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ABSTRACT 

 
Background: Over-activation of Wnt (derived from names of two genes; Drosophila 
Wingless and mouse Int-1) pathway is incriminated in leukemogenesis. Functional 
loss of Wnt antagonists; DKK (Dikkopf) and SFRPs (secreted frizzled-related 
protein), can contribute to Wnt hyper-activation. Silencing of Wnt antagonists by 
hypermethylation is reported in human malignancies as well as in hematopoietic 
malignancies. Our aim was to estimate the frequency and the possible impact of 
hypermethylation of the SFRP1 and DKK3 in acute leukemia. Methods: We evaluated 
SFRP1 and DKK3 methylation status using methylation specific polymerase chain 
reaction (MS-PCR) in 50 acute myeloid leukemia (AML) and 30 B-acute 
lymphoblastic leukemia (B-ALL) patients and 20 age and sex matched controls. 
Results: The frequency of methylation in B-ALL patients was 40% for SFRP1, 40% 
for DKK-3, in AML patients; the frequency was 44% for SFRP1, 36% for DKK-3. All 
the control subjects had no aberrant methylation in either SFRP1 or DKK-3. B-ALL 
and AML groups showed no statistical significant difference in the frequency of 
SFRP1 or DKK-3 methylation. B-ALL patients with M-SFRP1 had a significantly 
higher mean platelets count and a lower mean age compared to B-ALL patients with 
UM-SFRP1, no other significant clinical or hematological difference was 
encountered between patients with M-SFRP1 and UM-SFRP1 or between M-DKK3 
and UM-DKK3 patients in the ALL or the AML group. Different B-ALL and AML 
prognostic cytogenetic groups showed nearby frequency of SFRP1 and DKK3 
methylation. Conclusion: SFRP1 and DKK3 methylation is frequent in acute 
leukemia. Treatment with demethylating agents may reverse the overactivated Wnt 
signaling in patients with methylated phenotype. 
Key word: SFRP1; DKK3; methylation; AML; B-ALL; MS-PCR.  
 

INTRODUCTION 
 

Wnt proteins, derived from 
Drosophila Wingless (Wg) and the 
mouse Int-1 genes, represent a large 
family of secreted cysteine-rich 
glycosylated proteins. This novel 
family of proteins is intimately 
involved in cellular signaling 

pathways that play a role in a variety 
of processes that involve embryonic 
cell patterning, proliferation, 
differentiation, orientation, adhesion, 
survival, and apoptosis1. Convincing 
evidence has established a crucial role 
for Wnt signaling in the maintenance 
and self-renewal of hematopoietic 
stem cells (HSC)2. 
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Constitutive activation of the Wnt 
pathway has been found in solid 
tumors as well as hematopoietic 
malignancies3,4. Over-activation of 
Wnt signaling cascade have been 
demonstrated to have a role in 
leukemia pathogenesis; and 
dysregulation of the pathway seems to 
lead to a gain of self-renewal capacity 
of progenitor cells, resulting in the 
promotion of different forms of 
leukemia5-7. 

WNT signaling is controlled by a 
number of natural Wnt antagonists 
that interfere with the ligand-receptor 
interaction, including members of the 
Dikkopf (DKK) family and the 
secreted frizzled-related protein 
(SFRP) family8. 

The human Dkk-3 gene, located 
on chromosome 11p15.1 is a recently 
found mortalisation-related gene. It 
has been determined that Dkk-3 
possesses an antiproliferative activity 
against tumor cells, suggesting that 
Dkk-3 may function as a tumor 
suppressor, and that its effect seems to 
be mediated by its ability to 
antagonize Wnt signaling9,10. DKK-3 
expression is largely attenuated in 
many immortalized and tumor derived 
cell lines11.  

The family of SFRPs belongs to a 
group of proteins antagonizing the 
Wnt signaling pathway by interaction 
with the Wnt receptor. The functional 
role of SFRPs in normal and 
malignant hematopoiesis has not yet 
been systematically investigated. Four 
of the five known SFRP genes are 
characterized by a CpG island in the 
promoter region.  

A loss of function of tumor 
suppressor genes can result from 
mutations, chromosomal deletions or 

epigenetic dysregulation12. The best 
studied epigenetic mechanism for 
silencing of cancer-related genes is 
hypermethylation of CpG islands in 
the promoter region of genes. CpG 
island hypermethylation of tumor 
suppressor genes has been described 
in almost all solid and hematopoietic 
malignancies13,14. 

