
have appeared (1-5, 10, 11). However, 
the role of light in these effects was not 
considered. Very low concentrations of 
gilvocarcins (0.01 ~ g i m l )  are detected as 
DNA damaging agents following illumi- 
nation under normal laboratory condi- 
tions (Fig. 3, plate 4). Experiments per- 
formed by our colleagues on other 
microorganisms have indicated no in- 
stance in which gilvocarcin V exhibited 
toxicity in the absence of light. It seems 
likely therefore that similar effects re- 
ported by others were light-mediated. 

Among antitumor agents, gilvocarcins 
appear to be unusual compounds. Unlike 
the hematoporphyrin derivative (HPD), 
an agent of current clinical interest that 
is retained by tumors and activated by 
laser light (16), the antitumor activity of' 
gilvocarcins in mice was demonstrated in 
the absence of intentional irradiation. 
Other antitumor agents (such as 
daunorubicin and bleomycin) also dem- 
onstrate photodynamic effects (17, 18). 
However, unlike gilvocarcins, these 
agents have cytotoxic activity that is 
independent of light. An interesting case 
is that of camptothecin, the photoactiva- 
tion of which appears to have been dis- 
covered 8 years after its clinical trials 
(19). The effect of light on the activity of 
this compound in humans can only be 
surmised, but the clinical ex~erience 
with psoralens demonstrates that such 
effects can be dramatic. 

Whether the observed in vivo antitu- 
mor activity of gilvocarcins was mediat- 
ed by ambient light is not known. Gilvo- 
carcin V showed activity against tumor 
cells administered intraperitoneally, a 
site not exposed to light, as well as 
against tumor cells transplanted under 
the skin (6); however, gilvocarcins are 
extremely light sensitive and some light 
penetration to internal organs in animals 
as small as mice might occur. Activation 
at the skin seems unlikely because of the 
absence of systemic toxicity (I ,  4, 9, 10) 
and the requirement for activation at the 
target DNA (12) (Fig. 2a). 

In vivo, activation could be enzymat- 
ic. The lack of systemic toxicity in ani- 
mals may indicate that gilvocarcins un- 
dergo selective distribution into or acti- 
vation at specific target tissues. Gilvo- 
carcins might thus provide opportunities 
for several modes of cancer therapy, 
involving in vivo activation at the sites of 
tumors, or activation via external irra- 
diation. 

R. K. ELE~PURU 
S. K. GONDA 

National Cancer Znstitute- 
Frederick Cancer Research Facility, 
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The Human Homologs of the raf (mil) Oncogene Are 
Located on Human Chromosomes 3 and 4 

Abstract. Two human genes that are homologous to both the murine transforming 
gene (oncogene) v-raf and the chicken transforming gene v-mil have been mapped by 
means of human-rodent somatic cell hybrids to human chromosomes previously 
devoid of known oncogenes. One gene, c-raf-2, which appears to be a processed 
pseudogene, is located on chromosome 4 .  The other gene, c-raf-1, which appears to 
be the active gene, is located on chromosome 3 and has been regionally mapped by 
chromosomal in situ hybridization to 3p25. This assignment correlates with specific 
chromosomal abnormalities associated with certain human malignancies. 

Transforming genes, or oncogenes, 
are a class of evolutionarily conserved 
genes that have been associated with the 
development of tumors in various verte- 
brate species (1). In some cases they are 
sufficiently conserved that invertebrate 
homologs have been identified (2). The 
fact that these genes are so well con- 
served suggests that they have an impor- 
tant role in the normal cell and that their 
tumorigenic properties arise from their 
abnormal expression. Most of the ap- 
proximately 20 known oncogenes were 
originally identified as genes of nonpri- 
mate origin that were incorporated into 
acutely transforming retroviruses and 
have yet to be directly implicated in 
human disease. One possible approach 
to defining their involvement in human 
cancer is based on the observation (3) 
that certain types of human tumors are 
associated with specific chromosomal 
rearrangements. This observation led 
Klein (4) to suggest that such tumors 
arise from the transposition of trans- 
forming genes to a chromosomal location 
where their regulation is altered. This 
hypothesis has received considerable 
support from reports (5) that the charac- 
teristic translocation in Burkitt lympho- 
ma of a portion of chromosome 8 to 

