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5" CpG island hypermethylation is associated with transcriptional silencing
of the p2FIPYWAFL/SDIlgene and confers poor prognosis in acute

lymphoblastic leukemia

Jose Roman-Gomez, Juan Antonio Castillejo, Antonio Jimenez, Maria Gracia Gonzalez, Fernanda Moreno, Maria del Carmen Rodriguez,
Manuel Barrios, Juan Maldonado, and Antonio Torres

The p21 is a downstream effector of p53/
p73 and belongs to the CIP/KIP family of
cyclin-dependent kinase inhibitors ~ (CDKIs).
Itis, therefore, a potential tumor suppres-
sor gene and probably plays an important
role in tumor development. Moreover, re-
duced expression of p21 has been re-
ported to have prognostic value in sev-
eral human malignancies. In contrast with
other CDKIs, mutational inactivation of
p21 is infrequent, but gene inactivation
by an alternative mechanism seems to be
the general pathway. In this study, we
analyzed the methylation status of the
p21 promoter region using semiquantita-

tive polymerase chain reaction in 124
patients with acute lymphoblastic leuke-
mia (ALL). We observed p21 hypermethyl-
ation in bone marrow cells from 41% (51
of 124) of ALL patients. Hypermethylation
within promoter strongly correlated with
decreased p21 messenger RNA expres-
sion in tumoral cells. Clinical, molecular,
and laboratory features and complete re-
mission rate did not differ significantly
between hypermethylated and normally
methylated patients. Estimated disease-
free survival (DFS) and overall survival at
7 and 9 years, respectively, were 59% and
65% for healthy patients and 6% and 8%

for hypermethylated patients (P = .00001
and P = .006). Multivariate analysis of po-
tential prognostic factors demonstrated
that p21 methylation status was an inde-
pendent prognostic factor in predicting
DFS (P = .0001). Our results indicate that
the p21 gene is subject to methylation
regulation at the transcription level in
ALL and seems to be an important factor
in predicting the clinical outcome of these
patients. (Blood. 2002;99:2291-2296)

© 2002 by The American Society of Hematology

Introduction

Mitogen-dependent progression through the first gap phage (@ncogenesis has been postulated on the basis of its transcriptional
and initiation of DNA synthesis (S phase) during the mammaliaczontrol by p53. In addition, overexpression of p21 may suppress
cell division cycle are cooperatively regulated by several classestafmor growth in different experimental modéls.
cyclin-dependent kinases (CDKs), the activities of which are, in One characteristic of cancer cells is a failure to undergo growth
turn, constrained by CDK inhibitors (CDKIs). CDKIs that goverrarrest and differentiation. Acute lymphoblastic leukemia (ALL) is
these events have been assigned to 1 of 2 families on the basithefmost prevalent type of cancer, as well as the most common form
their structure and CDK target. The first class includes the INKdf leukemia in childrer. Leukemic cells from the majority of
proteins, so named for their ability to specifically inhibit thepatients with ALL express on their surface a variety of protein
catalytic subunits of CDK4 and CDK6. This family includesantigens that are found at discrete stages of maturation on normal
plgNKda pn1gNKab g1 gNKac and p1@¥K4d, The INK4 proteins can B- or T-lymphocyte precursors. Thus, leukemic clones from ALL
be contrasted with more broadly acting inhibitors of the CIP/KIPatients are thought to originate from any lymphoid cell blocked at
family, whose actions affect the activities of cyclin D—, E— andin early stage of developméhtluman immature leukemic cell
A—dependent kinases. The latter class includesCBZWAFYSDIL  ines of both myeloid and lymphoid lineages frequently show lack
(p21), p2TPL, and p5¥P21 Increased expression of CDKIs hasof p21 expression. Induction of apoptosis in this setting is
been recognized as a general mechanism for cell cycle arrest, andompanied by cell cycle arrest and by accumulation and stabiliza-
CDKIs have also been considered to be implicated in tumorigetien of p21. These observations suggest that p21 plays an inhibitory
esis as possible tumor-suppressor géries. role in the proliferation of ALL cells and that the suppression of
The p21 is a strong candidate for participation in tumop21 expression may be advantageous for leukemic gréfnh.
progression. Expression of p21 is induced by wild-type p53 in the Changes in DNA methylation patterns are known to occur
presence of DNA damage, leading to apoptosis or cell cycle arrestring tumorigenesi&® CpG islands near promoters and the 5
at the G checkpointt The p21 is also involved in replicative regulatory region are usually unmethylated in normal somatic cells.
senescence and terminal differentiation and proliferation in nonHe- contrast, widespread methylation of CpG islands occurs on
mopoietic and hemopoietic ceflsThe potential role of p21 in autosomal genes and leads to the silencing of the gene during
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oncogenic transformation. In hematologic malignancies, aberrdale 1. Clinical characteristics and outcome of 124 patients
DNA hypermethylation is thought to play a role in leukemogenesi&crding to p21 gene methylation status

