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A B S T R A C T

Ethnopharmacological relevance: Ancient mediterranean diet was characterized by consuming the sponta-
neous forms of Cynara cardunculus L. (CCL), commonly called artichoke. Cultivated and/or spontaneous forms
of CC studies have demonstrated that methanol extract of CCL flower and/or cynaropicrin showed remarkable
anti-proliferative activity in vitro models of leukocyte cancer cell.
Aim of the study: Chronic myeloid leukemia (CML) is associated with a reciprocal translocation of the long
arms of chromosomes 9 and 22 generating the BCR/ABL fusion gene, translated in the p210BCR/ABL oncoprotein
kinase. This chimeric protein is the target of a kinase inhibitor, imatinib, but the development of mutations in
the ABL kinase domain resulting in drug resistance and several approaches to overcoming resistance have been
study. In this concern, we investigated the effect of CCL extract on human K562 CML and K562 imatinib
resistant (IMAR) cell proliferation and on p210BCR/ABL expression.
Materials and methods: Chemical characterization of the CCL extracts was performed by GC/MS analysis and
semipreparative RP-HPLC chromatography. Structural characterization of compounds was assessed by 1H–13C
NMR and LC/MS analysis. The effects of CCL extracts on the proliferation of K562 CML human cell line and
K562 IMAR were screened by MTT assay. The p210BCR/ABL mRNA and protein expressions were analyzed by
qRT-PCR and Western blot techniques respectively.
Results: We demonstrate that CCL extract affect cell viability of both K562 CML human cell line and K562
IMAR. The biocomponents of CCL were chemical characterized and we identify cynaropicrin and its deacyl
derivative having the capability to down-regulate the p210BCR/ABL oncoprotein.
Conclusions: Our study suggests that the use of those molecules could represent a novel and promising strategy
to potentiate the ability of imatinib or of its analogues to induce cancer growth arrest in CML and to delay or
overcome the resistance of CML to chemotherapy.

1. Introduction

Phytochemicals, which are non-nutritive compound present in
dietary products such as fruit and plants, have emerged as modulators
of key cellular signaling pathways (González-Vallinas et al., 2013). In
this concern, it is well known the effect of bioactive components of
Cynara cardunculus (CC) commonly called artichoke as choleretic
hepatoprotective (increasing the bile flow) and hypocholesterolemic
(lowering blood cholesterol rate). Both caffeoylquinic acid and flavo-
noids present in the cynara extracts are endowed with antioxidant
activity, against free radicals and thus are effective in the prevention of

severe coronary artery diseases, atherosclerosis, exerting also antic-
ancer activity. In Italy CC has a distribution spanning from Tuscany to
the southern areas, with a prevalent presence in Sicily, Basilicata and
Calabria (Pignone and Sonnante, 2004). Ancient mediterranean diet
was characterized by consuming the spontaneous forms of Cynara
cardunculus L. (CCL). Cultivated and/or spontaneous forms of CC
studies have demonstrated that methanol extract of CCL flower and/or
cynaropicrin showed remarkable anti-proliferative activity in vitro
models of leukocyte cancer cell (Cho et al., 2004). Among blood cancer,
Chronic Myeloid Leukemia (CML) a clonal myeloproliferative disorder
is most frequent in adult age, with an incidence of 1–2 cases per
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100,000 adults. The disease arises from neoplastic transformation of
the hematopoietic stem cell and is characterized by a genetic transloca-
tion, t (9;22) (q34;q11.2), involving a fusion of the Abelson oncogene
(ABL) from chromosome 9q34 with the Breakpoint Cluster Region
(BCR) gene on chromosome 22q11.2. This rearrangement is known as
the Philadelphia chromosome. The molecular consequence of this
translocation is the generation of a BCR-ABL fusion oncogene, which
in turn translates into the p210BCR/ABL oncoprotein with tyrosin kinase
activity. Expression and activity of p210BCR/ABL is necessary and
sufficient for hematopoietic cell transformation and disease mainte-
nance as demonstrated by in vitro assays and leukemogenesis in mice.
BCR/ABL-dependent transformation of hematopoietic cells involves
the assembly of multiprotein complexes and the phosphorylation of
various substrates, which is essential to generate proliferative and
antiapoptotic signals (Lahlou, 2013; Savage et al., 1997; Spiers, 1977;
Nowell and Hungerford, 1960; Rowley, 1973; Ben-Neriah et al., 1986;
McLaughlin et al., 1987; Daley and Baltimore, 1988; Daley et al.,
1990). The chimeric protein the p210BCR/ABL is the target of tyrosine
kinase inhibitors (TKIs) and among them imatinib was the major
breakthrough in CML therapy (Moen et al., 2007), nevertheless recent
data indicate the need for a new approach in the therapy of this disease
(Cayssials and Guilhot, 2016; Trela et al., 2014). The classical in vitro
model for studying CML is the K562 and the K562 imatinib resistant
(IMAR) human cell lines. Using this methodological approach, we
investigated the effect of CCL extract on cell proliferation and on
p210BCR/ABL oncoprotein kinase expression. We found that CCL
bioactive components from total extract affected cell viability in both
cell lines. Therefore, the total extract was further divided into lipophilic
and hydrophilic fractions evidencing that only the lipophilic ones
displayed a strong cytotoxic effect. Through several analytical ap-
proaches, we detected in the lipophilic fraction different components
and among them, cynaropicrin as the main sesquiterpene lactone and
its deacyl derivative. Both molecules strongly inhibited cell prolifera-
tion and were able to induce the down regulation of p210BCR/ABL

