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Abstract

Cancer is often referred to as being “immortal” because of high telomerase activity in these cells, which allows
them to divide an infinite amount of times. BIBR-1532, (2-{[(2E)-3-(2Naphthyl)-2-butenoyl]amino}benzoic acid) is a
known telomerase inhibitor that has undergone preclinical trials for the treatment of cancer. Based on the structure
of BIBR-1532, three novel N- cinnamoyl substituted anthranilic acid derivatives (2-{[(2E)-3-(4 “ X ” phenyl)-2-
propenoyl]amino}benzoic acids), similar to BIBR-1532 were synthesized. Their efficacies were tested against
proliferative activity in metastatic prostate cancer cells, along with the known telomerase inhibitor BIBR-1532.
Telomerase Repeat Amplification Protocol (TRAP) assays were performed on the compounds to confirm their anti-
telomerase activity. The results showed all three newly synthesized cinnamic derivatives have antiproliferative
qualities equivalent to or better than BIBR-1532 (p=0.027) and overall all compounds were significantly lower than
the control (p<0.0001). TRAP assays further confirmed that the compounds also exhibited anti-telomerase activity
like BIBR-1532. The newly synthesized cinnamic acid derivatives of BIBR- 1532 all showed antiproliferative and anti-
telomerase activity. While these compounds were all tested against metastatic prostate cancer cells, these potential
treatments have application in all types of cancers demonstrating high telomerase activity.

Keywords: Telomerase inhibitors; Cinnamic acid derivatives; BIBR-1532; Anthranilic acid derivatives and
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Introduction
As of 2018, cancer is the second leading cause of death in the United

States, second only to heart disease according to the American Cancer
Society statistics. Excluding non-melanoma skin cancer, the four most
prevalent cancers currently are lung, breast, prostate, and colorectal
cancer. Among these, prostate cancer is the second leading cause of
cancer deaths among men in the US and breast cancer in women.
Based on calculations carried out by Rahib and colleagues, incidences
of other cancers such as thyroid, melanoma, and uterine cancer are
predicted to increase [1]. It is calculated predictions like these that
stress the importance of clinical research. Research into the
mechanisms involved in the conversion of normal cells into cancerous
ones, continue to enhance the efficacy of treatments. Improvements in
early detection and novel treatments have been linked directly to the
decline in cancer-related deaths [2].

One of the trademark characteristics of cancerous cells is their
ability to evade apoptosis signalling, with resultant immortality. One of
the main mechanisms by which cancer cells achieve immortality is
through activation or up-regulation of the telomerase enzyme. In
normal cells, apart from stem and germ cells [3], telomerase expression
is normally switched off soon after embryonic differentiation. During
normal cell division, the non-coding segment of the DNA at the end of
the chromosome known as the telomere begins to degrade or shorten.
With each subsequent cell division, the telomere shortens until the cell
reaches the Hay flick limit and undergoes apoptosis. By the activation
or up-regulation of the telomerase enzyme, cancer cells are capable of
replacing the telomere lost and thus divide indefinitely without
undergoing apoptosis. Up-regulation or reactivation of telomerase is a

critical feature identified in 90% of the cancers i.e., increased
telomerase activity has been observed in 80-95% of a wide variety of
cancers [3] including cancers of the oral cavity (75%), lung (80%),
prostate (84%), breast (93%), colorectum (95%), bladder (98%) and
neuroblastoma (94%) [4].

Telomerase is an enzyme that is a reverse transcriptase, creating
complementary DNA using an RNA template. Telomerase is
responsible for adding on DNA segments to the ends of chromosomes
but is silent in almost all human tissues. Tissues found to naturally
express active telomerase include germ line stem cells, [3,4]
spermatocytes and somatic adult progenitor cells [5]. Even though
human telomerase has not been crystallized, high- resolution crystal
structures of model organisms such as Tetrahymena thermophila,
provide much-needed insight into the intricate details of this unique
enzyme [6,7]. The enzyme telomerase is made up of an RNA subunit,
telomerase RNA, the telomerase reverse transcriptase (TERT), along
with other accessory proteins [6,7]. Telomerase is responsible for
adding the repeated ‘ TTAGGG' segments onto the ends of
chromosomes, protecting the chromosomal coding DNA of the
chromosome from becoming degraded during cellular division.
Evidence from previous research studies has revealed that the TERT
subunit is the catalytic subunit of the telomerase enzyme [7]. The
TERT domain is organized into three structural components: a short
C-terminal portion, a catalytic RT domain, and a long N-terminal
extension that houses the nucleic acid binding domains. Perhaps one
of the more notable characteristics of the structure of telomerase is the
fact that it can be construed to resemble a human hand, containing a
‘palm', ‘thumb', and ‘fingers'. These anatomical terms can be used to
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refer to the three main structural elements that have been found to
make up the telomerase enzyme. Recent evidence indicates that an
increase in telomerase activity is due to up-regulation of the normally
silent human TERT gene (hTERT) in cancer cells [8]. Inhibition of
telomerase in a wide range of cell lines has resulted in the shortening of
telomeres causing subsequent growth arrest, and senescence [9,10].
Telomerase inhibition, therefore, provides a promising novel approach
to cancer treatment.

