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ABSTRACT

Translationally controlled tumor protein (TCTP) represents an exquisite target
for cancer differentiation therapy, because it was most strikingly down-regulated in
tumor reversion experiments. Since TCTP is identical with the histamine releasing factor,
antihistamic drugs may inhibit TCTP. Indeed, antihistaminics, such as promethazine,
thioridazine, perphemazine and chlorpromazine reveal antiproliferative effects. The
aim of this investigation was to study antihistaminic drugs as new TCTP inhibitors to
inhibit tumor growth. Levomepromazine and buclizine showed higher in silico binding
affinities to TCTP among 12 different antihistaminic compounds including the control
drugs, promethazine and hydroxyzine by using Autodock4 and AutodockTools-1.5.7.rcl.
Recombinant human TCTP was codon-optimized, expressed in E. coli and purified by
chitin affinity chromatography. For experimental validation of in silico data, we applied
microscale thermophoresis. Levomepromazine bound with a Kd of 57.2 yM (p < 0.01) and
buclizine with a Kd of 433uM (p < 0.01) to recombinant TCTP. Both drugs inhibited MCF-7
breast cancer cell growth in resazurin assays. TCTP expression was down-regulated after
treatment with the two drugs. Cell cycle was arrested in the G1 phase without apoptosis
as confirmed by the expression of cell cycle and apoptosis-regulating proteins. Annexin
V-PI staining and Trypan blue exclusion assay supported that the two drugs are cytostatic
rather than cytotoxic. Induction of differentiation with two drugs was detected by the
increased appearance of lipid droplets. In conclusion, levomepromazine and buclizine
inhibited cancer cell growth by binding to TCTP and induction of cell differentiation. These
compounds may serve as lead compounds for cancer differentiation therapy.

INTRODUCTION

Cancer is one of the leading causes of death all
over the world. Traditionally, surgery, chemotherapy and
radiotherapy are main treatment options and cytotoxic
drugs are indispensable in the armory to destroy tumor
cells [1]. However, many cytotoxic agents reveal side
effects such as bone marrow suppression, gastrointestinal
tract lesions, hair loss, nausea efc., because these agents
are active on both, proliferating, malignant tumor and
healthy, normal cells. Therefore, these drugs induce cell
death not only in tumors, but also in normal cells [2, 3].
Since cytotoxic drugs lack sufficient tumor selectivity,
they frequently cannot cure patients due to non-tolerable

high side effects that prevent the application of drug doses
high enough to sustainably kill all cells of a tumor.

Another concept is differentiation therapy, which
aims at re-activation of endogenous differentiation
programs in cancer cells with subsequent cellular
maturation and loss of the aggressive tumor phenotype
[4]. For instance, retinoids play a fundamental
role in chemoprevention of carcinogenesis and in
differentiation therapy [5]. Treatment of osteosarcoma
and chondrosarcoma cells with all-trans retinoic acid
(ATRA) inhibited tumor growth in a reversible manner
[6, 7]. Besides, ATRA hypophosphorylated RARa
inhibiting cellular proliferation and inducing osteoblastic
differentiation [8].
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A novel target for differentiation therapy is the
translationally controlled tumor protein (TCTP), because
it was the most down-regulated gene in tumor reversion
experiments [9]. Tumor reversion is a biological process,
by which highly tumorigenic cells lose their malignant
phenotype [10, 11]. Reversion is regulated by proteins such
as seven in absentia homologue (SIAH1), presenilin 1 (PS1),
tumor suppressor activated pathway (TSAP), and TCTP
[10]. Inhibition of TCTP expression increased the number
of revertant cells, which regained sensitivity to contact
inhibition and decreased tumor-forming capability [9, 11].

TCTP has also been named histamine releasing
factor (HRF), fortilin, P21, P23, TPT-1 and Q23 [12-14].
It is a highly conserved pro-survival factor in eukaryotes
and is ubiquitously expressed in various tissues and cells
[15]. Besides, TCTP is a multifunctional protein, which
plays important roles in numerous cell physiological
events, such as immune response, cell proliferation,
tumorigenicity, and cell death. Its overexpression in cancer
patients speaks for its possible clinical relevance [15, 16].