For example, during the progression of chronic myeloid leukemia, » Hypomethylated,  Hypermethylated,
. Characteristic % (n = 73) % (n = 51) P
the ABL1 promoter of the BCR-ABL fusion gene becomes
significantly hypermethylatet. Also, aberrant hypermethylation Ag¢ NS
of the p1%¥K4 tumor-suppressor gene is associated with itsYoungerthanisy 56 53
inactivation in at least 50% of patients with acute leukethia. o'de/”ha” 15y /44 /47
Furthermore, hypermethylation of pt¥%%® is concomitant with ::;’CMF 70130 oS Eg
disease progression in myelodysplastic syndrofieBrevious 0w s0 x 1091 80 75
studies have shown that, although decreased p21 expression j§ove 50 x 1091 20 25
often detected in cancer cells and correlated with disease proghgss classification NS
sion, including lymphoid malignancié$;® mutation and allelic 1 55 56
loss of the p21 gene are rarely detecte®.In light of our recent L2 37 40
finding that altered DNA methylation in ALL is associated with L3 8 4
decreased expression of some KIP family proteins (ieXpjL Blastlineage NS
we hypothesized that the abnormal methylation in the p21 pro® 84 g0
moter region might play a role in the down-regulation of this T 16 20
. . NClI risk groups NS
gene in ALL. We now show that hypermethylation of the p21 geneg o8 63
is a frequent event in ALL and correlates with decreased p21, 32 37
expression. These findings are associated with an unfavorag{®pema risk groups NS
clinical outcome. Standard 47 40
Poor 53 60
Treatment NS
Materials and methods PETHEMA 89 42 40
PETHEMA 93 58 60
Patients BMT 22 27 NS
Best response NS
We studied 124 consecutive patients (85 male; 39 female) who wergg 89 90
diagnosed with de novo ALL between January 1990 and December Zo%genetic/molecular
The median age at diagnosis in the study population as a whole was 14 4, ormaiities NS
years (range, 0.5-82 years). Of these patients, 68 were children (median aggsr_agL 14 25
5 years; range, 0.5-14 years), and 56 presented adult ALL (median age, 3&19) 4 2
years; range, 15-82 years). Informed consent was obtained from the patierﬂqzs 4 2
or the patient’s guardians. Diagnosis was established according to standangyc 5 8
morphologic and cytochemical criteria. Patients were studied at the time of,q35_14q11 3 8
initial diagnosis; were risk-stratified according to the therapeutic protocolHyperdipmidy 9 7
used, which was always based on recognized prognostic features (includings) _ami1 9 6
cytogenetics); and were entered in ALL protocols of the “Programa para e\ grmal 42 39
estudio y tratamiento de las hemopatias malignas” (PETHEMA) Spanishyners 5
study group. For statistical analyses, children were also grouped accordingy 5 0
to the National Cancer Institute (NCI) risk-classification crit@fisdono- Relapse 26 61 < .0001
nuclear cells, obtained from bone marrow samples by centrifugation g, 30 57 005

