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We examined the alteration and expression of c-myc protooncogene in 11 hu-
man intracranial meningiomas using Southern blot, Northern blot and immuno-
histochemical techniques. Southern blot showed neither amplification nor
rearrangement but Northern blot and immunohistochemical study revealed en-
hanced expression of the c-myc gene. Immunohistochemically, c-myc product
was found in all of the11 cases and seven of these cases showed an above
moderate degree of inmunoreaction in semiquantitative analysis. Loss of het-
erozygosity at IGLCZ2 locus on chromosome 22 was detected in four of the 8
Informative cases. But extent and intensity of immunoreactivity did not correlated
with loss of heterozygosity on chromosome 22. These genetic changes may
play important roles in the pathogenesis of human intracranial meningioma.
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INTRODUCTION

'he c-myc protooncogene, the cellular homologue of
the transforming sequence of the avian myelocytoma-
tosis virus (Vennstrom et al., 1982), is supposed to play
an important role in the normal proliferation and
differentiation of cells, including those of the central
nervous system (Adamson et al., 1987). The c-myc
gene locus Is situated on the long arm of chromosome
8 (Hamlyn et al., 1983) and its product is a 62,000
molecular weight protein, c-myc p®2, which is dom-
inantly located in the nucleus (Eisenman et al., 1985).
This protein is absent in quiescent tissues such as neu-
ron, ova, cardiac myocyte, whereas it i1s abundant in
highly proliferative cells (Jack et al., 1986; Loke et al.,
1988). The c-myc gene is frequently involved in genetic
alteration, such as the amplification, rearrangement
and overexpression, of many cancers (Little et al.,
1983; Hamlyn et al., 1983; Matsumura et al., 1990;
Riou et al., 1987; Varley et al., 1987: Field et al., 1989,
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1990). Deregulation of its expression, usually imply-
INg an increased steady-state mMRNA level, has often
been cited as a possible step in oncogenesis (Reed
et al., 1985). With the availability of monoclonal anti-
bodies, immunohistochemical study can be under-
taken to determine the subcellular distribution and
possible functions of the c-myc protein. Among cen-
tral nervous system tumors, c-myc amplification and
for overexpression were found in glioblastorma mul-
tiforme (Bigner et al., 1988; Engelhard et al., 1989:
Helseth et al., 1988; Fujimoto et al., 1989) and medul-
loblastoma (Raffel et al., 1990; Bigner et al., 1990; Was-
son et al., 1990; MacGregor et al., 1990). There are
few studies of the c-myc gene in meningiomas and
the results are not consistent. Kazumoto et al (1990)
reported that the expression of c-myc mRNA was in-
creased in meningiomas. Conversely, Carstens et al
(1988) did not find genetic alteration of the c-myc gene.
Morevoer, Nakajima et al (1989) also reported that the
nuclear Immunoreaction was usually absent or only
weak In iImmunohistochemical study of the c-myc gene
IN Meningiomas.

In the present study, we examined the alteration and
expression of c-myc gene and c-myc protein in hu-
man intracranial meningiomas using Southern blot
hybridization, Northern blot hybridization and im-
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munohstochemical techniques. And to find any corre-
lation between expression of c-myc gene and |oss Of
putative suppressor gene of human intracraninal
meningioma on chromosome 229, we performed a
restriction fragment length polymorphism (RFLP) anal-
ysis to detect loss of heterozygosity on chromosome
22q with IGLC2 probe.

MATERIALS AND METHODS

Tissues

Surgically removed meningioma tissue was ob-
tained from 11 patients. Peripheral blood sample was
obtained from the same patient. The specimens were
stored at -70°C until DNA and RNA were extracted.
The clinical details of the patients from whom the
tumors were obtained are summarized in Table 1.

DNS Extraction and Southern Blot Hybridization

The high molecular weight DNA was extracted by
the phenol-chloroform method after treatment with so-
dium dodecy! sulfate and proteinase K. 15 micro-
grams of DNA was digested with restriction enzyme
EcoRl under the conditions recommended by the sup-
plier, size fractionated in 0.8% agarose gel, denatu-
rated. neutralized, transferred to a nylon membrance
and then hybridized to 32p labeled c-myc probe. The
c-myc probe used was a 0.4 kilobase pair, Pstl-Pstl
fragment of pHSR-1. The probe was labeled with32 P-
dCTP by the multiprime DNA labeling system. The filter
was then washed and autoradiographed with an in-

Table 1. Summary of Study

Pathology

Patien AgelSex

8 62/F Transitional

2. 59/F Transitional

3. 47/F Meningotheliomatous
4. 25/ Meningotheliomatous
58 A6/F Meningotheliomatous
o. 34/F Meningotheliomatous
4 62/F Meningotheliomatous
8. 38/F Meningotheliomatous
9. 32/F Meningotheliomatous
10. 56/F Meningotheliomatous
i 47/F Meningotheliomatous

Extent (+: below 1/3 of field, + +: between 1/3 and 2/3. + + +: above 2/3)

Intensity (+: weak, + +: moderate, + + T marked)

tensifying screen at -70°C. We also pertormed a RFLP

study to detect loss of heterozygosity on chromosome
22 with IGLC2 probe.

