
Animals that eat or drink in response to 
ESLH are much more likely to display 
SIP. The finding that all ESLH-neg ani- 
mals that drank water during the SIP 
testing sessions became ESLH-pos sug- 
gests that a tendency to display ingestive 
behavior when active may transfer from 
one situation to another. 

A great many nonspecific stimuli, such 
as noise, social facilitation, and tail pinch 
have been reported to initiate eating in 
animals or humans (17, 18). What seems 
to be common to all these stimuli is that 
they cause animals to become more ac- 
tive. When hungry animals are given 
small amounts of food at regular inter- 
vals they become highly active and pos- 
sibly more responsive to environmental 
stimuli. Several investigators have ob- 
served that animals from a variety of 
species tend to display attack or escape 
behaviors during SIP sessions (10). We 
observed that during the SIP testing ani- 
mals frequently jumped vigorously to- 
ward the top of the chamber in an appar- 
ent attempt to escape, and at the end of 
the session they were often difficult to 
handle (on one occasion biting the ex- 
perimenter). Although animals do not 
normally become difficult to handle after 
ESLH, they are consistently highly ac- 
tive during the stimulation. 

What needs to be explained is why 
some animals more readily direct this 
increased activity into eating and drink- 
ing. Any answer must take into consider- 
ation the fact that the response to ESLH 
is not correlated with unrestricted food 
and water consumption and presumably 
not with differences in hunger or thirst 
states that are regulated by nutritional 
needs. To our knowledge, this investiga- 
tion represents the first attempt to study 
the consistency of individual differences 
in readiness to ingest food or water in 
response to different arousing stimuli. 
The results suggest that this approach 
may help in searching for underlying 
mechanisms by more fully describing the 
behavior to be explained. 
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Amplification and Enhanced Expression of the Epidermal 
Growth Factor Receptor Gene in A431 Human Carcinoma Cells 

Abstract. The sequence of the human epidermal growth factor (EGF) receptor 
shows great homology with the avian erythroblastosis virus v-erb B oncogene, 
raising the possibility that the receptor gene is identical to the c-erb B protoonco- 
gene. Human A431 epidermoid carcinoma cells, which have an unusually high 
number of EGF receptors, were examined to determine whether elevated EGF 
receptor levels correlate with gene amplification. Southern blots of genomic DNA's 
from A431 and other human cell lines were probed with either a v-erb B gene 
fragment or a human EGF receptor complementary DNA clone (pE7), previously 
isolated from an A431 complementary DNA library. When either probe was used to 
analyze Eco RI- or Hind 111-generated DNA fragments, EGF receptor DNA 
sequences were amplified about 30-fold in A431. Differences in the banding pattern 
of A431 DNA fragments relative to normal jibroblast DNA indicate the occurrence 
of a rearrangement in the region of the receptor gene. Furthermore, A431 cells 
contain a characteristic, prominent 2.9-kilobase RNA. These results are consistent 
with the hypothesis that, in A431 cells, gene amplification, possibly associated with a 
translocation event, may result in the overproduction of EGF receptor protein or the 
appearance of the transformed phenotype (or both). 

Many retroviruses induce malignant 
transformation in cells via expression of 
specific proviral DNA sequences (v- 
onc). Mammalian cells also contain evo- 
lutionarily conserved homologous coun- 
terparts to these transforming genes (c- 
one) (1, 2). It has been proposed that 
enhanced expression of cellular onco- 
genes may result in the manifestation of 
the malignant phenotype (3-5). 

One retrovirus, avian erythroblastosis 
virus (AEV), induces both erythroblas- 
tosis and sarcomas in infected chickens 
(6, 7). The AEV is replication defective; 
portions of the replication genes are re- 
placed by a region implicated in cellular 
oncogenesis (erb) (8-11). The AEV erb 
region consists of two putative onco- 
genes, A and B, whose human cellular 
homologs (c-erb) are located on separate 
chromosomes (12, 13). The main protein 
product of the v-erb B gene is approxi- 

mately 62,000 daltons before modifica- 
tion (14) and is the cause of erythroblas- 
tosis and sarcomas (15, 16). 

