daily urine output. Tbirteen patients had squalIIOus cell carcinoma and seven 

oat cell carcinoma. Eighteen were males and two females. The œan age waB 

62 years. During urine collection patients were Dot receiving chemotherapy 

or radlotherapy. 

Urine collection: 

Urine was coUected in 2 Utre sterile plastic bottles, containing 10 

ml of 1.0 M Tris HCL, 0.002% sodiull a%ide, stored at 4°C, and picked up 

every morning. Urine froll each day's collection was pooled and concentrated 

in the cold to 1/10 of !ts original volume in an Amicon concentrator lDunted 

with 150 II1II PM-I0 IlleJRbrane. A total of 300 litres of urine was coUected 

over a period of 4 JlK)nths. 

AmIIIonium sulfate precipitation 

Urine concentrÀte of each day wa. preeipttated with aJD)niua sulfate. 

The amount of salt that was added to the urine w&s such as to bring the 

j' 
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solution to 80% satura~ion. ~nium sulfate vas added to urine at 4!C ~th 

constant stirring over a per10d of 1 br. The urine, after the a..,n1ulI 

sulfate. was completely dlsso1ved, vas left to sUr in the cold for another 

hour. The precipitate w&s collected by centrifugation for 30 III.nu~es at 

15,000 g on a Sorval centrifuge co01ed ~o 4°C. The predpi~ate was re-

suspended to 3 ml by adding 0.1 M sodiua pho8phate buffer pH, 7 .3, then 

placed in • a dialysis bag Spectrapor No. 1 wi~h a œ:>lecular weight cutoff 

~ 
daltons - (Spectrum Medical Industries, L.A.-U.S.A.) and dialyzed ... of 10,000 

at 4°e against 100 tilll88 the volume of 0.1 M sodium phosphate buffer pH,7.3, 

and 0.002% sodium az1de. Dialysls buffer wa8 changed twice in 24· bours. 
"-

Insoluble material vas di8carded after centrifugation on a Sorval centrifuge 

at 10, OOOg for 10 od.n. The supernatant was concentrated to 2 ml in an 

Amicon concentrator (Amicon Corporation, Lexington, Mass. - U.S.A.) u81ng a 
~ 

PM-I0 membrane vith a IOOlecular eut off of 10 ,000 dalton. The concentnte 

was stored in ,lOoe until further use. 

Affinlty chromatolraphy 

a) In order to relOOve albullin from the urine precipitate, e1bacron bIue 

• covalently attached to Sepharose CL-6b W8S purch.sed froa Pharmacia Fine 

Chemicals (Uppsala, Sweden). 25 gm of gel vas ewollen in 0.1 M phosphate 

buffer, pH,7.3, + 0.002% sodium adele according to manufacturer's 

instructions. 

The swollen gel was poured i nto a 5.0 cm x 60 ca colullll (Phar.ch , 

Uppsala, Swedeh). The bed volu..a tbu8 achieved W8S 200 IIÙ; the fl,ov rate 

, 
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used W8,S 50 IIÙ/hour. Elution was performed with 0.1 M sodium phosphate 

bUffer pH,7. 3, + 0.002% sodium azide. The column effluent ws continuously 

monitored at 280 nm. The unbound fraction was concentrated u,ing an Amicon 

PM-IO œmbrane. The bound fraction was eluted with 3 column volumes of 3M 

KSCN and tpen 3 coluDIl volumes of 0.1 M phosphate buffer pH,7.3 + 0.002% 

sodium azide was used to return the column to starting conditions. 

" b) The anti-human IgG,~ anU-human K l1ght chain and anti-human À light 

chain affinity column' (will be referred as anti-human l1ght chain af fi nit y 

column) was prepared by coupl1ng commercially available antibodies (directed 
1 

against human Ig, K and À light chains raised in rabbit - Schering - U.S.A.) 
, • to AH Sepharose 4B (Pharmacla Fine Chemi cals, Uppsala. Sweden) using the 

method of Cambiaso (3). A 30 ml volume of gel was prepal:'ed containing 500 

mg of anti-IgG, 50 mg of anti À and ant1 j( l1ght chain and 10 ml of protein 

e 
A bound to Sepharose CL-4B. The gel was poured into a 5.0 cm x 60 cm 

column creatlng a bed volume of 40 ml. There~fter the gel ws equllibrated 

with phosphate buffered saline (PBS) pH,7. 3, + 0.002% sodium azide. 

Spec1fic1ty and capacity of the column was established with [125 1] labeled 

IgG. EluÜon of the urinary protein was carried ''Out in PBS pH,7. 3, + sodhm 

azide 0.002% at a flow rate of 30 ml/hour. Four passages through this 

colunn were necessary. The unbound fraction was collected and concentrated 

by ultrafiltration to 2 ml volume on a PM-lO œmbrane. 

Ion exchange chromatography 

J, 
The coocentrated urinary protein was dialyzed and equil1brated with 

Tris HCI 0.003 M pH,7.8. • DEAE Sephadex A-50 (Pharmacia, Uppsala, Sweden) 

us 8wollen and equil1brated with the same buffer. The anion exchange gel 

was poured ioto a coluŒ 5.0 cm x 60 cm resulting in a bed volume of 500 ml 
\ 

- -----~---------------



__ ...... ____ ;uc ..... __ •• ~If'.. ! • t lU;hS 4 J uW.l'Ie 'm,seC_14M2"' MJbtU4 •• ",~~ .......... IV". .,., 

69. 

and a fl-ow rate of 80 ml/hour. After the gel had settléd, the sample was 

applied and eluted ln a stepwise fasbion Increaslng the ionic strength in 

each step. The voluœ of the eluent was 3 times the bed voluJœ at each 

step. 

Fraction 1 - Tris HCI 0.003 M pH,7. B, 

Fraction Il - Tris HCI 0.003 M pH,7.B, + 0.013 M NaCl 

Fraction III - Tris HCI 0.003 M pH,7 .8, + 0.03 M NaCI 

Fraction IV - Tris HCI 0.003 M pH,7.B, + 0.05 M NaCl .. 
Fraction V - Tris HCI 0.003 M pH,7.8, + 0.1 M NaCl 

Fraction VI - Tris HCI 0.003 M pH,7.8, + 0.15 M NaCl 

Each fraction was concentrated to 3 ml in an Ami con concentrator using 

PM-IO membrane. 

a 
Molecular sieve chromatography on Sephadex G-75 8uperfine 

The active fraction from the DEAE column as defined by the LAI a8s8y 

• was then chromatographed on a c~librated 5 x 100 cm Sephadex G--75 super-

fine column, equilibrated with phosphate bufferèd saline at pH,7. 3, contain-

ing 0.002% sodium azide. The colunn effluent was continuously IIlOni tored at 

280 nm in an LKB spectrophotometer (LKB, Sweden). 

Fractions corresponding to the elution positions of standards for 

~molecular weight of 48.000, 30,000, 12,000 were pooled and concentrated 

separately to 2 ml on an Amicon lIlOunted with PM-IO membrane. 

- ----------,-
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Adsorption chromatography 

Adsorption chromatography W8S achieved using Bydroxyapatite (LKB, 

Sweden). The swollen gel was layered in a disposable gl88s co1um 0.7 x 10 

cm (Bio-Rad Laboratories, Mississauga, Canada) to create a 2 ml bed volume. 

The gel was washed with 10 ml of 0.005 H Tris HCI pH.6.8. The sample from 

the DDlecular sieve coluDm was dialyzed against the same buffer. After 

sample application the proteins were eluted in a stepwise faahion using an 

increasing ionic strength of potassium phosp~ate (K2H po .. ). Five fractions 

were generated: 

1. 0.005 H Tris HCI pH,6.8, 

2. 0.005 H Tris HCI pH.6.8, + 0.001 M K phosphate 

3. 0.005 M Tris HCI pH,6.8, + 0.005 H K phosphate 

4. 0.005 M Tris HCI pH,6.8, + 0.01 M K phosphate 

5. 0.005 H Tris HC! pH.6. 8. + 0.1 H K phosphate 

Each fraction was concentrated to 1 ml volume in an Amicon cell usina 

• PH-lO membrane. 

Protein determ1nation 

Protein determination was accolllplished by usina the Bio-Rad protein 

4ssay (Bio-Rad Laboratories. Ktssissauga. Ontario, Canada). Th!s assay lB 

based on the observation that the absorbance maximum for an acidic aolution 

of Coomassie blue, shifu from 465 DIlI to 595 na when binding ta protein 

occurs. 
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Standards used were gammaglobul1n and albumine Briefly the assay was 

perforœd as follows: 

