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A B S T R A C T

Cancer treatment is one of the major fields of interest for the scientific community. Investment in cancer research
is costly but essential to provide patients with more effective and safe treatments. In this project, we describe the
synthesis and characterization of new thiazole derivatives coupled to CPP2, a cell-penetrating peptide (CPP)
reported for colon cancer cells. Using a human adenocarcinoma-derived cell line (Caco-2), these new CPPs were
evaluated for antiproliferative (3H-thymidine incorporation) and cytotoxic effect (extracellular lactate dehy-
drogenase activity). One of these derivatives, the BTZCA thiazole compound and its peptide-conjugated (BTZCA-
CPP2) also showed the ability to decrease tumour cell viability and proliferation, with potential cytotoxic effect
against human breast cancer MCF-7 cells. Then, cytotoxicity studies were developed against J774, L929 and
THP1 cell lines and this new family showed no significant cytotoxicity, when compared to their counterparts
alone (BTZCA and CPP2). The use of smaller CPP conjugated with this family of derivatives can be also con-
sidered in future for the development of new drugs to cancer therapy.

1. Introduction

Cancer treatment is one of the major challenges of science since
tumour therapeutics lacks specificity and selectivity, presenting many
adverse effects also in normal cells. To overcome this problem, target-
specific drug delivery system as cell-penetrating peptides (CPPs) re-
present a good alternative. CPPs are short peptides with less than
30 amino acids (mostly basic, positively charged amino acids) and have
the ability to translocate through the cell membrane and deliver a
variety of cargoes (Chiu et al., 2004; Fawell et al., 1994; Johnson et al.,
2008; Rothbard et al., 2000; Zorko and Langel, 2005; Vale et al.,
2017a). CPPs are already in use in cancer therapy, both to deliver
chemotherapeutic drugs to cells (Tan et al., 2006) as well as to deliver
pro-apoptotic proteins (Johansson et al., 2008). One of these peptides,
CPP2 (Fig. 1) was recently reported to penetrate preferentially in LoVo
human colon adenocarcinoma cells, as compared to other tumour cell
lines (Kondo et al., 2012). Another study, using the colorectal cancer

(CRC) cell lines HCT116 and SW480 and a normal hepatic cell line,
concluded that CPP2 selectively penetrates CRC cells, showing no sig-
nificant cytotoxicity. As p16mRNA expression is absent in tumour cell
lines of various origins (Goto et al., 2010; Herman et al., 1995; Pinyol
et al., 1998), the authors synthesized an antitumor peptide by coupling
CPP2 to the minimal inhibitory sequence of p16 (p16MIS) that has the
ability to restore the lost p16 function via the GPG sequence, for tar-
geting CRC cells. Compared to CPP2 and p16MIS, the conjugated CPP2-
p16MIS proved to be a selective cytotoxic delivery system in vitro. The
authors concluded that CPP2 has the potential for peptide-based in vivo
molecular delivery in CRC. However, the CPP2 mechanism for CRC
therapy remains unknown (Wang et al., 2016).

Our research group recently explored the structure-activity re-
lationship of molecules containing thiazole moiety in drug development
and synthesized new derivatives with amino acids and 2-amino-5-bro-
mothiazole (Vale et al., 2017b). Several studies have used the Caco-
2 cell line as a model for CRC cells and screened thiazole derivatives for
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antiproliferative and cytotoxic effect (Brockmann et al., 2014; Özkay
et al., 2016; Parrino et al., 2017). Our group has also used this cell line
to investigate the anticancer (antiproliferative and cytotoxic) effect of
compounds in relation to CRC (Gonçalves et al., 2011).

In the present manuscript, we report the synthesis of novel CPP2-
thiazole conjugates (Fig. 1) and the evaluation of their anticarcinogenic
properties by using the Caco-2 cell line. We used six different thiazole
conjugates: 5-bromothiazole (BTZ), 2-amino-5-nitrothiazole (NTZ), 2-
amino-5-methylthiazole (MTZ), 2-aminobenzothiazole (BenzoTZ), 5-
bromothiazole-2-carboxylic acid (BTZCA) and 2-bromothiazole-5-car-
boxylic acid (BTZ5CA). Of these, the first four were coupled to CPP2 by
using a linker (succinic anhydride); in contrast, BTZCA and BTZ5CA
were directly coupled to CPP2. We have found that BTZCA was the most
effective peptide-conjugated thiazole derivative in decreasing cell via-
bility and proliferation. The study of colon-modified CPP2 reported in
this manuscript was promising but, in our view, the introduction of a
thiazolic structure could provide additional data in tumour cells. Thus,
and according to the literature, new thiazole derivatives were devel-
oped and investigated their cytotoxicy effects on A549 human lung

adenocarcinoma, MCF-7 human breast adenocarcinoma and NIH/3T3
mouse embryonic fibroblast cell lines using MTT assay (Kaplancikli
et al., 2017). In this work was reported a notable anticancer activity
and selectivity of one compound on MCF-7 cell line, that can be at-
tributed to multiple metalloproteinases inhibition potential
(Kaplancikli et al., 2017). The best compound tested against Caco-2
(BTZCA-CCP2) was then evaluated on MCF-7 cell line, and the results
were surprisingly better than BTZCA or CPP2. These results suggest that
these new conjugates could be a good starting point for the develop-
ment of peptide-based molecular delivery systems in cancer therapy.