Thus, TCTP represents an exquisite target for
anti-cancer differentiation therapy. The antihistaminics
promethazine and hydroxyzine inhibit TCTP [9, 16] giving
a first hint, that antihistaminic drugs may be a suitable
class of TCTP inhibitors. Therefore, we systematically
investigated a panel of antihistamic compounds for their
interaction with TCTP as new inhibitors of human TCTP
and tumor growth.

RESULTS

Molecular docking of 12 antihistaminic
compounds to human TCTP

Initially, we performed blind molecular dockings
with each 100 runs to predict binding energies of
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10 antihistaminic compounds and two control drugs
(promethazine and hydroxyzine) to human TCTP (Figure
1 and Table 1). Levomepromazine and buclizine showed
the highest binding affinities and were therefore selected
to study the interaction to human TCTP in more detail.

Afterwards, defined molecular dockings of
promethazine, hydroxyzine, levomepromazine and
buclizine were performed three times with a grid laid
around human TCTP residues found by blind docking
(Table 2). Levomepromazine (blind docking: -7.10 kcal/
mol, defined docking: -8.02 kcal/mol) showed much lower
binding energy to human TCTP than promethazine (blind
docking: -6.39 kcal/mol, defined docking: -6.82 kcal/mol)
(Tables 1 and 2). Moreover, buclizine (blind docking:
-8.35 kcal/mol, defined docking: -9.49 kcal/mol) revealed
higher affinity to human TCTP than hydroxyzine (blind
docking: -7.87 kcal/mol, defined docking: -8.90 kcal/mol)
by both blind and defined docking approaches (Tables 1
and 2). Besides, levomepromazine and buclizine bound
to the same sites as promethazine and hydroxyzine,
respectively (Figure 2).

Codon optimization of the human 7CTP gene for
expression in E. coli

In order to study the interaction of antihistaminic
drugs and human TCTP experimentally, we expressed
human TCTP in E. coli in a heterologous manner.
Differences in codon usage between species can affect
quantity and quality of recombinant protein expression.
Therefore, human T7CTP was screened for the presence
of rare codons (GenBank accession no. X16064.1).
Human TCTP consists of 172 amino acids. Of them, 28
amino acids (16%) are encoded by rarely used codons
in E. coli (Figure 3a). To avoid potential problems of
rare codons for human 7CTP expression in E. coli, a
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Figure 1: Chemical structures of antihistaminic compounds investigated by in silico molecular docking.
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Table 1: In silico blind molecular docking of promethazine and hydroxyzine and their related substances to human
TCTP. Dockings were performed with 100 runs for each compound

Compounds Lowest energy of Mean binding Residues involved Residues involved pKi (uM)
docking (kcal/mol)  energy(kcal/mol) hydrogen bond in hydrophobic
interaction with the interaction with ligand
ligand

Thr 39, Gly 41, Tle 43,
-6.39 -5.99 Asp 44, Thr 65 Asp 44, Glu 63, Ser 64, 20.73
Thr 65

Thr 39, Gly 41, Ile 43,
Asp 44, Tle 48, Glu 63,
Ser 64,

Thr 65

Thr 39, Ile 43, Asp 44,
Ile 48, Thr 62, Glu 63,
Ser 64,

Thr 65

Thr 39, Asp 44, lle 48,
Glu 63, Ser 64, Thr 65

Thr 39, Glu 40, Ile 43,
Chloropromazine —6.49 —6.21 - Asp 44, Glu 63, Ser 64, 17.55
Thr 65

Thr 39, Glu 40, Asn 42,
Promazine —6.25 —5.88 - Asp 44, 1le 48, Glu 63, 26.11
Thr 65

Thr 39, Ile 43, Asp 44,
Ile 48, Thr 62, Glu 63,
Ser 64,

Thr 65

Thr 39, Glu 40, Gly 41,

Asn 42, Tle 43, Asp 44,
Ile 48, Glu 60, Gly 61,
Th62, Glu 63, Thr 65

Thr 39, Glu 60, Gly 61,
Thr 62, Glu 63, Ser 64,
Thr 65,

Val 66

Glu 40, Asn 42, Tle 43,
Asp 44, Glu 60, Gly 61,
Glu 63,

Thr 65

Thr 39, Glu 40, Asn 42,
Cyclizine —7.58 —7.32 Glu 63 Ile 43, Asp 44, lle 48, 2.78
Glu 63, Thr 65