1. Standard dilutions containing from 0.2 to 1.4 Ug/ml are prepared. 

2. 0.2 ml of standards and dlluted sample are placed in separate 

tubes. 0.1 ml sample buffer in "blank" is placed in a s,&parate 
~~~ 

tube. 

3. 5.0 ml dlluted dye reagent 18 added to each tube. 

4. Vortex. 

5. After 5 minutes OD S95 measured versus reagent blamk. 

6. OD 595 versus concentration of standards 18 plotted. Unknowos from 

standard curve are read. 

Radioiodinatlon of proteins 

Proteins were iodinated with [1251 ] (Amersham, England) using the 

lactoperoxldase-glucose oxidase enzyœ bead œthod employing the manu-

facturerts conditions (Bio-Rad, M1ss18sauga, Canada). The reaction w&s .. 
quenched by adding 100 ~l of a solution of 0.1 Ug/ml KI. The labeled 

protein was se,parated from free iodine by passage on a prepacked PD-10 

colulŒl (Pharmac1a, Uppsala, Sweden). A 20 \.11 sample of the separated and 

labeled protein was preclpi tated with 20% TCA to determ1ne the aDDunt of 

radioactivlty incorporated into the proteine U8ua11y 95% of the prote in was 

labeled. 

Sodium Dodecyl Sulphate polyacrylallide gel electrophorea18 '(SDS-PAGE) 

SDS-PAGE wu perfoned by the _thocl of Lae-.li (l). The running gel 

(10 CIl x 12 CIl x 2 QI) conai.ted of cOntinuou8 gradient of 20 to 10% 

~' ,: ;-'1, --', .... ' ______ _ 
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bisacrylamide (Bio-Rad, M1ssissauga, Canada) and was overlayed with stacking 

gel (3% bis-acrylamide). Before application the protein was reduced by 

addition of 2-mercaptoethanol and boi1ing. The gel was run over night, 

relOOved, stained for 2 hrs at 37 oC with Coomass1e blue and destained in 

7.5% acetic acid, 10% methanol. The radioactive gel was later autographed 
..,P 

for 72 hours at room temperature on x-omat R2 film (Eastman-Kodak Company, 

Rochester, New York, U.S.A.). 

Preparative SOS-PAGE and elution of protein bands 

Standard gradient SOS-PAGE according to Laemmli (1) was run over 

night. E1ution of proteina, SOS removal,'O"'<and recovery of biologie activity 

was achieved using the method of Hager et al (2). The proteins in the gel 

were visualized by precipitation with cold 0.25 M KCI (DOC) + 1 mM of 

dith10thre1tol (OTT) (Pierce Chemical Company, Rockford, Illinois). The 

vari0·.!~ ~:::::!::; were eut out with a blade and the prote1n eluted in buffer 

containing 0.1% SOS, 0.05 M Tris pH,7.9, 0.1 mH ODT, 0.1 ~g/ml, BSA, and 0.2 

M NaCI. The acrylamide was crushed with a teflon pestle (Knotes, K 886001 

size 19) and the protein was eluted over night. After 5 minute cen-

trifugation at 500 g the supernatant was transferred into 1~ ml Corex tubes. 

SOS was removed by acetone precipitation in the cold (-20 OC) for 30 min. 

The acetone precip1tate was allowed to dry, then resuspended with 20 ~l 6M 

quanidine HCI. The solution was then diluted 50-fold with buffer, 0.05 M 

Tris HCI pH,7.9, 0.15 H NaCl 0.1 mM DTT, 20% glycerol, 0.1 ~g/ml BSA. 

Proteins were permitted ta renature for 1 to 2 hrs and then extensively 

dialyzed against distilled vater. Radiolabeled and eold proteins vere 
, 

processed in the salle .nner. Homogenei ty of the eluted proteins was 

determined by SOS-PAGE. Biologie aeU vi ty vas lIeasured in the LAI &888y. 

... 
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Computerlzed antigen induced tube, LAI 8ssay 

Donors of leukocytes 

A 20 ml sample of heparinized venous blood was drown from Stage 1 lung, 

colon, and melanoma cancer patients. The blood was incubated ln a vertical 

p~sition for 45 min at 37 oC. The leukocyte rich plasDB was aspirated with 

8 Pasteur pipet, particular attention was paid not to include erythrocytes 

ln the 8splrate, and then centrifuged st 200 g for 5 min. The pellet of 

cells was resuspended in 3.5 mJ of Trls-buffered ammonium chloride solutlon 

(90 ml 0.83% aqueous 8111110nium chloride, 10 ml 0.1 Tris buffer) pH.7 .2, at 4 

Oc. The suspension was left for 10 min at room tempe rature to lyse contam-

inating erythrocytes. The procedure was terminated by the addltion of 6.5 

ml of Medium 199; the cella were then centrifuged, and the supernatant was 

removed and discarded. The cells were washed tw1ce with 10 ml of Medium 199 

and resuspended at a concentration of lxl0 7 /ml of medium. 

Tube LAI Assay 

The tube LAI a8say wu performed as previously descri bed by Grosser and 

Thomson (4). !Wenty ml, 16x150 ma glas8 test tubes in triplicate for each 

anUgen were used. To each tube wu added 0.3 ml of MediUlll 199, 0.1 III of 

tumr extract containing or 100 ug protein, 0.1 ml of the suspended PBL 

(init1al concentration 1 x 10 7 cella/al). WeIl agitated, the tubes were 

laid horilontally 80 tbat the contents covered four-flftha of the length of 

the tube and were incubated at 37 oC in a-5% 002• huaddified ataosphere. 

Two houri later, the tubes vere .tood upright, and the contents at the 1 • 
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bot tom were gently agitated with a Pasteur pipette. And then a sample was 

withdrawn and pipetted ontb a hemocytometer with a surface marked only by a 

single square, outl1ning an area of 16 1JIIlI2. 

Within the square the cells were counted automatically by a computer-

linked image analyzer. The computer calculates the mean number of 

nonadherent cells, standard deviation, coefficient of variation, and 

expresses the results as a Nonadherence Index (NAI): 

NAI - A-B x 100 
-B-

" A - Number of nonadherent cells in the presence of lung carclnoma extract 

(specifie antigen) 

B - Number of nonadherent cells in the presence of colon carcinoma or 

melanoma extracts (nonspecific antigen) 

Bssed upon studies of a large number of patients with malignant and non 

malignant diseases, an NAI of 30 or greater was established as a positive 

test (4) (5) (6). 

"Block.ing" tube LAI assay 

A blocking tube LAI assay was performed as previously described by 

Lopez et al (7). The isolated anUgen was diluted in 0.5 ml of Medium 

containing 1% fetal calf serum. This solution was added to 1.3 x 10 7 peri-

pheral blood leukocytes (PBL) auspended in 0.5 ml of Medium 199. The PBL 

vere from patienta that showed reactivity in the tube LAI aB8ay. The 1IIix-

ture was Incubated for 30 min at 37 Oc ln a 5% C02 atmosphere with frequent 

agitation of the tubes. At the end of this period. the cella vere centrl-

fuged at 500 g for 10 _nute., vashed twice with Hedlua 199, and transferred 

1 
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separately to glass test tubes with the specifie and nonspecifie tumor 

extraets. Specifie antigen waa aeeepted as present in an iaolate when the 

sample was able to abrogate specifically the LAI response of leukocytes from 

patients with tUlOOrs trom the same organ from which the antigen was derived 

(lung) but not that of P8L derived from patients with other cancers. A NAI 

value of greater than 30 vas positive and indieated no bloeking. whereas a 

NAI value of Iess than 30 wu negative, indicated block NA! values of 

block.1ng experiments were expressed as the percent 0 the positive NAI and 

blocking was considered to he present when the onse was inhibited by 50% 

or rore. AlI samples were coded, unknown to th person performing the test. 
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USULTS 

Isolation and Purification of ~ TU.or OSI fro. U~ioe of Lang Cancer 

Patients 

\, 

Pilot Studies 

In preliminary experiœnts, 46 liters of urine were collected from four 

lung cancer patients. These experlments were designed to determine the 

conditions for collection, storage and purification of lung tumor OSN from 

the urine from œtastatic lung cancer patients. Table 1 shows that 2.8 gm 

of urinary protein was recovered. This protein at 50 ~g and 20 ~g negated 

the LAI response of PBL from lung cancer patients but not the positive 

response of PBL from patients with unrelated cancers. 

The LAI active urinary protein was chrolMtographed on a Blue Sepharose 

afflnity column (5.0 cm x 60 cm) having 200 ml bed voluœ. Protein quantity 

e luted in the unbound fraction from this colulll1 was 1.85 gm. This fraction 

di splayed acU vi vi ty in the blocking LAI aasay as shown in 'l'able 1. To 

determine the elution profile of the LAI active urinary protein from an ion 

exchange column, the urinary protein was equilibrated with the starting 

buffer for the DEAE ion exchange colulID (5.0 cm x 60 c), that had a 200 ml 

bed volume, and was eluted from the column with a step wise gradient of 

NaCl. Table 1 shows the prote in recovered in each fraction. Only fraction 

II eluted with O,013H NaCl delllOnstrated activity in the LAI assay and 

contained 58.52 Dg proteine Other eluted fractions did not display activity 

in the blocking LAI a8s8y (Table 1). 
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TABLE 1 

Pilot Study/LAI Activity and Protein Recovery 

Protein recovered LAI Activity* 

~ 

Ammonium sulfate precipitation 2800 + 

Blue Sepharose affinity chroma tography 1852 + 
(unbound fraction) 

Ion Exchange Chromatography 

eluted with start1ng bufter Fr l 112.2 

eluted with O.013M NaCl Fr II 58.52 + 

eluted with 0.03M NaCl Fr III 85.8 

eluted vith O.05M NaCl Fr IV 136.8 

eluted with 0.1 M NaCl Fr V 177 

eluted vith O.15M NaCl Fr VI 153 

*The fractions that specifically blocked a positive response of leukocytes 

trom lung cancer patients by more than 50% and did not alter the positive 

response of leukocytes from patients with an unrelated cancer. 

+ - blocked 

- - no effect 

.. :' _f 
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Isolation and Purification of Long tu.Dr OS8 fra. Urine of Luna Cance~ 

Patienta 

Based on these studies a purification scheme for the isolation of lung 

tumar OSN in a large scale was undertaken as outlined in Table 2. From 300 

liters of urine 10 gm of protein was precipitated by 80% saturated ammonium 

sulfate. The urinary protein was chromatographed on a Blue Sepharose 

affinity column (S.Ox60 cm, having 200 ml bed volume). The unbound fraction 

was eluted in twu peaks (Fig. 1). The two peaks were pooled and concentrat-

ed. Table 3 shows that this fraction contained 5.1 gm protein. 

A) DEAE ASO Ion Exchange Chromatography 

The unbound prote in was equilibrated with the starting buffer for the 

DEAE ion exchange and the proteins were eluted from the column with a step 

wise gradient of NaCl. Table 3 and 4 shows the amount of protein recovered 

in each fraction. DEAE fraction II (eluted with 0.013M NaCl) had 270 mg of 

protein and was the LAI active fraction (Table 3). Other fractions presented 

in Table 4 were eluted with the starting buffer and higher ionic strength 

buffers and did oot display activity io the blocking LAI aS8ay Binee aIl 

these fractions were not able to block the positive response of leukocytes 

from lung caneer patients. 

Blocking the LAI assay with urinary pratein isolate DEAE Fraction Il 

Fractions that demonstrated no LAI activity are presented in Table 4. 

The fraction or fractions eontaining LAI inhibiting activity vere further 

analyzed and a dose-response inhibition of LAI was obtained. If there was 

greater than 50% inhibition of the positive NA! value, this vas considered 

r,) ~---- - - ---
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TABLE 2 

Purification of a lUDf tu.or OrlaD-apec1fic aeoantipn 

1. Urine protein precipitation 

by 80% alIIDOnium 8ulphate 

Redis80lved precipitate in 0.1 K 80dium 

phosphate buffer pH, 7 • 3 

2. Affinity co1umn: Blue Sepharose 

Unbound fraction dialyze and 

equilibrate with 0.003 K Tris 

HCI pH, 7.8 

3. Ion-exchange column: DEA! A-50 

Fraction Il e1uted by 0.013 NaCl 

0.003 K Tris pR,7.8 

4. Affinity colu1lll: Anti-human 11ght chain 

Unbound fraction 

5. Molecular sieve cbromatograpby: 

G75 superfine 

Collect P44 Fraction 

6. Adsorption chro .. tography: Hydroxyapatite 

Collect unbound fraction eluted by 

0.005 M Tri. HCL pH,6.~ 
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Figure 1 

Elution profile from the Blue SepharosE' affinity chromatography. Elution 
recorded at 280 nm. Both peaks collected and pooled. 
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TABLE 3 
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Ua1cl of 19 tu.»r 0SlI purification froa urine of patienta with _t:aatatlc 15 canc:er 
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Ite8u1ts of LAI b10ddDl with frac:UOIUI at .... ar1.ous isolaUou step!, cte.oDatrat1.Dg 110 acti.rity 1.n tlle ...., 

Step ~a~tion 

Ion exchange chro~tography DEAE-50 

eluted vith starting buffer 1 

eluted vith 0.03M IaCl III 

eluted vith O.OSK HaCI IV 

elutéd vith O.lM HaCI V 

eluted vith 0.15.K NaCl VI . .. 
Anti ~n light chain afflnity 

chro_tography bound 

Molecular sieve ehromatography 

6-7 S lulerfine P25 . 

A4sorption ehromatography , 
"" (:, 

hydroxy-apatite II 

III 

IV 
, 

V 

" 

Prote1_n Recovered Jn mg 

l 

,_I:~ 

" .. 

1500 

525 

230 

41 

110 

230 

4 

\ 

, 

% of positive HAl 

" 
100 

100 

... 100 

100 

100 

100 

100 

100 
~r_ 

.' '100 

100 

100 

1 • 

':;, 

.. 

.J 

1 

~ 
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f. 
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~o he évidence f~r blocking activity of the iaolate.' tFcordingly~ the , 
iaolate BUat not bloek the positive .reaponse of leukocytes,from patient~ 

. - , 
with unrelated cancers by more than 50~. Figure 2 shows the titratiou of 

activity present in fraction II eluted at ID! ionie atrength fro. the ion. 

exchangè chromatography column. B~ocking aetiNity fs evident at protein 

concentràt=~on ranging from 20 ,lJg to 0.5 lJg. At a eencentration of 0.1 ~g no 

blocking activity was detected.. The blocking f!ffect was specif~c sin~ no 

blocking was shown when~20 pg of the same iao1ate was incubated vith '\ 
\ 

reactive PBL from colon carcinoma patients. /,) 
B) Anti-Human Light Chain Affinity Chrollllltography 

IDIDaloodiffusion vith anU .... human lilght chain anUsera and anti-human ~ 

antisera have demonstrated that the DEAE fraction Il contained substantial 

aonunts of IgG and free 11ght chain, determinants. To reonve the gaJ111118 
, 

globul~ns, this fraction was subjected to'anti-hUman light affinity, 

chromatography using 5.0 cm x 60 cm column hsving a bed volume of 40 ml. 

After four passages through this colUllD, 40 mg of protein vere recovered and 

230 mg lost 19 the bound fraction. 

Blocltin vith Urinar in lsolate Unbound Fraction from 

Anti-Human Light Chain Affinity Chromatography 

Figure 3 shows ~he titration curve of the unbound fraction, alter 
... 

passage through anti-human light chain affinity coluWQ. Activity vas 

present in proteln concentration rangiog from 50 pg ta 1 lJg, while at 

concentration of'O.S lJg no blocking activity was demanstrated. No blocking 

was evident wen 50 pg of the, sa. urinary -iaolate was incubated vith PBL 

from colon car cino .. patients. 

-, 
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Figurt' 2 

Titrat~on of LAI activity of uTÏnary isolatf', elulC"d \lith ,10\1 ioni~ strcngth 
from th~ ion E'xchangE' chromato6 raphy DEAE A50o-- bloc1<illg ",·ith. PRL frol'l 

-lung cancer patient~. Blùcking is cvidc:'nt with prolcin ("'-lo,.~ntrati(ln 
ranging fru"Tl 20 V& to 0.5 pg. NU'activity is l'vid~nt àt'C'O\\Cl'ntratil1l\ 0f 
0.1 lJg. 0 - blocking cxperiJ!lCllto; with PB1~ frolLl colon c:m ... ·r pat i,>nts - nù 
activity b cvidt!nt at 20 lJg prvt\"·in that pn'viollsly llbl'og1tt'd th .. 1.\1 

r a;t ivi.ty .wh~'n incubàti'd with PDL ,frum lung Côlnt'cr pnt (t'nt s, 
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Titration of activity of urinary protein isolate aftcr passag~ througn 
ant i-humê'ln light chKn affinity chrùmatograph Q- bocking vith PBL Erom lung 
canc-er pat ients. Activity is dcmonstrated at protein conCE'ntrat io/\ frllln 50 
lJ~ to l pg. 0-- blocking vith PIlL derivrcl (rom colol~ C:Ul\~l'r pnti('nl~. t:o 
a.-:tivity is demontrated ~t the m!lximal (50 ll/~) concentration that abr\ll~.:lt(>d 
thf' assély whE'n PRL from lung C'anl"el' pat-i('nt:o w",n~ <;1:1ploy('d • 
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SDS PAGE 

/. 
anti-humad light chain affinity column were anaiyted on SDS gels with a 

• continuoUB gradient of 10% to 20% polya~ylam1de • 
~ , 

Figure 4 ,shows the . 
