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ARTICLE INFO ABSTRACT

Article history:

Cancer remains a high incidence and mortality disease, causing around 8.2 million of deaths in the last
year. Current chemotherapy needs to be expanded, making research for new drugs a necessary task.
Immune system modulation is an emerging concept in cancer cell proliferation control. In fact, there are a
number of mechanisms underlying the role immune system plays in tumor cells. In this work, we
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Keywords: describe the structural design, synthesis, antitumor and immunomodulatory potential of 31 new 1,3-
Drug development thiazole and thiosemicarbazone compounds. Cisplatin was used as anticancer drug control. Cytotoxicity
Cancer against J774A.1 macrophages and antitumor activity against HT-29 and Jurkat cells was determined.
;@ngi;}.’:stem These 1,3-thiazole and thiosemicarbazone compounds not only exhibited cytotoxicity in cancer cells, but
T‘hiosemicarbazones were able to cause irreversible cancer cell damage by inducing necrosis and apoptosis. In addition, these
Cell death compounds, especially pyridyl-thiazoles compounds, regulated immune factors such as interleukin 10

and tumor necrosis factor, possible by directing immune system in favor of modulating cancer cell
proliferation. By examining their pharmacological activity, we were able to identify new potent and

selective anticancer compounds.
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1. Introduction

Immune system modulation is an emerging concept in cancer
cell proliferation control. In fact, there are a number of mecha-
nisms underlying the role immune system plays in tumor cells. The
most well-known processes involve minimizing metastasis by
attenuating pro-angiogenic cytokines expression, or alternatively
by upregulating expression of endothelial factors that are crucial
for angiogenic process in metastasis. In addition, enhancing
antitumor immunity mediated by interferon-y and interleukins
can reduce cancer cell development. In view of this, discovery of
anticancer and immunomodulating agents is a line of research that
is receiving much attention [1-4].
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Among anticancer and immunomodulatory drug candidates
that have entered into clinical trials, the majority are synthetic
compounds, especially heterocyclic derivatives. Examples are
Thalidomide, Imatinib and Sunitinib. Following this direction,
phthalimide has commonly been employed in design of potential
anti-inflammatory, immunomodulatory, antiangiogenic, and anti-
tumor drugs. Given this promising outlook, the strategy of
molecular hybridization, using phthalimide as a pharmacophoric
fragment has figured prominently in recent research and given rise
to many successful outcomes. Our research group has discovered
potent and selective anticancer and anti-inflammatory compounds
by hybridizing two distinct structural domains: phthalimide and
another heterocyclic ring. This has led to the identification of
various SARs and the discovery of a new potent hybrid compound
containing thiosemicarbazone and 1,3-thiazole moieties, which
were observed as having selective toxicity against tumor cells
[1,5,6].

Bearing in mind the molecular biophores outlined above and
the remarkable pharmacological properties observed in 1,3-
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thiazole and thiosemicarbazone compounds, we here describe the
design, synthesis and pharmacological evaluation of 31 new
potential antitumor and immunomodulatory agents. These 1,3-
thiazole and thiosemicarbazones not only exhibited cytotoxicity in
cancer cells, but were able to cause irreversible cancer cell damage
by inducing necrosis and apoptosis. In addition, especially pyridyl-
thiazoles compounds, regulated immune factor such as interleukin
10 and tumor necrosis factor, possible by halting the immune
system in favor of modulating cancer cell proliferation.

2. Material and methods
2.1. Compounds

Compounds were obtained from LpQM (Laboratory of planning
in Medicinal Chemistry). In general, compounds were developed in
two reaction steps: a condensation between ketones and different
thiosemicarbazides; and a cyclization of the thiosemicarbazones
obtained in the preceding step with different a-halogen-aceto-
phenones [7]. The pyridyl-thiosemicarbazones 3a-c, aryl-thiose-
micarbazone (6) and phthalyl-thiosemicarbazones (9a, 9b) were
prepared from the reaction between thiosemicarbazides (1a-c)
and pyridyl-ketone (2), the aryl-ketone (5) and phthalyl ketone (8),
respectively (Fig. 1). The thiosemicarbazones obtained were
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treated with different a-halogen-acetophenones to obtain deriv-
atives of 1,3-thiazoles (4a-, (7a-j) and (10a-j). All compounds
were chemically characterized and presented purity of >95% [8].

