the molecular mechanisms underlying
these adaptive responses at a cellular
level. Long-term ethanol treatment may
increase opiate binding in NG108-15 by
increasing receptor synthesis, decreas-
ing receptor degradation or processing,
or increasing the availability of latent or
hidden membrane receptors to bind opi-
ate ligands (17).

The changes in receptor binding we
describe may parallel the clinical phe-
nomena of intoxication, tolerance, and
withdrawal. For example, decreased
binding produced by ethanol in the skoit-
term could lead to depression of some
receptor-mediated activity. During con-
tinued ethanol exposure the cell mem-
brane may undergo adaptive changes,
causing increased receptor density and
restored cellular function. After abrupt
ethanol withdrawal, the increased num-
ber of receptors would no longer be
inhibited by ethanol, resulting in height-
ened receptor-mediated activity. With
further passage of time, the number of
receptors would return to control values,
again restoring cellular homeostasis.
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The Human Gene for the B Subunit of Nerve Growth Factor
Is Located on the Proximal Short Arm of Chromosome 1

Abstract. Fragments of the recently cloned human gene for the B subunit of nerve
growth factor (B-NGF) were used as hybridization probes in analyzing two sets of
rodent-human somatic cell hybrids for the presence of human B-NGF sequences.
Results from the first set of hybrids assigned the human B-NGF gene to chromosome
I and ruled out the presence of sequences of comparable homology on any other
chromosome. With the second set of hybrids, which contained seven different, but
overlapping, regions of chromosome 1, the NGF locus was mapped to band 1p22.

Nerve growth factor (NGF) is impor-
tant in the development and function of
peripheral adrenergic and sensory neu-
rons and of adrenal chromaffin cells (1).
As a polypeptide that binds to a specific
receptor, NGF may serve as a model
system for the action of hormones and
growth factors. Furthermore, NGF ap-
pears to play a role in several human
genetic disorders of the nervous system
(2). In the mouse, the 118-amino-acid B
chain, which is responsible for stimulat-
ing nerve growth, is synthesized as part
of a larger precursor molecule (3). Oligo-
nucleotide primers based on the known
amino acid sequence of the gene (4) were
synthesized and used to clone the mouse
B-NGF gene (5, 6). Mouse $-NGF com-
plementary DNA was then used to iso-
late the human B-NGF gene. Sequencing
studies revealed considerable homology
between human and mouse amino acid
sequences (6). The B-NGF gene has not
yet been assigned to a specific chromo-
some in any mammalian species.

The mapping of the human B-NGF
locus is of particular interest for three
reasons. First, B-NGF represents the
active subunit of the NGF complex,
which consists of three different poly-
peptide chains (a, B, and ). The expres-
sion of these presumably independent
genes appears to be synchronized during
development and adulthood. Identifica-
tion of the chromosomal locations of

these genes will help to determine
whether synchronized gene expression
of the NGF subunit genes is due to
regulation of one genetic locus contain-
ing a cluster of NGF subunit genes, or
whether characteristics common to three
physically separated genes control their
synchronous expression.

Second, low levels of amino acid ho-
mology with insulin have suggested that
B-NGF may be a member of the insulin
gene family (7). The insulin locus is now
well established on the distal short arm
of human chromosome 11 (7), but other
insulin-related genes have not yet been
mapped. Knowledge about the chromo-
somal location of each member of a gene
family can contribute to our understand-
ing of the patterns and mechanisms of
genome evolution (8). In this context,
the insulin gene family represents an
interesting case, in that its members
(IGF-1, IGF-2, relaxin, insulin, and pos-
sibly B-NGF) have acquired different
regulatory functions while retaining vari-
ous amounts of structural homology.

Third, at least ten cellular proto-onco-
genes (that is, sequences that are related
to retroviral transforming genes or-that
have been identified in the activated
state by transfection assays with human
tumor cell DNA) have been assigned to
specific human chromosomes or chro-
mosome regions (9). A search for rela-
tions between proto-oncogenes and
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known growth regulatory molecules
could benefit from comparing the chro-
mosomal locations of the two kinds of
genes. No primary assignment of a
growth-factor locus has as yet been
made in the human. The gene for plate-
let-derived growth factor was assigned to
chromosome 22 when its identity with
the c-sis proto-oncogene was discovered
(10).