oncoprotein kinase in K562 and K562 IMAR cell lines. Our results
suggest that cynaropicrin and its deacyl derivative could be a novel and
promising tool in the therapeutic management of CML.

2. Materials and methods

2.1. Preparation of methanolic extract of CCL

Spontaneous forms of Cynara cardunculus L. (Asteraceae) were
collected during the flowering stage, in June 2013, in a wild area
between Cavoni-Ginestreto district (39°26'49.239'' N, 16 °15'44.575''
E) in Luzzi (Cosenza, Italy). The plant materials were authenticated by
the authors, and preserved until extraction. The aerial parts of CCL
(200 g) were air dried until dryness at room temperature, cut into small
pieces and then extracted with a 70% methanol solution in water,
through maceration (48 h for 3 times). The resultant total extracts (Te)
were dried under reduced pressure and their weight was determined
(10.3 g, 5% yield w/w). The obtained extract was suspended in water
and partitioned with hexane to give lipophilic (Le) (27%) and hydro-
philic fractions (He) (73%).

2.2. Derivatization and GC-MS analysis of extracts

Each extract (Te, Le, He) was dissolved in acetonitrile. 1 ml of N,O-
bis-trimethylsilylacetamide (BSA), trimethylchlorosilane (TMS- Cl) 1%
/BSA and 0.1 ml of pyridine were added to the mixture and magne-
tically stirred at room temperature under N2 for 1 h. 1 μl of this
reaction mixture was analyzed by GC/MS. The silylated samples were
injected into a GC-MS system consisted of an HP5972A mass spectro-
meter linked to a HP5890A series II gas chromatograph (Agilent
Technologies, Palo Alto, CA, USA) equipped with a 30 m×0.25 mm
i.d. HP-5MS (5% phenylpolydimethylsiloxane) capillary column.

Fig. 1. MTT assay of K562 and K562 IMAR cells treated with different concentrations of
CCL extraction fractions for 24 h. A: K562 cell line. B: K562-IMAR cell line. Values with
the same letter are not significantly different, while values with different letter are
significantly different (p< 0.001, one-way ANOVA followed by Dunnet's Multiple
Comparison Test, as post-hoc Each sample was run in triplicate (n=4).

Fig. 2. Time course and MTT assay of K562 and K562 IMAR cells treated with 60 µg/ml
of CCL lipophilic or hydrophilic fractions. A: K562 cell line. B: K562-IMAR cell line. *p <
0.05 and **p < 0.001 one-way ANOVA followed by Dunnet's Multiple Comparison Test,
as post-hoc. Each sample was run in triplicate (n=4).
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Helium, at a flow rate of 1 ml/min was used as carrier gas. GC was
performed in the splitless mode with 1 min splitless-time. The column
oven temperature was maintained at 40 °C for 4 min then programmed
at 16 °C min to 280 °C, which was held for 5 min. A post run of 10 min
at 70 °C was sufficient for the next injection. The injection port and
detector temperatures were 250 and 280 °C, respectively. The mass
spectrometer was operated at 1000 resolution in electron-impact
positive ionization mode (EI+), electron energy 70 eV; scanning was
from 35 to 450 uma at a scan speed of 1 s decade-1 and with 0.2 s
inter-scan time. The source temperature was 200 °C.