Recently, the amino acid sequence of 
six distinct peptides from the human 
epidermal growth factor (EGF) receptor 
have been shown to be strikingly similar 
to that of the v-erb B transforming pro- 
tein (17). It is therefore possible that the 
EGF receptor and the c-erb B gene prod- 
uct are derived from the same cellular 
gene. 

The human epidermoid carcinoma cell 
line A431 has an unusually high number 
of EGF receptors (approximately 3 x 
lo6 sites per cell) (18, 19) when com- 
pared with normal human fibroblasts and 
other cell types (about 1 x lo5 sites per 
cell) (20). This has been shown by mea- 
suring the number of binding sites for 
'25~-labeled EGF or by immunoprecip- 
itation of the receptor from [35~]meth- 
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ionine-labeled cells with receptor-specif- 
ic antibodies (21). We took advantage of 
the similarity between the EGF receptor 
and the v-erb B gene product (17) to 
determine whether high levels of EGF 
receptor in A431 cancer cells are corre- 
lated with receptor gene copy number. 

Initially, the conserved "src family" 
domain (0.5-kbp Bam HI fragment) of 
the v-erb B gene (22, 23) was nick- 
translated and used as a probe to hybrid- 
ize to nitrocellulose blots of cleaved hu- 
man genomic DNA from several cell 
lines. The v-erb B probe, when used at 

Fig. 1. Hybridization of the v-erb B DNA 
probe to cellular genomic DNA. High molecu- 
lar weight genomic DNA was isolated from 
cells in culture by sodium dodecyl sulfate- 
proteinase K solubilization, phenol-chloro- 
form extraction [modified from (39)], and 
treatment with ethanol. Cellular DNA was 
then digested with Eco RI (a) or Hind I11 (b), 
electrophoretically fractionated on 1 percent 
agarose, transferred to nitrocellulose paper 
(40), and hybridized to a 32P-labeled, nick- 
translated (41), 0.5-kbp Bam HI v-erb B frag- 
ment. Hybridization and washing procedures 
were as described (42) except that cross- 
hybridization was performed at 63OC. (Lane 1) 
Fifteen micrograms of DNA from CEM cells; 
(lane 2) 10 pg of DNA from KB cells; (lane 3) 
15 pg of DNA from A431 cells. Arrowheads 
indicate the location of clearly detectable 
DNA bands in nonamplified c-erb B genes. 
Sizes are in kilobase pairs. 
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Fig. 2 (left). Hybridization of the human EGF receptor clone (pE7) to 
either Eco RI (lanes 1 and 2) or Hind I11 (lanes 3 to 9) digested 
genomic DNA. (Lanes 1 and 3) A431 DNA; (lanes 2 and 9) W138 
human embryo fibroblast DNA; (lanes 1' and 3') lighter exposures of 
lanes 1 and 3. Blots containing 15 pg of each DNA per well were 
prepared as in Fig. 1, then hybridized to the nick-translated 2.3-kbp 
insert of pE7 in 50 percent formamide, 5x SSC, 42"C, and then 
washed stringently ( 0 . 2 ~  SSC, 60°C) (43). Arrowheads indicate the 
location of detectable DNA bands in cells containing nonamplified 
genes. A cross marks the position of DNA fragments in the amplified 2 
A431 gene but undetectable in other cellular DNA's. Serial dilutions 
of Hind 111-restricted A431 DNA were performed, with the addition of appropriate amounts of 
sheared salmon sperm DNA to each sample to achieve equivalent quantities of genomic DNA 
on each well. (Lane 4) 1 : 4 dilution; (lane 5) 1 : 8; (lane 6) 1 : 16; (lane 7) 1 : 32; (lane 8) 1 : 64. The 
salt in the added salmon sperm DNA caused the movement of the DNA fragments in lanes 4 to 8 
to be slightly altered. Sizes are in kilobase pairs. Fig. 3 (right). EGF receptor-specific 
RNA's in A431 cells and KB cells. Total RNA was isolated by guanidine isothiocyanate 
solubilization and cesium chloride centrifugation (44), and then subjected to oligo(dT)-cellulose 
alfinity chromatography (two successive treatments). Polyadenylated RNA (5 per well) was 
fractionated on 1 percent agarose-formaldehyde (46), transferred to nitrocellulose (46), and 
hybridized to nick-translated pE7 DNA insert. (Lane 1) A43 1 polyadenylated RNA; (lane 2) KB 
polyadenylated RNA. Sizes are in kilobases. The original autoradiogram of lane 2 showed a 
faint band at 5.6 kb, but no band at 2.9, regardless of exposure time. 

