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ABSTRACT

\\ e have investigated the expression of the dbl protooncogene in a
wide variety of human tumors of different embryological derivation. \Ye
found that proto-</M mRNA could be detected preferentially in a few
neoplastic histiotypes of neuroectodermal origin. The common, normal
5-kilobasc size of the proto-dbl transcript detected indicated that the
piulo (//>/in these tumors was not rearranged. These data, in agreement
with our previous reports, suggest that the dbl protooncogene is expressed
in a highly tissue-specific manner and indicate that this gene may be
involved in the growth and differentiation of some cells of neuroectoder
mal origin.

INTRODUCTION

The dbl oncogene was first detected by transfection of NIH
3T3 with DNA from the spleen of an individual affected by a
poorly differentiated diffuse B-cell lymphoma (1).

A second example of the dbl oncogene (NPDL-dbl) was
identified in transfectants induced by DNA of a human nodular
poorly differentiated lymphoma (2).

Furthermore, another oncogene isolated by DNA transfec
tion from the human mammary carcinoma cell line MCF-7,
called MCF-2 (3), has been demonstrated recently to be the
same gene as dbl (4, 5). Comparison of the restriction maps of
these independent dbl isolates with that of the normal human
DNA revealed that each arose as the result of recombinational
events which replaced 5' coding sequences of the dbl protoon

cogene with those of different human sequences (2, 4). It has
been shown previously that dbl protooncogene can transform
NIH 3T3 cells when its expression is driven by a strong viral
promoter, but with significantly reduced efficiency in compari
son to that of the dbl oncogene (6). On the other hand, trun
cation of the 5' half of the protooncogene is sufficient to activate

dbl, allowing transformation of NIH 3T3 cells, at the same
efficiency as that of the dbl oncogene (7).

In order to gain insights into the function of the proto-dbl
and to analyze its possible role in human tumors as an activated
oncogene, we surveyed a wide variety of human tumors of
different embryological derivation for the expression of the
proto-dbl transcript.

We report here that the proto-dbl transcript was not detect
able in tumors of hematopoietic origin, nor was it detected in
most of the carcinoma cells analyzed. Moreover the dbl pro
tooncogene was expressed only in a few cases of tumor cells of
mesodermal derivation. On the other hand the proto-dbl tran
script was detected at high frequency in some tumoral histio
types of neuroectodermal and neuroendocrine origin.
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MATERIALS AND METHODS

Tissue Specimens and Cell Lines. All Burkitt's lymphoma cell lines,

several lymphoma and leukemia cell lines, and all mesodermal tumor
cell lines as well as several fresh tumor samples were obtained from Dr.
S. A. Aaronson, National Cancer Institute. The fresh tumor samples
were obtained from the Imperial Cancer Institute, London (Dr. C.
Mathew); from the Clinica Chirurgica, University of Padua (Dr. P.
Bernante); from the NIH Clinical Center; from the Istituto Nazionale
dei Tumori of Milan; from the Istituto per la Cura e lo Studio dei
Tumori of Naples; from the Centro di Riferimento Oncologico of
Aviano (Dr. A. Pinto); from Anatomia Patologica, University of Pisa
(Professor G. Bevilacqua); from the Cattedra di Endocrinologia, Uni
versity of Florence (Professor G. Serio); from the Second Faculty of
Medicine, University of Naples; and from the Clinica Neurologica II,
University of Turin (Dr. A. Mauro), Italy. Conditions for culturing
some of the Ewing's, neuroblastoma, and neuroepithelioma cell lines

have been published elsewhere (8). The NIH 3T3 cell line transfected
by the LTR/proto-</W was described elsewhere (6).