Multiple approaches in cancer therapeutics targeting telomerase and
its mechanisms including vaccines, small molecule inhibitors,
oligonucleotides and G-quadruplex approaches are being tested
currently. A variety of small inhibitor molecules against telomerase
have been tested with different success, amongst which BIBR-1532
emerged to be more effective [3]. BIBR-1532, also known as (2-
{[(2E)-3-(2-Naphthyl)-2-butenoyl]amino}benzoic acid) (Figure 1) is a
small anthranilic acid inhibitor molecule and the first effective
telomerase inhibitor, shown in pre-clinical trials. As a mixed type, non-
competitive inhibitor of TERT and hTR [3], BIBR-1532 acts
independently of the telomerase active site, preventing DNA from
binding to telomerase and preventing the telomere strand from
elongating past the 5' end of a strand of DNA [10]. If the strand of the
DNA is not elongated, the telomeres remain the same size and are
degraded normally. Although positive results have been observed with
BIBR-1532 in preclinical studies on breast, prostate and fibrosarcoma
cancer cell lines, no further progress or entrance in clinical trials has
been shown with BIBR-1532 [11].

Figure 1: Patented structure of the telomerase inhibitor, BIBR-1532.

The critical structures important for telomerase activity are labelled.
Without the carboxylic acid, aromatic ring, and conjugated amine
group, the compound will not demonstrate anti telomerase activity.

Research on telomerase inhibitors such as BIBR-1532 has shown
that no matter the overall structure of the compound, there are three
substructures that must be present in order for it to act as a telomerase
inhibitor: A carboxylic acid, connected to an aromatic ring, and a
conjugated amine group. Based on this information, it was imperative
for the synthesized analogues to mirror the structures in order for it to
inhibit telomerase activity. This research aimed to synthesize novel
telomerase inhibitors that are derivatives of cinnamic acids. Cinnamic
acids have a long history of cancer treatment, being effective
constituents of ginseng, a compound valued by traditional Chinese
medicine for promoting health and preventing disease [12]. Cinnamic
acids are also found in other compounds that have been found to have
anti-cancer and anti-inflammatory properties, such as green tea,
coffee, and citrus fruits [13]. Cinnamic acids have been shown to be

less toxic than other synthetic pharmaceuticals currently on the
market. In the treatment of melanoma, cinnamic acid is believed to
induce apoptosis, or controlled cell death. Cinnamic acids also have
been shown to inhibit certain enzymes, including telomerase [13]. It
was because of the anti-telomerase enzymatic properties that cinnamic
acid was chosen as the base compound for the synthesized telomerase
inhibitors. The natural origins of cinnamic acid led to the hypothesis
that the novel inhibitors would demonstrate less cytotoxic effects on
healthy tissues compared to BIBR1532 alone. However, only clinical
trials will be able to confirm this, which is beyond the scope of this
particular research. A series of cinnamic acid analogues were
synthesized [14] to mirror the anthranilic acid derivative structure of
BIBR-1532 as shown in Figure 2.

Figure 2: Synthesis of cinnamic-anthranilic derivatives, the portion
marked X was replaced by a methyl- (KU-30), chloro- (KU-39), or
methoxy- (KU-36) group via organic synthesis.

It was hypothesized that a change in the electronegativity of the
substitution on the cinnamic acid would lead to an increase in the anti-
telomeric activity demonstrated by BIBR-1532. A total of three
cinnamic acid analogues (KU-30, KU-36 and KU-39) were
synthesized, purified, and then tested for anti-cancer and anti-
telomeric properties.

