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Abstract

Objectives: Tyrosine kinase inhibitor (TKI) resistance is one of the major obstacles in chronic myeloid leukemia (CML) treatment. Ceramide,
the central molecule of the sphingolipid metabolism, is synthesized by ceramide synthases (CERS1-6). While ceramide is known to be a
pro-apoptotic molecule, glucosylceramide and sphingosine 1-phosphate converted from the ceramide are anti-apoptotic. In this study,
we aimed to determine the potential roles of bioactive sphingolipids in terms of predicting drug resistance and prognosis in chronic
myeloid leukemia patient samples. Materials and methods: Expression levels of CERS1-6, GCS, SK1, and BCR/ABL genes of 66 CML patients
that are newly diagnosed, TKl-resistant or TKl-sensitive were analyzed by qRT-PCR. Results: CERS1-6 genes were expressed higher in the
patients treated with TKIs than that of the patients newly diagnosed and TKl-resistant. However, expression levels of anti-apoptotic GCS
and SK1 genes were significantly higher in TKl-resistant and blastic phase patients than that of other patients. Additionally, BCR/ABL
expression levels were higher in newly diagnosed and TKI-resistant patients. Conclusion: Our results suggest that expression levels of
bioactive sphingolipid genes might be novel markers for determination of drug resistance in CML patients. More importantly, they might
be used as novel targets for more effective treatment of resistant CML patients.
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Introduction (GQ), converted from the ceramide by the activity of the
enzymes, sphingosine kinase-1 (SK1) and glucosylceramide
synthase (GCS), respectively, contribute to transformation,
induction of cell proliferation, angiogenesis, mobility, and
also development of multidrug resistance in several cancer

Chronic myeloid leukemia (CML) is characterized by
Philadelphia (Ph) chromosome that codes for BCR/ABL
oncoprotein, having perpetual tyrosine kinase activity
[1]. Accordingly, tyrosine kinase inhibitors (TKIs), such
as imatinib, nilotinib, and dasatinib are used as frontline
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cells [6]. Ceramide is synthesized de novo by CERS genes
(CERS1-6) in mammals. Each of these six genes contributes
to the generation of different lengths of ceramide [7].

Our previous studies confirmed the roles of bioactive
sphingolipids in TKl-resistance and -sensitivity of CML cell
lines [8, 9]. In order to verify our previous results, in this
study, we aimedto determinethe potential roles of bioactive
sphingolipids in CML patient samples, rather than in cell
lines. Expression levels of bioactive sphingolipid genes and
the BCR/ABL oncogene were determined and compared
in newly diagnosed; TKl-treated; and TKI-resistant CML
patients’ bone marrow samples. Additionally, the relation
between expression levels of bioactive sphingolipid
genes and disease prognosis of CML patients was also
determined.

Materials and methods

Chemicals

Total RNA isolation kit was obtained from Macherey-
Nagel (Germany). Reverse transcriptase (Moroney Murine
Leukemia Virus Reverse Transcriptase) and primers were
obtained from Fermentas (USA). DyNAmo HS SYBR Green
gPCR Kit was obtained from Thermo Fisher Scientific (USA).
NH,Cl and KHCOs included in lysis buffer were obtained
from Sigma (USA).

Ethical approval

Approval for the study was given by Ege University,
Clinical Research Ethics Committee due to the use of
bone marrow samples from chronic myeloid leukemia
patients. All procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional research committee (Ege
University, Clinical Research Ethics Committee) and with
the 1964 Helsinki declaration, and its later amendments or
comparable ethical standards.

Informed consent statement

All participants' rights were protected and written informed
consents were obtained before the procedures, according
to the Helsinki Declaration.

Patient samples

Bone marrow samples were acquired from 66 CML
patients at Ege University Hospital, 9 Eylul University
Hospital, Baskent University Hospital, Bayindir Hospital,
Gulhane Military Medical School, and Erciyes University
Hospital. 33 of the patients were newly diagnosed; 19 were
TKI (imatinib, nilotinib, and dasatinib)-treated and showed
hematological response; 11 were TKl-resistant; and 3
were at blastic phase of the disease. TKl-resistance was
assessed according to minimum hematological response.
If the patient did not show hematological response to the
TKI therapy, the patient was accepted as TKl-resistant.

