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METHODS AND COMPOSITIONS FOR
DETECTING HUMAN TUMORS

Matter enclosed in heavy brackets [ ] appears in the
original patent butl forms no part of this reissue specifi- 5
cation; matter printed in italics indicates the additions
made by reissue.

RELATED APPLICATIONS .

This application 1s a continuation-in-part application of
copcndine application Scr. No. 439,232 hled Nov. 4, 19382,
now abandoned, and copending application Scr. No. 496,
027 filed May 19, 1983, now abandoned, incorporating

herein by relerence, 1 5

BACKGROUND OF THE INVENTION

[. FField of the Invention

The mechanism for malignancy of mammalian cells has 20
been and continues to be the subject matler ol intense
investigation. One of the arcas which i1s considered to be
promising in lthe clucidation of the mechanism is the area ol
oncogenes. While Lhe occurrence of oncogenes was st
detected with relroviruses, it now seems reasonably firm that 23
the viral oncogenes have cellular counterparts. The role ol
the cellular counlerparts 18 not clear, An excellent review ol
oncogencs, thetr propertics and particularly the sre gene may
be found in the articic by J. Michael Bishop, Scientfic
American, Mar., 1982:81-93. The article also provides a list 3V
ol vartous viral oncogencs, demonstraling that a number ol
them are invoived with phosphoryiation.

The src gene is found to be not only active in the
malignanl ¢ell of chickens, but also in the normal cell, The
diflerence appears to be onc of degree, rather than of kind,
in that the enzyme cxpressced by the sre gene would appear
1o be of much higher concentration i lhe malignant ccll as
comparcd to the normal cell.

35

In order (0 be able 10 determine the presence of a tumor
cell, it is necessary 1o be able to distinguish between normal
cells and tumor cells. Therclore, the obscrved property
which i1s to be diagnostic of the tumor cell must be capable
of diffcrentiation from a normal ccll or from a physiologic
fiuid of a normal host, where the fluid rather than cells are
assaycd. Furthcrmore, the property should nol be specific tor
the individual, bul be common 1o the malignant nature of the
cell.

In bolh diagnosis and trecatment, the opportunity or spc-
cifically dectecling mahignant cells 1s very important. Any sp
lcchnigue, 1n a high percentage ol sttuations where malig-
nancy 1s suspected, should be able (o distinguish malignant
ceils from normal cells. Furthermore, the diagnostic tech-
niquc should be uselfui for a large number of members of Lhe
population and not specific for onc or a [ew members of the s
population.

Becausc a cancer ccll is derived from a normal cell, most
of the propertics and components of the malignant ceil arc
the same as the normal cell. Furthermore, there 1s an
increasing vicw that malignancy 1s a result of a natural 60
process, which in a certain contexl results 1n mahignancy. In
view ol the fact that malignancy may be based on normal
processes, which al the time in question have an abberrant
resull, it 18 not surprising that there has been substantial
diiliculty 1n demonstrating observable diflcrences between 65
normal cclis and cancer celis over a broad spectrum of
allogeneic hosts.

40)
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2. Description of the Prior Art

The following papers provide a general description of
oncogenes and the role ol rclroviruses 1 tuMoOrtgencss:
Bishop, Scicntilic Amernican, supra; Bishop, New BEngiand J.
of Med. (1980) 303.675-681; Lancct, Jul. 24, 1982, pages
195-196; Cooper, Scicnce (1982) 218:801-806, Vamus,
Science (1982) 216:821-820. Papers concerned with spe-
cific oncogenes include Becker ot al., PNAS USA (1962)
70:3315-3319: Tsuchida ct ai., Science (1982) 217:937-938
and Dhar et al., thid., {1982} 217:934-936,

SUMMARY OF THE INVENTION

Mcthods and composilions are provided lor wdentifying
and trealing malignant ceils of Iresh lumors 1n a4 human host,
[From knowledge of DNA scquences capabic of transforming
cells of a lower vertebrate to mahignancy, polynucleotide
probes can be made [or delermining the level of transerip-
tion of said DNA in human cclls and receptors produced
capabic of specifically rccognizing delermunant sites of
peptide products of said DNA sequence. The probes and
receptors may be labeled with a wide variety of labels lor
diagnosts and Lrealment.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

[n accordance with the subject invention, novel methods
and compositions arc provided for the diagnosis and treat-
ment of cancer in humans and other primales. 1t has now
been observed that DNA which 1s capable of translorming
cells of lower verlebrates (0 malignancy is prescent in human
cells and has a much higher level ol transcription and
expression in malignant cells than in normal celis. Thus, by
being ablc 1o detect the higher level of messenger RNA or
the cxpression product of such messenger RNA, the pres-
cnce of malignant cells in & host may be diagnosed. In
addition, the production of the higher level of peplides in the
malignant cells can be a basis for treatment ol the malig-
nancy. Where the polypeptide expression product can be
found in physiological {luids, such as blood. and the levels
of the expression product arc substantially different 1n the
presence and ahsence of malignancy, the physiological luid
may be screened as diagnostc lor the presence of a particu-
lar tumor.

The subject invention provides methods and composiions
[or evaluating the probability or presence of malignant cells
in a group of celly, particularly human celis in vivoe or [reshly
removed [rom a human host. The method looks to cellular
products such as mRINA or ils expression producl as diag-
nostic of the probabic presence ol malignant cells. The
mRNA which is sciccled from detection will usually be
selected as a result of there being RNA present 1n g retro-
virus genome, which retrovirus is capable ol transforming
mammalian cells (o malignancy. Furthermore, the RNA 1n
the retrovirus which 1s sclected (0 a sequence which does nol
cncode an essential function ol the retrovirus and, 1 lact,
may bc silent.

The mcethod involves as a first siep defining a DNA
scquence capable ol causing malignancy in a mammalian
cell. Once the DNA scguence ts dehned, polynucleotide
sequences can be provided which may serve as probes for
detection of clevaled levels of messenger RNA 1o delermuine
whether a cell is malignant. The scquence can also be used
[or delining polypepltide scquences which can  deline
complementary receptors having high specificity lor the
neptide scquence. The receplors may then be used lor
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determiming the presence or the concentration of the peptide
in cells or physiological {luids and for treatment where the
rceeptors can be directed 1o malignant cclis. Also, knowing
lhe nature of the peplide and its function, other means may
be available for controlling the clevated production of the
particular pephde,

The first step in the subject method 18 to define the DNA
scquence. vartous methods can be usced for defining Lhe
DNA sequence ol a retroviral oncogene. For example,
retroviruses have been lound capable of transforming lower
veriebrate cells 1o malignancy. The retroviruses which have
been  characlerized have been shown to carry DNA
sequencces comparable to wild type genes presenlt in the host,
genes which are now referred to as oncogencs. Furthermore,
in the case ol Rous sarcoma virus, the expression product of
the gene has been 1solaled and characterized and shown to
he a kinase. In the case of this kinase, 1t has also been shown
thal the kinasc 1s normally produced by the cell, but at a
much iower level than when the src gene from the Rous
sarcoma virus 1s introduced. A number of viral oncogenes
have already been detected in a variety of vertebrates, and
Lthe following is a list of the oncogenes and their specics of
Orign.

