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Abstract
This study aimed to characterize the antitumor activity
of 5-Chloro-N-{2-[2-(4-chloro-phenyl)-3-methyl-butoxy]5-trifluoromethyl-phenyl}-2-hydroxy-benzamide (CTFB),
a novel anticancer agent, in head and neck cancer cell
lines, FaDu, SCC-25 and cisplatin-resistant CAL-27. CTFB
was generated as a result of an extensive medicinal
chemistry effort on a lead compound series discovered in a
high-throughput screen for inducers of apoptosis. All
cell lines showed significant growth delay in response to
CTFB treatment at a concentration of 1 Mmol/L with 17.16 F
2.08%, 10.92 F 1.22%, and 27.03 F 1.86% of cells
surviving at 120 h in FaDu, CAL-27, and SCC-25,
respectively. To define proteins involved in the mechanism
of action of CTFB, we determined differences in the proteome profile of cell lines before and after treatment with
CTFB using two-dimensional difference gel electrophoresis followed by computational image analysis and mass
spectrometry. Eight proteins were found to be regulated
by CTFB in all cell lines. All these proteins are involved in
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cytoskeleton formation and function and/or in cell cycle
regulation. We showed that CTFB-induced cell growth
delay was accompanied by cell cycle arrest at the G0-G1
phase that was associated with the up-regulation of p21/
WAF1 and p27/Kip1 expression and the down-regulation
of cyclin D1. Furthermore, we showed that activity of
CTFB depended on the down-regulation of nuclear factorKB (NF-KB) and NF-KB p65 phosphorylated at Ser536. The
level of proteasome activity correlated with the response
to CTFB treatment, and the down-regulation of NF-KB is
accompanied by enhanced proteasome activity in all
investigated head and neck cancer cell lines. In this report,
we show that CTFB reveals multiple effects that lead to
delayed cell growth. Our data suggest that this compound
should be studied further in the treatment of head and
neck cancer. [Mol Cancer Ther 2007;6(6):1898 – 908]

Introduction
Head and neck squamous cell carcinoma (HNSCC) is a
major cause of cancer-associated mortality and makes up
about 6% of all cancers worldwide (1). Progress in surgical
and radiotherapeutic techniques and advances in chemoand molecular targeted therapy during the past 10 years
have improved the outcome of HNSCC patients. Recently,
cetuximab, an antibody directed against the epidermal
growth factor receptor (EGFR) in combination with
chemotherapy (2, 3) or radiotherapy (4) has been shown
to improve locoregional control and to reduce mortality
in locally advanced and metastatic HNSCC patients.
Disease control can be achieved in a considerable number
of patients that was shown among 87 trials. However, the
use of chemotherapy and chemoradiotherapy is associated
with a survival advantage of only 5% and 8% at 5 years,
respectively (5, 6). Primary and secondary resistance to
chemotherapeutics contributes to poor clinical outcomes
in head and neck cancer patients. Various mechanisms
are involved in the development of chemoresistance, such
as AKT up-regulation (7), increased expression of Bcl-2
(8) and nuclear factor-nB (NF-nB) (9). Moreover, chemoresistance can be induced by a cellular function of the
MDR1 gene that actively purges drugs from the cells with
broad substrate specificity (10). In 2002, Tseng et al. showed
a correlation between early and advanced clinical stages
and MDR1 expression in head and neck cancer (11).
Recently, the correlation between MDR1 expression and
poor response to MDR1-dependent chemotherapeutic
drugs has been shown (12). For all these reasons, there is
a need for novel therapeutic strategies that may improve
the clinical outcome in head and neck cancer patients.
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Figure 1.

Structure of CTFB and effects on the cell growth and apoptosis of HNSCC. A, structure of CTFB. B, FaDu, CAL-27, and SCC-25 cells were
treated with concentrations from 0.5 to 20 Amol/L for 0 – 120 h and subjected to photometry analysis using sulforhodamine B assay. The growth of cells
was inhibited significantly in dose- and time-dependent manner in all cell lines. C, percentage of apoptotic cells was calculated by gating the sub-G1 region
on the DNA content histogram. Columns, mean obtained from three independent experiments; bars, SD.

