
calcium enrichment on tree stems during 
rain. This enrichment may be part of a 
general nutrient tropism caused by stem 
flow that would enhance root growth near 
the base of tree stems and that ultimatelv 
may cause root apogeotropism in these for- 
ests. This idea is supported by (i) increased 
depth of the root mat at the base of stems, 
(iij increased rates of root growth with 
nutrient enrichments especially toward calci- 
um sources, and (iii) the key role of calcium 
in initiating root apogeotropism. 

Several intriguing questions remain con- 
cerning apogeotropic roots. The total num- 
ber of species that produce these roots was 
not determined by this study. The mycorrhi- 
zal status of these roots is unknown. Apo- 
geotropic roots ofEperuapurpurea are abun- 
dant on stems of other species, but for 
unknown reasons, other species' roots are 
excluded from growing up stems of Epevua 
purpurea. Climbing roots have yet to be 
widely examined as a feature of nutrient 
cycling in tropical rain forests. There is 
anecdotal evidence. however, that roots in 
Asian tropical rain forests are capable of 
climbing nearby stems (12). I have observed 
apogeotropic roots in Metroszderos sp. forests 
in Hawaii Volcanoes National Park, Hawaii 
(19"31fN, 155"27'W), and in rain forests 
near La Selva Biological Station (10°25'N, 
84"011W) in Costa Rica in addition to those 
at San Carlos de Rio Negro. 

Climbing roots have evolved in rain-forest 
tree species representing at least five families 
(Table 1). These roots appear to have 
evolved in environments with low soil nutri- 
ent availability, but where a reliable, relative- 
ly rich source of nutrients is available via 
stem flow. Species with climbing roots ab- 
sorb stem flow nutrients before these nutri- 
ents enter the soil and become either gener- 
ally available to the roots of all species or 
unavailable to plants because of leaching and 
strong adsorption on soil particles. Climb- 
ing roots form a nutrient cycling pathway in 
which nutrients entering tropical forests in 
the form of stem flow are absorbed and 
trans~orted from one stem to another with- 
out entering the soil solution. 
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Relationship Between the c-myb Locus and the 6q- 
Chromosomal Aberration in Leukemias and Lymphomas 

Deletions of the long arm of chromosome 6 (6q-) are frequently found in hematopoi- 
etic neoplasms, including acute lymphoblastic leukemias, non-Hodgkin lymphomas 
and (less frequently) myeloid leukemias. The c-myb proto-oncogene has been mapped 
to region 6q21-24, which suggests that it could be involved in the 6q- aberrations. By 
means of in situ chromosomal hvbridization on cells from six hematovoietic malirman- " 
ties, it was demonstrated that the c-myb locus is not deleted, but is retained on band 
q22, which is consistently bordered by the chromosomal breakpoints in both intersti- 
tial and terminal 6q- deletions. The deletion breakpoints were located at some 
distance from the myb locus since no rearrangement of c-myb sequences was found. In 
one case, however, amplification of the entire c-myb locus was detectable. Furthermore, 
in all cases tested that carry 6q- deletions, myb messenger RNA levels were 
significantly higher than in normalcells or in malignant cells matched for lineage and 
stage of differentiation but lacking the 6q- marker. These results indicate that 6q- 
deletions are accompanied by structural and fimctional alterations of the c-myb locus 
and that these alterations may be involved in the pathogenesis of leukemias and 
lymphomas. 

N ONRANDOM AND SPECIFIC CHRO- 6q- deletions are found in 5 to 25% of 
mosome aberrations have been de- ALL (5, 7), in 30% of non-Hodgkin lym- 
scribed in several malignant disor- phomas (NHL) (a),  and, less frequently, in 

ders of animals and man (1). A role for these acute myelogenous leukemia (AML) and 
cytogenetic abnormalities in the pathogene- CML (9 ) .  
sis of different tumors is supported by the 
findings that in some cases proto-oncogene 
loci are specifically involved in the chromo- 
somal recombinations (2). This is the case 
for the c-myc and c-abl loci in the (8;14) and 
(9;22) translocations typical of undifferenti- 
ated B-cell lymphoma (UBL) and chronic 
myelogenous leukemia (CML), respectively 
(34) .  

