
limited proliferative capacity (3). Recently, 
we have obtained more evidence (15) for the 
dominance of the senescence inhibitor in 
that microinjection of human c-H-rm DNA 
does not stimulate the entry of senescent 
cells into S phase. The c-H-ras DNA, when 
microinjected together with DNA coding 
for the E1A gene of adenovirus, is also 
unable to stimulate DNA synthesis in senes- 
cent cells. This combination of oncogene 
DNA's permits primary rodent cells to pro- 
ceed to full transformation and tumorige- 
nicity (1 6). These results support the obser- 
vations of Sager et  al. (17) that oncogene 
DNA, transfected into normal human cells, 
failed to endow them with tumorigenic po- 
tential. Sager (18) has proposed the exis- 
tence of anti-oncogenes in normal cells that 
suppress the action of the oncogene protein 
products. We consider the senescent cell 
inhibitor gene a prime candidate for an anti- 
oncogene. 
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Androgens Regulate the Dendritic Length of 
Mammalian Motoneurons in Adulthood 

Sex steroid hormones have been thought to alter behaviors in adulthood by changing 
the activity of neural circuits rather than by inducing major structural changes in these 
pathways. In a group of androgen-sensitive motoneurons that mediate male copula- 
tory functions, decreases in androgen levels after castration of adult rats produced 
dramatic structural changes, decreasing both the dendritic length and soma size of 
these motoneurons. These changes were reversed by androgen replacement. These 
results imply a surprising degree of synaptic plasticity in adult motoneurons and 
suggest that normal changes in androgen levels in adulthood are associated with 
significant alterations in the structure and function of these neurons. 

D URING DEVELOPMENT, STEROID 

hormones produce permanent sex- 
ual dimorphisms in neuron num- 

ber, morphology, and connectivity; in adult- 
hood these neurons respond transiently to 
steroid hormones to produce sex-specific 
behaviors (1). In contrast to these dramatic 
developmental effects, steroid influences on 
neurons in adulthood are thought to be 
modest and impermanent (2). Until recently 
the actions of steroids in the adult were not 
thought to involve major structural changes, 
such as synaptic reorganization of steroid- 
sensitive neural circuits. However, such ma- 
jor alterations have been demonstrated in 
the avian brain; treatment of adult female 
canaries with androgens induces song be- 
havior and stimulates dendritic growth and 
the formation of new synapses in at least one 
sexually dimorphic brain area involved in 
song (3). We now report that in a sexually 
dimorphic nucleus in the mammalian spinal 

cord, the dendritic length of motoneurons is 
dramatically affected by variations in andro- 
gen levels during adulthood. The reversibil- 
ity of this androgenic effect on dendritic 
length indicates a remarkable androgen-reg- 
ulated structural plasticity. The neurons in- 
volved are important for copulatory behav- 
iors (4), which are sensitive to alterations in 
androgen levels (5 ) .  Our results therefore 
suggest that the reversible effects of andro- 
gen on sexual behavior in adulthood are 
mediated in part by alterations in dendritic 
morphology and, consequently, in the syn- 
aptic organization of specific neural path- 
ways. 

The spinal nucleus of the bulbocavernosus 
(SNB) is a cluster of motoneurons located in 
the fifth and sixth lumbar segments of the 
rat spinal cord, and consists of approximate- 
ly 200 motoneurons in adult males but only 
60 in adult females. In males, the majority of 
SNB motoneurons innervate the muscles 

bulbocavernosus (BC) and levator ani (LA) 
(6), which attach exclusively to the penis. In 
contrast, adult females lack the BC and LA 
musculature (7); their SNB motoneurons 
innervate the apparently nondimorphic anal 
sphincter,,as do the remaining SNB moto- 
neurons in males (8). Female SNB moto- 
neurons are approximately 50 percent small- 
er than those of males (9). These sex differ- 
ences in SNB motoneuron number, size, 
and projections, and differences in the pres- 
ence of the SNB target musculature, are 
determined by the action of androgens dur- 
ing a critical perinatal period (7, 10). In 
adulthood, both the SNB motoneurons and 
their perineal target muscles accumulate an- 
drogens (1 1 ) and continue to be sensitive to 
androgenic effects. For example, after castra- 
tion both SNB soma size and peripheral 
muscle mass are significantly reduced, but 
can be maintained at normal values by 
treatment with testosterone propionate (9, 
12). 