chromosome 14, t(8; 14) (q24;q23), places 
the rnyc gene in proximity to the 
immunoglobulin heavy chain genes. If 
tumor-specific rearrangements activate 
oncogenes, it might be possible to use 
the chromosomal location of an onco- 
gene to focus on a few types of human 
tumors as the most probable candidates 
for involvement of the oncogene. In this 
report, we apply this concept to the 
recently characterized raf and mil onco- 
genes, which are of murine origin (6) and 
avian origin (7), respectively. 

The raf oncogene was isolated as the 
transforming gene of 3611-MSV, an 
acutely transforming, replication-defec- 
tive, murine retrovirus. This virus trans- 
forms fibroblasts and epithelial cells in 
culture and induces fibrosarcomas in 
newborn mice. The v-raf does not en- 
code a tyrosine-specific protein kinase, 
which is common to several oncogenes 
(6, 8).  The mil oncogene has been identi- 
fied as a second oncogene in the avian 
retrovirus MH2, which contains the rnyc 
oncogene. In contrast to other myc-con- 
taining retroviruses, the MH2 virus is 
associated with a high incidence of liver 
and kidney carcinomas. This carcinoma- 
inducing potential could be a characteris- 
tic of the mil oncogene or a cooperative 



effect of the mil and myc oncogenes. We 
recently found that the raf and mil onco- 
genes are the murine and avian forms of 
the same gene (9). Using the viral raf 
gene, v-raf, we identified two related 
genes in human DNA and characterized 
them by molecular cloning (10). One 
gene, c-raf-1, spans at least 16 kilobases 
(kb), contains at least eight introns, and 
is homologous to the full 1.2 kb of v-raf. 
The second gene, c-raf-2, lacks the in- 
trons present in c-raf-1 and is a pseudo- 
gene because its v-raf-related sequence 
contains no open reading frame of more 
than 250 nucleotides. These two genes 
are the only human genes closely related 
to v-raf as judged by low-stringency 
DNA hybridization, and both genes are 
also homologous to the viral mil gene. 

Thirty-five somatic cell hybrids made 
with normal human lymphocytes and ei- 
ther mouse or Chinese hamster cell lines 
(11) were used to determine the location 
of the human genes. Since the hybrids 
contain a full complement of rodent 
chromosomes with various partial com- 
plements of human chromosomes, they 

Table 1. Correlation between the presence of 
the c-raf-1 and c-raf-2 genes and individual 
human chromosomes in rodent-human somat- 
ic cell hybrids. 

Human Percent discordance with 
chromosome c-raf- 1 c-raf-2 

can be used to establish an unambiguous 
correlation between the presence of a the hybrids was determined by Southern 
human gene such as c-raf-1 and the pres- blot analysis (12) of their DNA's. 
ence of a particular human chromosome. The human c-raf-1 gene contains two 
The human chromosomes present in characteristic Hpa I fragments of 5.9 and 
each hybrid were identified by isozyme 3.6 kb that hybridize to the v-raf-specific 
and karyotype analyses (11). The pres- probe. The 5.9-kb fragment is easily dis- 
ence or absence of c-raf-1 and c-raf-2 in tinguished from the v-raf-related Hpa I 