A frequent, yet poorly characterized chro- 
mosomal abnormality is represented by an 
apparently heterogeneous group of dele- 
tions of part of the long arm of chromosome 
6 (6q-), including both interstitial and 
terminal deletions with breakpoints at re- 
gion 6q21-23. The 6q- abnormalities were 
originally reported as a relatively frequent 
observation in acute lymphoblastic leukemia 
(ALL) (5) and are included in the restricted 
catalog of chromosomal defects that can be 
found as single aberrations in a defined 
group of tumors (6). Recent studies involv- 
ing large panels of cases have reported that 

The c-myb proto-oncogene has been local- 
ized on chromosome 6 in the approximate 
region 6q21-24 (10). The possible relation- 
ship between the 6q- abnormality found in 
hematopoietic neoplasms and the c-myb 
gene is particularly intriguing, in view of the 
apparent hematopoiesis-specific expression 
of this gene. In fact, c-myb messenger RNA 
(mRNA) has primarily been found in hema- 
topoietic cell;, where relatively high levels 
are detectable in immature myeloid and 
lymphoid precursors (1 1 ) . Expression of c- 
myb is induced in proliferating immature 
hematopoietic cells (12) and suppressed in 
terminally differentiated cells (1 0, 13), sug- 
gesting that this gene may be involved in the 
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RPMI-8402 MOLT-4 L.G. Fig. 1. Distribution of c- 

control of proliferation and/or differentia- 
tion of hematopoietic cells. The expression 
of myb is also associated with hematopoietic 
transformation, since v-myb is responsible 
for the ability of avian myeloblastosis virus 
(AMV) to cause myeloblastic leukemia in 
chickens and to transform avian myelomon- 
ocytic cells in culture (14). Furthermore, 
truncations of cellular myb sequences by viral 
insertional mutagenesis appear to be associ- 
ated with the pathogenesis of some mouse 
hematopoietic tumors (15), while c-myb 
gene amplification may be involved in the 
pathogenesis of human AML (1 6). 

Chromosomal deletions in region 6q21- 
23 could result in the total or  partial loss of 
the c-myb locus, in its translocation to an- 
other chromosome, or in its retention on 
chromosome 6 in variable proximity to the 
deletion breakpoint(s) . To distinguish 
among these possibilities, we performed in 
situ chromosomal hybridization of human c- 
myb probes to metaphase chromosomes pre- 
pared from leukemia and lymphoma cells 
carrying 6q- deletions. In all six cases, c- 
myb probes specifically hybridized to both 
the normal 6 and 6q- chromosomes, but 
not to other chromosomes (Table l), indi- 
cating that c-myb was neither lost nor trans- 
located. On the normal chromosome 6 the 
hybridization consistently appeared on band 
q22. On chromosome 6q- the hybridiza- 
tion signal, which we assume to identify 
band q22 even though this band was not 
always morphologically identifiable, was lo- 
cated either terminally (ML-1, SUP-T1, and 
SUP-T2) or interstitially (RPMI-8402, 
MOLT-4, and L.G.), as shown schematical- 

ly in Fig. 1. We interpreted these results as 
evidence for the existence of both terminal 
(q23-qter) and interstitial (q13-921) 6q- 
deletions, occurring at either side of band 
q22 and c-myb; toward the centromere in 
the interstitial deletions and toward the telo- 
mere in the terminal deletions. In ML-1 
cells, which carry an amplified c-myb, the 
hybridization signal on 6q-, but not on the 
normal 6 chromosome, was frequently rep- 
resented by clusters of two to three grains. 
This observation may reflect the five- to 
tenfold c-myb amplification detectable in 
this case (16) and indicates its occurrence on 
the 6q- chromosome. 