relatively low stringency [5x SSC (stan- 
dard saline citrate), 63"C], hybridizes to 
several Eco RI and Hind 111 A431 DNA 
fragments (lane 3 in Fig. 1, a and b) 
whose signal appears to be amplified 
relative to other transformed cell lines 
expressing much lower levels of EGF 
receptor: human leukemic lymphoblast 
CEM and epidermoid carcinoma KB 
(lanes 1 and 2 in Fig. 1, a and b). A probe 
for the human al(1) collagen gene which 
is represented as a single copy in the 
human genome showed no basic differ- 
ence between cell types when hybridized 
to this same blot (data not shown). The 
finding that a gene coding for human c- 
erb B protein is amplified in certain 
cultured cells agrees with the reported 
amplification of other oncogenes, most 
notably for c-myc and c-Ki-ras (24-28). 

The fact that the v-erb B probe hybrid- 
izes to amplified sequences in a cell line 
expressing high levels of EGF receptor is 
consistent with the conclusion that, un- 
der these conditions, v-erb B hybridizes 
to the EGF receptor gene. However, 
these initial results were obtained by 
hybridizing an avian virus probe to hu- 
man genomic DNA at relatively low 
stringency, making it ditficult to be cer- 
tain if any hybridizable DNA fragments 
actually represented EGF receptor gene- 
specific DNA. To circumvent this prob- 
lem we isolated human complementary 
DNA (cDNA) clones from an A431 
cDNA library cloned in pBR322 which 
could be hybridized at increased strin- 
gency and therefore higher specificity. 
These clones were isolated with the 3ZP- 
labeled v-erb B 0.5-kbp Bam HI frag- 
ment as a probe. One of these (pE7) 
contains a 2.3-kbp insert that shows 
great homology to the published v-erb B 
sequences (22,23), and complete homol- 
ogy with the published peptide se- 
quences for the human EGF receptor 
protein (17, 29). Isolation of this clone 
allowed us to probe for EGF receptor 
gene sequences with confidence. 

The 2.3-kbp insert of pE7 was isolat- 
ed, nick-translated, and hybridized un- 
der more stringent conditions (5x SSC, 
42"C, 50 percent formamide) to blots 
containing genomic DNA from A431 
cells and diploid human embryo fibro- 
blasts (WI38) restricted with either Eco 
RI or Hind 111. The A431 DNA frag- 
ments that hybridize with the pE7 probe 
(lanes 1 and 3 in Fig. 2) give a much more 
intense signal than those from W138 
(lanes 2 and 9), indicating that the copy 
number of the EGF receptor gene se- 
quences in A431 cells is much higher. A 
revertant A431 cell line (clone 1) (30) was 
also amplified, but the copy number was 
about half that of A431 (data not shown). 
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The level of amplification was estimated 
to be on the order of 30-fold by serial 
dilution of A431 genomic DNA (Fig. 2, 
compare lane 9 with lanes 7 and 8). 
Additional bands are present in this blot 
(compare Fig. 2, lane 1 with Fig, la,  lane 
3) because the insert contains a segment 
of - 1.7 kbp that hybridizes to the region 
of the EGF receptor gene 5' to that 
recognized by the v-erb B probe. Most of 
the bands on the v-erb B blot are also 
present on the pE7 blot. The fact that a 
large number of bands totaling approxi- 
mately 40 kbp are observed when 
Eco RI-digested genomic DNA is hy- 
bridized to a smaller 2.3-kbp cloned 
cDNA insert suggests that either the 
gene is very large with many introns, or 
that the probe picks up amplified EGF 
receptor gene sequences at more than 
one site. Further study is required to 
resolve this question. 