In our study we examined the length and 
distribution of the dendritic arbor of SNB 
motoneurons to determine if these aspects 
of dendritic morphology were also sensitive 
to androgen levels. Twenty-five adult male 
rats (Sprague-Dawley, Simonsen) were as- 
signed to one of the following six groups: 
normal males 60 days old (n = 4); males 
that were either castrated (n = 5) or sham- 
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Fig. 1. Dark-field photomicrograph of a 40-pm transverse section through the lumbar spinal cord of a 
normal adult male rat after injection of CT-HRP into the bulbocavemosus muscle. Arrow indicates four 
HRP-labeled SNB motoneurons; DLN, dorsolateral nudeus; calibration bar, 500 pm. 

castrated (n = 5) at 60 days of age and then 
killed 6 weeks later at 102 days of age; an 
additional set of castrated rats that were 
implanted 6 weeks after surgery with Silastic 
tubes (13) that either contained testosterone 
(n = 5) or were empty (n = 4), and killed 4 
weeks later at 132 days of age; a final set of 
normal males 132 days old (n = 2). 

Because it was necessary to examine the 
dendritic arbor of directly comparable sets 
of motoneurons in all and because of 
the heterogeneity of SNB motoneuron pro- 
jections in males, we used cholera toxin 
conjugated m horseradish peroxidase (CT- 
HRP, List Biological) to label retrogradely 
only those SNB motoneurons projecting to 
the sexually dimorphic BC. This method 
produces extensive dendritic labeling and, in 
some cases, is more sensitive than Golgi 
staining (14). We used CT-HRP to study 
dendritic morphology rather than the more 
traditional Golgi methods because (i) it 
allowed identification of motoneurons by 
their projections, and (ii) the capriciousne& 
and small number of neurons stained by 
Golgi techniques (in conjunction with the 
small number of SNB motoneurons) would 
make the number of animals necekary to 
obtain a reliable result prohibitively large. 
To visualize SNB motoneurons and their 
processes we injected 0.5 pl of a 0.2 percent 
solution of CT-HRP into the left BC. After 
48 hours, a period shown in pilot studies to 
be optimal for maximal transport and visual- 
ization of HRP, all animals were deeply 
anesthetized with urethane and ~ e r f b e d  in- 
tracardially first with saline ani  then with 
cold 1 percent paraformaldehyde and 1.25 
percent glutaraldehyde. The lumbar portion 

of the spinal cord was then removed, post- 
fixed briefly, and embedded in gelatin, and 
40-prn frozen sections were cut transversely. 
To minimize possible variability in the HRP 
reactions, which might produce differences 
in the degree of dendritic labeling across 

spinal cords from several groups PUPS, 
were em 
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and processed together. Sections were incu- 
bated with tetramethylbenzidine (15), and 
alternate series were counterstained with 
thionine or neutral red. 

To estimate the length of SNB motoneu- 
ron processes, one series of sections (every 
fourth section, 160 apart) through the 
SNB region was examined under dark-field 
illumination and all HRP-filled somas and 
processes were drawn at a 6nal magnilica- 
tion of 180x with a camera lucida. The 
length of each HRP-filled process was mea- 
sured from these drawings with a digitizing 
tablet interfaced with a computer. The sum 
of these lengths for each animal was divided 
by the number of labeled momneuron so- 
mas observed in that series to yield an 
estimate of the dendritic arbor per cell (16). 
Although this estimate may not represent 
the actual length of the dendritic arbor of an 
SNB motoneuron, the analysis does permit 
a comparison of overall dendritic length 
among groups of animals. In addition, all 
HRP-filled SNB somas were categorized 
visually under bright-field illumination as 
being lightly or heavily labeled. Finally, 8 to 
12 HRP-labeled somas in each animal were 
drawn at a final magnification of 400x and 
their cross-sectional areas were measured 
(17)- 

Injections of CT-HRP into the BC pro- 
duced extensive labeling of SNB somas that 
were ipsilateral to the injection site and the 
processes of these cells (Fig. 1). The dendrit- 
ic arbor of SNB motoneurons that project to 
the BC in normal adult males was quite 
large, having a lateral diameter of at least 
2000 pm. The arbor was distinctive, dismb 
uted bilaterally into the dorsolateral nuclei 
(DLN) and lateral funiculi, and dorsally 
through lamina X. Many dendrites from 
SNB motoneurons also project across the 
midline and are frequently closely apposed 
to contralateral SNB somas. The length of 
the dendritic arbor per labeled cell in normal 
and sham-castrated males was not different, 
ranging from 4070 to 4470 [F(l, 
19) = 0.41, P > 0.21 (Fig. 2). However, 6 
weeks after castration, the average dendritic 
length per motoneuron in castrated males 
was reduced to approximately 1970 pm, a 
decrease of 56 percent relative to that of 
sham-castrated males [F(l, 19) = 36.57, 
P <  0.0001]. This decrease in dendritic 
length in castrated males could be reversed, 
and after 4 weeks of testosterone treatment 
dendritic arbor per cell was restored to 