c - ra f -  1 

m - 5.9 

Hpa l Hpa I Hpa I Hind Ill Hlnd Ill 

2 3 4 6 6 7 8  

Probe 

72 

fragments of mouse and hamster DNA's 
(Fig. 1A) and can be used to score the 
hybrids for the presence of c-raf-1. The 
3.6-kb band is obscured in the mouse 
hybrids by a mouse band of the same 
size but can also be used to score Chi- 
nese hamster hybrids for the presence of 
c-raf-1. As expected, the two bands are 
100 percent concordant in the Chinese 
hamster hybrids. Although the rodent 
bands sometimes obscure the 3.6-kb hu- 
man band, their presence provides an 
internal control on the amount of DNA 
in each lane. The results (Table 1) for the 
22 Chinese hamster-human hybrids and 
13 mouse-human hybrids indicate a clear 
correlation (97 percent) between the 
presence of c-raf-1 and chromosome 3. 
The discordance of a single hybrid, 
80HlA, was confirmed by analysis of a 
different cell passage, 80HlD, of the 
same hybrid. The fact that this hybrid is 
positive for c-raf-1 but negative for chro- 
mosome 3 and its isozyme marker amin- 
oacylase I may be explained by a rear- 
ranged human chromosome. Such a rear- 
ranged chromosome was detected by G- 
11 banding, which distinguishes human 
chromosomes from rodent chromo- 
somes. However, its chromosomal ori- 
gin was not readily identifiable by G 
banding. All other chromosomes show a 
substantial discordance (> 24 percent) 
with c-raf-1. Thus, we can assign c-raf-1 
to human chromosome 3. 

The 19-kb Hpa I fragment of c-raf-2 is 
too faint to be detected reliably with a v- 
raf probe. We have therefore used a 2.2- 
kb fragment of the c-raf-2 gene as a 
probe for mapping its location. This frag- 
ment contains the v-raf-related se- 
quence as well as an adjacent single- 

Fig. 1. Southern blot demonstrating raf-relat- 
ed sequences in human, mouse, and hamster 
DNA's and human-rodent hybrid DNA's. (A) 
All DNA's were digested with Hpa I, subject- 
ed to electrophoresis on 0.7 percent agarose 
gels, blotted onto nitrocellulose, and hybrid- 
ized to a v-raf-specific probe as described (6). 
The bands due to human c-raf-1 are 5.9 and 
3.6 kb and are identified on the map of the 
gene shown below the blot. The exons show- 
ing homology to v-raf are shown as boxes and 
are numbered in the 5' to 3' direction. The 81 
series of hybrids are all human-hamster hy- 
brids with c-raf-1 present in only 81P2. The 70 
series of hybrids are human-mouse hybrids 
with c-raf-1 present in 70M14 but absent in 
70M8 as judged by the 5.9-kb band. (B) 
DNA's were digested with Hind 111 and blot- 
ted as in (A). Hybridization with the c-rqf-2 
probe (for location see the partial map of the 
c-raf-2 gene below the blot) produces a strong 
2.55-kb c-raf-2 band in human DNA as well as 
faint c-raf-1 bands. All the hybrids shown are 
positive for c-raf-2 except 81P4. The markers 
are end-labeled Hind 111 fragments of DNA 
plus Taq I fragments of 6x174 DNA. 
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Fig. 2. In situ hybridization of the c-raf-1 probe to normal human male metaphase chromosomes with use of a modification (21) of the method of 
Harper and Saunders (22). The plasmid containing single-copy sequences from the 3' flanking region of c-raf-1 was labeled with all four tritiated 
nucleotides to a specific activity of 1.0 x lo7 countlmin per microgram. The chromosome preparations were hybridized overnight, exposed to 
photographic emulsion for 1 week, and then stained with quinacrine mustard dihydrochloride. A representative partial metaphase spread is 
shown as seen by incident fluorescent lighting (left) and by a combination of incident fluorescent and transmitted visible light (right) for 
visualization of silver grains. Note the grain near the end of the short arm of one of the two chromosomes labeled 3 at band p25. 

