
charge excl-iange is easily hrougl-it about by 
ahsorhing or emitting a cllargeci pion, so tlus 
reaction sl~ould he especially sensitive to tlle 
pion field. Aqain, tlle measureinent of the spin 
denendence a t  medium moinetltum transfers 
found no  cl-iange with respect to nucleon- 
nucleon scattering. This experiment was sen- 
sitive to the  same range of pion inoinetlta 
(greater than 400 MeV/c) as was prohed with 
tlle antiquark ciistrihution in  nuclei. 

Tlle cotlclusion is tl-iat tlle  ion fielei is 
gxat ly  suppresseci a t  shorter distances. As 
allucieci to  earlier, there are compelltng math- 
ematical reasons why the  pion field cannot 
gro\\ too large. A strong pion fleld a t  sl-iort 
distances leads to srngularities \\hen renorm- 
aliied in field tl-ieory, contradicting the  full- 
ciamental tenets of causality and analyticity 
(10). Tllis problem 1s avoided in tlle most 
fundamental theory of strong interactions, 
quatltum cl-iromodynamics ( I  1 ) or Q C D ,  hy 
itltrociucing gl~rotl forces as more f ~ u d a i n e n -  
tal tl-ian inesonic forces. Ho\\ever, tlle severe 
mathematical difflc~rlties in making calcula- 
tions In Q C D  leaves open the  question of 
wl-iere the  gluon flelci shoulci hegin to reveal 
itself in tlle internucleon forces. 

Many theorists tl-iougl~t that tlle core of the 

nucleon was rather small, of tl-ie order of a few 
tenths of a fermi. But in fact tl-ie pion does not 
seem to show itself inside of ahout 112 fel-ini. 
From anotl-ier modern point of view, this 1s 
pe rhapmot  so surprising. Today the pion is 
not  vie\\eci as a firtldainental particle, but as 
a n  excrtatiotl of tl-ie \~acuum. T h e  low Inass is 
seenas a cotlsequetlce of a hasic symmetry of 
Q C D ,  called chiral symmetry. Tllis symmetry 
is respected only for very low energy plletloi~l- 
ena, so from that point of view it is not likely to 
he ~lsef~rl inside the core of tlle n~lcleon. A t  
short distances, tlle QCL3 ciegrees of freedoin 
should hecome i m ~ o r t a n t  and it is natural to 
ask ahout the  role of tlle g l ~ ~ o t l  fields. 

T h e  corrected electron scatteritle exaeri- 
L ,  

ment froin nuclei l-iad sl-io\\n tlle quarks to he 
ciepleted a t  higher momentum, hut not en-  
llatlced a t  l o \ ~ e r  m o m e n t ~ ~ m ,  leaving a net  
denletion. Tl-iere 1s a inomentum sum rule for 
the  quarks and gluons together, so the  quark 
ciepletion requlres a gluon enhancement.  
T h e  gluotl fields of nucleons certainly over- 
lap at cilstances characteribt~c for the  inter- 
med1,ite range nuclear forces. There is n o  
reason why these shoulci not he modified in 
n~lclear inatter or dense lladrotlic matter. ,411 
interesting area for f ~ ~ t u r e  research would be 

to stuciy tl-ie glnon distribution,> more closely. 
Another idea that has heen :rdvanced is 

that illasses of the tllesolis might chailge in the 
environment of tl-ie nucleus, dne to q~lark and 
gluoneffects (1  2 ) .  Tl-iib could alter the halance 
of forces, reducing the  i i l f l~~ence of the  pion 
field. Tl-ie mass shifts might give measurable 
effects In the production of electron pliirs in 
nuclear collisions, and this \\ill he a subject 
of future study at heavy ion accelerators. 
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Genetic Models for Studying 
Cancer Susceptibility 

Stephen H. Friend 

It  IS hecoming well recogniieci that the  de- 
velopment of cancer is not simply a result of 
random events and en\~ironmental hazards 
but can depetlci o n  a n  ~ndividual's genetic 
composition as \\ell. Approximately 10% of 
inciividuals who develop melanomas, for ex- 
ample, carry a n  inborn susceptihility for tl-iat 
cancer. identification of tlle specific genes 
involveci llas obvious iinplications hot11 for 
cictection of s~rsceptihle inciividuals ami for 
tlle development of new treatments. Recent 
well-organized effc~rts by many groups have 
begun to icientify several candidate melanom,i 
susceptibility loci o n  tlle short arms of chro- 
mosornes 1 and 9. Unfortunately, as one inight 
predict, melanomaform,ition involves a corn- 
plex n e b  of internctlng factors n~llose overnll 
Liesign remains obscure. 