5-Chloro-N-{2-[2-(4-chloro-phenyl)-3-methyl-butoxy]-5trifluoromethyl-phenyl}-2-hydroxy-benzamide (CTFB) is a
novel anticancer compound identified in a screen for
inducers of apoptosis by Myriad Pharmaceuticals Inc. for
the potential treatment of advanced solid tumors or hematologic malignancies (13). In experimental studies, CTFB
showed significant killing activity in ovarian and prostate
cancer cells as well as lymphoma cell lines. Additionally,
CTFB showed significant inhibition of the growth of ovarian
cancer cells in athymic nude mice xenografts.7 When CTFB
was tested to determine its susceptibility to MDR pumps,
its anticancer activity in the MDR-expressed cell lines was
similar to its activity in MDR-nonexpressed cell lines.
Therefore, CTFB is not a substrate for MDR pumps (14).
To study the mechanisms of antitumor activity of CTFB,
hypopharyngeal FaDu, tongue SCC-25, and CAL-27 squamous cell carcinoma cells were treated with CTFB. To
identify the antiproliferative effects of CTFB and the
mechanisms involved in the inhibition of cell growth, we
identified differences in protein expression in head and
neck squamous cancer cells (HNSCC) before and after
treatment using fluorescent dye techniques such as twodimensional difference gel electrophoresis (DIGE). Eight
proteins that showed differential expression patterns in all
cancer cell lines were identified using MALDI-TOF mass
spectrometry. These proteins belong to different functional
families that are involved in cytoskeleton formation and
function and/or in cell cycle regulation. Furthermore, we
show that antitumor activity of CTFB is associated with
NF-nB down-regulation and proteasome activation. Our
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data show that proteome-based technologies represent a
promising tool to investigate the complex interaction of the
protein network in malignant cells after treatment with
anticancer agents. In vivo experiments are in progress to
further substantiate in vitro findings.