Fig. 2. Arbor per cell (top) and soma size (bot- 
tom) for normal males (d), castrates (a), sham- 
castrates, castrates with testosterone implants 
(d. + T), and castrates with blank implants 
(& + B). Bar height represents average values 
+ SEM, n = 4 to 5 per group except for normal 
males at 132 days where n = 2. 
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Fig. 3. Camera lucida composites of HRP-labeled processes drawn at 320 
km intervals over the total extent of the SNB of a normal male (left) and a 
castrated male (right). The animals represented were chosen for maximal 
comparability; the number of labeled motoneurons, density of labeling, and 
rostral-caudal length of the SNB do not differ. Although overall dendritic 

normal levels [F(1, 19) = 4.07, P > 0.051. 
The arbor per cell of castrated males with 
blank implants remained significantly lower 
than that of testosterone-treated or normal 
males [Fs(l ,  19) > 10.0, P < 0.0051, but 
did not differ from that of unimplanted cas- 
trated males [F(l, 19) = 2.21, P > 0.151. 
The pattern of changes observed in the SNB 
soma area was identical, replicating the find- 
ing of Breedlove and Arnold (9). Soma area 
was reduced by 45 percent in castrated males 
compared to sham-castrates [F(l, 19) = 
54.60, P < 0.00011. Four weeks of testos- 
terone treatment restored soma size to nor- 
mal levels [F(1,19) = 0.38,P > 0.51. Aver- 
age SNB soma area in castrated males with 
blank implants was significantly lower than 
that of normal males or castrates with testos- 
terone implants [Fs(l ,  19) > 45.60, P < 
0.00011 but did not differ from that of 

unimplanted castrates [F(l, 19) = 0.03, 
P > 0.81. 

It is possible that HRP transport efficien- 
cy was diminished by the androgen deple- 
tion in castrates, resulting in artifactually 
smaller dendritic lengths. However, several 
lines of evidence make this possibility un- 
likely. (i) The number of SNB motoneurons 
filled by our HRP injections was the same 
among groups [F(5, 19) = 1.61, P > 0.21. 
Thus, differences in the amount of labeled 
dendritic arbor could not be attributed to 
differences in the overall number of labeled 
motoneurons [an average of 48.5 + 2.53 
(SEM), corrected by the method of Aber- 
crombie (18)l. Moreover, any differences in 
the number of labeled somas observed were 
taken into account by dividing the total 

length is reduced in castrated males, processes extending to the dorsal and 
lateral funiculi can be observed in both cases. Motoneuronal somas (filled-in) 
are shown to indicate the location of the SNB; DLN, dorsolateral nucleus; 
RDLN, retrodorsolateral nucleus; calibration bar, 500 km. 

dendritic length per animal by the number 
of labeled motoneurons. (ii) The average 
number of heavily labeled SNB motoneuron 
somas per animal dld not differ between 
groups [F(5,19) = 1.53, P > 0.21; an aver- 
age of 79.7 ? 2.31 (SEM) percent of HRP- 
filled somas fell in this category. This result 
suggested that HRP transport to the soma 
was unaffected by castration or hormonal 
treatment. (iii) The maximal distance from 
the SNB at which labeled processes could be 
observed was identical in all groups. For 
example, the fact that processes extended 
well &to the dorsal and lateral funiculi in all 
animals indicated that HEU? was transported 
to the same degree in these dendrites in all 
groups (Fig. 3). (iv) It seems unlikely that 
such a substantial decrease (56 percent) in 
dendritic length could be accounted for by 
trans~ort deficiencv alone. 

&anges in dehdritic morphology can 
have profound consequences for synaptic 
connectivitv and neuronal function. For ex- 
ample, dendritic geometry may affect a neu- 
ron's electrical properties or modulate the 
number or organization of synaptic inputs 
(1 9). ~urthermore, recent eJideLce fo; an 
ongoing extension and retraction of dendrit- 
ic processes (20) suggests that there is a 
dynamic, structural regulation of neuronal 
function. Our results indicate that andro- 
gens can be involved in this process by 
regulating the length of dendrites and the 
size of motoneuronal somas in adulthood. 
Decreased circulating androgen causes a re- 
duction in dendriticlength that is increased 
again with increased androgen. This type of 
androgen-dependent, reversible anatomical 

plasticity has not been previously demon- 
strated in an adult mammalian system. This 
finding is particularly exciting because 
changes in androgen levels occur normally 
in the life of the male rat [for example, at 
puberty or senescence (21)] and correlate 
with changes in the frequency of copulatory 
behaviors (5 ) .  Thus, such fluctuations in 
androgen levels may alter the morphology 
and functioning of androgen-sensitive neu- 
rons. For example, the dramatic decrease in 
SNB dendritic length and soma size ob- 
served after castration may represent a de- 
crease in the membrane area available for 
synaptic contacts, a decline in the number of 
synapses, or changes in physiological charac- 
teristics of the SNB motoneurons. Such 
changes, whether produced experimentally 
or through normal fluctuations in androgen 
titers, may therefore be associated with alter- 
ations in the connectivity and physiology of 
SNB motoneurons and in their ultimate 
function in copulatory behavior. 
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Amplification and Rearrangement of Hu-ets- 1 in 
Leukemia and Lymphoma with Involvement of llq23 