2. Materials and methods

2.1. Reagents, solvents and equipment

All solvents used in this study were of analytical grade. Reagents
and solvents were purchased from Novabiochem (Fmoc-amino acids
and Fmoc-Rink Amide MBHA resin), Merck (TFA and other solvents)
and Sigma-Aldrich (coupling agents, piperidine, DIEA and thiazole

Fig. 1. Structure of the main compounds synthesized in this project. All compounds were synthesized by SPPS, analysed by HPLC and LC/MS and purified by MPLC
(see Materials and Methods). Synthesis was initiated with the base peptide, CPP2, whose amino acid sequence is described above. Subsequently, N-terminal
modifications of this peptide were made with 6 thiazole derivatives. The first four of these conjugates have in their structure a linker (C2) between the peptide and
the thiazole derivative, while the other two do not have this structure. These compounds were all studied in Caco-2 cells for their anti-tumour effect.
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derivatives).

2.2. Peptide purification

Peptide purification was accomplished using a preparative medium-
pressure liquid chromatography (MPLC) column packed with octadecyl
carbon chain (C18)-bonded silica as the stationary phase. The purified
products were analysed by reverse phase high-pressure liquid chro-
matography (RP-HPLC) and high resolution Mass Spectrometer at-
tached to a Liquid Chromatography system (LC/MS/DAD) with
Electrospray (ESI) ion source (Thermo Scientific LTQ Orbitrap XL.
Purified peptide solutions were frozen and subsequently lyophilized,
and the resulting peptide powders kept at −20 °C until used.

2.3. Synthesis of CPP2

We used a resin with a 0.38 mmol/g loading capacity and were
performed with at 0.20 mmol scale. The dry resin was transferred into
the syringe and was conditioned in DMF for 20 min. After that time,
DMF was rejected and the resin was swelled in DCM for another 15 min.
The initial deprotection step was carried out using 20% piperidine in
DMF (3 ml, 1 × 1 min + 1 × 20 min). After the deprotection, the resin
was washed with DMF (3 ml, 3 × 1 min) and DCM (3 ml, 3 × 1 min)
and a Ninhydrin test was performed. Upon a positive Ninhydrin test the
construction of the peptide chain was initiated. Amino acids (AA) were
activated in solution for 5 min before being transferred to the syringe
with a solution of Fmoc-AA-OH (5 eq.), coupling agent HBTU (5 eq.)
and base DIEA (10 eq.) in DMF. The activated amino acid solution was
then transferred to the reaction vessel to react with the previously de-
protected resin or peptidyl-resin for 1 h, under stirring. After this time,
the peptidyl-resin was washed with DMF (3 ml, 3 × 1 min) and DCM
(3 ml, 3 × 1 min) and a Kaiser test was performed. When the Kaiser test
was negative, the following deprotection step was carried out, using the
deprotection solution (20% piperidine in DMF (3 ml,
1 × 1 min + 1 × 20 min). Once deprotection was completed, the resin
was washed again with DMF (3 ml, 3 × 1 min) and DCM (3 ml,
3 × 1 min) and another Kaiser test was performed. When the depro-
tection was confirmed by a positive Kaiser test, the next Fmoc-AA-OH
was coupled following the same aforementioned conditions. The pep-
tide sequence was completed by repeating the cycles of coupling of
Fmoc amino acids and deprotection steps. When the peptide sequence
was completed and after the final deprotection, the peptidyl-resin was
cleaved with a cleavage cocktail containing 95% TFA, 2.5% H2O and
2.5% thioanisole (TIS) (v/v). Then, the dry peptidyl-resin was trans-
ferred to 15ml Falcon tubes in 100mg portions and 1ml of cleavage
cocktail was added to each portion. The tubes were left under orbital
stirring for 2 h at room temperature. After that time, the peptide should
be soluble in the solution and so the content of the tubes was filtered on
a D4 funnel previously rinsed with TFA, and the resin beads were wa-
shed with TFA. The filtrate, containing the soluble peptide, was trans-
ferred to new Falcon tubes in 1ml portions and 14ml of cold tert-butyl
methyl ether were added to each tube. After slightly shaking the tubes,
they were cooled to −22 °C for about 8min and then centrifuged at
1301 g for 7min at −5 °C. The ether was carefully rejected and “fresh”
ether was added again. The addition of ether and centrifugation were
repeated 3 more times and finally the tubes were left in a vacuum de-
siccator until the crude peptide was dry. Dry peptide pellets were then
solubilized in 10% aqueous acetic acid and analysed by HPLC and LC-
MS. CPP2 was then purified by RP-MPLC, using ACN in water with
0.05% TFA as eluent, in gradient mode (15–45% of ACN).

