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L3MBTL encodes a member of the Polycomb family of proteins,
which, together with Trithorax group proteins, is responsible for
the coordinated regulation of patterns of gene activity. Members
of the Polycomb family also regulate self renewal of normal and
malignant hematopoietic stem cells. L3MBTL lies in a region of
chromosome 20, deletion of which is associated with myeloid
malignancies and represents a good candidate for a 20q target
gene. However, mutations of L3MBTL have not been identified in
patients with 20q deletions or in cytogenetically normal patients.
Here we demonstrate that monoallelic methylation of two CpG
islands correlates with transcriptional silencing of L3MBTL, and
that L3MBTL transcription occurs from the paternally derived allele
in five individuals from two families. Expression of the paternally
derived allele was observed in multiple hematopoietic cell types as
well as in bone marrow derived mesenchymal cells. Deletions of
20q associated with myeloid malignancies resulted in loss of either
the unmethylated or methylated allele. Our results demonstrate
that L3MBTL represents a previously undescribed imprinted locus,
a vertebrate Polycomb group gene shown to be regulated by this
mechanism, and has implications for the pathogenesis of myeloid
malignancies associated with 20q deletions.

E stablishing and maintaining cellular identity require the
coordinated regulation of patterns of gene activity. Poly-
comb group (PcG) and Trithorax group genes are central to this
process and respectively repress or activate the transcription of
multiple loci (1, 2). Two types of PcG complexes can be
distinguished in Drosophila and mammals. One class (PcGe) is
primarily involved in establishing the silent state and includes the
extra sex combs and enhancer of zeste proteins. The second type
of complex (PcGm) is mainly required for stable maintenance of
gene silencing and is exemplified in Drosophila by the PRC1
complex. Several lines of evidence suggest that these two cate-
gories of PcG complexes regulate normal and malignant mam-
malian hematopoiesis in contrasting ways (2, 3). For example,
PcGe components such as ectoderm embryonic development
repress the self renewal of hematopoietic progenitors, function
as tumor suppressor genes, and contribute to the maintenance of
repression at imprinted loci (4, 5), whereas bmi-1, a constituent
of PcGm complexes, is essential for self renewal of normal and
malignant hematopoietic stem cells (6, 7).

L3MBTL is a member of a growing family of Polycomb-like
proteins characterized by at least two conserved mbt domains
that are also present in the Drosophila Polycomb group gene
Sex comb on midleg (Scm) (8). Other human members include
SCMHI1 (9), SCML2 (10), SFMBT/RU1 (11), and L3MBTL2
(12). With the exception of L3AMBTL2, all these proteins also
possess a conserved C-terminal SPM domain, which, in the
case of LAMBTL, mediates interaction with translocation Ets
leukemia (TEL) (13).

L3MBTL was identified as a candidate tumor suppressor gene
by virtue of its homology to the Drosophila tumor suppresser
gene, lethal(3) malignant brain tumor (14, 15). Inactivation of the
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D-I(3)mbt gene results in overgrowth of adult optic neuroblasts
and ganglion mother cells of the larval brain (16). D-I(3)mbt is
expressed throughout larval development in a number of organ
systems, including the hematopoietic system (15). L3AMBTL and
D-1(3)mbt show extensive similarity especially within the “mbt
repeat” domain, a C2ZHC zinc finger domain, and the C-terminal
SPM domain (14).

L3MBTL localizes to the nucleus and has been shown to
associate with condensed chromosomes during mitosis in U20S
osteosarcoma cells. Overexpression of L3AMBTL in U251MG
glioma cells leads to multinucleate cells suggesting that it plays
a role in the correct progression of a cell through mitosis (14).
Recent data have suggested that L3MBTL functions as an
histone deacetylase-independent transcriptional repressor,
which can be recruited by direct binding to translocation Ets
leukemia (TEL) (13). It is widely expressed in normal adult tissues
and cancer cell lines (14) and, of particular note, it is expressed
within purified CD34-positive hematopoietic progenitors (17).

