
Abstract. Background: The development of synthetic taxanes
targets at increasing solubility of the drug, improved clinical
efficacy and reduced side-effects. We evaluated the sensitivity
of head and neck squamous cell carcinoma cell lines to BMS-
184476 and BMS-188797 in vitro. Materials and Methods:
The effects of paclitaxel and the synthetic taxanes were tested
on six recently established cell lines (3 oral cavity SCC, 3
laryngeal SCC) using the 96-well plate clonogenic assay. The
IC50 values, corresponding to the mean inactivation dose,
were obtained from the dose response curves. Results: All
tested cell lines were considerably more sensitive to both
synthetic taxanes compared to paclitaxel. As a rule, the IC50
concentration for paclitaxel was 4-5.5 times higher than that
of BMS-184476 or BMS-188797. The sensitivity to these drugs
varied from cell line to cell line, and time lapse video
microscopy showed a mitotic arrest with subsequent apoptosis
after four hours with BMS-188797. Conclusion: These results
indicate that the synthetic taxanes could be useful clinically
and warrant in vitro testing in combined modality models, like
concurrent chemoradiation.

Surgery is the standard treatment in head and neck

squamous cell carcinoma (HNSCC). Pre- or postoperative

radiation is often combined with the treatment. Combined

modality therapies have been used to an increasing extent

with paclitaxel being successfully used in these combinations.

Concurrent chemoradiation trials have given promising

results in locoregionally advanced HNSCC (1-3).

Paclitaxel has established efficacy in a number of

different tumors (4). It has been successfully used in the

treatment of several solid tumors during the past decade. It

has been incorporated in the regimen in the treatment of

breast, ovarian, lung and head and neck cancers (5-8). It has

also been successfully used in chemoradiation protocols (5).

Side-effects like hypersensitivity reactions (HSR),

neutropenia and neurotoxicity are known problems during

the treatment and, therefore, proper premedication is

required (4). The development of new taxanes has been

extensive in order to diminish the side-effects, increase the

solubility of the drug, hopefully increase the efficacy or

widen the antitumor spectra, or even conquer the resistance

to taxanes. 

New taxanes have given promising results in both

preclinical and preliminary clinical settings (9,10). The new

taxane analogues BMS-184476 and BMS-188797 have

proven to be effective and the side-effects have been fewer

than with paclitaxel (11-14). Antitumor activity in taxane-

refractory solid tumors has also been demonstrated with

these new taxanes (15).

The purpose of this study was to test the effects of two

new taxanes, BMS-184476 and BMS-188797, on head and

neck squamous cell carcinoma (SCC) cell lines in vitro.

Comparison with the effects of paclitaxel on these cell lines

was done simultaneously.

Materials and Methods

Cell lines. Six head and neck SCC cell lines were used in the study.

All cell lines used were established in the University of Turku,

Finland. UT-SCC-1A and -33 are SCCs from the oral cavity and

UT-SCC-9, -11 and -34 are SCCs of laryngeal origin. UT-SCC-2,-33

and -34 were established from primary tumors, UT-SCC-1A and -

11 from local recurrence and UT-SCC-9 from a neck metastasis

(16,17). Characteristics of the cell lines are listed in Table I.

Cell culture. Prior to the experiments, the cells were grown in

Dulbecco’s modified Eagle’s minimal essential medium containing

2 nM glutamine, 1% nonessential amino acids, 100 U/ml penicillin,

100 U/ml streptomycin and 10% fetal bovine serum (FBS). The

cells were kept in logarithmic growth by passing them weekly or bi-

weekly.
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Drug preparation. Paclitaxel (Taxol®, Bristol-Myers Squibb, Espoo,

Finland) was received as an infusion concentrate 6 mg/ml. BMS-

184476 and BMS-188797 (Bristol-Myers Squibb) were received in

powder form and dissolved initially in ethanol. All three drugs were

dissolved in 0.9% sodium chloride for solutions of 0.1 mM. Stock

solutions of 100 nM were prepared in Ham’s F-12 medium, kept at

-18ÆC and thawed immediately before the experiments. Final

dilutions of 0.05-1.0 nM were used.

