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Patched homolog 1 (PTCHI) gene mutations can predict
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Abstract: Background: The Hedgehog (Hh) pathway is stimulated by inactivating mutations of Patched Homolog 1
(PTCH1) gene. There is accumulating evidence that Hh signaling plays a critical role in the pathogenesis of various
haemopoietic malignancies. Particular interest has focused on the role of Hh signaling in chronic myeloid leukemia
(CML). The Hh signaling is increased in BCR-ABL+ve progenitor cells and Hh signaling is further up regulated with
disease progression. Aim: The aim of this study was to determine the frequency and types of PTCH1 gene muta-
tions in Chronic Myeloid Leukemia (CML) patients and to correlate the effect of these mutations on the prognosis
and outcome of CML and for predicting the imatinib response in CML patients. Subjects and methods: The study
included fifty newly diagnosed CML patients and ten healthy volunteers (the control group) to verify the presence or
absence of PTCH1 gene mutation. The patients were subjected to clinical examination, routine laboratory investiga-
tions, bone marrow examination, Cytogenetic evaluations of t(9;22) and molecular study of BCR-ABL fusion gene.
All participants in this study were subjected to the assessment for the presence of PTCH1 gene mutation by DNA
extraction followed by polymerase chain reaction (PCR) of genomic DNA corresponding to exon 23 of PTCH1 gene,
purification of amplified PCR product, followed by sequencing analysis for detection of PTCH1 gene exon 23 muta-
tions and the types of these mutations. Results: Four types of mutations of PTCH1 gene were detected in 24 CML
patients (48%), three types of them were missence while the fourth type was frame shift mutation. There was no sig-
nificant association between PTCH1 gene mutation and percent of BCR-ABL fusion genes at level less than 10% at 3
months of treatment, complete cytogenetic response (CCyR) at one year, disease free survival and overall survival.
However there was significant association between PTCH1 gene mutation and imatinib failure (P=0.03). Conclusion:
PTCH1 gene mutation should be considered a promising molecular marker for predicting the probability of imatinib
response in CML patients. Hedgehog pathway activation in CML patients can raise a possibility that combinations of
ABL and Hh inhibitors might offer a new treatment strategy in CML and might help to effectively cure this disease.
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Introduction

Chronic myeloid leukemia (CML) is a clonal
myeloproliferative disorder characterized by
massive myeloid expansion, accumulation of
differe-ntiating granulocytic precursors and ter-
minally differentiated effectors cells leading to
the key clinical features at presentation of
marked peripheral blood granulocytosis, baso-
philia, splenomegaly and often thrombocytosis
and anemia [1]. In the case of CML, it has been
well established that the defining molecular
pathogenetic event is a reciprocal chromosom-
al translocation t(9:22) that results in the pro-
duction of an oncogenic chimeric fusion protein
BCR-ABL [2]. The fusion of BCR with ABL results

in constitutive activation of the ABL kinase,
which is critical for the transforming properties
of BCR-ABL [3]. Hence, the aberrant kinase
activity of BCR-ABL promotes the activation of
multiple proliferation and anti-apoptotic signal-
ing cascades that contribute to leukemogene-
sis [4]. Most CML patients are diagnosed with a
chronic phase characterized by an uncontrolled
proliferation of myeloid elements that retain
their ability to differentiate [5, 6]. Through the
acquisition of additional mutations, the disease
progresses to the accelerated and blast crisis
phases whereby normal hematopoiesis is
severely compromised as the leukemic clone
loses its ability to differentiate, eventually lead-
ing to the accumulation of immature cells or
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blasts in the bone marrow and blood [7]. While
imatinib treatment has clearly improved the
prognosis of CML patients especially in the
chronic phase, the occurrence of relapse and
resistance have occurred because the BCR-
ABL leukemic stem cells can persist despite
tyrosine kinas inhibitors (TKI) therapy, and
efforts have intensified towards determining
the molecular pathways that are critical for the
maintenance of such cells [8].

One of the major pathways influencing stem
cell self-renewal is the hedgehog (Hh) signaling
pathway [9]. The Hh gene was first described by
Nusslein-Volhard and Wieschaus (1980) when
investigating mutations affecting segment
number and polarity in Drosophila melano-
gaster.