The Hu-ets-1 oncogene was found to be rearranged and amplified 30-fold in one case 
of acute myelomonocytic leukemia in which a homogeneously staining region occurred 
on 1 lq23; the oncogene was rearranged and amplified approximately tenfold in a case 
of small lymphocytic cell lymphoma with an inverted insertion that also involved band 
1 lq23. This work suggests that Hu-ets- 1 is an unusual oncogene that can help explain 
the common involvement of chromosome band 1 lq23 in various subtypes of hemato- 
poietic malignancies. 

T HE PRESENCE OF ETS AND MYB IN 

the acute leukemia virus E26 pro- 
duces at least two differences in the 

pathogenicity of this virus as compared to 
the myeloblastosis virus AMV, which con- 
tains only myb: (i) leukemias with a myeloid 
as well as an erythroid phenotype are in- 
duced in birds infected by E26 and (ii) 
myeloblasts transformed by E26 appear to 
be completely blocked in differentiation and 
are not inducible by tumor promoters ( 1 ) .  
While two different c-ets loci have been 
detected in the human, mouse, and cat 
genomes (2), a single colinear c-ets homo- 
l o p e  may be present in the chicken 
genome. In humans, these loci were called 
Hu-ets-1 and Hu-ets-2 (2) and were mapped 
to chromosome bands 11q23-24 (3) and 
21q22.3, respectively (2). Specific chromo- 
somal abnormalities involving 1 lq23-such 
as reciprocal translocations, deletions, in- 
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verted insertions (inv ins), and homoge- 
neously staining regions (HSR's) (4-6)- 
have been associated with acute myelo- 
monocytic leukemia (AMMoL) (4), acute 

Fig. 1. Pairs of G-banded chromosomes 11 in 
patient 1 with acute myelomonocytic leukemia 
(AMMoL) and an HSR 1 lq23 (A); and chromo- 
somes 11 and 21 in patient 2 with small lympho- 
cytic cell lymphoma (SLCL) with inv ins 
(21;11)(q22.3; q23q14.2), +21 (B). 

lymphocytic leukemia (ALL) and small lym- 
phocytic cell lymphoma (SLCL) (5) ,  and 
myeloproliferative syndromes (6). Because 
of these observations, we decided to investi- 
gate whether Hu-ets-1 is altered in leukemic 
and lymphomatous cells with l lq23  chro- 
mosomal abnormalities. 

The G-banding pattern on chromosome 
11 from patient 1 with AMMoL (M4) and 
an HSR l lq23 as the only chromosomal 
defect is shown in Fig. 1A; Fig. 1B displays 
an inv ins(21;l l)(q22.3; q23q14.2), +21 
in an SLCL patient (patient 2). In patient 2, 
the segment llq14.2q23 from one chromo- 
some 11 is inverted before being inserted 
into band 21q22 so that band 1 lq23 [where 
Hu-ets-1 maps (2)] and band 21q22 [where 
Hu-ets-2 maps (2)] become contiguous in 
the abnormally long chromosome 21. 

The Hu-ets- 1 probe, pRD6K (Fig. 2A), is 
a 5.7-kilobase (kb) fragment of human 
DNA (2). Southern blot hybridization (7) 
revealed amplification of Hu-ets-1 in Bam 
HI-digested DNA from patients 1 and 2 
(Fig. 2B). For comparison, a normal blood 
donor DNA sample obtained during che- 
motherapy-induced remission from patients 
1 and 2 are shown. 

In the case of the DNA from patient 1, an 
additional band of approximately 9.0 kb was 
present after Bam HI digestion. The signal 
intensity from the rearranged fragment was 
slightly less than the high signal intensity of 
the other amplified band which migrated 
with the same mobility as the 14-kb band 
present in normal controls. 

Additional evidence for the amplification 
as well as rearrangement of Hu-ets-1 was 
obtained by digesting DNA from patients 1 
and 2 with the restriction enzyme Xba I and 
by hybridizing the blots with the pRD6K 
probe. Both patients showed evidence of 
amplification and rearrangement (Fig. 2C, 
lanes 4 and 5). 

Rearrangement was indicated by the pres- 
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