SFRP promoter hypermethylation 
is a frequent event in solid tumors, as 
was shown especially for SFRP1 and 
SFRP2 in colorectal cancer cells15. 
Some studies proposed the epigenetic 
silencing of negative regulators of the 
Wnt signaling pathway may affect the 
Wnt regulatory proteins; DKK and 
SFRPs16,17. 

Functional loss of Wnt 
antagonists can contribute to 
activation of the Wnt pathway and 
result in carcinogenesis through 
deregulation of cell proliferation and 
differentiation. Recent studies have 
shown that impaired activation of Wnt 
antagonists such as sFRP1 and DKK3 
by promoter hypermethylation is 
present in several human 
malignancies18,19. 

However, little is known about 
the potential role of promotor 
hypermethylation of Wnt antagonists 
(SFRP1, DKK3) in leukemia. 
Aim of the work:  

This study aimed to analyze the 
frequency and the possible impact of 
epigenetic hypermethylation of the 
SFRP1 and DKK3 genes in acute 
leukemia patients. 
 

SUBJECTS & METHODS 
 

The present study was conducted 
on 80 newly diagnosed acute 
leukemia patients (30 with B-acute 
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lymphoblastic leukemia and 50 
patients with acute myeloid 
leukemia). Those patients were 
referred from Kasr Al Aini Faculty of 
Medicine Hospital, Cairo University, 
to be diagnosed in the Clinical 
Pathology Department during the 
period from May 2009 to June 2011. 
Twenty age and sex matched healthy 
volunteers were included as a control 
group.  Informed consent was 
obtained from each participant or 
his/her guardians. The study was 
approved by the ethics committee of 
Cairo University. 

The age of patients under study 
ranged from 9.0-68.0 years (mean 
27.51±16.37), 23 patients (28.75%) 
were ≤ 16 years (18 patients with B-
ALL and 5 with AML), and 57 
patients (71.25%) were ≥ 17 – 68 
years (12 patients with B-ALL and 45 
with AML). Sixty percent were males 
(48/80) and 40% were females 
(32/80). 

All cases were subjected to 
careful history-taking and 
comprehensive clinical examination. 
Diagnosis was established according 
to standard morphologic, 
cytochemical, immunophenotypic and 
cytogenetic criteria. The clinical 
characteristics known to be associated 
with prognosis were obtained: age, 
white blood cell count (WBC) at 
diagnosis, CD34 expression and 
cytogenetic analysis by conventional 
karyotype and/ or fluorescence in situ 
hybridization (FISH). The study was 
approved by the ethics committee of 
Cairo University. The clinical and 
laboratory data of the patients groups 
are summarized in tables 1 and 2. 

Aberrant promoter methylation of 
SFRP1 and Dkk-3 genes were 

determined by the method of 
methylation-specific PCR (MSP) as 
previously reported20. MSP 
distinguishes unmethylated alleles of a 
given gene based on DNA sequence 
alterations after bisulphite treatment 
of DNA, which converts 
unmethylated (but not methylated) 
cytosines to uracils. Subsequent PCR 
amplification using primers specific to 
sequences corresponding to either 
methylated or unmethylated DNA 
sequences was then performed. Primer 
sequences of Dkk-3 and SFRP1 are 
shown in table 3. 

DNA extraction was done using 
QIAamp DNA Blood Mini Kits, 
(QIAGEN, Hilden, Germany) catalog 
number (51104). DNA Purification 
was performed fully automated on the 
QIAcube (QIAGEN, Hilden, 
Germany). Bisulfite DNA conversion 
was done using Qiagen EpiTect 
bisulfite kit, Hilden, Germany, catalog 
number (59401). Briefly, thermal 
cycler conditions, for bisulfite 
conversion, were as follows; 3 cycles 
of denaturation at 99°C for 5 minutes 
each. Each cycle was followed by 
incubation at 60°C for 25, 85 and 175 
minutes following the 1st, 2nd and 3rd 
denaturation cycles respectively. 