Met 1, Typ 4, Asp 16,
Cetrizine —6.20 —6.20 Lys 171 Typ 18, Lys 19, Ile 20, 28.33
Glu 22, Leu 29, Lys 171

Promethazine
(control drug)

Levomepromazine =7.10 —6.35 Ser 64 6.26

Acepromazine —6.88 —6.39 Ser 64 9.05

Levopromazine —6.88 —6.19 Ser 64 8.99

Triflupromazine -5.93 —5.58 Thr 65 45.14

Hydroxyzine (control

—7.87 -6.73 Thr 62, Glu 63
drug)

1.69
Buclizine —8.35 =7.77 Glu 63

0.76

Meclizine —8.09 —7.53 Glu 63 1.17

corresponding new gene was designed, termed human (http://www.kazusa.or.jp/codon/) (Figure 3a). This
seTCTP (EMBL LN881713) (Figure 3 lane 2). Here, synthetic gene was synthesized by Eurofins MWG
rare codons were replaced by those frequently used in Operon (Ebersberg, Germany) according to the DNA
E. coli according to common codon usage of E. coli sequences designed by us.
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Table 2: Defined molecular docking to TCTP of compounds selected by blind dockings (Table 1). Dockings were
performed three times with 250 number per run with TCTP residues found by blind docking

Compounds Lowest energy Mean binding  Residues involved Residues involved pKi (uM)
of docking (kcal/  energy(kcal/mol)  hydrogen bond in hydrophobic
mol) interaction with  interaction with
the ligand ligand
Promethazine Thr 39, Gly 41, Ile
—6.82+<0.00 —-6.82+<0.00 Asp 44, Thr 65 43, Asp 44, Glu 63, 9.98+<0.00
(control drug)

Ser 64, Thr 65

Thr 39, Gly 41, Ile
Levomepromazine -8.02+0.01 —~7.76£<0.00 Ser 64 43, Asp 44, Glu 63,  1.32+0.02
Ser 64, Thr 65

Gly 41, Asn 42, Ile
43, Asp 44, 1le 48,
—-8.90+0.06 -8.27+0.02 Asn 51 Asn 51, Glu 60, 0.30+0.03
Gly 61, Th62, Glu
63, Thr 65

Thr 39, Gly 41,
Asn 42, Ile 43, Asp
. . 44, 1le 48, Gly 50,
Buclizine 9.49+0.02 9.01+0.03 Asn 51, Glu 60, 0.11£<0.00
Gly 61, Thr 62,

Glu 63, Thr 65

Hydroxyzine
(control drug)

Figure 2: (a-c) Molecular docking of promethazine and levomepromazine. a. Docking of promethazine (in purple) and
levomepromazine (in blue) into the binding site of human TCTP (PDB code: 2HR9 in surface representation, blue surface represents Ca*
binding site, TCTP residues: 1-70 [32]; pink surface represents p53 binding site, TCTP residues: 70-119 [52] and grey surface represents
Bcel-xL binding site, TCTP residues: 20-27 [51]). Levomepromazine (blue) occupied the same binding site as promethazine (purple).
Docked structure of promethazine b. and levomepromazine e¢. in the human TCTP binding pocket. d-f. Molecular docking of hydroxyzine
and buclizine. (d) Docking of hydroxyzine (in red) and buclizine (in orange) into the binding site of human TCTP (PDB code: 2HR9 in blue
surface representation (Ca** binding site)). Buclizine (orange) occupied the same binding site as hydroxyzine (red). Docked structure of
hydroxyzine (e) and buclizine (f) in the human TCTP binding pocket. The residues involved in hydrogen bond interaction are labeled and
hydrogen bonds are shown as green dots.
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Construction of recombinant plasmids for
human seTCTP expression

Plasmid vector pTXB1 (NEB, Figure 3b) encodes
an Intein-tag and allows gene expression under the control
of the T7 promoter. This plasmid was used to construct a
recombinant plasmid coding for a fusion protein consisting
of a C-terminal Intein-tag and human TCTP. The synthetic
human seTCTP was ligated with the cleaved pTXB1 to
obtain the expression plasmid pTCTPO1. The gene was
under the control of the T7 promoter and the resulting
human se7CTP contained a C-terminal Intein-tag (human
TCTP-Intein) (Figure 3c).