2.2. Cell culture

Colorectal cancer cell line HT-29 and ]J774A.1 macrophage cell
line was cultured in DMEM medium (Cultilab) containing 10%
heat-inactivated fetal bovine serum, 100U/mL penicillin G, and
2mMlI-glutamine in a humidified atmosphere of 5% CO, in air at
37°C. Jurkat cells (human acute T lymphocytic leukemia) cultured
in RPMI 1640 medium (Sigma) containing 10% heat-inactivated
fetal bovine serum, 100U/mL penicillin G, and 2mMI-glutamine in
a humidified atmosphere of 5% CO, in air at 37 °C. Both cell lines
used in this work were obtained from cell bank of Rio de Janeiro
(BCRJ). Culture medium was changed 2-3 days and subcultured
when cell population density reached to 70-80% confluence.

2.3. Cytotoxicity assessment by MTT assay
MTT-tetrazolium reduction assay was used to evaluate effects
of compounds against HT-29, Jurkat and J774A.1 cells [9]. Briefly,

1 x 10° cells/well were added in 96-well plates with appropriated
medium and incubated for 24h (37°C and 5% CO,). Compounds
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Fig. 1. General synthetic procedure.
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were then added in different concentrations (1 to 100 p.g/mL) and
incubated for 72 h. Cisplatin was used as a reference drug. Two
hours before the end of the incubation time, 25 wL MTT (3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide, 5 mg/mL
in PBS) was added to each well. Culture medium was removed and
100 L of DMSO were added. The amount of formazan was
determined by measuring the absorbance at 570 nm [9]. Concen-
tration leading to 50% inhibition of viability (CCsg) was calculated
by regression analysis.

2.4. Flow cytometry assay

HT-29 and Jurkat cells (1 x10®cells/mL) were treated (72h,
37°C, 5% CO,) with compounds in its respective CCsg, obtained in
previous experiments. Briefly, tumor cells were harvested, washed
with PBS, re-suspended in Annexin V biding buffer (eBioscience,
San Diego, CA, USA) and stained with propidium iodide (PI) and
annexin V-FITC (eBioscience, San Diego, CA, USA) according to
manufacturer instructions. The cells were immediately analyzed
by flow cytometry (FACSCalibur™, BD BioSciences, San Jose, CA,
USA) [10]. Results were analyzed by BD Flow]Jo 7.6 software.

2.5. Immunomodulatory activity

J774A1 macrophages were stimulated with compounds for 24,
48 and 72 h in its respective CCsq values and culture supernatants
were used to measurement of cytokine production [9]. Lipopoly-
saccharide (LPS at 50 ng mL-1) was used as positive control, while
cells without either LPS or compounds were used as negative
control. Concentration of TNF and IL-10 was measured using
sandwich enzyme-linked immunosorbent assay (ELISA), according
to the manufacturer’s suggested protocols (BD OptEIA™, San Jose,
CA, USA). Absorbance was read at 415 nm using a spectrophotom-
eter (Multiskan™ FC Microplate Photometer, Thermo Scientific,
San Jose, CA, USA).

2.6. Statistical analysis

All experiments were done in triplicate. Data were analyzed by
one-way analysis of variance (ANOVA) followed by Dunnett’s test
(P<0.05). GraphPad Prism 5.0 (GraphPad, California, EUA) was
used for all analysis.

3. Results
3.1. Antitumor activity on Jurkat and HT-29 cell lines

Using MTT assay we observed that compounds demonstrated
antitumor activity in both Jurkat and HT-29 cells. Compounds
tested showed a dose-dependent effect (data not shown). All
pyridyl-thiosemicarbazones and pyridyl-thiazoles series showed
low CCsq value in HT-29 and Jurkat cells when compared with
cisplatin - 179 and 89,5 nM, respectively (Table 1). The lower CCsq
value in HT-29 and Jurkat cells was observed with compound 3b
(1718 wM) and compound 7e (2.79 M) respectively.

