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Purpose
The p15Ink4b gene exerts its influence as an inhibitor of cyclin-dependent kinases and is fre-
quently associated with hematological malignancies. Inactivation of this gene through DNA
methylation has been found to be the most prevalent epigenetic alteration reported, with a
high frequency in all French-American-British subtypes of acute myeloid leukemias, including
acute promyelocytic leukemia (APL). In this study, we investigated the prognostic significance
of p15 gene promoter hypermethylation and its expression in APL patients of Kashmir (North
India). 

Materials and Methods
p15 gene promoter hypermethylation was conducted by methylation-specific polymerase
chain reaction, while its subsequent expression analysis was carried out by semi-quantitative
reverse transcriptase polymerase chain reaction (RT-PCR).

Results
Of the 37 patients, 16 (43.2%) were found to have methylated p15 genes. Of these 16
cases, seven (43.8%) were methylated partially and nine (56.2%) were found to have com-
plete methylation. Moreover, nine of the 37 patients (24.3%) who presented with leukocy-
tosis at their baseline had complete p15 gene methylation as well (p < 0.05). Semi-
quantitative RT-PCR showed a complete loss of p15 expression in nine patients with com-
plete methylation coupled with leukocytosis (p=0.031), while seven patients with partial
methylation showed decreased p15 expression. Six patients relapsed during the mainte-
nance phase of treatment and were found to have a completely methylated p15 gene and
no p15 mRNA.

Conclusion
Complete methylation and loss of p15 gene expression causes susceptibility to relapse and
decreased survival in APL patients. Thus, p15 promoter hypermethylation is a prospective
prognostic indicator and a reliable clinical aid in assessment of patients with APL.
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Introduction

Acute promyelocytic leukemia (APL), which is known as
acute myeloid leukemia-3, AML-3, or M3 according to the
French-American-British (FAB) classification, is character-
ized by a predominance of malignant promyelocytes that
carry a reciprocal translocation between the long arms of

chromosomes 15 and 17: t(15;17)(q22;q11.2-q12) that results
in the formation of a hybrid gene, PML–retinoic acid receptor
" (RAR"). The fusion protein PML-RAR" has been shown to
recruit methyltransferases on the CpG islands of the pro-
moter region of the retinoic acid receptor RAR", resulting in
the hypermethylation mediated silencing of RAR" in APL
cells [1]. In addition to the hypermethylation mediated 
silencing of the RAR" gene, many tumor suppressor genes
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have been extensively reported in APL, particularly the p15
gene. p15Ink4b (p15) is a tumor suppressor gene located at
9p21, which encodes for p15 cyclin-dependent kinase 
inhibitor. The 9p21 chromosomal locus, which is referred to
as the INK4/ARF locus, has been tightly linked to the for-
mation of many types of tumors [2]. p15 belongs to the INK4
kinase family of cyclin-dependent kinase inhibitors (which
consists of p15, p16, p19, and p21). These inhibitors nega-
tively regulate the cell cycle through competitive inhibition
of the cyclin-dependent kinases 4 and 6 involved in
retinoblastoma (Rb)-dependent cell cycle regulation. p15Ink4b

expression has been shown to increase specifically during
myeloid differentiation in vivo in both human bone marrow
and peripheral blood cells [3]. The role of p15Ink4b during
myeloid differentiation was further supported by in vitro
studies of the M1 leukemia cell line. When terminal differ-
entiation is induced in these cells, upregulation of p15Ink4b

expression is accompanied by inhibition of CDK4 kinase 
activity and a decrease in levels of phosphorylated Rb [4].
Furthermore, overexpression of p15Ink4b in M1 cells causes
cell cycle arrest in the G1 phase, providing additional evi-
dence that the protein is involved in maturation and cell
cycle inhibition of late stage progenitors [5]. This function is
further supported by studies in human CD34+ hematopoietic
progenitor cells. When expression of p15Ink4b is triggered,
higher levels of the protein are associated with transcrip-
tional up regulation of genes known to induce myeloid dif-
ferentiation. Studies conducted by Teofili et al. [6] suggested
that p15 plays an important role in regulation of the prolif-
erative activity of promyelocytes. Unlike other tumor sup-
pressor genes, the p15 gene is preferentially hypermethy-
lated at a 5’-CpG island, which has been shown to be associ-
ated with loss of transcription of this gene in leukemia cells
[7,8].