Prostate, breast, bladder, lung and colorectal cancers have all been
shown to have abnormally high levels of telomerase than other forms
of cancer [4]. These are also among the most common kinds of cancer
to occur in the American population, which makes this research
extremely timely and relevant. Prostate cancer is the second leading
cause of cancer death among men in the US and high telomerase
activity has been observed in 85% of prostate cancers [4]. PC3
metastatic prostate cells were chosen to test these compounds in our
lab as these cell lines have been shown to exhibit high telomerase
activity [15]. The newly synthesized compounds along with BIBR-1532
were tested for their efficacy in metastatic PC3 prostate cell line for
anti-proliferative and further for anti-telomerase activity.

Materials and Methods

Synthesis of cinnamic acid derivatives
4-chloroanthranilic acid, 4-chlorocinnanmic acid, 4-methyl

cinnamic acid, and 4methoxycinnamic acid were purchased from the
Sigma-Aldrich and used with further purification. Nuclear Magnetic
Resonance Spectra were obtained with a Varian Unity Inova 400 MHz
spectrometer.

Synthesis of N-(4-chlorocinnamoyl) -4-chloroanthranilic acid
(KU-39): To a mixture of 4-chlorocinnanmic acid (0.01M) and thionyl
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chloride (5 mL) were added 2 drops of dimethylformamide. A vigorous
reaction ensued, and the acid dissolved. After one hour of stirring, the
excess thionyl chloride was moved under pressure on a Rotovape
resulting acid chloride was dissolved in 1,2-dimethoxyethane (15 mL)
and the resulting solution was added drop wise, over a 5 minute
period, to a well-stirred mixture of 4chloroanthranilic acid (0.01M),
1,2 dimethoxyethane (20 mL), and 25% potassium carbonate solution
(25 mL) at 5°C. The mixture was allowed to warm to room temperature
and stirred for an additional 2 hours. Addition of water (30 mL) and
excess 6N HCl gave a precipitate of the product N-(4-
chlorocinnamoyl) -4-chloroanthranilic acid which was filtered off,
washed with water, and recrystallized with aqueous isopropanol.

Yield 78%, Melting Point 260-261°C, 1HNMR (400 MHz, DMSO-
d6): 11.5 (s, 1 H), 8.65 (d, J=2.15 Hz, 1 H), 7.95 (d, J=8.6 Hz, 1 H), 7.7
(d, J=8.6 Hz, 2 H), 7.5 (d, 15.8 Hz, 1 H), 7.4 (d, J=8.6 Hz, 2 H), 7.2 (dd,
J=2.15 & 8.6 Hz, 1 H), 6.8 (d, J=15.6 Hz, 1 H), and 2.3 (s, 1H).

Synthesis of N-(4-methylcinnamoyl) -4-chloroanthranilic acid
(KU-30): N-(4-methylcinnamoyl)-4-chloroanthranilic acid as prepared
in the same fashion as N-(4chlorocinnamoyl)-4-chloroanthranilic acid
using 4-methylcinnanmic acid (0.01M) and 4chloroanthranilic acid
(0.01M).

Yield 80%, Melting Point 226-227°C, 1HNMR (400 MHz, DMSO-
d6): 11.4 (s, 1 H), 8.67 (d, J=2.15 Hz, 1 H), 7.95 (d, J=8.6 Hz, 1 H), 7.55
(d, J=8.6 Hz, 2 H), 7.5 (d, 15.8 Hz, 1 H), 7.2 (d, J=8.6 Hz, 2 H), 7.19
(dd, J=2.15 & 8.6 Hz, 1 H), 6.7 (d, J=15.8 Hz, 1 H), 2.4 (s, 1 H) and 2.2
(s, 3H).

Synthesis of N-(4-methoxycinnamoyl)-4-chloroanthranilic acid
(KU-36): N-(4-methoxycinnamoyl)-4-chloroanthranilic acid as
prepared in the same fashion as N-(4chlorocinnamoyl)-4-
chloroanthranilic acid using 4-methoxycinnanmic acid (0.01M) and
4chloroanthranilic acid (0.01 M).

Yield 73%, Melting Point 217-219°C, 1 HNMR (400 MHz, DMSO-
d6): 11.4 (s, 1 H), 8.7 (d, J=2.15 Hz, 1H), 7.9 (d, J=8.6 Hz, 1H), 7.6 (d,
J=8.6 Hz, 2H),7.5 (d, 16.4 Hz, 1 H), 7.2 (dd, J=2.15 & 8.6Hz, 1H), 6.9
(d, J=8.6 Hz, 2H), 6.6 (d, J=16.4 Hz, 1H), 3.8 (s, 3H) and 2.3 (s, 1H).

All compounds were dissolved in dimethyl sulfoxide (DMSO) and a
stock solution was made at 1 mM concentration and was further used
in the cell proliferation assay.

Cell proliferation assay
PC3 cells obtained from ATCC (American Type Culture Collection,

ATCC) were grown in F12K culture media, supplemented with 10%
FBS (Invitrogen) and grown in an incubator at 370C with 5% CO2 and
unused cultures were frozen and stored at -80°C in liquid nitrogen
until further use. PC3 cells were maintained in culture on plates with
F12K culture media (supplemented with 10% FBS) at 37°C with 5%
CO2 until they reached confluency. The cells were tested from time to
time for mycoplasma (mycoplasma detection kit, Thermo Fisher
Scientific) while in culture. Right before the assay, the cells were
prepped for the assay as follows: the media in the plate was removed,
washed twice with phosphate buffered saline solution (PBS, pH7.4)
and trypsinized with 0.05 M trypsin/EDTA for 2 minutes in the
incubator. Once the cells were non-adherent and floating, the cells
were pooled in a centrifuge tube and subject to centrifugation at 1000
rpm for 5 minutes. The cells were then resuspended in the F12K
medium and counted using a Beckman Coulter™ SZ Particle Counter
and/or a cell counter in order to estimate the number of cells/ml. Once

the cell number was determined, approximately 25,000 cells were
added to each well of a sterile six-well plate. The plate was incubated
for 24 hours in the incubator for the cells to adhere. After 24 hours the
drugs were added to the plates in 50 µM, 75 µM, and 100 µM
concentrations, respectively. A control well with the same volume of
DMSO (dimethyl sulfoxide) was maintained as a negative control. The
cells were incubated with DMSO, BIBR1532 and the cinnamic-
derivatives (KU-30, KU-36 and KU-39) for 48 hours at 37°C (with 5%
CO2) after which time the cells from each sample were pooled
individually, and the number of live cells was counted using the
following protocol. The cells treated with the drugs were removed from
the incubator after 48 hours, trypsinized and prepared for counting to
the point of centrifugation, as described above. Soon after the
centrifugation, the supernatant was removed via aspiration and the cell
precipitate re-suspended in 1ml media and mixed thoroughly. A small
volume of Trypan Blue (1/100 dilution) was then mixed with the cell
suspension. The number of live cells (without trypan blue) from each
sample was counted in triplicates using a hemocytometer and/ or using
a Beckman Coulter™ SZ particle cell counter (without the trypan blue
dilution). The cell numbers, both for the negative control (DMSO) and
the positive control (BIBR-1532) and the cinnamic derivatives (KU-30,
KU-36 & KU39), were counted in order to determine the quantitative
effect each drug had on the PC3 prostate cell proliferation. Once the
optimum concentration of the drug was determined (75 µM), the
drugs assays were repeated with BIBR-1532 and the cinnamic
derivatives (KU30, KU-36, & KU-39) at 75 µM concentration, along
with the DMSO control.

To compare the anti-cancer activity of the cinnamic derivatives
against BIBR-1532 for significance, statistical tests were done using
JMP Statistical Analysis Software (SAS). Data from a total of seven
trials with 75 µM concentration of all the compounds against the
control (DMSO) were compared first and then data from BIBR1532
was compared against the cinnamic derivatives for their significance.
Since the cell count data distribution was skewed, we used Wilcoxon
nonparametric ANOVA tests to compare the efficacy of the control to
drug treatments and then BIBR1532 (parent compound) to cinnamic
derivatives (new drugs), using the JMP software.

Telomerase repeat amplification protocol (TRAP) assay
In order to test for evidence of telomerase inhibition, a TRAP assay

kit i.e., TRAPeze® Telomerase Detection Kit from EMD Millipore was
used. The assay was carried out according to the kit's protocol, using
lysates from cells collected from the drug assays. One set of the sample
was used for the assay without any treatment while a second set of the
sample was heat treated at temp 85°C for approximately 30 minutes to
inhibit the telomerase activity. Both sets of samples were subject to
PCR amplification with the parameters described in the TRAP assay
kit. The resulting sample was then run through a 12.5% denaturing
SDS gel. The gel was further stained with ethidium bromide and
visualized under a UV light source using a UVP EpiChemi3 Darkroom
UV –transilluminator and captured via a Hamamatsu camera attached
to it.

Results quantitative analysis of anti-cancer properties of the
BIBR derivatives
The data on the effect of BIBR-1532 and the cinnamic derivatives

(KU-30, KU-36, KU-39) was collected by counting the number of live
cells left after the cells had been exposed to the compounds for a full 48
hours of incubation at 37°C with 5% CO2. The initial set of drug assays
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were done to determine the optimum concentration of the drug. Once
the optimum concentration was determined, the second set of drug
assays was performed to observe proliferative activity. The optimum
concentration/dosage of the drugs for the proliferation assay was
accomplished by comparing the live cells remaining after drug
treatment dosages of 50µM, 75µM, and 100µM respectively. The drug
concentration range was determined based on BIBR1532
concentrations, previously described in several BIBR-1532 based drug
studies [10,11,16]. PC3-parental cells were plated with the above 3
concentrations of the drug yielded the results as shown in Figure 3. In
Figure 3, at 50 µM drug concentration all compounds showed a
decrease in proliferative activity, with the number of live cells with
DMSO control being 50,000, compared to 20,000 for BIBR1532, 42,500
for KU-30, 12,500 for KU-36 and 7,500 for KU-36 treatment
respectively. The 100 µM concentration treatment on the other hand
led to treated cells displaying apoptotic qualities.

Figure 3: A sample data of the drug assay with different telomerase
inhibitors with three different drug concentrations.

BIBR-1532 and the anthranilic derivatives along with a DMSO
control was used in the drug cell assay. Three different concentrations
of the drug (50 µM,75 µM and100 µM) were used for the drug assay.
After 48 hrs. of treatment, the live cells remaining were counted in
triplicates and the average count was plotted against the respective
drug treatment.

Even though concentration of 100µM was found to be extremely
effective in its anti-cancer activity, there were not enough viable cells
left behind for a telomerase assay to be carried out (Figure 3) i.e., the
live cell counts were 25,000 for DMSO control compared to 5000 for
BIBR, 10,000 for KU-30, 5000 for KU-36 and with no live cells left
upon KU-39 treatment. Since the treatment with 50 µM was not
powerful enough but at the same time 100 µM mostly destroyed all the
cells, a 75 µM concentration was used in the subsequent drug assays
(Figure 4) i.e., a concentration that was effective in arresting cell
proliferation but would allow at the same time a TRAP assay to be
carried out on the treated cells. At 75 µM treatment, BIBR-1532 left
27,500 live cells, KU-30 with 17,500 KU-36 with 10,000 and KU-39
with 5000 live cells respectively (Figure 3), compared to the control
DMSO treatment with 37,500 live cells.

DMSO treated cells served as a negative control, demonstrating the
number of cells that would have survived the incubation period had
the compounds not been added to the media. Compared to the control,
BIBR-1532 and all three experimental compounds demonstrated anti-
cancer properties, as seen by the decrease in the percentage of live cells

remaining (Figure 4) i.e., Using BIBR-1532 as a positive control, it is
evident that all the experimental compounds show anti-cancer
properties that were more significant or equivalent to BIBR1532. At a
concentration of 75 µM, KU-36 and KU-39 were more effective at
terminating PC3-parental cells than BIBR-1532. BIBR-1532 had an
average of a 46.7% decrease in the total live cell population, while
KU-30 demonstrated a 53.3% decrease, KU-36 a 67.8% decrease, and
KU-39 marginally better, showing a 70.4% decrease in respectively
after the 48-hour incubation period compared to the DMSO treated
control (Figure 5).

Figure 4: A comparative drug assay of different telomerase
inhibitors using the optimum drug concentration (75 µM).

The data expressed here is a compilation of data from seven drug
trials with BIBR-1532 and the cinnamic acid derivatives (KU-30,
KU-36 and KU-39) with a control DMSO. Live cells remaining after 48
hours of drug treatment were counted in triplicates after each drug
trial and the average cell counts from these drug trials with the
standard deviation values are plotted against their respective
treatments.

Figure 5: Compiled percentage decrease in the number of live cells
obtained from the drug study.

The percentage decrease in the average number of live cells from the
different drug treatments compared to control DMSO from Figure 4
were compiled and presented in this figure.

Overall, the cinnamic derivatives had less live cells compared to
BIBR-1532 and performed better than the parent compound
BIBR-1532. The data was subject to statistical analysis to determine if
the anti-proliferative activities of BIBR-1532 and the cinnamic
derivatives were statistically significant than the control sample and if
they indeed performed better than BIBR1532. It should be noted
however that the presence of anti-proliferative activity is not an
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indicator of telomerase inhibition. Further experimentation (TRAP
assay) was done in order to confirm that the results seen in the drug
assay were due to telomerase inhibition, and not by a different
mechanism. Statistical analysis to evaluate the anti-proliferative
activity of BIBR1532, KU-30, KU36, and KU-39 Statistical analysis was
performed comparing live cell count from control treatment with all
the inhibitors (including BIBR1532) and then comparisons were made
on the live cell count between BIBR1532 against KU-30, KU-36, and
KU-39. The results are summarized in Figure 6. The live cell count for
the experimental compounds overall was significantly lower than those
for the control [Figure 6a; Wilcoxon: χ2=20.66; p=0.0004]. Moreover,
cell counts for the novel compounds KU-30, KU-36 and KU-39 were
significantly lower than for BIBR-1532 (Figure 6b; Wilcoxon: χ2=4.87;
p=0.027). When analyzed all together, cell counts for all compounds,
BIBR-1532, KU-30, KU-36, and KU-39 overall were significantly lower
than for the control (Figure 6c; Wilcoxon: χ2=14.59; p<0.0001).

Figure 6: Statistical analysis where live cell counts is compared by
treatments.

(a) Control (DMSO-a) treatment compared to all drug treatments
(BIBR-1532, KU-30, KU-36, KU-39 -b) (Figure 6a; Wilcoxon:
χ2=20.66; p=0.0004) (b) Comparison of BIBR-1532 (old treatment- a)
with the new anthranilic derivatives (new treatment -b) combined
(Figure 6b; Wilcoxon: χ2=4.87; p=0.027) (c) Combined treatments of
the telomerase inhibitors (BIBR-1532, KU-30, KU-36 & KU-39-
treatments-b) were compared to the control DMSO (a) (Figure 6c;
Wilcoxon: χ2=14.59; p<0.0001). 

Analysis of telomerase inhibition
Once the presence of anti-proliferative property was confirmed with

the compounds, the compounds were then further tested for their
ability to inhibit telomerase. A TRAPeze® Telomerase Detection Kit
was used to analyze the drug-treated cell lysates for telomerase activity.
The TRAPeze® Telomerase Detection Kit contains a set of primers that
are specific for telomeres and a PCR assay was run with the drug-
treated lysates along with the control (DMSO treated) sample to
determine if telomerase activity is still present in these drugs treated
cell lysates. Using the appropriate buffers, the telomeric DNA
generated from the PCR run was isolated and separated using a 12.5%
denaturing SDS gel. The result from the telomerase assay is
summarized in the gel picture in Figure 7.

Figure 7: Evidence of telomerase inhibition demonstrated by the
novel compounds.

PC3 prostate tumor cells subject to 48 hours of drug treatment were
used for the TRAP assay. Trap assay was performed on the cells with
and without heat treatment. The RT-PCR products formed were then
run on a 12.5% SDS gel and picture taken after treatment of the gel
with ethidium bromide. The samples were loaded on the gel as follows
Lane 1: DMSO control, heat treated (+), Lane 2: DMSO control, no
heat (-) Lane 3: BIBR-1532, heat treated (+), Lane 4: BIBR-1532, no
heat (-), Lane 5: KU-36 heat treated (+), Lane 6: KU-36, no heat (-),
Lane 7: KU-39 heat treated (+), Lane 8: KU-39, no heat (-), Lane 9:
control cell pellet.

Each sample was run with the corresponding heat-treated samples
in the lane before and used as negative controls against the normal cell
pellets collected from the drug assay. Lane 1 & 2 contained control
samples (DMSO) with no drug treatment, while Lane 3 & 4 were
BIBR-1532 treated samples, followed by PC3 cell pellets treated with
KU-36 (Lanes 5 & 6), and cell pellets treated with KU-39 (Lanes 7 &
8). Lane 9 serves as a positive control, with a slight band. Review of
other articles that have cited this particular TRAPeze kit has also noted
that the positive control band rarely presents itself as the clearly
defined band that is typically desired. KU-30 treated cells were not
included in the TRAP assays as it did not perform substantially better
than BIBR1532 in our proliferative assays. All samples show a strong
band corresponding to the size of the control cell pellet (Figure 7,
internal control band with arrows) demonstrating that the PCR was
carried out to completion. Lane 3 contains the results for BIBR-1532,
which serves as a positive control. When compared to the negative
controls (lane 1 & 2), each experimental sample, including BIBR-1532,
showed evidence of telomeric DNA that is shorter than the typical,
unmodified telomeres. This indicates that the novel anthranilic
derivative compounds (KU-36, and KU-39) are indeed functioning as
telomerase inhibitors, like that of BIBR-1532.

Discussion
Cancer is the second leading cause of death after heart disease in the

United States. Several different mechanisms are involved in the
transformation of a normal cell to cancer cell. Among all these
mechanisms the predominant one that imparts immortality to cancer
cells is the activation of the enzyme telomerase. Increased activity of
telomerase has been identified in more than 80-95% of the cancers and
is high predominantly in prostate, breast, lung and colorectal cancers.
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Prostate cancer has been proven to demonstrate high levels of
telomerase activity; in particular, the tumor-initiating cells found in
prostate cancer are ideal targets for novel telomerase inhibitors [16].
These inhibitors are designed to interfere with telomerase activity and
with telomerase activity halted, cancer cells are no longer immortal
and are limited in the number of cell divisions before apoptosis
endures.

BIBR-1532 has been shown to be an active telomerase inhibitor,
preventing the enzyme from functioning via non-competitive
inhibition and has undergone preclinical trials, but to enter clinical
trials. Since it has not yet entered clinical trials due to issues with
bioavailability [17,18], there is an increased need to develop new anti-
telomerase compounds for cancer therapy. It was therefore the goal of
this experiment to design novel compounds that are telomerase
inhibitors, and are better than BIBR1532, the parent compound. The
compounds synthesized in our lab (KU-30, KU-36 and KU-39) are
derivatives of cinnamic acid that occurs naturally. Cinnamic acid is
found commonly in green tea, coffee, citrus fruits and ginseng and is
known for its anti-cancer and anti-inflammatory properties, along
with anti-telomerase activity. Our compounds when tested on prostate
metastatic cell lines with high telomerase activity (PC3), exhibited
extensive anti-proliferative properties. The anti-proliferative properties
exhibited by these compounds were similar (KU-30) or significantly
even more effective (KU-36, KU-39) than the parent compound
BIBR-1532. i.e., BIBR-1532 had an average of a 46.7% decrease in the
total live cell population, while KU-30 demonstrated a 53.3% decrease,
KU-36 a 67.8% decrease, and KU-39 marginally better, showing a
70.4% decrease in respectively after the 48-hour incubation period
compared to the DMSO treated control (Figure 5). TRAP assays
further confirmed that our compounds (KU-36, KU-39) exhibited
anti-telomerase activity similar to BIBR1532. Even though our
compounds exhibited anti-proliferative and anti-telomerase activities
similar to BIBR-1532 in prostate cancer cells, they have not been tested
in other cancer cells that exhibit high telomerase activity. In addition, it
is not clear exactly where these compounds bind in the telomerase
molecule. Since they are anthranilic derivatives and contain all three
sub-structures similar to BIBR-1532, needed for telomerase inhibition
we can assume that our compounds are also binding in a similar
fashion as BIBR-1532. We predict our novel compounds also to be
non-competitive inhibitors of TERT and hTR, like BIBR-1532 and may
act independently of the telomerase active site, preventing DNA from
binding to telomerase thus preventing telomere strand elongation. All
these possibilities and the exact binding regions where these
compounds may possibly bind are currently being explored in our lab
through bioinformatics techniques.

Conclusion
The three novel cinnamic acid derivatives we synthesized have

proven anti proliferative and anti-telomerase activity and have the
potential to become therapeutic agents to treat cancer. The effects
demonstrated by these drugs on proliferation and telomerase
inhibition is similar or even better than BIBR-1532, a known
telomerase inhibitor. The natural origins of cinnamic acid leads us to
believe that the novel inhibitors we generated would demonstrate less
cytotoxic effects on healthy tissues compared to BIBR1532 and may
offer a more organic and a better approach to BIBR1532 in telomerase
inhibition and cancer treatment.
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