RNA Extraction and Purification. Cells were collected by trypsiniza-
tion during the logarithmic phase of growth, washed once with phos
phate buffered saline, and immediately frozen in liquid nitrogen. Cells
and powdered tissues (9) obtained from tumor specimens were homog
enized in 5 volumes of 4.0 M guanidinium thiocyanate-25 mM sodium
citrate-0.5% Sarkosyl-0.1 M /3-mercaptoethanol in a tissue homoge-
nizer. After clarification, the homogenate was mixed with 1.6 volumes
of cesium trifluoroacetate (Pharmacia) and the resulting mixtures were
centrifuged in either SW27.1 or SW41 polyallomer tubes of the Beck-
man ultracentrifuge for 35 h at 25,000 rpm or for 20 h at 35,000 rpm,
respectively. RNA migrating at the bottom two-thirds of the centrifuge
tube was separated by aspiration with a sterile syringe and ethanol
precipitated. Polyadenylate-containing RNA was obtained by oligo-
deoxythymidylate cellulose chromatography (9).

Nucleic Acid Analysis. Total RNA (10-30 nf>), polyadenylate con
taining, or polyadenylate deficient RNA (5-15 fig) was denatured with
formaldehyde, subjected to electrophoresis, and blotted, or spotted by
a dot-blot apparatus, onto nitrocellulose or Hybond N (Amersham).
The filters were probed with the complementary 1.8-kilobase dbl com
plementary DNA probe (10) representing almost the entire dbl coding
sequence and with a human 0-actin probe. Hybridization was carried
out under stringent conditions (50% formamide, 42Â°C)followed by

washing in 0.1 x standard saline-citrate (1 x SSC = 3iM sodium
chloride-0.3 M sodium citrate) at 50Â°C.Blots were exposed to films

from 12 to 168 h. The sizes of the RNAs were determined by compar
ison with rRNA standards. Stripping off the probes and hybridization
of the same blots with different probes was done essentially as described
by Thomas (11).

RESULTS

We concentrated our initial analysis on normal tissues, tu
mors, and cell lines of hematopoietic origin.

Among the samples analyzed, proto-dbl RNA was detected
only in an immunoblastic lymphoma, while its expression could
not be demonstrated in any other tissue or cell lines of lymphoid
origin analyzed (Table 1). The lack of detection of proto-dbl
transcript was most likely not due to amounts of RNA loaded
on the gel, since the level of actin mRNA was comparable in
all the samples analyzes (Fig. 1, Lanes 1-7). Moreover, low
abundance RNAs should be detectable by Northern blot analysis
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performed under our experimental conditions. Nevertheless,
the copy number of mRNA per cell could vary, due to possible
cell heterogeneity in the tumor samples analyzed, thus affecting
the sensitivity of detection.

Expression of proto-dbl was also examined in several tumors
of mesodermal origin (Fig. 1, Lanes 8-14) and detected only in
two fibrosarcomas, two leiomyosarcomas, one mesenchymoma,
and one rhabdomyosarcoma (see Fig. 1, Lane 9, and Table 2).
Overall, the expression of the proto-dbl in tumors of meso
dermal derivation was found in 6 of 22 different types of tumors
analyzed (Table 2; Fig. 1, Lanes 8-14). We also analyzed a large
number of carcinomas, but, with the exception of one adreno-

Table 1 Expression of dbl-specific mRNA in lymphomas, leukemias, and
lymphoblastoid cell lines

No. ofpositives/analyzedType

oftumorNodular,

poorly differentiatedlym-phocytic
lymphoma"Diffuse,

poorly differentiatedlympho-cytic
lymphoma"Diffuse,

histiocytic. malignant lym
phomas"Hodgkin's

lymphoma"'*African
Burkitt's lymphomas*

South American Burkitt'slymphoma'United
States Burkitt'slymphomas*Non-Burkitt's

lymphomas(UnitedStates)*European

Burkitt'slymphomas*T-ALL*'
'B-ALL"'

*''Hairy
cellleukemia"Non-T-non-B-ALL*'

cLymphoblastoid
celllines*Other*TotalTumor

biopsies0/10/40/70/10/20/10/16Celllines0/10/6

0/20/20/20/20/41/20/10/50/31/30Total0/10/40/70/20/60/20/20/20/20/41/40/10/10/50/31/46

cortical carcinoma and one ovarian carcinoma, we never de
tected any Â¿/Â¿Â»/specifictranscript in these types of tumors (Table
2).