2.4. CPP2-thiazole conjugates synthesis

2.4.1. Synthesis of BTZ-C2-CPP2
The last amino acid of the base sequence of CPP2 was deprotected

and a Kaiser test was also performed. When the deprotection was

confirmed by a positive Kaiser test, a linker (C2) was coupled to this
sequence. This step was carried out using succinic anhydride (10 eq.)
and pyridine (2ml) for 1 h, under stirring. After this step, the resin was
washed with DMF (3ml, 3× 1min) and DCM (3ml, 3× 1min) and the
BTZ (5 eq.) was coupled using the coupling agents HATU (5 eq.) and
HOAt (5 eq.) and base DIEA (10 eq.) in DMF overnight, under stirring.
Upon synthesis, the conjugate was cleaved and analysed by HPLC and
LC-MS. BTZ-C2-CPP2 was then purified by RP-MPLC, using ACN in
water with 0.05% TFA as eluent, in gradient mode (15–40% of ACN).

2.4.2. Synthesis of NTZ- and MTZ-C2-CPP2
The last amino acid of the base sequence of CPP2 was deprotected

and a Kaiser test was performed. When the deprotection was confirmed
by a positive Kaiser test, a linker (C2) was coupled to this sequence.
This step was carried out using succinic anhydride (10 eq.) and pyridine
(2ml) for 1 h, under stirring. After this step, the resin was washed with
DMF (3ml, 3× 1min) and DCM (3ml, 3×1min) and divided in two
parts. The 2-amino-5-nitrothiazole (NTZ) was coupled to one half and
the 2-amino-5-methylthiazole (MTZ) to another, using the coupling
agent TBTU (5 eq.) and base DIEA (10 eq.) in DMF for 2 h, under
stirring. Upon synthesis, the conjugates were cleaved and analysed by
HPLC and LC-MS. NTZ- and MTZ-C2-CPP2 were then purified by RP-
MPLC, using ACN in water with 0.05% TFA as eluent, in gradient mode
(15–40% of ACN).

2.4.3. Synthesis of BenzoTZ-C2-CPP2
A suspension of BenzoTZ (0.2500 g) and C2 (2.4 eq.) in DMF (3ml)

was prepared at room temperature under magnetic stirring. DIEA (2
eq.) was added and allowed to react under these conditions for 24 h.
The reaction was monitored by TLC using dichloromethane/acetone 4:1
as the eluent. Analyzes were made for ESI-MS, the expected compound
was confirmed to be obtained and column purification was carried out.
The compound was then solubilized in water/methanol and lyophi-
lized. Out of the syringe, in a small bottle, 2 eq. of purified BenzoTZ-C2,
2 eq. of PyBOP and 4 eq. of DIEA were placed together. Then this so-
lution was placed in the syringe and left overnight under shaking. After
24 h, the resin was cleaved and analysed by HPLC and LC-MS. BenzoTZ-
C2-CPP2 was then purified by RP-MPLC, using ACN in water with
0.05% TFA as eluent, in gradient mode (15–40% of ACN).

2.4.4. Synthesis of BTZCA- and BTZ5CA-CPP2
The last amino acid of the base sequence of CPP2 was deprotected

and a Kaiser test was performed. When the deprotection was confirmed
by a positive Kaiser test, the resin was washed with DMF (3ml,
3× 1min) and DCM (3ml, 3×1min) and divided in two halves. Then
the BTZCA (5 eq.) and the BTZ5CA (5 eq.) were coupled using the
coupling agent TBTU (5 eq.) and base DIEA (10 eq.) in DMF for 2 h,
under stirring. A Kaiser test was then performed to confirm the efficacy
of the coupling. Upon synthesis, the conjugates were cleaved and
analysed by HPLC and LC-MS. BTZCA and BTZ5CA-CPP2 were then
purified by RP-MPLC, using ACN in water with 0.05% TFA as eluent, in
gradient mode (15–40% of ACN).

2.5. Citotoxicity, antiproliferative and culture growth assays in Caco-2 and
MCF-7 cells

2.5.1. Cell culture and treatment
The Caco-2 cell line was obtained from the American Type Culture

Collection (ATCC, Rockville, MD, USA) and was used between passage
numbers 56–62. Caco-2 cells (ATCC 37-HTB) were incubated at 37 °C in
a humidified atmosphere (95% air; 5% CO2) and were grown in
Minimum Essential Medium (Sigma, St. Louis, MO, USA) supplemented
with 15% fetal bovine serum, 25mM HEPES, 100 units/ml penicillin,
100 μgml−1 streptomycin and 0.25 μgml−1 amphotericin B. Culture
medium was changed every 2–3 days and the culture was split every 7
days. For subculturing, the cells were removed enzymatically (0.25%
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trypsin-EDTA, 5min, 37 °C), split 1:3, and subcultured in plastic culture
dishes (21 cm2; ∅ 60mm; Corning Costar, Corning, NY). For the ex-
periments, the Caco-2 cells were seeded on 24-well plates (2 cm2; ∅
16mm; Corning Costar). For 24 h before the experiment, the cell
medium was free of fetal bovine serum. Uptake and enzymatic studies
were generally performed 14 days after the cells formed a monolayer.

Caco-2 cells were treated for 24 h with CPP2 and all conjugates
(1–250 μM) except for BTZ-C2-CPP2 (1–100 μM). At the end of the
treatment period, proliferation, viability and assessment of cell mass
studies were performed. Control cells were exposed to the respective
solvent (water).

