from other AIDS patients and identifying
LAV-specific antibodies in the serum of
AIDS patients, including the donor-re-
cipient pair reported here, but not in
serum from persons in groups with low
AIDS incidence (4, 8), provide further
evidence for such an etiologic associa-
tion.

An etiologic association between
HTLV-III and AIDS was reported re-
cently (4). The most likely explanation
for the parallel evidence for HTLV-III
and LAYV being the cause of AIDS is that
the two viruses are the same.
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Altered Transcription of the c-abl Oncogene in K-562 and
Other Chronic Myelogenous Leukemia Cells

Abstract. Expression of the cellular abl (c-abl) oncogene was studied in K-562 and
other chronic myelogenous leukemia (CML) cells and cell lines by means of
Northern blot hybridization. In contrast to non-CML cells, which contained 7 .4- and
6.8-kilobase abl-related transcripts, the CML cells contained a predominant and
novel 8.2-kilobase abl-related RNA. In addition, the levels of abl-related message
were up to eight times higher in CML cell lines from patients at the blast crisis stage
of the disease compared with CML cells obtained during the chronic phase and with

non-CML cells.

Chronic  myelogenous  leukemia
(CML) is a pluripotent stem cell disease
characterized in over 90 percent of cases
by the presence of the Philadelphia chro-
mosome (Ph') (/). A number of recent
findings suggest that the human cellular
homolog (c-abl) of the tranforming se-
quences of the Abelson murine leukemia
virus (v-abl) may be involved in the
pathogenesis of CML: the c-abl gene,
normally located on chromosome 9, is
translocated to the Philadelphia chromo-
some in cases of CML (2); moreover, in
at least one case of CML the chromo-
somal break point on chromosome 9 is in
close proximity to the c-abl locus, map-
ping within 14 kb 5’ of the c-abl gene (3);
in addition, c-abl is amplified some four

to eight times in the K-562 CML cell line,
and this cell line exhibits increased
expression of abl-related RNA (4). Here
we demonstrate in three Ph! positive
CML cell lines and in a fresh CML cell
sample the presence of an 8.2-kb c-abil-
related messenger RNA that is absent
from cells of non-CML origin. We also
show that the expression of abl-related
messenger RNA is increased in CML
cell lines obtained from patients during
blast crisis compared to fresh CML cells
obtained during the chronic phase and to
non-CML cell lines.

Northern blot analysis of polyadenyl-
ated RNA derived from various human
cell lines of non-CML origin and hybrid-
ized to a mouse v-abl-specific probe

a b

Fig. 1. (a) C-abl-related RNA transcripts in CML and non-CML cell lines. Cells were
homogenized in guanidine thiocyanate (Eastman-Kodak) and subjected to ultracentrifugation
through a cesium chloride cushion as described by Chirgwin et al. (17). The RNA pellet was
suspended in 0.3 ml of water and precipitated twice with ethanol. The pellet was resuspended in
0.3 ml of water. Total RNA was enriched for polyadenylate-containing RNA by one cycle of
oligo dT cellulose affinity chromatography (/8). Portions (5 pg) of polyadenylated RNA were
subjected to electrophoresis in formaldehyde gels and transferred to nitrocellulose filters as
described (19). The filter was baked and then hybridized to the v-abl-specific pABlsub9 probe
(6) that was radioactively labeled with 3P by nick translation (20). Prehybridization, hybridiza-
tion, wash, and exposure conditions were as described (4). Exposure time was 6 days. Sizes in
kilobases were determined by comparison with 285 (5.0 kb) and 18S (2.0 kb) ribosomal RNA
bands visualized by ethidium bromide staining of a marker lane excised from each gel before
nitrocellulose transfer. Cells and cell lines are as follows: A, HL-60 promyelocytic leukemia
(21); B, normal peripheral blood cells transformed with EBV; C, K-562; D, EM-2; E, Raji
(Burkitt lymphoma); F, KCL-22; G, peripheral blood cells from a patient with Ph'-positive
CML; H, KG-1 myelogenous leukemia (22). (b) Transcripts of B-actin-related RNA in CML
and non-CML cell lines. The same samples as in (a), after being allowed to undergo several half-
lives of 3?P decay of the initial v-abl probe, were hybridized to the chick pAl B-actin com-
plementary DNA probe (23) under the same conditions as for (a). Exposure time was 5 hours.
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revealed the presence in these cells of
7.4- and 6.8-kb c-abl-related transcripts
(Fig. 1a, lanes A, B, E, and H). Findings
of similar abl-related RNA in human
cells have been reported by others (3, 6),
and these transcripts probably represent
the normal c-abl transcription pattern. In
contrast, the Ph'-positive CML blast cri-
sis cell lines K-562 (7), KCL-22 (8), and
EM-2 (9) displayed a predominant 8.2-kb
abl-related messenger RNA (Fig. 1la,
lanes C, D, and F). In K-562 and KCL-22
the 7.4- and 6.8-kb abl transcripts were
also present while in EM-2 only the 8.2-
kb abl-related transcript was demon-
strated (Fig. la, lane D). Peripheral
blood cells from a patient with chronic
phase Ph'-positive CML display a single
faint but distinct 8.2-kb abl-related mes-
sage (Fig. 1a, lane G).