All patients, 44 males and 22 females, were informed about
the study and signed the consent form. The median age of
the patients was 52 (Table 1). A description of the patient
samples used in this study is provided in Figure 1.

Table 1 Statistics of the patients involved in the study.

Patient characteristics Number of patients
Median age (years) 52
Females 22
Males 44
Newly diagnosed 33
Treated with IMA 14
Treated with NIL 2
Treated with DAS 3
IMA-resistant 6
NIL-resistant 1
DAS-resistant 1
NIL- & DAS-resistant 1
IMA- & NIL-resistant 2
Blastic phase 3
Total # of patients 66

{ N\
Potentially eligible participants:
Volunteers newly diagnosed, TKI-treated or
TKl-resistant CML patients

Y J

~

Eligible participants:

CML patients newly diagnosed, TKI-treated or
TKl-resistant (=18 years of age, nonsmokers,
having no other malignancy)

o J

l

[Bone marrow samples of eligible participants]
Excluded:

n=74

| 5 Bone marrow samples from which
RNA cannot be isolated due to
insufficient sample volume

n=8

Bone marrow samples from which RNA
can be isolated
n=66

Figure 1 Flow diagram of patient samples collected from the participants.

Isolation of bone marrow mononuclear cells

Mononuclear cells from the patient bone marrow samples
were isolated by lysis buffer including 155 mM NH,Cl and
10 mM KHCOs. 10 ml lysis buffer was added onto bone
marrow sample in a sterile falcon tube, and shaken by
orbital shaker for 10 min. Then, bone marrow sample in
the falcon tube was centrifuged at 8000 g for 5 min, and
supernatant was removed. The pellet was homogenized
with 2 ml lysis buffer, centrifuged again at 8000 g for 5 min,
and then this step was repeated. Afterwards, the pellet was
washed by 2 ml PBS, and centrifuged at 8000 g for 5 min.
After the centrifugation, supernatant was removed, and
the pellet was homogenized, and isolated bone marrow
mononuclear cells were counted by hemocytometer.
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Total RNA isolation and cDNA synthesis

Total RNAs of patient bone marrow mononuclear cells were
extracted using a Ribolock RNA isolation kit (Macherey-
Nagel, Germany) as described by the manufacturer. 1ug
of each total RNA was reverse transcribed using reverse
transcriptase (RevertAid Reverse Transcriptase, Thermo
Fisher Scientific, USA). After 10 min of incubation at 25°C,
and 60 min at 42°C, the reactions were stopped at 70°C for
10 min.

Quantitative real time polymerase chain reaction (QRT-PCR)

cDNAs were used in quantitative RT-PCR to measure
the mRNA expression levels of CERS1-6, SK1, GCS, BCR/
ABL and B-actin. The expression levels of B-actin were
used as internal positive control. All of the experiments
were conducted as triplicate in two independent sets.
The primer sequences used in this study are listed in the
table (Table2). 2pl of the 1:5 diluted reverse transcriptase
reaction product was amplified using these primers by
gRT-PCR for 40 cycles, and their expression levels were
analyzed by assuming the Ct level of B-actin as reference
according to the 2% calculation method.

Table 2 Primer sequences of the genes analysed in the study.

Gene Primer sequence
F: 5-CAGAGCAAGAGAGGCATCCT-3'
R: 5-TTGAAGGTCTCAAACATGAT-3'

B-actin

F: 5-CACTGCGCGCCTCTTTCG-3

CERS1

R: 5-ATTGTGGTACCGGAAGGCG-3'

F: 5'- GCTGGAGATTCACATTTTAC-3'
CERS2

R: 5-GAAGACGATGAAGATGTTGT-3'

F: 5CATGATCTTGCAGGTCCTTCACC-3'
CERS3

R: 5-CTCGTCATCACTCCTCACATCC-3

F: 5-GACCTTCTCCTACAGTGCCAAC-3'
CERS4

R: 5-GTCGCACACTTGCTGATACTGC-3'