The expression of dbl in normal adult brain (Fig. 2, Lane
12), in fetal brain, and in adrenal medulla (6) suggests that this
gene is expressed in a highly tissue specific manner. Moreover,
we have reported previously a high frequency of detection of
proto-dbl transcript in Ewing's sarcoma (12). Thus we surveyed

a large number of tumors of neuroectodermal derivation for

Table 2 Expression of dhl-specijic niR.\'A in tumor* of tneserii'ltytnal and

epithelial origin

" Ten-30 /jg of total RNA were analyzed by Northern blot.
* Five-15 jig of the polyadenylated fraction were analyzed by Northern blot.
c T-ALL, T-cell acute lymphoblastic leukemia; B-ALL. B-cell acute lympho-

blastic leukemia; non-T-non-B-ALL, non-T-non-B acute lymphoblastic leukemia.

No. ofpositives/analyzedType

oftumorA.

MesenchymaltumorsFibrosarcoma"'
*Synovial

sarcoma"hRhabdomyosarcoma"'
*Liposarcoma"'
*Mesenchymoma"'
*Osteosarcoma"'
*Leiomyosarcoma

andleiomyoblas-tomaChondrosarcoma"'

hSpindle
cell sarcoma"'*Sarcoma

of thigh tissue"'*TotalB.

EpithelialtumorsOvarian
carcinoma"Skin
carcinoma"Bladder
carcinoma"Breast
carcinoma"Renal
carcinoma"Cervical
carcinoma"Portio

squamouscarcinoma"Hcpatocarcinoma"Adrenocortical

carcinoma"Papillary
thyroidcarcinoma"Follicular
thyroidadenoma"TotalTumor

biopsies0/11/10/12/20/10/10/13/81/50/20/30/140/10/10/20/11/20/40/12/36Celllines2/30/11/40/10/10/20/23/14Total2/30/11/40/21/20/32/40/10/10/16/221/50/20/30/140/10/10/20/11/20/40/12/36

' Ten-30 /jg of total RNA were analyzed by Northern blot.
*Five-15 ng of the polyadenylated fraction were analyzed by Northern blot.

1234567 8 910 11 121314

Fig. 1. Northern blot analysis of RNA
from tumors of hematopoietic or mesenchymal
origin. (.-I) 5-15 /jg of polyadenylated RNA
were fractionated on agarosc gel and hybrid
ized with the 1.8-kilobase(AY>)complementary
cDNA probe. Lane I. Burkitt's lymphoma cell
line (BL-2): Lane 2, fibrous hystiocytoma;
Lane 3. nodular, poorly differentiated l\ mpho-
cytic lymphoma. operatory biopsy; Lane 4.
lymphoblastoid cell line (F.BV-4): Lane 5.
acute lymphoblastic leukemia (CCRF-CEM);
Lane fi. normal human placenta, operatory
biopsy; Lane 7. NIH 3T3 dbl transfcctants
(NIH 109.5.2); Lane 8. rhabdomyosarcoma
cell line (A-204); Lane 9. rhabdomyosarcoma
cell line (A-673); Lane IO. fibrosarcoma cell
line (8387); Lane II. liposarcoma cell line
(SNV-872): Lane 12. rhabdomyosarcoma cell
line (R-D): Lane 13. fibrosarcoma cell line
(HT-1080): Lane 14, osteosarcoma cell line
(HOS). (B) the same filter as in A hybridized
with a (i-actin probe.

5.2 Kb â€”

2.1 Kb â€”

â€” 5.2 Kb

â€” 2.1 Kb

ÃŸ- actin â€¢(5-actin
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Fig. 2. Northern blot analysis of RNA
from tumors and cell lines of ncuroectodermal
derivation. (.4) 10-30 Â«igof total RNA hybrid
ized with the I .K-kilobasc (A7>)complementary
DNA probe. Lane I. NIH 3T3 Ml transfec-
tants(MH 109.5.2}: Lane 2. thyroid medullary
carcinoma cell line (TT line): Lane 3, Ewing's

sarcoma cell line (Kw 5838): Lanes 4. 5, and
7, phcochromocytoma. operatory biopsy:
Lanes X, 10. and //. thyroid medullary carci
noma, operatory biopsy; Lane 9. meningioma.
operatory biopsy: Lane 12. adult human brain,
operatory biopsy; Lane 13. glioma, operatory
biopsy. (A) the same filler as in A hybridized
with a (i-actin probe.