2.5.2. Determination of cell proliferation rates
Caco-2 cells treated for 24 h with BTZCA-CPP2 (100 μM) or the re-

spective solvent (control) were incubated with 3H-thymidine 0.025 μCi/
ml during the last 5 h of the treatment period. After removal of excess
3H-thymidine by a 10% trichloroacetic acid (300 μl wash for 1 h at 4 °C,
drying for 30min and addition of 280 μl of NaOH 1M), the incorporated
3H-thymidine was measured by liquid scintillometry.

2.5.3. Determination of cellular viability
After the treatment period (24 h) with CPP2 and CPP2-thiazole

conjugates (1–250 μM; except for BTZ-C2-CPP2 (1–100 μM)) or the re-
spective solvent (control), cellular leakage of the cytosolic enzyme
lactate dehydrogenase (LDH) into the extracellular (culture) medium
was measured spectrophotometrically. In brief, extracellular LDH ac-
tivity was quantified by measuring, in the culture medium, the oxida-
tion of NADH at a wavelength of 340 nm during the reduction of pyr-
uvate to lactate. Optical density values were determined for 2min, and
the rate of NADH oxidation was then calculated. To determine total
LDH activity, cells from control cultures were solubilized with 0.5ml
0.1% (v/v) Triton X-100 and placed for 30min at 37 °C. The amount of
LDH present in the extracellular medium was then calculated as a
percentage of total LDH activity.

2.5.4. Assessment of cell mass
Caco-2 cells treated for 24 h with CPP2 and CPP2-thiazole con-

jugates (1–250 μM; except for BTZ-C2-CPP2 (1–100 μM)) or the re-
spective solvent (control) were fixated with a solution of trichloroacetic
acid (TCA) 50% for 60min at 4 °C, followed by a wash step with H2O.
The plates were completely dried, and the cells were then dyed with a
SRB solution (0.4% in 1% acetic glacial acid) (125 μl/well) for 15min,
at room temperature. The excess of SRB was removed and the plates
were washed with a solution of 1% acetic acid. Plates were dried once

again and the bound SRB was solubilized in Tris-HCl buffer (10mM in
H2O, pH 10.5) (375 μl/well) under agitation for 2–3 min. 96-Well plates
were prepared with triplicates of the sample (1:20 dilution) (190 μl Tris
+10 μl sample) and blank (Tris). The absorbance was measured at
540 nm in a microplate reader.

MCF-7 breast cancer cell line was purchased from ATCC (ATCC,
USA). Cells were cultured in Dulbecco's Modified Eagle's Medium
(DMEM) supplemented with stable L-glutamine, a mixture penicillin/
streptomycin (10,000 Units/ml and 10,000 μgml−1, respectively) and
10% heat-inactivated Fetal Bovine Serum (FBS). Cells were incubated in
a humidified atmosphere (95% air; 5% CO2) at 37 °C. For cell cultures
maintenance, cells were grown in monolayer and sub-cultivated twice a
week. Cell passaging was done by trypsinization. All experiments were
carried out with cells to 70–80% confluence and from batches with
passage number lower than 30. Cellular proliferation was expressed as
the percentage of optic density (OD) relative to the OD of the control
cells.

2.5.5. Cell viability assay (MTT)
MCF-7 cells were seeded in 96-well plates with 200 μl per well with

an initial cell density of 5.0× 104 cells/well. Thereafter, cells were
allowed to attach for 24 h and submitted to a 3 h serum starvation
period. Cells were next either left untreated or treated with CPP2

Fig. 2. Effect of a 24 h-exposure to 50 μM of nitazoxanide upon Caco-2 cell
viability (A) and cell mass (B). Cellular viability was determined by quantifi-
cation of extracellular LDH activity, as described in Methods. Assessment of cell
mass was determined by quantification of SRB, as also described in Methods.
Results are presented as arithmetic means ± S.E.M (n = 8). * Significantly
different from control (P < 0.05).

Fig. 3. Effect of a 24 h-exposure to increasing concentrations of CPP2 upon
Caco-2 cell viability (A) and cell mass (B). Cellular viability was determined by
quantification of extracellular LDH activity, as described in Methods.
Assessment of cell mass was determined by quantification of SRB, as also de-
scribed in Methods. Results are presented as arithmetic means ± S.E.M
(n = 8). * Significantly different from control (P < 0.05).
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(50 μM), BTZCA (50 μM), BTZCA-CPP2 (1–250 μM) or nitazoxanide
(50 μM) for 24 h. During all the experimental period, cells were main-
tained at 37 °C with 5% CO2. A vehicle (cells exposed to DMSO at
maximum final concentration of 0.1% v/v) was also performed. All
conditions were initiated and processed in parallel. After cell treatment,
mitochondrial function was evaluated since mitochondrial dehy-
drogenases of living cells can reduce the MTT (yellow) to formazans,
which are purple compounds. At the end of incubations, cell medium
was removed and 100 μl/well of MTT solution (0.5 mg/ml in PBS) were
added. Then, plates were incubated for 3 h protected from light. After
this period, MTT solution was removed and DMSO (100 μl/well) was
added to solubilize the formazan crystals. Absorbance was measured at
570 nm in an automated microplate reader (Sinergy HT, Biotek
Instrumensts Inc, Vermont, USA). Results were compared with vehicle
wells whose media of values was set to 100%. All conditions were
performed in triplicates.