To investigate whether parts of c-myb or 
of its immediately flanking sequences were 
directly affected by the chromosomal break- 
points, we performed Southern blot hybrid- 
ization analysis of genomic DNA from ma- 
lignancies carrying the 6q- deletion and 
from analogous cases lacking this marker 

myb labeled sites on normal 
6 and 6q- chromosomes. 
In each case the normal and 
6q- chromosomes are illus- 
trated on the left and right 
side, respectively. The ar- 
rows identify the approxi- 
mate position of the break- 
points. 

(17). By means of a set of complementary 
DNA (cDNA) and genomic probes in com- 
bination with several different restriction 
enzymes, the entire c-myb locus, spanning 
over 40 kb (17), plus 12 kb upstream from 
the putative 5' end and 6 kb downstream of 
the polyadenylation signal, can be explored 
(Fig. 2B) (17). There was no divergence 
from the normal restriction enzyme 
in the six cases carrying the 6q- abnormali- 
ty (Fig. 2A) and in an additional 16 ALL, 
24 NHL, and 20 AML cases lacking this " 
chromosomal marker. However, amplifica- 
tion of myb sequences was detectable in two 
cases (Fig. 2A, lanes 2 and 6). One of these 
was the cell line ML-1 for which amplifica- 
tion and the 6q- marker were already re- 
ported (16).   he second case represents a 
novel observation of c-myb amplification in 
primary AML cells for which, however, no 
cytogenetic data indicating the presence or 
absence of the 6q- marker were available. 

Table 1. Results of in situ hybridization (27) of human c-myb probe to metaphase cells carrying 6q- 
chromosomes. The probe was a 2.8-kb Eco RI cDNA fragment (17) (Fig. 2) that had been labeled to a 
specific activity of 3 X lo7 to 4 x lo7 d p d p g  with ' H - ~ T P .  L.G. was a primary cell culture; cell lines 
were as described (28). 

Total 6* 6q-* 
Cells Diagnosis number of 

labeled sites Total q22 Total ($2 
- - 

RPMI-8402 T-ALL 115 12 (l0.4)t 8 (6.95) 11 ( 9.56)t 7(6) 
MOLT-4 T-ALL 115 12 (10.4)t 7 (6.1) 9 ( 7.8)t 6 (5.2) 
L.G. T-NHL 106 11 (10.37)t 6 (5.66) 9 ( 8.49)t 6 (5.66) 
ML- 1 AML 102 18 (17.6)t 11 (10.78) 13 (12.74)t 8 (7.84)$ 
SUP-T1 T-NHL 102 13 (12.7)t 7 (6.8) 9 ( 8.8)t 6 (5.8) 
SUP-T2 T-ALL 110 12 (10.9)t 8 (7.2) 9 ( 8.18)t 7 (6.36) 

*Data are shown as number of labeled sites (percent of labeling over entire genome). ?The X 2  value corresponds to 
P < 0.0005. The X 2  analysis tests the hypothesis that labeling is random over all chromosomes. +Grams were 
arranged in clusters of two to three grains per cluster in three out of eight labeled sites. 
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Fig. 2. Analysis of the enomic organization of the c-my6 locus in cells 
carrying 6q- deletions. (i) Swthem blot hybridization analysis of genomic 
DNA extracted from: (lanes 1) RPMI-8402 cell lines; (lanes 2) ML-1 cell 
line; (lanes 3) L.G., frcsh T-NHL cells; (lanes 4) MOLT4 cell line; (lanes 5) 
SUP-TI cell line; (lanes 6) S.S., fresh AML cells; and (lanes c) HeLa cell 
line. DNA5 were digested with the indicated restriction enzymes (Bg, Bgl 11; 
B, Bam HI) and hybridized to the indicated probes. (Enzymes and probes 
are indicated above each gel.) Hybridization to the CTp probe [constant 

region of human T-cell receptor @-chain gene (20)] was performed as control 
for the amount of DNA present on filters. S i m  are shown in kilobases. (9) 
Schematic representation of the human c-my6 locus (top), of a human cDNA 
clone (13 ,  and of the probes used for Southem blot analysis. Each probe is 
indicated either as a black box below the genomic map (G5HB, G1.3) or as 
c1-4 below the cDNA map. Black boxes in the genornic map indicate the 
approximate position of c-my6 exons (17). R, Eco RI; H, Hind 111; S, Sst I; 
B, Bam HI; Bg, Bgl 11. 

