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Multiple tumor suppressor gene 1 (MTS1) / p16™*** and MTS2 /p15™ B were localized
to chromosome 9q21. Their protein products negatively regulate the progression of cell cycle
from Gl to S phase by inhibition of cyclin-dependent kinase 4 and 6, and have been
considered as tumor suppressor genes. Deletion of the genes has been detected in many cancer
cell lines or primary tumor tissues. In our previous study, we found that 47% of patients with
T-acute lymphoblastic leukemia (ALL) had homozygous deletion of pl6 gene and half of
them had homozygous deletion of pl5 gene simultaneo usly. None of patients with acute
myeloid leukemia (AML) or myelodysplastic syndrome showed either of the gene deletion.
An alternative mechanism of gene inactivation is hyperme-hylation at CpG islands within the
promotor region of the genes. Recently, hypermethylation of p15 gene was observed in AML
and ALL and that of pl6 gene in non-Hodgkin’s lymphoma. Only few studies concerning
methylation state of p15/p16 genes in MDS has been repo-ted, in which hypermethylation of
pl5 gene, but not pl6, was detected frequently in the disease. MDS is a clonal disorder of
hematopoietic stem cells. The pathogenesis of the discase is largely unknown. Clonal
chromosomal abnormalities and gene alternation may play important - roles in the
carcinogenesis. In this study, we will analyse methylatior. states of pl5/pl16 genes on bone
marrow cells from patients with MDS at diagnosis and during serial follow-up. The
prognostic implications will be clarified in the study. Recently, decitabine, a hypomethylation
agent, has been applied to the treatment of MDS with good result. The study of methylation

states of p15/p16 genes may help to identify the proper candidates for decitabine treatment.
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The multiple tumor suppressor gene 1 (MTS1)/p16™“* and MTS2/p15™*® genes encode
proteins negatively regulating the cell cycle by inhibition of cyclin-dependent kinase 4 and 6,
which control progression of cells from G1 to S phase'’. Both genes were localized to
chromosome 9p21, a locus frequently found to be deleted in cancer cells, and was considered
as candidate tumor suppressor genes’. Homozygous deletion of p15 and pl6 genes has
been detected in many cancer cell lines and primary tumors*’®. In a previous study, we
demonstrated that 47% of patients with T-lymphoblastic leukemia (ALL) had homozygous
deletion of pl6 gene and half of them showed homozygous deletion of pl5 gene
simultaneously’. None of patients with acute myeloid leukemia (AML) or myelodysplastic
syndrome (MDS) had deletion of either of the two genes (unpublished data). These findings
were compatible with those reported in literature that p16,p15 gene deletion usually occurred
in lymphoid malignancies, but rarely in myeloid malignancies'®'2.

An alternative mechanism of gene inactivation is hypermethylation of CpG islands
within the promotor region of the genes'*. These GC-rich regions are generally
unmethylated in normal tissues, and their methylation is associated with transcriptional loss".
Recent studies have shown that hypermethylation of pl5 gene, but not pl6 gene, was
observed in AML and ALL'. On'‘the other hand, the pl6 gene was frequently
hypermethylated in non-Hodgkin’s lymphoma'®.

MDS is a clonal hematopoietic disorder characterized by pancytopenia in peripheral
blood despite a hypercellular bone marrow(BM). Evolution to acute leukemia occurs in about
10% to 35% of such cases'™". According to French-American-British classification, five
subgroups can be found: refractory anemia (RA), RA with ring sideroblasts (RARS), RA with
excess of blasts (RAEB), RAEB in transformation (RAEB-T), and chronic myelomonocytic

leukemia (CMMOL)”. The abnormalities seen in MDS have been ascribed to deregulation
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of cell proliferation, differentiation, or apoptosis, but the  pathogenesis of the disease is
largely unknown. We have demonstrated that half of ML'S patients had clonal chromosomal
abnormalities and 20% showed N-ras mutation'. Both arz thought to play important roles in
carcinogenesis. Patients with complex cytogenetic abnormalities had higher risk for
developing acute leukemia and had a shorter survival thar. other patients. Recently, Uchida et
al reported that hypermethylation of p15 gene, but not pl6 gene, occurred frequently in MDS
patients and suggested it might be involved in the pathog:nesis of the disease®. The patients
number in that study was limited with only a few patients being serially follwed up and the
prognostic implications of p15 hypermethylation in MDS was not well explored. In this study,
bone marrow cells from MDS patients at different stages of the disease will be serially
analysed for methylation states of p15/p16 genes. The restlts will be correlated with subtypes
of MDS, cytogenetic results, progression to leukemia and survival of the patients.

After we applied to the National Science Council for a grant for this study in January,
1998, a second paper concerning p15/p16 hypermethylation in MDS was published?? which
showed similar results as those reported by Uchida et al?!. Recently, decitabine (DAC), a
hypomethylation agent, has been used for the treatment ¢f MDS with good result®*. More
clinical trials are needed to confirm the finding. In the Annual Meeting of American Society
of Hematology in December, 1998, Déékalakis et al reported that the fraquency of pl15 gene
hypermethylation was decreased following DAC treatment?. The study of methylation states
of p15/p16 genes may help to find the proper candidates for DAC treatment in the future.

In the first year of the studies, we cloned the exon 1 of p15 and p16 gene, respectively,
which were used as probes in Southern blotting analysis for methylation states of the two

genes. The specificity of the probes was confirmed by sequencing. The preliminary results of

the Southern blotting analysis were shown as follows:
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1.BM cells from 33 (65%) of the 51 patients with MDS showed hypermethylation of p15
gene by Southern blot analysis, but none of the 20 patients studied had
hypermethylation of p16 gene.

2.Serial studies of methylation states of p15 gene have been performed on two patients.
One showed progressive increase of methylation of p15 gene during the follow-up
(Fig 1a), while the other showed disappearance of methylation after a successful bone

marrow transplantation (Figlb).

Fig la  Southern blotting of p15 gene. Lanes 1 & 2 are cotrol DNA, lanes 3-6 are DNA
from a MDS patient (case 1) at diagnosis and subszquent follow-up, and lanes 7,8,9 are
from three other patients. DNA is digested with Hind III alone in lane 1, with both Hind I1I
and Eag I (methylation sensitive restriction enzymz) in other lanes. Unmethylated pattern
is seen in lanes 1 & 7, incomplete methylation in Lines 3,4,8, & 9 and complete

methylation in lanes 5 & 6.




Fig 1b  Southern blotting of p15 gene. Lanes 1 & 2 are control DNA, lanes 3 to 6 are DNA from a
MDS patient (case 2) at diagnosis (lane 3), before: allogeneic bone marrow transplantation
(BMT)(lane 4) and after BMT (lanes 5 & 6). It shows hypermethylation of p15 gene in
lanes 3 & 4 from case 2 before BMT and unmethylated pattern in lane 2 (control) and

lanes 5 & 6 from case 2 after BMT.

In the second and third year of studies, we like to recruit more patients for analysis, with
special emphasis on serial studies of individual patiznts. To exclude the possibility of
incomplete digestion by methylation sensitive restriction enzyme Eagl, which may give a
false positive result, all samples showing methylated patterns will be examined at least twice
by Southern blot analysis. To make the data more reliable, methylation-specific PCR*, which
is a more specific and sensitive technique, will be set ur and applied to the study (please see
the method). Correlation of the result with FAB subtype of MDS, progression of the disease

and prognosis of the patients will also be analysed.
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