A volume of 2 µl of the bisulfite 
treated DNAs were PCR amplified in 
a total volume of 50 µl.  Initial 
activation step for 10 minutes at 95˚C 
is required for ‘Hot start’ PCR, this 
was followed by 35 cycles consisting 
of denaturation at 95˚C for 45 s, 
annealing for 30 s at 60˚C and 
extension at 72˚C for 30 s. This was 
followed by a final 10-min extension 
at 72˚C for all primers sets. DNA 
from healthy donors was used as 
negative controls for methylation-
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specific assays. PCR products were 
separated on 2% agarose gel, stained 
by ethidium bromide and visualized 
on an ultraviolet trans-illuminator.  
Statistical analysis:  

Data was analyzed using SPSS 
win statistical package version 17 
(SPSS Inc., Chicago, IL). Numerical 
data were expressed as mean and 
standard deviation or median and 
range as appropriate. Qualitative data 
were expressed as frequency and 
percentage. Chi-square test (Fisher’s 
exact test) was used to examine the 
relation between qualitative variables. 
For quantitative data, comparison 
between two groups was done using 
Mann-Whitney test (non-parametric t-
test). Comparison between 3 groups 
was done using Kruskal-Wallis test 
(non-parametric ANOVA) followed 
post-Hoc "Schefe test” on rank of 
variables for pair-wise comparison. A 
p-value < 0.05 was considered 
significant. 
 

RESULTS 
 

The frequency of methylation in 
B-acute lymphoblastic leukemia (B-
ALL) patients at diagnosis was 40% 
(12/30) for SFRP1, 40% (12/30) for 
DKK-3 and 13% (4/30) for 
methylation of both SFRP1 and 
DKK3. Hypermethylation of at least 
one gene occurred in 66.7% (20/30) of 
the B-ALL patients, while for acute 
myeloid leukemia (AML) patients, the 
frequency of methylation was 44% 
(22/50) for SFRP1, 36% (18/50) for 
DKK-3, 24% (12/50) for methylation 
of both SFRP1 and DKK3 and the 
frequency of methylation of at least 
one of these two genes was 56% 
(28/50). All the control subjects 

(100%) had no aberrant methylation 
in SFRP1 or DKK-3 genes. A 
significantly higher frequency of 
methylation was found in acute 
leukemia patients compared to control 
subjects, p value (0.001). While no 
significant difference was found by 
comparing B-ALL and AML groups 
as regards the frequency of SFRP1 or 
DKK-3 methylation, p value (>0.05). 

The frequency of methylation in 
different B-ALL FAB categories was 
75% (6/8), 62.5% (10/16), 50% (2/4) 
and 100% (2/2) for pro B, common B, 
pre B and mature B subtypes 
respectively, on the other-hand the 
AML group FAB categories showed a 
frequency of methylation of 25% 
(2/8), 55% (12/22), 100% (8/8), 75% 
(6/8), 0% (0/4) for M1, M2, M3, M4 
and M5 respectively, as M0, M6 and 
M7 weren’t encountered among 
patients group of the current study. 

B-ALL patients were grouped 
according to their cytogenetic and 
molecular findings into; good 
[hyperdiploidy >50], intermediate 
[normoploidy and hyperdiploidy 47-
50], bad [hypodiploidy, BCR-ABL 
t(9; 22)] and unclassified (no available 
data) prognostic groups, the frequency 
of SFRP1 methylation among these 
groups was 50% (2/4), 28.5% (4/14), 
60% (6/10) and 0% (0/2) respectively, 
while DKK-3 aberrant methylation 
frequency was 100% (4/4), 14% 
(2/14), 40% (4/10) and 100% (2/2) for 
the same ordered groups. 

Cytogenetic and molecular 
grouping of AML patients into; Good 
[t (8;21) and t (15;17)],  bad (trisomy 
8) and unclassified prognostic groups, 
revealed a frequency of SFRP1 
methylation of 75% (12/16), 0% (0/6), 
and 35.5% (10/28) respectively, while 
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the frequency of DKK-3 aberrant 
methylation was 37.5% (6/16), 66.7% 
(4/6), and 28.5% (8/28) for the same 
ordered groups. 

B-ALL patients with M-SFRP1 
had a significantly higher mean 
platelets count and a lower mean age 
compared to B-ALL patients with 
UM-SFRP1, P value (< 0.05), 
otherwise no significant difference, 
between M-SFRP1 and UM-SFRP1 
ALL patients or between M-SFRP1 
and UM-SFRP1 AML patients as 
regards any other clinical or 
hematological data, was encountered, 
P value (> 0.05). 

As for B-ALL and AML patients 
with aberrant M-DKK3, they showed 
no significant difference as regards 
the clinical or hematological data 
when they were compared to UM-
DKK3 B-ALL and AML patients 
respectively, P value (> 0.05). 