TABLE |

Species of

Oncogenc origin
V-STC chicken
v-Ips '

V- YE S

v-f0s

V-TYC )

v-erb "
v-myb ’

v-rel lurkey
V-MOS TTNOUSE
v-bas "

v-abl

V-Tas rak
v-lCs cal
v-fms "

V- 818 Monkey

Other sources of DNA scquences capable of including
malignant translormations in vertebrale cells may include
1solated DINA from a malignant cell or ccli line, cloned DNA
from a genomic library or cloned DNA from a messenger
RINA Iibrary, wherc the total messenger of the malignant cell
1s reverse transcribed o DNA and cloned. Either of these
librarics may bc screcned for their ability (o induce malig-
nancy. A refinement in the technique of screening may be
achieved by taking the tolal messenger {rom a normal cell
and preparing cDNA [rom the messenger. One can then use
the single stranded DNA as a probe to remove messenger
RNA associated with the normal cell from the total mes-
scnger RNA from a malignant cell. The residual messcnger
RNA will then include messenger being cxpressed by genes
associated with the maiignancy. One may then use the
messenger Lo screen a genomic hibrary and usc the cloned
DNA which hybridizes wilth messcnger in a bioassay for the
detcrmination ol lhe abihity o lransform to malignancy.
Other ways will also becomce available in time for detecting
and defining DNA scguences capable of transforming nor-
mal cclls.

A lurther analysis can be employed by screcning cDNA
from letuses with messenger RNA [from malignant cells.
Particularly, where the oncogenc is a gene which is silent or
relatively quiescent i the mature verlebrale, while highly
aclive 1n lhe embryo, the screening may further serve to
narrow the held of scquences to be screened

1)
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Once haVing identificd a DNA sequence capable of
inducing malignancy, a cloncd viral oncogene or short
polynucleotide scquences can be cmployed as prohes lor
detection of the level of production of messenger RNA in
cells suspected of being malignant. The preparation of both
RNA and DNA nuclcotide scquences, the labeling of the
sequences, and the prelerred size ol the scguences has
received ampice description and exemplification in the lit-
eraturc. Normally, a sequence should have at least about 14
nuclcotides, usually at least aboul 18 nucleotides, and the
pelynucicotide probes may be one or more kilobases. Vari-
ous labels may he employed, most commonly radionuclides,
particularly **P. However, other lechniques may also be
cmpleyed, such as using brotin modified nucleotides lor
introduction into a polynucleotide. The biotin then serves as
the sile of binding to avidin or antibodies, which may be
labcled with a wide varicty of labels, such as radionuclides,
{luorescers, enzymes, or the like. Alternatively, antibodics
may be employed which can recognize specific duplexes,
imcluding DNA duplexces, RNA duplexes and DNA-RNA
hybrid duplexes or DNA-protein duplexes. The antibodies in
lurn may be labeled and Lhe assay may be carried oul where
the duplex 1s bound to a surface, so thal upon the formalion
of duplex on the surface, the presence of antibody bound to
the duplex can be detected.

By isolating the nucleotide scquence for the whole onco-
gene, the scquence ol bases may be delermined by known
mecans, c¢.g., Maxam and Gilbert, PNAS USA (1977) 74:56().
The sequence can be used for the determination ol the amino
acid scquence of the protein expressed by the encogene. By
identifying codons for methionine followed by 4 sequence
which does not have stop codons which prevent expression,
onc can usually find a single sequence in frame with a
methionine codon for defining the oncogenc.

Alternatively, hybrid DNA technology may be employed
lor ebtaming cxpression. The DNA sequence may be restric-
tton mapped and appropriate siles {or cleavage defined. In
this way, the sequence may be excised and introduced into
a vector having the appropriale regulatory signals. Alter
oblaining cxpression of the DNA sequence, antibodies can
bc made to the polypeplide. By employing oocyles for
expression of the messenger RNA which is then translated to
producc the peptide expressed by the oncogene, the protein
defined by the messenger may be produced. The identity of
the peptide from the vocyle which the peptide produced by
the expression of the hybrid DNA may then be determined.

Once the protein has identified and verified, one can then
usc the protein or subunit peplides as an antigen for the
production of antibodics for diagnosis and treatment. Anti-
bodics can be prepared in a variety of ways, depending upon
whecther monoclonal or polyclonal antibodies are desired.
For polyclonal antibodics, a vertebrate, normaliy a domestic
amimal, 1$ hyperimmunized with the antigen and blood
coilected shortly afier repeat immunizations and the gamma
globulin 1solated. For monoclonal antibodices, a small animal
18 hyperimmunized, the spleen removed and the lympho-
cylcs fused with an approprialte {using partner. The resulting
hybridomas arc then grown under limiting dilution and
clones providing the desired antibodies sclected.

Rather than preparing the entire peptide, one can deter-
mine various regions which are likely Lo he determinant sites
and usc these oligopeplides of at least about cight amino
acids, usually at least about 10 and not more than 20, usually
not more than 18 amino acids, to define a hapten which can
be used to mduce antibody formation, The oligopeptide is
bound to an approprialc immunogen and introduced into a
veriebrate to produce antibodics, cither polyclonal or mono-
clonal anlibodies, as described previously.
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Accordingly, the present invention also provides a scrics
ol oligopeptides corresponding to antigenic regions in the
neptide expression products of RNA presentl 1n retrovirus
oncoecncs. Exemplary species of the antigenic oligopep-
lides usclul in accordance with the subicct invenlion are
listed below in groups bascd on the retroviral oncogenc
(cxpression producty which s recognized by antihodics
produccd from the oligopeplide.