copy sequence. A Hind 111 digest of 
human DNA hybridized to this probe 
produces a characteristic 2.6-kb band for 
the c-raf-2 gene, which can be distin- 
guished from the 6.8-, 3.5, and 1.8-kb 
bands of c-raf-1 as well as from the 
related bands in mouse and Chinese 
hamster DNA's (Fig. 1B). The results 
obtained with 34 hybrids (Table 1) indi- 
cate that c-raf-2 is on chromosome 4. 
The discordance of a single hybrid, 
80H9A, was confirmed in a different 
passage as positive for c-raf-2 but nega- 
tive for chromosome 4 and its two iso- 
zyme markers. This hybrid also con- 
tained a rearranged human chromosome 
that resembled chromosome 4 but was 
not identical to chromosome 4. Thus, it 
may have contained the c-raf-2 portion 
of chromosome 4. All other chromo- 
somes show a greater than 35 percent 
discordance with c-raf-2. We can there- 
fore assign c-raf-2 to chromosome 4. 
Thus, both human c-raf genes are locat- 
ed on chromosomes to which oncogenes 
have not previously been mapped (13). 
The presence of the pseudogene c-raf-2 
on a different chromosome from the one 
containing c-rafl, together with a lack 
of introns, suggests that c-raf-2 is a pro- 
cessed pseudogene (14). 

There are numerous reports of chro- 
mosome 3 abnormalities in human tu- 
mors [see references in (15)l that lack 
any clear specificity. There are, howev- 
er, three types of tumors that involve 
specific rearrangements of chromosome 
3, all on the short arm of the chromo- 
some: familial renal cell carcinoma with 
translocations at 3p21 and 3p13-14 (16), 
small-cell lung carcinomas with deletions 

of various sizes spanning the region 
3p14-3pter ( In ,  and mixed parotid gland 
tumors with translocations at 3p21 and 
3p25 (18). All three tumors involve epi- 
thelial cells that might be expectd to be 
transformed by raf (mif). To determine 
the locus of the c-raf-1 gene more pre- 
cisely and to evaluate whether it is near 
any of these tumor-specific rearrange- 
ments, we have mapped its position by 
chromosomal in situ hybridization. A 
plasmid containing a 2.5-kb Eco RI frag- 
ment from the 3' flanking regions of c- 
raf-1 was used as a probe to hybridize to 
normal male metaphase chromosomes 
(Fig. 2). Analysis of 70 chromosomal 

spreads revealed that approximately 9 
percent of all silver grains were located 
on or directly beside chromosome 3 at 
band p25 (Fig. 3) and that approximately 
16 percent of all cells showed hybridiza- 
tion at 3p25. Statistical analysis of these 
data by the Poisson distribution with the 
number of grains per chromosome band 
adjusted for the relative size of the band 
in a 400-band idiogram (19) revealed a 
highly significant (P < distribu- 
tion at 3p25. This location suggests that 
the c-raf-1 locus may be involved in the 
mixed parotid gland tumors with the 
t(3;8) (p25;q21) translocation (17). It is 
likely from its position that the c-raf-1 

- = 20 
Fig. 3. Distribution of silver 
grains from 70 chromosome - C 

spreads. The total number of 0 

grains per chromosome band 
is plotted against band posi- 

Chromosome number 

20 - 

6 JANUARY 1984 73 

tion in a 400-band idiogram. 5 z 

10 

I - a 

I  
P  9  

. ... . .. ...... . 

- 
I . .  

I  I l l  

I  
P 9  

I  
P 9  

P  9  
16 

6 7 

I  

P 9  
17 

8 9 10 

P I P I P 9 P I  
18 19 20 21 

P Q P 9 P Q P 9  
I l l  

11 12 



gene is not rearranged in either small-cell EMBO J .  2, 1969 (1983); H. W. Jansen, T. 
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Transmission of Simian Acquired Immunodeficiency 
Syndrome (SAIDS) with Blood or Filtered Plasma 

Abstract. Simian acquired immunodejiciency syndrome (SAIDS),  a disease clini- 
cally and pathologically similar to  acquired immunodejiciency syndrome in humans, 
was transmitted from diseased rhesus monkeys (Macaca mulatta) to  normal monkeys 
by inoculation with heparinized whole blood or plasma that had been passed through 
jilters of 0.45 micrometer pore size. This suggests that the causative agent is small 
and most probably a virus. N o  viruses, however, were isolated by standard cell 
culture techniques from the blood or jiltered plasma which caused SAIDS.  Both 
cellular and humoral immunity were markedly depressed in animals with advanced 
SAIDS.  