In the present study, we attempted to evaluate the pro-
moter hypermethylation of the p15 gene in newly diagnosed
and relapsed APL patients treated with conventional
chemotherapy protocols International Consortium on Acute
Promyelocytic Leukemia-2006 (ICAPL-2006) and Arsenic
Tri-Oxide (ATO) protocols. Moreover, mRNA expression of
the p15 gene was analyzed using semi-quantitative reverse
transcriptase polymerase chain reaction (RT-PCR) and cor-
related with p15 gene methylation and various clinico-patho-
logical parameters.

Materials and Methods

A total of 37 APL cases were referred to the Department of
Immunology and Molecular Medicine, Sher-I-Kashmir Insti-

tute of Medical Sciences (SKIMS), Srinagar (Jammu and
Kashmir, India) from July 2013 to November 2015. We ana-
lyzed the course of all newly diagnosed and relapsed 
patients with APL treated consecutively on protocols (ICAPL-
2006 and ATO) in the Department of Clinical Hematology
and Medical Oncology at SKIMS. Patients were included in
the study after approval from the ‘Institute Ethics Commit-
tee’ (IEC) of SKIMS and subjected to prospective evaluation
of their response to conventional chemotherapy (ICAPL-2006
and ATO). All patients received baseline bone marrow analy-
sis and were categorized against the morphologic criteria for
the diagnosis of APL (APL AML-M3 or M3-variant) accord-
ing to the FAB classification system [9]. About 5-6 mL of 
peripheral blood were collected from 37 newly diagnosed
and relapsed patients into EDTA vials for methylation-spe-
cific polymerase chain reaction (MS-PCR) and RT-PCR after 
informed consent. The diagnosis was confirmed at our 
department by the presence of t(15:17) on peripheral blood
cytogenetic studies, as well as detection of PML-RAR"
translocation by RT-PCR and quantitative PCR (q-PCR) Sub-
sequently, blood samples were collected from healthy control
subjects who did not harbor any hematological malignancies.
The median age of the patients was 31 years (range, 6 to 92
years).

1. DNA extraction

Blood samples from each patient were diluted with equal
volumes of RPMI-1640 cell culture media and subjected to
density gradient centrifugation using Ficol Histopaque as
density gradient material. Isolated white blood cells were
equally distributed into two tubes for DNA and RNA extrac-
tion.

High molecular weight DNA was extracted from Ficol
Histopaque isolated cells from patient samples and healthy
control samples using the phenol-chloroform extraction pro-
tocol. The quality of extracted DNA was checked on 1%
agarose gel and the concentration of the DNA obtained was
measured in a spectrophotometer at 260 nm.

2. DNA methylation assay

MS-PCR was carried out according to the method 
described by Chim et al. [10]. Extracted DNA was subjected
to bisulphite conversion using an EZ DNA Methylation kit
from Zymo Research (Irvine, CA). MS-PCR analysis of P15
gene was carried out for its promoter using primer sets F: 
5’-GCGTTCGTATTTTGCGGTT-3’ and R: 5’-CGTACAA-
TAACCGAACGACCGA-3’ for methylated allele and F: 5’-
TGTGATGTGTTTGTATTTTGTGGTT-3’ and R: 5’-CCATA-
CAATAACCAAACAACCAA-3’ for unmethylated allele.
Approximately 2.0 µL of the bisulphite converted DNA (nor-
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mal and leukemic) from each sample was used for MS-PCR.
Universal Methylated Human DNA (Zymo Research) was
used as a positive control for methylated alleles, while DNA
from normal healthy subjects was used as a control for 
unmethylated alleles. Water was used as a negative PCR con-
trol in both reactions. The following thermal conditions were
for used for MS-PCR: 95°C for 5 minutes, followed by 35 
cycles of 95°C for 40 seconds, 56°C for 35 seconds and 72°C
for 45 seconds, and then final extension for 7 minutes at 72°C.
Primer sequences of p15 promoter for the unmethylated 
reaction amplified a 154 bp product, while the methylated
reaction amplified a 148 bp product (Fig. 1). PCR products
were analyzed by 2% agarose gel electrophoresis as 
described above.