A Myb

mct-ala-phe-ala-his-asn-pro-pro-ala-gly-pro-leu-pro-
oly-aia
pro-phe-his-lys-asp-gin-thr-phe-thr-glu-tyr-arg-ivs-met-
hes-gly-ply-ala-val
pro-phe-his-lys-asp-gln-thr-phe-thr-glu-tyr-arg-lys-met-
asp-asn-thr-arg-thr-ser-gly-asp-asn-ala-pro-val-ser-cys-
leu-gly-glu
B. Src

arg-leu-tleu-glu-asp-asn-glu-tyr-thr-ala-arg-gin-gly-ala-
ys-phe-pro
lrp-arg-arg-asp-pro-gh-elu-arg-pro-thr
C. Ras™

arg-leu-tys-lys-tlen-ser-lys-glu-glu-lys-thr-pro-gly-cys-
val-lys-1len-lys-1ys
asp-lew-pro-ser-arg-thr-vai-asp-thr-asp-thr-lys-gln-ala-gln-gha-
lcu-ala-arg
mgt-thr-gla-tyr-lys-leu-val-val-val-gly-ala-ser-gly-val-
gly-lys-scr-ala
D Ras'™

plu-asp-ilcu-his-pln-lyr-arg-glu-eln-1leu-tys-arg-val-lys-
asp-Ser-Asp-asp
val-arg-glu-ilcu-arg-gin-his-lys-ser-arg -lys- leu-asn-pro-
pro-asp-glu-ser-gly-pro
met-thr-gla-tyr-tys-feu-wval-val-val-gly-ala-gly-gly-val-
ply-lys-scr-ala
vak-asp-glu-tyr-asp-nro-thr-1leu-glu-asp-ser-tyr-arg-lys-
oln-val
I., Fes

are-his-scr-lhr-ser-ser-ser-glu-gln-glu-arg-glu-gly-gly-
ary
asn-gln-gin-thr-arg-glu-phe-val-glu-lys-giy-gly-arg
pro-ghu-val-gin-iys-pro-leu-his-glu-gin
ala-ser-pro-tyr-pro-asn- leu-ser-asn-gin-gln-thr-arg
o Myc

arg-leu-tleu-ala-glu-lys-glu-gin-leu-arp-arg-arg-arg-glu-
oln
asn-asn-glu-lys-ala-pro-lys-val-val

[n thosc situations where the human gene is diflerent {rom
the v-onc, ¢.g. human c-ras, the above described techmques
may b used for 1solating the gene, mRNA or pscudo-gene
and obtaining antibodics 1o the human cxpression product.
The human oncogenc would be expected (o have substantial
complementarity Lo the related, v-one, normally differing in
fcwer than about 5% ol Lhe bascs, generally dillering by
fewer than 5% of the amino acids in the expression product.

The antibodies may be used in a variety of ways. Par-
ticularly, they may be used for diagnosis. In instances wherce
the antigen may be {ound 1n a physiological fluid al an
clevated concentralion only when malignancy cxists, the
physiological Nuid, such as scrum, plasma, whole blood or
cerchrospinal flurd may be assayed, Antibodies employed in
assays may be labeled or unlabeled. Unlabeled antibodies
may be employed in agglutination; labeled antibodics may
he employed in a wide varicly ol assays, employing a wide
varicly of labels, such as radionuchdes, enzymes, fluoresc-
crs, cnzyme substrales or colactors, or the like. These
techniques are amply defined in the Hilcrature and cxemplary
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assays may be [ound in U.S. Pat. Nos. 3,817,834, 3,935,074,
4.233 402 and 4,318,980, as ttlustrative,

[n some technigues, 1t will be uselul to tabel the antigen
or {ragment thereol, rather than the antibody and have a
competition belween labeled antigen and antigen i Lhe
sample for antibody. In this situation, 1t 18 common 1o
nrovide kils which have the combination of the labeled
antigen or labeled {ragment and the antibody n amounts
which provide for optintum scnsitivily and accuracy.

In other siluations, it is desirghle Lo have a solid support,
where cither antigen or antibody 15 bound. A polyepiiopic
antigen can serve as a brnidge between antibody bound o a
support and labcled antibody 1n the assay medium. Alterna-
lively, onc may have a compeiition between labeled anligen
and any antigen in the sample lor a limiled amount of
antibody.

Where the antigen may not be found in a physwological
flutd or il found there 18 not diagnostic of malignancy, then
cells will have to be 1solated and the cells assayed tor the
presence of messenger RINA or the antigen. Mcethods ol
delecting messenger RNA have already been desceribed. For
detecting the antigen, the tissuc sample may be lysed by
conventional mcthods, c.g. basc, detergents, or the hike,
cellutar debris separated by filtration or centrifugation and
the (ltrate or supernatant 1solaled and assayed.

For purposes ol therapy, either xenogenceic or aliogencic
antibodics may be employed, depending upon the nature of
the treatment, and whether the forcign antibodics will induce
an immunc response. The hierature has described a number
of ways of making human antibodics. where 1t 18 found that
mousc or other mammalian antibodies are not satislaclory.
The antibodies may be used in a wide variely ol ways. By
cmploving the appropriate {pG (other than {2, ), one may
induce lysis through the nawura! complement process. Aller-
natively, the lysing portion of a Loxin may be joined to the
antibodies, particularly a Fab lragment, The antibodics may
be bound Lo liposomes for directing the hiposomes to the
malignant cclls to become ingesied by the cells by merging
of the membranes. Other labels may also be bound 1o the
antibodics, such as radionuclides, fluorescers, enzymes, and
the like. By introducing the antibodics in vivo, the antibod-
ies will direct the label o the malignant cells, where the
presence of malignancy may be diagnosed or treated.

The Tormalion of the antibodics will vary widely, depend-
ing on the naturc of the label, the purpose of the antibodics,
the site to which the antibodics are 1o be direeted, and the
like. Usually, the antibodics will be formulated in a physi-
ologically acceplable carrcr, c.g. saline or phosphate bufl-
ered saline, and injected inio the host, when possihle at the
desired site, and when this 1s nol possible, into 4 circulating
system, such as blood.

The antibodies oblained 1n accordance with this invention
can also be used to isolatc cells cxpressing the oncogene and
to rcmove cells in vitro from a heterogeneous cell population
containing cells expressing the oncogene. Separalion can be
achicved with a fluorescence acuivaied cell sorter (FACS).
This same technique can be used for identilying and 18olal-
ing cclls expressing the oncogene. For removing  cells
expressing the oncogene [rom & mixture ol ceils, the subject
antibodics may be combined wilh complement, joined to the
lysing [ragment (A [ragment) ol a loxin {sec H.P.O. appl-
cation no. 17,507 and U.K. Patent Application No. 2,034,
324) or the cells agglutinated and scpardaied by physical
means.