Patched homolog 1 (PTCH1) is a component of
the Hedgehog (Hh) signaling pathway, which is
a key regulator of cell proliferation, cell surveil-
lance, embryonic development, adult tissue
homeostasis, and stem cell quiescence [10,
11].

The Cytogenetic Location of PTCH1 is 9g22.32.
The PTCH1 gene provides instructions for pro-
ducing the patched-1 protein, which functions
as a receptor. Based on its role in preventing
cells from proliferating in an uncontrolled way,
PTCH1 is called a tumor suppressor gene [12].

There are three Hh homologues in humans:
Sonic Hedgehog (SHH), Desert Hedgehog (DHH)
and Indian Hedgehog (IHH) [13]. The most stud-
ied, SHH, plays a pivotal role in a number of
essential pleotropic processes, including em-
bryonic development, stem cell maintenance
and cellular proliferation [14]. The fundamental
components of the Hh pathway are the cell sur-
face Patched-1 (PTCH1) receptor and Smoo-
thened (SMO), a heptahelical transmembrane
G-protein coupled-receptor that initiates Hh
cytoplasmic signalling. Under resting condi-
tions and the absence of one or more of the
three Hh ligands, PTCH1 is localized at the cell
surface where it induces catalytic inhibition
of SMO. PTCH1 possesses a sterol-sensing
domain that appears pivotal for facilitating this
tonic SMO inhibition [15, 16].

Different alterations in Hh have been described
in basocellular carcinoma, medulloblastoma,
rhabd-myosarcoma, lung cancer, gastro-intesti-
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nal tract cancers, pancreatic cancer, lympho-
ma, and myeloma [17-24]. There is accumulat-
ing evidence that Hh signaling plays a critical
role in the pathogenesis and genesis of vario-
us haemopoietic malignancies [25]. Particular
interest has focused on the role of Hh signaling
in CML. Studies have shown that Hh signaling is
increased in BCR-ABL+ progenitor cells and Hh
signaling is further upregulated with disease
progression [26]. The persistence of CD34+38-
stem/progen-itor cells that are non-cycling and
thus insensitive to BCR-ABL1 inhibitors also
plays a significant role. Targeting of the BCR-
ABL1+ Leukemic Stem Cell (LSC) compartment
in CML remains a rational goal as it is well rec-
ognized that these cells are not eliminated by
the use of tyrosine kinas inhibitors (TKI), such
as imatinib [27]. Therefore, alternative agents
are required to eliminate this population, raise
the possibility of functional cure and enable TKI
discontinuation. Multiple studies have explored
the contributory role of deregulated Hh path-
way signaling in CML maintenance, progression
and response to therapy [28-30].

The aim of this study was to determine the fre-
quency and types of PTCH1 gene mutations in
Chronic Myeloid Leukemia (CML) patients and
to correlate the effect of these mutations on
the prognosis and outcome of CML and for pre-
dicting the imatinib response in CML patients.

Subjects and methods

This study included 50 newly diagnosed CML
patients ranging in age from 32 to 72 years; 22
were males and 28 were females. They all pre-
sented to medical oncology clinics, Zagazig
University hospital, during the time period from
May 2016 to March 2018.

Inclusion criteria: Newly diagnosed CML
patients.

Exclusion criteria: CML patients under treat-
ment and follow up.

Final diagnosis of CML was established accord-
ing to the 2008 WHO criteria using medical his-
tory, physical examination, morphologic exami-
nation of peripheral blood and bone marrow
smears. The Cytogenetic evaluations of t(9;22)
and molecular study of BCR-ABL fusion gene
are required for the diagnosis of CML according
to the WHO classification. CML patients were
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divided into three groups: chronic phase (CP)
31 patients, accelerated phase (AP) 11 patients
and blast crisis phase (BC) 8 patients. Ten hae-
matologically normal individuals (controls) of
matched age and sex were also included in the
study to verify the presence or absence of
PTCH1 gene mutation. Informed consents were
taken from all patients.

Molecular detection of PTCH1 gene mutation

All patients in this study were subjected to the
assessment for the presence of PTCH1 gene
mutation by DNA extraction followed by poly-
merase chain reaction (PCR) of genomic DNA
corresponding to exon 23 of PTCH1 gene, puri-
fication of amplified PCR product, followed by
sequencing analysis for detection of PTCH1
gene exon 23 mutations and the types of these
mutations.