pattern of the DEAE fr II in Lane 1. Several majo'r protein ban4s were .' . / present ranging from'molecular weig4~ of 14,000 to 68,000 daltons. Of note 

b • / 

i8 the high intensity staining of proteins at 28,000 and 54,000 daltons. In 

Lane 2, the same urinary protein are shown after passage through the 

anti-human light chain affinity column. 

C) Molecular Sieve Chromatography - Sephadex G-75 Superfine 

The- concentrated unbound fraction of the anti-human l1ght chain 

'\... 
affini ty chromatography column was further pur1fied by Bubjecting the 

u~inary protein ~ molecular sieve chromatography o~alibrated Sephadex 

G-75 super fine. The elution profile was obtained by monitoring at 280 nm 

and is shown in Figure 5. Two peales were obtained. The firet peak (P44) 

was elU~ a~ the elu~ion volume of ovalbumin, corresponding to molecular 

weight of 43,000 dalton. The second peak (P25) was eluted at the elution 

volume of chymotrypsinogen, corresponding to; a molecular weight of 25,000 

dalton. F~om each, peak 4 ~ of~rotein W48 recovered. 

Blockin 

the 'LAI active _terial resided exclusive 

fra~ionJ (corresponding ta the elution 6 

• ,.1 
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--
68,000 - ,_Pli LU' 

43,000 -

30,000 

24,000 

1 2 
Figure 4 

SDS PAGE analys1s (au~oradiogra.) of [1251J labeled isolate eontaining LAI 
aetivity. LAN! l-urinary ptotein eluted with low ionie sttength from the 
l>EAE A50 Ion exe~nse colu_. LANE 2 .... the sa. IIIlterial aftet affinity 
chromatography on \anti-huaen light chain. ' 
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_ ScphadE'x G-75 supttrfine. Elution rccorded at 280 tom pNtks cOr\"('spvoding 
to elut ion volume of ovalbumium (OVA) p44 and chymut ryps invgt>o (chym. l ) 1725 
collected $cparat~ly and concentratPd. 
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Titration of the activity of urinar-y' pro!ein' isolate after molecula,1i, sK\ve 
chromatography. ~~b16tking with PBL d;~ived' from lung cancêr patients. 
activity in the bl~tkjng,a$s~ is demonstrated in protein conceQtratlon 
ranging from 10 lJg tu 0.1 \ g. 0,,- blocking vith PBL derived hom colon 
c8nc~ patients. No set ivity is evident at th.e~ concentl.ation of 10 lJg . 
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shows the titratiOll, curve for activity in the blocltil18 •••• y of the LAI' 
, . 

_terla1 elutecl fra. the mlec\ll-ar tie.,. chroutography. Act1vlty ~8 

evident at protein concentratiOB of lO ),Ig to 0.1 lIg white .t coneentratiQn ~ 

of 0.01 ~g no block1na aeUdty vas d!e.,n.trated., Mo blo~k1ng Je .evident 

when 10 lIg of the sa. urlntÇY t*olate .as lilncubated n'th PBL fro. colon 

carcinoma patienta. Ho activ1ty va8 demnstrated in the p25 fraction (Table 

4) • 

SDS PAGE, 

The active fraction from the aple.1:ular steve chrolIIItography vas 

radiol.belea vith [12S I } and analyzed by SDS-PAGE. 
j 

Figure 7 shows protelns 

ranging in aolecular weight from 68,000 to 14,000 daltons. 

~ D) Ad8orption Chro1l8tography on HydroxyapatHe 
. 

LAI 

To achieve. ~rther purification, 4 lIB of prote ln which cont.tned the 

acU vi ty (P4~~ wa8 8ubjected to adsorption chro1l8tography on 

, hydroxyapatite. Proteina were eluted in 8 8tepv1se gr.dient vith increasing 

-ionie atrength of potassiua 9hosphate. Ugure 8 show8 the a.,unt of protein 

eluted in each batch. ln the Kbound fraction eluted vith 0.003 M Tri. Hel 

buffer 1.9 lIB of protein was obta!ned. When th!s fraction vas tested in the 

as&ay, it was found to contain LAI acti"ity. Other fractions frOiI this , 

column were devold of LAI activ~ty (Table 4). 
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SDS PAG~ analysi. (autoràdiograpby) at [1251] labeled urinary iaolate 
de.ollstrating LAl: acU,iity. Proteina eluted off the IIOlecular- aieve 
chro.tography (Sephade:l G-7S superfine) at elutlon volu. of ovalbuan 
(P44). . 
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Eluted proteins from adsorption chromatography (HydroKyapatite). Amount (in 
mg) of proteil) eluted with different ionic strength of K211PO .. was detet"mined 
by the Bio-Rad assay. G~eate8t amount is present in the unbound fraction 
(Tube 1). . . 
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BlockiD:g LAI Assat With Urinary Isolate. - Unbound ria~tion 

• Figure 9 shows the t1t,r~1on ~f LAI acthity ~ u~l~~ry ptote.1n e1uted 

in the .unbound fr:Ctl~on from the 'ad80rption cbroatograpby éolu1lll. LAI . . ' 

activity was present at concentrlltions ranging ~r~)1. 10 }1g~ ,to 0.05 )Jg, bu~, 

0.01 \Jg urinary protein dld not demonatrate any LAI àctivity. Spec1flcity 

10 P8 Qf .~he same protein to 
. 

was sho~ by the inabillty of nullify the'~ 

-response of PBL derived from maUguant melanoma patient. 
,.. 

~DS PAGE 

Figure 10, Lane 1 shows the proteln on SDS PAGE which contain the LAI 

active materia1 from tm.. adsorption chromatography co1umn. Lanes 2, 3 and , 

show~the lholiOgeneous single proteins eluted from the gel correspo~ding to 

~ -f' 
molecular weights of 31,000, 28,000 aqd 25,000 daltons, respectively. 

E) Elu~ion of Protein from SDS Gels 
\ 

Ta deterDdne which prote1n was responsible for W act1vlty, the LAI 

active fraction from the absprption chromatography was run on SOS gels and 

the proteitl bands were precip1tated 'by 0.2 M KCI, eut out and eluted fro. 
1 

~ 

the gel. Homogeneity of the Jprotein isolated from the gel was shown br 

runnins a small portion of 1 t again on SDS' PAGE. 

Block1ng the LAI Assay with -Isolated Single Band Prote1ns 
t 

Act1v1ty of each prote1n .wu deterllined in the LU assay. Figure 11 
" .'-

show8 the tit;ration curvé of ~ actJ!vity fot" the 31,000 dalton protein 

tl 
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Figure 9 
q . , 

Titration of activit)' of urinary' protdn isolated off the adsror~iton. .-.-' 
chromatography c:olumn (unbound fraction) ... - blocking activit)\ of the 
urinary isolate ",hen incubated with PBL derived from lung cancei\ pat tenta. 
Activity demonstrated at protein concentration ranging from 10 liS tG 0.05 pg. 
0- blocking ot the uri/nat:)' isolation when irfcub~ted ",ith PBL derived from 
melanoroa patients. NO'activity is evidc.nt, as prot·ein concentration of'lO 
).13 fai It>d to negate the LAI response. 
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) 

1 2 3 4 

Figure 10 

SDS PAGE-analy~is (autoradiogram) of [125 I J labeled urinary isolate 
eontaining LAI activity. LANE 1 - urinary protein eluted with low ionie 
strength from the adsorption chromatography column. LANE 2 - single band 
protein eluted from an SDS gel corresponding to moleeular weight of 30-31000 
daltons. LANE 3 - single prote in eluted from SDS gel corresponding to 
molecular weight of 2~000 daltons. LANE 4 - single band protein 
corresponding to molecular weight of 25,000 daltons. 
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. 1 

1.0 2.5 5.0 

TÏlration of actlvlty of singh band proteins clut(>d trom SOS PAGE g(>1. 
0-- Rlocking of the LAI of PSL from lung C8nCf'r patients. Hith the 31,000 
dalton protein blocking is demonstrated in protein concentration ranging 
fror.\ S.O )./g to 0.025 )./g. 0-- bloC'king of the LAI of PEL [rom lung cancer 
patients, with the 28,000 dalton proteln. No blocking is demunstrat~d in 
prot('in c.:lnc('nlrat ion of 5.0 ).Jg. A 510cking of Lhe LAI uf PBL froIU lung 
C,incer patients with the 25.000 dalton protein. No blocking is dE'l'lollstrated 
ln protein concentration of 5.0 \.IS . .6.Blocking of th(' LAI of l'FIL from ("olon 
cancer patients with the 31.000 dalt~n protE'in. Partial ~pecificity is 
d~Aonstrated as blocking of PRL from colon cancpr ~ati~nts vas 8chi~v~d in 
prou-in concentration of 1.0 ).Jg, hll\T('vcr, lower cuncentration (0.025 ,.Po> 
foil~d ta negdtc thp LAt rpsponsc. 
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\ 
that was found ta- be active in low concentration (0.025 PB). The 28.,000 and 

the 25,000 dalton protein did not show any blocking activity when Incubated 

in the presence of leukocytes derived from iung cancer patients sinee 

percent of positive NA! was still 60% and 80%. Unfortunately, ~he 31,000 

dalton protein, LAI active material, lacked specificity since this protein 
~ . 

at 1.0 Ug abrogated the LAI response when incubated with leukocytes from 

colon cancer patients. The nonspecific blocking of thê LAI reaponae was 

reproducible on two additional experlments. On the other band, lover 

concentrations of the prote in clearly showed specificity in that 0.025 ~ of 

the 31,000 dalton protein negated the LAI reaponse when incubated with 
.~ 

'leukocytes of lung cancer patients but failed to do so when incubated with 

leuKocytes derived from colon cancer patientà. 

\ 

SDS PAGE 

The radiolabeled prote in on SDS PAGE showed three protein bands by 

autoradiography and corresponded to aolecular weights of 31,000, 28,000 and 

25,000 dalton (Fig. 10, Lane 1). ln Lanes 2, 3, and 4, a single band of 

proteln corrssponding to molecular weights of 31,000, 28,000 and 25,QOO 
;1 

~ , 
dalton, respectively were observed. 
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Yield, recoveryand enricn.ent of lung tumor OSN from urine of.patiente with 

metaatatic lung cancer 

Table 3 8hows the yield, 8peci~ic acU vi ty _ and the enrichment factor at 

each purification 8tep. lt i8 Ihown that the, apecific activity Increaaes 

with each laolation proce~ure and ranged from 40 u/mg to 20,000 u/mg. Th~ 

overall enrichment achieved at the last purification step i8 500 fold. The 

greatest Increase in specific activlty wâs achieved at the œolecular sieve 

and adsorptiod chromatography purification steps. Llkewiae, it was alao 

evident that the human anti-light chain affinity chroaatography purif~cation 

step was asaociated with a 108s of specifie activity. 
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Purification of .,r.l OriDe Prote1n 

Introduction 

lt has been demonatrated that the OSN ia an Integral protein of the 

tumor cell me.brane (Chapter I), and is shed into the urine as a result of 

tumor cell metabolism and possibly from tumar cell death secondary to tumor 

cell destruction by the hosto 

&ln accordance with this statement, urine from normal subjects should 

not contaln a protein that demonstrates activ~y in the LAI assay. 

The following stud1 was undertaken to prove that: 

i) Urinary prote in from normal subjects, processed in the same manner 

8S that from lung cancer patients, did not demonstrate activ1ty in 

the LAI assay. 

2) Urinary protein, derived from normal individuals, d1ffered from 

that of lung cancer patients when isolated and compared by SDS PAGE. 

Material and Methods 

Subjects 
• 

Ten normal healthy volunteers were asked to collect their dally urine 

output. ~l subjects vere males, with a mean age of 35. ~ 

~ Urine collection and'methods employed for urinary protein precipitation 

and puri~tlon were the same as p~sented in Chapter,III. 
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USOL'lS 

One hundred liters of urine vere collected. Table 5 shows that 2 sm of 

urinary protein was recoveted and shows the relative amounts of prote in 

recovered at each purification step. 

The fractions identical to udnary protein from lung cancer patlent;·s 

that contained LAI active material vere purlfied. Urlnary protein 

was precipitated with 80% ammonium sulfa~ and subjected to affinity 

\ 
chromatography on Blue Sepharose by DEAE-ion e~change chromatography at low 

ionie strength (0.003 M NaCl) and chromatographed on anti-human light chain 

affinity eolullDl. 

Molecular sieve chromatography - Sephadex G-75 superfine 

The isolated urinary protein was ehromatographed on Sephadèx G-75 and 

figure 12 shows the elution profile. Two main peaks were present 

corresponding to the elution volume Qf ovalbundn (P44) and chymotrypsinogen 

with an apparent molecular weight of 43,000 and 23,000 daltons. There were 

3 minor peaks at the elution volu~ of gamma globulin and bovine serum 

albumine Tqe general outl1ne of the elution profile of normal urine -prot~in 

was similar to that shown for urinary protein from l~ng cancer patients 

urine at the same stage of purification (see Fig. S, Chapter III). 

Adsorption chromatography on hydroxyapatlte 

The P44 fraction was eoncentrated and further purified by adsorption 

chromatography on hydroxyapatlte. The fraction contained in the 0.005H Tris 

HCI pH6.8 was eo~centrated and found to contain 0.16 mg proteine 
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Urine protein preçipitation 

Blue Sepharose affinity chromatography 
unbound fraction 

Ion exchange coluDn DEAE A-50 
fraction II - eluted with 0.013M NaCl 

Affinity chromatography anti-human light 
chain - unbound fraction 

Molecular sieve chromatography - G-75 
p44 fraction 

Adsorption chromatography-hydroxyapatite 
eluted with 0.005M Tris Hel 

-- .. --- -------

Proteln Recov~~ed 

2gm 

980 ~ 

0.6 mg 

0.16 ~ 

102. 

% Yield 

49% 

2% 

0.3% 

0.03% 

0.008% 

-"....;.....------
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Blocking t,he LAI usaI with normal urine itrolate - adsorption chromatography 

- hydroxyapatite 

The fraction eluted in the 0.005M Tri~ HCI buffer from the adsorption 

chromatography column was assayed in the blocklng Assay. No blocking 

occurred when 1 pg of thls fractlon was incubated with reactive PBL from, 

1 

LURg cancer patlents. 

SOS PAGE 
1 

1 
: 
! 

Radlolabe1ed urinary proteln from normal subjects and lung cancer 

1 pat lents from the adsorptlon chromatography step were ana1yzed by SOS PAGE. 

1 
The same number of radloactlve counta for both samples were placed ln two 

f 
\ 

separate Lanes. Flgure 13 shows an overexposed autoradiogram of the SOS 

gel. Lane l contàlns [1251] urinary proteln from the lung cancer patients. 

A 31,000 and a 25,000 protein were prominent. In Lane 2 lS the [125 1] 

urlnary proteln fram normal subjects. No proteln was vi8\ble at 31,000 

dalton whlle the protein st 25,000 was present. 
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Figure 12. Elution profile of normal urin3ry proteln sieved on molecular 
sieve chromatography SephadE'x G-75 superfine. Elution reconfed at 280 mn. 
(P44 corresponding to elution volume of ovalbumin) and P25 (corresponding to 
ellJtlpn volume of chymotrypsinogpu) were collccted sE'parately and 
concentrated. 
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2 

Flgure 13. SDS PAGE analysls (autoradl0gram of [12511 urlnary lsolate). 
Lane l - urlnary protein derl~ed from lung cancer pat lents -
,hydroxyapatitlte unbound fractIon. To note the presence of 31,000 dalton 
protein band. Lane 2 - urinary prote ln derlved' from normal subjects (same 
punficatlon step). No protein band lS evident at 31,000 dalton. Gels were 
developed by autoradlography. 
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Material and Methods 'k 

1) Ideetification of glycoproteins 

The urinary i80late was resolved on SDS-PAGE with a continuous gradient 

of 10-20% polyacrylamide. The gel was fixed overnight in a solution 

containing 25% (V/V) isopropyl alcohol and 7% (V/V) acetic ac1d. 

Glycoproteins were determ:lned using the technique described by Rostas et 

al. (1) 

Sweden) 

namely: [125 I ]-labeled conc~valin-A (Con-A) (Pharmacia, Uppsala, 

was diluted ln 50 uù of 0.5~ NaCI, 0.05 M phosphate buffer pH,6.8. 

The gel was ~inéubated in this solution for 20 mLn. then washed thoroughly, 

dried and autoradiographed. The same was done for a negative control, 

placing a gel in an i~bation mLxture containing [125 I ]-concavalin-A with 

0.2 M a methy~-manoside. 

2) Peptide mapping by lim:lted proteolysis 
, 

The prevlously isolated, eluted and [125r )-labeled ajngle protein bands 

were digested by trypsin and protease V-~ according to tbè method of 

Cleaveland et al (2). Trypsin was purchased from Worthi~ton, Freehold, 
" 

N.J., and Staphylococcus aureus-V8 protease was purchased fro. Pieree, 

Rockford, Illinois. Each single protein W8S dissolved in sample buffer, 

consisting of 0.125 M Tris, 0.5% SOS, 10% glycerol, pH,6.8, and trace amount 

_ ... _--, 
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of bromph~nol blue. The sample was boiled for 2 min and then digested with 

30 llg/ml of enzyme fox:-- 3D min in a water bath at" 37 ·C. The digestion was 

stopped by boiling for 2 m~n. and the sample was loaded on a continuous 

SDS-PAGE. After completion of the run, the gel was fixed and stained in 40% 
