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Introduction

ONC201 (TIC10, TRAIL-inducing compound 10) is an effective small molecular
antitumor agent that is able to induce apoptosis in tumor cells (Figure 1).

The mechanism of action is based on activating TRAIL, tumor necrosis factor
(TNF)-related apoptosis-inducing ligand. It was explored that TIC10 and its derivative,
ONC212 inhibit Akt and Erk signaling, in this way induce translocation of the transcription
factor Foxo3a into the nucleus (Figure 1 and Figure 2). The transcription factor Foxo3a
enhance the TRAIL gene expression and stimulates TRAIL and death receptor-5 (DRS)
transcription, finally activating TRAIL-mediated apoptosis patthway.l’2
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Figure 1. Structure of ONC201 (TIC10) and ONC212

Apoptotic effect of ONC201 was demonstrated on hepatocellular carcinoma,
including HepG2 cells,’ whereas ONC212 showed an anti-tumor effect via blocking Akt/Erk
pathway in a glioblastoma cell line* and its apoptosis induction was demonstrated on
pancreatic tumor cell lines and xenografts as well.*

The organometallic ferrocene (bis(cyclopentadeinyl)iron) is also known as an
antitumor agent; several ferrocene derivatives proved to be effective against HL-60 human
leukemia cells”’ and cisplatin-resistant ovarian cancer cells.® Ferrocene can cause cell death

via different mechanisms. e.g. via inhibition of COX-2 isoenzyme that is frequently
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overexpressed in various tumor cells, ° but topoisomerase II inhibition of different ferrocene

. . . 5
derivatives was also described.
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Figure 2. Mechanism of action of ONC201 and ONC212 initiating cell death

In these studies, we investigated antitumor effect of novel ONC201 hybrids with
impiridone core and one or two differently positioned ferrocenylalkyl groups or halogenated
benzyl groups on different human tumor cell lines, including melanoma, epithelial skin

cancer, glioma, colon carcinoma and hepatocellular carcinoma.'

Results

Synthesis of the compounds was described in details by Barany et al.'® Novel
compounds were characterized by 'H- and ?C-NMR methods.

In vitro cytostatic effect of the compounds was measured by MTT assay'' on A2058
human melanoma, A431 human epithelial skin carcinoma, U87 human glioblastoma, HT-29
human colon carcinoma and HepG2 human hepatocellular carcinoma cell lines. Cells were
treated with the compounds at 0.8-100 uM, 0.4-50 uM or 0.2-25 uM concentrations. Highest
concentration for the treatment was determined with a preliminary solubility probe in serum
free medium (RPMI-1640 or DMEM). Highest concentration for the treatment was
determined with a preliminary solubility probe in serum-free medium (RPMI-1640 or
DMEM). Cells were incubated with the compounds overnight, then the agents were removed
and after several washing steps, cells were cultured for further 72 hours at 37 °C. The

cytostatic effect was calculated with the following formula:
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Cytostasis [%] = (1-Ayeared/ Aconor) X100
ICsp values were calculated from sigmoidal curves fitted on the cytostasis data using
Origin2018 software.

First, we tested a set of new compounds on A2058 human melanoma and HT-29
human colon carcinoma cell lines. We found 10 compounds that showed a moderate
cytostatic effect (8.82 < ICsy < 69.43) including three ferrocene containing derivatives. Two
compounds, however, proved to be markedly effective, the hydrochloride salt of 7-benzyl-4-
(4-iodophenylmethyl)-2,4,6,7,8,9-hexahydroimidazo[ 1,2-a]pyrido[ 3,4-¢]pyrimidin-5(1 H)-one
(NZS-009-HCl, ICsp= 2.7£1.1 uM on HT-29 colon carcinoma cells) (Table 1, Figure 3)

Figure 3. Chemical structure of the most effective compound,
7-benzyl-4-(4-iodophenylmethyl)-2,4,6,7,8,9-
hexahydroimidazo[ 1,2-a]pyrido[3,4-¢]pyrimidin-5(1H)-one

The second group of compounds was tested on A431 human skin carcinoma and
U87 glioblastoma cells (Table 2). Of these substances, several compounds showed significant
anti-tumor effect and two compounds induced extraordinary activity on 431 cells (ICsp < 0.2
uM). For the most active compounds a patent application have been submitted."?