Ficoll-Hypaque density gradient, were used for immunophenotypic and

DNA/RNA analyses. The specific PETHEMA ALL treatment protocols in ~ WBC indicates white blood count; FAB, French-American-British; NCI, National
which these patients entered included ALL-89 (between 1990 and 19¢¥cer Institute; PETHEMA, Programa para el estudio y tratamiento de las
n=51) and ALL-93 (between 1994 and 2000:=n73). The design and hemopatias malignas; BMT, bone marrow transplantation; CR, complete remission.
results of these studies have been previously rep8ft&dFifty patients

relapsed. Th_irty_ patient_s received stem cell transplantation (_10 _autologo*gase (TdT), an immunocytochemical staining was performed by means of
20 allogeneic) in the first .(FF 14) or secon_d com_pl_ete remission (_CR)t e alkaline phosphatase—antialkaline phosphatase technique and specific
(n = 16). There are 73 patients currently alive. Clinical characteristics onoclonal antibodies MPO-7 (Dako, Glostrup, Denmark), CD22, CD3
the patients are listed in Table 1. (Becton Dickinson), and TdT (Immunotech, Marseilles, France).

Immunophenotyping Cytogenetics

Qell sgrfaftl:e antigens vyere d:ate_ctebd by direct ;mmunoflluo;escencel teﬁg? cytogenetic analyses, cells from bone marrow were cultured in McCoy
nlqge "_1 ow cytometrlc ana ys_ls_ y means or a panél o mqnoc on_ edium supplemented with 20% fetal calf serum and antibiotics for 48
ar_1t|bod|es Ia_beled with ﬂupresc_em isothiocyanate or phycoerythrin reactifg < - chromosome preparations were stained with 5% Giemsa solution
with lymphoid and myeloid antigens (CD1, CD2, CD3, CD4, CDS, cD7according to standard procedures. A minimum of 25 metaphases were analyzed

CDs, CD10, CD19, CD22, CD13, CD14, CD33, CD34, and HLA'DRE‘% sample. This allowed the detection of a minor clone at the 5% level.

_(Becton Dickinson, San Jose, CA). When mye|0|_d antigens were expres cessful cytogenetic analysis was performed in 120 patients (Table 1).
in at least 20% of cells, dual-fluorescence analysis was performed by means

of phycoerythrin-conjugated mpnoclonal antipodies against lymphoid anl\il'ucleic acid isolation

gens to confirm the coexpression of both antigens on the same cells. Data

acquisition and analysis were performed by means of a Coulter ProfileHigh—molecular weight DNA and total RNA were prepared from mono-
(Hialeah, FL). Analysis was restricted to the leukemic population by gatingiclear marrow cells at the time of diagnosis by means of conventional
on forward and side light-scatter parameters. For intracytoplasmatiethods. As a control, marrow DNAs/RNAs were obtained from 30 healthy
detection of myeloperoxidase, CD22, CD3, and deoxynucleotidyl transene marrow donors (5 children and 25 adults).
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Restriction digest and polymerase chain reaction procedure to hexamers as reaction primer. The reaction was carried out at 42°C for 45
detect p21 gene methylation minutes in the presence of 12 U Avian Myeloblastosis Virus reverse

) ) ) ) o transcriptase (Boehringer-Mannhein, Germany). Complementary DNA was
Polymerase chain reaction (PCR) analysis relying on the inabiliypall 5 pjified by means of a primer set that was specific for the p21 gene (sense,
to cut methylated sequences was used to analyze the p21 gene. The §it-Q§AGGGGACAGCAGAGGAAGA-S; antisense, 5GGGCGGC-
examined were Pipall sites in the promoter of p21 (Figure 1A). Thenu§  cAGGGTATGTAC-3). The PCR reaction was performed as follows: 94°C
genomic DNAwas completely digested in p@ of total volume with 50 U o 7 minutes, 40 cycles of 94°C for 1 minute, 58°C for 1 minute, 72°C for 1
Hpall, as recommended by the manufacturer (Promega, Madison, W1), a8 ute, and incubation at 72°C for 10 minutes. PCR products were resolved
precipitated with ammonium acetate and ethanol. The pellet obtained wgs 1 504, agarose gels. Amplification of RARgene transcripts was
washed twice with 70% ethanol and dissolved inf0H20. Next, SuL performed to assess RNA integriy/A Bio-Print gel scanner was used to
(approximately 0.5.9) of this solution was withdrawn and pipetted into 45quantify the intensity of the p21 and the RAPands, and the ratio was
pL PCR mixture: 200.M each deoxynucleoside &riphosphate; 10 MM jetermined for each reaction. The mean p21-to-RARtio and the SE
Tris-HCI (pH 8.3); 1.5 mM MgCj; 50 mM KCI; 0.001% (wt/vol) gelatini 5 \yere ysed to assess levels of p21 in the tumors. Normalized values below 3