AML patients with M-SFRP1 and 
UM-SFRP1 had a frequency of CD34 
positivity of 9% (2/22) and 22% 
(6/28) respectively, while those with 
M-DKK3 and UM-DKK3 had a 
frequency of CD34 positivity of 11% 
(2/18) and 19% (6/32) respectively.

 
 
Table 1: Clinical characteristics of B-ALL and AML patients according to SFRP1 
gene methylation status. 

P 
Value 

AML (N=50) P 
value 

B-ALL (N=30)  
UM-
SFRP1 

M-SFRP1 UM-
SFRP1 

M-SFRP1 

NS 28 (56) 22 (44) NS 18 (60) 12 (40) Number, % 
NS 14(58.3%) 10(41.7%) ------ 14(58.3%) 10(41.7%) Sex (male) N, % 

14(53.8%) 12(46.2%) 4(66.7%) 2(33.3%) Sex (female) N, % 
FAB subtypes FAB subtypes 

------- 8 (100%)           0 M1, N=8------- 4 (50%) 4 (50%) Pro B-ALL, L2, N= 8 

------- 
14 (64%) 8 (36%) M2, N=22

------- 
2 (50%) 2 (50%) Common B-ALL (L1), 

N=4 

------- 
0 8 (100%) M3, N=8

------- 
8 (66.7%) 4 (33.3%) Common B-ALL (L2), 

N= 12 
------- 2 (25%) 6 (75%) M4, N=8------- 2 (50%) 2 (50%) Pre B-ALL, L1, N=4 
------- 4 (100%) 0 M5, N=4------- 2 (100%) 0 Mature B-ALL, L3, N=2 
NS 29.2±18.5 26.2±13.9 0.034 32.3±17.8 20.6±11.9 Age, years 
NS 31.3±27.9 19±15.6 NS 11.7±9.7 11.9±7.8 WBCs, x 109/L 
NS 5.9±1.7 6.6±1.5 NS 6.1±2.2 7.8±1.7 Hb, g/dl 
NS 49.3±21.2 46.3±15.9 0.036 37.7±13.7 89.3±59.2 Plts, x 109/L 
NS 73.5±12.1 67.2±18.9 NS 77.1±20.4 52.2±25.4 Blasts, % 
------- 4 (14.3%) 12 (54.5%) ------- 2 (11.1%) 2 (16.7%) Good  

C
yt

og
e-

n
et

ic
 

gr
ou

p
 ------- 6 (21.4%) 0 (0%) ------- 4 (22.2%) 6 (50%) Bad  

------- ------- ------- ------- 10 (55.6%) 4 (33.3%) Intermediate  
------- 18 (64.3%) 10 (45.5%) ------- 2 (11.1%) 0 (0%) Other  

NS: not significant P value (>0.05). N: number. Hb: hemoglobin. Plats: platelets. 
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Table 2: Clinical characteristics of ALL and AML patients according to DKK3 gene 
methylation status. 

P 
value 

AML (N=50) P 
value 

B-ALL (N=30)  

UM-DKK3 M-DKK3 UM-
DKK3 

M-DKK3 

NS 32 (64) 18 (34) NS 18 (60) 12 (40) Number, % 
NS 16(66.7%) 8(33.3%) ----- 

 
16(66.7%) 8 (33.3%) Sex(male) 

16(61.5%) 10(38.5%) 2 (33.3%) 4 (66.7%) Sex(female) 
FAB subtypesFAB subtypes 

------- 6 (75%) 2 (25%) M1, N=8------- 6 (75%) 2 (25%) Pro B-ALL, L2, N= 8 

------- 
12 (55%) 10 (45%) M2, N=22

------- 
4 (100%) 0 Common B-ALL (L1), 

N=4 

------- 
6 (75%)  2 (25%) M3, N=8

------- 
6 (50%) 6 (50%) Common B-ALL (L2), 

N= 12 
------- 4 (50%) 4 (50%) M4, N=8------- 2 (50%) 2 (50%) Pre B-ALL, L2, N=4 

------- 
4 (100%) 0 M5, N=4

------- 
0 2 (100%) Mature B-ALL, L3, 

N=2 
NS 31.6±17.9  23.9±14.5NS 29.6±16.0 20.2±15.4 Age, years 
NS 26.6±28.5 24.7±12.6 NS 14.1±10.4 8.3±4 WBCs, x109/L 
NS 5.7±1.5 7.1±1.5 NS 6.2±1.7 7.7±2.6 Hb, g/dl 
NS 47.6±18.5 48.7±20.2 NS 56±40.5 63.3±54.7 Plts, x109/L 
NS 70.3±13.3 71.4±19.4 NS 72.1±27.1 59.7±21.7 Blasts, % 
------- 10(31.25%) 6 (33.3%) ------- 0 (0%) 4 (33.3%) Good  