3.2. Cell death induction

Once observed that compounds had an antitumor effect, and
after determination of CCso value for each compound, we
incubated HT-29 and Jurkat cells with these compounds in its
respective CCsq values for 72 h aiming to evaluate the kind of cell
death induced. Cells were stained with annexin V-FITC (AN) and
propidium iodide (PI) and analyzed by flow cytometry.

Untreated HT-29 cells presented a lower staining with either AN
or PI, demonstrating cell viability. Saponin, used as cell death

Table 1
Compounds utilized in this study and their cytotoxicity in J774A.1 Macrophages, HT-
29 and Jurkat cell lines.

Compound J774A1 CCsp (LM) HT-29 CCsp (WM)  Jurkat CCsq (M)
3a 21,77 83,09 14,91
3b 182,57 17,18 32,80
3c 21,36 29,46 ND
4a 30,35 57,83 16,23
4b 36,05 65,62 21,30
4c 19,99 108,25 19,59
4ad 20,32 78,87 28,18
4e 33,60 51,29 21,54
4f 11,65 25,22 ND

6 51,05 153,67 67,82
7a 75,90 57,49 74,37
7b 113,60 24,13 116,63
7c 114,96 61,97 113,83
7d 21,95 58,34 110,66
7e 40,13 21,02 2.79
7f 67,47 ND 125,69
7g 6,50 79,62 117,88
7h ND 126,75 406,65
7i 124,76 127,59 271,53
7i 75,37 18,29 25,13
9b 28,66 13,44 88,81
10a 69,33 172,53 17,48
10b 37,01 21,05 83,60
10c 41,03 17,84 23,42
10d 40,51 22,09 114,49
10e 47,38 21,28 21,22
10f 26,47 273,22 21,53
10g 30,07 114,45 11,54
10h 21,20 95,77 ND
10i 26,57 129,71 8,54
10§ ND 0,00 23,99
Cisplatin 58,98 179,07 89,47

Note: ND: Not Determined.

positive control, caused a high staining (>90%) with PI, indicating
cell death by necrosis, as expected. Pyridyl-thiazoles compounds
caused higher labeling with AN, under the experimental conditions
applied, indicating cell death predominantly by apoptosis. An
increase of double staining (AN-PI) was detected after incubation
with Phthalyl-thiazoles and Pyridyl-thiazoles, indicating the
occurrence of cell death by necrosis or late apoptosis (Fig. 2).

Jurkat untreated cells showed low staining with either AN or PIL.
The cell treatment with the commercial drug cisplatin caused a
double staining (AN-PI) increase. Jurkat cells presented a high
double staining with high percentage of PI labeling, for pyridyl-
thiazoles. Compound 10c led to an increasing of AN staining, twice
higher than untreated control. 10a and 3b compounds induced a
high increasing of double staining in Jurkat cells. Results are shown
in Fig. 3.
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Fig. 2. Percentage of HT-29 cells labeled for necrosis and apoptosis, after 72 h of
incubation with the compounds.
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Fig. 3. Percentage of Jurkat cells stained for necrosis and apoptosis, after 72 h of
incubation with the compounds.

3.3. Cytotoxicity effect and immunomodulatory activity on
macrophages

Cytotoxicity in J774A.1 cells was done by MTT assay and CCsg
results were used for stimulation of cultures. CCsq results varied
between 6,5 and 182,57 WM, for 7g and 3b, respectively. Cisplatin
showed a CCsq of 58.98 M. All CCsq results are shown in Table 1.

Immunomodulatory activity was evaluated by production of
cytokines IL-10 and TNF. This quantification was assessed by ELISA
assay. For this purpose, J774A.1 macrophages supernatants of
culture were collected after incubation with compounds for 24, 48
and 72 h. Results are showed below.

TNF production was observed for all compounds tested after
48 h of incubation, however, significant values were observed only
for 6, 7a, 7f, 7h, 7i, 7j, all pyridyl-thiosemicarbazones, pyridyl-
thiazoles and phthalyl-thiazoles (except 10f). Similar results were
observed after 72 h of incubation. Results are shown in Figs. 4 and
5.