L3MBTL maps to the long arm of human chromosome 20, a
region that undergoes acquired deletion in a subset of patients
with myeloid malignancies. A 2-Mb common deleted region has
been defined by using samples from patients with a myelopro-
liferative disorder, a myelodysplastic syndrome, or acute myeloid
leukemia. This region contains 16 genes, of which 6 are ex-
pressed within normal CD34* cells (ref. 17 and A.J.B., J.L,,
B. J. P. Huntly, E. Delabesse, N.F., A. R. Hunt, P. Deloukas, and
AR.G., unpublished work). Because myeloid malignancies are
thought to result from transformation of multipotent progeni-
tors within the CD34* population, these six genes, which include
L3MBTL, are prime candidates for a 20q tumor suppressor gene.
We have characterized the intron/exon structure of L3MBTL
and demonstrated that it is not mutated in 27 patients with 20q
deletions or in 19 cytogenetically normal patients with a myelo-
proliferative disorder (A.J.B., J.L., B. J. P. Huntly, E. Delabesse,
N.F.,, A. R. Hunt, P. Deloukas, and A.R.G., unpublished work).
Here we demonstrate that L3MBTL is imprinted with exclusive
expression of the paternally derived allele in hematopoietic cells.
This observation has implications for the pathogenesis of my-
eloid malignancies associated with 20q deletions and is a previ-
ously undescribed member of the vertebrate PcG family, shown
to undergo imprinting.

Materials and Methods

Samples. Bone marrow and peripheral blood were obtained after
informed consent from normal individuals and patients carrying
an acquired 20q deletion. Bone marrow, granulocytes, and T
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Table 1. RT-PCR primers for allelic expression analysis

Location within sequence Annealing Conditions,
Primers Primer sequence (5'-3") Product size, bp (GenBank accession no.) temperatures, °C mM MgCl,
P1 AAGAAGCCTCGCCATCACG 112 2080-2192 56 1
P2 GACATGAAGAGGGACTGGTGC (U89358)
P3 ACCAGTCCCTCTTCATGTCAG 289 and 407 2174-2463 59 1.5
P4 AAGATGATCTGAGCACACAAGG (U89358)
P5 AGCGAAGGTTGGGTTTACAA 580 27461-28041 59 1.5
P6 GCCAGGGGCCAAAATATAAG (298752)
P7 AAATGGAGATGCCTGAGGACACTG 313* 160466-160976 59 1.5
P8 GCCTCTGTCCATTCCAGAAG (AL031681)

*511-bp PCR product obtained from genomic DNA.

cells were isolated as described (18). Peripheral blood platelets
were purified by three steps of centrifugation at 150X g for 20
min at room temperature. The purity of granulocytes, T cells,
and platelets was >95%. Genomic DNA was prepared by
standard methods (19). Total RNA was extracted from cells by
using TRI Reagent according to the manufacturer’s instructions
(Sigma-Aldrich).

Purification of Hematopoietic Stem Cells. Mononuclear cells were
obtained from normal bone marrow by centrifugation over
Histopaque 1077 (Sigma—Aldrich). CD34* hematopoietic pro-
genitor cells were isolated by immunomagnetic selection with the
Miltenyi MiniMACs CD34 Multisort Isolation Kit (Miltenyi
Biotec, Bergisch Gladbach, Germany). Purity of the CD34 " cells
was 88%. After staining of the cells with PE-CD34 (Becton
Dickinson) and PC5-CD38 (Beckman Coulter), CD34*/CD38~
(representing early stem cells) and CD34* /CD38* (representing
progenitor cells) subpopulations were simultaneously purified by
fluorescence-activated cell sorting.

Bone Marrow Mesenchymal Cells. Mononuclear cells were obtained
from a bone marrow donor by centrifugation over Histopaque
1077 (Sigma-Aldrich). CD34~ cells were collected after isola-
tion of CD34" cells as described above and were immediately
cultured as described (20). After 4 weeks, the adherent bone
marrow mesenchymal cells were harvested, and flow cytometry
by using FITC-CD45 (marker for all hematopoietic lineages) and
PE-CD105 (marker for bone marrow stromal mesenchymal
cells) showed them to be 99.5% CD105"/CD45".