Clonogenic assay. The cells were grown in T25 culture flasks in the

midlogarithmic phase (40-60% confluency) and fed with fresh

medium on the day before plating for the experiments. The

clonogenic assay was performed as described earlier (18). In brief,

the cells were harvested by trypsin/EDTA, counted and diluted to

a stock solution of 4167 cells/ml. Further dilutions of this single cell

suspension, with or without the drug, were made in 50 ml of Ham’s

F-12 medium containing 15% FBS. The cells in that suspension

were plated in 96-well culture plates by applying 200 Ìl/well using

an octapipette. The number of cells plated per well was adjusted

by the plating efficiency (PE) of each cell line. The plates were

incubated in a water vapour saturated atmosphere containing 5%

CO2 at 37ÆC. After four weeks, the number of positive wells was

counted using an inverted phase-contrast microscope. Wells with

colonies consisting at least 32 cells were considered positive. The

drugs were allowed to remain in the plates during the whole

incubation period.

Data analysis. The PE was calculated using the formula –ln(

number of negative wells/ total number of wells)/ number of cells

plated per well. Fraction survival data as a function of the drug

dose were found to be fitted in the linear quadratic equation. A

microcomputer program was used to fit data to F= A * exp[-

(·D+‚D2)]. IC50 values, corresponding to the 50% inhibition of

surviving fraction, were measured to assess the in vitro sensitivity

of the cell lines to the drugs. IC50 values were obtained from the

dose response curves after fitting the data to the LQ model. 

Time-lapse video microscopy. One day after plating, prior to starting

the experiments, the cells were fed with fresh medium or a medium

containing 5 nM paclitaxel, 5 nM BMS-184476 or 5 nM BMS-

188797. The medium was equilibrated with 5% CO2 at 37ÆC in a

incubator for 10 minutes. The culture flask was then capped and

transferred to a 37ÆC heated stage of an inverted microscope

(Nikon, Diaphot, Nikon Corp., Tokyo, Japan) and the filming was

started. Cells were viewed using phase-contrast optics at 20x

objective magnification coupled to a JVC 3CDD KY-F30 video

camera (Victor Company, Tokyo, Japan). An edge of a

representative colony was selected for the field to be analysed

containing 27 - 60 cells (median 40 cells). The time-lapse video

recording was performed so that two successive pictures were taken

at 30-second intervals (Panasonic AG-6720A). The video recorder

and the microscope were coupled to a timer (LIBT2, Red Lion,

USA) which lit the microscope lamp for 5 seconds in every 30

seconds in synchrony with the recorder. The culture flask was

shielded from ambient room light.

Filming was continued for 72 hours. Subsequently the film was

viewed, frame by frame, on a video monitor. The cumulative

numbers of premitoses, mitoses, apoptoses, multinucleated cells

and necroses per field were counted at 24-hour intervals.

Premitosis was considered to have begun when a cell became round

and condensed. Mitosis was considered to have ended with the

appearance of cell division. The cells were considered to be
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Table I. Characteristics of the cell lines.

Cell line Clinical stagea Primary tumor location Specimen site Type of lesion

UT-SCC-1A T2N1M0 gingiva gingiva recurrence

UT-SCC-2 T4N1M0 floor of mouth floor of mouth primary

UT-SCC-9 T2N1M0 glottic larynx neck metastasis

UT-SCC-11 T1N0M0 glottic larynx larynx recurrence

UT-SCC-33 T2N0M0 gingiva of mandible gingiva of mandible primary

UT-SCC-34 T4N0M0 supraglottic larynx supraglottic larynx primary

aTNM status of primary tumors according to AJC (American Joint Commission of staging)

Table II. The plating efficiencies, passages used and the previously
evaluated intrinsic radiosensitivities of the six HNSCC cell lines.

Cell line Plating Passages Intrinsic radiosensi-

efficiencies used tivities (Gy)

UT-SCC-1A 0.18-0.37 17-28 1.7 ± 0.3

UT-SCC-2 0.22-0.79 12-33 1.8 ± 0.2

UT-SCC-9 0.13-0.84 3-28 1.4 ± 0.1

UT-SCC-11 0.31-0.77 19-33 2.0 ± 0.2

UT-SCC-33 0.25-0.63 17-32 2.0 ± 0.2

UT-SCC-34 0.38-0.65 19-30 2.0 ± 0.1

Table III. Taxane sensitivities of the HNSCC cell lines. 

