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Abstract
Salicylidene acylhydrazide group synthetic compounds ME0053, ME005 and ME0192 are known for their iron chelating 
properties and due to these properties they are primarily used for blocking the bacterial type 3 secretory virulence system. 
On the other side, targeting the metabolic pathways of iron can provide new tools for cancer prognosis and treatment. There-
fore, in this study, considering their iron chelating function, the effects of the compounds ME0053, ME0055 and ME0192 
were investigated in SH-SY5Y neuroblastoma cell line. Iron chelating compounds are generally known to be effective in 
tumor development and metastasis by targeting iron in the cell. They can exert this effect through molecules such as cyclin, 
CDKs, as well as signaling pathways such as PI3K/AKT and ERK/MAPK. For this reason, we analyzed the effect of the iron 
chelating compounds of ME0053, ME0055 and ME0192 on cell viability and proliferation rate both through ERK/MAPK 
and PI3K/AKT signal paths, and through the oncogenic Speedy/RINGO protein that is likely to have a regulatory effect on 
these two signaling pathways. Apoptosis was also investigated by measuring the amount of active caspase-3, an apoptotic 
marker. Along with the decrease observed in the Speedy/RINGO level, it was observed that the PI3K/AKT and ERK/MAPK 
signaling were decreased. This suggests that ME0053, ME0055 and ME0192 compounds significantly decrease the Speedy/
RINGO expression which has a regulatory effect on the ERK/MAPK and PI3K/AKT signaling. Besides, analyzing active 
caspase-3 levels showed that the compounds ME0053, ME0055 and ME0192 increased its level by 218%, 60% and 175% in 
SH-SY5Y cells, respectively. The results of this study will pave the way for better understanding of the regulation of cancer-
related ERK/MAPK and PI3K/AKT pathways and the oncogenic Speedy/RINGO which potentially affects these pathways, 
through synthetic salicylidene acylhydrazides and their therapeutic use in cancer.

Keywords Salicylidene acylhydrazides · Iron chelation · Neuroblastoma · ME0055 · ME0053 · ME0192 · Speedy/RINGO · 
PI3K/AKT · ERK/MAPK

Introduction

Salicylidene acylhydrazides (SA) are synthetic molecules 
used to block the prokaryotic type 3 secretory system 
(T3SS). These molecules block the formation of a flagella 
protrusion (injector-like) structure to prevent the entry of 
effector proteins of Gram-negative bacteria into the host cell. 
As a result of the researches that started with the sugges-
tions of Slepenkin et al. that SA compounds may have gene 
regulatory functions, it was shown that SA compounds can 
disrupt cellular iron stores. Furthermore, these compounds 
have also been shown to be effective on bacterial prolifera-
tion [1]. ME0053, ME0055 and ME0192, which are the SA 
compounds used in this study, were synthesized by Prof. 
Dr. Mikael Elofsson from Umeå University to be used as 
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an alternative to antibiotics by utilizing virulence blocking 
and anti-proliferative properties of the compounds (Fig. 1). 
They showed that the iron chelating properties of these com-
pounds had role in fulfilling both functions [2].

On the other hand, deregulation of iron homeostasis 
in cancer cells compared to normal cells has been widely 
reported. These altered iron states in malignancies are able 
to give cancer cells an increased phenotype of iron uptake 
to mediate their rapid growth which may occur with changes 
in iron uptake, flow and storage [3–5].

Proteins and signaling pathways in this sensitive equilib-
rium, which regulate cell growth, differentiation and devel-
opment, undergo oncogenic changes much more frequently 
than other molecular groups. Signaling pathways involved in 
these processes and frequently mutated in cancer are phos-
phatidylinositol 3-kinase/protein kinase B (PI3K/AKT) and 
extracellular signal-regulated kinases/mitogen-activated 
protein kinase (ERK/MAPK) pathways. In many cancers, 
including neuroblastoma cancer, which is one of the most 
common cancers in childhood and progressing very aggres-
sively, the growth and survival of cancer cells are triggered 
by the abnormal function of these signaling pathways. These 
pathways play an important role not only in tumor develop-
ment, but also in the tumor’s resistance to cancer treatment 

[6, 7]. However, to date, studies on the efficacy and function 
of these signaling pathways in neuroblastoma cancer have 
been very limited.

PI3K/AKT signaling is an essential pathway involved in 
transcription, translation, growth, survival and proliferation, 
also plays a role in regulating cellular functions. Abnormal 
activation of the PI3K/AKT pathway has been frequently 
shown especially in various human cancers. Recent studies 
have demonstrated that iron chelators target the PI3K/AKT/
PTEN pathway in prostate cancer as part of their anti-tumor 
activities. Treatment of prostate epithelial cells and DU145 
prostate cancer cell line with iron chelators DFO or Dp44mT 
increased expression of the AKT inhibitor PTEN and anti-
metastatic protein NDRG1 [8].

In addition, abnormal activation of the ERK/MAPK sign-
aling pathway plays a critical role in cancer development, 
progression, and resistance to chemotherapy [9]. In particu-
lar, the ERK/MAPK pathway activated by growth factors 
and mitogens is the most closely linked pathway to cancer. 
Cancer-related lesions leading to continuous activation of 
the ERK/MAPK pathway include overexpression of receptor 
tyrosine kinases, activating mutations in receptor tyrosine 
kinases, continuous autocrine or paracrine production of 
activating ligands, Ras and Raf mutations. This underlines 
that deregulation of this pathway in cancer can take place at 
several levels. As with the PI3K/AKT pathway, iron chela-
tors have been used to inactivate the ERK/MAPK signal 
pathway and they have been shown to be able to regulate the 
Ras/Raf/MEK/ERK signaling by reducing ERK1/2 phospho-
rylation in prostate cancer cells. Given that the ERK/MAPK 
pathway is activated by a number of mitogenic stimuli, the 
ability of iron chelators to alleviate the activation of the 
ERK/MAPK pathway may be an important mechanism for 
preventing cancer [10, 11].

The usual pattern of growth factors, hormone, and 
cytokine receptor signal networks shows PI3K/AKT and 
ERK/MAPK as two independent pathways. However, there 
are certain cell cycle-related molecules that can act on both 
pathways simultaneously and also there are multiple inter-
secting points between these two pathways which together 
determine the fate of the cell [10, 11].

Considering these interactions, it is possible that PI3K/
AKT and ERK/MAPK pathways affect each other both 
negatively or positively at different stages of signal propa-
gation and besides, they can be affected by other proteins 
which are not members of these pathways [6]. However, the 
role of these interactions in cancer, especially in neuroblas-
toma is not yet known. At this point, data are available that 
strengthen the probability that one of the contributors of 
these interactions on PI3K/AKT and ERK/MAPK signal-
ing pathways is the Speedy/RINGO protein, which is an 
unconventional cell cycle regulator and plays a pivotal role 
in cancer [12, 13].Fig. 1  Structures of ME0053, ME0055 and ME0192
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Speedy/RINGO, which is a cell cycle regulatory pro-
tein that is different from classical cell cycle regulators in 
its mechanism of action and has been shown in Xenopus 
oocytes for the first time, controls CDK2 activity and  G1-S 
phase transition in the progression of the cell cycle [14]. 
While performing this function, it does not need phospho-
rylation mechanism like classical cyclins, and it is not too 
sensitive to inhibition by phosphorylation by inhibitor regu-
lators such as p21Cip1 and p27Kip1. In this way, Speedy/ 
RINGO surpasses many control points in cell cycle, includ-
ing DNA damage control points, and with this feature, it is 
known for its oncogenic function in cancer cells by block-
ing apoptosis and maintaining cell division. As with ERK/
MAPK and PI3K/AKT signaling pathways, overexpression 
of the Speedy/ RINGO protein has been shown to play an 
important role in cancer and resistance to chemotherapy 
[15].

There are studies showing that Speedy/RINGO may have 
regulatory effects on the ERK/MAPK and PI3K/AKT sign-
aling pathways and have a very important role in cancer [6, 
10, 16]. For this reason, it is also important to examine the 
effect of iron homeostasis and iron chelators on the expres-
sion of Speedy/RINGO, which is seen as a highly potential 
and suitable molecular target for anti-cancer therapies [15].

In the light of these data, with this study, it is aimed to 
investigate the effects of salicylidene acylhydrazide com-
pounds (ME0053, ME0055 and ME0192) on the prolif-
eration of SH-SY5Y neuroblastoma cells at the molecular 
level through the mitotic regulator Speedy/RINGO, which 
is likely to be one of the remarkable effectors of the ERK/
MAPK and PI3K/AKT signaling pathways. In this way, the 
effect of ME0053, ME0055, and ME0192 compounds on the 
interaction of oncogenic Speedy/RINGO with ERK/MAPK 
and PI3K/AKT signaling pathways will be revealed. Fur-
thermore, this study will pave the way for more compre-
hensive future studies regarding the use of these synthetic 
salicylidene acylhydrazide compounds with iron chelating 
properties in combination with anti-cancer therapies.

Materials and methods

SH‑SY5Y neuroblastoma cell culture

SH-SY5Y cell line were supplied by Assoc. Prof. Emin 
Ilker Medine from Ege University Institute of Nuclear Sci-
ences. Within the scope of the study, Dulbecco’s Modified 
Eagle Medium (DMEM) media containing 20% FBS (Sigma 
Aldrich/Merck), 1% Pen/strep and 2 Mm 1 cc L-Glutamine 
was used to culture SH-SY5Y cells in a humidified incubator 
at 37 °C and 5%  CO2. The experiments were carried out with 
10 × 105 cells for each of the control, ME0053, ME0055 and 
ME0192 groups.