5.2 Kb â€”

2.1 Kb â€”

â€” 5.2 Kb

â€” 2.1 Kb

aclin eÂ»Â« - |t actin

Table 3 Expression of the uhi gene in tumors of neuroectoitermal derivation

No. ofpositives/analyzedType

oftumorMedulloblastoma"'
*Glioma"Mcningioma"Neuroblastoma"

*Ganglioncuroma"Ncuroepithelioma"'

hF.wing's
sarcoma"*Merkel's

tumor"Thyroid

medullaryCarcinoma"'
*Pheochromocytoma"Pancreatic

gaslrinoma"Insulinoma"Small

cell lungcarcinoma"TotalTumor

biopsies0/20/314/140/11/12/20/86/76/121/20/10/130/54Celllines0/10/82/66/81/19/24Total0/30/314/140/9I/I2/68/100/87/86/121/2(I/I0/139/78

123456789

" Ten-30 ^g of total RNA were analyzed by Northern blot.
* Five-15 /*gof the polyadenylaled fraction were analyzed by Northern blot.

proio-dhl expression. We found that the dbl protooncogene
mRNA is consistently detectable at high frequency in some
tumors of neuroectodermal origin including thyroid medullary
carcinomas (Fig. 2, Lanes 2, 8, 10, 11), pheochromocytomas
(Fig. 2, Lanes 4, 5, 7), meningiomas (Lane 9), and Ewing's

sarcomas (Lane 3). Overall, the incidence of proto-dbl gene
expression in tumors of neuroectodermal and neuroendocrine
origin was 39 of 78 (Table 3). A 5-kilobase proio-dbl specific
transcript was always detected, consistent with the idea that, in
these tumors, proto-Â«//Â»/is not activated by gross re
arrangements. The positive samples belong to a few histiocytes.
In fact, proto-dbl is consistently absent from gliomas (see Fig.
2, Lane 13), neuroblastomas, Merkel's tumors, and medullo-

blastomas (Table 3).
Our previous findings indicated that proto-i/A/overexpression

can be sufficient for induction of transformation of mouse
fibroblasts (6). Thus in order to search for evidence for a direct
contribution of dbl to the development of naturally occurring
tumors, we have investigated the level of expression of proto-
dbl oncogene in human tumors, comparing it with that detected
in two NIH 3T3 transfectant cell lines. The proto-dbl comple
mentary DNA was subcloned in the expression vector pZIP-

15

7.5

1.5

0.15

:t
â€¢â€¢

ÃŸ-actin â€¢ â€¢ *

Fig. 3. uhi mRNA levels in normal and ncoplastic tissues. Top. serial dilutions
of total mRNA hybridized with a Â¿A/cDNAprobe from: Lane 1. NIH 3T3 cells;
Lane 2. NIH 3T3 cells transacted with proto-i/W complementary DNA and
morphologically not transformed (429-13-4); Lane 3. NIH 3T3 cells transfected
with the same construct as in Lane 2 but fully transformed (533-12): Lane 4.
human fetal brain: Lanes 5, 6. and 7. human leptomeninges. operatory biopsies
from three different patients: Lanes 8 and 9. human meningiomas (autoptic
material). Bottoni. The same filter hybridized with a .i-actin probe. The hybridi
zation levels were quantified by integration of the peak areas of the dcnsitometric
scanning and normalized on the .i-actin levels.