Cell line Paclitaxel BMS-184476 BMS-188797 

UT-SCC-1A 2.1±0.1 nM 0.41±0.15 nM 0.42±0.18 nM

UT-SCC-2 1.2±0.1 nM 0.080±0.025 nM 0.32±0.12 nM

UT-SCC-9 1.5±0.1 nM 0.26±0.12 nM 0.35±0.19 nM

UT-SCC-11 1.6±0.1 nM 0.50±0.10 nM 0.53±0.15 nM

UT-SCC-33 1.3±0.1 nM 0.24±0.11 nM 0.34±0.08 nM

UT-SCC-34 1.5±0.1 nM 0.11±0.03 nM 0.25±0.02 nM



multinucleated when the condensed cell again became flat without

producing a daughter cell (morphologically multinucleated). An

apoptotic cell death was recorded either when a flat cell condensed

rapidly or an already condensed cell (considered as premitotic)

died after violent cytoplasmic pulsation and blebbing. Necrosis was

characterised by a non-cycling cell dying after a rapid swelling and

rupture of cell membranes. The time in premitosis was calculated

by following the individual cells from the beginning of premitosis to

the beginning of apoptosis (19). 

Results

Six SCC cell lines were evaluated in this study. The plating

efficiencies, passages used and the previously evaluated

intrinsic radiosensitivities (expressed as area under the

survival curve in the 96-well plate clonogenic assay) of the

cell lines (16,17) are listed in Table II. 

The sensitivities of the cell lines to paclitaxel, BMS-184476

and BMS-188797 expressed as IC50 values are listed in Table

III. The dose-response curves in Figure 1 represent the effects

of these three drugs on clonogenic growth on individual

HNSCC cell lines. IC50 values for paclitaxel varied between

1.2-2.1 nM, mean 1.5 nM. The IC50 values of the two taxane

analogues were significantly lower: the IC50 values of BMS-

184476 varied between 0.080- 0.50 nM, mean 0.27 nM, and

those of BMS-188797 ranged from 0.25 nM to 0.53 nM, mean

0.37 nM. The difference between the IC50 values of original

paclitaxel and the analogues was 4-5.5 fold. Furthermore, with

three of the cell lines, UT-SCC-2,-33 and -34, the effect of

BMS-184476 was even more potent than with BMS-188797.

Time-lapse video microscopy was used to analyse the

morphological changes induced by 5 nM paclitaxel, BMS-

184476 and BMS-188797 in the cultured laryngeal SCC cells.

In Table IV the results are shown as the ratio of events to the

initial cell number. As expected on the basis of our previous

experiments, the control cultures of all cell lines showed

frequent mitoses (19). Apoptoses were also seen in the

control cultures; they represented 12% and 18% of the initial
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Figure 1. Sensitivity of HNSCC cell lines, UT-SCC-1A and -2, to taxanes in vitro. The figure shows the fraction survival curves as function of taxane dose.
The results are given as the average of the actual data points, and the bars represent one SD. The data were fitted by the linear quadratic equation to
produce the fraction survival curves.

Table IV. Time-lapse videomicroscopy. The mitotic and apoptotic
frequency of the cell lines after 5 nM of taxane. The values used are
cumulative and ratios to initial cell number. Initial cell numbers are given
in parenthesis.

Mitoses/initial Apoptosis/initial 

cell no. cell no.

Control 1.18 (27) 0.18 (27)

1.46 (50) 0.12 (50)

Paclitaxel 0.7 (60) 0.13 (60)

5 nM

BMS-188797 0 (30) 0.5 (30)

5 nM

BMS-184476 0.5 (52) 0.1 (52)

5nM 0.7 (28) 0.14 (28)



cell number. In the cultures treated with 5 nM paclitaxel the

amount of mitoses decreased slightly but the amount of

apoptoses was unchanged. Five nM BMS-184476 had the

same effect as 5nM paclitaxel but 5 nM BMS-188797 could

prevent all mitoses and induced apoptosis. These cells stayed

mitotically arrested for a median 4 hours (range 1h 40min to

24h), after which the cells died morphologically by apoptosis

i.e. by cellular shrinkage, violent pulsation and blebbing of the

plasma membrane during subsequent hours. The apoptoses

represented 50% of the initial cell number while the rest of

the cells remained morphologically in interphase (Table IV).