Two fisll of the genus Xiphophor~ts, the  
platyfisl-i (X.  ,naculatns) and the sn~orcitail 
( X ,  helleri)-both indigenous to tlle jungle 
stre,ims of Central America-provicie a11 ex- 
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tensive genetic mociel for identifying mela- 
noma susceptihility genes. Tllese f1sl-i l-iave a 
grey-srlver color that  is due to  ,i uniforin 
patch\\ork of small black pigment cells 
(micromelanopl-iores). Tllese cells origil~ate 
as melanohlasts and differentiate throng11 
a melanocyte stage as cio tl-ieir 11~1ll~an co~ltl-  
terparts. Some platyfish 11,ive mnch larger 
clusters of pigment cells (macromelano- 
pl~ores) that result in visible spots. It l-ias 
been k n o n ~ n  since the  1920s that n~l-ien spot- 
teci platyfish inate with nonspotteci sword- 
tails, sorne of tl-ieir progeny will develop be- 
nign melanomas ami some nlll develop ma- 
ligmant me1,inoinas. 

Forty years ago Brelder hypothesiicil that 
me1,inoina formation In Xiphopi~orns resulteci 
from the  loss of "inhibitory" genes that sup- 
presseci species-specific macrome1,inophore 
genes ( I  ). Tl-iis proposal represents one of the  
first references to  tlle concept of interacting 
turnor suppressor genes ,ind oncogenes. 111 ,in 
elaboration of the ide,i, Anders ( 2 )  showed 
that  the  dominant tumor formation gene 
(TLL)  present in tlle platyfisl~ is under tlle 
control of ,i repressor gene (R).  T h e  malig- 

nant  melailoinas only form in the  Ilyhrid 
crosses of the  F, with the  X. heiieri if the  R 
gene is abaeilt (see fig~lre).  

Tllree years ago Scllartl anci 11ib co-n ork- 
ers clotled the  gene a t  the  Ttt locus by a 
reverse genetics approach-that is, hy deter- 
mining cl-iromosome loc,ition, fiildillg near- 
hy genetic markers, and isolating the  correct 
canciidate gene (3). Tl-ie gene encodes a nlenl- 
brane receptor tyrosine kinase, c,illeci "Xnirk" 
(for Xiphophortts melanoma receptor kinase), 
t ha t  is similar hut   lot identic,il t o  t h e  
Xiphophorlis epicierrl~al growt1-i f,rctor rccep- 
tor. All Xiphophorzis exprebs n 5.8-bh Xmric 
proto-oncogene tranbcript. A separate 4.7- 
kb transcript is only expresseJ in rhe me lmo-  
mas of the  fish with tl-ie TLI gene. Tllis '4.7-kb 
trailscrrpt ih expressed at  low lc\~els 111 heiligil 
inclatloi~las ;lnci at lligll l e v e l  rn maligilant 
mclanomab. A n  esscn t i~ l  mi~s ing  piece in 
the  D~liile has heen a n  uncierstanditlir of ho\\ 
R controls tl-ie Xmrk gene. 

Important clues to tlle orlgin of the  inter- 
,ictlon hetn.een tl-ie I? and Xmrk gellea have 
come from comparative sequence analysls of 
the  oncogenic anti proto-oncc>genic forms of 
Xnak, reported hy ALIam and hrs co-\\orkers 
in this lssue of Science (4) .  Tllc tr,inscripts 
from tlle two genes differ in lenqth hv 1 kh 
hut show colinearity iii~wnstream of coilon 
10. Tl-ie GC-rich sequenceb present in tlie 5' 
enci of tlle Xlnrit oncogeile are nlissing from 
tl-ie oncogene nild are replaced by T A T A -  
,ind CAAT- l ike  sequences from nni)tl-ier 
gene. Using reporter gene (-< n.:trilcti, A tlams 
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and co-workers showed that the 5' fragment 
from the oncogenic form of Xmrk is a strong 
promoter in melanoma cells that do not carry 
the R locus. Mapping experiments revealed 
that this 5' fragment is present not only in the 
Tu locus but also in a separate locus (D) found 
in all Xiphophorus. These results suggest that 
the Tu locus arose by nonhomologous recom- 
bination of the Xmrk uroto-oncogene and the - 
D locus; such an event would generate an Xmrk 
gene that is overexpressed because it has ac- 
quired promoter sequences from the D locus. 
The recombined form of Xmrk is present in all 
Xiph0phuru.s with the Tu locus. The control of 
melanomas by the R locus can thus be viewed 
as "an accidental side effect of the regulation R 
exerts on D" (4). 