2.5.6. Protein determination
The protein content of cell monolayers was determined as described

by Bradford (Shen and He, 2007), using human serum albumin as
standard.

2.6. Cytotoxicity assays in J744, L929 and THP1 cell lines

2.6.1. In vitro experimental design
Frozen stocks of THP-1 (human monocytic cell line), J774 (murine

macrophage-like cell line), and L929 (murine fibroblast cell line) were
thawed and cultured in Dulbecco's Modified Eagle Medium (DMEM)
supplemented with 10% fetal bovine serum (Gibco), 2 mM L-glutamine
(Gibco), 10mM HEPES (Gibco), and 1mM sodium pyruvate (Gibco).
Cells were expanded in 175 cm2

flasks until 90% confluence. Cells were
then plated in a 96-well microtiter plate (1× 105 cells per well) and left
to rest for 4 h. Cells were incubated for 24 h in the presence of 2-fold
serial dilutions of CPP2, BTZCA, BTZCA-CPP2 or DMSO equivalent as
vehicle control.

2.6.2. MTS assay
Metabolic cell viability was measured using CellTiter 96 AQueous

One Solution Cell Proliferation Assay - MTS (Promega) according to
manufacturer's instructions. Briefly, the MTS assay is a colorometric
assay based on the reduction of the MTS tetrazolium compound by NAD
(P)H-dependent cellular oxidoreductase enzymes to generate a colored
formazan dye that is soluble in cell culture media. The quantity of
formazan product, measured by the amount of 490 nm absorbance, is

Fig. 4. Effect of a 24 h-exposure to increasing concentrations of MTZ-C2-CPP2
upon Caco-2 cell viability (A) and cell mass (B). Cellular viability was de-
termined by quantification of extracellular LDH activity, as described in
Methods. Assessment of cell mass was determined by quantification of SRB, as
also described in Methods. Results are presented as arithmetic means ± S.E.M
(n = 8). * Significantly different from control (P < 0.05).

Fig. 5. Effect of a 24 h-exposure to increasing concentrations of BenzoTZ-C2-
CPP2 upon Caco-2 cell viability (A) and cell mass (B). Cellular viability was
determined by quantification of extracellular LDH activity, as described in
Methods. Assessment of cell mass was determined by quantification of SRB, as
also described in Methods. Results are presented as arithmetic means ± S.E.M
(n = 8–12). * Significantly different from control (P < 0.05).
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directly proportional to the number of viable cells in culture.

2.7. Statistical analysis

Arithmetic means are given with S.E.M. Statistical significance of
the difference between two groups was evaluated by the Student's t-test.
Differences were considered to be significant when P < 0.05.

3. Results

3.1. CPP2 and thiazole-CPP2 conjugates synthesis

The first peptide to be synthetized, CPP2, was synthesized following
the solid phase peptide synthesis methodology (SPPS, see materials and
methods) with a Fmoc/Bzl protection scheme. This allows smoother
synthesis conditions, the use of low danger solvents and usually of
routine use in the laboratory. Confirmation of the peptide was obtained
by HPLC and LC/MS by looking up the values corresponding to the
proton charge distribution on the peptide; in this case peaks of m/z
were found at values of 1003.51, 669.34, 502.26 and 402.00
(Supplementary Fig. S2). Chromatograms as well as mass spectra are
found in the supplementary info (Figs. S1–S14). After purification the

peptide was purified by MPLC.
Synthesis of this peptide provided the starting point for the synth-

esis of the 6 conjugates proposed in this work (Fig. 1), which were all
obtained by N-terminal modification of CPP2 peptide. Four of the
conjugates had the similarity of having a linker (succinic anhydride,
C2) between the thiazolic derivative (TZ) and CPP2. This linker was
chosen because of its simple structure, small size and ability to establish
two amide bonds when in its extended form, one at each end. Three of
these thiazolic derivatives differed only in the 5th position of the
thiazole ring, presenting groups as bromine (BTZ-C2-CPP2), methyl
(MTZ-C2-CPP2) or nitro (NTZ-C2-CPP2). The last derivative of this fa-
mily was composed of an additional benzene ring (BenzoTZ-C2-CPP2).
The use of these thiazole derivatives enabled us to gauge the influence
of 5th ring position group on the activity of the derivative (since all
remaining structure was the same) and the influence of an additional
ring into the thiazole structure.

BTZ-like thiazole derivatives differed in the following: one of the
derivatives was substituted at its 2nd position with a carboxylic group
(instead of an amine as in BTZ) but the bromo group at the 5th position
of the ring was maintained. The second derivative was similar to the
last one but with its groups in reversed positions i.e. the carboxylic
group at its 5th position and the bromo substituent at its 2nd. Since
these derivatives had a carboxylic group in their structure, the amide
bond between these conjugates and the peptide was allowed without
recourse of a linker. The use of these derivatives aimed at ascertaining
the influence of the presence of the linker on the activity of the con-
jugate as well as on the influence of the position of the bromo sub-
stituent on the ring.