In both AML cases, the amplification unit 
appears to contain the entire c-my& as pres- 
ently identified (17) as well as 5' and 3' 
Aanking sequences, since all the restriction 
fragments detected by the probes appear to 
be equally increased in copy number. These 
data together indicate that the chromosomal 
breakpoints of the 6q- deletion are not 
located within a presently measurable dis- 
tance from the c-my& gene in all the six cases. 
Since the 5' terminus of c-my& has not been 
functionally identified and is only tentatively 
assigned (1 7) to the first exon shown in Fig. 
2B, the possibility remains that additional, 
hitherto unidentified, exons of the c-my& 
locus (or their flanking sequences) may be 
involved in the breakpoints. Indeed, a new 
exon has been recently identified >50 kb 5' 
to the previously characterized c-abl se- 
quences (1 8). 

In view of the observation that the struc- 
ture and function of c-my& are altered in 
UBL cells carrying a chromosomal break- 
point more than 50 kb distant from the 5' 
or 3' limit of the myc locus (19), we next 
examined the levels of c-my& mRNA expres- 
sion in hematopoietic neoplasms carrying 
the 6q- abnormality and in normal and 

leukemic controls. Steady-state mRNA lev- 
els were studied by Northern blot hybridiza- 
tion with a human c-my& D N A  probe (Fig. 
2). In addition to AML cells carrying c-my& 
amplification and the 6q- chromosome 
(16), very high levels are also detectable in 
three T-cell ALL (T-ALL), two T-NHL, 
and one B-NHL carrying the 6q- abnor- 
mality and a single copy gene (Fig. 3). These 
levels were >50-fold higher than those de- 
tectable in normal human T lymphocytes 
grown in vitro in the presence of interleu- 
kin-2 (IL-2) (Fig. 3). Furthermore, since it 
is known that c-my& expression is higher in 
immature hematopoietic cells and decreases 
during differentiation (1 1 ), we compared 
my& &A levels in 6q- T-cell malignan- 
cies and in analogous cells (T-ALL or T- 
NHL) that lacked the 6q- marker and were 
matched for stage of T-cell differentiation as 
determined by cell-surface marker analysis 
(stages I to IV) (20). Each 6q- case con- 
tained significantly more my& RNA than the 
respective controls (Fig. 3). Thus, the pres- 
ence of the 6q- marker in T-ALL and T- 
NHL correlates with increased expression of 
c-my& in both immature and mature malig- 
nant T cells. 

Our results indicate the need for a reeval- 
uation of the architecture of the 6q- chro- 
mosomal deletions, the breakpoint of which 
have been reported by different authors to 
occur in a region spanning almost the entire 
6q chromosome arm (5, 7-9). These appar- 
ent discrepancies may reflect actual hetero- 
geneity of these aberrations or, as recently 
suggested (21), technical limitations in the 
cytogenetic analysis of the 6q- chromo- 
some. The retention of c-my& in the 6q- 
chromosomes provides a marker for this 
chromosomal region allowing the definition 
of at least two types of 6q- deletion- 
terminal (6q23-qter) and interstitial 
(6q13-21) with a common breakpoint 
cluster on band q22. Approximately the 
same region, 6q21-23, can be involved, 
although rarely, in gene amplification in 
AML. Also, this region is proximal to the 
breakpoints of reciprocal translocations in- 
volving different chromosomes in different 
ALL and NHL cases (8). When deletions 
and translocations are considered together, 
breakpoints on bands q21-23, most likely 
on q22, are present in as many as 50% of 
NHL cases (8). These observations suggest 
that the gene(s) critical for the putative 
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Fig. 3. Increased expression of c-my& mRNA in 
mali ant cells carrying 6q- chromosomes. (A) 
T o ~ ~ ? F ~ N A  (20 pg) from the indicated T-ALL 
and T-NHL cell lines or nonnal human T lym- 
phocytes (T-1, T-2, and T-3) wn in the pres- r" ence of 1L-2, was analyzed y Northern blot 
hybridization with the c-my& cDNA probe (done 
c2, in Fig. 2). In order to provide a control for the 
amounts of RNA on the filter, the c-my& signal 
was removed from the same filter by boiling for 
10 minutes in distilled water and rehvbridized to a 
probe for the human glyceralde'hyde-3-phos- 
phate-dehydrogenase (GAPDH) gene, which is 
assumed to be equally expressed in all thcse cells 
(29). (B) Values of relative c-nryb mRNA expres- 
sion, obtained by densitomcaic screening of the 
filter in (A) and normalized against GAPDH 
values, are expressed as multiples of the my& RNA 
value detested in T-1, which is arbitrarily defined 
as 1. The my& RNA values for each case are 
grouped according to the differentiation stage of 
their respective NHL or ALL cells as determined 
by cell surface marker analysis (20). TAP (T- 
ALL), CEM (T-ALL), ICE-37 (T-ALL), TIHA 
(T-ALL), FRO-2.2 (T-ALL), and SUP-T1 and 
SUP-T2 cell lines have been described (28). Sizcs 
are shown in kilobases. 