A third group of compounds was tested on four tumor cell lines, including the
HepG2 human hepatocarcinoma cell line, A2058 human melanoma, A431 human skin
carcinoma, and U87 human glioblastoma cells (Table 3). The results show that HepG2 cells
were found to be much more sensitive to the compounds than the other cell lines, which is in
consistence with the effect described for of ONC201.> Among the highly cytostatic
compounds we found azide, fluoro- and iodine-substituted derivatives as well as impiridone-
gemcitabine hybrids (reference compound gemcitabine, CT-059G also showed a remarkable
antitumor effect on three cell lines, except for U87 glioblastoma). Compound TBP-274 (7-(4-
azidobenzyl)-4-(4-iodophenylmethyl)-2,4,6,7,8,9-hexahydroimidazo[ 1,2-a]pyrido[3,4-
e]pyrimidin-5(1H)-one) showed an outstanding effect on A2058 cells. (Table 3, Figure 4.).
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Table 1. Cytostatic effect of impiridone hybrids on HT-29 human colon carcinoma and A2058

human melanoma cells

d HT-29 A2058

code 1Csp [uM] +SD 1Cs [uM] +SD
NZS-009 B-HCI 16.9 8.6 5.28 0.86
NZS-009-HCl 2.7 1.1 8.82 7.14
TBP-038-HCl >100 - >100 -
TBP-039-HCI >100 - >100 -
TBP-040-HCl >100 - >100 -
KIM-011-HCI >100 - >100 -
TBP-052-HCI >100 - 47.365 23.50
TBP-053-HCl >100 - >100 -
TBP-054-HCI1 33.0 23.3 2091 12.46
TBP-055-HCl 34.0 21.9 17.64 6.65
NZS-009 B >100 - 27.57 33.88
NZS-009 >100 - >100 -
TBP-038 >100 - >100 -
TBP-039 58.6 18.6 >100 -
TBP-040 >100 - >100 -
KIM-011 >100 - >100 -
TBP-052 35.6 0.5 31.22 8.98
TBP-053 11.6 3.5 13.51 8.49
TBP-054 >100 - >100 -
TBP-055 >100 - >100 -
NZS-033 22.08 9.43 9.53 8.14
NZS-034 >100 - >100 -
NZS-036 >100 - >100 -
TBP-116 45.35 38.56 35.12 30.64
TBP-117 69.43 7.83 >100 -
TBP-118 14.33 7.81 14.16 8.05
TBP-125 40.16 5.32 28.73 11.92
TBP-126 >100 - 49.84 13.56
TBP-127 39.86 16.50 32.33 22.82
TBP-128 >100 - 57.23 20.24
TBP-129 40.87 2.37 28.12 13.31
TBP-130 >100 - 42.00 26.85
CZT-016 55.68 3.77 45.4 2.60
CZT-016-HCI 54.69 9.21 43.6 2.97
CZT-018 72.40 13.02 52.0 1.12
CZT-018-HCl 45.97 3.12 45.0 0.98
NZS-022 26.52 15.25 36.3 13.35
TBP-029 24.82 4.46 >100 -
NZS-033 22.1 9.4 9.5 8.1
NZS-034 >100 - >100 -
NZS-036 >100 - >100 -
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Table 2. Cytostatic effect of impiridone hybrids on A431 human skin carcinoma and U87
human glioblastoma cells.

code 1Cs¢ [uM]

A431 U87
TBP-072 >25 >25
TBP-073 >25 >25
TBP-098-HCl >25 >25
TBP-098 >25 >25
TBP-109 >25 >25
TBP-134 3.55 >25
TBP-135 7.29 >25
TBP-136 >25 >25
TBP-161 >25 >25
TBP-162 >25 >25
TBP-163 >25 >25
TBP-183 >25 >25
KIM-074/E 3.63 3.51
KIM-075/E 8.95 5.99
KIM-056/E 1.39 6.02
KIM-061/E >25 >25
KIM-072/E >25 >25
KIM-073/E 2.66 17.44
TBP-149 <0.2 4.48
TBP-150 6.16 >25
CZT-021 <0.2 4.16
CZT-022 <0.2 >25

Table 3. Cytostatic effect of impiridone hybrids on HepG2 human hepatocarcinoma cell line,
A2058 human melanoma, A431 human skin carcinoma, and U87 human glioblastoma cells.

1Cso [uM]
Code U87 A2058 Ad31 HepG2
TBP-272 6.1 1.25 11.1 <0.2
TBP-274 >25 0.7 >25 <0.2
CZT-054 >25 7.5 >25 0.6
CZT-059 >25 >25 >25 2.6
CZT-059G >25 <0.2 2.7 <0.2
CZT-061 >25 >25 >25 0.6
CZT-069 >25 >25 >25 0.7
CZT-091 >25 >25 8.26 3.8
CZT-092 >25 7.25 4.4 3.4
CZT-097 10.6 1.6 9.3 0.8
CZT-099 >25 4.65 >25 8.1
CZT-100 223 1.7 >25 0.9
CZT-102 >25 6.3 >25 4.0
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Figure 4.  Structure of TBP-274 (7-(4-azidobenzyl)-4-(4-
iodophenylmethyl)-2,4,6,7,8,9-hexahydroimidazo[1,2-
a]pyrido[3,4-e]pyrimidin-5(1H)-one)
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