Although the presence of R may be con- 
sidered accidental, it is essential to the survi- 
val offish carrying Tu. It is within this byzan- 
tine context that the X i p h o p h  model of- 
fers an example of how one can inherit an 
activated dominant oncogene, yet, because 
of the coincident presence of its repressor, 
only develop isolated clonal melanomas. So 
far there are no human cancer susceptibili- 
ties attributed to the inheritance of activated 
proto-oncogenes. 

When the first human tumor suppressor 
gene was cloned (3, there was a tendency to 
highlight differences between growth-limit- 
ing genes and the better understood domi- 
nant oncogenes. This led some workers to 
use dramatic labels such as "anti-oncogenes," 
which were reminiscent of the separate worlds 
of matter and anti-matter. Since then. more 
and more examples suggest immediate and 
direct interactions between these two sets of 
genes. For example, the product of the hu- 
man retinoblastoma susceptibility gene (RB) 
modulates the activity of transcription factor 
EZF, whose binding sites are found in the 
promoter sequences of many growth-acti- 
vating genes such as MYC (6, 7). The prod- 
uct of the neurofibromatosis-1 (NFI ) tumor . , 

suppressor gene can help shift the ras 
oncogene product to an inactive form (8). 
The interactions between Tu and R are yet 
another clear example of how important 
these interactions between oncogenes and 
tumor suppressor genes can be. As cancer 
susceptibility models such as Xiphophurus are 
developed, the power of genetics can be har- 
nessed to explore more of the signaling 

Inheritance of melanoma in Xiphophorus. Classical genetic cross illustrating the development of 
melanoma in F, progeny that carry the Tu locus but not the R locus. The melanomas in Tu/-;-/-fish 
are highly malignant, whereas those in Tu/-;R/- fish are benign. [Photo courtesy of M. Schartl] 

pathways involving tumor suppressor genes. 
Both Drosobhih and Caenorhabditis ele~ans " 
have already provided information about the 
ras control pathway that rivals the data gath- 
ered from mammalian systems (9, 10). The 
C .  elegans system has also begun to provide 
rich information about the pathway by which 
the bcl-2 oncogene controls cell death (1 1 ,  
12). Homologs of tumor suppressor genes 
have yet to be identified in C .  elegans. 

The Xiphophorus genetic model also shows 

level of penetrance varies in different families 
with hereditary melanomas. For example, 
whereas the penetrance in many families may 
be close to 90%, the penetrance in the 9p 
families is approximately 50% (1 5) .  One pos- 
sible explanation for these data is that several 
different modifier genes are involved in the 
development of human melanomas. The ob- 
vious beauty of genetic systems such as Xipho- 
p h m  is the power to identify genes whose 
interactions dictate cancer susceptibility. 

that genetic susceptibility to a specific cancer 
can be a result of comulicated interactions References 
between multiple "susceptibility genes." De- 
tection of germline mutations in tumor sup- 
pressor genes such as p.53 and RB may allow 
identification of individuals at high risk for 
cancer. Nevertheless, the interactions between 
the Tu and R genes in Xiphophorus suggest that 
modifier genes can control cancer suscepti- 
bility genes. Although there is limited direct 
proof that modifier genes modulate cancer 
susceptibility genes in humans, there are two 
lines of evidence that suggest they have a role 
in the development of human melanomas. 
First, in some families linkage has been de- 
tected to genes on chromosome lp36 (1 3), 
and in other families linkage has been de- 
tected to genes on 9p21 (14). Second, the 
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