Methylation Analysis. One microgram of genomic DNA was
modified with sodium bisulfite by using the CpGenome DNA
modification kit according to the manufacturer’s instructions
(Intergen, Purchase, NY). Universally methylated male control
DNA (Intergen) was treated in the same way. The CpG island
regions were amplified from modified DNA by two rounds of
PCR by using primers designed to recognize the bisulfite-
modified sequence. Details of primers and PCR conditions are
available upon request.

In all cases, PCR products obtained from the second round of
amplification were purified, sequenced, and assessed by single-
strand conformation polymorphism (SSCP) as described (21),
except gel conditions were 0.6X mutation enhancement detec-
tion with 5% glycerol for CpG island 3 and 0.5 X MDE for CpG
island 4. In addition, the PCR products for all four CpG islands
were sequenced. A number of PCR products were cloned into
pGEM-T Easy (Promega) according to the manufacturer’s in-
structions, and clones were sequenced.

Identification of Transcribed Polymorphisms in the L3MBTL Gene.

Using oligonucleotide primers spanning the entire transcribed
region, PCR amplification was performed on DNA from 150
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individuals as described (A.J.B., J.L., B. J. P. Huntly, E.
Delabesse, N.F., A. R. Hunt, P. Deloukas, and A.R.G., unpub-
lished work). PCR products were subjected to SSCP and het-
eroduplex analysis as described (21), and those demonstrating an
unusual pattern of bands were purified and sequenced.

RT-PCR for Analyzing Allele-Specific Expression. RT-PCR was per-
formed on total RNA from informative samples. Total RNA was
treated with DNase I (Sigma—Aldrich) to remove DNA in a final
volume of 10 ul containing 1 unit of DNase I, and the reaction
was terminated by adding 1 ul of stop buffer (Sigma—Aldrich).
Four hundred picomole of pd(n)s random hexamers (Amersham
Pharmacia) was added to the treated RNA, and the mixture was
denatured at 70°C for 10 min followed by cooling to 2°C for 2 min
to allow the hexamers to anneal. The RT reaction was performed
at 37°C for 90 min followed by 70°C for 10 min in a 20-ul volume
containing 1X first-strand buffer (Invitrogen), 10 mM DTT
(Invitrogen), 20 units of RNasin (Promega), 1 mM each dNTP,
and 200 units of M-MLV Reverse Transcriptase (Invitrogen).
One to two microliters of the RT reaction was used for PCR by
using the primers indicated in Table 1, and all RT-PCR products
were directly sequenced. PCR amplification of both genomic
DNA and RNA of individual 1 was performed by using P7 and
P8 and was analyzed by digestion with restriction enzyme Mscl
(New England Biolabs).

Results

The L3MBTL Gene Undergoes Monoallelic Methylation. The L3MBTL
gene lies on the long arm of human chromosome 20, contains 24
exons, and spans 45 kb (Fig. 14). Two putative promoters have
been identified, one upstream of exon 1 and the other upstream
of exon 5a (A.J.B., J.L., B. J. P. Huntly, E. Delabesse, N.F., A. R.
Hunt, P. Deloukas, and A.R.G., unpublished work). Four CpG
islands were predicted by using GENEBUILDER (22): CpG islands
1 and 2 span promoter 1, and CpG islands 3 and 4 are found in
the vicinity of exons 4 and 5.

To assess the methylation status of these CpG islands, meth-
ylation analysis was performed by using bisulfite modification
followed by SSCP analysis and sequencing. The results for CpG
island 3 are shown in Fig. 1B. The PCR product amplified from
fully methylated control DNA gave rise to a single SSCP band
(lane 1). By contrast, PCR products amplified from normal bone
marrow and peripheral blood granulocytes gave rise to two bands
of equal intensity (lanes 2-9), one of which exhibited the same
mobility as the methylated control band. Direct sequencing of
the PCR products demonstrated that the CpG dinucleotides (but
not other cytosines) were partially protected from the effects of
bisulfite modification (Fig. 1C). Cloning and sequence analysis
of PCR products from six normal individuals confirmed that the
CpG dinucleotides were either all methylated or all unmethyl-
ated in each individual clone (data not shown).

