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Genomic imprinting of IGF2 and H/9 in human meningiomas
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Abstract

A number of genes, including /GF2 and HI19, are normally imprinted with preferential expression of the paternal or maternal
allele, respectively. Loss of imprinting (LOI) of IGF2 and H19 is found in a number of tumours, suggesting that LOI of IGF2 and/
or H19 may play an important role in tumorigenesis. The /GF2 gene codes for a fetal growth factor and the H19 gene is likely to act
as an RNA with an antitumour effect. We investigated the imprinting status of IGF2 and HI9 in human meningiomas. The nor-
mally imprinted /GF2 gene lacks imprint in the leptomeninges and choroid plexus of the brain. To examine the imprinting status of
IGF2 and H19 in human meningiomas we used the Apal polymorphism in exon 9 for the /GF2 gene and the Alul polymorphism in
exon 5 for the H/9 gene. In total, 24 meningiomas of WHO grade I, II and III were analysed. 15 meningiomas (63%) were infor-
mative for the Apal polymorphism in the IGF2 gene. Monoallelic expression (MAE) for /GF2 was found in 11 out of 15 tumours
(73%) which is in contrast to the lack of imprinting status of /GF2 in leptomeninges. Ten cases (42%) were heterozygous for the
HI19 gene and biallelic expression was found in 3 out of 10 meningiomas (30%). These results indicate that modulation of the
imprinting status of /IGF2 and H19 may play an important role for the development of meningiomas. © 2000 Elsevier Science Ltd.

All rights reserved.
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1. Introduction

Meningiomas are composed of neoplastic menin-
gothelial cells and represent between 13 and 26% of
primary intracranial tumours. Meningiomas are often
multiple in patients with neurofibromatosis type 2
(NF2) and other families with a hereditary predisposi-
tion to meningioma [1]. Although patients with menin-
giomas are most commonly middle-aged, children are
also affected showing a tendency towards the more
aggressive forms. The WHO classification comprises
grade I meningiomas, grade II atypical meningiomas
and grade III anaplastic (malignant) meningiomas.
Various subtypes, with meningothelial (arachnoidal),
fibrous and transitional meningiomas being by far the
most common, are included in the classification [2].
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Genomic imprinting is a process by which the two
parental alleles of an autosomal gene are differentially
expressed [3]. Loss of imprinting (LOI) or biallelic
expression may as an epigenetic factor play a pivotal
role in tumorigenesis [4]. This is supported by the
observation that patients with Beckwith-Wiedemann
syndrome (BWS) presented LOI in their non-tumori-
genic tissues, indicating that LOI precedes the develop-
ment of cancer and is not merely an epiphenomenon
[5,6]. Approximately 70% of Wilms’ tumours, fre-
quently associated with BWS, showed LOI of IGF2
resulting in an increased gene dosage of IGF2 [7]. In
mouse, /IGF2 is expressed at high levels in fetal life, but
its expression is down-regulated soon after birth [8].
Parental imprinting leads to the inactivation of the
maternal allele of IGF2 in fetal tissues, except in the
CNS, where both alleles are functional [3]. In fact, IGF2
is not parentally imprinted in the leptomeninges and
choroid plexus [9]. LOI of IGF2 occurs in medullo-
blastomas but can also occur in normal fetal cerebellum
indicating that its occurrence in medulloblastomas may
reflect the embryonal nature of the tumour rather than
representing a primary pathogenetic mechanism [10].
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The majority of gliomas revealed a loss of imprinting
for IGF2 but maintained imprinting for H/9 in all cases
suggesting that LOI of /GF2 but not H19 plays a role in
the development of human gliomas [11].

The H19 gene is widely expressed during the develop-
ment of the human and mouse foetus [12-14] and is
located near the /IGF2 gene on chromosome 11pl5.5
[15]. The gene codes for an RNA which is spliced and
polyadenylated [16]. In contrast to earlier reports, the
H19 transcript is associated with polysomes and a pos-
sible trans-function of the HI19 gene has been suggested
as there appears to be a reciprocal correlation in trans
between cytoplasmic H19 and IGF2 mRNA levels [17].
H19 is thought to act as a tumour suppressor because
overexpression of the gene results in the abolition of
tumorigenicity of the G401 embryonic rhabdomyo-
sarcoma cell line in nude mice [18]. Furthermore,
decreased expression of the H19 gene is associated with
the transition of a normal kidney cell to nephro-
blastoma [6]. In addition, downregulation of HI9 was
found in an adrenocortical carcinoma cell line when
compared with normal fetal adrenal gland tissue [19]. In
some tumours with loss of imprinting of IGF2, the
expression of the H19 gene is totally abolished whereas
no change of expression was seen in tumours with nor-
mal imprinting [6].