Preparation of salicylidene acylhydrazide group 
compounds

The compounds ME0053, ME0055 and ME0192 were sup-
plied by Prof. Dr. Mikael Elofsson from Umeå University. 
10 mM stocks for ME0053 (Ma = 308.01 g/mol), ME0055 
(Ma = 301.07 g/mol) and ME0192 (Ma = 379.09 g/mol) 
were prepared by dissolving them in Dimethyl Sulfoxide 
(DMSO).

Determination of half‑maximal inhibitory 
concentration (IC50)

For this purpose, MTT (3-(4,5-dimethyl-2-thiazol-2-yl)-
2,5-diphenyl-2H tetrazolium bromide) cell proliferation test, 
a quantitative colorimetric method, was used which deter-
mines living cells based on their mitochondrial activity by 
utilizing color change occurring as a result of interaction 
of NADH-dependent oxireductase enzyme with formazan 
salts. In this analysis, 10 × 103 SH-SY5Y cells were plated in 
96-wells. 10 mM stocks of ME0053, ME0055 and ME0192 
compounds were diluted in DMEM to obtain the treatment 
doses of 50 µM, 100 µM, 150 µM and 200 µM. Treated- and 
control groups were incubated for 24 h at 37 °C and %5  CO2. 
Then, 20 µl of MTS reagent (Abcam MTS Cell Proliferation 
Assay Kit) was added and cultures were incubated in an 
incubator containing 5%  CO2 at 37 °C for 3.5 h. After that, 
a spectrophotometric analysis was performed by measur-
ing absorbance at 490 nm wavelength using SpectraMax 
i3. Data were obtained in triplicate by three independent 
experiments.

Western blotting

In order to analyze the expression of desired proteins upon 
treatment with ME0053, ME0055 and ME00192 com-
pounds, total protein was isolated from the cells using 
the Whole Cell Extraction Kit (2910, Millipore). Protein 
concentrations were measured using the Qubit™Protein 
Assay Kit (Q33211, Thermo Fisher Scientific) and 
the Qubit™3.0 Fluorometer. Samples loaded in equal 
amounts (100 µg protein/well) were separated by SDS-
PAGE (12.5%) and then transferred to the nitrocellulose 
membrane (sc-3724, Santa Cruz Biotechnology) using the 
Trans-Blot Turbo Transfer System (Bio-Rad) (Tables 1 and 
2). After transfer, membranes were blocked in 5% BSA/
Tris Buffered Saline (TBS) for 1 h at room temperature. 
At the end of this period, the membranes were incubated 
overnight at + 4 °C with primary antibodies diluted in 5% 
BSA/TBS. The following primary antibodies were used 
at 1:1000 dilutions; MEK1/2 mouse monoclonal anti-
body (sc-81504, Santa Cruz Biotechnology), p-Akt 1/2/3 
mouse monoclonal antibody (sc-514032, Santa Cruz 
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Biotechnology), p-Akt 1/2/3 mouse monoclonal antibody 
(sc-271966, Santa Cruz Biotechnology), Calnexin mouse 
monoclonal antibody (sc-80645, Santa Cruz Biotech-
nology) and GAPDH mouse monoclonal antibody (sc-
47724, Santa Cruz Biotechnology) and at 1: 500 dilutions; 
SPDYA rabbit polyclonal antibody (PA1-16959, Thermo 
Fisher Scientific) and anti-caspase-3 rabbit recombinant 
antibody (ab32351, Abcam). After incubation with pri-
mary antibodies, each membrane was washed 5 times 
with 1X Tris Buffered Saline Tween (TBS-T) for 6 min 
at room temperature. Subsequently, they were incubated 
with 1:1000 diluted HRP-conjugated secondary antibod-
ies (m-IgGK BP-HRP anti-mouse secondary antibody (sc-
516102, Santa Cruz Biotechnology) and Mouse anti-rabbit 
IgG / HRP secondary antibody (bs-0295 M-HRP, Bioss 
Antibodies)) in 5% BSA/TBS for 1 h at room temperature. 
Blots were visualized using the Clarity Western ECL Sub-
strate Kit (170-5061, BioRad). Blots were scanned and the 
densities of the specific bands were quantified and normal-
ized with calnexin and GAPDH as internal loading control 
using ChemiDoc™ Imaging Systems (BioRad) and Lab 
4.0 Software.

Integrative pixel analysis

Photoshop CS6 Software was used to analyze the relative 
density of protein bands in Western blot images. The rela-
tive expression value was normalized to “1” in the control 
cells for each protein analyzed, and then relative protein 
expression fold changes of the experimental groups were 
calculated.