Materials and Methods
Cell Culture and Treatment with CTFB
The FaDu pharynx, SCC-25 and CAL-27 tongue squamous cancer cell lines were purchased from the American
Type Culture Collection. FaDu cells were grown in EMEM
with Earle’s balanced salt solution (PAA Laboratories
GmbH) supplemented with 2 mmol/L L-glutamine, 1.5 g/L
sodium bicarbonate, 0.1 mmol/L nonessential amino acids,
50 units/mL penicillin, 50 Ag/mL streptomycin, and 10%
FCS (Sigma-Aldrich Handels GmbH). SCC-25 cells were
maintained in a mixture of DMEM and Ham’s F-12 medium
(1:1, v/v; Invitrogen GmbH) containing 2.5 mmol/L
L-glutamine, 15 mmol/L HEPES, 50 units/mL penicillin,
50 Ag/mL streptomycin, and supplemented with 400 ng/mL
hydrocortisone (Sigma-Aldrich Handels GmbH) and 10%
FCS. CAL-27 cells were maintained in DMEM with 4 mmol/L
L-glutamine adjusted to contain 1.5 g/L sodium bicarbonate and 4.5 g/L glucose (PAA Laboratories GmbH) and
10% FCS. Cultures were incubated in a 5% CO2 humidified
atmosphere.
5-Chloro-N-{2-[2-(4-chloro-phenyl)-3-methyl-butoxy]-5trifluoromethyl-phenyl}-2-hydroxy-benzamide (CTFB; Fig. 1A)
was provided by Myriad Pharmaceuticals Inc.. Because
CTFB at a concentration of 1 Amol/L was sufficient for
growth delay in viability assays and showed only weak
apoptotic effects in FaDu cells, this dose was used for all
further experiments.
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For statistical evaluation, mean values and SD were
calculated using three independent experiments; significance was determined by paired Student’s t test.
Viability Assay
Cultured cells with and without CTFB treatment were
fixed with 50 AL per well ice-cold 50% trichloroacetic acid
at 4jC overnight after 0, 24, 48, or 72 h. After washing five
times with water and air-drying for f20 min, cells were
stained with 100 AL of 0.4% sulforhodamine B (SigmaAldrich Handels GmbH) in 1% acetic acid for 15 min.
Subsequently, plates were washed five times with 1%
acetic acid and air-dried, and the dye was resuspended
in 100 AL of 10 mmol/L Tris buffer (pH, 10.5). Dye
quantification was done with a microplate reader (SPECTRAFluor Plus, Tecan Austria GmbH) at 510 nm. Cell
viability was calculated as follows: [experimental absorbance/untreated control absorbance]  100 at each time
point.
Protein Fractionation and Two-Dimensional DIGE
For sample preparation, cells were scraped and harvested
by centrifuging at 4jC for 5 min at 100  g. After washing
by centrifugation with 10 mL of PBS containing protease
inhibitors [1 mmol/L EDTA, 1 mmol/L phenylmethylsulfonyl fluoride (PMSF), 1 Ag/mL leupeptin, 5 Ag/mL
aprotinin] cells were resuspended in 2 mL of homogenization buffer (250 mmol/L sucrose, 3 mmol/L imidazole
[Sigma-Aldrich Handels GmbH] in double-distilled water)
also containing the protease inhibitors and centrifuged
for 10 min at 1,000  g and 4jC. Cells were resuspended
in homogenization buffer (thrice the volume of the cellular
pellet) and homogenized using a 25-gauge needle attached
to a 1-mL syringe. Homogenate was centrifuged at 1,700  g
for 10 min at 4jC, and the postnuclear supernatant was
collected in a new tube. Total membrane proteins were
obtained by ultracentrifugation of the postnuclear supernatant at 100,000  g for 1 h at 4jC. Cytosolic fraction
was collected in a new tube. The membrane pellet was
washed with homogenization buffer by centrifugation at
100,000  g for 40 min at 4jC and resuspended in
homogenization buffer. Proteins both of cytosolic and
membrane fractions were precipitated using methanol/
chloroform as previously described (15). Precipitated
proteins were then resolubilized in lysis solution [7 mol/L
urea, 2 mol/L thiourea, 40 mmol/L Tris base, 1% C7BZO
(Sigma-Aldrich Handels GmbH)]. Protein concentrations
were determined with a commercially available kit (Bio-Rad
Laboratories). About 30 Ag of protein in 20 AL of lysis
solution were labeled with 180 pmol of CyDye DIGE Fluor
minimal dyes (Amersham Biosciences; Cy3, Cy5 for sample
or Cy2 for internal control) for 30 min, resuspended in
280 AL of rehydration buffer [7 mol/L urea, 2 mol/L
thiourea, 1% C7BZO, 0.5% immobilized pH gradient (IPG)
buffer, DTT 60 mmol/L for cytosolic fraction, and 7 mol/L
urea, 2 mol/L thiourea, 1% ASB-14 (Sigma-Aldrich Handels
GmbH) and 0.5% IPG buffer, DTT 60 mmol/L for
membrane fraction] and loaded on immobilized 18-cm pH
3 – 10 nonlinear (NL) gradient strips. For the first dimension,
active rehydration (50 V) was carried out at 20jC for