All conjugates were synthesized according to the methodology
previously described and analysed by HPLC and LC-MS. After pur-
ification by MPLC, we could proceed to in vitro assays in four cell lines.
All peptides were used with a very high degree of purity. The in-
formation about purity is associated to the chromatogram showed in
the Support Information: CPP2 (93%), BTZ-C2-CPP2 (100%), NTZ-C2-
CPP2 (96%), MTZ-C2-CPP2 (97%), BenzoTZ-C2-CPP2 (96%), BTZCA-
C2-CPP2 (96%) and BTZ5CA-C2-CPP2 (98%).

3.2. In vitro assays

Cell viability and proliferation assays were performed, as well as
determination of protein synthesis rate by the cells. Cell viability was

Fig. 6. Effect of a 24 h-exposure to increasing concentrations of BTZCA-CPP2
upon Caco-2 cell viability (A) and cell mass (B). Cellular viability was de-
termined by quantification of extracellular LDH activity, as described in
Methods. Assessment of cell mass was determined by quantification of SRB, as
also described in Methods. Results are presented as arithmetic means ± S.E.M
(n = 8–12). * Significantly different from control (P < 0.05).

Fig. 7. Effect of a 24 h-exposure to 100 μM of BTZCA-CPP2 upon Caco-2 cell
proliferation. Cellular proliferation was quantified by determination of 3H-
thymidine incorporation, as also described in Methods. Results are presented as
arithmetic means ± S.E.M (n = 6). * Significantly different from control
(P < 0.05).
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assessed by quantification of the LDH enzyme in the extracellular
medium of the cells. This enzyme is in the cytoplasm of the cells in their
normal state. In cell death situation, the plasma membrane loses its
integrity and this enzyme leaves the cytosol to the outside medium.
Thus, the quantification is proportional to the rate of cell death and
provides sustained information on cell viability.

Determination of protein synthesis rate by the cells may serve as a
supplemental assay to that previously mentioned methodology since
the lower the viability of the cells, the lower their protein synthesis rate.
This determination was made using the SRB assay, which is an acid dye
and is therefore able to bind to the basic amino acids found in the cell
proteins. The higher the binding, the higher its spectrophotometric
signal and the higher rate of protein synthesis.

Determination of cell proliferation rates was only performed for the
most promising conjugate and aimed to determine the effect of the
compound on cell replication rate. This technique is based on the in-
corporation of the radioactive thymidine by the daughter cells during
mitosis; being a nucleotide naturally present in the DNA, when cells
proliferate, this nucleotide will be incorporated in the new DNA
daughter cell chains and will emit a signal that is directly proportional
to the rate of proliferation.

3.2.1. Effect of nitazoxanide on cell viability and cell mass
As a reference molecule, nitazoxanide was used as a positive control

to validate the methodology used. Nitazoxanide has previously been
proposed as a possible candidate for the treatment of CRC (Senkowski
et al., 2015). As expected, in its presence, a decrease in cell viability and
cell mass was found. Indeed, in the presence of nitazoxanide (50 μM),
an increase of about 300% in the percentage of extracellular LDH
(Fig. 2A) and a decrease of up to 53% in the cell mass (Fig. 2B) was
observed. So, the applicability of this methodology to the remaining
compounds as well as the possibility of using this drug in the treatment
of colon cancer was demonstrated.

3.2.2. Effect of CPP2 on cell viability and cell mass
CPP2 has been described as being specific for a cell line derived

from colon adenocarcinoma, the LoVo cells. Another work has made an
N-terminal modification in this peptide with a gene and demonstrated
the selective delivery of this CPP (Kondo et al., 2012). Our objective
was to know if CPP2 would have anti-tumour activity alone in relation
to the cell line used in our study, the Caco-2 cells, by performing the
LDH and SRB assays. As shown in Fig. 3, a tendency to an increase in
the percentage of extracellular LDH in the medium (Fig. 3A) as well as a
decrease in cell mass (Fig. 3B), was observed in the presence of this
compound. The ability of CPP2 to be incorporated by Caco-2 cells as
well as its intrinsic antitumor activity, although not as pronounced as
with nitazoxanide, has been proven with these results.

3.2.3. Effect of BTZ-C2-CPP2 on cell viability and cell mass
Once the use of CPP2 in this cell type was validated, we proceeded

to evaluate the effect of the remaining conjugates on Caco-2 cells. For
BTZ-C2-CPP2 (1–100 μM), there were no notable differences in the LDH
or SRB assays (data not shown).

Fig. 8. Effect of a 24 h-exposure to increasing concentrations of BTZ5CA-CPP2
upon Caco-2 cell viability (A) and cell mass (B). Cellular viability was de-
termined by quantification of extracellular LDH activity, as described in
Methods. Assessment of cell mass was determined by quantification of SRB, as
also described in Methods. Results are presented as arithmetic means ± S.E.M
(n = 8–12). * Significantly different from control (P < 0.05).