DNA extraction and PCR

DNA was extracted from peripheral blood or
bone marrow samples of CML patients and
control group. DNA extraction from the white
blood cells was achieved by the use of QlAamp
DNA blood mini kit (QIAGEN). To screen the
PTCH1 mutations, polymerase chain reaction
(PCR) amplification of PTCH1 exon 23 was car-
ried out by using primers PTCH1-F (5-AA-
CCCAAGGAGGGAAGTGTG-3’) and PTCH1-R (5-
AAGCCGTCACAGTGGTGATG-3’). PCR amplifica-
tion was performed in a 25 ul reaction mixture,
containing 100 ng of genomic DNA, 12.5 pmol
of both forward and reverse primers, 10 mM of
dNTPs, 0.75 ul of 50 Mm of MgCL, 0.3 ul of hot
start Taqg DNA polymerase (5 unit/ul) Qiagen,
2.5 ul of 10 X Taq buffer and purified distilled
water. PCR was performed with cycling condi-
tion of initial denaturation step at 94°C for 3
min followed by 35 cycles of Denaturation at
94°C for 30 second, Annealing at 58°C for 30
second, Extension at 72°C for 45 second and
final extension at 72°C for 5 min. The Taq poly-
merase efficiently synthesies DNA. Cyclic repe-
tition of the dena-turenting, annealing and
extension steps, by changing the temperature
of the reaction in an automated thermal cycler,
resulted in exponential amplification of the DNA
that lied between the two oligopeptides used.
PCR products were separated on a 2% agarose

gel.
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DNA sequencing

Purification of amplified PCR product was ac-
hieved by the use of QIA quick PCR Purification
Kit (QIAGEN). The concentration of purified PCR
product was measured by nano drop spectro-
photemeter to determine the concentration
and purity of amplified DNA, then cycle sequenc-
ing was performed to purified PCR product
according to the manufacturer’s protocol and
directly sequenced using the same forward
primer as for the original PCR amplification.
Sequencing analysis was performed on an ABI
PRISM 310 Genetic Analyzer (Applied Bio-
systems, USA). The sequencing results were
examined at National Center for Biotechnology
Information (NCBI), nucleotide BLAST (Basic
Local Alignment Search Tool) web site for
sequencing analysis services and for detection
of PTCH1 gene mutations.

Statistical analysis

Data were analyzed using Statisti-cal Package
for the Social Sciences (SPSS version 20.0)
software. According to the type of data qualita-
tive represent as number and percentage,
quantitative continues group represent by
mean * SD, the following tests were used to
test differences for significance Difference and
association of qualitative variable by Chi square
test (X?). Differences between quantitative
independent groups by t test. Kaplan Meier for
survival curve was used.

P value was set at <0.05 for significant results.

Results

The present study included two groups: control
group (10 normal individuals) and patients
group (50 newly diagnosed CML patients).
Patients were diagnosed at clinical pathology
and medical oncology departments, faculty of
medicine, Zagazig university during the time
period from May 2016 to March 2018 with the
following characteristics (Table 1).

The ages of studied CML patients ranging from
32 to 72 years with a median of 50 years.
Gender distribution in this study group was 22
males and 28 females with a female predomi-
nance. CML patients were divided into three
groups: chronic phase, accelerated phase (AP)
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Table 1. The patients characteristics

Clinicl charachteristic

Total No=50 PTCH1 mutation No (%)

PTCHI normal No (%)

CML chronic phase
CML accelerated phase
CML blastic phase
Response at 3 months No (%)
<10% BCR-ABL
>10% BCR-ABL
Response at 1 year
CCyR
No CCyR
Patients on Imatinip at last follow up
Imatinip failure
No imatinip failure
Imatinip discontinuation due to side effect
Evolution of chronic phase to AP/BC
Evolution of accelerated phase to Blastic crises
Deaths related to CML
Allo bone marrow transplantation
Patients lost during follow up