The following examples arc olicred by way ol tllustration
and nol by way ol limitation.
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Tumors were obtamned from [resh surgical specimens at
Lhe tme of resection and were untreated by chemotherapy or
radiotherapy. An cfforl was made (0 obtain only viabic tumor
and to process the tissues as rapidly as possibic to avoid

8

normal tissuc did nol conlain any detectable transcripts by
this analysis.

Four cellular oncogenes showed a consistent pattern of
cxpression in a variety of human lumors. These were ¢-mye,

messenger RNA (mRNA) degradation. Specimens were 5 c-fos, c-ras’™, and c-ras™. A comparison was made of the
guickly frozen and stored 1n liquid nitrogen until processed intensily of hybridization, which was possible since all
for RNA. When the surgical specimens included wide probes were labeled to approximalely the same specific
marging ol normal tissue, some of this was taken for analysis activily. V-myc and v-fos demonstrated the highest intensity
as an mternai control of the level of ¢-onc pene expression. ol hybndization to human tumor RNA’s suggesting a large
C-onc gene expression could then be compared in normal 1o number ol copics of mRNA per cell. Expression ol both
and malignanl tissuc {rom the same patient. As little as 20 pe thcscfﬁcncs was K{:bscrved in all malignancies cxamined,
of Maloney murine sarcoma virus equivalent o approxi- L-ras™ and e-ras™ sequences were also delected in most of
mately onc RNA transcript of 3 kilobases (kb) per cell or the numan tumors but with less intense hybridization.
approximately 2 micrograms of poly A RNA applied 1o the | M{Iﬂﬂﬂﬂg[zfﬁ RNA sequences relaled Lo c-fes were detected
filter could be detected by this method (Kafatos ¢t al., 15 10 onrly 2 of 14 lumors examined; both of these were lung
Nucleic Acids Res. (1979)7:1541). By usc ol appropriate LAIICLTS.
controls including unrelated RNA's, poly A-negative {rac- C-myb expression was detected in only one ol 14 (umors;
lion RNA, plasmid DNA, and mouse and human DNA, Lhis, too, was a lung cancer.
talse-negalive as well as [alse-positive resulls could reason- C-sre messenger RNA scquences were observed only in
ably be excluded. The dot blols were quantitatively cvalu- 20 circulating lumor cells of a paiient with lymphosarcoma.
ated by means of a soll laser scanning densitometer. Where In order Lo test whether expression of cellular oncogenc
sufficient material was available, mRNA was further char- scquences was related 1o neoplasia, an clfort was made to
acierized by Northern analysis Lo confirm the presence of, oblain both grossly normal-appearing tissuc and obviously
and 10 size, specific transcripts (Thomas, PNAS USA malignani issuc from the same site in the same patient at the
(1980)77:5201). 25 same lime. Hybridization studics were then performed on
Expression of 13 ccllular oncogenes in 14 (umors was RNA samples from the (umor and {rom adjacent nonin-
cxamined by DNA-RNA hybndization techniques. These volved tissues. In 6 of the 14 patients it was possible 1o
dala arc summarized 1in Tablc 2. perform this analysis, In 1 of these 6 cases the presumed
TABLE 2

HUMAN MALIGNANCY *

UASTROINLESTINAL

MALIGNANCIES LLUNG
Adcnocarcinoma ol ADENO- LYMPHO-
Stnall Ree- RENAL CELL OVARAIN CARCH- SAR-
V-ONC Celon Howte! am CARCINOMA CARCINOMA NOMA COMA
PROBL 1 2 H 1 1 2 4 | 2 3 | 2 ]
MWyc*®* 14t ++ +4 A+ bt 4+ f At 1 L 4 +- —
Myb - . : — - =
[irb — - — - — - — —
STC . — B} _ _ _ _ -
'-'-"C._ g _. . _ — _ — _
A **# _. . - _ _ _ _
o 1 {1 +tt ++ +~ b A + +- R - ++
A% )N . — — _ _ _ - — —
Ras'" + b o o + | i -+ o 4+ et -
Ras™ 4o ft ot +1 . ++ o - ++ 4 4+t ++4 - —~
Fes - - - - 1 ++
Fms .. - _ _
518 — — - — - - —

*Inereasing numbers ol pluses indicates increasing intensily of hybridization of tissue mRNA (o v-onc probes.

¥ A vian
¥EXNunne

Three palterns were observed: (1) expression of specific
c-onc mRNA scquences in all or nearly all tumor samples
(c.g.. c-myce); {2} detection of ¢-onc expression in sporadic
tumors( e.g., c-les); and (3) no detectable expression (c.g.,
C-Mmaos).

No signihicant expression of mRNA sequences homolo-

pous to ¢-erb, c-yes, c-abi, ¢c-mos, c-fms, or c-sis could be
detected. This was not the resuit of lack of homology

6H0)

between the viral gene probe and the human messenger g5

RNA, since 1t was possible to detect homologucs of all these
probes in human genomic DNA. RNA from microscopically

normal tissue was subscquenly shown by histologic analy-
sis to be infiltraled by tumor. In 4 of the remaining 5 casces
there was dilferential expression between the tumor and
normal lissuc, with Jow or undetectable levels observed in
the normal bssues and clevated levels observed in the
malignancy. Threc of the renal cell carcinomas and one
colon carcinoma demonstrated this phenomenon.

Blot analysis of RNA [rom cells in the areas of the tumor
samplce and the control sample shows a correlation between
the presence or absence of (umor and c-onc gene expression.
In onc tumor, an adenocarcinoma ol the small bowel,
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c-onc-rclaled scquences were (ound in histologically normal
adjacent ussuc.

Analyscs ol poly A RNA [rom tumors and control uissucs
were performed by the Northern technique. Two c-myc-

10

scanning densilometer. Transeriptional activily of c-onc's
was additionally studiced 1n more detail in varnious lissues of
newborn and 10 day old mice. Agarosc gel clectrophoresis
[ollowced by blotting on nitroccliuiose paper {Northern blot-

related transcripis ol 4.0 and 2.0 kb were found in all tumors ° ting), (Thomas, PNAS USA (1980) 77:5201-5205) was
cxamined. In addition to these transcripts, there was obvious used to confirm the results obtained by dot blot analysis and
degradation of some of the messenger RNA in these hybrid- additionally 10 delcrmine the sizes of the diflerent c-one-
izalion analyscs, most likely resulling from degradation related transcripts.
occurring during tissuc anoxia in the pernod alter surgical Morc specifically, RNA was isolated Irom Swiss-Webster
removal ol the tissue. 0 mousc embryo leluses at various stages of development
Using the procedures given ahove, scveral other tumor using the guanidine (hiocyanate method. (Cox, Mcthods
Lypes obtained [rom [resh surgical specimens were cxam- Enxy_mﬂi. (1967) 12:120-129; Adams ct al.,, PNAS USA
med for ¢-onc gene cxpression. In this series ol tests, (1980) 74:3399-3043).
DNA-RNA hybnidization was uscd to ook lor expression ol As indicated above, days 6-9 Swiss-Websler mouse
10 didferent cellular oncogencs in 9 wmors. The data = cmbryos represent the entire conceptuses 1ncluding  al
obtaincd arc summartzed in Tabhle 3 helow. exlracmbryonal tissues, such as membrancs and those cells
TABLE 3