U PfuDNA polymerase (Stratagene, La Jolla, CA); 50 pmol each prime§gg were considered to represent decreased expression (Figure 1C).
p21-sense (5SGCCTGCTGGAACTCGGCCAGGCTCAGCCTGCYand

p21l-antisense (SGAGGCGACCCGCGCTCGGCCCAGCGCGCCG)3
To control for intact DNA, a 75-bp fragment of the hum@ractin gene
without restriction sites oHpall was coamplified as an internal standardStandard Southern blot method was employed to detect immunoglobulin
(forward, 3-CCGAGCGCGGCTACAGCTTCA-3 reverse, 5CGTAGC- heavy-chain gene rearrangement and T-cell recgptoarrangement by
ACAGCTTCTCCTTAATGTC-3). means of the commercially available JH DNA probe andBQdrobe

The PCR was performed for 35 cycles under the following conditiongOncogene Science, New York, NY). The 1123 abnormalities were studied
98°C, 1 minute; 68°C, 1 minute; 74°C, 1 minute. Theny20PCR reaction with the B859 probe kindly provided by Dr G. Cimid®The p21GCR-ABL
was electrophoresed on a 3% agarose gel stained with ethidium broméghel p196°R-BL transcripts were detected by means of RT-PCR according
and photographed (Figure 1B). For semiquantitative analysis, gels weéoehe method used by Saglio et®l.
scanned by means of a Bio-Print gel scanner and the appropriate software as
provided by the manufacturer (Vilber-Lourmat, Marne-La-Vallee, France$tatistical analysis
The the p21-tog-actin ratio, the area under the curve of the p21 gene
product divided by the area under the curve of fhactin gene product, P values for comparisons of continuous variables between groups of
gives an indication of the methylation status of the respective sample. Ratients were 2-tailed and based on the Wilcoxon rank sunfRestues for
previously described for normal tissi@snalyses of bone marrow Samp|esdichotomous variables were based on the Fisher exact test. The renfaining
from 30 healthy marrow donors showed a partial methylation pattern at tii@lues were based on the Pearson chi-square test. Overall survival (OS) was
CpG region. Therefore, the mean p21-eactin ratio and the SE in the measured from the day of diagnosis until death from any cause and was
normal bone marrow were used to assess methylation status of the §@Rsored only for patients known to be alive at last contact. DFS was

promoter. Normalized values above 3 SEs were considered to be hygBgasured from the day that CR was established until either relapse or death
methylated. without relapse, and it was censored only for patients who were alive

without evidence of relapse at the last follow-up. Distributions of OS and
DFS curves were estimated by the method of Kaplan and Meier, with 95%
confidence intervals calculated by means of Greenwood’s formula. Compari-
Total RNA was isolated from X 10° marrow cells by means of Ultraspec sons of OS or DFS between groups were based on the log-rank test.
(Biotecx Laboratories, Houston, TX). Reverse transcription was perform&@bmparisons adjusted for significant prognostic factors were based on Cox
on 1 pg total RNA, after heating at 70°C for 5 minutes, with randonregression models and hazard regression models. All relapse and survival

Other molecular analyses

Reverse-transcription PCR analysis for p21 expression

TX initiation
A -124 -111

Sp1 sites
Figure 1. Aberrant p21 methylation in acute lympho- || . ! . .—.—.—.—'i

blastic leukemia. (A) A schematic map of the p21

promoter for restriction sites and the position of a primer Hpall Hpall
set. Arrow indicates the location of the transcription

initiation site of the p21 gene. Six Sp1-binding sites are 3 <
located in a GC-rich region within 180 base pairs (bp) 110 bp