.: '\ 

methanol and 10% acetic acid and 0.1% Coomsssie blue. After destaining (50% 

Methanol, 7% acetic acid aQd 43% H20) the gel was dried on gel drier 

(Bio-Rad. Mississauga, Canada), and autoradiographed. 

3) Flat bed isoelectric focusing 

Separating proteins according to their isoelectric poiht was performed 

on a fIat bed using Bio-Rad cell model 1415 (Bio-Rad. Mississauga, Canada). 

A 20 cm bed was used, and was cas t with 85 sm Bi'oge le (Bio-Rad) J 

containing 5 ml of 20% solution of Biolyt~e (Bio-Rad) pR,3-10, previously 

swoiien and equilibrated in distilled water. After the sluriy had been 

degased. it was laid on the tray confined on each side by paper wicks 

(Whatman. England). 

Excess moisture was removed with filter paper placed on each side" 

wick. ,The gel was considered ready when it eXh~ted no reflection of 

light. - The [1251] radiolabeled sample was mixed with 100 pl of am.pholyte 

(Biolyte) pH,3-10 and a trace amount of crystal violet and applied with a 

sample applicator into the ge l . 

The pove.r supply was initially set to 250 V and aft~r an hour to 700 V 

overnight. Th~ chamber was cooled to 4°C throughout the focusing. The gel' 

w~s eut vith a grid creating 14 slices 0.8 cm each and the pH of. each 

section vas measured .. The sUces vere 8uspended in distilled water and 

counted in a gaDIDa counter. 
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4) lVo-diaensional electrophoresis 
\ 

" 

Two-dimenaional gel eleetrophoreais ... perfor .. d aeeording to the 

technique of OtFarr~ll (3). 
'-.; , 

( 

!Firat dimension 

[12511 radi~labeled protein, .u xun in 30% aerylaaide 4% Allp60l1tes 

(Bio-Rad) pH-J-IO and pH,4-6 in ratio 1:2. Tbe gelè .. re cast ln 128 _ .. 
long, 5 la diamater tubes and overlaid vith 8 K urea solution. Mter ~ 

polymerization, the 8 M urea solution was replaced with "lys!. buffer" which 

• eontalned 9.5 M urea, 8% Biolyte (Bio-Rad) pH,3.S-10, pH,4-6 and pH,6-8 

in raUo 1: 2: 2 and 10% .rcaptoexphanol. 

~The gel was eleetrophpreaed for 1 1/4h in the following 

V ~or 1/4 ~ 300 V - for 1/2 h, 400 V - for another 1/2 h. The 

order: 200 V -

sample vas 

applied to the top of the gel in the tubee, overlaid vith • soluti.on 

• contai~ing 8 M urea and 10% Biolyte (pH,4-6, pH,3-l0) and electrophoresed 

o~rnlght at 300 V. 
{1' 

.. 

After the gel w~ squeezed froll the ~ubes, the bl.ok gel wu eut into 8 

.. slices which were placed ln 1 111 distilled water and the pH of each slice 

was deterained by •• auring the pH of t'he water containing the gel sUce. 

From the deterained pB. a eurve of pH versus dist,ance waa coutructed • 
• 

Second di .. naien 

A continuoua jracü.nt of 10-20% acrylall1de was cast between a gla .. 
, 

rectangular plate ahd • gl ... 1lOtched plate (Bio-bd .odel 220). The, gel of 

the firat dimension ... placed in the grove aligned proper1y according to 

p6larity. The gel waa, fixed to the grove vith 1% 'agaroae aolution in lOS , 
gr , q, 1 • _ 

1 ' 
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salllple buffer. Whlle the hot agarose solution wu belng poured, a plastic 

"tooth" wu placed betvaen the glas. plates to create a vell for running 

molecular weight standards (Pharacia, Uppsala, Sweden). Mter the agarose 

had sol1dlf1ed, the gel was prerun for 20 mn aC 10 IIf.l11amper. Holecular 

vetght standards vere appl1ed to the vell and the gel was run at 200 

milllaapere at a constant curtent untl1 the Cracking dye, Bromphenol blue, 

that waa placed ln the upper chamber reached the bottom of lhe gel. After 

the run was ... completed, the gel vas re1llOv;ed and soaked in 20% T.C.A. for 1/2 

h and then sta1ned in CooIIIS88ie blue stain, (40% methanol, 10% acetic acid 

and 0.7% Coom&ssle blue) for four houra. The gel was destained in 

(SO% JDethanol. 7% acetic l,acid. 43% H20. 

5) lmaunopreclpitation 

COlllDl!reial antiaera that vas raised in rabblts to human serum and urine 
~ 

proteins were purchased from Dako. Denlllllrk: anti-albumin. and free l1ght 

chains (k,À) anti-laetoferin, anti-e2m, antl-normal urine protein, antl-a 

chymotrypsin. Other antt-sera used were: 

, a) Anti-HLA-A and B heavy chain, COlIIIIIOn site, ralaed in rabbits and 
" 

characterized by Inh1.blt1on of 'cytotoxicity (6), (klndly donated by Dr. J • .. 
Rauch) • 

b) Monoclonal antibody HLA-A, B heavy chain, c01lllllOn site (P44), clone 

W6/32, the speeif1city was determined by tissue diatribution, 

ilDlll1noprec1pitation, inhibition of bind1ng by soluble antigen (4). 

c) Monoclonal antibody to HLA-D (P32), clone DA-2 the specificity was 

determ:1ned by inhibition of soluble anUgen, illllUnoprecipltation and" tissue 

\ 
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distribution (4). Both antibodies vere kindly donated by Dr. W. Bodmer of 

the Imperial Cancer Research Fund, England. 

d) bu body to carc1noembryonic antigen and 50K fragment of the same 

molecule (illllJUnologically cross reactive vith carcinoellbryonic antigen) vere 

rahed in horse and rabbit, respect! vely, these antibodies were 

characterized by illlllUnodiffusion and radioilllllUnoassay and were kindly 

donated by Dr. M.J. Krantz. 

Immunoprecipitation of (12 SIl -labeled urine isolate was performed 

according to K.essler (5). Briefly, antisera were diluted 1: 100 ln NET 

buffer (0.15 H. NaCl, SmM EDTA, 5 ùt Tris HCI supplemented vith 1 ~/ml 

ovalbumin), The radlolabeled proteln ("'20,000 cpm) was added to the tubes 

and incubated at room temperature for 20 min. A blank was mn each time 

consisting of the appropria te normal serum dilut~d 1: 100 in NET buffer. 

After the incubation period 1 ml of NET buffer was added to each tube and 50 

~l of a second antibody (against rabbit or DIOuse IgG) wu added and 

incubated further for 20 min at room temperature, 

Supernatant and prec1pitate were collected after centrifugation at 

8,000 g (Sorval HS,+ Rotor) for 10 min. Supernatant and precipitate were 

counted. , 
The percentage of binding ls calculated according to equatlon 

% Bound - B-N 
T-N 

B • counts bound 

T total counts 

N • counts bound in absence of immune serum 

---------......... - .. -~-- .. " ...... -... ~". _ .. -.t..~_ .. -K,. --_._-- ---
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I_moprec1pitaUon of (1251 ) La.led Urinary 1801ated IIydroupat1.te-

Unbound Fraction 

From !ts 1aet stage of purification from the hydroxyapatite co1uDl1 the 

LAI active urinary isolate consisted of 3 major protein bands ranging in 

mo1ecular weight from 31,000 ta 25,000 daltons. Since 77% of lung cancer 

patients genera1ly show high levels of carcinoembryonie antigen (CEA), we 

determined whether the isolate was contaminated wi th CEA or with slD811er 

moleeular weight 1OO1ecules that were iIDID.lnologieally er08s-reaetive with 

CEA. The intact CEA molecule might be exc1uded from consideration becsuse 

of the moleeular weight of the protein in question. However, the 

availabili ty of a radioimnln08ssay to CEA and a sma1ler fragment of CEA 

(50,000 dalton) eross-reseti ve with 1t. prompted this investigation. The 

experiments that were performed with the 1125 1] labeled LAI active protein 

and antisera to CEA and SOK are presented in Table 6. The resul ts show that 

antibodies to CEA and SOK did not bind the protein of the LAI active 

fraction sinee the alOOunt of labeled LAI seti ve protein that was 

preelpitated was not in excess of that precipitated by normal horse and 

rabbi t serum. 

Other non-specifie lung cancer markers sueh as laetoferrln and al snti-

chymotrypsin were a1so found ta he absent from the LAI active fraction as 

judged by the Inability of antisera to these prote1.ns ..,to preclspitate them 

(Table 6). 
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tAILB 6 

x..œ red nation of 1251 ) Label_ LAI Acti •• Protein 
Br!ro!f!P!Ute-uat.0ua4 l'nctiOD 

Anti Serum % Preci2iut~ % D1f~pce 
lroll roI 

Normal horse serum 5 0 

Anti CE! 3.5 -1. 5 

Anti 501 8 3 

Normal rabbi t serum 10 0 

~ti 8 2 microglobulin 6 -4 

Anti normal urine 
~ 

5 -5 prote1n 

Anti lactoœrrin 10 0 

Anti albumin 8 -2 

Anti a 1 an t i chylllO t rypai n 7 -3 

Anti free light chain 15 5 

Normal muse serum 10 0 

Anti HLA-A.B heavy chain 10 0 

Monclonal antibody -W6/32 8 -2 

Monoclonal antibody DA-2 9 -1 
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The absence of e2-microglobulin vas apparent froll SDS PAGE atudies 

(Fig. 10, Chapter III), as no protein band vas evident at the appropr1ate 
1 

molecular weight of e2-microglobul1n. Likevise in ill1llUnoprecipitation 

experiments with anti /32-microglobuHn antiserulR. the alIIOunt of the [125 11 

labeled LAI active urinary protein prec!pitated vas aimilar to the control 

normal rabbit serum (Table 6). 

To atudy the relationship betveen lung tuaor OSN and HLA-A,B coded 

molecules, two experiments vith tvo different sources of antibody against 

HLA moleeules were performed. Both antibodies are directed to a common site 

on the HLA-A, B eoded ooleculea. Table 6 shows the illllllUnopreeipi tation of 

[125 1J labeled LAI actlve protein, although the two antibody populations 

were obtained by different methods (xenoillUDUnization and oonoclonal 

antlbodles), there i8 no evldence of specifie Immunoprecipitation obtained 

with either one stnce both did not preeipi tate the labeled LAI aeti ve 

proteln more than normal rabbit or mouse serum. A similar result vas 

obtalned with oonoclonal antibo~y direeted agalnst the cOlDImm epitope of a 

molecule coded for by the DR locus. 

Determination of Glycoprotein 

LAI active protein ls a membrane protein, requirlng solubilization vith 

papai n. The glycosylated nature of the urinary LAI aeti ve protein froDl the 

hydroxyapati te eolu1l8l vas dlsclosed by the abili ty of these proteins to bind 

spee1fically to concanavalin-A (Con-A). Figure '14 shows specifie binding of 
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B1nding exper1ments of rusII labeled Con-A to electrophoresed LAI active 
1 2 ~ fraction. Lane l - [ 1] labeled Con-A 19 bound to aIl proteins. Present 

in the hydroxyapatite LAI active fraction. Lane 2 - standard prote in 
m,arkers, ovalbumin (43,000 dalton) and chymotripsinogen (25,000 dalton) are 
b1nding labeled Con-A. Lane 3 - a methyl manoside present 1n incubation 
mixture with [12~II Con-A (as 1n Lane 1) - no binding of [12"11 Con-A 

occurs. 



( 115. 

[ 125I]-Con-A to the previously SDS-PAGE electrophoreaed active urlnary 

protel~a. Lane No. 1 shows tbe binding of the [125 r )-Con-A to a11 proteins 

present ln the LAI active fraction fro. the hydroxyapatite adsorption 

chro .. tography. Specificity o~ this blnding was deterlll1ned by a paraUel 

experiment in which the incubation nd..xture of the [1 Z5 I ]-Con-A a1so 

contained the specifie inhibitor, a methyl mano8ide Chat inhibited binding. 

In Lane No. 2 protein standards were run (Fig. 14). Only glycosylated 

proteins vere apparent after the binding experiments. 
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Peptide Mapping by Limited Prote,lysh 

First, it was determ1ned whether the 28,000 and the 25,000 dalton 

proteins vere related to or wre break.-down products of the 31,000 dalton 

protein. To help anaer this question, proteolytic fragments vere compared 

on SDS gels. 

-f." Li mi ted proteolysis of the materials was earried out with V8 protease 

and trypsin. Figure 15 shows the SDS PG1;!: of the 31,000, 21,000 and 25,000 

dalton proteins before and after proteolY'Sis with VS protease. Lanes l, 3, 

5 are proteins before proteolysis whlle lanes 2, 4, 6 are the same proteins 

after proteolys1s. The proteins of 28,000 and 2S ,000 dal tons were lDOre 

reslstant to vs protease than the 31,000 dalton IIIOleeule sinee total 

proteolys18 of the 28,000 and 2S ,000 mole~1@s was not achieved while the 

31,000 dalton 1JI)1eeule was totally d1gested. The fragments of the three 

polypeptides were different, indieating that tlfey were probably different 

..... 
proteins. 

The saœ experi.nt was carried out Wlith t rypsin. From Figure 16 is 

e-vident that the three proteins under investigation were different ainee 

different fragments were generated from -them after partial proteolysls with 

trypsln, as weIl J'a their susceptlbility to proteolys1s was different. 

Flat bed ispelectric focuslng 

The LAI active prote in off the hydroxyapatite adsorption chromatography 

colulŒl W8S subjected to fIat bed isoelectric foeusing. Th1.s experiment 
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28.000 

, " 

1 2 3 4 5 

Proteolysis with V8 protease of the 31,000, 2B,DOO and 2">,000 dalton 
proteins. Lane 1 - 30-31,000 dalton proteln. Lane 2 - same proteln after 
11m1ted proteolysis - total digestion with ~neratlon of small molecular 
welght fragments. Lane 3 - 28,000 dalton proteln. Lane 4 - the same 

6 

prote in after limited proteolysis - incomplete digestion. Lane ') - 25.DOO 
dalton protein. Lane 6 - same protein after l1mited proteolysis -
incomplete degestion with dlfferent fragments as compared ta Lanes 2 and 4. 
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30,000-

25.000-
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1 2 3 4 5 

Proteolysls with trypsin of the 31,000, 28,000 and 25,000 dalton proteins. 
Lane 1 - 30-31,000 dalton proteins. Lane 2 - salIE prote in after l1m1ted 
proteolysis - total digestion with generation of small 1IP1ecular weight 
fragments. Lane 3 - 28,000 dalton protein. Lane 4 - the saœ protein after 
11m1ted proteolysls - incomplete cM-~estlon. Lane ') - 25,000 dalton proteln. 
Lane 6 - sallie proteln atter Il mited proteolysls - Incomplete degestion wl th 
di fferent fragments a8 compared to Lanes 2 and 4. 
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Wll8 carried out for two purpo.es: 1) to further hol.te the putative tUlDOr 

antigenj 2) ta determine the PI of the putative tU1IK)r antigen. 

Figure 17 demonstrates the differen~isoelectric points of the [1251 ] 

labeled proteins which constitute the LAI active hydroxyapatite fraction. 

Two peaks were evident. The smaller peaked focused at a pH of 7.2 and the 

larger focused at pH,5.8. 

~ 
Figure 18 shows the pattern on lsoelectric focusing of the 

[125 1 1 labeled 31,000 dalton protein. The 80litary peak had a pH of 5,12 

and 5,02. The isoelectric focusing of the 28,000 dalton and 25,000 dalton 

proteins ls presented in Flgure 19 and Figure 20, respectively. The 28,000 

dalton proteln dlsplayed a PI of 5,16 to 4,92. A different pattern was 

manifested by the [125 1 1 labeled 25,000 dalton protein. Tva peaks were 

observed: the larger had its PI of 5.50 ta 5.33 and the 81D1lller peak focused 

at a PIaf 5.22 ta 5.14. 

Two Dimensional Gel Electrophoresis 

Since the 31,000 dalton proteln mtghtJbe the LAI active protein, !ts 

L 
pat tern was determined by two dimensional gel electrophoresis :l:n the 

presence of 8 molar urea (Fig. 21). ~e 31,000 dalton protein. in the -presence of ure a , resolved into IDJltiple fragments with different PI point 
/ 

ranging between pH of 7.2 to 6.2. 
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• 

Figure 18 

Flat bed isoelect~ic focusing of [125 r l 31,000 dalton prot.:>ill. OnE' m'lin 
peak 1,S being focused at ,pH of 5.12 to 5.02. 
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Flat bed isoelectric focusing of (125 1 J 
peaks are shown. 'Ott' largcr" focused" at 
focused at pH of 5.22 to 5.14. 
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30.000 

• 

7.2 6.2 PH 

Figure 21 

Two dimensional gel electrophorea18 Cautoradiography) .1 1251J labeled 31.000 
dalton protein electrophoresed in two di.enaions in t~ presence of 8 aolar 
ures. The 31,000 dalton protein resolved into multiple fragaent8 vith 
different PI points ranging between PH 6.2 - 7.2 
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CBAPTD VI 

leolation and Purification of Lu~ tu.or Organ-Specific leoantigen -

Alternate Patbvay 

The purlficatlon scheme as presented ln Chapter Ill, Table 2, vas felt 

ta be, 10 SOlDe ways, lnefflclent ln tenns of overall yleld. Furthennore, lt 

was noted that llght chalns constltutt' a major contamInant, and the antl 

human light chalO afflnlty column had lolo' efflClency 10 removlng llght 

chalns and bleedlng from It contrlbuted yet more contamlnates l t was 

deClded ta bypass thlS step by uSlng preparatlve lsoelectrlc focuslng. 