For mapping of the human B-NGF
locus we used two sets of previously
established rodent-human somatic cell
hybrids (11). The 15 hybrids in the first
set were derived from two different Chi-
nese hamster cell lines and six different
human donors. They were selected for
stable contents of overlapping sets of
human chromosomes (Table 1). South-
ern blots prepared with Eco RI-digested
DNA from hybrid cell lines and from
human and rodent controls were probed
with 32P-labeled human NGF fragments
(Fig. 1C) (12). Human DNA samples
revealed two bands of hybridization, 6.7
kilobases (kb) and 1.0 kb in size (lane 8 in
Fig. 1A). The Chinese hamster parental
cell line V79/380-6 produced two frag-
ments of approximately 8 kb and 3.7 kb
(lane 7 in Fig. 1A). Similar fragments
were detected in all Chinese hamster
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Fig. 1. (A and B) Autoradiograms of nitrocellulose filters carrying Eco RI—cleaved DNA from
rodent parental cell lines: mouse 3T3TK™ (M), Chinese hamster V79/380-6 (CH), and rat
hepatoma 7777 (R), from human fibroblasts (H) and from rodent-human somatic cell hybrids.
Lanes 1 to 5 in (A) and lanes 4 to 6 in (B) are Chinese hamster-human hybrids; lanes. 7 to 10 in
(B) are rat-human hybrids. Filters were hybridized with 3?P-labeled (21) probes a and b derived
from subcloned fragments of recombinant X clones (6). Probe a was a 310-base-pair Eco RI-Pst
Lfragment. Locations of these fragments are indicated on the physical map. (C) Boxes indicate
exons of the human B-NGF gene. R stands for Eco RI sites. Hybridization was carried out
overnight at 42°C in the presence of 50 percent formamide. Filters were washed three times in
0.2x standard saline citrate at 42°C. Hybrids were scored as positive (+) or negative (—) for the
human 6.7-kb and 1.0 fragments (A) or for the 6.7-kb fragment only (B).

Table 1. Assignment of the B-NGF locus to chromosome 1. The presence (+) or absence (—) of human chromosomes was determined by
karyotype analysis of 15 to 30 cells, with + indicating the presence of at least one copy of the chromosome in 10 percent of the cells (frequency of
0.1). For chromosome 1 the frequencies are specified. The presence of human restriction fragments containing NGF sequences was compared
with the chromosome content of these hybrids, and for each chromosome the ratio of discordant hybrids to the total number of informative
hybrids was calculated. Data on chromosomes that were only present in part (P) because of rearrangements were excluded from this analysis.
Concordancy was observed only for chromosome 1 with all other chromosomes excluded by four or more discordant hybrids.

Hybrid Human chromosomes
clones
B-NGF 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 _ X Y

XII-2D + .6 + + + - + - + + - - + + + + + - + + - + + P -
XII-2D aza - - - + - - + - - - - - + + + + + - - - - + - - -
XII-12B aza + .9 - + + - + - + - - - + - + + + - + + - + + P -
XIII-3C - - - - - - - - - - - - - - + - + - - - - + - -
XIII-4C aza + 1 - - - - + - + - - + - - - + - - - - - + - - -
XII1I-4D-1c aza - - - + - - + - - - - - - - - - - - - - - - - - -
XV-G1 - - + P + + - - + - - + + - + + + + - + + + + +
XV-F4 - P + + - + + - + - - - - + + - + - + + + + + - 1
XVII-10A-12a - - - + P - + + - - + + + - - + - - - - + + + + -
XVII-18B-10a - - + + - - + - - + + - + - - - - - - - + - + -
XVIII-54A aza - - + + + + + - - - - + + + + - + - + - + - - + -
XXI-22A-g-1la - - - - - + + - + - - + - + - + - + + - + + + - -
XXI-22A-h + .3 - + + + + + + - - + + + + + - + + - - + + + -
XXI-23A-2c + .9 - - - - - - + - - P - - + - - + - - - - + + -
XXI-42A - - - + - + - - + - + + + - + - - + - - - + + +

