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ABSTRACT

A deletion in an Alti repetitive sequence in the fifth intron of the c-sis
gene of meningioma patients was previously described (M. Smidt et al.,
J. Clin. Invest., 86:1151-1157,1990). The authors analyzed the structure
of this intron in DNA from peripheral blood leukocytes and tumor
samples of 86 patients with sporadic meningiomas. After amplifying
these DNA sequences by the polymerase chain amplification reaction,
the authors failed to find any cases with deletions. They also analyzed
the effects on the expression of c-sis of the fifth intron with or without
the deletion. A c-sis expression clone with an SV40 promoter was
modified by adding introns 4, 5, and 6, and the resulting clones were used
to examine the expression of c-sis mRNA in Al 72, NIH3T3, and Cos-7
cells. Northern blots showed that the quantity of message was not
changed when the introns were present and that the size of the message
was not changed by the deletion in the fifth intron. The effect of the fifth
intron Alu sequence on the c-sis promoter was also tested using clones
with chloramphenicol acetyltransferase as a reporter gene in A172 and
Cos-7 cells. The c-sis promoter was not affected by the fifth intron Alu
sequence with or without the deletion and in either orientation. There
were also no effects when cells were stimulated by phorbol 12-myristate
13-acetate or the regulatory gene Tax from human T-lymphotropic virus
type 1. These data do not support a role for deletions in the fifth c-sis
intron in the development of most sporadic meningiomas.

INTRODUCTION

The c-sis protooncogene is one of two genes that encode
polypeptides that compose homo- or heterodimeric forms of
platelet-derived growth factor (1). The c-sis gene includes 7
exons spanning 22 kilobases (2). Its expression is tightly regu
lated and is found in developing placenta, vascular smooth
muscle cells, activated monocytes, differentiating endothelial
cells, astrocytes in the central nervous systems, and certain
malignant tumors, including glioblastomas and lymphocytes
transformed by HTLV13 (3-9). Expression of the gene can also

be induced by either phorbol esters or transforming growth
factor ÃŸ(10, 11).

Meningioma development in humans is frequently associated
with abnormalities of chromosome 22 (12, 13) which often map
to the long arm of the chromosome near the c-sis gene (14, 15).
One such abnormality, a deletion in the fifth intron of the c-sis
gene, was found to be closely associated with the development
of meningioma in a family (16). The deletion was 135 base
pairs long and was located within an Alu repetitive sequence.
An unrelated individual with meningioma was found to have
an identical deletion in DNA isolated from both leukocyte and
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tumor tissue (16). To determine whether this deletion was
correlated with meningioma development, we screened DNA
from an additional 86 sporadic meningioma patients and have
undertaken functional studies using expression clones contain
ing all or part of the fifth intron of the c-sis gene with and
without the deletion in the Alu sequence.

MATERIALS AND METHODS

Plasmid Constructions. Expression plasmids were made from pSMl,
which has an SV40 promoter, polyadenylate-containing tail, and c-sis
cDNA from part of exon 1 and exons 2 to 7 (17). Clone pSMl-14 was
constructed from pSMl by Xho\ digestion and ligation under dilute
conditions, thus deleting the c-sis cDNA sequences from the vector.
Clone pSM 1-11 was constructed from pSM I by substitution of the 0.8-
kilobase BstEU DNA fragment from the cDNA sequences with that
derived from the genomic c-sis clone pL3.V, thus introducing intron 6
(16). Introns 4, 5, and 6 were added to pSMl with and without the
deletion in the intron 5 Alu sequence as follows. Plasmid pSMl was
digested with Bgl\l. which cuts in exon 4, and ligated to a 4-kilobase
Bgt\\ fragment from the genomic c-sis clone. pL33NI (16) that contains

part of exon 4, intron 4, exon 5, and part of intron 5. The Xba\ (intron
4) to Sac\ (exon 7) fragment was replaced with the Xbal (intron 4) to
Sac\ (intron 5) fragment from pL33N1to create the intermediate clone

pSMl-XS. The 3.7-kilobase Sac\ (intron 5) to Sad (exon 7) fragment
from pMD (16) was ligated into the single Sad site in pSMl-XS. The
final plasmid was named pSMl-I4-6D and contained the deleted Alu
sequence in intron 5. To make the undeleted clone, a second interme
diate construct was required. The 3.7-kilobase .Caci fragment from
pMD was ligated into the Soci site of pUCI9 (New England Biolabs,
Inc., Beverly, MA). Two BamHl fragments were replaced by a 2-
kilobase Bgl\\ to Bam\\\ fragment from pL33M. Then the 1.7-kilobase
BamH\ fragment from pL33' (16) was ligated into the remaining
BamH\ site to reconstruct the entire 3.8-kilobase undeleted Sad to
Sad fragment in pUC19. This Sad fragment was ligated into the .Caci
site of pSMl-XS to make plasmid pSMl-I4-6N, which was identical
to pSMl-14-6D except that the Alu sequence in intron 5 was not
deleted. Both pSMl-I4-6N and pSMl-I4-6D have two deletions that
were created during their construction and are not in the genomic c-sis
DNA. The first is a 104-base pair piece deleted in intron 5 between the
SacI sites between positions 1 and 105 (16), resulting in the loss of a
Pru\\ site and a third Sad site. The second deletion is 99 base pairs
long and is between the SacI sites at positions 2218 and 2317 (17) in
exon 7.