2.3. HPLC analysis of Le extracts

The HPLC apparatus, was a Hewlett–Packard 2100 system
equipped with a Rheodyne injector and fitted with a 20 ll loop and a
UV detector set at 254 nm. A Phenomenex Jupter C18, 250–4.6 mm,
5 µm column was used for the analysis, heated at 30 °C with an elution
gradient from 100% of A 5 min to 35% of B over 10 min, followed by
35–90% of B in 5 min, A being H2O and B CH3CN. Flow rate was 1 ml/
min. Six peaks were detected in the chromatogram. The sample was
purified by semipreparative RP-HPLC chromatography Phenomenex
Jupter C18, 250×10 mm, 10 µm, UV 272 nm, 4.0 ml/min with the same
elution gradient. (see Supporting information).

2.4. NMR analysis

1H NMR spectra were recorded at 300 MHz, while 13C NMR spectra
were measured at 75 MHz on a Bruker Avance 300 spectrometer
(Bruker, Fällanden, Switzerland). Spectral analysis was performed at
293 K on diluted solutions of each compound by using DMSO as the
solvent. Chemical shifts (δ) are reported in ppm and referenced to

DMSO (2.50 ppm for 1H and 39.51 ppm for 13C spectra). Coupling
constants (J) are reported in Hertz (Hz).

2.5. LC-QTOF-MS analysis

Liquid chromatography–mass spectrometry (LC–MS) analyses
were carried out using an Agilent 6540 UHD Accurate – Mass Q-
TOF LC–MS (Agilent, Santa Clara, CA) fitted with an electrospray.

ionization source (Dual AJS ESI) operating in positive ion mode.
Chromatographic separation was achieved using a C18 RP analytical
column (Poroshell 120, SB-C18, 50×2.1 mm, 2.7 µm) at 40 °C.

with an elution gradient from 20% to 35% of B over 30 min,
followed by 35–90% of B in 5 min, A being H2O (0.1% FA) and B
CH3CN. Flow rate was 0.4 ml/min.

2.6. Cell culture

The leukemic K562 cell line was obtained by Biological Bank and
Cell Factory-IST Genova. Cells were maintained in phase expansion
and were grown in RPMI 1640 with L-glutamine supplemented with
10% (v/v) heat-inactivated FBS, 1% penicillin/streptomycin in humi-
dified atmosphere of 5% CO2 at 37 °C. The K562 cell line was made
resistant to imatinib (IM) by exposing the cells to this drug at 1 µM
concentration for consecutive 45 days. During treatment with IM, the
medium was changed every 3 days and the cultures were subjected to
purification cycles by layering on Ficoll, in order to remove the dead
cells IM sensitive. The resistant cells were then plated in a new flask
and grown as described for the non-resistant cell variant (Klein et al.,
1976). In all experiments growing cells at optimal concentration (1x105

a 5x105 cells/ml) were placed in 24 or 96 well plate and then treated
with vehicle or various concentration of total, lipophilic or hydrophilic
extracts. After different time points, the treatment cultures were tested
for proliferative activity and p210 or c-Abl protein expression by
western blotting analysis.

2.7. MTT assay

Cell viability was determined by the MTT assay, measuring the
reduction of 3-(4,5-dimethylthiasol-2-yl)−2,4,-diphenyltetrazolium
bromide (MTT) by mitochondrial succinate dehydrogenase, as pre-
viously described (Perri et al., 2016). The MTT enters the cells and
passes into the mitochondria where is reduced to an insoluble,
coloured, formazan product. The amount of colour produced is directly
proportional to the number of viable cells. Leukemic cells were
incubated with different amounts of total, lipophilic and hydrophilic
extracts (30–60–120–240 μg) at different time points in 96-well-
plates. After lipophilic extract sub-fractioning, cells were treated with
the most abundant compounds, at different concentrations (3–7.5–
15–30–60 μM) for 24 h. At time of assay, 10 μl of MTT (5 mg/ml in
PBS) was added to each well and incubated for 3 h at 37 °C. The
medium was then carefully aspirated, and 100 μl of dimethylsulfoxide
(DMSO) was added to solubilize the coloured formazan product,
agitating the plates for 5 min on a shaker. The absorbance of each
well was measured with a microtiter plate reader (Synergy H1 Multi-
Mode Reader-Hybrid Technology™) at a test wavelength of 570 nm
with a reference wavelength of 690 nm. The optical density (OD) was
calculated as the difference between the absorbance at the reference
wavelength and the absorbance at the test wavelength. Percent viability
was calculated as (OD of drug treated sample/OD of control)1*100.