The methylation status of CpG island 3 was then assessed in
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Allelic methylation of the L3MBTL gene. (A) Locus of the L3MBTL gene and intron/exon structure of its 5" and 3’ regions. Coding and noncoding exons

are shown in black and gray boxes, respectively. Bent arrows indicate two putative promoters. Patterned horizontal bars represent the four CpG islands. Asterisks
indicate the locations of SNPs used in the study, and primers spanning the respective SNPs are indicated (P1-P8). (B) Methylation analysis of the CpG island 3 by
using SSCP. Lane 1, universally methylated genomic control DNA; lanes 2-5, normal bone marrow; lanes 6-9, normal granulocytes; lanes 10-13, granulocytes
from patients, with an acquired 20q deletion. (C) Bisulfite sequencing of CpG island 3. Sequences relate to samples corresponding to individual lanes from B,

as indicated. Underlined thymidines (T) are those converted from cytosines.

four patients with myeloid malignancies associated with an
acquired deletion of the long arm of chromosome 20, which
removes one copy of the L3IMBTL locus. In these four patients,
microsatellite PCR had previously demonstrated that, in purified
peripheral blood granulocytes or bone marrow cells, >90% of
the cells contained the 20q deletion (18). Bisulfite modification
followed by SSCP analysis or sequencing of PCR products
showed that two patients retained a methylated allele (Fig. 1 B
and C, lanes 11 and 13), whereas the other two patients retained
an unmethylated allele (Fig. 1 B and C, lanes 10 and 12). These
data are consistent with monoallelic methylation of CpG island
3 and loss of either the methylated allele or the unmethylated
allele in patients with a 20q deletion.

Analysis of CpG island 4 gave similar results. Two SSCP bands
of equal intensity were observed in all normal samples, whereas
samples from patients with an acquired 20q deletion retained a
single band corresponding to either the methylated or unmeth-
ylated allele (data not shown). Moreover, the methylation results
for CpG islands 3 and 4 were fully concordant in all four patients.
Taken together, these data imply monoallelic methylation of
CpG islands 3 and 4, which span promoter 2. By contrast, CpG
islands 1 and 2 were completely unmethylated in all normal
individuals and in the four patients (data not shown).

Monoallelic Expression of the L3MBTL Gene in Hematopoietic Cells. To
determine whether L3MBTL exhibits monoallelic expression, it
was necessary to identify transcribed single-nucleotide polymor-
phisms (SNPs) within L3MBTL. Samples from 150 individuals
were screened for SNPs by SSCP analysis followed by sequenc-
ing. Four informative individuals were identified (Fig. 24);
individual 1 with an A/G SNP in exon 2, individual 2 with a C/T
SNP in exon 20, individual 3 with a C/G SNP in exon 23, and
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individual 4 with two SNPs of A/G and C/T in exon 24. RT-PCR
was performed by using RNA from peripheral blood granulo-
cytes, peripheral blood T cells, and bone marrow cells or
peripheral blood nucleated cells obtained from all four individ-
uals. Sequence analysis of the RT-PCR products demonstrated
monoallelic expression in all samples; the results for individual
2 and 3 are shown in Fig. 2 B and C, respectively.

The Paternally Derived Allele of the L3MBTL Is Expressed in Hemato-
poietic Cells. Two different mechanisms may produce monoallelic
expression of mammalian autosomal genes. Imprinting is char-
acterized by monoallelic expression that is determined by the
parental origin of each allele. By contrast, the term allelic
exclusion is used to describe apparently random monoallelic
expression at the single cell level, which appears to reflect
stochastic inactivation of one or the other allele.

To distinguish between these mechanisms, family members of
the four individuals were screened for relevant SNPs, and
informative relatives were identified for individuals 3 and 4. The
family of individual 3 is shown in Fig. 34. The father and both
daughters were informative for a C/G SNP in exon 23. RNA was
purified from peripheral blood granulocytes, peripheral blood T
cells, and platelets obtained from one daughter. RT-PCR was
performed by using primers P3 and P4 (Fig. 14) and the
products analyzed by direct sequencing. As shown in Fig. 3B, the
paternally derived “G” allele was expressed in all three cell types.
The same result was obtained by using RNA extracted from total
peripheral blood nucleated cells obtained from the second
daughter (data not shown).