RNA Extraction and Northern Blot Hybridization

The RNA was isolated by a single extraction with
an acid guanidinium thiocyanate-phenol-chloroform
mixture (Chomczynski et al., 1987). RNA was elec-
trophoresed on 1.0% agarose gel containing 6.0% for-
maldehyde, then transferred to a nylon membrane and
then hybridized to the same32 P labeled c-myc probe
as used in Southern blot hybridization. After exposure
to the film, the filter was reprobed with beta actin cDNA
orobe to determine the amount of RNA in each lane.
The c-myc/beta actin expression ratio was compared
to that of a normal baboon brain tissue.

Immunohistochemical study

For immunohistochemical study, ABC (avidin-biotin
complex) method was used (Vector, USA). Five

micrometer-thick section of formalin-fixed and paraffin-

embedded tissue was deparaffinized in xylene and
treated with 0.3% H»0, for 30 minutes in order to block

the endogenous peroxidase activity. After washing with
ohosphate-buffered saline (PBS), the section was
treated with normal horse serum for 20 minutes for
blocking of non-specific binding. Primary antibody.
mouse monoclonal antibody to myc family protein
(CRB, England), was applied overnignt at 4°C. After
washing, biotinylated secondary antibody was given
for 20 minutes, followed by application of ABC for 30

Immunaoreaction Loss of Hetecozygosity

Extent Intensity on chromosome 22
+ + + + + + —
+ + + + + af —
i + a/b
+ s o b -t
+ dei o <k a/b
+ + + — /b
+ + + + —
+ + & a't
o + + a/'b
o + <+ + not checked
" |

_l.
o+

Gl

A/h maintenence of heterozygosity. —: constitutionally homaozygous

a/— or —/b: loss of heterozygosity
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minutes. Aminoethylcarbazole and Meyer's hematox-

ylin were used as chromogen and counterstain. The RESULTS
Immunoreaction in the tumor was analysed semiquan-
titatively according to the extent and intensity. Southern Blot Hybridization
We detected a constant band of 12.5 kilobases pair
1 2 1 2 (kbp) EcoRl, c-myc DNA. Southern blot hybridization

of meningioma DNAs with the c-myc probe showed
neither amplification nor rearrangement of this gene
In any sample. Four (50%) of 8 informative cases rev-

T N T

c-myc beta actin
Fig. 1. Northern blot hybridization analysis using c-myc as Fig. 3. Loss of heterozygosity at IGLC2 locus on chromo-
probe. Case 4 (lane 1) shows the overexpression of ¢-myc some 22. Normal tissue (N} contains two bands (8 and 18
gene when compared with normal baboon brain tissue kilobase) whereas tumor tissue (T) has lost one band.

(lane 2).

1111

Fig. 2. Immunohistochemical staining of the meningioma with ¢-myc monoclonal antibody. Im-
munoreactivity of c-myc monoclonal antibody Immunoreactivity of c-myc product 1s observed in the

tumor tissue.
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ealed loss of heterozygosity at IGLC2 locus on chro-
mosome 22.

Northern Blot Hybridization
Tumor samples were collected and frozen at -70°C for
3 months to one year before isolation of RNAs, so we
couldn't obtain high quality RNA in all cases. Six of
11 cases showed relatively discrete bands on the
ethidium bromide staining of the gel before transfer.
And we could find a definite overexpression of c-myc
gene in patient 4, who had multiple meingiomas and
bilateral acoustic neurinomas.

Immunohistochemical study

The immunoreactivity of the c-myc product within
the tumor was found in all of the 11 cases, and seven
of these cases showed an above moderate degree
of immunoreaction in semiquantitative analysis. C-myc
oroduct was localized mainly in the cytoplasm and
sometimes in the nucleus of the tumor cells and
stromal cells. Extent and intensity of immunoreactivi-

ty did not correlate with loss of heterozygosity on chro-
mosome 22.

DISCUSSION

Amplification and overexpression of the c-myc gene
have been found in a variety of human malignancies,
including lymphomas, leukemia, adenocarcinomas of
the colon, lung cancers, hepatocellular carcinomas,
breast. cancer mouth cancer, pharynx cancer, gliob-
lastoma multiforme and medulloblastoma (Field et al..
1990: Bigner et al., 1988; Raffel et al., 1990). Several
authors have reported that c-myc overexpression or
amplification correlated with prognosis or recurrence
in breast cancer (Varley et al., 1987) and head and
neck cancers (Field et al., 1989).