HUMAN MALIGNANCY ™

UTERINL
CARCINOMA

BRILAST

V-ONC CARCINOMA

[~
T

PROBL ) I )

THY MOMA

Niyo** +t
Myvh +
Sro I I |
Rel S - .
Ak o _ . -
0 + o - .}

Rag't
Ras™ - +
[-es | -t

Sic _ . : L

CHRONIC

NON-TIODGKINS MY LLOCYTIC

HODGKIN'S FYMPHOMA LEURKEMIEA
| | | 2
f- -+ 1 —
b
+— ) oo
+ -} (RN I 1111
++ 't l '
|- S
+-4-+ -t

*Incrcasing numbers of pulses indicates inereasing intensity of hybridization of ussuc mRNA Lo v-onc probes.

R Avian
ERurine

The resulls eiven in Table 3 correlate fairly well with the
results previously reported in Table 2 in that the cellular
oncogenes c-myc, c-fos, c-ras™”, and c-ras™' show a con-
sistenl pattern of expression 1n the additional tumor types
cxamincd. Further, ¢-myb, ¢-sr¢ and ¢-les were also delected
in scveral additional tumor types whereas c-rel, c-abl and
C-§1$ cxpression was nol observed in any of the additional
lumor lypes cxamined. Intercstingly, nonc ol the cellular
oncogenes looked Tor were [ound to be expresscd al any
significant fcvel in the single uterine carcinoma cvaluated.

To determinge whether the messenger RNA shown to be
nresent in malignant cells in clevated amounts were related
lo genes involved in embryogenesis, experimenis were
carricd out generally as follows, Total RNA was 1solated
from cmbryo/letuses ol random-bred Swiss mice at daily
inlervals starting on the 6th day ol gestation (day ol coitai
plug was taken as day O of prenatal development). Begin-
ning al day 10 ol prenatal development, the embryo proper
was scparaled from the extracmbryonal membrancs and
placenta. The small size prior to day 10 prevented separation
and therefore the embryos of days 6-9 represent the entire
conceplus as dissecled from the ulerine wall,

Aliquots ol poly(A)-contlaining RNA (poly(A+) RNA),
were isolatcd by allinity chromatography on oligo(dT)-
cellulose columns and spotled on nitroceliulose paper {dot
biots) (Kalatos ¢t al., Nucl. Acids Res. (1979)
7:1541-1552) The sampies were hybrnidized Lo [2*P]-1a-
bcled molecularly cloned oncogenc-specilic probes. Dot
blols were guantilatively evaluated by mcans ol a soll iascr

40

45

55

6l

65

piving risc to the placenta at later developmental stages. Al
all later slages, the cmbryvo proper was dissected free ol
cxtracmbryonal tissucs. RNA was sclected Tor poly(A™)
-RNA by onc cycle ol chromatography on oligo(dT)-cellu-
lose columns {(Aviv and Leder, PNAS USA (1972)
69:1408-1412). Poly(A")-RNA was dissolved in water,
boiled, quick-cooled onice and 3 pe-( 1.5 pl} were applied to
sheets ol nitroceliuiose paper which had previously been
cquilibrated with 20xS8SC (1xSSC s 0.15 NaCl, 0.015M
sodium citrate} and air dricd, Afler baking overnight at 8{0°
C., the blols were prehybridized for at least 4 h at 45° Coan
a bulfer containing (.75M NaCl, (0.05M sodium phosphalte
(ptl7.5), 0.005M EDTA, 0.2% SDS, 10 mg of glycine/ml,
S5xDenhardt’s reagent ([ xDenhardl’s reagent 1s 0.02% cach
ol ficoll, bovine scrum albumin and polyvinyipyrrolidone),
0.25 mg of denatured herring DNA/m! and 50% {ormamidec.

The biots were hybridized for about 20 h at 45° C. with
Ix10° cpm of nick-translaled probe/m! of hybridization
buffer (prechybridization buifer with Denhardl' s reagent al
1>x). The cioned oncogene [ragments purified {rom vector
scquences by preparative agarosc gel clectrophoresis were
nick-transialed {(Righy ¢t al., J. Mol. Biol. (1977)
113.237-251)in the presence of [*P]-dCTP(3200 Ci/mmol)
lo specilic radioactivities of about 1-2x107 cpm/ug of DNA.
After hybridization, the blots were washed three ttmes 1n
I xSSC at 50° C. lor a wlal ol about 2 h and cxposced to
nreflashed X-ray [lms with intensilying screens at =707 C.
for 72 h.
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Employing the above procedurce, a number ol known
oncogenes were screenced Lo determine whether they were
cxpressed in the embryos, The following table indicates the
individual oncogenc and the obscrvations concerning their
cxpression 1t embryonic cells.

12

The oncogene c-erb had maximum hybridization at 13
days, while no hybridization was obscrved at day 6.

The oncogene c-sr¢ was deiected at its highest levels in
the latter hall' of mouse embryonic development with an
increase beginning al day 14, pcaking at day 15 and gradu-

TABLE 4
mRNA production
cmbryos
ditys
(Oncogene Vins Discase 6-%  10-18 felus
fos ' [-BJ-asterosarcoma OSIETSANCOTI + +
abl* Abelson leukemia lymphoma } ! -
ras Harvey sarcoma crythroleukemia, | +
sarcoma
mos’ Maloney sarcoma SArComa —
MyL Avian Carcinoma, Sarcerma + +
myclocytomatosis leukemua
crb” Avian leukemia, sarcoma }
erythroblasiosis SArcoma
sre Rous sarcoma virus sarcoma 1 +
myh® Avian leukemia -
myeloblastosis
feg” Synder-Theilin sarcoma -
{eline sarcoma
STEN Simian sarcoma SArCOma 1 +

“Curran ¢t al., I. Virol, {1982)
*Goff ¢t al., Cell (1980) 22:777-785
“Ellis ¢t al, J. Virol (19803 36:908-420

“skarmon ¢t al., Scicnce (1980 20712221227 lones et al., PNAS USA (F180) 771.2651-

2655

“Eva ct al., Naturc {19821 295:116

“Gonda et al., Mol Cell. Biol. {1982) 2617
"Wang et al, {1977y 1. Virol. 24:64

"Vister of al, PNAS USA [1982) 79:3677-368 |
“Tedele et ab, PNAS {1982}, in press

MDevare et al., PNAS (19821 79-3179-31 K2

Relatively high levels ol c-los related sequences were
delected tn poly(A™)-RNA prepared from 6, 7, 8 and 9 day
conceptuses containing the embryo proper and extracmbryo-
nal tussues. More than 10-lold lower fos cxpression was
obscrved in embryos of later development slages dissecled
{ree of extracmbryonal tissucs, Data from the placenta and
cxtracmbryonal membranes of [ctuscs (rom days 10 to 18,
showed thal cxpression was primarily in those tissues. In
postnatal tissue, c-los expression could be observed in all
tissucs nvestigatcd with stronger hybridization to the los-
speceific probe from bones.