upstream of the transcription initiation site of the p21

gene. The —124 and —111 indicate the recognition sites B

of the restriction enzyme Hpall. Two arrows indicate a 1 2 3 4 5
primer set for PCR and the size of PCR product, 110bp.
(B) Methylation status of the p21 promoter region was
detected by means of PCR of the Hpall-digested DNA.
The upper band represents the 110-bp amplification
product of the p21 gene, and the lower band, 75 bp of the
B-actin gene. The optical density curves of both frag-
ments were used to quantify the methylation level of p21
gene. The mean p21/B-actin ratio in normal bone marrow
and the SE were used to assess p21 methylation state.
Ratios above 3 SEs were considered hypermethylated.
Lanes 1-5 show ALL samples. The p21-to—B-actin ratios
are shown below the gel, with hypermethylated status C

indicated by asterisks. (C) Expression of p21 messenger 1 2 3 4 5
RNA (mRNA) assessed by reverse-transcriptase (RT)
PCR by means of primers for p21 and RAR« (as control). RAR-tz mRNA
Lanes 1, 2, and 5: hypermethylated ALL samples show- .
ing lack of p21 expression. Lanes 3, 4: normally methyl- P21 mRNA
ated samples.

P21 DNA

———[-ACTIN DNA
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data were updated on April 30, 2001, and all follow-up data were censor€tinical outcome and p21 methylation
at that point. ] ) )
Table 1 details the relapse history, CR rates, and mortality both for

patients who exhibited p21 promoter hypermethylation and for
patients with a normal p21 gene. CR rates of patients with the
Results normal and the hypermethylated p21 gene were 89% (65 of 73) and
90% (46 of 51), respectively, accounting for 89% of the overall CR
rate. This suggests that hypermethylation of the p21 promoter

We first examined 30 normal bone marrow and 124 ALL samplé@gion did not correlate with responsg to remissio.n induction
for methylation alteration in a CpG-rich region within 180 bgherapy. However, hypermethylated patients had a higher relapse
upstream of the transcription initiation site of the p21 gene. TH&€ (61% versus 2698, < .0001) and mortality rate (57% versus
presence of methylation in the promoter of the p21 gene was testa?: P = -005) than normally methylated patients. Similar results
by digestion with a methylation-sensitive restriction enzyme and/§€"e obtained in the separate analyses of children (relapse rate,
subsequent PCR reaction. The CpG-rich region in the 6 consef§%0 Versus 22%pP =.03; mortality rate, 37% versus 17%,
tive Spl-binding sites of the p21 promoter (Figure 1A) wab — -06) and adults (relapse rate, 85% versus 3% .001;
digested with methylation-sensitivélpall. Resulting DNA was Mmortality rate, 79% versus 47%,= .02). ,
subjected to a PCR reaction. Only undigested DNA will provide We analyzed the DFS among patients who achieved CR
110 bp of the PCR amplification product across the Sp1-bindi cording to p21 methylation. Estimated DFS ra_ltes at7 years were
sites (Figure 1B). Healthy individuals showed a weak band aftgP”? @nd 6% for normal and methylated patients, respectively
PCR, indicating that this CpG was at least partially methylateff? = -00001) (Figure 2A). Among normally methylated children,
This result is not surprising because an incomplete methylation pattdifi 7-yéar DFS was 62%, contrasting with 14% for hypermethyl-
has been previously reported in normal tissues (ie, lung, liver, afifd children® =.006) (Figure 3A). Among adult ALL patients,
muscle}?” To better determine the degree of methylation of the p2{€ 7-yéars DFS was 0% for methylated cases and 52% for normal
promoter, we established a semiquantitative analysis comparing #3§€S B = -003) (Figure 3B). The actuarial OS calculated for all

intensity of the methylation fragment relative to that obtained by
amplifying a housekeeping gerfg-éctin). The p21-tg3-actin ratios in
normal bone marrow specimens ranged from 0.4 to 0.8 (mean, 0.7).
Normalized values above 3 SEs were considered to be hypermethylated
(ratio exceeding 1). With these principles, hypermethylation of the p21
promoter region was detected in 51 (41%) ALL patient samples.