Since the IGF system modulates tumorigenesis and
apoptosis [20], epigenetic modification of the IGF2 gene
may have a profound impact on the gene transcription
level. Previous studies revealed high IGF2 mRNA levels
in meningiomas [21,22]. Recently, a high ratio of IGF2/
IGF-binding protein-2 mRNA has been described as a
marker for anaplasia in meningiomas [23]. Thus, we
investigated whether modulation of imprinting of both
IGF2 and HI19 may be involved in the development of
meningiomas.

2. Patients and methods
2.1. Patients and tissues

Twenty-four meningiomas were obtained from the
Department of Neurosurgery at the University Hospital
Eppendorf, Hamburg, Germany. Tumour samples were
immediately frozen in liquid nitrogen and stored at
—70°C until use. Grading and staging was performed
according to the criteria established by WHO [2].

2.2. DNA and RNA extraction

Genomic DNA was extracted from meningiomas
using the Qiamp Kit (Qiagen, Hilden, Germany). Total
RNA of cells and tumour samples was isolated by
homogenisation with Tri Star Reagent™ (acid-guani-
dinium method), followed by phase separation with

chloroform and precipitation with isopropanol. The
RNA was treated with RNase-free DNase (Boehringer-
Mannheim, Mannheim, Germany) for at least 3 h.
Reverse transcription was carried out using random
primers and following the manufacturer’s instructions
in the ‘Ready to go kit’ (Pharmacia, Uppsala, Sweden).

2.3. PCR reaction and restriction fragment length
polymorphism (RFLP)

The PCR reactions contained 100 ng cDNA or geno-
mic DNA (gDNA), 0.2 units of AmpliTaq Gold Poly-
merase (Perkin-Elmer, Weiterstadt, Germany), 0.2 mM
Jump Start dNTPs, 1xPCR buffer, 20 pmol sense pri-
mer and 20 pmol antisense primer in 20 pl and were
performed in a thermal cycler (Perkin-Elmer) at the
following temperatures:

IGF2: 94°C for 16 min, 30 cycles at 94°C for 1 min, at
55°C for 1 min and at 72°C for 2 min, followed by 72°C
for 10 min. To check the quality of the PCR products
before restriction analysis, one tenth of the reaction was
size separated by electrophoresis on a 2% agarose gel.

H19: 94°C for 16 min, 35 cycles at 94°C for 40 s, at
66°C for 40 s and at 72°C for 40 s, followed by 72°C for
10 min. To check the quality of the PCR products
before restriction analysis, one tenth of the reaction was
size separated by Visige]™ Separation Matrix (Strata-
gene, Heidelberg, Germany) electrophoresis.

The presence of a polymorphic pattern was examined
in each sample using an Apal polymorphism for IGF?2
[7] and an Alul polymorphism for the HI19 gene [24].
IGF2 gDNA and cDNA were amplified using sense pri-
mer 5-CTTGGACTTTGAGTCAAATTGGC-3 and
antisense primer 5-CCTCCTTTGGTCTCAAATTGG-
3’ as described by Tadokoro and colleagues [25]. The
PCR product size was a 236 bp fragment; after Apal
restriction 236 bp (no restriction site), and 173 and 63
bp fragments were detectable when a restriction site was
there. The 63 bp fragment was not detectable by gel
electrophoresis. Thus, in cases of heterozygosity there
were two fragments on the gel of 236 and 173 bp. HI9
gDNA and cDNA were amplified using sense primer 5'-
CTTTACAACCACTGCACTACCTG(AC)C-3 and anti-
sense primer 5-GATGGTGTCTTTGACGTTGGGC-
TGA-3' as described by Yballe and colleagues [26]. The
PCR product size from gDNA was 174 bp fragment; after
Alul restriction 174 and 130 bp fragments were detect-
able (in cases of heterozygosity). Using cDNA, the prod-
uct size was 95 bp; after Alul restriction 95 and 51 bp
fragments were detectable (in cases of heterozygosity).