Expression of human seTCTP in E. coli K12
ER2566 harboring plasmid pTCTPO01, affinity

purification and on-column cleavage of human
TCTP

The expressed human TCTP was solvable after
induction at various temperatures (37°C, 27°C and 18°C)
and 0.1 mM isopropyl B-D-thiogalactopyranoside (IPTG).
Afterwards, induced cultures were centrifuged and the

pellets were dissolved in cell lysis buffer. Bacterial cell
numbers were monitored by OD values and the bacterial cell
numbers were adjusted to 1.28 x 10'° cfu/mL in cell lysis
buffer. Then, cell lysis was performed by sonication. After
centrifugation, the supernatant contained soluble proteins.
Insoluble proteins were also gathered by dissolving pellet in
8 M urea cell lysis buffer after sonication. The highest yield
of soluble human TCTP-intein protein was obtained after
induction at 27°C (Figure 4a).

Soluble human TCTP-intein protein was purified as
described in Material and Methods. SDS-PAGE was performed
to analyze affinity purification and on-column cleavage
(Figure 4b). Thereby, we obtained purified recombinant human
TCTP for further investigation of the interactions between
human TCTP and antihistaminic compounds.

Molecular interaction studies using microscale
thermophoresis

We used microscale thermophoresis for analysis
and quantification of direct interactions of human TCTP
with levomepromazine and buclizine (Figure 5). This
method allows the determination of binding affinities
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Figure 3: a. Comparison of human TCTP sequences. Lane 1: original sequences of human TCTP (GenBank accession no. X16064.1);
Lane 2: optimized sequences of human se7CTP (EMBL LN881713); Lane 3: sequences of corresponding amino acids of human TCTP. b.
¢. Schematic composition of intein-chitin binding domain (b) and human TCTP-intein (c).
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between fluorescently labeled target proteins and non-
labeled compounds. We titrated labeled human TCTP
with increasing concentrations of levomepromazine or
buclizine. The levomepromazine concentration-dependent
increase gave an apparent equilibrium binding constant of
57.2+£6.49 uM (p < 0.01) for levomepromazine. Buclizine
showed a concentration-dependent decrease yielding a
binding affinity of 433 +47.1 uM (p < 0.01). These results
provided evidence for direct binding of human TCTP to
both levomepromazine and buclizine.

Growth inhibition of MCF-7 cells by
levomepromazine and buclizine

The growth inhibitory effects of levomepromazine
and buclizine were tested by using MCF-7 cells. Treatment

of cells with different concentrations for 72 h showed that
levomepromazine (IC,: 12.21 + 0.78 uM) and buclizine
(IC,,: 19.18 + 5.32 uM) revealed considerable growth
inhibition (Figure 6).

TCTP expression of MCF-7 cells after
levomepromazine or buclizine treatment

We observed a significantly decreased TCTP
expression in MCF-7 cells after treatment with 10-
25 uM levomepromazine or 60-75 uM buclizine for
72 h (Figure 7). TCTP expression was decreased
by more than 60% by 25 pM levomepromazine
(Figure 7a and 7b). and by 40% by 75 pM buclizine
(Figure 7c and 7d).
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Figure 4: a. SDS-PAGE analysis of solubility of human TCTP-intein protein (47 kDa) from ERTXB101 after expression with 0.1 mM IPTG
and various temperatures (Samples were adjusted to the number of bacterial cells (3.84 x 10° cfu). Arrows indicate the expressed human TCTP-
intein (47 kDa). M: Protein ladder, (Thermo Scientific), Lane 1: 37°C, 3 h, soluble proteins, Lane 2: 37°C, 3 h, insoluble proteins, Lane 3: 27°C,
5 h, soluble proteins, Lane 4: 27°C, 5 h, insoluble proteins, Lane 5: 18°C, 16 h, soluble proteins, Lane 6: 18°C, 16 h, insoluble proteins, Lane
7: 18°C, 16 h, non-induced soluble proteins, Lane 8: 18°C, 16 h, non-induced insoluble proteins. b. SDS-PAGE analysis of affinity purification
of ERTXB101 by chitin column after induction of protein expression at 27°C for 5 h with washing buffers in the presence of 1 mM EDTA, M:
Protein ladder (Thermo Scientific), Lane 9: loading sample, Lane 10: flow through from chitin column, Lane 11: wash, Lane 12: DTT flush to
distribute it evenly throughout the column, Lane 13: elution of human TCTP (19 kDa) after stopping column flow and inducing cleavage reactions.
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Figure 5: Microscale thermophoresis of the levomepromazine-human TCTP a. and buclizine-human TCTP complexes
c. and human TCTP alone in assay buffer (negative control) b. and in adapted assay buffer including 2% chloroform (negative control)
d. Values on the Y-axis represent the thermophoretic shift of labeled human TCTP. Each experiment was performed at least three times and
values are represented as mean + SD.
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Figure 6: Growth inhibition of MCF-7 cells by levomepromazine a. and buclizine b. Cells were treated with different
concentrations or vehicle control for 72 h and subsequently resazurin reduction assays were performed. Viability of cells was represented
by mean + SD of three independent experiments and was expressed as percentage survival of control.
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Cell cycle analysis