Part of intron 5, including the Alu sequence, was added to plasmid
SIS-CAT1 which contains the c-sis gene promoter linked to the CAT
gene (18). The plasmid SIS-CAT1 was digested with Smal 5' to the c-

sis promoter sequences and ligated to the 1.3-kilobase Bglll to Pvu\\
fragment from pSMl-I4-6N or pSMl-I4-6D which had been blunt
ended with T4 DNA polymerase. The fragments were placed in both
orientations to create SIS-CATNI1 (not deleted Alu sequence, same
orientation as the promoter and CAT gene), SIS-CATD26 (deleted Alu
sequence, same orientation as the promoter and CAT gene), SIS-
CATN14 (not deleted, opposite orientation), and SIS-CATD13 (de
leted, opposite orientation).

Polymerase Chain Amplification Reaction. DNA from both peripheral
blood leukocytes and tumor tissue of meningioma patients was ampli
fied using the materials in Gene Amp kits (Perkin-Elmer Cetus, Nor-
walk. CT) with the times and temperatures for the cycles and the
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Fig. 1. Deletion in the c-sis gene does not occur in most sporadic meningiomas.
DNA from meningioma patients' peripheral blood mononuclear cells (A'l or
tumor tissue (7") was used for amplifying part of the fifth intron of the c-sis gene

by polymerase chain amplification reaction. The results from five of the patients
tested showed that all have only the normal alÃelewhich gave a 2.1-kilobase DNA
product. H9 DNA was from a human cell line with a normal c-sis gene and also
gave the 2.1-kilobase DNA product. MD is a DNA clone from a patient with the
135-base pair deletion in the fifth intron of the c-sis gene, which gave rise to a
2.0-kilobase DNA product.

oligomer primers described previously (16). Control DNA was from
H9 cells (nondeleted alÃele)or phage clone AMD (16) (deleted alÃele).

Northern Blot Analysis. A172 (human glioma) cells, NIH3T3 (mouse
fibroblast) cells, or Cos-7 (monkey kidney) cells were transfected by
calcium phosphate coprecipitation (19) with pSMl-11, pSMl-14 (pos
itive and negative controls, respectively), pSMl-I4-6N, and pSMl-I4-
6D (described above). RNA was isolated 3 to 4 days after transfection
by the method of Chirgwin et al. (20). RNA was analyzed by subjecting
10 Â¿igto electrophoresis in an agarose/formaldehyde gel and blotting
onto nitrocellulose as described by Fourney et al. (21). Probes were
made by random hexamer priming of the c-sis cDNA in a 2-kilobase
Sacl-Sadl fragment from pSMl (16) and /3-actin DNA from a 1.7-

kilobase Hindlll fragment (22).
CAT Assays. Cultured cells of Al 72 or Cos-7 cells were transfected

by calcium phosphate coprecipitation with SIS-CAT 1 and all of its
derivatives described above, SP65-CAT3 (23) (negative control), SV2-
CAT (18) (positive control for PMA activation), or HTLV1-CAT (23)

(positive control for Tax activation). Duplicate cultures were grown, of
which one half was stimulated either by adding 15 nivi PMA to the
culture 24 h after transfection or by cotransfecting with pCBSPEL4

which contains a cytomegalovirus promoter and the Tax gene from
HTLV1. Cells were harvested 48 to 60 h after transfection. Cell lysates
were prepared, and CAT assays were performed as described previously
(23). Transfection efficiencies were determined by isolating Hirt's su

pernatant DNA (24) from one-tenth of the cells harvested. The DNAs
were blotted onto nitrocellulose using a dot blot template (Bio-Rad,
Richmond, CA). Plasmid DNAs from SV2-CAT and pL33M were

included as positive and negative controls, respectively. The blot was
probed with the 800-base pair Hindlll fragment from MPMV-CAT
(23) which contained only the CAT sequences. The probe was labeled
by random hexamer priming.

RESULTS

Polymerase chain amplification reaction analysis of DNA
from the constitutional and tumor tissue from 86 meningioma
patients showed that all samples contained only the normal
alÃele.Fig. 1 shows the results from five patients. A single 2.1-
kilobase band was present in all patient samples as well as the
normal control, H9. DNA cloned from a patient with the
deletion, XMD (16), gave a 2.0-kilobase band. DNA containing
one nondeleted and one deleted alÃelewould be expected to give
a 2.1/2.0-kilobase doublet (16).