3. Results

We analysed 24 human meningiomas for monoallelic
or biallelic expression of IGF2 and HI9 respectively
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Fig. 1. (a) Allele-specific expression pattern of the /GF2 in human meningiomas. In lanes 1 and 2, a case of meningioma that lacks imprinting for
IGF2. In lanes 3 and 4, a case that shows monoallelic expression. Lane 1: PCR product of the cDNA of case 8 (see Table 1); lane 2: restriction
analysis of the PCR product of lane 1: the presence of a fragment of 236 bp and one with 173 bp indicates that this case shows the presence of both
alleles. Lane 3: PCR of cDNA of case 4; lane 4: restriction analysis of the fragment in lane 3 showing only the 236 bp fragment indicating mono-
allelic expression of the IGF2 gene. (b) Allele-specific expression pattern of the H/9 gene in human meningiomas. In lanes 1 and 2, a sample of LOI
of the H19 gene is shown; in lanes 3 and 4 a sample of imprinting. Lane 1: PCR product of the cDNA of case 3 showing a 95 bp product; lane 2:
restriction analysis with Alul of the product showing in lane 1. Two fragments (95 bp and 51 bp) are shown meaning LOI of the H/9 gene in case 3.
Lane 3: PCR product of the cDNA of case 17; lane 4: restriction analysis with Alul of the product showing in lane 3: only one fragment detectable

which means that in case 17 the H79 gene is imprinted.

(Fig. 1a, b; Table 1). RFLP of genomic DNA-PCR and
cDNA-PCR analysis was performed. For IGF2, an
analysis using an Apal/RFLP in the 3'-untranslated
region of the IGF2 gene was performed (Fig. 1a). For
H19, an Alul/RFLP was used in order to identify the
presence of the polymorphism in this gene (Fig. 1b).

15 (63%) of the 24 cases were informative at DNA
level and thus, showed heterozygosity of the alleles of
the IGF2 gene by using the Apal polymorphism in exon
9 of the IGF?2 gene [7]. In four meningiomas, 292 bp and

231 bp fragments were observed in the amplified cDNA
samples. The other 11 informative cases showed mono-
allelic expression for IGF2 as either the 292 bp or 231 bp
band was detectable.

Ten (42%) of 24 meningiomas were heterozygous for
the H19 gene by using the Alul polymorphism in exon 5
of the H19 gene [24]. Biallelic expression was found in 3
(30%) of 10 cases as evidenced by the presence of a 228
bp and 128 bp band after digestion of the genomic
DNA-derived PCR product.

Table 1
DNA heterozygosity and allelic expression of IGF2 and H19 in human meningiomas

IGF2/Apal HI19/Alul
Case Age (years)/sex Histology gDNA cDNA Allelic usage gDNA cDNA Allelic usage
1 52/f 11 a - - a - -
2 60/f 11 a - - a - -
3 64/m 1T a - - a/b a/b BAE
4 94/f 11 a/b a/— MAE a - -
5 60/f 11 a/b a/- MAE a - -
6 53/t 1 a/b a/— MAE a - -
7 49/m 11 a/b a/— MAE a - -
8 S8/f 11 a/b a/b BAE a/b a/b BAE
9 71/f 11 a/b a/- MAE a/b —/b MAE
10 37/f I a/b a/- MAE a/b a/b BAE
11 71/f I a - - a/b a/— MAE
12 53/m I a - - a/b a/— MAE
13 S1/f 1 a/b a/b BAE a - -
14 56/m I a - - a/b a/— MAE
15 57/t 11 a - - a - -
16 53/t 11 a - - a - -
17 33/f 111 a/b a/- MAE a/b a/— MAE
18 74/f I a/b a/b BAE a/b —/b MAE
19 63/f 11 a/b a/- MAE a - -
20 79/f II a a/- - a - -
21 62/f 11 a/b a/- MAE a - -
22 41/t I-11 a/b a/- MAE a - -
23 22/f 1 a/b a/b BAE a/b aj— MAE
24 3/f I a/b a/- MAE a - -

BAE, biallelic expression; MAE, monoallelic expression; a, uninformative not a/a homozygote; a/b, heterozygote; a/—, monoallelic expression of
a allele; —/b, monoallelic expression of b allele.
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4. Discussion

Numerous studies have revealed abnormal imprinting
of IGF2 and HI9 in a wide range of tumours. In addi-
tion, overexpression of IGF2 gene has also been repor-
ted in meningiomas [21-23]. This study shows that
monoallelic expression for IGF2 as well as loss of
imprinting for H/9 occurs in a number of human
meningiomas which further underlines their pivotal role
in meningioma tumorigenesis.

Relaxation of imprinting of the IGF2 gene con-
comitantly with activation of the maternal allele has
been found in Wilms’ tumour, rhabdomyosarcoma and
lung carcinoma [27]. Moreover, the resulting increase in
the number of active /GF2 genes may constitute a
favourable step towards tumour progression [5,28-31].
In contrast, monoallelic expression of the IGF2 gene
was seen in hepatoblastoma, indicating that in this case
normal imprinting of this locus is maintained [32].
Abnormally imprinted cells are susceptible to epigenetic
modification when treated with 5-aza-2'-deoxycytidine,
a specific inhibitor of cytosine DNA methyl-transferase
[33].

H19 is paternally imprinted and the maternal allele is
expressed transiently during embryogenesis whilst it is
repressed in the adult [34]. The inactive HI9 allele is
methylated within the promoter sequences, possibly
resulting in an altered chromatin structure and thereby
preventing the binding of specific transcription factors.
In contrast, IGF2 is preferentially methylated on the
active allele [35]. HI9 may be involved in cellular dif-
ferentiation as it is preferentially expressed in differ-
entiating fetal tissues [12] and was also found to have a
potential tumour suppressor activity in embryonal car-
cinoma cell lines [18]. Furthermore, decreased HI19
mRNA expression has been reported in Wilms’ tumours
[6,19]. The similar expression pattern and reciprocal
imprinting of IGF2 and HI19 suggests that they are
coordinately regulated by an enhancer which activates
either IGF2 or H19 [36].

Loss of imprinting of IGF2 is tightly linked to down-
regulation of H/9 in Wilms’ tumours [6,19]. However,
hepatoblastoma with loss of imprinting showed HI9
expression at levels comparable to those of hepato-
blastomas with normal imprinting [37]. Consequently,
expression of the maternal allele of /GF2 in hepato-
blastoma does not necessarily involve downregulation
of HI9.

We have previously demonstrated the presence of
IGF2 mRNA transcripts and synthesis in glioma cell
lines [38]. IGFs are probable survival factors that block
a common late intracellular apoptosis pathway and, at
the same time, act as progression factors to upregulate
growth in gliomas [39]. Overexpression of IGF2 mRNA
in meningiomas may, in some cases, be the result of a
lack of imprinting for IGF2. 1t is likely that IGF2 as a

survival factor blocks apoptosis and as a progression
factor stimulates growth in meningiomas. However,
most meningiomas present monoallelic expression for
IGF2 which could be due to mosaicism (MAE and LOI)
within cells. Ohlsson and colleagues [40] showed that
parental IGF2 alleles can be differentially expressed in
tumours indicating epigenetic heterogeneity. Loss of
alleles and/or heterozygosity as a possible mechanism is
excluded as the DNA is derived directly from the
tumour. Recently it was shown that LOI of IGF2 was
region-specific in the adult human brain [41]. Finally,
the possibility that some individual leptomeninges show
imprinting for IGF2 (e.g. polymorphism) has not yet
been proven.

In conclusion, abnormal imprinting for /GF2 and
H19 may play an important role in meningioma tumori-
genesis. Therapeutic modulation of aberrant imprinting
status may constitute a novel approach for the treat-
ment of meningiomas.

Acknowledgements

This study was supported by the Werner Otto-Stif-
tung, Hamburg, Germany. We are indebted to Dr Paul
N. Schofield, University of Cambridge, Cambridge, UK
for his valuable comments.