TCTP is essential for the orderly cell cycle transition.
However, increased TCTP induces mitotic defects and
chromosome miss-segregation in cancer cells [17]. In this
study, levomepromazine and buclizine downregulated
TCTP expression. Therefore, we investigated the effect of
levomepromazine and buclizine on the cell cycle. After
incubation for 72 h, levomepromazine and buclizine
inhibited cell growth of MCF-7 cells and arrested the
cell cycle in the G1 phase in a dose-dependent manner
after 72 h (Figure 8). The percentages of cells in the G1
phase increased to 78% and 73%, with 24.5 uM and 49
UM levomepromazine, respectively. Similarly, G1 phase
fractions raised to 73% by 77 uM buclizine (Figure 8).

Assessment of the mode of action of
levomepromazine and buclizine toward MCF-7
cells by annexin V-PI staining

Cell cycle analysis showed Gl arrest without
apoptosis after treatment with levomepromazine
and buclizine, we also investigated the action of
levompromazine and buclizine by annexin V-PI staining

d
Antl-gctin (45 kDs)
AMtl-TCTR (23 kDE)
1 Z 3 4 5
C
Antl-gctin (45 kDs)
AMt-TCTE (23 kDa)
<] 7 8 k] 10

(Figure 9). After treatment of MCF-7 cells with IC
or 2 x IC, concentrations of levomepromazine or
buclizine for 72 h, most of cells were alive (annexin
V-/PI-), whereas doxorubicin, used as cytotoxic control
drug, caused dramatic induction of cell death with
more than 40% cells in late apoptosis (annexin V+/PI+)
(Figure 9).

Western blot analysis of cell cycle regulatory
proteins after treatment with levomepromazine
or buclizine

Since we observed G1 arrest after treatment with
levomepromazine or buclizine, we investigated the
effect of two drugs on cell cycle regulatory proteins,
i.e. cyclin D1, cyclin D3, CDK2, CDK4 and cyclin-
dependent kinase inhibitors (p21 and p27), which are
involved in G1 phase progression of the cell cycle
[18-22]. Levomepromazine and buclizine significantly
decreased cyclin D1, cyclin D3, CDK2 and CDK4
expression after 72 h (Figure 10). Changes of the
cyclin-dependent kinase inhibitors, p21 and p27, were
not observed (Figure 10).
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Figure 7: TCTP expression after treatment with levomepromazine a, b. or buclizine c, d. for 72 h as analyzed by Western
blot, Lane 1: solvent (H,0), Lane 2: 10 uM, Lane 3: 15 uM, Lane 4: 20 uM, Lane 5: 25 uM, Lane 6: solvent (DMSO), Lane 7: 15 uM,
Lane 8: 30 uM, Lane 9: 60 uM and Lane 10: 75 uM (Significantly different according to Student’s ¢-test, * 0.01 < P <0.05, **P < 0.01),
Quantification of TCTP (b and d) expression by Imagel. Western blots were performed three times.
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Figure 9: Analysis of cell death in MCF-7 cells induced by levomepromazine, buclizine or doxorubicin. a. Representative
dot plots of flow cytometry analysis after treatment of MCF-7 cells with IC, or 2 X IC of levomepromazine and buclizine as well as 10 uM
or 20 uM doxorubicin for 72 h. b. The graph of the means + SD of three independent experiments. Annexin V-/PI+: late necrosis, annexin
V+/PI+: late apoptosis or early necrosis, annexin V+/PI-: early apoptosis.
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Western blot analysis of MCL-1L/S expression
after treatment with levomepromazine or
buclizine

We tested the effect of levomepromazine and
buclizine on the expression of the anti-apoptotic MCL-1
and its pro-apoptotic variant, MCL-1S, in MCF-7 cells by
Western blot (Figure 10).