2.8. Western blot analysis

Cultured cells were lysed with 200 μl ice-cold PBS containing 1%
Triton X-100, 0.5% sodium deoxycholate, 0.1% SDS and protease
inhibitors (1 mM phenylmethylsulfonylfluoride, 10 mg/ml aprotinin
and 10 mg/ml leupeptin), as previously described (Cione et al., 2009).

Fig. 3. Time course and MTT assay of K562 and K562 IMAR cells treated with different
concentrations of CCL lipophilic fraction. A: K562 cell line. B: K562-IMAR cell line.
Values with the same letter are not significantly different, while values with different
letter are significantly different (p < 0.001, one-way ANOVA followed by Dunnet's
Multiple Comparison Test, as post-hoc Each sample was run in triplicate.
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Lysates were centrifuged (13,000g at 4 °C for 30 min) and the super-
natant protein content was quantified. Proteins (50 μg) were resolved
by 15% SDSPAGE, and transferred to a nitrocellulose membrane
(Hybond-C; Amersham Biosciences, Piscataway, NJ). The membrane
was blocked with 5% bovine serum albumin and probed with the
specific primary antibody c-Abl (Invitrogen). After washing, mem-
branes were incubated with HRP-conjugated secondary antibody.
Peroxidase activity was visualized with the Amersham Pharmacia
Biotech ECL system according to the manufacturer's instructions.
The protein content was determined densitometrically. The loading
control was detected by immunoblot of β-actin protein.

2.9. Quantitative real time PCR (qRT-PCR)

Quantitative Real-Time RT-PCR was used for determining expres-
sion levels of p210BCR/ABL oncoprotein kinase in both cell lines tested.
Briefly, total RNA was isolated and purified by spin protocol using the
PureLink™ RNA Mini kit (12183018A Invitrogen) according to the
manufacturer's instructions. Two micrograms of total RNA were
reverse-transcribed using components of a High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems). Following reverse
transcription, quantitative PCR amplification was performed on an
StepOnePlus™ System (Applied Biosystems) using TaqMan Universal
PCR Master Mix (Applied Biosystems), and gene-specific TaqMan PCR
primers for p210BCR/ABL and β-actin (Applied Biosystems). Relative

gene expression levels were normalized to the basal, untreated sample
chosen as calibrator. Results are expressed as folds of difference in gene
expression relative to β-actin mRNA and calibrator, calculated follow-
ing the ΔCt method, as follows:

Relativeexpression (folds) = 2 Δ Δ−( Ctsample− Ctcalibrator)

where ΔCt values of the sample and calibrator were determined by
subtracting the average Ct value of the β-actin mRNA reference gene
from the average Ct value of the analyzed gene.

2.10. Statistical analysis

Statistical analysis was performed using GraphPad Prism 5.0 soft-
ware. Statistical differences were determined by One-way analysis of
variance (ANOVA) followed by Dunnet's Multiple Comparison Test,
and the results were expressed as mean ± SD from n independent
experiments. Differences were considered statistically significant for *p
< 0.05 and **p < 0.001.