C
yt

og
-

en
et

ic
 

gr
ou

p
 ------- 2 (6.25%) 4 (22.25%) ------- 6 (33.3%) 4 (33.3%) Bad  

------- ------- ------- ------- 12(66.7%) 2 (16.7%) Intermediate  
------- 20(62.5%) 8 (44.45%) ------- 0 (0%) 2 (16.7%) Other  

NS: not significant P value (>0.05). N: number. Hb: hemoglobin. Plats: platelets. 
 
 
Table 3: The sequence of the primers used in the present work. 
 Primer sequence 
M-SFRP1 F: 5-TGTAGTTTTCGGAGTTAGTGTCGCGC-3 

R: 5-CCTACGATCGAAAACGACGCGAACG-3                
UM-SFRP1 F: 5-GTTTTGTAGTTTTTGGAGTTAGTGTTGTGT-3               

R: 5-CTCAACCTACAATCAAAAACAACACAAACA-3 
 (Veeck et al.,33) 
M-DKK-3 F: 5-CGGTTTTTTTTCGTTTTCGGGC-3 

R: 5-CGCCTATATATCCCGAAACGCG-3 
UM-DKK-3 F: 5-GGGGTTTTGGTTTTTTTTTGTTTTTGGGT-3 

R: 5-AACCACCACCTATATATCCCAAAACACA-3 
 (Roman-Gomez et al.,25) 
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Figure 1: Electrophoretic analysis of Dkk3 promoter methylation status in control 
subjects and acute leukemia patients. Lane 1; molecular weight ladder 100-1000 bp. 
Lanes 2&3 represent control subjects, lanes 2a&3a denoting presence of  UM-DKK3, 
lanes 2b,3b denoting absence of  M-DKK3. Lanes 5,9,10 represent acute leukemia 
patients with unmethylated phenotype, lanes 5a,9a,10a denoting presence of UM-
DKK3, lanes 5b,9b,10b denoting absence of  M-DKK3. Lanes 4,6,7,8,11 represent 
acute leukemia patients with methylated phenotype, lanes 4a,6a,7a,8a,11a denoting 
presence of UM-DKK3, lanes 4b,6b,7b,8b,11b denoting presence of  M-DKK3.  
 
 
 

 
Figure 2: Electrophoretic analysis of SFRP1 promoter methylation status in control 
subjects and acute leukemia patients. Lane 1; molecular weight ladder 100-1000 bp. 
Lanes 2&3 represent control subjects, lanes 2a&3a denoting presence of  UM-SFRP1, 
lanes 2b,3b denoting absence of  M- SFRP1. Lanes 6,8,11 represent acute leukemia 
patients with unmethylated phenotype, lanes 6a, 8a, 11a denoting presence of UM- 
SFRP1, lanes 6b,8b,11b denoting absence of M- SFRP1. Lanes 4,5,7,9,10 represent 
acute leukemia patients with methylated phenotype, lanes 4a,5a,7a,9a,10a denoting 
presence of UM- SFRP1, lanes 4b,5b,7b,9b,10b denoting presence of M- SFRP1. 
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DISCUSSION 
 

The “cancer stem cell” model 
postulates that tumors initiate from a 
sub-population of cancer cells that are 
pluripotent, and that most cells in the 
tumor are differentiated progeny of 
the cancer stem cells. Activation of 
the Wnt signaling pathway is 
associated with expansion of several 
stem cell compartments and is often 
deregulated in human malignancies21. 

Aberrant activation of the Wnt 
pathway has been demonstrated to 
contribute to leukemogenesis but, in 
contrast to solid tumors, no activating 
mutations in the genes of the Wnt 
pathway, have been described in 
myeloid or lymphatic malignancies 
until now22, suggesting that abnormal 
regulation of this pathway is mediated 
by other mechanisms17. 

Epigenetic gene silencing is 
increasingly being recognized as a 
common way in which cancer cells 
inactivate cancer related genes. In 
addition to its pathogenic 
implications, promoter 
hypermethylation and transcriptional 
repression of functionally important 
cancer-related genes may also affect 
tumor behavior, impacting clinical 
outcomes. Epigenetic silencing of 
negative regulators of Wnt signaling 
has been found in AML for Wnt 
inhibitory factor 1 (WIF1) 
preferentially in acute promyelocytic 
leukemia (APL) and for DKK1 in 
Core Binding Factor (CBF) leukemia. 
In addition, SFRP gene silencing in 
association with promoter 
hypermethylation has been described 
in other hematopoietic malignancies 

such as ALL and multiple myeloma 
(MM)23,24. 

Because each tumor may harbor 
multiple genes susceptible to promoter 
hypermethylation, individual tumors 
exhibit different frequencies of 
hypermethylation profile potentially 
predictive of a patient’s clinical 
outcome25.  

Despite the growing knowledge 
about the definite role of activated 
Wnt pathway in malignant 
hematopoiesis, the role of Wnt 
inhibitory proteins in leukemogenesis 
is still not well-defined.  

The present study has addressed 
the question of the role and the 
frequency of epigenetic silencing of 
the Wnt antagonists SFRP1 and 
DKK3 in AML and B-ALL. 

The frequency of aberrant 
methylation of SFRP1 among B-ALL 
patients’ samples was 40% in the 
present study. In agreement with our 
study, nearly the same frequency (38 
and 39.3%) of SFRP1 methylation in 
ALL were reported by two other 
studies17,26.  

The current study reported a 
frequency of 40% for DKK3 aberrant 
methylation among B-ALL patients. 
Roman-Gomez, et al.25 reported that 
Dkk-3 methylation was detected at 
diagnosis in 33% (60 out of 183) of 
patients with ALL. Reviewing their 
study, the frequency of DKK-3 was 
calculated among B and T-ALL 
patients altogether while the 
frequency of M-DKK-3 among B-
ALL was found to be 42% (64/152) in 
concordance to the present results. 

Our reported SFRP1 methylation 
frequency, was 44% among AML 
patients, frequencies ranging between 
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29 and 34 % were reported by other 
studies22,26,27,28.   

The frequency of DKK3 aberrant 
methylation among AML patients was 
36% in the present study. In contrast, 
a much lower (8%) and a much higher 
frequencies for DKK3 methylation 
among AML patients were reported 
by 2 other studies28,29 respectively.  

Reviewing the study done by 
Griffiths et al. 28 who reported the 8% 
frequency for DKK3 methylation; we 
observed that relapsed AML and 
AML with antecedent MDS patients 
represented the main core of their 
study, on the contrary to the present 
study which was conducted on newly 
diagnosed patients. This may explain 
these discrepant results as treatment 
with chemotherapeutic agents, as the 
case in relapsed AML and AML with 
antecedent MDS, was reported to 
decrease methylation events30.  

The frequency of SFRP1 and/or 
DKK3 methylation varied among 
different AML and ALL, FAB 
subtypes with a special concern to 
M3, where 100% (8/8) of patients 
showed methylation of SFRP1 gene. 
M5 subtype included 4 patients, none 
of them showed methylation of any of 
SFRP1 or DKK3 genes.  

No meaningful difference was 
encountered, when different B-ALL 
or AML prognostic cytogenetic 
groups were compared as regards the 
frequency of SFRP1 or DKK3 
methylation, however the small 
sample size within these groups 
couldn’t enable the statistical analysis. 

In agreement with our study 
findings, Griffiths et al.28 and Roman-
Gomez et al.17 reported no significant 
differences in the frequency of SFRP1 
or DKK3 methylation between the 

normal karyotype group and other 
groups with abnormal karyotypes in 
AML and ALL patients respectively.  

With the exception of higher 
mean platelets count, and lower mean 
age in B-ALL patients with M-SFRP1 
compared to those with UM-SFRP1, 
no other significant difference was 
encountered, between M-SFRP1 and 
UM-SFRP1 B-ALL patients or 
between M-SFRP1 and UM-SFRP1 
AML patients as regards any other 
clinical or hematological data. 

In consistence to the present 
study findings, recent studies reported 
the same in ALL17 and AML 22,28. 

In contrast, Hou et al.,27 reported 
that AML patients with aberrant 
methylation of at least one Wnt 
inhibitor had lower WBC count and 
tended to be older than others. 
However, reviewing their study, they 
evaluated the methylation status of 
seven Wnt inhibitors genes (including 
SFRP1) and the previous findings 
were matched for AML patients with 
methylation of any of these genes.  

We couldn’t signal any 
significant difference in the clinical or 
hematological data of ALL or AML 
patients with aberrant M-DKK3 
compared to those with UM-DKK3. 