Llk.evlse, to cut down aot Igen lasses we modlfled thE' candit 100S for proteln 

blndlng at both the lon-exchange and adsorptIon chromatography steps 

In thls chapter, l present the results for an alternat Ive schE'me for 

Isolatlng a mark.edly enrlched lung tumol OSN. 

Materlal and Methods 

Patients: Flve p~lents 

dally Urine output. AlI 

hav~ng advanced lung cancer were asked to collect 

patle~ts had squamous cell carClnoma and vere 

males. Thelr mean age vas 53 years. Durlng urine collectIon, the patIents 

dld not receive chemother~py or radlotherapy. In aIl, 90 lItres of urlne 

vere co llected. 

UrIne collection and ammonIum sulfate preclpltation of concentrated 

ur lne va8 performed accordlng to the 8ame method described in Chapter III. 

\ 
,r 
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Ion exchange chromatography 

The concentrated and preclpltated urlnary proteln was dialyzed and 

equlilbrated wlth 0.003 M TrIs HCI pH,7.8, + 0.05 M NaCL. DEAE SepRa1ex 

~ 
A-50 (Pharmacla, Uppsala-Sweden) was swollen and equllibrated wlth the 

same buffer. The gel was poured Into a column 5.0 x 60 cm resultlng ln a 

bed volume of 500 cc, and the column had a flow rate of 80 ml/hr. After the 

gel had settled, the sample was applled and eluted ln two fractIons. 

Unbound fractlons eluted wlth 0.003 M TrIS pH,7 8, + 0.05 M NaCl 

2 Bound fractlon eluted wlth 0 003 M TrIS pH,7.8, + 0.5 M NaCl 

Each fractlon was collected separately () tlmes bed volume) and 

concentrated ta 5 ml ln an Arnicon ultraflitration uSlng a PM-IO membrane. 

Adsorptlon chromatography 

AdsorptIon chromatugraphy was achleved uSlng hydroxyapatite (LKB, 

Sweden). The preswollen gel was layered ln a column 5 Ox60 cm to create a 

bed volume of 300 cc and a flow IMte of 100 ml/hour. The gel and salJlple 

were equlilbrated wlth 0.005 M TrlS ijCI pH,6.8 + 0.02 M potassIum phosphate 

The sample from the lon-exchange chromatography was weIl dlalyzed agalnst 

the startlng buffer and appiled to the column. !WO fractlons were eluted 

from the column: 

1. Unbound fractlon eluted wlth startlng buffer 

2 Bound fractlon eluted wlth 0.005 M TrlS HCI pH,6.8 + 0.2 M potassIum 
, 

phosphate. 

Each fractIon was collected ln 1200 ml and concentrated ln an Arnlcon 

mounted wlth PM-ID membrane. 
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High performance liquid chromatography - Ax-300 ion-exchange 

Protein after dialysis against 0.003 M Tris HCI pR,8.0 was 8ubjected to 

high performance liquid chromatography (HPLC) 'on an Ax-)QO ex change column, 

which 18 a 10 micron macroporous spherical silica with a bounded polymeric 

layer of amino. Elution protocole are similar to thoee on traditional DEAE 

c:olumn (1). 

The HPLC pumping system was purchased from Waters Assoclates, Milford, 

Mass., U.S.A. Elution of proteln was monitored at 280 ~m by Waters 4;0 

variable Detector, Milford, Mass., U.S.A., and recorded by Omniscrlbe 

Recorder Houston Instruments, U.S.A. 

Columns. a) Ion exchange column, Anspec Synchropak AX-JOO (25 cm x 1.4 mm 

,. , 

1.d) 0 

b) Guard Column - filled with Synchropak Ase (5 cm x 2 mm t.d) 

c) Precolumn - filled vith Synchrosorb Ax (25 cm x 1.4 mm 1.d) 

Buffers: Buffer A - 0.003 M Tris acetate pR,8.0; buffer B - 0.003 M Tris 

Acetate + 0.1 M sodium acetate pR,8.0; buffer e - 0,0 M Trls 

acetate + 0.5 M sodium acetate pH,8.Q 

Gradient was generated automatically from 100% A to 100% B over 62 min 

according to the following program and tbe flow rate was 1 ml/min. A lineac 

gradient was obtained by following the out 11ned program. 
./ 

rime/min tA %B %C Flow 1 ml / mi n 

Initial 100 0 a 

2 100 0 0 

62 0 100 0 

63 0 100 0 

93 0 0 100 

94 0 0 0 
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USULrs 

bolation and Purification of Long Tu.or 0811 froa Urine of Luns Cancer 

Patients - Alternate Patbway 

Three grams of protein were reeovered after ammonium sulfate preeipi-

tation and W8r-e purified aeeording to the scheme presented in Table 7. The 

amount of protein reeovered at each purification is presented in Table 8. 

A) DEAE ASO Ion Exchange Chromatography 

Sinee in previous experi ments we de ter mined that the putati ve t ulllOr 

ant igen eluted with low ionie strength buffers. To enhance reeovery of 

antigen, elution was performed with 0.003 M Tris HCI pH,7.8 + 0.05 M NaCI as 

starting buffer on 5.0 cm x 60 cm"..column creating a bed volume of ')00 ml. 

The unbound fraction was collected and concentrated. Protein in the amount 

of 2..34 mg was recovered (Table 8) and constituted 7.8% of the 3 gm appl1ed. 

B) Adsorption Chromatography - Hydroxyapatite 

Further purification of the LAI active protein W8S achieved by subjeet-

lng it to adsorption chromatography on hydroxyapatite. The LAI active 

urinary protein was applied to a 5.0 cm x 600 cm column and eluted with 

0.005 M TFis HCI pH,6.8 and to 0.02M potassium phosphate. With this buffer 

the LAI active protein was not retained by the column. AB shown in Table 8, 

145 mg of protein W8S eluted in the unbound fraction, cons~ituting 1.3% of 

the initial amount of urinary protein processed. 
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TABLI 1 

Purification of 19 1i1mOr or ..... pee1f1c oeoatip 

alternate pat .... 1 

1. Urine prote in precipltated by 80% ammonium 8ulfate. 

Red1s801 ved precipitate ln 0.003 M Tris 

pH,7.S + 0.05 H NaCI. 

2. Ion exchange column: DEAE-A50 

Collect fraction eluted by 0.005 H Tris 

pH,7.S + 0.05 M NaCl. 

3. Adsorption chromatography: hydroxyapatite collect 

unbound fraction eluted by 0.005 M Tris HCI 1 -
\ 

pH,6.S + 0.02 M Pot~81um ph08phate buffer pH,6.8. 
1 

4. Preparative i80electric focusing collect protein 

in pH,S to pH,6. 

5. Holecular sieve chromatography: G-7S superfine 

collect P44 fraction. 

6. High performance liquid chromatography - 10n exchange 

- Ax-300. Collect separate fractions. 

o 
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TABLB 8 

Yield of long tu.or OSI pd!1ficatlon froa urine of patienta witb .etaatatic long cancer -
al tern.ate patlnral 

Purification step 
, 

\.lg/unit* Total 2rotein lung OSN units % recovery Sp.Ac. 

r (118 ) recovered u/mg 
t ". 
f Urine protein precipitation 3000 
ï 
l 
~ Ion ex change chroaatography 234 7.8 

f DEAE-A50-eluted with 0.003 H 
g Tris pH,l.8 + 0.05 H NaCI 
~ 
Î-

~ Adsorption chromatography t hydroxyapatite - eluted with 145 1.3 
, 0.005 M Tris pH,6.8 + 0.02H K2PO: 

Preparatlve lsoelectrl~ focusing 9 0.3 
fractions focuaed at pH,5.6 

Holecular sieve chromatography 2,2 2 1100 0.07 550 
P44 fraction 
High performance liquld 
chro .. tography - 2.2 min 0.4 0.1 4000 10,000 

- 8.3 ud.n 0.2 50 250 
1 - 14.5 min 0.1 
1 

~ 

131. 

enrichment 
(fold) 

40 

J *The adniaal amount of protein required to speciflcally block the LAI response plus one unit of activity 18 defined 
• as the amount of material which will negate the LAI response. 
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C) Preparative Flat Bed Isoeleetrie Foeusing 

It was delOOns1.rated (Chapter V) that the lAI active urinary isolate 

focused ln two main peaks. OSN aetivity was found ln the larger peak which 

focused at pH 5.0 to pH 5.8. Henee, previously lyophylised LAI active 

urlnary protein was subjected to fIat bed isoeleetric focuslng on agarose • . 
Proteins that focused at pH,S, to pH,b.O, were eluted and pooled~_ Protein 

in the amount of 9 mg was recovered (Table 8). 

D) Molecular Steve Chromatography - Sephadex G75 Superfine 

Further purification of the material recovered from the previous step 

was achleved by molecular sieve chromatography on Sepharose G-75 superfine. 

The elution profile of this column was IOOnitored at 280 nm and is presented 

in Figure 22. Four main peaks were evident, corresponding to elution volume 

of gamma globul1n. bovine serum albumin (BSA), oval bumin and 

chymot rypsinogen. Wi th this order of the ,.purification, proteins were found 

at the elution volume of gamma globul1n and BSA. However, the peaks 
/7 , 

co~sponding to the elutlon volume of ovalbumin (P44) and chymotrypsinogen 

(P2S) were similar to these presented in Figure 5 (Chapter III). Proteins 

eluted in these peaks were 2.2 mg and 3.0 mg, respectively and were 

separately pooled. Their activity in the LAI sasay was determined. 
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Figure 22 

Elutlon profile of urinary protein isolate o~ roolpcular si~vc chromatography-Sephadex G-7S supE"rfint'. Elution r"cordcd at 280 nm. Pcaks corre~:)Qnding ta elutiorl, volume of avalbumin (rl~4) and chymotrypsino?;('rl, 
(P2S) collected separately and concpntrated. 
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Blocking LAI experlment8 with urlnary protein lsolates - P44 from the 

molecular sieve chromatography 

Since the fraction8 taken in this schema vere sllghtly wider than 

sim11ar fractions taken previously and shown to contain LAI active protein. 

only at the last step of molecular sleve chromatography was the material 

checked for LAI activlty. Figure 23 shows the reaults. Urlnary isolate P44 j 

(eluted at the elution volume of ovalbumin) demonstrated activity ln the 

blocking of the LAI assay at protein concentration from 30 Ug to 2 ug but no 

activity was demonstrated with lower protein concentration. Specificity was 

determined dnce the urinary isolate was unable to abrogate the LAI response 

of leukocytes derived from colon cancer patients. No activlty was 

demonstràted when P25 (eluted at the elution volume of chymotrypsinogen) WBS 

tested in the blocking assay. 

SDS PAGE 

Figure 24 shows the patterns of the various isolates on SDS gel-stained 

with Coomasste blue. A faint protein band with an apparent molecular weight 

of 31,000 dalton is seen in lanes 2 to 5. The P25 fraction from the 

molecular sieve column, which was devoid of activity in the blocking assay, 

did not show a band at 31,000 dalton on SOS PAGE. 

o 



'. 

1 
·i 
j 
1 

---- ai>lliiNMW;'4$i"suWtadl_iWJab 'lOi _ .. 

o 

« zj 
ID 
> 

........ 
tJ) 

0 
a.. 

&-

100 

80 

60 

40 

20 

o 

• lung ca leuk ocytes 
o colon ca leukocytes 

) 0.02 0.2 2 15 
Protei n/p.g 

'Figure 23 

135. 

o 

30 

Titration of the activity of protein urinary isolate aft~r molecular sieve 
chromatography. 0-- bl<?cking with PBL derived from lung cancer patiE'nts 
activity in the blocking assay is demonstrated in prolein concentration 
ranging from 30 J,lg to 2 lIg. 0- bloc-king with PBL d(>rivE'd from colon 
cancer patients. No activity i5 dPIDontrated at maximal concentration (30 
J,lg). 
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Figure 24 

SOS analysis (Comassie blue stain). Various purification steps according to 
alternate scheme. 
Lane 1 - molecular weight standards - (top to bottom) phosphorylase (90,000) 

albumin (68,000), ovalbumin (43,000), carbonic anhydrase (30,000), 
chymotrypsinogen (25,000) and cytochrom C (12,400) 

Lane 2 - protein eluted at low ionie strength from the ion exchange 
chromatography DEAE ASO. , 

Lane 3 - protein eluted at low ionie strength from adsorption chromatography 
(Hydroxyapatite) 

Lane 4 protein eluted from flatbed isoelectric focusing at pH 5-6. 
Lane 5,6 - protein eluted off moleeular sieve chromatography - P44 and P25 

fractions. 
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E) High Performance Liquid Chromatography Ion Exchange - Ax-JOO 

Ax-300 ion exchange column designed for use in high perforlllllnce l1quid 

chromatograp~y (HPLC) was the ltst step of purification because this rhod 

was rapid, reproducible and seemed to have 8uperior ability to resolve 
'W 

., proteins. By this technique, we hoped to obtain a hOlllOgeneous LAI active 

protein wtthout denaturation, thu8 overcoming the problelll8 of equivocal 

speciflcity e~countered after elution of prote in from SDS PAGE. 

The LAI active protein from the G-75 IIl>lecular deve chromatography, in 

the amunt of 0,7 mg; vas appl1ed to the coluœn. The e lution of the various 

peaks was IOOnitored at 280 nm and collected III&nually. The elution profile 

is shown ln Figure 25. There vere three main peaks at elution times of 2.2 

(PK 2.2),8.5 (PK 8.5), and 14.5 (PK 14.5) minutes and eaah vas collected 

separately. 

SDS PAGE \. 
'1t\ 

Ta show the differences in the polypeptide chains which in turn might 

;-. 
he the LAI active polypeptide" the protein from the 2.2 minute and 14.5 

il' 
minute peaks were [125 11 labeled. The same number of radioactive counts 

from each peau vere analyzed by SDS PAGE. Figure 26 shows the reBults. 

Lane shows the proteins in PK 2.2 indicating the p;resence of 31,000 and 

28,000 dalton proteins. Conversely, Lane 2 shows the proteins in PK 14.5; 

the 31,000 dalton protein is not seen while the 28,000 dalton is apparent. ) 

\ • .lo." 
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14.55 

~ /-----, 
V' ~ution profile of urinary protein isolate from high p~rrono"nce 
f a c romatogcaphy (HPLC) - ion E'xchange. Pt'a~s t~luted at diff~n'nt 
r V el sed t>ince application on to top colum.,. , 

--...-----_ ... .,;, .... ---- """'"--.- __ .~~..- ~ _ ... --_.~-- "-"-_'-_~--- ~--

liquid 
t ime 

l 
" 

{ 
j 
\ 



139 • 

.. 

• # 
.' \ ~ . -, , 
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28,000-
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Figure 26 

SOS PAGE analys1e (aetoradiography) of [125 1 ] labeled isolate, PIC. 2.2 
and PK 14.5 of the HPLC ion exchange colulIll. LANE 1 - protein~l ted st PK 
2.2 to note the evident 30-31,000 dalton protein. LANE 2 - pr in eluted 
at PK 14.5 - no evidence for the presence of the 31,000 dalton p otein band. 
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HPLC ion exchange-Ax-300 fractionation of combined LAI active protein 

The LAI set! ve protein deri ved from the Iast stage of purification from 

both pathways waa combined, nameIy: 1) Adsorption chromatography-unbound 

fraction from the firat pathway; 2) Molecular sieve chromatography - P44 

fraction from the alternate pathway. 

After extensive dialys1s and equi1ibration with the starting buffer, a 

total of 2 mg protein cons1sting of 0.9 mg and 1.1 mg, respectively, were 

applied to an HPLC ion ex change Ax-300 colulDIl (25 cm x 1.4 lIID). Figure 27 

shows the elution profile from this column. Four peaks were seen, at 

different times after sample application. The first peaked at 2.53 mnutes 

(PK 2.5) whlle second, third and fourth peak.ed at 7.00, (PK 7.0) 8'10 (PK 

ILl) and 13:35 (PK 13.3) minutes. 

Blocking studies with urinary iso1ates trom HPLC ion exchange, Ax-300 

Figure 28 shows the blocking assaya ca,rrled out wi th each peak e1uted 

from the HPLC co1umn. PK 2.5 was the DIOst active and showed a dose-response 

inhi bi t10n of the LAI response of PBL from lung cancer patients from 1 ).Ig to 

0.001 llg, whereas the same protein at the amount of 0.0001 \lg faHed .to 

negate the LAI response. PK 7.0, 8.1, and PK 13.3 were a1so titrated in the 

blocking aasay and were Iess active aince they b10cked the LAI response of 

PBL from lung cancer patients on1y at concentration ranging from 1 ~ to 

0.01 \Jg. 
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FigulC' 27 

Elution profilE' from HPLC Ion f'xchange A,,-JOO cvIUr.IO. Four pE'a:"~ are prest'nt, cach eluted at difft>lt>nt time clapsed sinct' application of protC'in. PI'aks l, 2. 3, and 1. pt'nked at 2:53, 7:00, 8:10 and 1):35 _tnutes, 
rt:'~pectlvely. r') 
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TltratIùn of LA.I actlvlty of urlnary pt-otE'ln Isolatt' after p,15S.1ge throllgh 
the HPLC co 1 umn 
~~~ __ (top rlght) - managf'd to ablogatf' thp LAI responsp of PHI. from lung 
cancer patIentS' at concentratIon ranging from 1 lJg ta 0.001 \.lg No actIvlly 
demonstratf'd al the amount of 0.0001 IJg. SppciflClly df'tl'l-mInl'd as 1 lJg of 
th!!; fractIon fililed to abIùgatp thE' LAI Tesp,ln'H' of PBL from mi?l.al1omd 
patIents. 
PK 70, B.I, 13.3 - man<lgf'd to Bbrog.1tE' the LAI [('spansf' of PIIL from Jung 
"('-incer-patlPn-t-~-ln protPln conCE'ntratlon rllnging fr,lm 1 IJg to 0 01 \.Ig. No 
actlvity d~mon5tratpd at lower concentration. SpecIflclfy of the blocking 
dClt'[mlnC'd ln all fractions as 1 llg of protclf1 fflllC'd ta negalE' thp LAT 
rt'sponsf' of PBL from m!?l al10ma pat 1('111 <,. 
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AlI four blocking expe~s were specifie because 1 ~g of protein 