3. Results

3.1. Total CCL extract and lypophilic fraction of CCL inhibited growth
of K562 and K562 imatinib-resistant (IMAR)

To investigate the effect of CCL on growth of K562 and K562 IMAR,

Fig. 4. p210BCR/ABL mRNA and protein expressions in K562 and K562-IMAR cell lines exposed to different concentrations of CCL lipophilic fraction. A: p210BCR/ABL mRNA in K562
cell line. B: Immunoblotting of p210BCR/ABL protein in K562 cell line. C: Densitometric analysis of p210BCR/ABL protein in K562 cell line; β-actin was used as loading control. D:
p210BCR/ABL mRNA in K562 IMAR cell line. B: Immunoblotting of p210BCR/ABL protein in K562 IMAR cell line. C: Densitometric analysis of p210BCR/ABL protein in K562 IMAR cell
line; β-actin was used as loading control. *p < 0.05 and **p < 0.001 one-way ANOVA followed by Dunnet's Multiple Comparison Test, as post hoc), (n=3).
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cells were incubated for 24 h with increasing concentration of phyto-
chemical fractions from total (by methanol maceration) lipophilic (by
hexane extraction) or hydrophilic extracts (by water extraction) of CCL.
Cell viability of both cell types measured by MTT assay was inhibited in
a dose-dependent fashion by the exposure of cell cultures to total and
lipophilic extract, suggesting similar sensitivities of in K562 and K562
IMAR cell lines cell to these phytochemical fractions. No difference of
cellular proliferation was detected in both cell lines when treated with
hydrophilic extract (Fig. 1, panels A and B).

3.2. CCL lipophilic fraction inhibited growth of K562 and K562 IMAR
in a time-independent manner

To further validate the inhibitory effect of lipophilic CCL fraction on
cellular proliferation we exposed K562 and K562 IMAR to a fixed
concentration of the extract and cell viability was assessed by MTT

assay at 24, 48 and 72 h. As illustrated in Fig. 2, panels A and B the
exposure of both cell lines to the lipophilic CCL fraction at concentra-
tion of 60 µg/ml was able to inhibit in a time-independent manner cell
viability, highlighting a reduction of vitality of about 46–48% at both
24, 48 and 72 h. Similar behaviour was also observed when both cell
cultures were exposed to 120 and 240 µg/ml concentrations for 24, 48
and 72 h (Fig. 3, panels A and B). Any affects was shown by
components into the hydrophilic fraction at the same fixed concentra-
tion and at all the times tested (Fig. 2, panels A and B).

3.3. CCL lipophilic fraction impaired p210BCR/ABL mRNA and protein
expressions in K562 and K562 IMAR cell lines

To address the mechanism of CCL lipophilic fraction-mediated
growth inhibition in CML cells we analyzed the expression of p210BCR/
ABL oncoprotein kinase in K562 and K562 IMAR cell lines treated with
different concentrations of lipophilic CCL extract at both mRNA and
protein levels. Twenty-four hours exposure of K562 and K562 IMAR to
120 μg/ml or 240 μg/ml of CCL lipophilic fraction dramatically de-
creased p210BCR/ABL mRNA levels (Fig. 4, panels A and D).
Immunoblotting technique revealed a dose-dependent decrease of
p210BCR/ABL protein in both cell lines (Fig. 4, panels B and E), with
a marked effect in K562 cells compared to K562 IMAR as shown by
densitometric analysis (Fig. 4, panels C and F).

3.4. Chemical characterization of the CCL extracts (Te, Le, He)

At first the three extracts were analyzed by GC-MS after a proper
silylation of the samples. The chromatograms of the three derivatized
samples are shown in Fig. 5, panels A, B and C. Comparing the GC-
MS chromatogram of total extract (Fig. 5, panel A) with the
chromatograms of both lipophilic and hydrophilic extract it was
observed that in the Le chromatogram, the peak at RT=24.64 min
represented the main component of the extract (accounting for 76.33%
of the peak area of the total ion-current chromatogram) (Fig. 5, panel
B). The same peak was evident in the Te extract at RT=24.67 min
accounting for 33% while it was totally absent in the He chromatogram
(Fig. 5, panel C). As the biological test demonstrated that only the Le
extract showed significant cytotoxicity we decided to isolate the main
component in the Le extract by semipreparative RP-HPLC chromato-
graphy (see Supplemental material). The structural characterization of
this compound was performed by 1H–13C NMR and LC/MS analysis.
The spectroscopic data were closely comparable to published data for
cynaropicrin (Ramos et al., 2013) (See Supplemental material).