Discussion

Paclitaxel has already become a standard treatment in several

cancers such as breast, ovarian, lung and head and neck cancers

(5-8). Currently, it has also been incorporated in many

chemoradiation protocols (3). The optimal dosage of paclitaxel

has been under investigation and it has been presumed that

better antitumor effects could be reached with shorter and

more intense schedules (20). Effective peak plasma

concentrations could be reached using 3-hour weekly

administration, but then again the side-effects may limit the

optimal dosage. On the other hand, the efficacy of paclitaxel

may depend on the exposure duration rather than peak

concentration; with continuous infusion, highest cumulative

paclitaxel doses could be reached (21). It may be presumed that

with the new taxanes, with greater potency, a smaller quantity of

the analogue may be required to produce the cytotoxic effects

than with paclitaxel. However, there are also other properties

that influence the final therapeutic index of the new drugs.

The development of synthetic taxanes has been focused

on reducing side-effects. Cremophor EL is thought probably

to be the main cause of the HSRs (22). By increasing the

solubility of the drug, the amount of this harmful vehicle

could be reduced, and the clinical efficacy of the drug may

thereby be improved (10). Novel taxane analogues possess

a single structural modification from paclitaxel and they

seem to have improved solubility in aqueous cosolvents (9).

Three-fold less Cremophor EL is needed to formulate

BMS-184476 than to formulate paclitaxel (10). Interestingly,

the new taxanes have presented not only lesser side-effects,

but also somewhat superior efficacy in both in vitro and in
vivo studies, as well as in clinical settings (11,12).

In the course of searching for novel taxane analogues, two

C-7 paclitaxel ethers have been found to provide an efficacy

advantage over paclitaxel (23). These two analogues, BMS-

184476 and BMS-188797, have demonstrated improved efficacy

compared to paclitaxel or docetaxel in a number of rodent solid

tumors and human xenografts (11). The feasibility of BMS-

184476 has been assessed in phase I studies (10,13,14,24) and

has now proceeded to phase II (12). In the current study, the

new taxane analogues BMS-184476 and BMS-188797 showed

a considerable efficacy on HNSCC in vitro. Six HNSCC cell

lines were found to be sensitive to paclitaxel in nanomolar

concentrations, but the influence of the two new taxanes on

these cell lines was even more effective. The IC50 values for

paclitaxel varied between 1.2-2.1 nM, which is well below the

achievable plasma concentrations. Previously, we found vulvar

SCC and ovarian carcinoma cell lines also to be sensitive to

paclitaxel in nanomolar concentrations; as a matter of fact, the

mean IC50 value of eleven vulvar SCC cell lines was exactly the

same as the mean of 1.5 nM of the six HNSCCs tested in the

current study (25,26). Remarkable sensitivity to the two new

taxanes BMS-184476 and BMS-188797 was seen, mean IC50

values being 0.27 and 0.37 nM, respectively. There was variance

between the two analogues from cell line to cell line, BMS-

184476 being the more potent of the two tested analogues,

although both of the analogues were significantly and

consistently more effective than paclitaxel. Over four-fold

concentrations of paclitaxel were needed for equivalent

cytotoxic effects when compared to the concentrations of the

new taxane analogues. Kim et al. (27) reported similar

differences between the efficacies of paclitaxel and the new

taxanes with human lung cancer cells in vitro, as was found in

this study. Additionally, in the current study we tested the

effects of the three drugs at a concentration of 5 nM, with time-

lapse video microscopy. With these considerably low doses the

mitotic frequency of the cell lines treated with paclitaxel or

BMS-184476 was slightly decreased, but the apoptotic

frequency was unaffected. However, even with this low

concentration a complete mitotic inhibition and subsequent

induction of apoptosis after the mitotic arrest was seen with

BMS-188797. Furthermore, no correlation between the effects

of the tested taxanes and the intrinsic radiosensitivity of the cell

lines could be seen. Nor has any correlation between these two

properties been found earlier in our works with paclitaxel in

SCC cell lines (19,26). This must be considered as an advantage

in the concomitant chemoradiation setting.

Novel taxane analogues have also been demonstrated to

have effect on paclitaxel-resistant cell lines (10,23). This

could, along with other advanced properties, give the new

drugs an advantage over the original cytotoxic agent. The

increased efficacy with lower drug concentrations does not

necessarily predict better therapeutic index, but when the

amount of the solvent, Cremophor EL, could be decreased,

leading to less side-effects, the benefit is obvious. 