Levomepromazine slightly increased MCL-
IS expression, however, without reaching statistical
significance (Figure 11a and 11b). Buclizine increased pro-
apoptotic MCL-1S expression, while MCL-1L expression
was slightly increased (Figure 11c and 11d).

Trypan blue exclusion test of cell viability

We examined cell viability after treatment of MCF-7
cells with IC, or 2 x IC, of levomepromazine or buclizine
for 72 h. More than 90% cells were viable after treatment
with these two drugs (Figure 12). Doxorubicin is well
known as a cytotoxic anticancer drug [23] and was used as
control drug, the number of viable cells was dramatically
reduced after treatment with 2.5 uM, 5 uM, 10 uM or 20
puM doxorubicin (Figure 12)
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Induction of differentiation as determined by
lipid droplets staining

As the compounds induced cell cycle arrest, but not or
only minimal apoptosis, we hypothesized that the observed
inhibition of proliferation may be due to the induction of
cellular differentiation, rather than to cytotoxicity. Therefore,
we tested the formation of lipid droplets as a marker of
breast cancer cell differentiation [24, 25]. Staining with
the fluorescent dye Nile Red showed that solvents-only
treated MCF-7 cells contained only few lipid vacuoles
(Figure 13a and 13d). Lipid droplets significantly increased
after levomepromazine (Figure 13b and 13c) or buclizine
treatment (Figure 13e and 13f) for 24 h or 48 h treatment.

DISCUSSION

We investigated the interaction of TCTP and
antihistamic compounds to device new strategies for cancer
therapy. TCTP is ubiquitously expressed in all eukaryotic
organisms and in more than 500 tissues and cell types
investigated [26]. TCTP expression levels are much higher
in tumors compared to their corresponding normal tissues
[16, 27]. One of the most convincing arguments speaking
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Figure 10: Expression of cyclin D1, cyclin D3, CDK2, CDK4 and cyclin-dependent kinase inhibitors (p21 and p27)
after treatment of MCF-7 cells with levomepromazine (a-c) or buclizine (d-f) for 72 h as analyzed by Western blot. Lane
1: solvent (H,0), Lane 2: 10 uM, Lane 3: 15 uM, Lane 4: 20 uM, Lane 5: 25 uM, Lane 6: solvent (DMSO), Lane 7: 15 uM, Lane 8: 30 uM,
Lane 9: 60 uM and Lane 10: 75 pM (Significantly different according to Student’s ¢-test, * 0.01 <P < 0.05, **P < 0.01), Quantification of

protein expression by ImageJ. Western blot were performed three times.
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for a causative connection of TCTP to cancer biology is that
the suppression of TCTP expression resulted in a reversion
of the malignant phenotype [16]. TCTP plays an important
role in cancer biology and participates in various cellular
processes including protein synthesis, cell survival and cell
growth [15]. Furthermore, a high-throughput screening
analysis for differentially expressed genes between parental
tumor cells and their revertants revealed that TCTP showed
the most noticeable down-regulation [11, 16]. Therefore,
TCTP represents an attractive target for therapy.