The variable intensity of hybridization
of the v-abl probe to the different RNA
samples (Fig. 1a) suggested that, like the
K-562 cells (4), the other CML cell lines,
KCL-22 (lane F) and EM-2 (lane D),
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Fig. 2. Enhanced expression of abl-related
messenger RNA in CML cell lines. Polyad-
enylated RNA was isolated from the indicated
cells as described in Fig. la. The indicated
quantity of RNA was diluted in 100 pl of
water containing 6x SSC (standard saline ci-
trate) and 2.2M formaldehyde and then heated
for 15 minutes at 60°C. The samples were
cooled on ice and were applied with a Hybri-
Dot manifold (Bethesda Research Labora-
tories) to a nitrocellulose filter previously
soaked in 20x SSC. The filter was immediate-
ly dried under a heat lamp, baked for 2 hours
at 80°C, and hybridized to the 32P-labeled v-
abl-specific pABlIsub9 probe (6) as described
(4). Exposure time was 4 days. Samples are as
follows: A, K-562; B, KCL-22; C, peripheral
blood cells from a patient with Ph'-positive
CML; D, EM-2; E, HL-60 promyelocytic
leukemia; F, KG-1 myelogenous leukemia; G,
EBV-transformed B lymphoblasts.
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might also contain increased levels of
abl-related message. The variable inten-
sity of hybridization was not a result of
differences in the amount of RN A loaded
on the gel since the same samples hy-
bridized to a B-actin probe gave bands of
essentially the same intensity (Fig. 1b).
To better quantitate the levels of abl-
related message in these various cell
lines, we performed a dot blot analysis of
polyadenylated RNA from these cells.
As shown in Fig. 2, there was a four- to
eightfold increase in the amount of abl-
related message in the CML blast crisis
cell lines KCL-22, K-562, and EM-2
compared to the amount of abl RNA in
chronic phase CML cells and non-CML
cell lines. The Northern blots (Fig. 1a)
indicate that most of the increased abl-
related message in these cell lines is
accounted for by the predominant 8.2-kb
transcript.

The enhanced expression of abl-relat-
ed RNA in the K-562 cell line is associat-
ed with amplification and rearrangement
of the c-abl gene in these cells (4). To
determine if the similarly enhanced
expression of c-abl in the KCL-22 and
EM-2 blast crisis cell lines was also
associated with c-abl gene amplification
or rearrangement, we hybridized the v-
abl probe to Southern blots of DNA from
these cells, digested with restriction en-
donucleases. In contrast to K-562, in-
tense hybridization of the v-abl probe to
DNA from the KCL-22 and EM-2 cell
lines was not noted, indicating that c-abl
sequences are not amplified in these cell
lines (Fig. 3). Moreover, these blots (Fig.
3) reveal identical restriction bands in
KCL-22 and EM-2 cells compared with
other non-CML cells, indicating that
there are no gross rearrangements of the
c-abl locus in these cell lines. Thus, the
increased c-abl-related RNA in these
three CML blast crisis cell lines may
arise through different pathways: in K-
562 c-abl gene amplification may be the
major pathway, whereas in KCL-22 and
EM-2 the pathways are unknown.