F: 5-ATCTTCTTCGTGAGGCTG-3'
CERS5

R: 5- ATGTCCCAGAACCAAGGT-3'

F: 5'- ATCAGGAGAAGCCAAGCACG-3'
CERS6

R: 5- AGTAGTGAAGGTCAGTTGTG-3'

F: 5- TCCAGATACGCTTACTGACATGG-3'
GCS

R: 5-TTGAAACCAGTTACATTGGCAGA-3'

F: 5- TCCTGGCACTGCTGCACTC-3'
SK1

R: 5-TAACCATCAATTCCCCATCCAC -3’

Statistical analysis

Statistical significance was determined using one-way
analysis of variance for quantitative RT-PCR. P<0.05 was
considered to be significant.

Results

Expression levels of bioactive sphingolipid (CERS1-6, GCS, SK1)
and BCR/ABL genes in patient samples

Real-time PCR results were analysed according to the
expression levels of beta actin gene of each patient as
reference. Cumulatively, expression levels of CERS1-6
genes were significantly higher in some of the newly
diagnosed patients; and in the patients TKI-treated and

showed minimum hematological response. On the other
hand, expression levels of CERS1-6 genes were found
significantly lower in the patients treated with TKIs
and showed loss in molecular response; TKI-resistant
patients; and in the patients at blastic phase, which is
the most aggressive phase of the disease (Figure 2). Our
data demonstrated that GCS and SK1 genes were highly
expressed in some of the newly diagnosed CML patients;
TKI- resistant patients; and in the patients at blastic
phase. However, expression levels of GCS and SK1 genes
were lower in the patients treated with TKls and showed
minimum hematological response; and in some of the
newly diagnosed patients (Figure 2). Additionally, our
results showed that BCR/ABL gene was highly expressed in
some of the newly diagnosed CML patients. On the other
hand, BCR/ABL gene expression levels were found lower
in some of the patients that showed resistance to nilotinib
or imatinib; and in the patients that showed hematological
remission (Figure 2).

Determination of the relation between the expression levels of
bioactive sphingolipid genes and disease prognosis

In order to determine the relation between the expression
levels of bioactive sphingolipid genesanddisease prognosis,
we acquired bone marrow samples from 7 patients (#7,
#8, #9, #14, #25, #26, and #29) on multiple occasions, and
compared the bioactive sphingolipid expression levels in
each sample of the patients during their treatment.

Bone marrow samples of patient #7 were acquired three
times when the patient was treated with imatinib (sample
1), when treated with imatinib and showed major molecular
response (MMR) (sample 2), and again when treated with
imatinib (sample 3). Our results showed that expression
levels of CERS2, -5, and -6 increased, but GCS, SK1, and BCR/
ABL expression levels decreased during imatinib treatment
of patient #7 (Figure 3a). Additionally, we acquired bone
marrow samples from patient #8 twice when the patient
was newly diagnosed (sample 1), and when showed
resistance to imatinib but still treated with imatinib (sample
2). In the patient #8, CERS1, -2, -5, and -6 expression levels
increased during imatinib treatment (Figure 3b). When the
patient #8 gained resistance to imatinib, GCS expression
was found to be increased, whereas SK1 expression was
almost unchanged (Figure3b). Samples of patient #9 were
acquired twice when the patient was imatinib-resistant and
treated with dasatinib (sample 1), and also when dasatinib-
resistant and treated with nilotinib (sample 2) (Figure 3c).
Our results showed that although the patient #9 was
resistant to imatinib and dasatinib, expression levels of
CERST, -2, -3, -5, and -6 genes significantly increased while
GCS, SK1, and BCR/ABL expression levels decreased during
nilotinib treatment (Figure 3c). Furthermore, we also
acquired bone marrow samples of patient #14 twice when
the patient was dasatinib-resistant (sample 1), and when
imatinib-, nilotinib-, and dasatinib-resistant buttreated with
dasatinib in combination with interferon (sample 2). The
expression levels of CERS4 increased in this patient during
the treatment with dasatinib and interferon combination,
while GCS, SK1, and BCR/ABL expression levels decreased
(Figure 3d). Moreover, samples of patient#25were acquired
twice whenthe patientwas newly diagnosed (sample 1), and
when treated with imatinib (sample 2). When we compared