Meningioma is one of the most common tumors of
the human central nervous system. In most cases, they
are sporadic, solitary and benign, but there is evidence
suggesting genetic predispositions (Russel et al.,
1989). Recently a putative tumor suppressor gene Is
believed to be associated with the chromosomal de-
letion in meningioma and the menignioma locus has
been shown to be located distal to the myoglobin lo-
cus within 22 12.3-gter (Dumanski et al., 1990).
Amplification of c-myc gene has not been reported
in meingioma, but Tanaka et al (1989) reported am-
plification of this gene in two of seven different malig-
nant meningiomas and in one malignant meningioma
cell line. Kazumoto et al (1990) reported that over-
expression of this gene was found in 63%. But Car-
sten et al (1988) could not detect any evidence of over-
expression.

In the present study, we could not detect ampilifica-
tion and rearrangement of the c-myc gene with
Southern blot, but could find loss of heterozygosity on
chromosome 22q in four (50%) of 8 informative cases
as in previous reports. Over-expression of the c-myc
gene was seen in one case compared with norma
brain tissue in Northern blot hybridization, inspite of
degradation of RNA. And it was interesting that Pa-
tient 4, whose meningioma tissue showed not only
overexpression of the c-myc but also loss of chromo-
some 22, was diagnosed with multiple meningiomas
and bliateral acoustic neurofibromatosis.

Seizinger et al (1987) reported that there Is a com-
mon pathogenic mechanism in meningioma and
acoustic neurofibroma, like loss of heterozygosity on
chromosome 22qg. So we can expect enhanced ex-
pression of the c-myc gene in acoustic neurinoma as
well as meningioma. Unfortunately acoustic neuroma
tissue was not available for this patient.

Immunohistochemically, we detected c-myc
products in all of the 11 cases, and seven of the 11
cases showed an above moderate degree of im-
munoreaction in semiquantitative analysis. The demon-
stration of the c-myc protein in the present study further
confirms that the gene is expressed in meningiomas.
Immunohistochemistry may be a more sensitive tech-
nique for detecting c-myc expression if intact mMRNA
can not be obtained. The c-myc protein is thought to
be a DNA-associated nuclear protein.

However, immunohistochemical studies on normal
and tumor tissues have shown conflicting findings on
its subcellular distribution. Loke et al (1988) reportea
that this discrepancy may be due to the effects of for-
malin fixation. When tumor tissue was studied after for-
malin fixation and paraffin embedding, a loss of
nuclear staining was observed concurrent with the ap-
pearance of the c-myc protein immunoreactivity in the
cytoplasm.

The extent and intensity of immunoreactivity did not
correlate with loss of heterozygosity on chromosome
22.

In conclusion, we could detect increased expres-
sion of the c-myc gene without amplification and loss
of heteozygosity on chromosome 22. These genetic
changes may play important roles in the pathogene-
sis of intracraninal meningiomas.

REFERENCE

Adamson ED: Oncogenes in development. Development
99:449-471, 1987,

Bigner SH, Burger PC. Wong AJ, Werner MH, Hamilton SR,
Muhlbaier LH, Vogelstein B, Bigner DD: Gene amplifi-



72

cation in malgnant human gliomas: clinical and
histopathologic aspects. J Neuropathol Exp Neurof
47:191-205, 1988.

Bigner SH, Friedman HS, Vogelstein B, Oakes WJ, Bigner
DD: Ampilification of the c-myc gene in human medul-
loblastoma cell lines and xenografts. Cancer Res
50.2347-2350, 1990,

Carstens C, Zang KD, Blin N: Human KRAS oncogene ex-
pression in meningioma. Cancer Letters 43:37-41, 1988,

Chomczynski P, Sacchi N: Single-step method of RNA iso-
lation by acid guanidium thiocyanate-phenol-chloroform
extraction. Anal Biochem 162:156-159, 1987

Dumanski JP, Rouleau GA, Nordenskjold M, Collins VP:
Molecular genetic analysis of chromosome 22 in 81
cases of meningioma. Cancer Res 50:5863-5867, 1990

Eisenman RN, Tachibana CY, Abrams HD, Hann SR: v-myc
and c-myc-encoded proteins are associated with the
nuclear matrix. Mol Cell Biol 5:114-126, 1985.