pathogenetic role of this abnormality is like- 
ly to be located in proximity to the con- 
served breakpoint rather than in the deleted 
or translocated regions which vary in differ- 
ent cases. 

The present study provides f h h e r  sup- 
port for the hypothesis that c-my& is the 
critical element of the 6q- abnormalities by 
showing that: (i) c-my& is located in close 
cytogenetic proximity to the conserved 
breakpoint region; (ii) c-my& is involved in 
amplifications which, as shown for c-myc 
(22) and c-abl(23) as well as for other genes 
(24), occasionally accompany nearby chro- 
mosomal recombinations; and (iii) the levels 
of my& mRNA expression are signhcantly 
increased in malignant cell cases carrying a 
6q-. A causal link between breakpoint loca- 
tions and structureJfunction alterations can- 
not be presently demonstrated since the 5' 
end of c-my& has not been conclusively 
identified. However, even if the breakpoints 
were located at some distance 3' or 5' from 
c-my& this would not preclude an effect of 
the breakpoint on c-my& structure and func- 
tion. In fact, this situation would be remi- 
niscent of the (2;8), (8;22), and some of the 
(8;14) translocations in UBL, where the 
breakpoints are located more than 50 kb 
upstream or downstream from c-myc (19) 
and are invariably accompanied by muta- 
tions within c-myc regulatory sequences 
(19). A relationship between nearby geno- 
mic recombinations and somatic mutations 
has been demonstrated in other systems as 
well (25). The increased expression of c-my& 
in 6q- cases may occur as the result of 
structural alterations caused by nearby chro- 
mosomal breakpoints or, alternatively, as 
the result of functional alterations of general 
mechanisms of gene regulation (such as 

c-myb 

3.8 - 4 

GAPDH 

1 . 4 - e e a W  W W - ~ - * *  

0 
CEM 

Differentlation stages 

chromatin arrangement, which may be lo- 
cally altered in the rearranged 6q - region). 

~eeardless of the mechanism involved. 
the alTered expression of c-my& observed 
6q- malignancies can have a significant role 
in the pathogenesis of hematopoietic neo- 
plasm.-~he &pression of this gene appears 
to correlate directly with proliferation and 
inversely with differentiation, since the gene 
is active in mature proliferating cells (11,12) 
and is switched off in terminally differentiat- 
ed, nonproliferating cells (11, 13). It has 
been proposed that the leukemogenic effect 
of v-my& sequences in AMV may be caused 
by its unregulated expression, which blocks 
the differen2ation of immature mveloid vre- 
cursors (26). Our data, showini that kyb 
expression is maintained at high levels in 
both immature and rclativelv mature cells 
carrying the 6q- chromosome, suggest that 
the high constitutive expression of this gene 
may be involved in malignant transforma- 
tion by promoting the continuous prolifera- 
tion of these cells and by preventing fiuther 
progression along the differentiation path- 
way. 
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