3. RNA extraction

Total RNA from Ficol Histopaque separated white blood
cells from patients and healthy control subjects was extracted
using Trizol (Amresco, LLC, Solon, OH). The extracted RNA
was checked for purity and integrity by diethyl pyrocarbon-
ate–treated gel electrophoresis. The concentration of RNA
was measured spectrophotometrically and the ratio of the
optical density at 260 and 280 nm was checked. A ratio of
1.80 to 2.00 was accepted as good quality RNA.

4. cDNA Synthesis

A Maxima cDNA synthesis kit (Thermo Scientific,
Waltham, MA) containing enzyme mix (M-MuLV RT 
enzyme and Ribolock RNAse inhibitor), 5" reaction mix 
(reaction buffer, dNTPs, oligo(dt)18, random hexamer
primers, and nuclease-free water) was used to perform the
reverse transcriptase reaction.

Two micrograms of total cellular RNA were reverse tran-
scribed to cDNA by incubation for 10 minutes at 25°C, 15
minutes at 50°C, and 5 minutes at 85°C in a total volume of
20 µL that contained 4 µL of 5" reaction mix, 2 µL of maxima
enzyme mix and 12 µL of nuclease free water.

5. RT-PCR analysis

Multiplex PCR was carried out in a 25 µL reaction mixture
using reverse and forward primers sets for p15 and !-actin.
The primers used for p15 were F: 5’-TGGGGG CGGCAGC-
GATGAG-3’ and R: 5'-AGGTGGGTGGGGGTGGGAAAT-3’,
while for !-actin a primer set of F: 5’-TGACGGGGTCACC-
CACACTGT-3’ and R: 5’-CTAGAAGCATTTGCGGTGGAC-
3’ was used. Briefly, 2 µL of cDNA was amplified in a 25 µL
reaction containing (Taq polymerase, Taq buffer, MgCl2, and
dNTPs). cDNA synthesized from the RNA of healthy control
subjects were used as a positive control, water was used as a
negative control and !-actin served as an internal control. 
Reaction times consisted of an initial denaturation of 94°C
for 5 minutes, annealing at 54°C for 30 seconds, and elonga-
tion at 72°C for 7 minutes, followed by 35 additional cycles
(30 seconds at 94°C, 30 seconds at 54°C, and 30 seconds at
72°C). Next, 6-8 µL of the PCR product was size-fractionated
by electrophoresis in 2% agarose gel stained with ethidium
bromide and visualized under a UV trans-illuminator
(Flourchem, HD2-Cell Biosciences, Santa Clara, CA) at 365
nm. Primer sequences of p15 mRNA amplified a 450 bp
product; whereas a product of 680 bp was amplified with the
primer set for !-actin mRNA.

Results

The present study included a total of 37 APL patients com-
prising 22 males (59.5%) and 15 females (40.5%) ranging in
age from 6 years to 91 years. Overall, 25 patients (67.6%) were
< 30 years of age and 12 (32.4%) were ! 30 years of age 
(Table 1). Based on risk stratification, patients were classified
as low risk, high risk or intermediate risk according to the
total leukocyte count and platelet counts at presentation.
Nine of the 37 patients (24.3%) presented with leukocytosis

MW U/M

U M

1 2 3 4 5 6 7 8 9

U UM M M

U M PC NC

Fig. 1.  Representative pic of methylation-specific poly-
merase chain reaction showing different patterns of p15
gene methylation in APL patients. Lane 1, molecular
weight markers (MW, 50 bp); lanes 2 and 3, unmethylated
p15 gene (U, 154 bp); lanes 4 and 5, partial methylated p15
showing both 154 and 148 bp bands (U/M); lanes 6 and 7,
methylated p15 gene (M, 148 bp); lane 8, positive control
for methylated DNA (PC, 148 bp); lane 9, negative control
without template DNA (NC).      
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(> 1"1010/L), whereas the remaining 28 patients (75.7%) had
leucopenia (& 1"1010/L). High platelet counts (! 4"1010/L)
were detected in seven patients (19.0%), while 30 patients
(81.0%) presented with low platelet counts (< 4"1010/L).
Bone marrow examination revealed six patients (16.2%) with
less than 60% promyelocytes and 30 (83.8%) with a promye-
locyte count greater than 60% (Table 1).