Ratio of
discordant to o 8 o9 4 o5 8 5 4 4 8 8 7 8 371 5 8 6 4 5 1 8 7 6 6
total hybrids 14 15 14 14 15 15 15 15 15 15 14 15 15 15 15 15 15 15 15 15 15 15 13 15
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hybrids whether the parental line was
derived from V79 (lanes 2 to 4 in Fig. 1A)
or from Don (lanes 1 and 5 in Fig. 1A).
Both human fragments were present in
positive hybrids such as the one shown
in lane 1 in Fig. 1A. In some autoradio-
grams, the larger fragment was more
easily detected than the 1.0-kb fragment.
Therefore, the hybrids were scored pri-
marily for the presence of the 6.7-kb
fragment. Concordant segregation of this
fragment was observed only with chro-
mosome 1. All other chromosomes were
excluded by four or more discordant
hybrids (Table 1).

Since human chromosome 1 contains
almost 10 percent of the total autosomal
genetic information, regional mapping of
the B-NGF locus was desirable. The ten
hybrids in the second set were derived
from Chinese hamster, mouse, or rat cell
lines fused to one of four different human
donor cell strains. These hybrids con-
tained seven different well-defined and
partially overlapping regions of chromo-
some 1 in the absence of a normal chro-
mosome 1 (/3). Filters carrying Eco RI-
cleaved DNA’s of these hybrids and of
the parental cell lines were incubated
with human NGF probe under stringent
conditions of hybridization (Fig. 1B).
DNA from the rat parental cell line pro-
duced a major fragment of 6.9 kb, only
slightly larger than the human 6.7-kb
fragment (lane 3 in Fig. 1B). However, it
was possible to score for the human
fragment in rat-human somatic cell hy-
brids, two of which displayed the human
fragment (lanes 7 and 8 in Fig. 1B),
whereas two others displayed only the
rat fragment (lanes 9 and 10 in Fig. 1B).
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Fig. 2. Idiogram of trypsin-
Giemsa banding patterns of
human chromosome 1 (22).
Bars A to G represent regions
retained in the different types
of hybrids. Presence or ab-
sence of the human 6.7-kb Eco
RI fragment is indicated by +
or —. As judged from these
results, the NGF locus is ex-
cluded from regions represent-
ed by hatched bars. Its most
likely location is in the short-
est region of overlap of all
positive hybrids (region p31.1
to p22.1, which is essentially
all of band p22).

] B-NGF

Hybrids in lanes 9 and 10 contained the
long arm of chromosome 1 and those in
lanes 7 and 8 contained only the short
arm. Of the Chinese hamster~human hy-
brids, the one in lane 6 contained region
C of chromosome 1 (Fig. 2), and the one
in lane 5 contained region D. Both of
them were positive for the human frag-
ment, whereas the hybrid in lane 4 that
contained region E (the part missing
from the hybrid in lane 5), did not have
the human 6.7-kb fragment. Of the two
mouse-human hybrids that contained ei-
ther region F or G of chromosome 1,
only the one with region G had human
NGF sequences (data not shown). Fig-
ure 2 summarizes the regional mapping
data and illustrates the region of the
short arm of chromosome 1 that contains
the human B-NGF locus.

Our results indicate the existence of a
single locus for B-NGF, mapped to the
same chromosome region to which we
have previously assigned the N-ras
proto-oncogene (/4). More recent stud-
ies have revealed that N-ras maps to the
same band as B-NGF (1p22) (/4). This
oncogene has been identified as the
transforming sequence in the HL-60 hu-
man promyelocytic leukemia cell line
and also in the SK-N-SH neuroblastoma
cell line (15). It is distantly related to the
ras family of viral and cellular oncogenes
(15). Whether there is any relation be-
tween B-NGF and N-ras remains to be
investigated. The localization of B-NGF
on band 1p22 places this gene in measur-
able distance from other polymorphic
markers in that region. Thus, family link-
age studies of restriction fragment—
length polymorphisms detected with the