3.5. Cynaropicrin and its deacyl derivative affected cell viability of
K562 and K562 IMAR cell lines

Chemical characterization allowed us to identify cynaropicrin and
deacyl cynaropicrin as components of lipophilic fraction of CCL. To
investigate the effect of these two molecules on cell viability, K562 and
K562 IMAR cultures were exposed to increasing concentration (from 3
up to 60 μM) of cynaropicrin or of its deacyl derivative for 24 h and
then analyzed through MTT assay. As depicted in Fig. 6 and Fig. 7,
treatment of both cell lines with cynaropicrin and deacyl cynaropicrin
induced a dramatic decrease of cell viability with a typical dose-
response curve. IC50 determination of cynaropicrin revealed a value
of 11.4 in K562 and 13.2 in K562 IMAR cells (Fig. 6, panels A and
B), while its deacyl derivative showed an IC50 value of 12.6 µM and
9.6 µM in both cell cultures, respectively (Fig. 7, panels A and B).

3.6. Cynaropicrin and deacyl cynaropicrin regulated p210BCR/ABL

protein expression in K562 and K562 IMAR cell lines

To better characterized the cytotoxic effect of the two compounds,
K562 and K562 IMAR cell lines were treated with cynaropicrin or

Fig. 5. GC-MS chromatogram of the TMS-derivatized extracts. A: total extract (Te); B:
lipophilic extract (Le) and C: hydrophilic extract (He).
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Fig. 6. MTT assay of K562 and K562 IMAR cells treated for 24 h with different micromolar concentrations of Cynaropicrin. A: K562 cell line. B: K562 IMAR cell line. C: dose response
curve and IC50 determination in K562 cell line. D: dose response curve and IC50 determination in K562 IMAR cell line. *p < 0.05 and **p < 0.001 one-way ANOVA followed by Dunnet's
Multiple Comparison Test, as post hoc. Each sample was run in triplicate (n=4).

Fig. 7. MTT assay of K562 and K562 IMAR cells treated for 24 h with different micromolar concentrations of Deacyl cynaropicrin A: K562 cell line. B: K562 IMAR cell line. C: dose
response curve and IC50 determination in K562 cell line. D: dose response curve and IC50 determination in K562 IMAR cell line. *p < 0.05 and **p < 0.001 one-way ANOVA followed by
Dunnet's Multiple Comparison Test, as post hoc. Each sample was run in triplicate (n=4).
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deacyl cynaropicrin at concentrations of 60 μM for 24 h and then
p210BCR/ABL oncoprotein expression was analyzed by Western Blotting
technique. As shown in Fig. 8, panels A and B, cynaropicrin and its
deacyl derivative decreased p210BCR/ABL protein levels in both cell
lines, however a marked effect was highlighted in K562 IMAR cell line,
as revealed by densitometric analysis (Fig. 8, panels C and D).

4. Discussion

CML is a progressive and often fatal myeloproliferative disorder
accounting for about 20% of newly diagnosed cases of leukemia in
adults. The ABL kinase inhibitor imatinib greatly improved the out-
come in CML patients (Druker et al., 2001), however some evidence
suggests that it cannot eradicate the disease (Holtz et al., 2007), thus
several strategies in association with TKI, are currently being studied.
In this view, natural products have afforded a rich source of com-
pounds that have found many applications in the fields of medicine,
pharmacy and biology and in recent years they have drawn a great deal
of attention because of its potential effects to suppress cancer or to
reduce the risk of cancer development. Early studies performed on in
vitro models of leukocyte lineage cancer cell (Cho et al., 2004)
demonstrated that methanol extract of CCL flower and/or cynaropicrin
had a remarkable anti-proliferative activity. Herein, using the classical
in vitro approach for studying the molecular mechanisms in CML and
for screening new drugs, we highlighted for the first time how total and
lipophilic extracts of CCL displayed a potent dose-dependent and time
independent inhibition of cell proliferation (Figs. 1 and 2) in both K562
and K562 IMAR cell lines. Qt-PCR and Western blot techniques
revealed that the cell growth inhibition was associated to a dramatic
decrease of p210BCR/ABL oncoprotein kinase expression suggesting that
the antiproliferative effect of CCL lipophilic fraction is likely due to the
inhibition at transcriptional level of Bcr-Abl fusion gene in both cell