12 h. Isoelectric focusing was done at 250 V for 30 min,
500 V for 1 h, 2000 V for 1 h, and finally at 8,000 V until
35,000 V/h were reached in total. For the second dimension,
samples were separated on 12.5% polyacrylamide gels with
the Ettan Dalttwelve System following the standard
procedure recommended by the manufacturer (Amersham
Biosciences). After electrophoresis, gels were scanned using
a Typhoon 94100 Imager at 100 dpi resolution (Amersham
Biosciences). Statistical analysis of changed proteins between samples was done using DeCyder difference in-gel
analysis (DIA) and DeCyder biological variation analysis
(BVA) software (Amersham Biosciences), setting the Student’s t test to <0.05.
In-Gel Digestion and MALDI-TOF/TOF Protein Identification
Protein spots were excised from gels with the Ettan
Spot Picker (Amersham Biosciences) and in-gel digested
with trypsin (Promega) as described by Hellman (16).
The in-gel digests were concentrated and desalted using
microZipTipC18 (Millipore) by elution of peptides with
the acetonitrile solution containing the a-cyano-4-hydroxycinnamic acid as a matrix directly onto the target. Mass
spectra were acquired using a MALDI-TOF/TOF Ultraflex instrument (Bruker Daltonics). Peptide mass fingerprintings and MS/MS spectra of selected precursor ions
were interpreted using MASCOT8 against the National
Center for Biotechnology Information nonredundant
protein database.
Cell Cycle Analysis and Detection of Apoptosis
Exponentially growing cells were treated with CTFB for
24, 48, and 72 h in 10% FCS supplemented medium. About
5  105 cells per tube were pelleted at 200  g, washed
twice with PBS, stained in 500 AL of DNA staining solution
(50 mg/mL propidium iodide, 0.1% Triton X-100, 0.1%
sodium citrate), incubated in the dark for 30 min and kept
at 4jC until fluorescence-activated cell sorting analysis. The
propidium iodide fluorescence of individual nuclei was
determined using a FACSCalibur with an excitation
wavelength of 488 nm and an emission wavelength at
670 nm. Results were represented as DNA histograms for
further analysis using CellQuest software (Becton Dickinson). Distribution of cells in the G0-G1, S, G2-M phases of
the cell cycle was determined using ModFit LT 3.0 (Verity
Software House, Inc.).
Percentage of apoptotic cells was calculated by gating
the sub-G1 region on the DNA content histogram. Cell
debris and small particles were excluded from the
analysis.
Nuclear/Cytoplasmic Fractionation and Western Blot
Analysis
For nuclear/cytoplasmic fractionations, 4  107 cells
were lysed in 500 AL of cytoplasmic extract buffer [CEB;
10 mmol/L HEPES, 60 mmol/L KCl, 1 mmol/L EDTA,
1 mmol/L DTT, 1 mmol/L PMSF, 1 Ag/mL leupeptin,
5 Ag/mL aprotinin, 0.075% NP40 (Sigma-Aldrich Handels
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GmbH); pH, 7.6] and incubated on ice for 3 min. After
centrifugation at 200  g, the cytoplasmic fractions were
removed from the pellets to clean tubes and the nuclei
washed with 1 mL of CEB without detergent. To the
nuclear pellets, 500 AL of nuclear extract buffer [20 mmol/L
Tris-HCl, 420 mmol/L NaCl, 1.5 mmol/L MgCl 2 ,
0.2 mmol/L EDTA, 1 mmol/L PMSF, 1 Ag/mL leupeptin,
5 Ag/mL aprotinin, 25% v/v glycerol (pH, 8.0)] was added
and incubated on ice for 20 min. After centrifugation at
10,000  g for 10 min at 4jC, supernatants were collected
into clean tubes. Protein precipitation was done using
methanol/chloroform as previously described (15). The
pellet was then dissolved in the loading buffer. Protein
concentrations were determined as described above.
Western blots were done as published previously (17)
using the following antibodies: rabbit anti – inhibitory nB-a
(InB-a), rabbit anti – NF-nB p105/p50, rabbit anti – NF-nB
p65, mouse anti-cyclin D1 (Cell Signaling Technology, Inc.),
mouse anti-p27/Kip1, mouse anti-p21/WAF1, and mouse
anti-p53 (Lab Vision Corporation). Anti – a-tubulin (Oncogene Research) antibody was used as loading control for
cytoplasmic and anti-histone H3 (FL-136; Santa Cruz
Biotechnology, Inc.) for nuclear fractions. The bands were
measured with a computerized digital imaging system