Neo SV(X) ( 13) in which transcription is controlled by Moloney
murine leukemia virus long terminal repeats. NIH 3T3 cells
were transfected with this construct and, following marker
selections, single cell clones were analyzed for acquisition of
transformed phenotype and levels of expression of the dbl
protooncogene. One of the clones isolated (533-12) showed a
fully transformed phenotype and high levels of proto-dbl tran
script (6). A second cell clone (429-13-4) expressed lower levels
of proto-dbl transcript and showed no morphological transfor
mation. As shown in Fig. 3, we have compared the level of
proio-dbl transcript detectable in normal fetal brain (Fig. 3,

Lane 4), in three normal human leptomeninges (Fig. 3, Lanes
5, 6, and 7), and in two meningiomas (Fig. 3, Lanes 8 and 9)
with that found in the two NIH 3T3 transfectant cell lines. We
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estimated that the levels of proto-dbl specific RNA found in
both meningiomas (i.e., tumors that consistently express dbl at
relatively high levels among all tumors analyzed; see Fig. 2,
Lane 9) are about 1% of the levels found in the nontransformed
NIH cell clone 429-13-4 (Fig. 3, compare Lane 2 with Lanes 8
and 9). Thus the steady state levels of the proto-Â«//Â»/transcript
present in the human tumors analyzed was much lower than
that required by the protooncogene to transform NIH 3T3
fibroblasts, suggesting the lack of a pathogenetic role of the dbl
protooncogene in the transforming process. In addition, the
steady state levels of the transcript in the meningiomas are not
stimulated if compared to those in normal human leptomenin-
ges (Fig. 3, Lanes 5 and 9). Since the RNAs used derive from
either authoptic material (Fig. 3, Lanes 4 to 7) or bioptic
material (Fig. 3, Lanes 8 and 9) the differences in actin levels
in those samples suggest that a partial RNA degradation oc
curred in some of the samples tested.

DISCUSSION

We report here that the dbl protooncogene is expressed in
three types of tumors of neuroectodermal derivation (14), in
cluding medullary carcinoma of the thyroid, pancreatic gastri-
noma, and pheochromocytoma, as well as in normal adrenal
medulla and fetal and adult brain.

The dbl protooncogene was also found consistently expressed
in meninges, tissues that originate from the neural crest mes-
enchyme (15), as well as in meningioma, which is among the
more frequent nervous system neoplasms. Moreover the dbl
transcript was expressed at very high frequency in Ewing's

sarcomas and their cell lines (12); this tumor, contrary to
previous beliefs, originates from neuroectoderm (16-19).

On the other hand, thyroid papillary carcinomas, tumors
originating from the thyroid follicular cells, as well as normal
thyroids, were negative for the expression of the dbl gene.

The specificity of expression of proto-i/W in tissues of definite
neuroectodermal derivation indicates that the product of the
dbl gene may be involved in the pathway of differentiation of
some of the tissues derived from these cell lineages. We were
not able to find any detectable expression of the dbl in other
neuroectoderm derived tumors, such as neuroblastomas,
gliomas, medulloblastomas, Merkel's tumors, and 4 of 6 neu-

roepitheliomas. These results thus suggest that dbl expression
is not a general feature of all the tissues derived from neuroec
toderm but, more likely, is confined to some specific tissues of
such derivation.

The presence of the dbl related transcript in two fibrosarco-
mas, in one mesenchymal tumor, in two leiomyosarcomas, and
in one rhabdomyosarcoma is difficult to reconcile with the
hypothesis of the dbl transcript being specific for neuroectoder
mal tissues. However, the finding of expression of antigens of
one particular differentiative lineage among tumors of different
histological and embryological lineage is not new (20-22).

The steady state levels of the proto-Â«//Â»/transcript present in
the human tumors analyzed was much lower than that required
by the protooncogene to transform NIH 3T3 fibroblasts. More
over, the steady state levels in tumor samples (meningiomas)
are similar to those found in the corresponding normal coun
terpart (meninges). Thus, if the transcript that is expressed in
the tumors is derived from the normal protooncogene, its levels
of expression are not supportive of a pathogenetic role of the
dbl protooncogene in the transforming process.

It is interesting that the dbl protooncogene from the present

data seems to be specifically expressed in a normal differentia
tion pathway (i.e., a few histological subtypes of the neuroec
toderm); on the other hand, in some instances in vitro it has
been reported to undergo activation thus acquiring an oncogenic
potential. This picture closely resembles the situation already
observed with other protooncogenes, which while normally
involved in growth or differentiation of normal tissues, may,
upon specific mechanisms of activation, acquire an oncogenic
potential.
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