B-NGF probe (16) could reveal linkage to
the amylase loci, Charcot-Marie-Tooth
neuropathy, the Duffy blood group, and
phosphoglucomutase 1, as well as to
heteromorphisms of the 1gh region (7).
Furthermore, breaks in the short arm of
chromosome 1, often leading to partial
deletions, are the most consistent struc-
tural chromosome abnormality reported
in human neuroblastomas (/8). Studies
of some human neuroblastomas in vitro
have shown that maturation of neuro-
blasts to ganglion cells occurs under the
influence of NGF (/9). Therefore, dele-
tion of chromosome arm 1p—if it in-
cludes the B-NGF locus—in a neuroblast
during early embryonic development
could cause delay of normal differention
and thus predispose the blast cell to
malignant transformation. Such a mech-
anism would be analogous to deletions of
band 13q14 associated with retinoblast-
oma and deletion of band 11p13 leading
to predisposition to nephroblastoma [re-
viewed in (20)]. Studies of B-NGF gene
copy number and organization in human
neuroblastomas will be necessary to
evaluate this hypothesis.
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Time Course of a-Flupenthixol Action Explains ‘‘Response

Artifacts’’ of Neuroleptic Action on Brain Stimulation Reward

Ettenberg et al. (1) reported that doses
of the neuroleptic a-flupenthixol that
spared nose poking for lateral hypotha-
lamic self-stimulation markedly sup-
pressed bar pressing for the same re-
ward. Central to their interpretations of
this apparently task-dependent drug ef-
fect was the notion that the task used to
earn brain stimulation somehow modu-
lates the degree to which dopamine cells
‘participate in reward.

We do not consider the viability of
their interpretations because the experi-
ment itself suffers a serious design error.
The drug effect on nose poking was
assessed 2.5 hours after injection, and
bar-pressing tests were held about 50
minutes afterward. The task order was
not counterbalanced: ‘‘The effects of
each dose were tested on nose poking for
brain stimulation and then on lever
pressing’’ (I, p. 358). If these tests were
held over the rising phase of receptor
concentration, then for any particular
dose the effective antagonism would be
consistently lower in the nose-poke trials
than in the bar-press tests. It thus would
come as no surprise that nose-poking
behavior survived at a dose that com-
pletely eliminated bar pressing.

To see whether o-flupenthixol’s be-
havioral effect attains asymptote at 2 or
even 3 hours after injection, we ran a
time-course study of its action on lateral
hypothalamic self-stimulation. Required
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frequencies (2) needed to sustain criteri-
on bar-press rates were determined at
hourly intervals beginning immediately
after injection. This measure is equiva-
lent to ‘‘threshold’’ determination; the
sole difference is that reward summation
functions (3) are cut at moderate levels
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ments. Points at the ‘U’ level are undetermined.

of performance instead of at just notice-
able departures from zero responding.
Often, high doses suppressed responding
altogether. Required frequencies could
not be measured and these undetermined
points are shown as unconnected dots
against “‘U”’ of Fig. 1. Lower doses
caused required frequencies to climb, on
average, through to the 4-hour test. The
implication is that Ettenberg et al. con-
ducted their tests too soon after drug
administration; by failing to counterbal-
ance task order, they effectively as-
sessed the two tasks with different phar-
macological populations.

We then attempted to replicate their
result with tests that (i) began after a
longer postinjection interval (3 hours, 45
minutes) and (ii) included both orders of
task presentation. Each behavior was
tested daily for 20 minutes and the two
sessions were separated by 20 minutes.
Doses of a-flupenthixol were given ev-

. ery other day (4). The dose of 0.4 mg/kg

completely abolished bar pressing and
nose poking (Fig. 2), a result that is at
odds with the spared nose poking report-
ed at this dose and twice this dose by
Ettenberg et al. Our failure to replicate
fits with a report (5) that haloperidol
reduces performance of these two oper-
ants to the same degree. Bar-pressing
performance was more reduced than
nose poking at our lower doses; we agree
with Ettenberg et al. that this latter re-
sult cannot be taken as a task-dependent
difference in substrate sensitivity.

Our first experiment demonstrates

Response rate

e |

0.4

0.2
Dose (mg/kg)

Fig. 1 (left). Time-course data. Frequency of
stimulation pulses required to obtain criterion
responding after administration of a-flupen-
thixol. Open circles represent saline tests and
closed circles depict drug tests. Doses, in
milligrams per kilogram, are shown beside the
curves. Each symbol indicates the geometric
mean and standard error of four measure-

Fig. 2 (right). Effects of a-flupenthixol on

lever pressing (closed bar) and nose poking (open bar) for lateral hypothalamic stimulation. The
mean response rate is expressed as a percentage of the saline control. These data illustrate that
a-flupenthixol has equally disruptive effects on both tasks.
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