from eaeh peak faHed to negate the positive respoose of PBL from melanoma 

patients. 

SDS PAGE 

Figure 29 shows the SDS PAGE pattern after autoradiography of [125 1 ) 

PK 2.5 protein and [125 1J PK 13.3 protein. Similar radioactive counts were 

plaeed ln two separate wells and analyzed by SDS PAGE. The autoradlograph 

was intentionally over exposed ta deteet minor prote ln bands. Lane 1 shows 

the protein eluted ln PK 2.5. One lIJIlin proteln band was evident at JO, 000 -

31,000 dalton, minor bands at 40,000, 25,000 and 20,000 dalton were al80 

seen. Lane 2 show8 the proteln eluted ln PK 13.J. The IŒ>st prominent 

prote in band was seen at JO,OOO - 31,000 dalton as well aS 28,000 and 20,000 

dalton. A faint band was also seen at about 40,000 dalton. 

!WO dimensional gel electrophoresis 

Figure 30 and 31 show -the two dimensional gel eleetrophores18 of [125 1 J 

labeled proteins eluted in PK 2.5 and PK 13.3. Bath fractions were 

separated into lIJ.lltiple dlserete spots and only proteins of 30,000 - 31,000 

daltons were seen, having an isoeleetrle point between 6.2 - 7.2. 
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SDS PAGE analys1s (autorad1ogram) of [125 11 labeled urinary isolate. 
Lane 1 - protein e luted in PK 2.5 trom RPLe ion exchange. One _in protein 
band 18 evident at 30 - 31,000 dalton, minor band are seen corresponding to 
molecular weight of 45,000, 2.5,000 and 20,000 dalton. 
Lane 2 - proteln eluted in PK 13.3 tram HPLC ion exchange. Most prominant 
ls the 31,000 dalton band as weIl as 28,000 and 20,000 dalton. Falnt bands 
are seen at 40,000 dalton. 