31(62) 12 (38.7) 19 (61.3)
11 (22) 7 (63.6) 4 (36.4)
8 (16) 5 (62.5) 3(37.5)
21 (44.7) 10 (47.6) 11 (52.4)
26 (55.3) 13 (50) 13 (50)
22 (51.2) 11 (50) 11 (50)
21 (48.8) 8(38.1) 13 (61.9)
39 20 (51.3) 19 (48.7)
6 5 (83.3) 1(16.7)
37 14 (37.8) 23 (62.2)
4 3(75) 1(25)
11 6 (54.5) 5 (45.5)
2 1 (50) 1(50)
4 3(75) 1(25)
0 0 0
3 2 (66.7) 1(33.3)

CCyR: Complete cytogenetic response. AP: Accelerated phase. BC: Blastic crisis.

Figure 1. Frequency of PTCH1 gene mutation among
50 CML patients.

and blast crisis phase (BC). All patients were
treated with imatinib.

Sex patients discontinued imatinib due to lack
of efficacy. Four patients presented with prima-
ry resistance (i.e., failed to achieve CCyR with
imatinib), and two patients with secondary
resistance (i.e., positive response followed by a
loss of response). Four patients discontinued
imatinib due to side effects. CML-related death
occurred in four patients, three of them (75%)
had Ptchl mutation.

Evolution of CML patients in chronic phase to
accelerated and blastic phases were higher in
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patients with mutated PTCH1 (54.5%) than
patients with normal PTCH1 (45.5%) (P=0.13).

PTCH1 exon 23 mutation was studied in all
CML patients and control groups. It was detect-
ed by DNA sequencing analysis of purified PCR
product of PTCH1 exon 23 DNA. There was no
detectable mutation in PTCH1 gene in control
group. PTCH1 gene mutations were identified in
24 CML patients (48%) Figure 1. PTCH1 mutila-
tion was detected in 12 patients of CML in
chronic phase (38.7%), in 7 patients of CML in
accelerated phase (63.6%) and in 5 patients of
CML in 5 (62.5%) patients of blastic crisis with
no significant difference of PTCH1 mutation in
different CML phases, as the frequency of
PTCH1 mutation is higher in accelerated and
blastic phases than chronic phase (P=0.24),
Figure 2; Table 2.

Table 3 and Figures 3-7 show description of
identified PTCH1 mutation in the CML patients.
Four types of PTCH1 mutations were detected
in CML patients, the most evident one was sub-
stitution of nucleotide (c. 3944 T>C) which was
detected in nine patients (39.2%), (c. 3936
G>A) was detected in seven patients (30.4%),
(c. 3915 C>T) was detected in three patients
(13%), the previous three types of mutation
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Figure 2. PTCH1 gene mutation in CML phases.

Table 2. PTCH1 mutation in different CML phases

The response of treatment by
imatinib revealed that there
was statistically significant dif-
ference between two groups
of CML patients as the ima-
tinip failure was higher in CML
patients with mutated PTCH1
(P=0.03) (Table 6). Calcula-
ted risk estimation reve-
aled that the mutated group
conferred two fold increased
risk of no response to imatinib
than the wild group (OR=2.2,
95% Cl=1.2-3.8) (Figure 8).

M PTCH1 normal
M PTCH1 mutated

Kaplan-Meier analysis of our
data after a follow up period of
20 months revealed that the

PTCH1 gene

X2 p overall survival (0S) was

Mutated Normal (96.2%) in CML patients with

CML phases  Accelerated N 7 4 282 0.24 normal PTCH1 which is better
% 63.6% 36.4% than CML patients with mutat-

Blasic crises N 5 3 ed PTCH1 (87.5%). In addition,

% 625% 37.5% the mean survival time with

Chronic N 12 19 95% confidence interval was

% 387% 61.3% 11.69 £ 0.7 months in CML

Table 3. Description of identified PTCH1 mu-
tation in the CML patients

Identified cases

Nucleotide change Type

No %
c. 3944 T>C. Missence 9 39.2
c. 3936 G>A. Missence 7 30.4
c. C 3921 del Frame shift 4 17.4
c. 3915 C>T. Missence 3 13

were missence mutations while the fourth type
was heterozygous deletion of nucleotide C (c. C
3921 del) which cause frame shift mutation
and was detected in four patients (17.4%).