lines (Fig. 4). However this effect is evident at 240 µg/ml, while the
concentration of 120 µg/ml was able to affect only the Bcr-Abl mRNA
levels. This discrepancy could be explained considering that protein
expression is not necessarily proportional to mRNA levels. Indeed, if
transcription is down regulated, the pool of already synthesized mRNA
might be efficiently translated. As a result, protein product accumula-
tion level might remain stable. In addition, the protein might be a long
lived protein which get accumulated over time while the mRNA
turnover is quick or the protein stability might be increased due to
post-translational modifications. At last, the inhibition of protein level
induced by drug exposure could be dose-dependent. Most importantly,
lipophilic fraction analyzed by GC/MS highlighted the presence caffeic
acid (4%), long chain fatty acids (3%), traces of sucrose (2%) and
sesquiterpene lactones (86%) and purification of those components by
HPLC permitted us to recover sesquiterpene lactones family. The
chemical characterization by NMR and Q-TOF/MS methods allowed
us to identify cynaropicrin as the main sesquiterpene lactone while its
deacyl derivative represented only the 2% of the total lipophilic extract
(Fig. 5). Both molecules exerted a sharp cytotoxic activity in K562 and
K562 IMAR cell cultures in a dose-dependent fashion (Fig. 6) also
indicating that the acyl group in the molecule is not fundamental for
their biological activity (Fig. 1 in Supporting information). Moreover,
cynaropicrin and deacyl cynaropicrin IC50 value is comparable which
suggested a similar sensitivity of K562 and K562 IMAR cell lines to
both molecules. Of interest the evidence that cynaropicrin and deacyl
cynaropicrin at micromolar concentrations potently down regulated
p210ABL/BCL protein expression in our experimental model. However it
is important to note that in K562 cell line where imatinib resistance
was induced (Fig. 8), p210 protein expression didn’t change by 60 µM
Cynaropicrin treatment, while it decreased to a low level by the same
dose of Deacyl cynaropicrin. In cancer cells the occurrence of new
mutations profoundly affects their drug or compounds sensitivity as

Fig. 8. Immunoblotting of p210BCR/ABL in human leukemia K562 and K562 IMAR treated with 60 μM Cynaropicrin or deacyl cynaropicrin. A: K562 cell line, lane 1 control DMSO; lane
2 cynaropicrin; lane 3 deacyl cynaropicrin. B: K562 IMAR cell line, lane 1 control DMSO; lane 2 cynaropicrin; lane 3 deacyl cynaropicrin. C: densitometric analysis of p210BCR/ABL

protein expression in K562. Values were normalized by β-actin. D: densitometric analysis of p210BCR/ABL protein expression in K562 IMAR. Values were normalized by β-actin. *p <
0.05 and **p < 0.001 one-way ANOVA followed by Dunnet's Multiple Comparison Test, as post-hoc (n=3).
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frequently observed in the clinical practice and in vitro models that
mimic this condition. In K562IMAR the presence of novel mutations at
the level of bcr-abl gene confers new phenotypic features thus render-
ing this cell line unresponsive not only to imatinib but also to other
unrelated compounds. It has been reported that specific amino acid
mutations in the Bcr-Abl kinase domain lead to the expression of the
mutant protein T315I Abl which in turn is responsible for the most of
acquired resistance to imatinib (Kantarjian et al., 2006). Although the
change to second-generation of TKIs such as dasatinib and nilitinib can
overcome imatinib resistance in most of the mutated patients, these
drugs are often ineffective in the presence of the T315I mutation (Shah
et al., 2004; Martinelli et al., 2005; O’Hare et al., 2005; Li, 2007;
Gaboriaud-Kolar et al., 2016) and disease relapsing as well as drug
resistance also occurs when they are used alone as second line options
(Jabbour and Kantarjian, 2014). Therefore, an effective strategy may
be minimizing the activity of Bcr-Abl by inhibiting the expression of
Bcr-Abl at the protein or mRNA level as suggested by early
(Nimmanapalli et al., 2003; Chen et al., 2006). In this conceptual
framework the down regulation of p210BCR/ABL oncoprotein kinase
induced by cynaropicrin or its deacyl derivative presented here,
suggests that these molecules could represent an important, novel
and promising strategy for both potentiate the ability of imatinib and/
or its analogues to induce cancer growth arrest in CML and to retard or
overcome the resistance of CML to chemotherapy. In this view, it is
worth to note that cynaropicrin and its derivative are composed of
complex structures therefore traditional systematic structure function
studies could lead to an optimization of their properties as is already
demonstrate for vinblastine and vincristine (Vinca alkaloids) often
considered prototypical members of natural products whence semi-
synthetic modification yielded at two classes of analogues that enhance
their potency by 10-fold (Allemann et al., 2016).
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