The current results are in 
agreement with those of Roman-
Gomez et al.17,25 who found no 
significant difference between ALL 
patients with methylated DKK3 and 
those with unmethylated DKK3, as 
regards different clinical and 
hematological data. 

AML patients with M-SFRP1 and 
UM-SFRP1 had a frequency of CD34 
positivity of 9% (2/22) and 21% 
(6/28) respectively, while those with 
M-DKK3 and UM-DKK3 had a 
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frequency of CD34 positivity of 11% 
(2/18) and 19% (6/32) respectively. 

In a trial to prove the impact of 
aberrant methylation of DKK3 and 
SFRP1 on their expression levels; 
Roman-Gomez et al.25 quantitated 
the expression level of DKK3 besides 
the analysis of the DKK3 promoter 
methylation status in 183 ALL 
patients and reported that 60 ALL 
patients (33%) were methylated for 
DKK3 and all of them (100%) showed 
decreased Dkk3 expression; indicating 
that methylation within Dkk3 
promoter strongly correlated with 
decreased constitutive expression of 
Dkk-3 in ALL patients. The same was 
confirmed for SFRP1 by another 
study17. 

Despite the findings reported by 
other studies as well as ours, that 
aberrant DKK3 or SFRP1 methylation 
wasn’t linked with many of the 
clinical, hematological and 
cytogenetic variants that are correlated 
with prognosis of ALL and AML 
patients. However, studies that could 
retrospectively analyzed the patients 
data, could conclude a significant 
correlation between DKK3 and/or 
SFRP1 methylation with shorter 
disease free survival as well as overall 
survival in patients with ALL17,25, and 
AML27 implicating DKK3 and SFRP1 
methylation with poor prognosis. 

There is growing evidence that 
the stem cell populations in various 
leukemias are resistant to standard 
therapies. Thus new therapies targeted 
against stem cells need to be 
identified. Signal transduction 
pathways that regulate normal stem 
cell activity; like the Wnt pathway, 
could provide excellent therapeutic 
targets21. Therefore, in vitro treatment 

with demethylating agents, like 5-aza-
2-deoxycytidine and decitabine that 
reverse the silencing effect of 
promoter methylation on Wnt 
inhibitory molecules like DKK3, 
SFRP1, may lead to down regulation 
of activated Wnt signaling pathway in 
patients with acute leukemia. This 
hypothesis was validated in ALL and 
AML17,31 respectively. 

As DNA methylation changes 
could be used as a marker for minimal 
residual disease in AML32, monitoring 
of hypermethylation of SFRP1 and 
DKK3 genes may also serve for 
relapse prediction in ALL and AML 
after being validated by studies 
dealing with large cohort of acute 
leukemia patients in the follow up 
period. 

In conclusion; our piece of work 
highlighted that SFRP1 and DKK3 
silencing, by promoter methylation, is 
an early and a common event in the 
evolution of acute leukemia, 
methylation of SFRP1 and DKK3 
may serve as potential independent 
biomarkers for early detection of 
acute leukemia. Patients with aberrant 
methylation phenotype may benefit 
from treatment with demethylating 
agents as that line of management 
expected to damp down the Wnt 
signaling activity and hence the 
activity of the disease. Our study also 
offers a preliminary basis for further 
studies to monitor hypermethylation 
of Wnt antagonists as a marker for 
minimal residual disease. 
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  فى مرضى  ٣و ديكوبف  ١تثبيط مضادات الونت فريزلد 
  نخاعى والليمفاوى بسرطان الدم ال

  
 ]٣[ـ عمر عاطف طلبه ]٢[ـ شيماء سيد ]١[ـ داليا جميل امين ]١[احمد علي شمس

  ـ  ةـ كلية الطب ـ جامعة القاھر ةقسم الباثولوجيا الأكلينيكي [1]

  ـ مستشفي حلوان ةقسم الباثولوجيا الأكلينيكي ]٢[
  ةـ كلية الطب ـ جامعة القاھرال فمستشفي جامعة القاھره التخصصي للأطفال ـ قسم الأط ]٣[

  
  

ا  ياً فى تشكيل الخلاي تلعب بروتينات الونت دوراً ھاماً فى العمليات الحيوية للخلية حيث أن لھا دوراً رئيس
دور الحاسم . الجنينية و تكاثرھا و تلاصقھا  وبقاءھا و حتى فى الموت المبرمج للخلايا ة ال ة مقنع د أثبت بأدل و ق