Among 22 male patients, nine (41.0%) were found to have
hypermethylation and 13 (59.1%) were unmethylated, while
among 15 female patients, seven (46.7%) had p15 gene
methylation and eight (53.3%) were unmethylated patients.
Moreover, p15 methylation status differed significantly 
between males and females (p=0.021).

Overall, 16 patients were found to have methylated p15
genes in which seven patients were methylated partially and
nine had complete methylation based on the presence of 
either two or a single band, respectively, upon MS-PCR
analysis. The remaining 21 patients were observed to be neg-
ative for p15 gene methylation, as depicted by the absence of
a methylated band upon MS-PCR analysis (Fig. 1). Moreover,
the p15 gene methylation status in APL patients was found

to be significantly associated (p=0.031). The discrimination
of unmethylated and methylated DNA was explored by MS-
PCR in healthy control subjects in which amplification of 
unmethylated DNA was only seen as depicted by the pres-
ence of a specific DNA band with unmethylated primers.

Interestingly, all nine of the 37 patients (24.3%) who pre-
sented with leukocytosis at their baseline (> 1"1010/L) had
complete p15 gene methylation, while among the remaining
28 patients with leucopenia (& 1"1010/L), seven (18.9%) had
partial methylation of the p15 gene at baseline. This differ-
ence between groups was significantly associated (p < 0.05).
The other clinicopathological parameters and their correla-
tion with p15 gene methylation status are given in Table 1.

This observation was further supported by the semi-quan-
titative expression of the p15 gene observed upon RT-PCR
analysis of samples from the same series of 37 APL patients.
We found that no p15 gene mRNA was expressed in nine 
patients who presented with leukocytosis coupled with com-
plete p15 methylation (M group). In comparison, p15 mRNA
was expressed in all patients in whom p15 alleles were either
partially methylated (U/M group) or were unmethylated (U

Variable No. (%) Methylated Methylated/ Unmethylated p-valueUnmethylated
Total (%) 37 (100) 9 (24.3) 7 (18.9) 21 (56.7)
Age (yr)
! 30 12 (32.4) 1 (8.3) 2 (16.7) 9 (75.0) 0.741
< 30 25 (67.6) 8 (32.0) 5 (20.0) 12 (48.0)

Sex
Male 22 (59.5) 6 (27.3) 3 (13.6) 13 (59.1) 0.021
Female 15 (40.5) 3 (20.0) 4 (26.7) 8 (53.3)

TLC
> 1"1010/L 9 (24.3) 9 (100) 0 ( 0 ( 0.031
& 1"1010/L 28 (75.7) 0 ( 7 (25.0) 21 (75.0)

Platelet count
! 4"1010/L 7 (19.0) 1 (14.3) 2 (28.6) 4 (57.1) 0.689
< 4"1010/L 30 (81.0) 8 (26.7) 5 (16.6) 17 (56.7)

Promyelos in BM
> 60% 31 (83.8) 9 (29.0) 5 (16.1) 17 (54.9) > 0.990
< 60% 6 (16.2) 0 ( 2 (33.3) 4 (66.7)

Karyotyping
t(15;17) positive 30 (81.0) 9 (30.0) 6 (20.0) 15 (50.0) > 0.990
t(15;17) negative 7 (19.0) 0 ( 1 (14.3) 6 (85.7)

Transcript types
bcr-1 19 (51.4) 4 (21.0) 2 (10.5) 13 (68.5) 0.093
bcr-2 3 (8.1) 1 (33.3) 1 (33.3) 1 (33.3)
bcr-3 15 (40.5) 4 (26.7) 4 (26.7) 7 (46.6)

Table 1. Clinicopathological parameters of 37 APL patients at diagnosis according to the p15 methylation state

Values are presented as number (%). APL, acute promyelocytic leukemia; TLC, total leukocyte count; BM, bone marrow.