In the current study, remarkable efficacy of the two novel

taxanes, BMS-184476 and BMS-188797, on HNSCC cell

lines in vitro was seen. In vitro testing of the novel taxanes

concurrently with radiation is warranted.

Acknowledgements

We express our gratitude to Mrs M. Potila for her excellent

technical assistance in performing the experiments. Paclitaxel,

ANTICANCER RESEARCH 24: 3769-3774 (2004)

3772



BMS-184476 and BMS-188797 were provided by Bristol-Myers

Squibb, Finland. This work has been supported by EVO-funds of

Turku University Central Hospital, Finland.

References

1 Forastiere AA: Head and neck cancer: overview of recent

developments and future directions. Semin Oncol 27: 1-4, 2000.

2 Forastiere A, Goepfert H, Maor M, Pajak TF, Weber R,

Morrison W, Glisson B, Trotti A, Ridge JA, Chao C, Peters G,

Lee DJ et al: Concurrent chemotherapy and radiotherapy for

organ preservation in advanced laryngeal cancer. N Engl J Med

349: 2091-8, 2003.

3 Suntharalingam M: The role of concurrent chemotherapy and

radiation in the management of patients with squamous cell

carcinomas of the head and neck. Semin Oncol 30: 37-45, 2003.

4 Rowinsky EK: The taxanes: dosing and scheduling

considerations. Oncology (Huntingt) 11(3 Suppl 2): 7-19, 1997.

5 Forastiere AA, Leong T, Rowinsky E, Murphy BA, Vlock DR,

DeConti RC and Adams GL: Phase III comparison of high-

dose paclitaxel + cisplatin + granulocyte colony-stimulating

factor versus low-dose paclitaxel + cisplatin in advanced head

and neck cancer: Eastern Cooperative Oncology Group Study

E1393. J Clin Oncol 15: 1088-95, 2001.

6 Ghersi D, Wilcken N, Simes J and Donoghue E: Taxane

containing regimens for metastatic breast cancer. Cochrane

Database Syst Rev (3): CD003366, 2003.

7 Herzog TJ, Holloway RW and Stuart GC: Workshop: options

for therapy in ovarian cancer. Gynecol Oncol 90(3 Pt 2): S45-

50, 2003.

8 Solomon B, Ball DL, Richardson G, Smith JG, Millward M,

MacManus M, Michael M, Wirth A, O'Kane C, Muceniekas L,

Ryan G and Rischin D: Phase I/II study of concurrent twice-weekly

paclitaxel and weekly cisplatin with radiation therapy for stage III

non-small cell lung cancer. Lung Cancer 41(3): 353-61, 2003.

9 Rose WC, Fairchild C and Lee FY: Preclinical antitumor

activity of two novel taxanes. Cancer Chemother Pharmacol 47:

97-105, 2001.

10 Hidalgo M, Aylesworth C, Hammond LA, Britten CD, Weiss

G, Stephenson J Jr, Schwartz G, Patnaik A, Smith L, Molpus

K, Felton S, Gupta E et al: Phase I and pharmacokinetic study

of BMS-184476, a taxane with greater potency and solubility

than paclitaxel. J Clin Oncol 19: 2493-503, 2001.

11 Ferrante K, Winograd B and Canetta R: Promising new

developments in cancer chemotherapy. Cancer Chemother

Pharmacol 43: 61-8, 1999.

12 Felip E: New anti-tubulin agents. Suppl Tumori 1: 17-8, 2002.

13 Bergh J, Lidbrink M, Albertsson M, Aloe A, Voi M, Dank M,

Jacobsen E, Kocak E, Lang I, Lokkevik E, Padrik P, Pienkowski

T et al: A randomized phase II study of two different schedules

of BMS-184476-a novel taxane, in patients with previously

anthracycline treated metastatic breast cancer. Proceedings of

ASCO 53a, 2002.