References

1. Louis DN, Ramesh V, Gusella JF. Neuropathology and molecu-
lar genetics of neurofibromatosis 2 and related tumors. Brain
Pathol 1995, 5, 163-172.

2. Louis DN, Budka H, von Deimling A. Meningiomas. In Kleihues
P, Cavenee WK, eds. Tumours of the Nervous System. Lyon,
International Agency for Cancer Research, 1997, 133-141.

3. Efstratiadis A. Parental imprinting of autosomal genes. Curr
Opin Genet Dev 1994, 4, 265-280.

4. Joyce JA, Schofield PN. Genomic imprinting and cancer. J Clin
Pathol: Mol Pathol 1998, 51, 185-190.

5. Weksberg R, Shen DR, Fei YL, Song QL, Squire J. Disruption
of insulin-like growth factor 2 imprinting in Beckwith-Wiede-
mann syndrome. Nature Genet 1993, 5, 143-150.

6. Steenman MJC, Rainier S, Dobry CJ, Grundy P, Horon IL,
Feinberg AP. Loss of imprinting of IGF2 is linked to reduced
expression and abnormal methylation of H19 in Wilms’ tumour.
Nature Genet 1994, 7, 433-439.

7. Ogawa O, Eccles MR, Szeto J, er al. Relaxation of insulin-like
growth factor II gene imprinting implicated in Wilms’ tumour.
Nature 1993, 362, 749-751.

8. Rotwein P. Structure, evolution, expression and regulation of
insulin-like growth factors I and II. Growth Factors 1991, 5, 3—18.

9. De Chiara TM, Robertson EJ, Efstratiadis A. Parental imprint-
ing of the mouse insulin-like growth factor II gene. Cell 1991, 64,
849-859.

10. Albrecht S, Waha A, Koch A, Kraus JA, Goodyer CG, Pietsch
T. Variable imprinting of H19 and IGF2 in fetal cerebellum and
medulloblastoma. J Neuropathol Exp Neurol 1996, 55, 1270-1276.

11. Uyeno S, Aoki Y, Nata M, et al. IGF2 but not H19 shows loss of
imprinting in human glioma. Cancer Res 1996, 56, 5356-5359.



12.

13.

14.

15.

18.

19.

20.

21.

22.

23.

24.

25.

S. Miiller et al. | European Journal of Cancer 36 (2000) 651-655 655

Poirier F, Chan CTJ, Timmons PM, Robertson EJ, Evans MJ,
Rigby PWJ. The murine H19 gene is activated during embryonic
stem cell differentiation in vitro and at the time of implantation in
the developing embryo. Development 1991, 113, 1105-1114.
Zhang Y, Shields T, Crenshaw T, Hao Y, Moulton T, Tycko B.
Imprinting of human H19: allele-specific CpG methylation, loss
of the active allele in Wilms’ tumor and potential for somatic
allele switching. Am J Hum Genet 1993, 53, 113-124.

Ohlsson R, Hedborg F, Holmgren L, Walsh C, Ekstréom TJ.
Overlapping patterns of IGF2 and H19 expression during human
development: biallelic IGF2 expression correlates with a lack of
H19 expression. Development 1994, 120, 361-368.

Zemel S, Bartolomei MS, Tilghman S. Physical linkage of two
mammalian imprinted genes, H19 and insulin-like growth factor.
Nature Genet 1992, 2, 61-65.

. Brannan CI, Dees EC, Ingram RS, Tilghman S. The product of the

H19 gene may function as an RNA. Mol Cell Biol 1990, 10, 28-36.

. Li YM, Franklin G, Cui HM, et al. The H19 transcript is asso-

ciated with polysomes and may regulate IGF2 expression in
trans. J Biol Chem 1998, 273, 28247-28252.

Hao Y, Crenshaw T, Moulton T, Newcomb E, Tycko B. Tumour-
suppressor activity of H19 RNA. Nature 1993, 365, 764-767.
Moulton T, Crenshaw T, Hao Y, et al. Epigenetic lesions at the
H19 locus in Wilms’ tumour patients. Nature Genet 1994, 7, 440—
447.