Comparative analysis of percent of BCR-ABL
fusion genes at level less than 10% at 3 months
of treatment between CML patients with nor-
mal and mutated PTCH1 showed no statistical-
ly significant difference between two groups
(P=0.8), (Table 4). complete cytogenetic
response (CCyR) at one year revealed that there
was no statistically significant difference
between CML patients with normal and mutat-
ed PTCH1 (P=0.43), (Table 5).
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patients with mutated PTCH1
versus 14.46 + 0.52 months
in CML patients with normal PTCH1. The differ-
ence was statistically insignificant (P=0.26)
(Figure 9).

Disease free survival (DFS) was estimated after
15 months. The mean DFS with 95% confi-
dence interval was 9.92 + 0.83 months in CML
patients with mutated PTCH1 versus 12.19 +
0.85 months in CML patients with normal
PTCH1. The difference was not statistically
significant (P=0.8). The DFS was (69.9%) in
CML patients with normal PTCH1 and it was
(58.2%) in CML patients with mutated PTCH1
(Figure 10).

Discussion

Hedgehog (Hh) signaling pathway is involved in
regulation of many tissues development and
oncogenesis. Hh signaling has been identified
as a required functional pathway for leukemia
stem cells (LSCs). Several mechanisms have
been described that lead to the activation of
the Hh signaling pathway in tumor cells, such
as activating point mutations of SMO or inacti-
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CAGCGCCCCOCACGCGUGACCCCCCCAGAGAAGGCGC TTO T

Figure 3. PTCH1 wild type.

COCACCCCCCCAGABCAAGCGC TTOTIGOCCACCC LT

Figure 4. Substitution of nucleotide. C. 3944 [T>C].

CGCCACCCCCCCCAGAGAAGGCGC T TGTGJCCACCC

i

cCaCCCcCcCCcAaCCCACCCCCCACA AAGCGCCTTCGCT

Figure 5. Substitution of nucleotide. C. 3936 [G>A].

Figure 6. Deletion of nucleotide C [Del 3921 C].

CACCCCCGCAGCGCG ATCCCCCCAGAAGGCGCT TG

IW\AAPMMM I

Figure 7. Substitution of nucleotide. C. 3915 [C>T].
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vating point mutations in
PTCH1 [31-35]. Mutation of
PTCH1 leads to remove of its
inhibitory effect of SMO and
signaling transduction is acti-
vated which is promoting cel-
lular proliferation and survival
[36]. SO deregulation of the
Hh pathway may also contrib-
ute to CML disease progres-
sion and imatinib failure.
Patched homolog 1 (PTCH1)
had a significant impact on
predicting the response to
imatinib [37].

In the present study, we evalu-
ated the frequency and prog-
nostic impact of (PTCH1)
mutations among a group of
Egyptian CML patients. This is
the first time to study muta-
tion of PTCH1 in CML patients,
in the previous studies the
expression only of the PTCH1
gene was studied.

In our study the median age of
the patients was 50 years and
the range was 32 to 72 years
and the male to female ratio
was 1:1.3. These findings are
comparable to the study of
Safaa and Nashwa, 2018 [38]
including 180 CML patients at
Assiut  University Hospital-
Egypt with a median age of 42
years and male to female ratio
of 1:1.7.

In our study sequencing analy-
sis of the PTCH1 exon 23 was
done for all CML patients in
different phases and for con-
trol group. It revealed that 24
out of 50 CML patients (48%)
harbored PTCH1 gene muta-
tions and there was no detect-
able mutation in PTCH1 gene
in control group. Four types of
PTCH1 mutations were detect-
ed in CML patients, three
types of mutation were mis-
sence mutations while the
fourth type was frame shift
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Table 4. Comparative analysis of percent of BCR-ABL fusion genes at
level less than 10% at 3 months of treatment between CML patients
with normal and mutated PTCH1

PTCH1 gene X2 p
Mutated 23 Normal 24
BCR_ABL3_months <10% N 10 11 0.96 0.8
% 47.6% 52.4%
>10% N 13 13
% 50.0% 50.0%

Table 5. Comparative analysis of complete cytogenetic response (CCyR)
at one year of treatment between CML patients with normal and mu-
tated PTCH1

PTCH1 gene X2 p
Mutated 19 Normal 24
CCyRat1year NO N 11 11 0.61 0.43
% 50.0% 50.0%
YES N 8 13
% 38.1% 61.9%

Table 6. Comparative analysis of the response of treatment by imatinib
between CML patients with normal and mutated PTCH1

PTCH1 gene

X2 P RR (Cl 95%)
Mutated 19 Normal 24
Imatinip failure NO N 14 23 4.33 0.03" 2.20(1.2-3.8)"
% 37.8% 62.2%
YES N 5 1
%  83.3% 16.7%

“RR (Relative risk), “Cl (confidence interval).