Both the A immunoglobulin light chain
constant region (C,) and c-abl genes are
amplified to a similar extent in K-562 (4).
Moreover, C,, which is normally present
on the long (q) arm of chromosome 22,
remains on the Ph! chromosome in the
9;22 translocation characterizing CML
(3). These findings suggest that the c-abl
gene in Ph'-positive CML may be trans-
located from chromosome 9 into or near
the C, locus on chromosome 22, a situa-
tion that would be analogous to the
translocation of the c-myc oncogene into
the heavy chain immunoglobulin region
in cases of Burkitt lymphoma (10, 11).
To determine whether any C,-related

messenger RNA occurs in K-562 and
other CML cells and if such RNA is
contained in the abnormal 8.2-kb tran-
script, we hybridized the Northern blots
shown in Fig. 1 to a C, probe. This probe
consisted of a 6.2-kb R, subclone of Hu\
S (12) and was specific for A immuno-
globulin Ke“Oz~ constant region se-
quences. It hybridized, as expected, to
the RNA from lymphoblasts transformed
by Epstein-Barr virus (EBV) but did not
hybridize to RNA from any of the CML
cell lines (blot not shown). In addition, a
probe specific for the cellular oncogene
c-sis also did not hybridize to RNA from
any of the CML cells, indicating that the
translocation of the c-sis gene from chro-
mosome 22 to chromosome 9 that has
been previously demonstrated in CML
(13) is not associated with the transcrip-
tional activation of this oncogene.
Malignancy is probably a multistage
process involving a series of genetic
changes rather than a single mutational

K-562 M
KCL-22
EM-2
¥

B Lymphoblasts

Fig. 3. Comparative restriction enzyme analy-
sis of the c-abl locus of CML and non-CML
cell lines. Cell lines analyzed included the
CML blast crisis cell lines K-562 (7), KCL-22
(8), and EM-2 (9), as well as normal peripheral
blood cells transformed with EBV. DNA was
isolated (24) and incubated with various re-
striction endonucleases, subjected to electro-
phoresis overnight in a 0.8 percent agarose gel
(10 ng of DNA per lane), denatured, neutral-
ized, and transferred to nitrocellulose as de-
scribed (25). The filter was then hybridized to
the 3?P-labeled v-abi-specific pABIsub9 probe
(6) as described (4). 3?P-Labeled Hind III
digestion fragments of A phage DNA served
as the indicated molecular weight markers.
Lanes a are Eco RI digests; lanes b are Pst
digests. A 6.6-kb Pst band in K-562 (arrow) is
not noted in the other samples.
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event. One such genetic change in the
pathogenesis of CML appears to be the
acquisition of the Ph!. We have demon-
strated the presence of a novel 8.2-kb
abl-related transcript in four of four Ph'-
positive CML cells and cell lines. Re-
cently, a similar sized abl-related RNA
transcript (8.0 kb) was found in the leu-
kemic cells of five of six patients with
Ph!-positive CML, but was absent in
Ph'-negative CML (/4). Together, these
results suggest a close correlation be-
tween the presence of the Ph' and an
abnormal c-abl transcript. Indeed, this
novel transcript may serve as a leuke-
mia-specific marker analogous to the Ph'
marker in patients with CML. It is possi-
ble that the translocation of c-abl from
chromosome 9 to the Ph! that occurs in
CML results in altered transcription of
the c-abl locus manifest by the appear-
ance of the novel 8.2-kb message. Such
an altered transcript might give rise to an
abnormal c-abl product that could some-
how be related to the pathogenesis of
CML. Alternatively, the altered messen-
ger RNA could lead to alterations in
translational processing of the transcript
resulting in changes in the rate of synthe-
sis of the c-abl oncogene product.
Although the Ph! is probably critical to
the pathogenesis of CML, the blast crisis
stage of CML probably cannot be ac-
counted for by the Ph! alone, since this
marker may be present for years in the
chronic phase of the disease before blast
transformation occurs. If the acquisitiori
of the Ph' leads to an abnormal c-abl
product, it may be possible to explain the
inevitable progression of CML from the
chronic phase to blast crisis as a quanti-
tative increase in this novel c-abl prod-
uct. The high levels of c-abl-related 8.2-
kb message in the cell lines derived from
blast .crisis CML cells compared to
chronic phase cells is consistent with this
hypothesis. However, there could be
other explanations of the enhanced
expression of c-abl-related RNA mes-
sage in CML blast crisis cell lines. For
example, the enhanced expression could
be a reflection of selective pressure in
vitro for cells expressing relatively high
levels of c-abl RNA. This possibility
could be addressed by comparing levels
of c-abl RNA expression in fresh, uncul-
tured blast crisis CML cells and chronic
phase cells from the same patient. Alter-
natively, c-abl-related RNA expression
may diminish as cells mature and differ-
entiate. For example, expression of
RNA related to the myc oncogene mark-
edly diminishes in HL-60 promyelocytic
leukemia cells as the cells are chemically
induced to differentiate (15, 16), and a
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similar phenomenon may occur with re-
spect to the abl oncogene during differ-
entiation of CML cells. Since chronic
phase CML cells consist predominantly
of relatively mature granulocytes, they
might be expected to show lower levels
of c-abl expression than the immature
and less differentiated blast phase cells.
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The Latency of Pathways Containing the Site of Motor
Learning in the Monkey Vestibulo-Ocular Reflex