Zumkeller W, Schwab M. Insulin-like growth factor system in
neuroblastoma tumorigenesis and apoptosis: potential diagnostic
and therapeutic perspectives. Horm Metab Res 1999, 31, 138—141.
Lichtor L, Kurpakus MA, Gurney ME. Differential expression of
insulin-like growth factor II in human meningiomas. Neurosur-
gery 1991, 29, 405-410.

Antoniades HN, Galanopoulos T, Neville-Golden J, Maxwell M.
Expression of insulin-like growth factors I and II and their
receptor mRNAs in primary human astrocytomas and menin-
giomas: in vivo studies using in situ hybridization and immuno-
cytochemistry. Int J Cancer 1992, 50, 215-222.
Sandberg-Nordqvist AC, Peyrard M, Pettersson H, et al. A high
ratio of insulin-like growth factor II/insulin-like growth factor
binding protein 2 messenger RNA as a marker for anaplasia in
meningiomas. Cancer Res 1997, 57, 2611-2614.

Hashimoto K, Azuma C, Koyama M, et al. Loss of imprinting in
choriocarcinoma. Nature Genet 1995, 9, 109-110.

Tadokoro K, Fujii H, Inoue T, Yamada M. Polymerase chain
reaction (PCR) for detection of Apal polymorphism at the insulin
like growth factor II gene (IGF2). Nucleic Acids Res 1991, 19, 6967.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Yballe CM, Vu TH, Hoffman AR. Imprinting and expression of
insulin-like growth factor-II and H19 in normal breast tissue and
breast carcinoma. J Clin Endocrinol Metab 1996, 81, 1607-1612.
Werner H, LeRoith D. The role of the insulin-like growth factor
system in the human cancer. Adv Cancer Res 1996, 68, 183-223.
Rainier S, Johnson LA, Dobry CJ, Ping AJ, Grundy PE, Fein-
berg AP. Relaxation of imprinted genes in human cancer. Nature
1993, 362, 747-749.

Ogawa O, Becroft DM, Morison IM, er al. Constitutional
relaxation of insulin-like growth factor II gene imprinting asso-
ciated with Wilms’ tumour and gigantism. Nature Genet 1993, 5,
408-412.

Pedone PV, Cosma MP, Ungaro P, et al. Parental imprinting of
rat insulin-like growth factor II gene promoters is coordinately
regulated. J Biol Chem 1994, 269, 23970-23975.

Suzuki H, Ueda R, Takahashi T, Takahashi T. Altered imprint-
ing in lung cancer. Nature Genet 1994, 6, 332-333.

Davies SM. Maintanance of genomic imprinting at the IGF2
locus in hepatoblastoma. Cancer Res 1993, 53, 4781-4783.
Barletta JM, Rainier S, Feinberg AP. Reversal of loss of
imprinting in tumor cells by 5-aza-2'-deoxycytidine. Cancer Res
1997, 57, 48-50.

Bartolomei MS, Zemel S, Tilghman SM. Parental imprinting of
the mouse H19 gene. Nature 1991, 351, 153—155.

Razin A, Cedar H. DNA methylation and genomic imprinting.
Cell 1994, 77, 473-476.

Pfeifer K, Tilghman SM. Allele-specific gene expression in mam-
mals: the curious case of the imprinted RNAs. Genes Dev 1994, 8,
1867-1874.

Rainier S, Dobry CJ, Feinberg AP. Loss of imprinting in hepa-
toblastoma. Cancer Res 1995, 55, 1836-1838.

Zumkeller W, Biernoth R, Kocialkowski S, et al. Expression and
synthesis of insulin-like growth factor (IGF)-1, -II and their
receptors in human glioma cell lines. Int J Oncol 1996, 9, 983—
992.

Sell C, Baserga R, Rubin R. Insulin-like growth factor (IGF-I)
and the IGF-I receptor prevent etoposide-induced apoptosis.
Cancer Res 1995, 55, 303-306.

Ohlsson R, Cui H, He L, et al. Mosaic allelic insulin-like growth
factor 2 expression patterns reveal a link between Wilms’ tumor-
igenesis and epigenetic heterogeneity. Cancer Res 1999, 59, 3889—
3892.

Pham NV, Nguyen MT, Hu JF, Vu TH, Hoffman AR. Dis-
sociation of IGF2 and H19 imprinting in human brain. Brain Res
1998, 10, 1-8.