Hybndization showed that for c-abl aboul three-lold
higher {evels 1n the embryo proper than in extraembryonal

membrancs and placenta s obscerved at the 10th day of

geslalion, as compared to the concentration observed in the
6, 7, and 9 day concepluses. Expression ol ¢-abl in the fetus
appears Lo decrease after the 1ith day ol prenatal develop-
ment. The oncogeng ¢-abl 1s transcriptionally active in all
posinatal mousc tssue examined with spleen and thymus
poly(A)  RNA exhibiting a slightly stronger hybridization
than [rom other Lissues.

The oncogenc c-ras™™ was found to be expressed in

considerable, but similar levels at all stages of prenatal
deveiopment both in the embryo proper as well as in
cxlracmbryonal lissucs. High levels of c-ras™® cxpression
were also observed 1n vartous tissues of newborn or 10 day
old mice, particularly in bone, brain, kidney, skin and spleen.

The oncogene c-myc was detectable al days 7 and 8, bul
much higher levels were observed in late embryonic devel-
opment (days 17 and 18).

)

65

ally decreasing thercafler. For the oncogenc c¢-sis, peak
cxpressions were observed at days 7 and 16, the day-7 peak
was 1.3 to 3 ttmes higher than all other days and the day-16
pcak was 1.5 1o 2 times higher than days 9o 13 days 17 and
18,

In the next study, the nuclcotide seqguence ol the presumed
oncogene region of Avian mycloblastosis virus myb was
cmployed (Vister et al. (1982) supra). Using the published
nucicotide scquence, a number of antigenic oligopeptide
scquences were denved and seven of the polypeptides so
derived were synthesized and evaluated as being potentially
antigenic. These scven oligopeptides, which are representa-
Live antigenic oligopeptides according 1o the invention, have
the following formulas:

(1) pro-phe-his-lys-asp-gin-thr-phe-glu-tyr-arg-lys-mel

(2) pro-scr-pro-pro-val-asp-his-gly-cys-lcu-pro-glu-glu-ser-
ala-scr-pro-ala-arg

(3) asp-asn-thr-arg-thr-scer-gly-asp-asn-ala-pro-val-ser-cys-
feu-gly-glu

(4) pro-gln-giu-ser-ser-lys-ala-gly-pro-pro-ser-gly-thr-thr-
gly

{3) met-ala-phe-ala-his-asn-pro-pro-ala-gly-pro-leu-pro-
gly-ala

(6) pro-pro-val-asp-his-gly-cys-leu-pro-glu-glu-ser-ala-ser-
pro-ala

(/) pro-phe-his-lys-asp-gln-thr-phe-thr-gly-tyr-arg-lys-mct-
his-ply-gly-ala-vai
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The polypeptides were linked to keyhole limpet hemocya-
nin 1n accordance with conventional techniques {Dockray,
Regulatory Peplides (1980)1:169) and the resulling itmmu-
nogen was uscd (0 immunize rabbits 1n a first injection with
complete Freund's adjuvant, followed by injections wilh
incomplcic Frecund's adjuvant over perieds of Lhree o four
weeks 1o hyperimmunize Lthe rabbits. The rabbits were bled
repeatedly over a peniod of six months. O the seven
oligopeptides which resulled 1in the production of antthodies,

antitbodics 0 two pepltides (5 and 7) were sclecled for 10

detailed analysis. The antibodies were reacted wilh radio-
actively labeled cell lysates Irom a cell line containing
multiple copics of the Avian myeloblaslosts virus and with
lysates lrom appropriate non-infected cell hnes. Antibody
No. 5 widentihes a specilic protemn of approximately 58,000)
daltons, which 1s present in the virus-infecled cell line but
not m controls,

Antibody against polypeplide 3 was also reacted with the
niasma of chickens bearing tumors 1induced by amv. A band
similar 1o that observed with the above iysatcs ol approxi-
mately 48,000 daitons was 1dentified.

Antisera Lo polypepuide No. 3 was also rcacted with
l[ysalcs of & mycloid human lcukemia cell hine (HL-60)
which is known Lo cxpress messenger RNA transcripts ol the
c-myb gene (Gallo and Wong-Staal, Blood (1982) 60.543).
This antibody reacted with a protein ol about 90,000 daltons.
In Ireshly isolated mycloid leukerma cells, the antibody
identifies a serics of proteins, 14 kd to 70 kd, not present 1n
normal whitc blood cells.

The palyconal antibodics o the fragment no. 5 ol the myb
protein was tested lor 1ts ability 1o kill normal and leukemic
cclls. The procedure ecmpioyed 1s described 1in Terasaki and
McClelland, infra. The data are setl l[orth 1n the {ollowing
tanlc.

TABLLE 5

CYTOTOXICITY* O ANTI-Myb2 ANTIBODY

AGAINST HUMAN CLELLS

20

hil,

i4

The above results demonstrate that the expression product
of the myh gene can react wilth antibodics to produce lysis
with complement. Thus, the myb prolein appcars to be g
surface membrane protemn witich 15 available lor binding Lo
anttbodics, By 1dentilying prolcins to which specilic anti-
bodics will bind, which prolcins have diagnostic valuc as
indicative ol malignance, the malignant cclls can be 1den-
tilicd and treated. [n the subject work, no determination has
been made as 1o the specilicity or cross-reactivity ol Lthe
subject antitbodics. Since only a fragment was uscd (o
prepare the antibodics, 1t would be expected that antibodies
ol greater binding specificily and avidity could be prepared
with thc whole prolcin, particulariy wilth the whole protein
in a membranc. The subject anbibodices can be used (o select
for antibodics binding to the same or other delerminant sile,

The subject data demonstrate thal antibodies can be
preparcd which do not aliecl normal B- and T-cells, but arc
cytoloxic in combination with complement for a vanety of
malignant cclls. Therciore, the antihodics can be uscd for
cancer therapy without the harzard of substantially 1nactivat-
1ng the immune system.