Northern blots of RNA isolated from cells transfected with
the expression plasmids are shown in Fig. 2. Addition of introns
4 and 5 to the expression plasmid did not change the levels of
c-sis mRNA compared with that of cells transfected with pSM 1-
11 in carefully controlled experiments (see densitometry meas
urements on RNA from Cos-7 cells; Fig. 2C). In some experi
ments, cells transfected with pSMl-I4-6N or pSMl-I4-6D had
somewhat lower levels of c-sis mRNA compared with cells
transfected with pSMl-11 (e.g., see RNA from NIH3T3 cells;
Fig. 2B); however, these results could not be consistently repro
duced. Overall, similar results were obtained in all three cell
types. The mRNA samples transcribed in cells transfected with
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Fig. 2. Sequences in the fifth intron do not affect c-sis expression. Northern blot analysis was performed on RNA from <~ellstransfected with C-ÃŽKexpression
clones. Plasmid pSMl-11, which contained all of the c-sis cDNA and intron 6, was used as the positive control. Plasmid pSMl-14 contained no c-sis sequences and
was used as the negative control. Plasmids pSM 1-I4-6N and pSM 1-I4-6D contained the c-sis cDNA and introns 4, 5, and 6. The former plasmid had the normal fifth
intron sequence; the latter plasmid carried the deletion in the fifth intron. The three different cell types used, A172, NIH3T3, and Cos-7 cells, gave similar results.
The amount and size of the c-sis mRNA was not affected by the deletion. The amount of /3-actin mRNA showed that equal amounts of RNA were loaded for each
experiment. Densitometry measurements were made on the bands obtained from Cos-7 cells. Endogenous c-sis mRNA was detected only in the human cell line,
A172.
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Fig. 3. Sequences from the fifth intron do
not affect c-sis promoter responses to PMA or
HTLV1 Tax. The activity of the c-sis promoter
was measured by assays for the products of the
reporter gene CAT, which was present in all
the plasmids utilized. Other sequences present
were as follows: SIS-CAT 1 contained the c-sis
promoter; SP65-CAT3 contained no pro
moter; SIS-CATN11 had the c-sis promoter
and the part of the fifth intron of the c-sis gene
that contains the Alu repetitive sequence, SV2-
CAT had the SV40 promoter, and HTLV1-
CAT had the promoter from the long terminal
repeat sequence of HTLV1. PMA stimulated
the SV40 promoter, but had no effect on the
c-sis promoter with or without the fifth intron
sequences. Tax stimulated both the HTLV1
and c-sis promoter, and the effect on the latter
was similar in the presence or absence of the
fifth intron sequences.
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pSMl-I4-6N and pSMl-I4-6D were the same length, but
smaller than that derived from pSMl-11 because of the 99-
nucleotide deletion that was created in exon 7. The mRNA
from pSMl-11-transfected cells was nearly the same size as the
endogenous c-sis mRNA that was detected in A172 cells (Fig.
2). Endogenous c-sis mRNA was not detected with our probe
in the murine (NIH3T3) or monkey (Cos-7) cells.

The fifth intron Alu sequence had no effect on the c-sis
promoter which was linked to the reporter gene CAT (Fig. 3).
The results in A172 cells were the same as in Cos-7 cells and
were not affected by the orientation of the fifth intron sequence
or the presence or absence of the deletion within the Alu
sequence (data not shown). The c-s/5 promoter was not stimu
lated by PMA, and the fifth intron sequence did not confer
PMA responsiveness. In contrast, the SV40 promoter in SV2-
CAT was strongly stimulated by PMA. The regulatory gene
Tax from HTLV1 stimulated the promoter found in the
HTLV1 long terminal repeat as well as the c-sis promoter. This
stimulation was similar in the presence or absence of the fifth
intron sequence. Transfection efficiencies for all the plasmids
were similar (data not shown).

DISCUSSION

Our results show that the previously described deletion in the
fifth intron of the c-sis gene (16) is not correlated to sponta
neous development of meningioma, since only one in over 100
cases was found. Familial cases other than those in the original
description of the deletion (16) have not been examined, nor
have we looked for other abnormalities in the c-sis gene from
meningioma patients. However, it remains possible that the c-
sis gene is involved in meningioma development without di
rectly requiring the fifth intron Alu sequence deletion.

Our studies also failed to show any regulatory function of the
fifth intron Alu sequence with or without the deletion. The size
of the c-sis mRNA on Northern blots indicated that normal
splicing occurred regardless of the presence of introns. The lack
of change in the level of c-sis mRNAs suggested that there was
no effect on the SV40 promoter present in the clones we used.
Similarly the c-sis promoter failed to respond in any way to the
fifth intron sequences, leading us to conclude that if the fifth
intron Alu sequence has any regulatory function, it is either an
indirect effect on transcription or targets some other process.
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