... . 
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6.2 PH. 

Two dimensionsl gel electrophoresis [125 1 1 labeled PK 2.5 eluted from HPLC 
ion exchsnge column. This fraction resolved in the presence of 8M ures into 
multiple fragments having molecular weight of 31,000 dalton and PI points 

( ranging between pH,6.2 - 7.2. 
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Figure 31 

Two dimensional gel electropbores1s [1251J labeled PK 13.3 eluted from HPLC 
ion excbange colu1IIl. This fraction resolved in the presence of SM urea into 
1Ialltiple fragments baving 1ID1ecular weight of 31,000 dalton and PI poinr 
ranging between pH,6.2 - 7.2. 
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CBAPDI. VII 
t ft 

General Diaeuaeion 

The studies presented in this thesis describe the detection, isolation 

and characterization of lung tumar specifie neoantigen. This work WBS based 

'on two premises: 1) Organ specifie neoantigens of human cancer exist and are 

" 
~1!eoiD1zed by the primary host's iDDDUne respoDse. 2) The LAI assay as 

employed in our laboratory and elsewhere (l, 2, 3) detects, in vitro, the 

immune response of the primary host against the organ speclfie neoantigen 
• 

(OSN). 

As was prevlously stated. OSN are shed from the tumor celi surface 

during cell metabolism and probably also with ceU death (4, 5). Sorne 

circulating OSN is subsequently flltered into the urine retalning its 

immunogenlclty to the authochtonous and allogeneic tumor-bearing hast when 

tested in~. It was demonstrated by Jehn et al (6) and Gupta et al (7) 

that the amount of OSN f1ltered through the urine ls proportionally 

dependent on tumor 088S. Upon tumor excision the smount of tumor antigen in 

the urine decreases greatly. We thought that the urine might serve as an 

excellent source of OSN for purification since urine samples were available 

and relatively easy to collecte Furthermore, by collecting urine from non 

proteinurie patients some naturaI purification might be expected. Although 

in ~ assays detected the presence of the OSN in the urine of cancer 

patients, 1t was weU appreciated that the sbsolute 81110unts of OSN in the 
i 
• 
l 
f 
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total urinary protein was very love This fact is weIl appreciated by 

examining studies done on other cell surface IIOlecules which are also 

secreted in the urine. Although HLA coded antigens are present ln abundance 

in many organs, the quantity of the HLA antigens in normal urine Is very 

small, Indeed Reisfeld et al (8, 9) and Bernier et al (10, Il). when trying 

to isolate HLA-A9 from urine. were obl1ged ta collect urine from patients 

after kidney transplantation or .\from patients with cystinosis in which 

a great alOOunt of protein was e1reted. In order to avoid gross 

contamination of the OSN by sérum proteins, 1t vas necessary to exclude 

patients with proteinuria. Only after collecting 300 litres of urine and 

precipitating 10 gm protein were va able to isolate reaso'nable quantities of 

OSNe Urine was collected from two types of lung cancer, namely, oat ceU 

carcinolll8 and bronchogenic carcinoma. Pool1ng of these two different 

sources was possible suce it was demnstrated from earlier studies by Ayeni 

et al (12) that the OSN are organ sPecifie and depend on the histogenesis of 

the tUlJlOr. By pooling the urine samples, we also sought to avoid arguments 

that the recovered OSN was present only for a particular patient rather 

than !IIlst patients with advanced lung carcinolllS.s. 

The necess1ty of IOOnitoring each purification step by the blocking 

assay and the scareity of LAI positive leukocytes from lung cancer patients 

~ • J 
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(mostly from Stage l and II) obviously slowed the purification proeess. 

Faster progress was achieved after the deJlX)nstratlon in our laboratory by 

Kaneti et al (13) that prostaglandin E2 converts the leukocytes of advanced 

can~er patients from a nonresponder to a responder state and that the same 
\ 

leu~ocytes maintain their act! vit y in the blocking assay. 

To li mi t the number of LAI assays necessary, to speed the purification 

process, and to decrease losses during the purification scheme '( Chapter 

III), an alternate purification scherne was devised (Chapter VI). Comparing 

both purifIcation schernes, it 18 evident that the second is faster and has a 

much higher yield. Th\, alternate purification scheme was based upon 

knowledge gained by the tirst purification scheme'; nonetheles8, the , ' 

alternate scherne 18 now recommended s~ce the number of blocklng experiments 

_/ ~ 

ls decreased to a minimum and the yleld of OSN ls greatly increased. 

Three ~jor steps were the key elements ln bath purification 

procedures: 1) DEAE ion exchange chromatogl"aphy; 2) molecular sie~e 

chromatographYi 3) adsorption chromatography. These three precedures vere 

able to purify the lung tU1llOr antigen to a gteat extent since they depleted 

much urinary protein thst was of no Interest, namely: albumin, gamma 

globulln, and light cha\ns~ QEAE ion exchange chromatog'raphy as a flrst 

step seems 10gica1 sinee it reooved the bulk of contsminating urinary 

proteine Hydroxyapatite adsorption chromatography focused the LAI active 

urlnary protein in one fraction that was almost devoid of light chains. 

Light chalns were a bothersome contaminant that could he removed on1y by 

repeated passages through an anti-llght chain. However, the antl-l1ght 

chain affini ty column wss associated with los ses and contamination of the • 
1 
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sample because of bleeding protein from it. Molecular sieve ehromatography 

served to ~oncentrate on proteins in the range of 43,000-31,000 daltons , 

where the III active protein was found. 

~T~esenee of the OSN was monitored by the blocking tube LAI assay. 

~heré~~ this assay is the faet that blocking should he demonstrated to 

// he specifie. Specificity in this assay is achieved by the showing that the 

( urin.ry protein isol.t. blooked the r •• pon •• 0' l.ukocyt •• deri •• d 'rom lung 

cancer patients and not the response of leukocytes from patients vith other i 
) types of cancer (colon, melanoma). 

The LAI phenomenon was shown by Marti et al (14) to de pend on the 

presence of eytophylie antitumor antibodies. These antibodiea "arm" blood 

monocytes by the virtue of the latter'a Fe receptors. Ooly specifie tUlOOr 

antigens, which the antibodies are directed against, can bind to the 

monocytes and activate them to produce mediators ~hich will amplify the in 

vi tro reaetion by causing the leukoeytes' to be nonadherent to the glass. 

The preincubation in vitro of PBL from a lung cancer patient with the 

sensitizing cancer' ..antigen result \n antigen binding and monocyte 

activation. So if the urinary isolate containa tUlOOr antigen, upon 

incubation with PBL previously shown to he LAI positive the cells will be 

actived and upon subsequent incubation vith the corresponding tumor extract 

will not react. Conversely, if the same experiments are done with PBL 

derived from patients having a different type of cancer (colon, melanoma) 

they will not bind the antigen and he activated. Consequently, the monocyte 

will respond on a subsequent incubation vith the specifie tumor extract 

resulting in leukocyte mobility (nonadherence). ln this fashion the 

8pe~ificity of the urinary isolate is shown. 
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The results of the experlments showed the presence of the lung cancer 1 

\ OSN ln the urinary isolate and its spec1ficity. Spec1ficity was not 

demonstrated with one sample: partial blocking was obtained when the 31,000 

dalton 1IV1ecule lias eut from SDS gels and was tested with PBL from colon 

cancer patients. 

LAI activity is manlfested br a protein having a molecular welght less than 

43,000 dalton but not less than 30,000 dalton 

Slnce we failed ta show spec1ficity of the hOlllOgeneous 31,000 dalton 

protein, only indirect e.vidence Is available about the specifie protein 

band that might possess the OSN epi tope. Several lines of, evidence suggest 

that the 1IV1ecular welght of the LAI actlve proteln lias lower than 43,000 

dal tons: 

1) The LAI active protein lias constant1y eluted trom a molecular sieve 

chromatography with the elution volume of ovalbumin (P44). 

2) SDS PAGE pattern from adsorption chromatography consisted of 

protein in the molecular weight range of 31,000 dalton ta 20,000",9&1ton. 

On the other band, it seemed that LAI sct1 vl ty 18 not dependent on the 

presence of proteins hsving s lower molecular weight than 30,000 dalton, 

since: 

1) Proteine eluted in the elutlon volume of chymotrypsinogen (P25) 

were devoid of LAI activity. 

2) Normal urine processed according to the salE purification scheme 

showed an SDS PAGE pattern devoid of proteins havi ng a mlecular wight 

higher than 28,000 dalton. î 
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3) LAI active protelns resolved on HPLC 10n exchange also demonstrated 

actlvity tbat was not dependent on the presence of molecules vith a 

molecular weight lower than 31,000. The active fraction eluted at 2.55 

minutes and consisted of a major band resolving at about 31,OpO dalton 

although it contained some minor bands at higher and lower molecular 

weights. The fact that LAI activity may be demonstrated at a concentration 

of 0.001 ~g suggested that the actlvity was probably dependent upon 

polypeptides weIl visualized on SDS gels. ~erial vith less activity 

eluted at 13:35 minutes and conslsted of a proteln band at 31,000 dalton 

with lesser degree of intensity when visualized on autoradiography. 

Physicochemical characteristics of a lung tumor OSN 

The results enables us to define some features of the lung tumor OSN 

derlved trom lung cancer patients' urine. 

1) Precipitated in 80% ammonium sulfate. 

2) Molecular weight in the range between 40-31,000 dalton. 

3) Glycoprotein 

4) Acidic lsoelectric point at about pH 5.0. 

Lung OSN is common to aIl lung tumors 1 

Our studies indicate that the lung tumor OSN was an antigen founJ on 

different histological types of lung cancer sinee it blocked the reactivity 
~ 

of sensitized PBL from patients vith oat cell and squamous cell carcinoma. 

) 
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Likewise, PBL from patients with adenocarcinoma, oat cell carcinome and 

squamous cell earcinoma aIl react to a tumor ant1gen shared by lung tumors 

of d1fferent histologic types (12). McCoy et al (15) using leukocyte 
i 

migration inhibition assay (LMI) also showed that there was no correlation 

between LMI reaeti vit Y and histologieal type of the lung tumor sinee PBL 

from patients with oat cell, squalOOus cell and adenocarc!noma were reactive 

against the saœ lung cancer extracts. Thus it is possible that the lung 

OSN expresses an epitope that is specifie to the lung histogenesis but is 

unrelated to the histological appearance. 

Since moet etudies on isolated lung tUlOOr antigens used xenoantlsera to 

detect the lung antigen, the,re is no correlation between these results and 

mine. However, data surveyed from the literature survey will he cited. 

Wolf (16) and Wolf et al (17) described a lung tumor antigen derived from a 

pleural effusion from patiente with squamous cell carcinoma tbat was puri-

f1ed physicochemieally and reeognized by xenoantisera rahed in rabbits to 

b10psy material of squamous eell carcinoma. The purified antigen bad a 

molecular weight of 43,000 daltons and was comion to aIl histological types 

of lung cancer. ln another study, (18, 19), xenoantisera was raised in 

IIIOnkeys and rabbits aga1nst highly purified plasma membrane of an oat cell 

carcinoma of the lung and the spec1ficity of the antisera was found to he 

common to aIl histological types of lung cancer. ln another approach (22), 

xenoantisera was raised to extracts of human bronchogenie carcinoma by also 

passively immunizing the rabbits to normal human lung extracts at the,aame , 
'" 

time as immunizing with the cancer extracts. When tested by quantitative 

complement fixation (21, 22), immunodiffusion (38) or enzyme linked 

, 't 
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immunoabsorbent sssay (ELISA) (20), a tumor antigen was demonstrated having 

a molecular weight of 100,000 daltons which shared spec~icities vith aIl 

lung carcinomas with no distinction with regard to histological types. 

Kempner et al (23) also showed no histological specificity of a 32,000 

dalton protein derived from pooled malignant lung tissue and recognized by 

xenoantiserum raised in a rabbit. Although these studies clearly show that 

xenoantisera recognizes aIl histolpgical types of lung cancer, it is also 

evident that the specificity of the antisera is not absolute and 

cross-reacts ta sorne degree with normal lung tissue (22) and other tumors, 

especially colon and breast carcinoma (17, 18, 23) and neural tissue (19, 

23). 

Lung tumor OSN is a fetal component 

A key elernent in oncology is the notion t~ cancerous tissue resembles 

in sorne respect the corresponding fetal organ. It is postulated that gene 

depression may he operationai and re-expression of fetai proteins will 

ensue. There is sorne evidence that these fetai proteins are immunogenic in 

the primary hast thus fulfilling the criteria for tumor OSN. 

In delayed type skln hypersensitivity, Herberman (24) showed that 

cancer patients respond in a positive manner to the injection of soluble 

tumor OSN from allogeneic as weIl as autologous sources. Furthermore, the 

sarne positive skin reactions vere obtained by injecting intradermally the 

corresponding fetal organ. 

Similarly Vase and Moore (25) using cell mediated cytotoxicity showed 

that PBL from cancer patients not onIy showed greater cytotoxiclty when 

exposed to the correspondlng tumor celle but also to fetal celle. Likewlse, 

1 
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Zoller et al (26) arrived to the same conclusion using the leukocyte 

migration inhibition assay. 