14 Poole CJ, Thomas H, Jayson G, Higgins H, Bomphray C,

Clamp A, Hewitt P, Siakpere P, Aloe A, Astier L, Kaye SB and

Gore M: Phase II clinical trial of BMS-184476, a novel taxane,

administered at days 1 and 8 every 28 days in patients (pts) with

relapsed epithelial ovarian cancer (EOC) previously treated

with platinum and paclitaxel-based chemotherapy. Proceedings

of ASCO 209a, 2002.

15 Advani R, Fisher R, Lum BL, Jambalos C, Cho CD, Cohen M,

Gollerkeri A and Sikic BI: Phase I and pharmacokinetic study

of BMS-188797, a new taxane analog, administered on a weekly

schedule in patients with advanced malignancies. Clin Cancer

Res 9: 5187-94, 2003.

16 Grénman R, Carey TE, McClatchey KD, Wagner JG, Pekkola-

Heino K, Schwartz DR, Wolf GT, Lacivita LP, Ho L, Baker SR,

Krause CJ and Lichter AS: In vitro radiation resistance among

cell lines established from patients with squamous cell

carcinoma of the head and neck. Cancer 67: 2741-7, 1991.

17 Erjala K, Pulkkinen J, Kulmala J, Alanen K and Grenman R:

Head and neck squamous cell carcinoma is highly sensitive to

vinorelbine in vitro. Anticancer Res 22(6A): 3135-42, 2002.

18 Grénman R, Burk D, Virolainen E, Wagner JG, Lichter AS and

Carey TE: Clonogenic cell assay for anchorage-dependent

squamous cell carcinoma cell lines using limiting dilution. Int J

Cancer 44: 131-6, 1989.

19 Pulkkinen JO, Elomaa L, Joensuu H, Martikainen P, Servomaa

K and Grénman R: Paclitaxel-induced apoptotic changes followed

by time-lapse video microscopy in cell lines established from head

and neck cancer. J Cancer Res Clin Oncol 122: 214-8, 1996.

20 Akerley W and Choy H: Single-agent paclitaxel and radiation

for non-small cell lung cancer. Semin Radiat Oncol 2: 85-9,

1999.

21 Rosenthal DI, Lee JH, Sinard R, Yardley DA, Machtay M,

Rosen DM, Egorin MJ, Weber RS, Weinstein GS, Chalian AA,

Miller LK, Frenkel EP et al: Phase I study of paclitaxel given

by seven-week continuous infusion concurrent with radiation

therapy for locally advanced squamous cell carcinoma of the

head and neck. J Clin Oncol 19: 1363-73, 2001.

22 Weiss RB, Donehower RC, Wiernic PH, Ohnumma T, Gralla

RJ, Trump DL, Baker RJ, Van Echo DA, Von Hoff DD and

Leyland-Jones B: Hypersensitivity reactions from Taxol. J Clin

Oncol 8: 1263-8, 1990.

23 Altstadt TJ, Fairchild CR, Golik J, Johnston KA, Kadow JF,

Lee FY, Long BH, Rose WC, Vyas DM, Wong H, Wu MJ and

Wittman MD: Synthesis and antitumor activity of novel C-7

paclitaxel ethers: discovery of BMS-184476. J Med Chem 44:

4577-83, 2001.

24 Plummer R, Ghielmini M, Calvert P, Voi M, Renard J, Gallant

G, Gupta E, Calvert H and Sessa C: Phase I and

pharmacokinetic study of the new taxane analog BMS-184476

given weekly in patients with advanced malignancies. Clin

Cancer Res 8: 2788-97, 2002.

25 Engblom P, Rantanen V, Kulmala J, Heiskanen J and Grénman

S: Taxane sensitivity of ovarian carcinoma in vitro. Anticancer

Res 17: 2475-2480, 1997.

26 Jaakkola M, Rantanen V, Grénman S, Kulmala J and Grénman

R: Vulvar squamous cell carcinoma cell lines are sensitive to

paclitaxel in vitro. Anticancer Res 17: 939-44, 1997.

27 Kim JS, Amorino GP, Pyo H, Cao Q, Price JO and Choy H:

The novel taxane analogs, BMS-184476 and BMS-188797,

potentiate the effects of radiation therapy in vitro and in vivo
against human lung cancer cells. Int J Radiat Oncol Biol Phys

51: 525-34, 2001.

Received July 27, 2004
Accepted October 12, 2004

Raitanen et al: Head and Neck Carcinoma Sensitive to New Taxanes In Vitro

3773