After 24h of incubation with compounds 4c and 4d was
observed a significant (p < 0.0001) decrease in IL-10 production,
when compared to untreated group. Inhibition of production of
this cytokine was sustained with 4c¢ after 48 h of incubation. On the
other hand, 7d, 7f, 7g, 10g, 10h, 10j increased this cytokine
production after 48 h (Figs. 6 and 7). It was not detected production
of IL-10 after 72 h of treatment.

4. Discussion

Despite great efforts made by public and private organizations
cancer’s characteristics, as severity and often lethality, has
persisted over the years [11]. Development of new cancer
treatments remains a challenging process, diverse therapy
strategies have been developed and tried, and medicinal chemistry
is one of this approaches [12]. In this context, several compounds
has been noted for its activity in various diseases, including cancer
[13].
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These compounds include thiosemicarbazones, thiazoles and
phthalimides, molecules tested in this study. The choice of these
compounds for development of pre-clinical trials are based on the
broad spectrum of biological activities related to them, as well as
the effects on components of immune system such as cytokines
[14,15].

In this work, four classes of compounds were screened for its
antitumor activities, and its actions on immune cells. Cisplatin,
used as a control, is one of the most remarkable success in the
treatment of cancer [16]. It is expected that a potential anticancer
drug to stimulate protective immunity against the tumor and in
favor of the host [17].

A screening was performed with J774A.1 macrophages, through
MTT assay. In this assay, only metabolically viable cells can reduce
MTT by mitochondrial dehydrogenases leading to formation of
formazan crystals. These experiments aimed to assess cytotoxicity
of compounds in this important cell of immune system, present in
microenvironment of practically all solid tumors [18]. It is known
that macrophages may play both pro and anti-tumor role, due to its
polarization capability and high plasticity [19-21]. Faced with this
problem, it constitutes an important approach to evaluate whether
tested compounds contribute to cytotoxicity of macrophages.

Cytotoxic effect of compounds when treating tumor cells was
superior to the observed after treatment with cisplatin. These
results showed that these compounds have a potential as a
therapeutic tool, despite the cytotoxicity observed in macro-
phages. The present data showed that there is a structure-
relationship for synthetic compounds tested. The biological
activities of compounds are apparently related to the types of
modifications on scaffold molecules. Therefore, other experiments
were performed, aiming to elucidate this potential in this tumor
cell lines.

Antitumor treatment can cause different cell death to
neoplastic cells, depending on the lethal stimuli generated [22].
Apoptosis is a strongly regulated process that can be initiated by
both intracellular stress signals and extracellular ligands [23].
Apoptosis is morphologically characterized by cell shrink, pyknosis
and eventually fragmentation of apoptotic bodies [24]. Inactivation
of apoptosis is a central event in cancer development, and its
activation, by treatment approaches, can present benefits in
patient prognostic [25]. In contrast, necrosis has been considered
as an uncontrolled cell death pathway, characterized by cyto-
plasmic vacuolization, loss of plasma membrane integrity and cell
swelling [23].

After observation that compounds had a considerable cytotoxic
effect on tumor cell lines, induction of necrosis and apoptosis was
assessed for HT-29 and Jurkat cell lines.

All compounds tested increase significantly the labeling for
apoptosis and necrosis. In fact, the triggering of these two types of
cell death can have beneficial effects on clinical [23], and these
results support the need for further studies in vitro and in vivo in
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Fig. 4. TNF production in supernatants of macrophage culture in presence of all compounds tested at its respective CCso values, after 48 h of incubation. Horizontal bars

represent standard derivation.