Methylation state of the p21 promoter region

1.0 H

Correlation between hypermethylation of the p21 promoter
and the p21 mRNA expression in ALL

e-Free Survival
(o2}
£
+
i
-
4

To determine whether the aberrant CpG methylation in the p212 4
promoter region correlates with decreased p21 expression in ALL,%
we analyzed levels of the p21 mRNA transcripts in the same set o
tumor and normal marrow samples using a semiquantitative
RT-PCR method. Levels of the p21 mRNA were normalized to an
internal standard RA&, and decreased expression was defined as
below 3 SEs of the mean expression level in the normal marrow 0 20 40 60 80 100 120 140
specimens. All 51 hypermethylated ALL samples (100%) showed

decreased p21 expression; in contrast, decreased p21 expression Months
was detected in only 4 of the 73 ALL samples with normal o, ;,
methylation pattern (5%). These results indicated that CpG hypeP
methylation within the p21 promoter region strongly correlated

with decreased constitutive expression of p21 in ALL cells. 8

Hypermethylated

o _ _ i Normal
Clinical presentation and p21 methylation e,
'g? HE - HHE - A - - - - - - - +--4

The p21 hypermethylation was detected at diagnosis in 41% (51 of 91
124) of patients with adult or childhood ALL of all the French- @
American-British subtypes. As shown in Table 1, aberrant p21§
methylation was found more frequently in adults (24 of 56, 43%) 3
than in children (27 of 68, 39%). However, this difference did not

reach statistical significance. Clinical and laboratory characteristics
did not differ significantly between hypermethylated and normal

patients. Poor-risk cytogenetics or molecular events, risk groups
according to both NCI and PETHEMA classifications, good-risk 0.0 _ _ _ _ . i}
features (hyperdiploidy and TEL-AML1 fusion), type of PET- 0 2 40 60 80 100 120 140
HEMA protocol administered, and number of patients who re-

ceived stem cell transplantation were similarly distributed between ) i . .
Figure 2. Kaplan-Meier survivor function for all patients. DFS (panel A) and OS

. . i
th? 2 p21'methyl_at|0n groups. Separate anaIyS|s of adult _a(ﬂgf\el B) curves for all the patients enrolled in this study according to methylation
childhood ALL patients gave the same results as the global seriesatus of the p21 promoter region.

Hypermethylated

Months
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Figure 3. Kaplan-Meier survivor function for ALL patients. DFS curves for

childhood (panel A) and adult (panel B) ALL patients based on p21 methylation status.
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at this CpG site. It is not known how methylation patterns at this CpG
site were established for blood cells during development, nor is it clear to
what degree the specific methylation patterns are involved in regulating
p21 expression in normal marrow cells. Because several reports have
not detected any mutations or deletions of FZaberrant methylation
may, at a minimum, be the most frequent way that expression of this
gene is altered in this type of cancer.

Our results further suggest a tumor-suppressor role for p21 in
this type of hematological malignancy. Loss of p21 could lead to
defects in cell cycle regulation and confer a selective growth
advantage for clones in ALL. Lack of p21 expression also
facilitates the activity of other oncogenic pathways. For example,
in the absence of p21, the onset of Ras-dependent oncogenesis is
accelerated, with earlier tumor appearance and increased tumor
multiplicity and aggressiveness in the transgenic/knockout mam-
mary cancer modét Interestingly, although p53 abnormalities are
the most common molecular lesions in human caftrey are
relatively less frequent in de novo AL1.0ne hypothesis is that
loss of p21, which is transcriptionally activated by wild-type p53
protein, represents an alternative event contributing to abnormal
cell cycle and cell-death regulation. In this sense, it has also been
reported that a sizable proportion of ALL cell lines and primary
tumors had negligible or limited expression of the p73 gene
associated with hypermethylation of its promoter redgtthhe p73
encodes for a protein that is both structurally and functionally
homologous to the p53 protein. We have observed a close
relationship between aberrant methylation of the p21 and that of the
p73 gene (unpublished results), suggesting that silencing of the
p73/p21 pathway by hypermethylation may contribute to develop-
ment and/or progression of ALL.