The family of individual 4 is shown in Fig. 3C. The proband
(IL.1) carries a C/T SNP as well as an A/G SNP in exon 24.
RT-PCR analysis by using primers P5 and P6 demonstrated that
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Fig. 2. Monoallelic expression of the L3MBTL gene. (A) Detail of SNPs
identified in four individuals. Individual 1, patient with polycythemia vera and
an acquired 20q deletion; individuals 2 and 3, patients with myeloproliferative
disorders with normal karotype; individual 4, normal individual. (B) Sequences
of genomic DNA and RT-PCR products from individual 2. (C) Sequences of
genomic DNA and RT-PCR products from individual 3.

peripheral blood granulocytes, T cells, and bone marrow all
displayed exclusive expression of the paternally derived “C”
allele (Fig. 3D). Total peripheral blood nucleated cells from
family members I1.2 and II.3 (Fig. 3C) were analyzed for
expression of the A/G SNP in exon 24. Again, exclusive expres-
sion of the paternally derived “G” allele was demonstrated (data
not shown). To investigate whether L3MBTL is monoallelically
expressed in the hematopoietic stem cell compartment, CD34*
and CD34*CD38~ cells, a population known to be enriched for
hematopoietic stem cells, were purified from bone marrow
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obtained from II.1. There was exclusive expression of the
paternally derived “C” allele in both these populations of cells
as well as in CD34~ and CD34* CD38" cells (Fig. 3D and data
not shown). To investigate whether L3MBTL is monoallelically
expressed in nonhematopoietic cells, the bone marrow of I1.1 was
cultured to obtain mesenchymal cells (99.5% CD105* CD457),
and monoallelic expression of the paternal allele was again
demonstrated (Fig. 3D).

Taken together, these data demonstrate expression of the
paternally derived allele in five individuals from two different
families. Moreover, monoallelic expression of L3MBTL was
observed in the hematopoietic stem cell compartment, in dif-
ferentiated cells representing three different hematopoietic lin-
eages as well as in bone marrow mesenchymal cells.

Methylation of CpG Islands 3 and 4 Is Associated with Transcriptional
Silencing. At some imprinted loci, the methylated allele corre-
sponds to the inactive allele, whereas for other imprinted genes,
the methylated allele corresponds to the active allele. To define
the relationship between methylation and transcription, we
studied individual 1 (Fig. 24), a patient with polycythemia vera
associated with an acquired 20q deletion, who carries an inher-
ited A/G SNP in exon 2 of L3MBTL. PCR products derived from
the “A” but not the “G” allele contain a site for the restriction
enzyme Mscl. Fig. 44 shows the predicted digestion patterns of
PCR products from both genomic DNA and RNA. PCR ampli-
fication by using granulocyte and T cell DNA was performed by
using primers P7 and P§ and was followed by digestion with Mscl.
T cell genomic DNA gave rise to two bands corresponding to the
“A” and “G” alleles (Fig. 4B, lane 3). By contrast, genomic DNA
from peripheral blood granulocytes gave rise to a single band
corresponding to the “A” allele (Fig. 4B, lane 2). These results
are consistent with the fact that granulocytes but not T cells carry
the 20q deletion. Because peripheral blood granulocytes re-
tained the methylated allele in this patient (Fig. 1B, lane 11),
these data demonstrate that the “A” allele corresponds to the
methylated allele.

To determine which L3MBTL allele was transcribed, RT-PCR
was performed by using RNA from T cells, because they contain
both alleles of L3MBTL. Digestion with MscI gave rise to a single
predominant band corresponding to the “G” allele (Fig. 4B, lane
5), demonstrating that the “G” allele was transcribed. Direct
sequencing of the PCR product confirmed this observation (data
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Paternal expression of the L3MBTL gene. (A) Family tree of individual 3 indicating the exon 23 SNP. (B) Sequences of genomic DNA and RT-PCR products

from I1.2 in A demonstrating expression of paternal “G" allele in peripheral blood granulocytes, T cells, and platelets. (C) Family tree of individual 4 indicating
the exon 24 SNPs. (D) Sequences of genomic DNA and RT-PCR products from I1.1in Cdemonstrating expression of paternal “C"" allele in all cell populations studied.