The c-erb B gene and the EGF recep- 
tor gene have been shown to map to 
overlapping regions of chromosome 7 
(13,31). This finding further supports the 
idea that the two genes are the same. 
A431 cells have recently been reported 
to be hypotetraploid, with two copies of 
intact chromosome 7, and two types of 
translocation chromosomes involving 
chromosome 7 (32). One of the translo- 
cated chromosomes (M4) was found to 
be responsible for high EGF binding 
ability when introduced into mouse A9 
cells by somatic cell hybridization (32). 
Because gene amplification occurs at 
sites of chromosome rearrangement, as 
has been demonstrated in methotrexate- 
resistant cells (33, 34), we looked more 
carefully at this possible correlation. 
Most of the larger, more prominent DNA 
fragments from A431 cells identified as 
EGF receptor-specific appeared to have 
counterparts of similar size in other cel- 
lular DNA's not exhibiting amplification 
(Figs. 1 and 2, arrowheads). However, at 
least two bands found in A431 genomic 
DNA were undetectable in W138 DNA 
(Fig. 2, cross). This result suggests that a 
DNA rearrangement alters the genomic 
restriction pattern of the EGF receptor 
gene, an event that may be related to the 
gene amplification (34). An attractive 
hypothesis is that the human transloca- 
tion chromosome M4 carries this DNA 
rearrangement. 

Certain cell lines expressing high lev- 
els of either myc or myb protein exhibit 
both a translocation event and the ap- 
pearance of an RNA species of unusual 
size (27,35-37). Presumably, the translo- 
cation event alters the normal start site, 
stop site, or splicing pattern of the onco- 
gene messenger RNA. Therefore, we 
compared polyadenylated RNA from 
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A431 cells and KB cells to determine 
whether new species of RNA were de- 
tectable. Polyadenylated RNA was elec- 
trophoretically fractionated on 1 percent 
agarose, transferred to nitrocellulose, and 
probed with the 32~-labeled pE7 insert. 
The results (Fig. 3) reveal that two RNA 
species of about 10 kb and 5.6 kb were 
present in both cell types. However, in 
A431 cells a new band of 2.9 kb ap- 
peared. This result is consistent with the 
hypothesis that in A431 a modified RNA 
species is transcribed from a rearranged 
and possibly translocated chromosome. 
Since there are two reported transloca- 
tions involving chromosome 7 in A431 
(32), this 2.9-kb species could conceiv- 
ably come from either of the rearranged 
chromosomes. The 10-kb and 5.6-kb spe- 
cies were also elevated in A431 cells 
relative to KB cells. It is possible that 
several different levels of regulation are 
responsible for the enhanced accumula- 
tion of these different RNA species. 

We have demonstrated that EGF re- 
ceptor gene sequences are amplified in 
A431 cells. Because A431 cells have a 
marker chromosome (M4) which is asso- 
ciated with a translocation event, and is 
responsible for increased production of 
EGF receptor in hybrids of human and 
mouse cells (32), it is possible that gene 
amplification or chromosomal transloca- 
tion (or both) in A431 cells result in 
overproduction of modified EGF recep- 
tor (c-erb B) RNA and its corresponding 
protein. The enhanced expression of this 
gene could also be related to the appear- 
ance of the transformed phenotype in the 
A431 cell line, as has been suggeted for 
overproduction of oncogene products in 
other cell types (24-27, 38). 
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