Abstract. The vestibulo-ocular reflex helps to stabilize retinal images by generat-
ing smooth eye movements that are equal to and opposite each rotatory head
movement. It is well known that the reflex undergoes adaptive plasticity or ‘‘motor
learning’’ whenever there is persistent image motion during head turns: the resulting
changes in the reflex occur gradually and help to restore image stability. A new
approach makes it possible to identify the pathways containing the site of motor
learning according to their total latency in response to natural vestibular stimuli. The
fastest pathways required 14 milliseconds to initiate a vestibulo-ocular reflex, but the
site of motor learning was in pathways having latencies of at least 19 milliseconds.

The capacity for adaptive regulation or
“‘motor learning’’ plays: ani important
role in establishing and maintaining the
excellent performance of the adult ves-
tibulo-ocular reflex (VOR). In normal
individuals, the VOR helps to minimize
image motion during head turns; it does
so by generating smooth eye movements
that are equal to and opposite each rota-
tory head movement. If visual or vestib-
ular inputs are altered so that the VOR is
no longer appropriate to stabilize visual
images, an adaptive mechanism modifies
the VOR and corrects its performance.
The adaptive changes occur over a grad-
ual and repeatable time course and, once
acquired, are retained if either visual or
vestibular inputs are withheld (I, 2).

The site of motor learning has not yet
been discovered, but existing knowledge
of the neural mechanisms underlying the

normal VOR suggests several parallel
pathways in which learning could occur.
These include (i) the classical disynaptic
reflex arc (3), (ii) a less-direct brainstem
pathway that is thought to perform a
mathematical integration of vestibular
inputs (4), and (iii) an inhibitory side loop
through the flocculus of the cerebellum
(5). Because these three classes of path-
ways contain different numbers of syn-
apses, they might exert their first effects
on eye movement at different latencies
after a transient vestibular stimulus: re-
cordings of the VOR at short latencies
after a rapid and sudden head accelera-
tion might reveal the latency of the path-
ways containing the site of motor learn-
ing.

Motor learning was induced in the
VOR by fitting two rhesus monkeys with
optical devices that altered the normal
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