7344 | www.pnas.org/cgi/doi/10.1073/pnas.0308195101

Lietal.



A 1 23 4 5a 5b 6
/4 | HE 1
7/
|
CpG 1 CpG 2 CpG3 CpG4
P7 > < P8
PCR products:
Msc |
511b o=
L P ) Gallele J genom'rc DNA
448bp 1 Aallele (P7, P8)
L S13% , Galele RNA
L 25000, Aallele | (P7,P8)
B genomic DNA RNA
& o .
& 1 2 3 4 5 R

—s11
—d448

—313

Fig.4. Methylation of CpG islands 3 and 4 is associated with transcriptional
silencing. (A) Diagram of 5’ region of L3MBTL locus showing the Mscl site, PCR
primers (P7, P8) and PCR products derived from either RNA or genomic DNA.
*, A/G SNP in exon 2. (B) PCR amplification of genomic DNA or RNA from
individual 1 was followed by Mscl digestion. Similar results were obtained in
two independent experiments. Lane 1, undigested PCR product of granulo-
cyte genomic DNA; lanes 2 and 3, Mscl digested PCR products of genomic DNA
from granulocytes and T cells, respectively; lane 4, undigested RT-PCR product
from T cells; lane 5, Mscl digested RT-PCR product from T cells.

not shown). Taken together, our results demonstrate that in
individual 1, the L3MBTL allele, which lacks methylation of CpG
islands 3 and 4, is transcriptionally active.

Discussion

In this paper, we demonstrate that L3MBTL represents a
previously undescribed imprinted locus, a vertebrate PcG gene
found to be regulated by this mechanism. L3IMBTL was shown
to exhibit exclusive expression of the paternally derived allele in
multiple hematopoietic progenitors and in several differentiated
hematopoietic cell types. Moreover, methylation of two CpG
islands correlates with transcriptional inactivation in normal T
cells.

The L3MBTL encodes a complex transcriptional unit with
both 5’ and 3’ alternative splicing events and two putative
promoters (A.J.B., J.L., B.J. P. Huntly, E. Delabesse, N.F., A. R.
Hunt, P. Deloukas, and A.R.G., unpublished work). We have
identified four 5" CpG islands, two of which represent differen-
tially methylated regions. CpG islands 3 and 4 flank promoter 2
and are monoallelically methylated, whereas CpG islands 1 and
2 span promoter 1 and are fully unmethylated. These observa-
tions raise the possibility that the two promoters might be
differentially imprinted as reported at other loci including
GNAS-1 (23). However, our results show this is highly unlikely.
L3MBTL has two poly(A) signals contained in exons 23 and 24,
suggesting that all transcripts, regardless of promoter usage,
terminate in one of these two exons. Analysis of individual 3, who
carries a SNP in exon 23, demonstrates that all transcripts ending
in exon 23 are monoallelically expressed. Similarly, analysis of
individual 4, who carries a SNP in exon 24, demonstrates that all
transcripts ending in exon 24 are also monoallelically expressed.
These data therefore suggest that in hematopoietic cells, all
L3MBTL transcripts are monoallelically expressed. Because
transcripts derived from both promoters are readily detectable
in normal peripheral blood granulocytes and T cells (data not
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shown), our results indicate that neither promoter 1 nor pro-
moter 2 exhibit biallelic activity.

Differentially methylated regions play varying roles in epige-
netic regulation operating at distinct imprinted loci. Usually
allelic methylation correlates with transcriptional silencing (24—
26), but there are exceptions; for example, IGF2 is methylated
on the active paternal copy (27). To correlate allelic methylation
with transcription, we took advantage of a rare patient who
carried an acquired 20q deletion in peripheral blood granulo-
cytes, as well as being informative for a transcribed SNP in exon
2. Analysis of T cell samples in which both alleles were intact
demonstrated that the same allele was methylated and transcrip-
tionally inactive. However, it is important to note that this
individual suffered from polycythemia vera, and we cannot
exclude the possibility of aberrant methylation in the patient’s
clonally derived granulocytes.