Shahid M. Baba, p15 Loss of Expression by Hypermethylation in APL



794 CANCER  RESEARCH  AND  TREATMENT

group). Similarly healthy control subjects showed a consis-
tent pattern of unmethylation in the p15 gene and their
mRNA was found to be intact Table 2. Thus, p15 gene silenc-
ing was found exclusively in patients with high leukocyte
counts in addition to complete methylation of both p15 alle-
les (p=0.031).

All 37 patients were treated with all-trans retinoic acid in
addition to conventional chemotherapy (ICAPL-2006). Dur-
ing the course of the study, eight patients expired. Among
these, six patients (four from group M and two from group
U) died during the induction phase of treatment, while two
patients (from M group) relapsed and expired during the
maintenance stage of chemotherapy.

Overall, 31 patients were followed during the course of our
study. All patients achieved bone marrow remission by the
end of the consolidation phase of chemotherapy as con-
firmed by their negative q-PCR and RT-PCR status for PML-
RAR". However, during the maintenance stage of chemo-
therapy, six patients (four from M group and one each from
the U/M and U groups) relapsed. High leukocyte count was

observed in all six relapsed cases who were subsequently
subjected to treatment with arsenic trioxide. Upon follow-up
evaluation of the p15 methylation status and p15 mRNA 
expression during maintenance, we found that all six 
relapsed patients had complete p15 methylation, while two
patients with complete methylation status belonged to the U
and U/M groups at baseline. These findings indicate the
poor prognostic implication of acquired complete methyla-
tion. The loss of p15 mRNA expression was subsequently
seen in all six of the relapsed cases. The only remaining 
patient from M group and patients from U and U/M groups
who achieved remission had no p15 methylation, and p15
mRNA was found intact in these patients. Of the six relapse
patients, two complete methylation expired because of cere-
bral hemorrhage.

Multivariate analysis was performed to determine if com-
plete p15 methylation is an independent poor prognosis fac-
tor in APL patients. We observed that the group M patients
had an inferior survival (hazard ratio, 8.60; 95% confidence
interval [CI], 1.7 to 43.0; p=0.009) compounded with an 

Variable Case Methylated Methylated/ Unmethylated p-valueUnmethylated
p15 positive 28 0 ( 7 (25.0) 21 (75.0) 0.031
p15 negative 9 9 (100) 0 ( 0 (

Table 2. p15 mRNA expression by semi-quantitative RT-PCR in APL patients at diagnosis

Values are presented as number (%). RT-PCR, reverse transcriptase polymerase chain reaction; APL, acute promyelocytic
leukemia.

Fig. 2.  Kaplan-Meier overall survival (A) and disease-free survival (B) plots of acute promyelocytic leukemia patients 
according to the methylation status of the p15 promoter region.
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increased risk of relapse (hazard ratio, 11.5; 95% CI, 1.9 to
135.4; p=0.050) relative to group U. In contrast, comparison
of group M to group U/M revealed no significant difference
in survival or risk of relapse. Therefore, the detection of com-
plete p15 methylation status was found to be an independent
poor prognosis factor for group M relative to group U that
was not influenced by any other tested variables (e.g., age,
sex, WBC count, platelet counts, treatment, and PML/RAR"
breakpoint type).

Clinical outcome according to the pattern of p15 methyla-
tion and its mRNA expression was analyzed in APL patients
in terms of their overall survival (OS) and disease-free sur-
vival (DFS). Patients were followed for a mean duration of
19.1 months ranging from 0 to 34 months and Kaplan-Meier
survival analysis was performed to assess the OS of all 37 
patients and the DFS of 31 patients who achieved clinical 
remission. Comparison of survival between patient groups
was based on the log-rank test.