90.00% -
80.00% -
70.00% -
60.00% -
50.00% -
40.00% -
30.00% -
20.00% -
10.00% -
0.00% : :

PTCH1 PTCH1

normal mutated

® No imatinib faliure

® Imatinib faliurre

Figure 8. Comparison between wild and mutated groups as regards imatinib fail-
ure.

mutation, in the previous studies the expres-

sion only of the PTCH1 gene in CML was stud- PTCH1 (P=0.03).

ied not mutations [39,
40].

Xie et al., 1998 [33] re-
ported that mutation of
PTCH1 is Loss-of-funzct-
ion mutations, also call-
ed inactivating muta-
tions, result in the gene
product having less or no
function (being partially
or wholly inactivated) and
leads to decrease the
expression of the gene.

In  the current study
Comparative analysis of
percent of BCR-ABL fu-
sion genes at level less
than 10% at 3 months
and complete cytogenet-
ic response (CCyR) at one
year revealed that there
was no statistically sig-
nificant difference be-
tween CML patients with
normal and mutated PT-
CH1. In the study carried
out by Juan et al., 2017
[39] who studied expres-
sion of PTCH1 in 101
CML patients in chronic
phase found that there
was no significant differ-
ences were found when
CCyR probabilities were
compared between the
high and low PTCH1
expression groups but
they found that a greater
proportion of patients in
the low PTCH1 expres-
sion group presented
a non-optimal molecular
response of percent of
BCR-ABL fusion genes at
level less than 10% at 3
months.

In our study, CML patien-
ts with normal PTCH1
had statistically signifi-
cant better response to

imatinib than CML patients with mutated
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Survival Functions

0.8+

0.4

Cum Survival

0.2+

time

Figure 9. Kaplan Meier curve for OS for wild and mutated groups.

Survival Functions

T T T T T T T
.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

0.8+

Cum Survival

0.4+

0.2+

0.0

time

Figure 10. Kaplan Meier curve for DFS for wild and mutated groups.

In the study carried out by Juan et al., 2017 [39]
reported that the CML patients with high PTCH1
expression had significant better response to
imatinib (P=0.011) and Hasford J et al., 2011
[41] reported that the PTCH1 expression had
the ability to predict imatinib failure and had a
sensitivity, specificity of 86%, 56% respectively,

22

T T T T T T T
.00 2.00 4.00 6.00 8.00 10.00  12.00 14.00

On the other hand Bing et al.,
PTCH1gene 2011 [40] reported that there
Mimutated were no statistically signifi-
normal )
— mutated-censored cant differences of response
s to imatinib between CML
patients with high and low
PTCH1 expression.

As regard to overall and dis-
ease free survival, no signifi-
cant statistically differences
was detected between CML
patients with normal and
mutated PTCH1, but overall
survival was better (96.2%) in
CML patients with normal
PTCH1 than CML patients with
mutated PTCH1 (87.5%). The
disease free survival was
(69.9%) in CML patients with
normal PTCH1 and it was
(58.2%) in CML patients with
mutated PTCH1.

In conclusion, we found that
CML patients with normal
PTCH1 had statistically signifi-
cant better response to ima-
tinib than CML patients with
mutated PTCH1. So PTCH1
gene mutation should be con-
sidered a promising molecular
marker for predicting the prob-
ability of imatinib response in
CML patients. Hedgehog path-
way activation in CML patients
can raise a possibility that
combinat-ions of ABL and Hh
inhibitors might offer a new
treatment strategy in CML and
might help to effectively cure
this disease. Further studies
on large number of CML
patients are needed to vali-
date this assumption.

PTCH1gene

~Mmutated
rnormal

—t+mutated-censored
+—normal-censored
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