Many different infectious agents have 
been isolated from patients with ac- 
quired immunodeficiency syndrome 
(AIDS), but none of these has been 
clearly implicated as the cause of this 
disease. The difficulty of identifying the 
cause of AIDS has been compounded by 
the lack of a susceptible experimental 
animal. A spontaneous outbreak of a 
disease clinically and pathologically sim- 
ilar to  AIDS in humans was recently 
described in rhesus monkeys (Macaca 
mulatta) housed in an outdoor corral a t  
the California Primate Research Center 
of the University of California, Davis 
(CPRC) (1). Affected animals had symp- 

toms similar to  those of AIDS victims 
~ncluding profound immunosuppression, 
lymphadenopathy, splenomegaly, multi- 
ple opportunistic infections, persistent 
diarrhea, chronic wasting, and high mor- 
tality. Some animals also had cutaneous 
fibrosarcomas. A similar immunosup- 
pressive disease was reported to occur in 
macaque monkeys housed at  the New 
England Primate Research Center in 
Southborough, Massachusetts (2). An 
understanding of SAIDS is important so 
that methods can be developed to pro- 
tect nonhuman primates from this devas- 
tating disease. Such studies may also 
provide clues to the etiology and patho- 

genesis of AIDS in humans and serve as  
a useful model for investigation of pro- 
phylaxis and therapy. 

We recently reported on the experi- 
mental transmission of SAIDS from two 
animals at  the CPRC to four rhesus mon- 
keys at  the National Institutes of Health 
(NIH) that were negative for cytomega- 
lovirus (CMV) antibody (3). Inocula for 
these studies were mixtures of unfiltered 
supernatant fluids from 10 percent ho- 
mogenates of various organs with or 
without buffy coat cells from blood. In 
this report we narrow our focus on the 
cause of SAIDS by describing transmis- 
sion of the syndrome to rhesus monkeys 
using whole blood or filtered plasma 
from diseased animals. 

These studies were carried out a t  two 
geographically separated sites, NIH and 
CPRC, with inocula from different donor 
animals. The experiments were per- 
formed independently but the data were 
shared. 

Four juvenile rhesus monkeys were 
each inoculated intravenously with 0.9 
ml of heparinized whole blood from ei- 
ther of two moribund donor animals with 
experimentally transmitted SAIDS (Ta- 
ble 1). The clinical history and pathology 
of the donor animals were described 
previously (3). Monkeys 1 and 2, inocu- 
lated at  NIH, were 8.5 and 8 months of 
age, respectively, and monkeys 3 and 4, 
inoculated at CPRC, were both 11 
months of age. All four inoculated ani- 
mals developed SAIDS; three of them 
became moribund and died 2 and 3 
months after inoculation. Animal 1 re- 
mains alive with persistent generalized 
lymphadenopathy and splenomegaly 5 
months after inoculation (Table 1). 

In an attempt to characterize the 
SAIDS agent, plasma from two donor 
animals with advanced disease was fil- 
tered, sequentially, through two 0.45-ym 
Millipore filters to minimize the chance 
of filter failure. At CPRC, the integrity of 
the filters was further verified by reten- 
tion of a mixture of Staphylococcus au- 
reus and Escherichia coli by the same 
filter used to filter the SAIDS plasma. 
Confluent growth of the bacteria oc- 
curred on agar medium prior to filtration 
of the mixture, but no growth by either 
organlsm was seen after filtration. 

Four juvenile rhesus monkeys were 
each inoculated with 3 ml of the filtered 
plasma from two animals with SAIDS 
(Table 1). Monkeys 5 and 6, inoculated 
at NIH, were negative for antibody to 
rhesus monkey CMV and were 11 and 8 
months of age, respectively. At CPRC, 
animals 7 and 8, both 14 months of age, 
had antibody to rhesus monkey CMV. 
Two to four weeks after inoculation with 
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