The OS for groups M, U/M, and U patients was 38%,
100%, and 90%, respectively. Patients from group M showed
the lowest OS, while those in group U/M showed a higher
OS, but this difference was not significant (p=0.295) (Fig. 2A).
We observed a significant difference in DFS (log-rank test,
p=0.022), which was estimated to be 22%, 83%, and 93% in
patients from groups M, M/U, and U, respectively (Fig. 2B).
Moreover, patients from group M showed the lowest DFS
(16.5 months).

An OS of 38% and 91% was observed in p15-negative and
p15-positive patients, respectively. Patients who did not 
express p15 mRNA showed a lower mean OS of 19.2 months
as compared to 30.3 months in patients who expressed p15
mRNA. The difference in OS between two groups was sig-

nificant based on the log-rank value (p=0.031) (Fig. 3A). The
DFS for p15-negative patients was lower than that of p15-
positive patients (22% and 89%, respectively; log-rank test:
p=0.004), with a mean DFS time of 29.6 months for p15-neg-
ative and 34.0 months for p15-positive patients (Fig. 3B).

Discussion

Promoter hypermethylation of p15Ink4b causes its silencing
almost exclusively in cancers of the hematopoietic system,
and is observed in acute leukemias of myeloid (AML) and
lymphoid origins [11]. Aberrant hypermethylation occurs at
the CpG islands of the gene, which extend throughout the
promoter region, exon 1, and part of intron 1 [12]. Various
studies have reported hypermethylation of p15 with a high
frequency in all FAB subtypes of AMLs [13]. However, few
studies have been conducted to specifically investigate p15
methylation in APL. In our study, which is first from India,
we investigated the pattern of p15 promoter hypermethyla-
tion in APL patients and its subsequent expression by 
RT-PCR. The results revealed overall hypermethylation of
the p15 gene in 45% of APL patients, which is marginally in
agreement with the results of a previous study conducted by
Teofili et al. [14], who reported that 52% of cases involved
hypermethylation. Our results differ from another study by
Chim et al. [15], who observed hypermethylation in 79% of
cases. Aberrant methylation of p15Ink4b has been reported in
up to 80% of patients with primary and secondary AML
[16,17]. Although these studies vary slightly in terms of the

Su
rv

iva
l p

ro
ba

bi
lit

y

1.0

0

0.6

0.8

0.2

0.4

0
Time (mo)

10 20 4030

A

Su
rv

iva
l p

ro
ba

bi
lit

y

1.0

0

0.6

0.8

0.2

0.4

0
Time (mo)

10 30 4020

B

p15 negative
p15 positive
p15 negative-censored
p15 positive-censored

p15 mRNA expression
p15 negative
p15 positive
p15 negative-censored
p15 positive-censored

p15 mRNA expression

Fig. 3.  Kaplan-Meier overall survival (A) and disease-free survival (B) plots of acute promyelocytic leukemia 
patients according to p15 mRNA expression.
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frequency of p15 hypermethylation, they all indicate that this
gene is actively involved in the leukemogenesis of APL.
Moreover, aberrant. p15Ink4b methylation levels have been 
associated with a generally poor prognosis in many forms of
the disease. In contrast to Teofili et al. [14], who found no
clinical variables showing any significant association with
the pattern of methylation, our study noted a significant 
association of p15 hypermethylation with the gender of the
APL patients (p=0.021) and leukocyte count at baseline
(p=0.031). Interestingly, all nine patients (100%) who pre-
sented with leukocytosis at baseline (> 1"1010/L) were found
to harbor p15 gene methylation (p=0.031). These findings dif-
fer from those reported by Teofili et al. [14], who found p15
gene methylation in 58% of patients. Therefore, this study
points towards a strong link between leukocytosis, which is
generally considered a poor prognostic indicator in APL
[18,19], and the pattern of p15 methylation in APL cases.

Apart from complete methylation (M group) and absence
of methylation (U group), 19% of patients showed partial
methylation of p15 (U/M group). A similar pattern was 
observed by Teofili et al. [14], although they reported a par-
tial methylation pattern in more patients (41.0%) than in our
study. Partial methylation of the p15 gene is expected to
cause incomplete transcription of in which only the 
unmethylated part contributes to the expression or mRNA
formation. Therefore, p15 mRNA expression was evaluated
by semi quantitative RT-PCR in all patients to explore the
pattern of methylation and silencing of the p15 gene.