1t 15 cvident from the above results, that one can detect the
nresence ol malignancy 1in a human host by determining the
transcriplion and/or cxpression products of the oncogene.
One can screen retroviruscs or other source ol nucleic acids
to demonstraie the ability of such nuclelc acids to lransform
vericbrales 1o malignancy. One may then use these nucleic
acitds (o deduce peptide composition and screen malignant
cells lor transcripts or peptides, by hybridization in the
former casc and with appropnatc receptors i Lthe lalter case,
cmploying any of a wide vancty of diagnostic assays.
Antibodics can be produced to the pepudes, which antibod-
1cs may be labeled and may then be used lor diagnosing the
prescnce of a peptide diagnostic of malignancy. The

Cells '
Common
Normal Normal Mott 4 HI.-60 AlLL AMI.  T-AlLL
Antiserum D2 lution B T ("I (AMI) ] 2 (3)** ] 2
Medium Alone l l ] l H ] E 1 1
(—contrel )
ALS' - R 8 H o ! 'y e 8 B
(-{-control )
Anti-myh . 8 6 § 3 § 6 6
1:2 6 E E 3 6 6 2
]:4 | | 4 | | o 4 |
Pre-immuneg — | 1 4 i E 472
1:2 ! 1 2 I | 22
[:4 ] ] 2 f I LA

¥ = 80-100% killing 6 = 60-80% killing | = (0-10% killing

The method od Terasaki and MceClelland, Nature {1964) 204--998 was employed tor complement lysis,

¥*3 ol 5 are killed: a representative onc 158 shown
'ALS - antilcukocyte scrum

""Molt 415 a non-malignant human T Iymphoid eell line that 1s known (o express myb nRNA,

HI.-60 - human mycloid leukemia celi hne
AML - acute myelord leukema

ALL - acule lymphocyte leukemia

T-ALL - 'T-cell acuve lymphoblastic icukemia

63

oncogermic proteins arc found 1o be avatlabice for hinding to
antibodies as surface membrane proleins. The antibodies
may scrve as diagnostic rcagents lor determining the pres-
ence ol malignancy and delermining the location ol malig-
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nant cclls. The antibodics may also serve in (realing tumors
i vivo by using radionuclhides, loxins, in combination with
the host complement system or opsonins, or other antibody
dependenl Iytic system or the like. The antibodies find use in
pre- and posloperative systems, in the ialer detiermining
whether complete removal has occurred, whether metastases
cxisl. The anlibodies can be used postoperalively to destroy
any remnants of the tumor which may not have been
cxcised.

Although the forcgoing invention has been described in
some detail by way of illustration and cxample lor purposes
ol clarity of understanding, it will be obvious that certain
changes and modificalions may be practiced within the
scope of the appended claims,

What 8 claimed 1s:

1. A mcthed for cvaluating the probability of cellular
malignancy in a human host, satd method comprising:

bringing into closc assoctale (1} a probe specific for a

ccllular product, said ccllular product being mRNA or
its expression product, where said mRNA is comple-

mentary (o a DNA scquence of a retrovirus capable of

lransforming a normal ccll (o malignancy and said
probe 1s a nucleic acid sequence capabice of duplexing
with satd mRNA or antibody capabie ol binding to said
cxpression product, and {2) a source from said humar
host suspecled ol containing cellular product; and
deicrmuning the level of binding of said probe to said
ccliular product, wherein an elevaled Ievel s indicative
ol the presence of celiular malignancy.
2. A mcihod according to claim 1, wherein said source is
cells from said human nost.
3. A method according to claim 1, wherein said source 13
a physiwological fluid irom said human host.
4. A method according to claim 1, wherein said DNA

scguence 1s selected from the group consisting of the onco- -

gones sre, tps, yves, tos, myc, erb, myh, rel, mos, bas, abl, ras.
fes, fms, and sis,

5. A melhod according 1o any of claims 1, 2, 3, or 4,
wherein said probe 1s an antibody.

6. A method according Lo claim 5, wherein said antibody
ts labeled with a label capable of providing a detectible
signal.

7. A mcthod according to claims 1, 2, 3, or 4, wherein said
probe 1s a polynucleotide ol at [cast 14 bases complementary
o satd mRNA.

8. A method for evaluating the probability of lecukemia in
a human host, said method comprising:

combining antibodies [specific] diagrostic for the pres-

ence of tor the oncogene myb and blood celis {rom a
human host suspected of having lcukemia; and

determinmng the level ol binding ol said antibodies (o said

host blood cells as diagnostic of a lcukemic host.

9. A method according 1o claim 8, wherein said antibodics
arc produced 1n response to an oligopeptide mimicking a
portion of the conformation of the myb protein.

[10. A mecthod for substantially eliminaling human malig-
nant cclls from a combnation of human malignant and
normal cclls, which comprises:

combining under cyloloxic conditions said combination

ol cells with an antibody specific [or an expression
product ol a DNA scquence present in a retrovirus
genome or substantially compiementary to said DNA
sequence, which scquence s expressed in said malig-
nant cells as a surface protein; and

tsolating normal cells, substantially [rec of malignant
cells.]
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[11. A method according to claim 10, wherein said sepa-
ralion occurs in the presence ol complement as said cyto-
toxic condition ]

[12. A method according to claim 10, wherein said
anlibodies are labeled with a radionuchide as said cylotoxic
condition. ]

[13. A method according to claims 10, 11, or 12, wherein
satd DNA sequence is the myb gene.}

[14. A mecthod for treating a human host suspected of
having malignant cells, which comprnises:

adminmisicring to said human host under cytoloxic condi-

tions antibodies to the expression preduct ol a gene,
which genc s part ol a relrovirus genome capable of
inducing malignancy 1n a normal cell or which genc 18
substanually complementary 1o said gence of said rel-
rovirus genome.]

[15. A mcthod according to claim 14, wherein said
cylotexic condilion is the presence ol compiement ]

[16. Antibodies specific for the expression product of the
human oncogenes c-myc, c-los, c-ras’™™, c-ras®™, c-fes,
c-myb, and c-src.}

[17. Antibodies according Lo claim 16, labeled with a label
capable of providing a delectible signal.}

[18. Antibodics according 1o claim 16, labeled with a
cyloloxic agent.]