Analysis of the parental origin of the expressed allele dem-
onstrated that five informative individuals from two families
exhibited exclusive expression from the paternally derived allele.
Given these results, allelic exclusion seems highly unlikely,
especially because all known examples involve stochastic allelic
inactivation at the single cell level and do not give rise to
inactivation of the same allele in all cells within a polyclonal
population (28-31). Instead, our data indicate that L3IMBTL
undergoes imprinting with inactivation of the maternally derived
allele.

Imprinted genes are functionally haploid and as a conse-
quence are frequent targets for inherited or acquired alterations
associated with disease (32, 33). The L3MBTL gene is located in
a region that is commonly deleted in myeloid malignancies and
within a large chromosomal region subject to epigenetic regu-
lation. Two other imprinted loci, NNAT (34) and GNAS-1 (35),
are known to be present on the long arm of chromosome 20 but
lie, respectively, 6 Mb centromeric and 15 Mb telomeric to the
L3MBTL. L3MBTL may therefore represent a previously unde-
scribed imprinted domain, and it will be important to charac-
terize the mechanisms responsible for the epigenetic regulation
of the locus.

Is imprinting of L3IMBTL relevant to the pathogenesis of
myeloid malignancies associated with 20q deletions? In nonhe-
matological malignancies, several imprinted genes, including
WTT1 (36, 37), p57¥IP2 (38-40), and M6P/IGF2R (41-43), have
been reported to have tumor suppressive functions. L3MBTL is
a good candidate for 20q target gene. It lies in the common
deleted region; is expressed in CD347" cells, which include the
hematopoietic progenitors from which myeloid malignancies
arise; and is homologous to a Drosophila tumor suppressor
protein (A.J.B., J.L., B. J. P. Huntly, E. Delabesse, N.F., A. R.
Hunt, P. Deloukas, and A.R.G., unpublished work). Moreover,
L3MBTL is a member of the Polycomb family, other members
of which regulate self renewal of normal and malignant hema-
topoietic progenitors and stem cells (6, 7). A systematic survey
of all coding exons, noncoding exons, and splice sites has failed
to identify any mutations in patients either with or without 20q
deletions (A.J.B., J.L., B. J. P. Huntly, E. Delabesse, N.F., A. R.
Hunt, P. Deloukas, and A.R.G., unpublished work). However,
the demonstration that L3IMBTL is monoallelically expressed
raises the possibility that deletion of the paternally derived
chromosome 20 may contribute to disease pathogenesis.

Interestingly, our results demonstrate that 20q deletions re-
sulted in loss of either the methylated or the unmethylated allele.
We were not able to examine the parental origin of the deleted
chromosome, because the myeloid malignancies associated with
20q deletions usually occur in elderly patients, and parental
samples are usually unavailable. These data are consistent with
at least three interpretations. First, despite circumstantial evi-
dence to the contrary, it remains possible that L3MBTL does not
contribute to the pathogenesis of myeloid malignancies. Second,
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all patients with a 20q deletion may retain the inactive allele with
aberrant hypomethylation, explaining why the retained allele
appears unmethylated. Third, L3MBTL may function as a target
gene in some patients with a 20q deletion (i.e., those who have
lost the active paternal allele), with different mechanisms op-
erating in other patients who have lost the inactive maternal
allele. This latter possibility is reminiscent of two related but
distinct inherited syndromes, Prader—Willi Syndrome (PWS) and
Angelman Syndrome (AS), which are associated with 3- to 4-Mb
deletions of human chromosome 15q affecting respectively the
paternally derived or maternally derived chromosome (44-46).
The different phenotype of the two syndromes is thought to
reflect the fact that the region contains several imprinted genes,
some of which display expression of their paternally derived
allele, the loss of which gives rise to PWS, and others with the
expression of their maternally derived allele, the loss of which
results in AS. We speculate that a similar scenario may apply to
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acquired 20q deletions, with related but distinct subtypes of
myeloid malignancies associated with deletions of the maternally
or paternally derived chromosome 20. This model predicts the
existence of L3MBTL neighboring genes on 20q, which are
expressed from the maternally derived chromosome. It will
therefore be important to investigate whether neighboring genes
undergo imprinting and to define the extent of the imprinted
domain that contains L3MBTL.
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