All the cases from group M patients, who reported com-
plete methylation (9/9), showed a lack of p15 mRNA expres-
sion. Additionally, complete expression was observed in
patients having fully unmethylated DNA. In the group U/M
patients, who had partially methylated DNA, a differential
pattern of p15 mRNA expression was observed as shown by
the differential intensity of RT-PCR bands for mRNA. All
seven patients with partial methylated DNA showed low 
intensity mRNA bands against those patients with no methy-
lation and/or the control.

The loss of p15 expression in group M confirms the find-
ings of the previous study by Teofili et al. [14]. All patients
who were fully methylated showed loss of expression, which
differs from the results of a study by Preisler et al. [20], who
found that the presence of p15 methylation in leukemic cells
is not always associated with the lack of p15 expression and
that p15 expression is not always observed in the absence of
methylation. p15 loss of expression was observed in nine 
patients with leukocytosis who had already been found with
complete methylation (p=0.031), which is in stark contrast
with the results of a previous study [14] in which leukocyto-
sis did not show a significant relationship with methylation
or expression of p15.

The prognostic and clinical significance of p15 promoter

hypermethylation and subsequent gene silencing caused by
it was evaluated in terms of the three year OS and DFS 
durations by the Kaplan-Meier method. Comparisons of the
OS and DFS between patient groups were based on the log-
rank test. There was no significant difference between the OS
of M, U/M, and U groups patients (38%, 100%, and 90%, 
respectively; log-rank test p=0.295), with patients from group
M showing the lowest survival of 19.2 months (Fig. 2A). Sig-
nificant DFS (log-rank test p=0.022) (Fig. 2B) was associated
with different patterns of p15 gene hypermethylation in 
patients who achieved clinical remission. Group M patients
showed a lower DFS (22%) than groups M/U and U patients
(83% and 93%, respectively). Similar results were reported
by Teofili et al. [14], who found a significant 5 years DFS rate
of 29%, 64%, and 79% for M, M/U, and U patients respec-
tively, with OS values of 69%, 71%, and 85%, respectively.
These findings are concordant with the OS values of 38% and
90% observed for groups M and U, respectively, in the pres-
ent study. With regard to the U/M group, our OS was 100%
when compared to the corresponding OS of 71% of Teofili et
al. [14]. These findings can be attributed to the smaller sam-
ple size and lesser follow-up duration of our study. Further,
our finding of decreased overall and DFS in APL patients
with complete methylation is similar to the results reported
by Chim et al. [15], who reported a high incidence of p15
methylation in patients with APL and demonstrated that the
5-year DFS of patients with abnormal methylation of p15 was
significantly inferior to that of patients without p15 methy-
lation.

A significant 3-year OS of 38% and 91% (log-rank p=0.031)
(Fig. 3A) and DFS of 22% and 89%, respectively (log-rank
p=0.004) was observed in p15-negative and p15-positive 
patients, respectively (Fig. 3B). These results are in agree-
ment with those reported by Teofili et al. [14], who reported
significant 5-year estimated DFS values (24% and 66% for
p15-negative and -positive patients, respectively). However,
they found no significance difference in the OS of p15-nega-
tive and positive patients (OS, 74% and 85%, respectively).
Our findings are also in agreement with many previous stud-
ies of patients with all AML FAB subtypes, in which individ-
uals without p15Ink4b hypermethylation at diagnosis had
increased complete remission rates that also correlated with
increased survival times [21,22]. While our study indicates
p15 as a valid potential prognostic marker in APL, these find-
ings need to be validated in larger series of samples.

We concluded that hypermethylation of p15 gene coupled
with its loss of mRNA expression causes susceptibility to 
patients with APL which leads to their decreased survival.
Thus, p15 promoter hypermethylation is a prospective prog-
nostic indicator and a reliable clinical aid in assessment of
patients with APL.

Cancer Res Treat. 2017;49(3):790-797
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