In 4 (5%) of our ALL patients with decreased expression of p21,
we were unable to detect hypermethylation in the p21 promoter
region, suggesting an alternative mechanism of inactivation of the
p21 gene in these patients. The transformation to inactive chroma-
tin by histone deacetylation could be a good candidate mechanism
to inactivate the p21 gene, as has been demonstrated in solid
tumors3 This issue raises an important question: could the

leukemic patients was 65% and 8% at 9 years for patients with tfagle 2. Multivariate Cox model for disease-free survival

normal and the hypermethylated p21 gene, respectirety (006) Multivariate
(Figure 2B). A trend toward significance was observed in the Univariate analysis analysis
actuarial OS between normal and hypermethylated patients in the  Characteristic RR* P RR* P
separate analyses of children (77% versus 3BP%; .06) and Global series
adults (50% versus 0%, = .09). p21 Hypermethylation 41 <.001 3.4 .0001
A multivariate analysis of potential prognostic factors (includ- WBC above 50 000 mm?3 3.1 .006 — —
ing the type of PETHEMA protocol applied) demonstrated that BCR-ABL positivity 2.9 005 - -
hypermethylation of the p21 promoter region was an independent Phenotype 22 03 - -
prognostic factor in predicting DFS in the global series as well as (l:rm::(';e/:ia” 15 years 18 03 - -
both childhood and adult ALLs (Table 2). 021 Hypermethylation 40 007 a1 o
T phenotype 25 .04 — —
. . WBC above 50 000 mm?3 2.2 .05 — —
Discussion NCI poor risk 22 05 — —
PETHEMA poor risk 1.8 .05 — —
In the present study, we demonstrate that epigenetic modificationaofiit ALL
p21 via hypermethylation represents a critical mechanism foMBC above 50 000 mm? 4.9 .002 41 .003
inactivation of this gene in ALL. We found that aberrant promoter P21 Hypermethylation 3.2 003 3.0 01
methylation of p21 occurs frequently in ALL and results in BCR-ABL positvit 23 006 - -

markedly diminished expression of p21. Our study indicates that rrindicates relative risk; ALL, acute lymphoblastic leukemia. For other abbrevia-
the CpG islands within p21 promoter region are maintained intians, see Table 1.
partially methylated state in normal bone marrow as has been *Relative risk of treatment failure as compared with patients without the adverse

described for other normal tissu&sln ALL cells, hypermethy

feature. In multivariate analysis, relative risk was calculated after adjustment for other
factors in the final model; risks are shown only for factors that achieved independent

ation within this region reflects a gain in the degree of methylatiamnificance.
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hypermethylation of the p21 promoter region be a secondary evéuiss of expression of p21 has been demonstrated to be associated
that is a consequence of the decreased p21 expression by anatfiar disease progression in patients with solid tumors, including
mechanism? The p21 might also negatively regulate DNA methyhantle-cell lymphom&’-18 However, the methylation status of the p21
ation, as it was shown to compete with DNA (cytosine-5)promoter region and the prognostic value of p21 abnormalities in ALL
methyltransferase for binding to proliferating cell nuclear antigeiave not been previously studied. In this study, we demonstrate that
thus antagonizing the DNA methyltransferase funclioithere  hypermethylation of the p21 gene provides important prognostic
fore, abrogation of p21 expression (ie, by histone deacetylatianjormation in ALL patients. Hypermethylation of the p21 gene is a
could favor the hypermethylation of its own promoter and thiactor of poor prognosis in both childhood and adult ALL. Patients with
promoters of other genes, leading to a hypermethylator phenotypgpermethylation of p21 had a poorer DFS than patients with a
as has been described in several studies of human neogl&msinormal” methylation pattern. Multivariate analysis confirmed that
Although this hypothesis is possible, it seems to be improbable becahgpermethylation of the p21 gene was associated with a shorter DFS.
no aberrant methylation in the p21 promoter has been found in tumdiserefore, p21 methylation could have important clinical implications
with decreased p21 expression by histone deacetyfation. for guiding the selection of therapy and also for providing a basis for
Key tumor-suppressor genes altered in cancer include p53, ptlByeloping novel therapies, such as demethylation treatment.
pl6, and Rb. These genes can be inactivated by mutation, deletion)n conclusion, our results indicate that the p21 gene is subject to
and hypermethylation. Each of these tumor suppressors has bewthylation regulation at the transcription level and is a target of
reported to be altered in lymphoid malignancies. Furthermoraberrant methylation in ALL cells. The methylation status of the
alterations in these genes have been shown to be associated withzihgene seems to be an important factor in predicting the clinical
unfavorable prognosis of ALL and B non-Hodgkin lymphord&¥. outcome of ALL.
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