Fig. 9. Effect of a 24 h-exposure to 50 μM of different thiazole derivatives upon
Caco-2 cell viability (A) and cell mass (B). Cellular viability was determined by
quantification of extracellular LDH activity, as described in Methods.
Assessment of cell mass was determined by quantification of SRB, as described
in Methods. Results are presented as arithmetic means ± S.E.M (n = 8). *
Significantly different from control (P < 0.05).
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3.2.4. Effect of NTZ-C2-CPP2 on cell viability and cell mass
NTZ-C2-CPP2 assays were performed for concentrations ranging

from 1 to 250 μM. Both the SRB and the LDH test did not have very
different results from the control (data not shown). So, no effect on cell
mass and viability were found.

3.2.5. Effect of MTZ-C2-CPP2 on cell viability and cell mass
The effect of MTZ-C2-CPP2 conjugate was also evaluated for a

concentration range of 1–250 μM. No effect was noticed in relation to
cell viability (Fig. 4A). However, in the SRB assay, an increase in the
SRB signal with the highest concentrations of MTZ-C2-CPP2 was ob-
served (Fig. 4B). This conjugate thus presents an opposite behavior
pattern in relation to cell mass to what was expected for a possible
colon cancer therapy.

3.2.6. Effect of BenzoTZ-C2-CPP2 on cell viability and cell mass
The introduction of a benzene ring into the thiazolic ring structure

appears to have no great impact in its activity, since no effect of the
conjugate on cell viability (Fig. 5A) and cell mass (Fig. 5B) was found,
although at 250 μM concentration, a tendency to a decrease in cell
viability was observed (Fig. 5A). One of the possible reasons may be
related to the aggregation of peptides (Meli et al., 2008).

3.2.7. Effect of BTZCA-CPP2 on cell viability and cell mass
The last two conjugates had the particularity of being smaller given

the lack of the linker and showed quite interesting anti-tumour effects.
For BTZCA-CPP2 (10 μM), a significant increase in the percentage of
extracellular LDH (Fig. 6A), as well as a decrease of the SRB signal
(Fig. 6B), was observed. At pharmacological level, these results are very
important since they suggest that this conjugate could have anti-tumour

Fig. 10. Effect of cell viability with 24 h-exposure to 1–250 μM of BTZCA-CPP2 conjugate against MCF-7, as well BTZCA (50 μM) and CPP2 (50 μM), using MTT as
assay. Results are presented as arithmetic means ± S.E.M (n = 6). * Significantly different from control (P < 0.05).
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activity, even at lower concentrations.

3.2.7.1. Effect of BTZCA-CPP2 on cell proliferation rates. We decided to
perform a cell proliferation assay to further characterize the effect of
BTZCA-CPP2. At a concentration of 100 μM, a significant decrease in
the amount of incorporated 3H-thymidine was found (Fig. 7). This
proves that this compound has the ability to reduce the proliferation of
these cells.

3.2.8. Effect of BTZ5CA-CPP2 on cell viability and cell mass
This conjugate (BTZ5CA-CPP2) did not cause significant changes in

both cell viability (Fig. 8A) and cell mass (Fig. 8B), although a tendency
to a decrease in cell viability could be observed (Fig. 8A).

3.2.9. Effect of thiazole derivatives on cell viability and cell mass
To determine if CPP2 introduction was advantageous, in vitro assays

were performed to assess the effects of each of the thiazole derivatives
used for the conjugate synthesis. The results obtained consistent with
the results obtained with the conjugates, as there is a decrease in cell
viability in the presence of BTZCA (at 50 μM) (Fig. 9A). Similarly, to the
conjugates with thiazole moiety, these compounds did not affect cell
viability (Fig. 9B). These results suggest this family of derivatives based
on a thiazolic scaffold have some intrinsic anti-tumour activity.

3.2.10. Effect of BTZCA, CPP2 and BTZCA-CPP2 on cell cancer line MCF-
7

Three compounds were investigated for their cytotoxic effects on
human breast adenocarcinoma, MCF-7. The potential inhibitory effects
of the best candidate (BTZCA-CPP2) was increased when compared
with parental and separated compounds (BTZCA and CPP2, Fig. 10).

3.2.11. Effect of thiazole derivatives on cell viability
Cytotoxicity studies of BTZCA, CPP2 and the BTZCA-CPP2 con-

jugate were also performed on J774 macrophages (Fig. 11A), THP-1
monocytes (Fig. 11B) and L929 fibroblasts (Fig. 11C). Despite the de-
crease in cell viability with increasing concentrations of each com-
pound, due to the effect of DMSO-vehicle (data not shown), no sig-
nificant differences in cell viability were observed between the addition
of CPP2 or BTZCA, when compared to the BTZCA-CPP2 conjugate.
Collectively, these results suggest that the introduction of CPP2 to
thiazole derivatives does not affect cell viability.

4. Discussion

Cancer is one of the major causes of death in the world. The de-
velopment of new, more specific and effective therapies for this disease
is one of the priorities of many research groups. Colorectal cancer
(CRC) is one of the most prevalent and widely studied cancers in the
world and results from an accumulation of genetic and epigenetic
changes in colon epithelial cells, which transforms them into adeno-
carcinomas. CRC is the third most frequently diagnosed cancer both in
men and women and remains the second leading cause of cancer
mortality in the United States, with an estimated 129,000 new cases
expected for 2017 (Siegel et al., 2015). Despite all the advances that
have been taken place in the battle against cancer over the past few
decades, there are still limited advances in the outcome of CRC (Sporn,
1996), since current CRC treatments are not targeted to cancer cells and
also affect normal cells. To promote efficient drug delivery, several
approaches have been developed, such as microinjection, electropora-
tion, liposomal formulation, and the use of viral vectors (Elmquist et al.,
2001; Pujals and Giralt, 2008); however, all these techniques show poor
cell specificity (Vivès et al., 1997). Also, the beneficial effects of many
recent discovered potential therapeutic agents (such as proteins, nucleic
acids, and drugs) are limited due to their inability to reach the appro-
priate targets as the passage of molecules through the cellular barriers
must overcome the high resistance epithelial or endothelial cell mem-
branes which block the passage of various compounds from the intes-
tine and the circulating blood into the human body (Lindgren et al.,
2004). This resistance results from the formation of tight junctions (TJs)
between the cells that exclude paracellular passage of ions, peptides,
and proteins (Anderson, 2001). In the last two decades, many studies
have focused their attention on the development of novel CPPs or
modification of known CPPs with the aim of improving their properties,
namely their stability or specificity (Heitz et al., 2009). For cancer
therapy, the cellular specificity of CPPs is particularly important in

Fig. 11. Cell cytotoxicity to BTZCA, CPP2 and BTZCA-CPP2. Increasing con-
centrations of BTZCA, CPP2, and BTZCA-CPP2 [range 0–100 μM] were added to
wells with (A) J774, (B) THP1, and (C) L929 cells. After an incubation period of
24 h, at 37 °C with 5% CO2, cell viability was determined using the MTS assay.

D. Duarte, et al. European Journal of Pharmacology 860 (2019) 172554

9



order to minimize the side effects in normal cells (Geisler and
Chmielewski, 2009; Martín et al., 2010). Thus, the demand for CPPs
that are specific and non-toxic is essential for cancer treatment to be
effective. Recently, some strategies have been developed, based in the
combination of a tumour homing peptide with a CPP, leading to the
formation of a chimeric peptide with tumour cell specificity that can
carry therapeutic agents into the cells (Munyendo et al., 2012).

Our research group successfully synthesized a new family of con-
jugates using a pentagonal scaffold coupled to a CPP, CPP2, with known
activity. We have made N-terminal modifications of this peptide with 6
different thiazole derivatives and we described the methodologies used
for the synthesis for these compounds. Six conjugates with high degrees
of purity were obtained in an amount that agrees with the methodology
employed. The intrinsic anti-tumour activity of CPP2 was studied in
Caco-2 cell line. The Caco-2 cell monolayer is a well-characterized
human colon adenocarcinoma cell line that is used for high-throughput
screening of drug permeability in the pharmaceutical industry (Sun
et al., 2008). The anti-tumour activity of CPP2 has been proved as well
as the possibility of the use of nitazoxanide in the therapy of CRC. Also,
we observed that changes on the 5th position substituent group of the
thiazole ring as well as the introduction of an additional rings influ-
ences the activity of the conjugates. The linker between CPP2 and the
thiazolic derivative is not advantageous since conjugates lacking this
ring have an improved anti-cancer activity. We have exploited the
potential of this family of thiazole derivatives for the treatment of CRC
cancer. Importantly, this conjugate does not present increased cyto-
toxicity when compared to the thiazole derivative or peptide alone.

This work may serve as a starting point for future projects that seek
to exploit the cancer therapeutic potential of CPPs or of this pentagonal
scaffold. As a continuation of this project, we propose the use of other
CPPs conjugated with these derivatives, preferably with smaller sizes or
even to use these conjugates in other cell lines, since they may not
present activity for Caco-2 cells but be active against other cell types.
Overall, this investigation project proved to be a very promising new
strategy/approach. In the future, different CPPs and different molecules
could be conjugated to improve cancer (and even other diseases)
treatment and diminish side effects. The cell viability assay showed
potential activity of BTZCA-CPP2 for breast cancer cell. We believe that
is possible the relationship between overexpression of matrix metallo-
preteinases (MMPs) and tumour invasion/metastasis, and BTZCA-CPP2
can be a MMP inhibitor as anticancer drug. Additional studies are still
required to more accurately explain the mechanism of this inhibition
pathway for this compound.

However, it has been showed in this project that CPP2 activity can
be improved with the introduction of BTZCA, when compared with
previous work with CPP2 on MCF-7, that did not show significant
permeation (Kondo et al., 2012).

5. Conclusion

We also propose to investigate the effect of the conjugation of this
family of thiazole derivatives with other type of vectors, such as na-
noparticles. This work further confirmed that nitazoxanide could be a
candidate for treatment of CRC, since its anticarcinogenic activity in
these cells was proven. This type of work is very important in that it can
help and improve cancer treatments, as well in decrease the side effects
associated with these types of therapies.
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