This study WBS not concerned w1th the fetal origin of the OSN 

recovered from lung cancer patients. Nevertheless, recent studies performed 

in our laboratory have shown that in the LAI assay, lung tumar extracts are 

recognized by PBL derived from uultiparous pregnant women up to 20 ~eks of 

gestation. Furthermore, fetal lung extracts from fetuses between 11-19 

weeks of gestation can subst i tute, in the standard LAI assay, for the lung 

tumar ext ract. 

Other studies, employing xenoantisera raised. against tumar extracts, 

also mention the occurrence of cross reactivlty between lung tumor antigen 

and fetal lung. Kempner et al (21) demanstrated that the antiserum raised 

in xenogeneic animaIs cross reacts with fetal lung tissue. Likewise Sega ~ 

al (27. 39) isolated by means of xenoantiserum, raised in a rabbit against a 

pool of lung cancers (epidermoid and adenocarcinoma), a lung tumor antigen 

comman to aIl lung cancers that recognizes the Ba!De epitopes existent in 

fetal lung and liver (gestation age of 10-20 weeks). 

Lung OSN ls not related to HLA coded mole cules 

Soluble HLA antigens have been detected in the urine (28). These 

molecules were found to have a malecular weight of 40,000 daltons and a pl 

at pH of 5.0 

\ 
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Our studies indicate that lung OSN isolated from the urine of lung 

cancer patients was probably not related to molecules coded for by the HLA 

genes. The evidence presented in this study consists of the failure to 

immunoprecipitate the [12~Il labeled LAI active protein with monoclonal 

antibodies specifie to molecules coded for by the A, Band D alleles. 

Furthermore, we also failed to precipitate the aame molecules with anti-

bodies to HLA raised in rabbits that shpwed ~n previous studies by Rauch et 

... 
al (29) to recognize the common epitope of JlLA A,B coded molecules. These 

results are ln contrast to those presented by Rauch et al (29) and Thomson 

et al (30) who Isolated OSN from melanoma, hepatoma and breast cancer. LAI 

active pr?teln was der1ved from these tumors by l1m1ted papain digestion of 

the tumor cell membrane. The OSN was shown by means of antl-82 micro-

globul1n sffinity chromatography to copurify wlth 82 microglobul1n and HLA 

molecules. HLA activlty, by radl01mmunoassay, resided ln the same fraction 

which was bound to anti- 82 microglobulin affinlty chromatography. On SDS 

PAGE the LAI active fraction showed proteins in the molecular weight range 

of 40,000 to 12,000. My results clearly differ since l failed to 

demonstrate HLA activity within the LAI active fraction or the presence of 

82 microglobulin by either illlDklnopreci pHat i on or SDS PAGE. 

The results obtained in the present study are in agreement with HcCabe 

et al (31, 32) who could not find any correlation between melanoma 

associated antigen and HLA antigens nor with 82 microglobulin. Conversely, 

Malley et al (33) demonstrated that melanoma antigen activlty as assessed by 

mean of the LAI assay, derived from melanoma extracts hound to anti-82 

1 
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microglobulin affinity column. the evldence to date ls confllcting on / 

\ -
whether tumor OSN are associated with HLA antigen or are modified HLA anti-

gens. lt seeœ that tumor OSN obtained -tram sol1d tumo'rs as was done by 

Rauch et al (29) Thomson et al (30) and Halley (33) still retained their 

association with B2 microglobulin. Tumor OSN obtained trom spent culture 

medium (33) or from urine did not display this association. lt ls possible 

that tUlllOr OSN in culture rœdlum, syst,emic circulation and urine dissoçiate 

trom B2 microglobulin, whlle in their native state thls associatlon may 

exist. 

One conclusion that may be draWD from this study ls that B2 micro-

globulin ls not essential for OSN activlty in the LAI 8SS8y, Indicating that 

the epl tope whi ch 18 recognl zed by the l_1Oe response does not contain 

sites Involvlng parts of the B2 microglobulin molecule. B2 microglobulin ls 

assoclated with lOOlecules outslde the H-2 locus such as T/t and Os or with 

other genetic loci such as the H-Y system (41). It 8eems that B2micro-

globulin ls not excluslvely assoclated with the Mlle complex but 1118y be 

assoclated as weIl with genetic loci that have regulatory roles during cell 

differentiatlon. Slnce it ls possible that the OSN œy functlon as a 

differentlation antigen, playing a major role in organogenesis, the possible 

association of the OSN with B2 microglobulin is not surprlsing or 

contradictory. 

) 
Lung tumor OSN does not contain known lung tomor 8ssociated molecules 

ln 77% of patients with oat cel! carc1noDll of the lung one may detect 

by mesns of a radioimmunoassay elevated levels of CEA. 1 demonstrated the 

absence of thls molecule in our lung tumar OSN preparation. Previously 

Thomson et al (34) showed that LAl activ& protein in urine derived from 

f • 

\ ~ patients with colon carcinoma i8 devoid of CEA. Furthermore, 1 demanstrated 
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that a smaller molecular weight prote in having a molecular weight of 50,000 

dalton and immunologically cross reactive with CEA was also absent. 

Others have used xenoantisera for detection of lung tumor associated 

----antigen and did not detect the presence of CEA (35, 40). Another tumor 

marker, lactoferrin, present in patients with lung tumors was oot examined 

because it has a high rnolecular wei~ht that does not correspond to the 

molecular weight of the lung tumor OSNe Furthermore, by immuno-

precipitation of the [ 125 I) urinary OSN isolate with anti-serum to 

lactoferrin, no precipitates were obtained. 

Recently Braatz et al (36) and Gaffar et al (37) described a lung turnor 

associated antigen having a molecular weight of 42,000 dalton. This lung 

tUDIOr associated antigen was purified by means of lCenoantisera ralsed in 

rabbits against a pool of 17 lung cancer extracts. The tUDlOr associated 

antigen was purified by afflnlty chromatography, gel filtration and 

preparative gel electrophoresis. The same authors have deDlOnstrated (36) 

that their preparation of lung turnor associated antigen cross reacted with 

al antichymotrypsin present in abundance in lung cancer tissue. Coded 

samples of various purification steps of our lung OSN were analyzed by 

Braatz's group by means of radial immunodiffusion, it was found that 

fractions containing the LAI active protein was devoid of al antichymo-

trypsln, though large amounts of this prote in was found to reside in LAI 

negatlve frations. In parallel the [125 1 ) labeled LAI positive fraction off 

the hydroxyapatlte column was tested ln our laboratory by immunoprecipi-

tation against a commercially available anti QI antichymotrypsin with 

comparable results. 

In concl~ion the lung OSN detected did not contain ~aminants 
similar to the described lung tumar associated antigens. 
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SllMKnY 

ln experlmental1y Induced tumors, tumor speclflc transplantatlon 

Bnt Igens (TSTA) and oncofetai neoant 1gens are expressed. Proof for the 

eXlStance of TSTA ln human cancers i's precluded by ethlcal reasons and by 
r 

the lack of syngenelC clonor hosts, but still there IS eVldence based on ln 

~ assaya that there are organ specific neoantlgens (OSNs) agalnst WhlCh 

" the pr Imary hos t responds The leukocyte adherence Inhib,ition assay (LAI) 

lS one such 8ssay demonstratlng antltumor immunlty. The as say l s based on 

the phenomenon that 1eukocytes from a tumor bearl ng hast, after ~ vtt r 0 

Incubatlon wlth an extract of the sensltlZlng cancer, lose then abtllty co 

adhere ta glass surfaces. Prelneubatlon of leukocytes that reaet pos1tIvely 

ln thE> LAI asssy wlth tumor OSN negates thelr subsequent r-esponse ln th .. 

Bssay - henee blocklng. Neoantlgens of human cancer and expertmentally 

loduced TSTA are shed tram the tumor cell surface lnto the circulat 10n 

Some of the shed neoant~gens are filtered loto the urlne. 

Organ specIfie neoantlgen (OSN) shed from the tumor of patlents wlth 

metastatlc lung cancer aod ftltered loto the urIne was purified, in part, 

uSlng physlcochemlca1 and afflnlty chromatography methods. OSN actlVlty was 

momtored by blocklng of the tube LAI assay. 

Two methods for purtfylng the lung tumor OSN were developed. 

protein was precipltated by 80% saturated ammonIum sul fate. In the first 

method, 300 liters of urine were processed. Affinity chramatography was 

used ta remove albumlo, gsmmaglobultn, snd light chains. Physlcochemlcsl 
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methods of DEAE ion exchange chromatography, molecular sieve chromatography 

and hydroxapatite adsorption chromatography achieved further purification of 

the OSN. Analysis by SDS PAGE revealed that the urinary isolate from the 

last purification step containing the OSN activity was composed of several 

prote in bands in the molecular weight range of 31,000 to 20,000 dalton. The 

specifie acU vi ty of the lung tumor OSN as measured by the blocking tube LAI 

asssy was about 20,000 ~/mg. 

, Physicoehemical eharacterization of this restricted group of proteins 

demonstrated that they were glycosilated and had an isoelectrie point at pH 

5.0 - 6.0. None of the isolated and homogeneous protein bands eluted from 

the SDS gels showed OSN activity. Furthermore, by limited digestion with 

V-8 protease and trypsin the proteins visualized in this purification step 

were shown Dot to be related. The group of prot!!ins containing OSN acti vit Y 

were not related to ffi..A antigen nor to 82 microglobulin as determined by 

immunoprecipitation with anti-HLA and anti-B2m antisera. Furthermore, lung 

tUlOOr associated 1JI)1eeuies sueh as GEA, laetoferrin, and al antichymotrypsin 
II> 

were absent from the material from the last purification step . 

. 
The second method used 90 liters of urine and W&s developed to find a 

faster and more efficient way to purify the OSNe After alJllllOnium sulfate 

precipi tation of the urinary protein, 1t was processed by DUE-ion ex change 

chromatography, hydroxyapatite adsorption chromatography, preparative fIat 

bed isoelectric focusing, molecular sieve chromatography and ion exchange 

t" 
high performance liquid chromatography. The specifie activity of the lung 

tumor OSN at the 18at step waa about 10,000 u/urg. SDS PAGE analyais of the 

urinary isolate from this last step disc10sed the salE group of proteins in 
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the molecular weight range of 31,000 dalton to 25,000 dalton. Two 

dimensional gel electrophoresis of the protelns revealed IIIBny discrete spots 

migrating over a pH of 6.2 ta 7.2 and a11 had a moleç;.ular weight of 31,000 
.:~. 

dalton. 

Urinary protein from normal subjects was processed in the same manner 

and did not show OSN activity. SDS PAGE analysis showed only proteins at 

the molecular weight range of 28,000 dalton and lower. 

From the following studies i t is sugges ted that the protein responsi ble 

for OSN activi ty in the tube LAI assay resided ln thé molecular welght range 

of 31,000 to 43,000 daltons. Th1s protein was not assoc1ated with a2 

microglobul1n nor did it aeem to be a modifled or aitered HLA coded 

1OO1ecule. 

OSN 1s a glycosilated Integral membrane prote in that is expressed by 

organs of a normal fetus up ta about 19 weeks gestation. ln the fetus the 

QSN may perform SOIIE recognition function for organogenesls. 

W'hen the OSN ls re-expressed" on the tUDlOr cell surface (gene 

derepression), it is organ specifie and is common for aIl tumors arising 

from the same organ that are of the same hlstogenesls. The expressed fetai 

component Is recognlzed as forelgn by the syngenelc host bearing a cancer 

that expresses the OSN DDlecule. 
) 
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STATIIIKIIIT OF OIUGIlIALln 

1) Methods for the isolation of lung tumor organ specifie neoantigen 

(OSN) from the urine of patients with metastatic lung cancer weredeveloped. ,,'1 

Both methods employed various physieoehemieal procedures and were shown 

ta highly enrich a IIDlecule whieh showed specifie activity in the blocking 

tube LAI assay. The second method which avoided the neeessity of affinity 

chromatography was found ta he rapid and efficient. The second method used 

aonnonium sulfate prec~itation 

chromatography, hydroxyapatite 

of urinary protein, DEAE ion exchange 

....-. 
adsorption ehromatography, preparative 

isoelectrie focusing, molecular sieve chromatography and ion exchange high 

performance liquid ehromatography-. 

2) The LAI aeeay detecte the hosts' illlDl.lne response ta a tumor 

antigen; this antigen was highly enriched and partially eha'racterized. The 

uniqueness of this tumor antlgen lies in 1ts abil1ty to behave as an 

111l1DUnogen in the tUlOOr-bearing host while aIl lung tUJŒ)r assoc1ated antigens 

previously descri bed are not. Tumar aS8oc1ated antigens are defined and 

reeognized by antiserum raised in xenogeneic animaIs. The presently 

described tumar antigen le a true tumor antlgen - termed an organ specific 

neoantigen (OSN). 

3) Realthy Individuals urine processed in the same manner did not show 

any OSN activity in the blocking tube LAI assay. Furthermore, the proteins 

found in the normal urine lsolate were different fro. those in 81V isolate 
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4) OSN activity was conUned to proteine having a molecular weigh't' 
.. 

higher than 30,000 dalton, and may be attributed. ta protein or proteins in 1. 
,~ 
1 

the mo1ecular weight range of 31,000 dalton. 
ri 

5) Partial characterization of single proteln bands at 31,000, 28,000 :'1 

and 25,000 dalton disclosed that they were not inter-related although they ,~ 

were aIl glycoproteins wi th an acid isoelectric point. 

6) OSN aet! vi ty was not relsted to B2 mieroglobul1n nor ~o HLA eoded 

molecules. Furthermore, OSN WS8 not related to CEA or other lung tumor 

J' 
associated molecules. 
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