We chose antihistamic compounds for our study
as potential TCTP inhibitors, because TCTP also acts as
histamine-releasing factor. Thus, antihistamic compounds
might inhibit TCTP. Importantly, antihistaminics are widely
used in cancer patients as antiallergic, antidepressive or
antiemetic agents. Moreover, some phenotiazines, including
promethazine, thioridazine, perphemazine and chlorpromazine
revealed antiproliferative effects [28-30]. Besides,
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antihistaminic compounds decreased TCTP expression,
kill cancer cells and, eventually, led to strong reversion of
the malignant phenotype [9]. Tuynder et al. reported that
hydroxyzine and promethazine inhibited cell growth on
human leukemia U937 cells and decreased TCTP expression
on breast cancer MDA-MB231 and monocytic leukemia U937
cell lines [9]. These two drugs were also investigated in vivo.
The volumes of MDA-MB231 and U937 xenograft tumors
were consistently reduced by treatment with hydroxyzine and
promethazine, indicating that these drugs indeed inhibited
tumor growth by targeting TCTP [9]. Therefore, we decided
to perform a systematic investigation on histaminic drugs.
First, we investigated the binding of 12 antihistamic
compounds on TCTP by in silico molecular docking studies.
We selected promethazine and hydroxyzine as control drugs,
because they are well-known antihistaminics, which exert
cytotoxicity towards cancer cells [9]. Hydroxyzine belongs
to the piperazines and promethazine is a phenotiazine. Both
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Figure 11: MCL-1L and MCL-1S expression after treatment with levomepromazine a, b. or buclizine ¢, d. for 72 h
as analyzed by Western blot, Lane 1: solvent (H,0), Lane 2: 10 uM, Lane 3: 15 uM, Lane 4: 20 uM, Lane 5: 25 uM, Lane 6: solvent
(DMSO), Lane 7: 15 uM, Lane 8: 30 pM, Lane 9: 60 uM and Lane 10: 75 uM (Significantly different according to Student’s #-test, * 0.01 <
P <0.05, **P <0.01), Quantification of MCL-1L and MCL-1S (b and d) expression by ImagelJ. Western blots were performed three times.
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Figure 12: Analysis of cell viability by trypan blue staining of MCF-7 cells treated with IC_ or 2 x IC, concentrations

of levomepromazine or buclizine as well as 10 pM or 20 pM doxorubicin for 72 h. a. Representative photographs (80x
magnified transmitted light microscope) b. The graph of mean values + SD of three independent experiments are shown.
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of them antagonize the HI receptor [31]. Promethazine
interferes with histaminic effects of endotoxins against
solid tumors [31]. We found that levomepromazine and
buclizine bound to the same sites at TCTP as promethazine
and hydroxyzine, but with even higher affinities. These
compounds bound to the calcium binding site of TCTP
(residues of 1-70) described by Graidist et al. [32]. Glu 58
and Glu 60 of TCTP residues are critical for calcium binding
[32]. We observed that Glu 60 of TCTP was involved in
hydrophobic interaction to hydroxyzine and buclizine.
However, no hydrogen bond between Glu 58 or Glu 60 of
TCTP residues and the control drugs or selected compounds
was predicted by our in silico molecular docking studies.
Thus, we predicted that the two selected compounds bound
to the calcium binding site of TCTP.

Furthermore, we experimentally confirmed the direct
binding of levomepromazine and buclizine to human TCTP
using microscale thermophoresis (MST). This technique
measures the motion of molecules in microscopic temperature
gradients. There are several methods to measure the affinity
of interacting molecules such as surface plasmon resonance
(SPR) and isothermal titration calorimetry (ITC) [33]. SPR
detects electromagnetic surface waves on a thin metal film
[34]. These fields are strongly enhanced in resonance and
are sensitive to the dielectrical properties of the surface and
adjacent layers of surface-coupled molecules and solvent
[34]. However, the covalent coupling of a molecule to a
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surface can interfere with the binding event. SPR also suffers
from artifacts stemming from mass transport limitations
close to an interface (i.e. rebinding effects and concentration
depletion) [35]. Isothermal titration calorimetry (ITC) is a
label-free method and measures the dissipated or absorbed
reaction heat [33, 36, 37]. It allows direct access to the
thermodynamics of an interaction [33]. To obtain measurable
amounts of heat, high concentrations of the binding partners
are required [33]. In contrast, MST is a very sensitive
method to measure the equilibrium affinity constants of
interactions, because it detects changes in size and charge as
well as changes in the hydration shell of a molecule [33].
Moreover, MST has a low sample consumption and measures
interactions with essentially no limitation on molecule size or
molecular weight [33]. Due to these advantages, we applied
MST for our investigation to study the interaction between
human TCTP and antihistaminics.

We further explored the effects of two selected
compounds on cell growth and TCTP protein and found
indeed that the two compounds inhibited cell growth and
down-regulated TCTP expression in MCF-7 cells, suggesting
TCTP binding and down-regulation as causative growth-
inhibitory mechanism of levomepromazine and buclizine. We
could already observe significant down-regulation of TCTP
at a concentration of 10 uM levomepromazine, which is
lower than the IC, | concentration (Figure 7). However, TCTP
protein was slightly down-regulated with 15 uM, 30 uM of
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