  .قاء و التجديد الذاتى لخلايا الدم الجذعيةلإشارات الونت فى الب
دم  ى ابيضاض ال ارات الونت يلعب دوراً ف ل إش ادة تفعي د وجد أن زي ا( وق ر ) اللوكيمي ات الغي وأن التقلب

واع  د من أن وين العدي ا يساھم فى تك دة مم ا الرائ ذاتى للخلاي ادة التجدد ال ه زي تج عن منظمة فى تلك الإشارات ين
  .اللوكيميا

تقبلات التفاعل  دخل مع مس ى تت ة بالجسم و الت د من المضادات الطبيعي و يتحكم فى إشارات الونت العدي
  .بالخلايا و منھا عائلة بروتينات الديكوبف و عائلة بروتينات الفريزلد

ه  تج عن ا ين ل إشارات الونت مم ادة تفعي ك المضادات فى زي وظيفى لتل دان ال ومن الممكن أن يساھم الفق
اتسرطن  ة أن إضعاف . الخلايا عن طريق عدم تنظيم تكاثر الخلايا و تمييزھ د أثبتت بعض الدراسات الحديث وق

دم  ا سرطان ال واع السرطان و منھ د من أن تنشيط مضادات الونت عن طريق زيادة مثيلة البادىء يوجد فى العدي
  .النخاعى و الليمفاوى و المايلوما المتعددة: بأنواعه

ذه الدر د وقد طرحت ھ يط مضادات الونت فريزل فى مرضى  ٣و ديكوبف  ١اسة السؤال حول دور تثب
  .سرطان الدم النخاعى والليمفاوى ب

ديثاً  ٨٠أجريت ھذه الدراسة على  نھم مصاب  ٥٠:مريض بسرطان الدم الحاد تم تشخيصھم ح مريض م
متطوعا أصحاء متطابقين فى  ٢٠مصابون بسرطان الدم الليمفاوى ، بالإضافى إلى  ٣٠بسرطان الدم النخاعى و 

  .العمر و الجنس
د ديكوبف ١وقد سجلنا وجود زيادة فى مثيلة البادىء لكل من جين الفريزل ا  ٣و جين ال ق تحليلھم عن طري

  .وعلى الجانب الأخر لم نسجل أى حالات ايجابية للمتطوعين العشرين. بطريقة تفاعل البلمرة التسلسلى المثيلى
ا يط مضادات الونت و قد وجد فى بعض الدراس ى تعكس تثب ة و الت ة للمثيل ة المزيل ت أن العلاج بالأدوي

دى أوكسيسايتيدين ديسيتابين من الممكن أن تؤدى إلى تقليل تفعيل إشارات  ٢-أزا ٥مثل ) ٣و ديكوبف ١فريزلد (
  .الونت فى حالات اللوكيميا الحادة

ووى ي ى الحمض الن ى تحدث ف ة الت رات المثيلي ا أن التغي ن و كم ى م د الأدن ة للح تخدم كعلام ن أن تس مك
د ات الفريزل ة جين ة مثيل إن مراقب اعى ف دم النخ رطان ال ى س ى ف ديكوبف ١المرض المتبق ن أن  ٣و ال ن الممك م

ك  تستخدم فى ترقب الإنتكاسة المتوقعة فى سرطان الدم النخاعى و الليمفاوى بعد التحقق من صحة الدراسة وذل
  .مرضى سرطان الدم الحاد فى مرحلة متابعة ما بعد العلاجبإجراء دراسات أكثر توسعاً ل

ديكوبف ١وفى الختام فإن ھذا العمل قد أبرز أن تثبيط جينات الفريزلد ة ھو  ٣و ال ادة المثيل ق زي عن طري
حدث أولى و متكرر الحدوث فى حالات سرطان الدم الحاد ومن الممكن أن يخدم كعلامة حيوية للأكتشاف المبكر 

ة . م الحادلسرطان الد ة المزيل وا من الأدوي ة من الممكن أن ينتفع ادة المثيل انون من زي كما أن المرضى الذين يع
  .للمثيلة لأن ھذا النوع من العلاج متوقع أن يقلل من تفعيل مسار الونت جين و بالتالى يقلل من نشاط المرض

ة مضادات الونت ة الحد  وإن ھذه الدراسة أيضاً تقدم أساس أولى لمراقبة مثيل ة لمراقب وإستخدامھا كعلام
 .الأدنى المتبقى من المرض