19. An antigenic oligopeptide sclected from the class
consisting of:

(a) mel-ala-phe-ala-his-asn-pro-pro-ala-gly-pro-lcu-pro-

gly-ala

(b)  pro-phe-his-lys-asp-gln-thr-phe-thr-glu-tyr-arg-1sy-

mcl-his-gly-gly-ala-val

(¢}  pro-phe-his-lys-asp-gln-thr-phe-thr-giu-tyr-are-lys-

met

(d}  asp-asn-lthr-arg-thr-scr-gly-asp-asn-ala-pro-val-scr-

cys-leu-gly-glu

(c; arg-icu-ileu-gly-asp-asn-glu-tyr-thr-ala-arg-pin-gly-

ala-lys-phe-pro

(I} trp-arg-arg-asp-pro-giu-glu-arg-pro-thr

(g) arg-leu-lys-lys-tleu-ser-lys-glu-glu-lys-thr-pro-gly-

cys-val-iys-1lcu-lys-lys

(h)  asp-lcu-pro-scr-arg-thr-val-asp-thr-lys-gln-ala-gin-

glu-leu-ala-arg

(1) mel-thr-glu-tyr-lys-leu-val-val-val-gly-ala-ser-gly-val-
ely-lys-scr-ala

glu-asp-ticu-his-gln-try-are-elu-gin-ileu-lys-arg-val-
lys-asp-scr-asp-asp
(k) val-arg-glu-ileu-arg-gin-his-iys-leu-arg-lys-lcu-asn-
pro-pro-asp-glu-ser-gly-pro

mel-thr-gly-1yr-iys-leu-val-val-val-gly-ala-ply-gly-
val-gly-lys-scr-ala
(m) val-asp-glu-lyr-asp-pro-thr-ileu-glu-asp-ser-tyr-arg-
lys-gln-val
(n)  arg-his-ser-thr-ser-ser-ser-glu-gin-glu-areg-glu-gly-
oly-arg
o} asn-gln-gin-thr-arg-glu-phe-val-glu-lys-gly-gly-arg

(1)

(1)

p) pro-glu-val-gin-lys-pro-leu-his-glu-gln

q) ala-scr-pro-tyr-pro-asn-leu-scr-asn-gln-gin-thr-arg

r}  arg-leu-ileu-ala-glu-lys-glu-gln-leu-arg-arg-arg-arg-
plu-gln

[
L]
-
'
'
'

{
L‘
i
(

{$) asn-asn-glu-lys-ala-pro-lys-val-val.
20. Anhibodics raised to an antigenic polypeptide selected
{rom Lhc class consisting of:
(a) met-ala-phe-ala-his-asn-pro-pro-ala-gly-pro-leu-pro-
gly-ala;
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{h)  pro-phe-his-lys-asp-gln-thr-phe-thr-glu-tyr-arg-lys-
met-his-gly-gly-ala-val;

(¢} pro-phe-his-lys-asp-gln-thr-phe-thr-glu-tyr-arg-lys-
mct;

{d)  asp-asn-thr-arg-lhr-scr-gly-asp-asn-ala-pro-val-scr-
cys-leu-gly-glu;

(c) arg-leu-tleu-glu-asp-asn-glu-tyr-thr-ala-arg-gin-gly-
ala-lys-phe-pro;

({'} irp-arg-arg-asp-pro-glu-glu-arg-pro-thr;

(g)  arg-leu-lys-lys-ilcu-ser-lys-glu-glu-lys-thr-pro-gly-
cys-val-lys-tleu-lys-lys;

(k) asp-lcu-pro-ser-arg-thr-val-asp-thr-lys-gln-ala-gin-
olu-leu-ala-arg:

(1} met-thr-glu-try-lys-leu-val-val-val-gly-ala-ser-gly-val-
piy-lys-scr-ala;

(1) glu-asp-ilecu-his-gln-tyr-arg-giu-gln-1leu-lys-arg-val-
lys-asp-sCr-asp-asp;

(k) val-arg-glu-tlcu-arg-gin-his-lys-leu-areg-lys-icu-asn-
pro-pro-asp-glu-ser-gly -pro,

(1) mcl-thr-glu-tyr-lys-leu-val-val-gly-ala-gly-gly-val-
gly-lys-ser-ala,

(m)  val-asp-glu-tyr-asp-pro-thr-1lcu-glu-asp-scr-tyr-arg-
lys-oln-val;

(1) arg-his-ser-thr-ser-ser-ser-glu-gin-giu-arg-glu-gly-
gly-arg;

(0} asn-gln-gln-thr-arg-glu-phe-val-glu-lys-gly-gly-arg;

(p) pro-glu-val-gln-lys-pro-leu-his-glu-gln;

(q) ala-ser-pro-tyr-pro-asn-leu-scr-asn-gin-glo-thr-arg;

(r) arg-lcu-ilcu-ala-glu-lys-plu-gin-lecu-arg-arg-arg-arg-
piu-gln; dnd

(5] asn-asn-glu-lys-ala-pro-iys-val-val.

21. Antibodies according to claim 20, tabeled with a labhcl

capahlc of providing a deleetible signal.

1o
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22 Anlibodies according to claim 20, labeled wilh a
cylotoxic agent.

23. A method for evaluaiing the probabiity of cellular
malighancy tn a himan host, said method comprising.

bringing into close assoctation (1) a probe diagnosiic for

the presence of a cellular product, said cellular product
being MRNA or (s expression produci, where said
mRNA 1s capable of hybridizing to a DNA sequence of
a refrovirus capable of transforming a normual cell o
malignancy and said probe is a nicleic acid sequence
capable of duplexime with said mRNA or antibody
capable of binding to said expression produci, and (2)
a source from said human host suspected of containing
cellular product; and

determining the level of said binding of said probe to satd

cellular product, wherein an efevated fevel is indicative
nf the presence of cellular malignancy.

24, An antibody diagrnostic for the presence of the expres-
ston product of a human oncogene selected from the group
consisting of c-mye, c-fos, c-ras™, c-fes. and c-mvb.

25, An antibody according to claim 24, wherein said
ALMON ORCOZENEe LS C-MYC.

26. An antibody according to claim 24, wherein said
Aitrian oncogene iy c-fos

27 An antibody according to claum 24, wheretn said
human oncogene is c-ras”.

28. An antibody according to claim 24, wherein satd
himan oncogene iy ¢-fes.

29 An antibody according to claim 24, wherein said
human oncogene 15 ¢-mvh.

30. An antibody according to claim 24, labeled with a
label capable of providing « detectable signal.

31. An agntibody according 1o claim 24, labeled with a
Cvlotoxic agent.
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