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Abstract

Introduction: Breast cancer is a prevalent disease that has not been
entirely treated by chemotherapy. This study attempted to investigate
the effect of the cytotoxicity of Schiff bases derived from platinum (1)
on the breast cancer cell line (SKBR3) and the expression of genes
involving molecular pathways.

Materials and Methods: In this study, at first, the cytotoxicity of
carboplatin (as the standard drug) and Schiff base derived from
platinum (1) (12.5, 52, and 50 uM) on the SKBR3 cell line was
investigated using MTT assay, and the half maximal inhibitory
concentration (IC50) was determined. After cell treatment, RNA was
extracted, and cDNA was synthesized. Then gene expression of various
cellular pathways of apoptosis (BCL2 and BAX) and autophagy
(ATG5, BECN1, TOP1, LC3, and HIF1A) was evaluated using the
Real-time PCR method.

Results: Cell treatment with platinum (11) Schiff bases complexes in
various concentrations showed that complex A (IC50=34.76+2.16uM)
had the most significant toxicity compared to other studied compounds.
The synthesized complexes may affect the cytotoxicity of SKBR3
through suppression of HIF1A and TOP1 genes. Statistical analysis of
samples was conducted using SPSS software program, two-way
ANOVA analysis, and Kruskal-Wallis tests at the significance level of
0.05 and 0.001.

Conclusion: In this research, platinum-based Schiff bases showed a
significant cytotoxic effect against the SKBR3 cell line. More
information in this field can pave the way for discovering anticancer
platinum drugs with more favorable properties.
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Introduction

Breast cancer is considered as the most
common cancer and one of the main causes of
death among women worldwide (1).
Considering the wide spread of breast cancer,
the identification and synthesis of anticancer
compounds and complexes are of particular
importance. Schiff bases are obtained from
condensation reactions of aromatic/aliphatic
aldehydes and amines and form stable
complexes with various metal ions. Metal
complexes in drug therapy have therapeutic
effects in medicine. Platinum complexes
represent a distinct class of antineoplastic
compounds (2). This paper is intended to study
the anticancer effects of some new platinum
compounds on breast cancer cells. According
to the mechanisms of apoptotic and autophagic
effects of platinum derivatives such as
cisplatin and oxaliplatin, several complexes
involved in these signaling pathways have
been investigated.

Materials & Methods

In this study, the SKBR3 breast cancer cell line
was cultured in RPMI 1640 medium. Schiff
bases containing PT245, PT246, and PT247

were synthesized to treat the cells named
complexes A, B, and C, respectively. The drug
carboplatin was also used as a control to
compare the effects of the complexes. The
sensitivity and cytotoxic effects of the
synthetic complexes on SKBR3 cells were
evaluated with the MTT assay. A Real-time
PCR method was used to measure gene
expression. 300,000 SKBR3 cells were treated
with synthetic complexes at optimal ranges of
12.5, 25, and 50 uM obtained from MTT assay
results. After 72 hours, total RNA was
extracted, and the expression of TOP1, HIF1A,
BAX, BCL2, BECN1, ATGS5, and LC3 genes
was evaluated. The significance of the results
was checked at (p < 0.05) and (p < 0.001)
levels using the statistical analysis of samples.

Results

By performing the MTT test, the sensitivity of
the SKBR3 cell line to compounds A, B, and C
was determined in comparison to carboplatin.
IC50 values, 72 hours after exposure to
Carboplatin, Complex A, Complex B, and
Complex C were evaluated and reported in
Table (1).