Note: Increase was significant for 3a, 3b, 3c, 4a, 4b, 4c, 4d, 4e, 4f, 6, 7a, 7f, 7h, 7i, 7j, 10a, LPS and Cisplatin. P < 0.0001.
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Fig. 5. TNF production in supernatants of macrophage culture after 72 h of incubation. Horizontal bars represent standard derivation.
Note: Increase was significant for 3a, 3b, 3c, 4a, 4e, 4f, 6,7a, 7b, 7c, 7d, 7e, 7f, 7g, 7h, 7i, 7j, 10a, 10b, 10c, 10 g, 10h, 10i, 10j and LPS. P < 0.0001.
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Fig. 6. IL-10 production in supernatants of macrophage culture after 24 h of incubation. Horizontal bars represent standard derivation.
Note: Increase was significant for 7d,7f, 7g, 10g, 10h, 10j, LPS and Cisplatin. P < 0.0001. Decrease was significant for 4c, 4d, 7j, 10b, 10d and 10e. P < 0.0001.
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Fig. 7. IL-10 production in supernatants of macrophage culture after 48 h of incubation. Horizontal bars represent standard derivation.

Note: Decrease was significant for 3a, 4c, 7f, 10a, 10b. P < 0.0001.

order to identify the mechanism of action of this series
compounds.

The presence of cytokines are an important component in
tumor microenvironment and often more important than the
cellular content. The type and amount of cytokines produced in
this microenvironment may be critical in tumor development and
progression [3].

Cytokine production after incubation with compounds was
evaluated with J774A.1 macrophages. IL-10 and TNF production
were assessed after 24, 48 and 72 h of incubation.

Among untreated group, production of IL-10 was observed after
24 and 48h. Its known that under stationary state tissue
macrophages presents intrinsic anti-inflammatory functions [26].

IL-10 exerts it function through inhibitory activity on macro-
phages and dendritic cells. IL-10 inhibits IL-12 production by
activated macrophages in addition to down regulate MHC-II
expression by this cells [27]. IL-10 reduction might be considered a
desirable phenomenon, mainly if it happens in tumor

microenvironment, since that several pro tumor effects have been
associated with this cytokine [28,29].

Historically, TNF was the first cytokine used in cancer treatment
[30]. Apart of cancer context, TNF was identified as a main
regulator of inflammation and a key in cytokine network [31]. In
cancer context, this cytokine can present a dichotomous action and
can actuate as a pro or antitumor agent, in diverse contexts. For
instance, this pro-inflammatory cytokine is an important factor
involved in initiation, proliferation, angiogenesis and metastasis of
diverse cancer types [32]. Several malign cells constitutively
produce small quantities of TNF [31]. Those observations, and TNF
roles in cancer development and progression might shade
anticancer potential of this cytokine [30]. Defining TNF role in
cancer therapy remains a challenging process due to its pleiotropic
nature that might stimulate multiple complex and interconnected
pathways, often involved in opposite phenomena [30].

Results obtained reveal that some compounds have good
activity as immunomodulators on J774A.1 macrophage. Under-
standing mechanisms by which a favorable immune context can be
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developed and maintained is essential for guiding innovative
therapies [33]. New approaches on cancer treatment should
consider, and take advantage of mechanisms that interfere in
macrophages in several levels, as in attraction, differentiation and
activation of this cells [19].

Thus, several series of compounds tested in this work deserve to
be further investigated, since it was observed for several of them,
low cytotoxic effect on macrophages, cytotoxic action against
tumor cells, as well as necrosis/apoptosis induction and stimula-
tion of important cytokines production. Results show that these
compounds could represent promising prototype for development
of new pharmacological agents. As perspectives, further elucida-
tion of its mode of action and its effects in vivo models is needed.

5. Conclusions

Anticancer drug development is substantially necessary. By
examining pharmacological activity of a set of thiosemicarbazone
and 1,3-thiazole, we were able to identify new potent and selective
anticancer compounds, such as 4a, 7c, 10e and 3b as most potent
anticancer and immunomodulatory agent of each series. These
compounds show low cytotoxicity against macrophages and
modulated cytokines production. Therefore, these 1,3-thiazole
and thiosemicarbazone compounds not only exhibited cytotoxicity
in cancer cells, but were able to cause irreversible cancer cell
damage by inducing necrosis and apoptosis. It would be
worthwhile to conduct further optimization studies with a view
to improving the antitumor properties of this 1,3-thiazole and
thiosemicarbazone prototypes.
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