using GelScan 5.1 software (Serva Electrophoresis). The
integrated density value (IDV) was obtained as a ratio of
protein band density to a-tubulin or histone H3 band
density after background correction.
Fluorescence Microscopy
Treated and control cells were fixed for 15 min with 4%
paraformaldehyde in PBS. Cells were washed with PBS and
permeabilized for 15 min with 0.1% saponin in PBS
containing 1% bovine serum albumin and 0.1% sodium
azide. Cells were incubated at room temperature for 1 h
with rabbit anti – phospho-NF-nB p65 (Ser536) monoclonal
antibody (Alexa Fluor 488 conjugate; Cell Signaling
Technology, Inc.), washed twice, and coverslipped using
a fluorescent mounting medium (DAKOCytomation
GmbH). Slides were analyzed by confocal fluorescence
microscopy (LSM 510 META, Carl Zeiss GmbH) using
Zeiss LSM Software, version 3.2.
20S Proteasome Activity
To evaluate 20S proteasome activity, exponentially
growing cells were treated with CTFB for 24, 48, and
72 h. Cells were pelleted at 200  g, lysed for 15 min at 4jC
in radioimmunoprecipitation assay buffer [50 mmol/L
Tris-HCl (pH, 7.5), 150 mmol/L NaCl, 1 mmol/L EDTA,
1 mmol/L PMSF, 1 Ag/mL leupeptin, 5 Ag/mL aprotinin,

Figure 2.

Protein images identified
by two-dimensional DIGE. A, protein
extracts from cytosolic and membrane fractions were labeled with
either Cy3 (control) or Cy5 (CTFB
treated for 24 h) and subjected to
isoelectric focusing with a Cy2labeled pooled standard using immobilized 18-cm, pH 3 – 10, NL gradient
strips. For the second dimension,
samples were separated on 12.5%
polyacrylamide gels. Arrows, CTFBregulated proteins with accession
number (SWISS-Prot database). B,
differentially expressed spots were
evaluated from three independent
experiments using DIA and BVA
software setting Student’s t test
to <0.05. Corresponding identifications of proteins presented in Table 1.
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Table 1. Function and expression of identified proteins
Target protein

Cytosolic fraction
ATP-dependent
DNA helicase II

Accession no.

MW (kDa)

P13010

83.2

Stathmin 1 variant

Q50G27

17.3

Eukaryotic translation
elongation factor 1g

P26641

50.1

Annexin A2

P07355

38.8

Q96H99

57.6

Cyoplasmic dynein
intermediate chain

Q13409

68.7

RAB1B, member RAS
oncogene family

Q9H0U4

22.3

Heterogeneous nuclear
ribonucleoprotein H

Q6IBM4

49.3

Membrane fraction
Cortactin, isoform b

Function

Regulation coefficient
(after CTFB treatment)

Catalyzes the unwinding of parental
DNA strands during replication, repair,
recombination, and in some cases,
transcription with intrinsic
DNA-dependent ATPase activity
Microtubule-destabilizing protein that
promotes microtubule depolymerization
Subunit of EF1, one of the G proteins
that mediate the transport of aminoacyl
tRNA to 80S ribosomes during translation
Calcium-regulated, F-actin – and
phospholipid-binding protein;
overexpression of annexin A2 plays a role
in proliferation and metastasis development
F-actin – binding protein; the function of the
isoform b is not well understood
Responsible for transporting of membranous
vesicles and different cargoes to the minus
end of microtubules, including endosomes,
lysosomes; implicated in the positioning of the
Golgi apparatus, centrosome localization, and
microtubule transport
Serves as molecular switch to control the protein
transport from the endoplasmic reticulum to
Golgi complex and between Golgi compartment
Acts as a major gene regulatory protein that binds
heterogeneous nRNA and plays a fundamental
role in controlling gene expression

1% NP40, 0.5% deoxycholic acid sodium salt, 0.1% SDS]
and sonified. After centrifugation at 10,000  g for 10 min
at 4jC, supernatants were collected and protein concentrations were determined as described above. Proteasome
activity assays were done according to the assay instructions (CHEMICON Europe, Ltd.). Briefly, measurements of
proteasome activities were done using the labeled substrate
Suc-LLVY-AMC. