
Mechanism of action studies were carried out on the taxane analog, TL-310, and the results
compared with similar studies using paclitaxel and docetaxel. All three compounds were ana-
lyzed for their effects on proliferation of HCT116 and HT-29 colon carcinomas, the DLD-1
resistant colon carcinoma, PANC-1 pancreatic adenocarcinoma, PC-3 and LNCaP prostate
carcinomas, IA9 ovarian carcinoma, and the paclitaxel resistant 1A9-PTX10 and 1A9-PTX22
ovarian carcinomas. The results of this study show that TL-310 demonstrated nanomolar
antiproliferative activity which was superior to that of paclitaxel in all of the human tumor cell
lines tested including the DLD-1 colon carcinoma which over expresses p-glycoprotein 
and which is resistant to both paclitaxel and docetaxel. TL-310 was at least 5-fold more potent
compared to paclitaxel and docetaxel in killing DLD-1 tumor cells. In general, IC50 values of
TL-310 for the cell lines tested were equivalent or slightly superior to those obtained for doc-
etaxel. In 1A9-PTX10 and 1A9-PTX22 ovarian tumor cells which have been made paclitaxel
resistant due to a specific tubulin mutation, the antitumor activity of TL-310 was at least 4 to
8 fold more potent compared to that of paclitaxel. Incubation of HCT116 cells with 10 nM and
100 nM of TL-310, paclitaxel and docetaxel resulted in decreased percentages of cells in G1
phase, with a concomitant increase in the percentage of cells in S and G2/M phases of the-
cell cycle compared to control (untreated) following 24 hr exposure. TL-310 and paclitaxel
induced very similar effects on the percentage of cells undergoing apoptosis at 10.0 nM, while
docetaxel treated cell populations appeared to be both necrotic and apoptotic at this concen-
tration. Fluorescence microscopic analyses of cells treated with TL-310 showed extensive
microtubule bundling comparable to paclitaxel and docetaxel treatment, and evidence of
nuclear fragmentation and multinucleation. These results indicate that 1) the in vitro antitumor
activity of TL-310 is superior to that of paclitaxel and that the compound 
is capable of overcoming paclitaxel resistance mediated by two diverse types of mechanisms
in tumor cells (over expression of p-glycoprotein and specific tubulin mutations) 2) the in vitro
antitumor activity of TL-310 is at least equivalent, or in many cases, superior to that of doc-
etaxel and 3) TL-310 exerts similar effects on cell cycle and microtubule interaction compared
to paclitaxel and docetaxel.

Determination of Cytotoxicity and IC-50 of TL-310, Paclitaxel and Docetaxel for HCT116, HT-29, DLD-
1, PANC-1, PC-3, LNCaP, 1A9, 1A9-PTX10 and 1A9-PTX22 Cell Lines
TL-310, paclitaxel and docetaxel were analyzed for their effects on proliferation of HCT116 and HT-29 colon
carcinomas, the DLD-1 drug resistant colon carcinoma, PANC-1 pancreatic adenocarcinoma, PC-3 and
LNCaP prostate carcinomas, IA9 ovarian carcinoma, and the paclitaxel resistant 1A9-PTX10 and 1A9-
PTX22 ovarian carcinomas. All cell lines were maintained in RPMI-1640 tissue culture medium (TCM)
(supplemented with antibiotics and 10% fetal bovine serum) and cultured at 37°C in humidified air contain-
ing 5% CO2. To assess the antiproliferative effects of test compounds, tumor cell cultures were first estab-
lished at 1 x 105 cells/ml in tissue culture medium and incubated for 24 hr at 37°C in 10% CO2 in air in order
to allow cells to attach. A volume of 200 µl of medium was removed from each test well and 200 µl of medi-
um containing dilutions (0.1, 1.0, 10.0, 100 nM) of the test agent (dissolved in TCM and 0.1% DMSO) was
added to each well containing tumor cells and the resulting test plate incubated for 72 hr. Following incu-
bation, IC50 values were determined by adding 75 µL of warm growth media containing 5 mg/mL MTT (3-
[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) to each well and the cultures returned to the
incubator, and left undisturbed for 1 hr. Plates were processed and the absorbance of the resulting solu-
tions was measured by a plate reader at 570 nm. The absorbance of test wells was divided by the
absorbance of drug-free wells, and the concentration of agent that resulted in 50% of the absorbance of
untreated cultures (IC50) was determined by analyses of best fit curve of the data. 

Effect of TL-310, Paclitaxel and Docetaxel on Detection of “Microtubule Bundling” Patterns in
HCT116 Cells by Immunofluorescence. 
TL-310 was evaluated for its ability to stabilize microtubules in living tumor cells in vitro, the result of which
is cell death and which is ascribed as the mechanism of action for the anticancer drugs paclitaxel and doc-
etaxel. Approximately 5,000 HCT116 human colon adenocarcinoma cells in complete tissue culture medi-
um (RPMI 1640 medium with 10% fetal calf serum and antibiotics) were added to wells of slide chambers
and allowed to grow and attach overnight. Varying dilutions of TL-310, paclitaxel and docetaxel in DMSO
were prepared from initial 1.0 mM stock solutions and were added to the slide chamber wells and incubat-
ed at 37°C for 24 hours. Slides were fixed with 10% formalin containing 3% glucose for 10 min at room tem-
perature, washed with PBS and incubated with 2% triton X-100 in PBS then stained with a 1:1000 dilution
of mouse anti-a tubulin for 45 min at 37°C, followed by three washes and stained with FITC conjugated,
goat anti-mouse antibody and similarly incubated for 45 min at 37°C. Antibody solution was removed, and
a propidium iodide/RNAse solution was added and the slides incubated at 37°C for an additional 20 min.
Slides were washed with PBS and distilled water and allowed to air dry. Cover slips were mounted to slides
with SlowFadeTM and the slides examined using fluorescence microscopy. 
Flow Cytometric Analyses of Cell Cycle Block (G2/M) and Detection of Apoptosis. 

HCT116 human colon carcinoma cells were incubated in the presence or absence of 10.0 
or 100.0 nM of TL-310, paclitaxel or docetaxel (as controls) for 24hr. Cells were harvested, fixed in 75%
ethanol overnight at 4°C and stained with 0.02 mg/ml of propidium iodide (PI) together with 0.1 mg/ml of
RNAse A and analyzed on a Coulter ALTRA flow cytometer. The resulting DNA histograms were collected
from at least 10,000 P.I. stained cells at an emission wavelength of 690 nM. The number of cells in each
phase of the cell cycle (G1, S and G2/M) was determined and those in the apoptotic phase were measured
by determining the percentage of cells in sub G1 peak.

Comparative Cytotoxic Effects of TL-310, Paclitaxel and Docetaxel
The in vitro cytotoxic activity of TL-310 was compared to that of paclitaxel and docetaxel 
in taxane sensitive and taxane resistant/refractory human tumor cell lines. The results in Table 1 show that
TL-310 exhibited potent cytotoxicity against the DLD-1 colon carcinoma which over expresses p-glycopro-
tein and is resistant to both paclitaxel and docetaxel. TL-310 was at least 5-fold more potent compared to
both paclitaxel and docetaxel in killing DLD-1 tumor cells in vitro. In the ovarian cancer cell lines, 1A9-
PTX10 and 1A9-PTX22 which have been made paclitaxel resistant due to a specific β-tubulin mutation
replacement (1A9-PTX10 Phe->Ala at b270, 1A9-PTX22 Ala->Thr at β364), the antitumor activity of TL-310
was at least 4 to 8 fold more potent compared to that of paclitaxel. In general, IC50 values of TL-310 for all cell
lines tested were equivalent or slightly superior to those obtained with docetaxel. These results indicate
that the in vitro antitumor activity of TL-310 is superior to that of paclitaxel and that the compound 
is capable of overcoming paclitaxel resistance mediated by two diverse types of mechanisms 
in tumor cells, those being 1) over expression of p-glycoprotein and 2) specific tubulin mutations. The in
vitro antitumor activity TL-310 is at the very least equivalent, or in many cases, superior to that of doc-
etaxel in the cell lines tested.

In order to determine the in vitro mechanism of action of a semi-synthetic, taxane analog, 
namely, TL-310, we compared its biological activity with that of paclitaxel and docetaxel using
the following assays 1) cytotoxicity (IC50 determinations) of HCT116 and HT-29 colon 
carcinomas, the DLD-1 drug resistant colon carcinoma, PANC-1 pancreatic adenocarcinoma,
PC-3 and LNCaP prostate carcinomas, IA9 ovarian carcinoma, and the paclitaxel resistant 
1A9-PTX10 and 1A9-PTX22 ovarian carcinomas. 2) flow cytometric determination of cell cycle
block and apoptosis of HCT116 cells and 3) immunofluorescence microscopic examination 
of HCT116 cells treated with various concentrations of TL-310, paclitaxel and docetaxel.

Effects of TL-310, Paclitaxel and Docetaxel on Cell Cycle of HCT116 Cells
Increasing concentrations of TL-310, paclitaxel and docetaxel resulted in decreased percentages 
of cells in G1 phase, with a concomitant increase in the percentage of cells in S and G2/M phas-
es of the cell cycle compared to control (untreated) following 24 hr exposure. TL-310 and pacli-
taxel induced very similar effects on the percentage of cells undergoing apoptosis at 10.0 and
100.0 nM, while docetaxel treated cell populations appeared to be both necrotic and apoptotic at
10.0 nM.
Effects of TL-310, Paclitaxel and Docetaxel on Microtubule and Nuclear Morphology 
of HCT116 Cells
Immunofluorescence microscopy was used to visualize changes in microtubule morphology 
and nuclei in TL-310 treated HCT116 cells as compared to paclitaxel and docetaxel treatment.
Results are presented in Plates 1a-c, 2a-b and 3a-c.

TL-310 is a taxane analog which demonstrates in vitro cytotoxic activity against various human
tumor cell lines, with superior activity compared to paclitaxel and docetaxel, against cell lines
which express two forms of drug resistance via 1) over expression of MDR-1 in DLD-1 colon 
carcinoma cells and 2) β-tubulin mutations in 1A9-PTX10 and 1A9-PTX22 ovarian carcinoma
cells. Cell cycle analyses showed that TL-310’s mechanism of action includes blockage of cell
proliferation at the G2/M phase of the cell cycle and apoptosis. TL-310, paclitaxel 
and docetaxel, all induced apoptosis in HCT116 cells, Docetaxel treatment, however, appeared
to induce necrotic populations of cells at 10.0 nM. The appearance of these necrotic populations
may be related to docetaxel’s reported higher toxicity profile. Immunofluorescence microscopic
analysis of TL-310 treated tumor cells showed extensive microtubule bundling, nuclear 
fragmentation (apoptotic bodies), and multinucleation. TL-310 appears to be a more potent 
in vitro cytotoxic agent in paclitaxel-resistant cells compared to paclitaxel and docetaxel and, 
in general, exerts effects similar to these compounds on cell cycle and microtubule interaction.

A new taxane analog, TL-310 was evaluated for cytotoxic activity against a panel of human 
cancer cell lines and compared to results obtained with paclitaxel and docetaxel. The cytotoxic
activity of TL-310 was superior to that of paclitaxel or docetaxel in the drug-resistant, MDR-1,
over expressing DLD-1 colon cancer cell line and the β-tubulin mutation 1A9-PTX10 and 
1A9-PTX22 ovarian cancer cell lines. Cell cycle analyses and immunofluorescence microscopy
of HCT116 cells treated with the three compounds was performed to determine TL-310’s 
mechanism of action. The results indicated that TL-310’s mechanism of action appeared 
to be very similar to that of paclitaxel and docetaxel, however, in regards to in vitro induction 
of apoptosis and necrosis, TL-310 appeared to behave more like paclitaxel than docetaxel. 
TL-310’s ability to kill drug resistant cells combined with its specific apoptotic action makes it an
attractive candidate for consideration as a possible clinical candidate.
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Table 1.  IC50 Values (nM) of TL-310 Paclitaxel 

and Docetaxel for Various Cell Lines

Cell Line Tumor 
Origin 

Resistance 
Mech. 

TL-310 Paclitaxel Docetaxel 

HCT-116 Colon - 0.9 2.4 0.9 

HT-29 Colon - 1.2 2.6 1.2 

DLD-1 Colon p-glycoprotein 1.9 >10 9.2 

PC-3 Prostate - 1.8 4.1 2.8 

LnCaP Prostate - 2.6 3.1 1.9 

PANC-1 Pancreatic - 1.8 4.2 2.0 

1A9 Ovarian - 1.6 2.5 1.8 

1A9-
PTX10 

Ovarian Tubulin 
mutation 

5.2 >40 7.0 

1A9-
PTX22 

Ovarian Tubulin 
mutation 

8.5 >30 8.5 

Abstract

Structures of Paclitaxel, 

Docetaxel and TL-310
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Fig 1.  Cell Cycle Analyses of HCT116 Cells Treated with 

Paclitaxel, Docetaxel or TL-310
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Studies were initiated to identify the cell cycle phases within the cell 

cycle by which TL-310 was exerting its antiproliferative effect against 

HCT116 cells in comparison to paclitaxel and docetaxel. Results of 

untreated control samples are shown in Fig 1.  The results of treated 

samples are presented as histogram files (Fig 2)

Effects of TL-310, Paclitaxel and Docetaxel 
on Cell Cycle of HCT116 Cells

Plate 1a shows the normal morphology of 
HCT116 human colon tumor cells cultured 
for 24 hr. The microtubule matrix is 
visualized by green staining structures, 
microtubules, (anti- tubulin antibody) and 
the nuclei red (propidium iodide). Note the 
individual microtubule filaments.

Plates 1b and 1c  show  HCT116 human 
colon cancer cells treated with 10.0 nM and 
100 nM paclitaxel.  The formation of green 
bundles of microtubules was observed, 
some of which run the entire length of the 
cell.  Nuclei expressed  fragmentation and 
multiple aster formation (100.0 nM)

1a

1b

1c

Plates 2a and 2b:  HCT116 human colon cancer cells were treated with 10.0 nM
(Fig 2a) or 100.0 nM (Fig 2b) of docetaxel. Microtubule bundles and fragmented nuclei 
are present, similar to that observed for paclitaxel treated cells. Short and
thick microtubule bundles were observed. Rounded up cells contain
multiple centrosomes and  nuclear material surrounding a central core
(monoaster formation).

2a 2b

Plates 3a,3b and 3c: HCT116 cells treated with 10.0 nM (3a, 3b) or 100.0 nM (3c) of 

TL-310.  Magnified views of extensive multinucleation, monoasters and thick 

microtubule bundle formation.

3a 3b

3c
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