Statistical analysis

Statistical Package for Social Sciences (SPSS) program was 
used and the results were statistically analyzed according to 
paired-2 tailed student’s t-test. A p-value of less than 0.05 was 
considered significant and a p-value of less than 0.001 was 
considered extremely significant for all statistical analyses. For 
Western blot and MTS cell viability analysis, error bars in the 
graphs were generated using ± s.d.

Results

ME0053, ME0055 and ME0192 salicylidene 
acylhydrazide group synthetics have cytotoxic 
effects on SH‑SY5Y cells

MTS analysis was performed to observe the effect of 
ME0053, ME0055 and ME0192 treatments on the viability 
of SH-SY5Y neuroblastoma cells and to obtain appropriate 
IC50 doses for further experiments. Results showed that all 
treatments significantly reduced the viability of SH-SY5Y 
cells (Fig. 2a–c; p < 0.001).

When the cytotoxic effects of the compounds were 
examined for determining appropriate IC50 concentration, 
52.35% viability rate of 50 µM of the ME0055 compound 
(Fig. 2a; p = 0.0002), 47.62% viability rate of 50 µM of the 
ME0053 compound (Fig. 2b; p = 0.0000008) and 48.85% 
viability rate of 50 µM of the ME0192 compound (Fig. 2c; 
p = 0.000008) were obtained and thereby, 50 µM concentra-
tion were used for further studies for all three compounds.

ME0053, ME0055 and ME0192 compounds 
significantly reduced Speedy/RINGO protein 
expression

Iron chelation is known to significantly reduce expres-
sion levels of cell cycle proteins. Considering that Speedy/
RINGO is a cell cycle protein and also considering the 
effect of this protein on ERK/MAPK and PI3K/AKT 
signaling pathways, the effect of ME0053, ME0055 and 
ME0192 compounds with known iron chelating proper-
ties on Speedy/RINGO expression was investigated for the 
first time. Results of western blotting showed that ME0053, 
ME0055 and ME0192 compounds caused 87%, 52% and 
82% decrease in Speedy/RINGO protein expression, respec-
tively (Fig. 3; p < 0.001).

AKT (Thr 308) phosphorylation decreased 
after treatment with compounds ME0053, ME0055 
and ME0192

In this study, it is aimed to observe whether the decrease 
observed in Speedy/RINGO protein level upon application 

Table 1  Protein concentration results

Experimental conditions Protein concen-
tration ( µg/ml)

SH-SY5Y control 17,680
SH-SY5Y treated with ME0055 12,400
SH-SY5Y treated with ME0192 10,480
SH-SY5Y treated with ME0053 12,550

Table 2  Amount of protein to be loaded for SDS-PAGE

Experimental conditions Protein amount 
(µl)

1x 
NEBX3 
(µl)

Control SH-SY5Y 6 19
SH-SY5Y treated with ME0055 9 16
SH-SY5Y treated with ME0192 10 15
SH-SY5Y treated with ME0053 9 16
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Fig. 2  a Cytotoxic effect of ME0055 compound on SH-SY5Y neuroblastoma cell line; b Cytotoxic effect of ME0053 compound on SH-SY5Y 
neuroblastoma cell line; c Cytotoxic effect of ME0192 compound on SH-SY5Y neuroblastoma cell line

Fig. 3  Western blotting result 
for Speedy/RINGO expression. 
a Speedy/RINGO protein level 
in SHSY5Y neuroblastoma cells 
treated with ME0053, ME0055 
and ME0192. b Graph shows 
quantitative results for Speedy/
RINGO expression. Results 
were presented as fold change. 
Error bars represent the mean 
value ± SD. ***p < 0.001
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of ME0053, ME0055 and ME0192 has an effect on the 
activity of PI3K/AKT pathway. Firstly, after treatment with 
ME0053, ME0055 and ME0192 compounds, Thr308 phos-
phorylation level, which is the first of the two phosphoryla-
tions necessary for the AKT protein to reach the fully active 
form in the PI3K/AKT pathway, was examined. The results 
showed that applied compounds significantly reduced phos-
phorylation compared to the control group. The compounds 
ME0053, ME0055 and ME0192 provided 79%, 66% and 
93% decrease in Thr308 phophorylation of AKT, respec-
tively (Fig. 4a, b; p < 0.001).

ME0053, ME0055 and ME0192 treatments have 
variable effects on AKT (Ser473) phosphorylation

The second phosphorylation site required for the transi-
tion of the AKT protein to the fully active form is Ser473. 
Examining the phosphorylation amount on this site showed 
that there was varying amounts of phosphorylation changes 
depending on the compound used in SH-SY5Y cells com-
pared to the control (Fig. 4c, d). The compounds ME0053 
and ME0192 caused a significant reduction of 39% and 90% 
on Ser473 phosphorylation, respectively (p < 0.001), while 

the compound ME0055 caused a significant increase of 20% 
compared to control (p < 0.05).