Table 1: Checking the 1C50 values of complexes A, B, and C compared to carboplatin after 72 hours of
treatment on the SKBR3 cell line by MTT (p < 0.05)

I1Cx, value, uM
cell line Carboplatin Complex-A Complex-B Complex-C
SKBR3 44.5506+4.28 34.76+2.16* 42.731+£1.17 47.4616%2.98

Table 1 shows that the 1C50 of complex A
(34.76 uM) compared to carboplatin (44.55
uM) is significantly reduced (P=0.0432). This
reduction in B and C complexes is not
statistically significant (p < 0.05). The results
of Real-time PCR show that the TOP1 gene is
significantly reduced in the sets of the
investigated complexes A, B, and C. The
expression of this gene after treatment with 50
uM complex A at the level of p < 0.001 and
with the value of fold change (FC) = 0.067 is
significantly reduced compared to the control.
Moreover, the expression of HIF1A after

treatment with Complex A set and 25 and 50
uM Complex C gene was associated with a
significant decrease (p<0.001). Treatment with
50 uM complexes A and C can be calculated
by applying FC 0.091 and 0.096 to the
expression of this gene, respectively. In the
analysis of the expression of genes associated
with apoptosis, the results showed that after
treating the cells with A and C complexes at 50
UM concentration, respectively, the expression
of the BCL2 gene decreased with FC values of
0.083 and 0.228 compared to control
(p<0.001), but no changes in BAX gene
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expression were observed at any of the tested
concentrations of the complexes. Examination
of the expression of genes associated with the
autophagy pathway after treatment with
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different concentrations of the complexes
under study showed no significant difference
compared to the expression of these genes in
cells without drug treatment (Figure 1).
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Figure 1: The effect of treatment of the SKBR3 cell line for 72 hours with 12.5, 25, and 50 uM of complexes A,
B, and C on the expression of HIF1A, ATG5, LC3, BECN1, BAX, BCL2, and TOP1 genes. All results are
considered as mean * SD. p<0. 05)* and **( p <0.001)

Discussion

In this study, using the MTT colorimetric
method, Complex A was shown to have a
dose-dependent lethal effect on breast cancer
cells. We also observed that treatment with
different platinum-derived complexes

significantly decreased TOP1 gene expression
at all concentrations. The expression of the
HIF1A gene was also statistically significantly
decreased in all concentrations of complex A
and 25 and 50 uM concentrations of complex
C. In a research study on the relative
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contribution of HIFLA gene expression and
drug penetration to oxaliplatin resistance,
Roberts et al. (2009) stated that drug
penetration, the level of DNA damage, and
HIF1A-dependent processes all contributed to
the resistance of hypoxic cells to oxaliplatin
(3). In the present study, HIF1A gene
expression showed a significant decrease in
high concentrations of all three complexes.
Another signaling pathway investigated in this
study was the apoptotic pathway measured by
the expression of the BAX and BCL2 genes.
The results showed that the change in BAX
gene expression was not statistically
significant, but the decrease in BCL2 gene
expression in complexes A and C was
significant. Zhang et al. (2019) stated that
piperidone/cyclohexanone-derived Schiff
bases can regularly increase cell apoptosis in
A549, SGC7901, HePG2, HelLa, K562, THP-
1, and non-malignant LO2 cell lines by
increasing BAX expression and decreasing
BCL2 expression (4). Studies have shown that
autophagy supports tumor cells in response to
cancer treatments by making them more
resistant to therapy. Therefore, in this study,
we examined the expression of three genes
involved in the autophagy pathway, including
BECN1, LC3, and ATGS5. Expression of all the
above genes related to the autophagy pathway
was non-significant in response to platinum
derivative treatment. The results of the study
indicate that synthesized complexes may exert
anticancer effects through other pathways.

Conclusion

Treatment of the cells with various
concentrations of platinum(lIl)-derived Schiff
base complexes showed that complex A
caused the highest lethality compared to the
other compounds studied. Our study showed
that the synthesized complex could exert lethal

effects on the SKBR3 cell line by inhibiting
TOP1 and HIF1A gene expression. Moreover,
the decreased expression of Bcl2 upon
treatment of cells with the investigated
complexes may indicate their role in apoptosis
induction. However, further studies are needed
to fully understand the mechanism of action of
platinum-based drugs.
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