Yandim MK et al., ] Hematol Ther. 2020, 2(1):1-7

3000,0
®
2500,0 e

2000,0

1500,0

Relative expression

10000 @ =

@
5000

o

=
oo mlm ® B
0 10

@ ¢ CERS1

Newly diagnosed patients

[ |
o g ofom %ﬁ
7 e @ ~
20 30 40 50

ACERS2 mECERS3 XCERS4 ¢ CERS5 BEBCERS6 @oGCS ASKI

.-
60 70

®@BCRABL

900.,0
-
800,00 |
7000 ‘
6000
5000
4000

3000

2000 ‘ A - My

Relative expression

(1]

agp  ©
B B e §E
20 30

1000

A
o0 & OB

0 10
(b) & CERSI1

TKI-Treated patients

ACERS2 mCERS3 XCERS4 & CERS5 BCERS6 @oGCS ASKI

w 50
60

®BCRABL

> .
ﬁ 2 2 =
40 50

70

2500

2000

150.0 L]

1000

Relative expression

w e OB sies

o 5 10
(O] ¢ CERSI1

TKI-Resistant patients

ACERS2 mCERS3 XxXCERS4 e CERS5 ®BCERS6

§ T

25 30 35 40 45 50
@©GCS ASK1l eBCRABL

o<1 SE
Z
|

Figure 2 Dot plot graph illustrating the expression levels of CERS1-6, GCS, SK1, and BCR/ABL genes in: (a) Newly diagnosed CML patients; (b) TKI-treated CML
patients; (c) TKI-resistant CML patients. The numbers on X-axis represent patient ID#.

the expression levels with those of the first sample, our
results showed that in patient #25, the expression levels of
CERS1 and -4 slightly increased, whereas expression levels
of the other bioactive sphingolipid genes and BCR/ABL
decreased during imatinib treatment (Figure 3e). In patient
#26 at blastic phase, expression levels of CERS1, -2, and -5,
and also GCS were almost unchanged whereas BCR/ABL
expression significantly increased over time (Figure 3f). We

acquired bone marrow samples from patient #29 twice
when the patient was treated with dasatinib in different
time periods. Our results showed that CERS4 expression
slightly increased over time during treatment. However,
the expression levels of CERS1, -2, -3, -5 and -6 genes
decreased to less than half during dasatinib treatment.
Expression levels of GCS and SK1 genes also decreased
significantly in the same patient (Figure 3g).
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Discussion

Our previous studies have indicated that there is a balance
between ceramide and S1P in CML cell lines, but if the
balance is interrupted and equilibrium is changed to the
S1P direction, CML cells start to develop resistance against
imatinib [10]. Furthermore, inhibition of GCS and SK1 by
PDMP and SK1 inhibitor, respectively, results in ceramide
accumulation, and this, in turn, sensitizes the cells to the
treatment, and triggers apoptosis in drug-resistant and
-sensitive CML cell lines [9, 10]. Additionally, combinations
of PDMP, SK1 inhibitor, or ceramide with anticancer
agents show synergistic cytotoxic and apoptotic effects in
CML cell lines [8, 9, 11, 12]. Moreover, BCR/ABL stability is
maintained by SK1 and S1P Receptor-2 by changing protein
phosphatase 2A activity [13].

Figure 3 Expression levels of CERS1-6, GCS,
SK1, and BCR/ABL genes in patients #7 (a), #8
(b), #9 (), #14 (d), #25 (e), #26 (f), and #29 (g)
in response to the therapy.