Engelhard Il HH, Butler IV AB, Bauer KD: Quantification
of the c-myc oncoprotein in human glioblastoma cells
and tumor tissue. J Neurosurg 71:224-232, 1989

Fazio VM, Oppido PA, Delfini R, Frati L, Martinotti S: Molecu-
lar organization of oncogenes and potentially oncogenic
regulatory genes in primary human brain tumors. J Neu-
rosurg Sci 34:175-180. 1990

Field JK, Spandidos DA: The role of ras and myc oncogenes
in human solid tumours and their relevance in diagno-
SIS anad prognosis (review). Anticancer Res 10:1-22, 1990

Field JK, Spandidos DA, Stell PM, Vaughan ED, Evan G,
Moore JP: Elevated expression of the c-myc oncoprotein
correlates with poor prognosis in head and neck squa-
mous cell carcinoma. Oncogene 4:1463-1468, 1989

Fupmoto M, Sheridan PJ, Sharp ZD, Weaker FJ, Kagan-
Hallet KS, Story JL: Protooncogene analyses in brain
tumors. J Neurosurg 70:910-915, 1989.

Hamlyn PH, Rabbitts TH: Tranlocation joins c-myc and im-
munoglobulin gammal genes in a Burkitt lymphoma rev-
ealing a third exon in the c-myc oncogene. Nature
304:135-139, 1983

Helseth E. Unsgaard G. Dalen A. Fure H. Skandsen T
Odegaard A. Vik R: Amplification of the epidermal
growth factor receptor gene in biopsy specimen from
human intracranial tumors. Br J Neurosurg 2:.217-225.
1988

Jack AS. Kerr IB. Evan G, Lee FD: The distribution of the
c-myc oncogene product in mahgnant lymphomas and
various normal tssues as demonstrated by im-
munocytochemistry. Br J Cancer 53:713-719. 1986

J.-H. Kim, S.-H. Lee, K.-J. Cho, et al.

Kazumoto K, Tamura M, Hoshino H. Yuasa Y: Enhanced
expression of the sis and c-myc oncogenes in human
meningiomas. J Neurosurg 72:786-791, 1990

Little CD, Nau MM, Carney DN, Gazdar AF, Minna JD: Am-
plification and expression of the c-myc oncogene in hu-
man lung cancer cell line. Nature 306:194-196. 1983

Loke S-L, Neckers LM, Schwab G, Jaffe ES: c-myc protein
in normal tissue: Effects of fixation on its apparent sub-
cellular distribution. Am J Pathol 131:29-37 1988

MacGregor DN, Ziff EB: Elevated c-myc expression in child-
hood medulloblastomas Pediatr Res 28:63-68, 1990

Matsumura T. Dohi K: Alteration and enhanced expression
of the c-myc oncogene in human colorectal carcinoma.
Patho Hes Pract 186:205-211, 1990

Nakajima Y, Yoshimine T, Hayakawa T, Maruno M, Mushiroi
T, Nakagawa H, Mogami H: Immunohistochemical study
of c-myc oncogene product in human brain tumors. No-
fo-Shinkei 41:617-621, 1989

Raffel CD. Gilles FE. Weinberg Kl: Reduction to homozy-
gosity and gene ampilification in central nervous system
primitive neurcectodermal tumors of childhood. Cancer
Res 50:587-591. 1990,

Reed JC. Nowell PC, Hoover RG:. Regulation of ¢-myc
MANA levels in normal human lymphocytes by modu-
lators of cell proliferation. Proc Natl Acad Sci USA
82:4221-4224, 1985,

Russell DS, Rubinstein LJ: Pathology of the tumours of the
nervous system. 5th edition, Edward Arnold, Lodon, pp
449-505, 1989

seizinger BR, Rouleau G, Ozelius LJ: Common pathogenet-
ic mechanism for three tumor types in bilateral acoustic
neurofibromatosis. Science 236:317-319, 1987

Tanaka K, Sato CS, Maeda Y. Koike M. Matsutani M. Yama-
da K, Miyaki M: Establishment of a human malignant

meningioma cell line with ampiified c-myc oncogene.
Cancer 64.2243-2249 1989

varley JM. Swallow JW. Breammar WJ. Whittaker JL. Walk-
er RA: Alterations to either c-erb B-2 (neu) or c-myc proto-
oncogenes in breast carcinomas correlate with poor
short-term prognosis. Oncogene 1:423-430. 1987

Vennstrom B, Sheiness D, Zabielski J, Bishop J: Isolation
ana characterization of c-myc, a cellufar homolog of the
oncogene (v-myc) of the avian myelocytomatosis virus.
J Virol 42;773-779, 1982.

Wasson JC. Saylors RL [ll. Zelter P. Friedman HS. Bigner
oH. Burger PC. Bigner DD. Look AT Douglass EC.
Brodeur GM: Oncogene amplification in pediatric brain
tumors. Cancer Res 50:2987-2990. 1990