The effects of the compounds ME0053, ME0055 
and ME0192 on MEK1/2 protein expression are 
variable

In order to analyze how the ERK/MAPK signal was affected 
in the cells after the ME0053, ME0055 and ME0192 treat-
ments, the amount of MEK1/2 protein expression was 
examined. The data obtained showed that the compounds 
ME0053 and ME0055 reduced the MEK1/2 level by 26% 
and 13% respectively, and that ME0192 caused an increase 
of 3%, indicating a varying effect according to the compound 
used (Fig. 5a, b).

ME0053, ME0055 and ME0192 compounds increased 
the level of Active Caspase‑3 to varying extents

In this experiment, considering the data obtained about the 
effects of ME0053, ME0055 and ME0192 on PI3K/AKT 
and ERK/MAPK signal pathways and mitotic Speedy/
RINGO protein in SH-SY5Y neuroblastoma cells, caspase-3 
activity was investigated to find out the apoptotic state of the 

Fig. 4  Western blotting result for Akt (Thr308); a Graph shows quan-
titative results for Akt (Thr308) phosphorylation levels. Results were 
presented as fold change. Error bars represent the mean value ± SD. 
***p < 0.001. b p-Akt Thr 308 protein level in SH-SY5Y neuroblas-
toma cells treated with ME0053, ME0055 and ME0192. Western 

blotting result for Akt (Ser473); c Graph shows quantitative results 
for Akt (Ser473) phosphorylation levels. Results were presented as 
fold change. Error bars represent the mean value ± SD. ***p < 0.001. 
d p-Akt Ser473 protein level in SH-SY5Y neuroblastoma cells treated 
with ME0053, ME0055 and ME0192
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cells. As a result, the amount of active caspase-3 showed 
a significant increase of 218%, 60% and 175% in the cells 
treated with the ME0053, ME0055 and ME0192, respec-
tively (p < 0.001), indicating that the cells may have entered 
the apoptotic pathway (Fig. 5c, d).

Discussion

Salicylidene acylhydrazide group synthetic compounds 
ME0053, ME005 and ME0192 are known for their iron 
chelating functions mostly on bacterial T3SS virulence sys-
tem. However, iron chelating compounds are also known to 
be effective in tumor development and metastasis by target-
ing iron in the cell. They can fulfill this function through 
mitotic molecules such as cyclin, CDKs, as well as mitotic 
signal pathways such as PI3K/AKT and ERK/MAPK. 
Therefore, we analyzed the effect of the iron chelating com-
pounds ME0053, ME0055 and ME0192 on cell viability and 
apoptosis through ERK/MAPK and PI3K/AKT signaling 
pathways, and through the unconventional mitotic protein 
Speedy/RINGO which is likely to have a regulatory effect 
on these two signal pathways.

With this study, it is demonstrated for the first time that 
ME0053, ME0055 and ME0192 salicylidene acylhydrazide 
compounds caused a significant decrease in the level of 
oncogenic Speedy/RINGO protein (87% for ME0055, 52% 
for ME0055, 82% for ME0192). Considering the regulatory 
effect of Speedy/RINGO on PI3K/AKT and ERK/MAPK 
signal pathways [17, 18], it was estimated that this decrease 
in Speedy/RINGO amount may also affect the activity of 
PI3K/AKT signal pathway. For this reason, AKT phospho-
rylation level was measured upon treatment with each com-
pound. It is known that in order for the PI3K/AKT signal 
pathway to be activated, the AKT protein have to be sequen-
tially phosphorylated through two different sites, Thr308 
and Ser473 [6, 19]. Firstly, AKT protein cis transformed to 
semi-active form by phosphorylation on Thr308, and then 
a sequential phosphorylation on Ser473 forms fully active 
AKT protein. Compounds with iron chelating properties 
are known to generally have inhibitory functions in AKT 
phosphorylation mechanism [20]. In this study, the com-
pounds ME0053 and ME0192 with iron chelating properties 
showed a significant reducing effect on the phosphorylation 
and thus the activity of the AKT on both phosphorylation 
sites (Thr308 and Ser473). However, the ME0055 com-
pound caused a 66% reduction on Thr308 phosphorylation 

Fig. 5  Western blotting result for MEK1/2; a Graph shows quantita-
tive results for MEK1/2 expression. Results were presented as fold 
change. Error bars represent the mean value ± SD. ***p < 0.001. b 
MEK1/2 protein level in SHSY5Y neuroblastoma cells treated with 
ME0053, ME0055 and ME0192. Western blotting result for cas-

pase-3 activity; c Graph shows quantitative results for active cas-
pase-3 levels. Results were presented as fold change. Error bars rep-
resent the mean value ± SD. ***p < 0.001. d Active Caspase-3 level 
in SH-SY5Y neuroblastoma cells treated with ME0053, ME055 and 
ME0192
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while causing a 15% increase on Ser473 phosphorylation. 
Although ME0055 caused an increase in Ser473 phosphoryl-
ation, this increase does not make sense and the Akt protein 
does not gain activity since ME0055 significantly decreased 
Thr308 phosphorylation which is the first phosphorylation 
step mandatory for AKT to become fully active. Therefore, it 
is possible to say that all three compounds provide an effec-
tive inhibition on the PI3K/AKT pathway through decreas-
ing AKT phosphorylation. In order to better understand the 
molecular mechanism of the effects of these compounds on 
the PI3K/AKT pathway, the expression levels of the proteins 
that have regulatory effect on this signal pathway should 
be investigated in case these compounds may indirectly 
act on the PI3K/AKT through these proteins. The decrease 
observed in the expression level of the Speedy/RINGO, one 
of these regulatory proteins, suggests that this may be the 
reason for the decrease in AKT phosphorylation. However, 
since iron chelators such as DFO, which are used in cancer 
treatment today, are effective on many points in cell signal-
ing pathways [21, 22], it is very difficult to clearly demon-
strate the effect of iron chelators by current technologies. 
Therefore, we have a long way to clearly reveal the intracel-
lular targets of the compounds used in this study. However, 
given that this study is the first in which these compounds 
were used in neuroblastoma cancer cells, it can obviously be 
seen that valuable clues have been reached about the effect 
of the compounds on two mitogenic signal pathways, as well 
as on the oncogenic protein Speedy/RINGO.

Studies on the ERK/MAPK signaling utilizing frequently 
used iron chelators have shown that iron chelators reduce 
ERK1/2 phosphorylation, which is one of the key elements 
of this signaling pathway [23, 24]. In this study, upon treat-
ment with ME0053, MEK1/2 expression, one of the key 
members of this signaling pathway, decreased significantly 
(26%) (p < 0.0001), while ME0055 caused a 19% decrease 
(p = 0.02) in MEK1/2 expression. Conversely, ME0192 
treatment resulted in an insignificant 3% increase in MEK 
1/2 protein expression (p > 0.05, not significant). Since the 
multiple interactions and multiple effects of iron chelating 
compounds in the cell are known, [25, 26] and the com-
pounds used in the study were primarily studied in bacterial 
cells [27, 28] but not frequently studied in eukaryotic cells, 
the mechanisms of action in eukaryotic cells, moreover, 
in cancerous cells with abnormal cellular behavior are not 
well known. In addition, the results obtained with MEK1/2 
were not surprising, considering that frequently used iron 
chelators may give results contrary to what is expected in 
different cancer tissues or under stress conditions [29, 30]. 
Besides, even though the ME0192 compound showed an 
increasing effect on the MEK1/2 expression, this result is not 
statistically significant and it still reduced the viability of the 
cells with its inhibition effect on the PI3K/AKT signal path 
and caused an increase in caspase-3 activity, which is an 

apoptotic marker. This result reveals the degree of interac-
tion of proteins and signaling pathways associated with the 
growth and division of the cell and, especially the versatility 
of cancer cells.

Lastly, active caspase-3 quantification was performed to 
understand how the changes made by ME0053, ME0055 
and ME0192 compounds on the cell’s mitogenic and sur-
vival signaling pathways, as well as on the anti-apoptotic 
Speedy/RINGO protein, affect the apoptotic states of the 
cells. ME0053, ME0055 and ME0192 caused an increase 
in the amount of active caspase-3 by 218%, 60% and 175%, 
respectively, a strong finding indicating that SH-SY5H neu-
roblastoma cells may have entered the apoptotic pathway.

The general purpose of cancer treatments targeting iron 
metabolism is to control the proliferation rate of the cells in 
a controlled manner and prevent metastasis. Therefore, it is 
very important to examine the effect of ME0053, ME0055 
and ME0192 compounds with iron chelating properties 
on proliferation and vital activities of neuroblastoma cells 
especially through mitotic signaling pathways and oncogenic 
Speedy/RINGO protein.

Conclusion

With this study, it is presented for the first time that sali-
cylidene acylhydrazide group synthetic compounds 
ME0053, ME005 and ME0192 have anti-proliferative effects 
in SH-SY5Y neuroblastoma cells by analyzing the effects 
of these compounds on ERK/MAPK, PI3KAKT activities 
and Speedy/RINGO expression. This study is also important 
because it is the first time that compounds with iron chelat-
ing properties are shown to be effective on Speedy/RINGO 
protein expression, which is a critical mitotic regulator and 
frequently overexpressed in many cancers.

This study will shed light for further studies that will 
allow better understanding of the mechanisms underlying 
the development of various types of cancer, thereby allow-
ing choosing the right targets in diagnosis and treatment. 
In the event that such studies are advanced and versatile 
in vitro and in vivo analyzes are carried out, the use of iron 
chelating salicylidene acylhydrazide-based preparations for 
the purpose of supporting the cancer treatment will be made 
more widespread.

Acknowledgements This study was supported by grant to Aysegul 
Yıldız from Mugla Sitki Kocman University Scientific Research Project 
Office, Research and Development Projects (Project Numbers: 17/251 
and 17/023). We sincerely thank Prof. Dr. Uygar Halis Tazebay from 
Gebze Technical University, Department of Molecular Biology and 
Genetics and Prof. Dr. Arzu Karabay Korkmaz from lstanbul Techni-
cal University, Faculty of Science and Letters, Molecular Biology and 
Genetics Department for allowing us to use their laboratory infrastruc-
ture. We would also thank Assoc. Prof. Emin Ilker Medine from Ege 
University Institute of Nuclear Sciences for his help about providing 



Medical Oncology (2020) 37:65 

1 3

Page 9 of 9 65

SH-SY5Y neuroblastoma cell line and to Prof. Dr. Mikael Elofsson 
from Umeå University for providing all the salicylidene acylhydrazide 
compounds used in this study.

Compliance with ethical standards 

Conflict of interest We certify that all of our affiliations with or with-
out financial involvement, within the past 5  years and foreseeable 
future and, any organization or entity with a financial interest in or 
financial conflict with the subject matter or materials discussed in the 
manuscript are completely disclosed (e.g., employment, consultancies, 
honoraria, stock ownership or options, expert testimony, grants or pat-
ents received or pending, and royalties). “No conflicts of interest”.

References

 1. Hung DT, Rubin EJ. Chemical biology and bacteria: not simply a 
matter of life or death. Curr Opin Chem Biol. 2006;10:321–6.

 2. Slepenkin A, Enquist PA, Hagglund U, de La Maza LM, Elofsson 
M, et al. Reversal of the anti chlamydial activity of putative type 
III secretion inhibitors by iron. Infect Immun. 2007;75:3478–89.

 3. Tree JJ, Wang D, McInally C, Mahajan A, Layton A, et al. Charac-
terization of the effects of salicylidene acylhydrazide compounds 
on type III secretion in Escherichia coli O157:H7. Infect Immun. 
2009;77:4209–20.

 4. Richardson D, Ponka P, Baker E. The effect of the iron (III) chela-
tor, desferrioxamine, on iron and transferrin uptake by the human 
malignant melanoma cell. Cancer Res. 1994;54:685–9.

 5. Merlot AM, Kalinowski DS, Richardson DR. Novel chelators 
for cancer treatment: where are we now? Antioxid Redox Signal. 
2013;18:973–1006.

 6. Aksamitiene E, Kiyatkin A, Kholodenko BN. Cross-talk between 
mitogenic Ras/MAPK and survival PI3K/Akt pathways: a fine 
balance. Biochem Soc Trans. 2012;40:139–46.

 7. Vara JAF, Casado E, Castro JD, Cejas P, Belda-Iniesta C, et al. 
PI3K/Akt signalling pathway and cancer. Cancer Treat Rev. 
2004;30:193–204.

 8. Kovacevic Z, Chikhani S, Lui GY, Sivagurunathan S, Richard-
son DR. The iron-regulated metastasis suppressor NDRG1 targets 
NEDD4L, PTEN, and SMAD4 and inhibits the PI3K and Ras 
signaling pathways. Antioxid Redox Signal. 2013;18:874–87.

 9. Dang CV. MYC on the path to cancer. Cell. 2012;149:22–35.
 10. Dhillon AS, Hagan S, Rath O, Kolch W. MAP kinase signalling 

pathways in cancer. Oncogene. 2007;26:3279–90.
 11. Hubert RS, Vivanco I, Chen E, Rastegar S, Leong K, et al. STEAP: 

a prostate-specific cell-surface antigen highly expressed in human 
prostate tumors. Proc Natl Acad Sci USA. 1999;96:14523–8.

 12. Yildiz A, Tanriverdi O. MAPK and AKT pathway intersec-
tion in neuroblastoma cells. Curr Trends Biomed Eng Biosci. 
2017;2:1–4.

 13. Kaneko Y, Kanda N, Maseki N, Sakurai M, Tsuchida Y, et al. 
Different karyotypic patterns in early and advanced stage neuro-
blastomas. Cancer Res. 1987;47:311–8.

 14. Cao Z, Liao Q, Su M, Huang K, Jin J, et al. Akt and Erk dual 
inhibitors: the way forward. Cancer Lett. 2019;459:30–40.

 15. Lubanska D, Porter LA. The atypical cell cycle regülator Spy1 
suppresses differentiation of the neuroblastoma stem cell popula-
tion. Oncoscience. 2014;1:336–48.

 16. Owens DM, Keyse SM. Differential regulation of MAP kinase 
signalling by dual-specificity protein phosphatases. Oncogene. 
2007;26:3203–13.

 17. Golipour A, Myers D, Seagroves T, Murphy D, Evan GI, 
et al. The Spy1/RINGO family represents a novel mechanism 
regulating mammary growth and tumorigenesis. Cancer Res. 
2008;68:3591–600.

 18. Liu P, Begley M, Michowski W, Inuzuka H, Ginzberg M, et al. 
Cell cycle-regulated activation of Akt kinase by phosphorylation 
at its carboxyl terminus. Nature. 2014;508:541–5.

 19. Luo J, Manning BD, Cantley LC. Targeting the PI3K-Akt 
pathway in human cancer: rationale and promise. Cancer Cell. 
2003;4:257–62.

 20. Sun J, Zhang D, Zheng Y, Zhao Q, Zheng M, et al. Targeting the 
metastasis suppressor, NDRG1, using novel iron chelators: regu-
lation of stress fiber-mediated tumor cell migration via modula-
tion of the ROCK1/pMLC2 signaling pathway. Mol Pharmacol. 
2013;83:454–69.

 21. Brittenham GM, Griffith PM, Nienhuis AW, McLaren CE, Young 
NS, et al. Efficacy of deferoxamine in preventing complications of 
iron overload in patients with thalassemia major. N Engl J Med. 
1994;331:567–73.

 22. Chalhoub N, Baker SJ. PTEN and the PI3-kinase pathway in can-
cer. Annu Rev Pathol. 2009;4:127–50.

 23. Roberts PJ, Der CJ. Targeting the Raf-MEK-ERK mitogen-acti-
vated protein kinase cascade for the treatment of cancer. Onco-
gene. 2007;26:3291–310.

 24. Chang F, Steelman LS, Lee JT, Shelton JG, Navolanic PM, et al. 
Signal transduction mediated by the Ras/Raf/MEK/ERK pathway 
from cytokine receptors to transcription factors: potential targeting 
for therapeutic intervention. Leukemia. 2003;17:1263–93.

 25. Eisenstein RS, Blemings KP. Iron regulatory proteins, iron respon-
sive elements and iron homeostasis. J Nutr. 1998;128:2295–8.

 26. Hentze MW, Kuhn LC. Molecular control of vertebrate iron 
metabolism: mRNA-based regulatory circuits operated by iron, 
nitric oxide, and oxidative stress. Proc Natl Acad Sci USA. 
1996;93:8175–82.

 27. Wang D, Zetterström CE, Gabrielsen M, Beckham KSH, Tree JJ, 
et al. Identification of bacterial target proteins for the salicylidene 
acyl hydrazide Class of virulence-blocking compounds. J Biol 
Chem. 2011;286:29922–31.

 28. Nordfelth R, Kauppi AM, Norberg HA, Wolf-Watz H, Elofsson M. 
Small-molecule inhibitors specifically targeting type III secretion. 
Infect Immun. 2005;73:3104–14.

 29. Kim BS, Yoon KH, Oh HM, Choi EY, Kim SW, et al. Involvement 
of p38 MAP kinase during iron chelator-mediated apoptotic cell 
death. Cell Immunol. 2002;220:96–106.

 30. Pruitt K, Pruitt WM, Bilter GK, Westwick JK, Der CJ. Raf-
independent deregulation of p38 and JNK mitogenactivated 
protein kinases are critical for Ras transformation. J Biol Chem. 
2002;277:31808–17.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Salicylidene acylhydrazides attenuate survival of SH-SY5Y neuroblastoma cells through affecting mitotic regulator SpeedyRINGO and ERKMAPK–PI3KAKT signaling
	Abstract
	Introduction
	Materials and methods
	SH-SY5Y neuroblastoma cell culture
	Preparation of salicylidene acylhydrazide group compounds
	Determination of half-maximal inhibitory concentration (IC50)
	Western blotting
	Integrative pixel analysis
	Statistical analysis

	Results
	ME0053, ME0055 and ME0192 salicylidene acylhydrazide group synthetics have cytotoxic effects on SH-SY5Y cells
	ME0053, ME0055 and ME0192 compounds significantly reduced SpeedyRINGO protein expression
	AKT (Thr 308) phosphorylation decreased after treatment with compounds ME0053, ME0055 and ME0192
	ME0053, ME0055 and ME0192 treatments have variable effects on AKT (Ser473) phosphorylation
	The effects of the compounds ME0053, ME0055 and ME0192 on MEK12 protein expression are variable
	ME0053, ME0055 and ME0192 compounds increased the level of Active Caspase-3 to varying extents

	Discussion
	Conclusion
	Acknowledgements 
	References