There are some clinical studies about the potential
effects of bioactive sphingolipids in patients with several
types of cancer, such as breast, head and neck, and non-
small cell lung cancers. In breast cancer patients, it has
been reported that C2 and C6 ceramides do not cause
high levels of toxicity, and are well tolerated [14]. In
another study, comparisons of normal tissues with tumor
tissues of 45 patients with head and neck squamous cell
carcinoma have been observed to have higher levels of
C16:ceramide and C24:ceramide, but significantly lower
levels of C18:ceramide in tumor tissues. Additionally,
lower C18:ceramide levels have been reported to be
related to invasive and metastatic phenotype in these
tumor tissues [15]. Ceramide has been also used in cancer
immunotherapy. In phase | trials in head and neck cancer,
it has been reported that a-galactosylceramide-triggered
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antigen-presenting cells increase peripheral blood levels
of natural killer cells. Natural killer function of these
cells also increases significantly. Additionally, it has been
reported there is no adverse effect of this treatment [16].
The same cancer immunotherapy approach has been also
reported in non-small cell lung cancer. In phase | and I
studies with 17 non-small cell lung cancer patients, PBMCs
treated with a-galactosylceramide were co-cultured with
IL-2 and GM-CSF, and then these cells were intravenously
injected. The results showed that 10 out of 17 patients
showed higher peripheral blood levels of IFN-gamma
producing cells; additionally, their median survival time
was longer compared to the other seven patients. In all
patients, a-galactosylceramide was tolerated well, without
observed adverse effects [17]. In another phase | clinical
study, 43 cancer patients with solid tumors were treated
with safingol (SK1 inhibitor) alone, and also in combination
with cisplatin. The results showed that 37 patients
responded to the therapy, 6 patients showed stability in
disease, and reversible liver toxicity was observed in a
dose-dependent manner. In addition, plasma levels of ST1P
decreased in response to safingol treatment in a dose-
dependent manner [18]. In another study, it has been
observed that ceramide levels are significantly lower in
CD34 progenitor cells of 30 blast phase CML patients, as
compared to healthy counterparts. In addition, these CD34
cells are more resistant to TKI treatment in vitro [19].

In this study, we analyzed and compared the expression
levels of bioactive sphingolipid metabolism genes
(CERS1-6, GCS, SK1) and BCR/ABL gene in bone marrow
samples from 66 CML patients with different disease
profiles. In order to assess the effects of the expression
levels of bioactive sphingolipid genes in the clinical
progress of CML, we acquired bone marrow samples
from 7 patients more than once in different time periods.
In the light of the results of this study, we concluded that
CERST1, -2, -3, -5, and -6 expressions might be important in
the achievement of positive responses to TKI treatment.
Decreases in expression levels of these genes might lead
to the development of resistance against TKIs in CML
patients. However, CERS4 gene expression might not be
related to the positive responses to TKI treatment in CML.
In most CML patients resistant to TKIs, or at the blastic
phase, CERS4 was expressed at higher levels. Moreover,
GCS might be related to the development of resistance
against TKIs. In our results, nilotinib and dasatinib were
more effective than imatinib in decreasing GCS expression
in CML patients. Furthermore, in most cases, there was an
inverse relation between gene expression levels of CERS1
and GCS, SK1, and also BCR/ABL. We also observed that
SK1 expression increased especially in imatinib-resistant
CML patients. Additionally, dasatinib was more effective
in decreasing the expression levels of SK1. On the other
hand, although some of the patients expressing high levels
of SK1 also expressed higher levels of BCR/ABL, our results
showed no strong correlation between SK1 and BCR/ABL
expression in CML patients. This correlation might be seen
as comparing protein levels. More importantly, acquiring
bone marrow samples from CML patients on different
conditions in different time periods showed that it might
be possible to estimate the disease progression through

considering the expression levels of bioactive sphingolipid
genes. In the future, protein levels of these bioactive
sphingolipids beside of mRNA levels are needed to be
compared in more patient samples.

Conclusion

These results confirm our previous conclusions that
increased intracellular levels of CERS genes trigger TKI-
induced cell death, and also GCS and SK1 contribute to
the development of drug resistance in CML cell lines. In
this study, we showed that expression levels of bioactive
sphingolipids might play an important role in the
achievement of positive responses, or development of
drug resistance to TKI therapy in CML patients. Therefore,
expression levels of bioactive sphingolipid genes might
be predictive for estimating disease progression. More
importantly, targeting bioactive sphingolipid genes, for
instance, overexpression of CERS genes or downregulation
of GCS and SK1, might be more effective in CML therapy. For
this reason, bioactive sphingolipids might be novel targets,
as well as prognostic markers for greater effectiveness in
CML therapy.
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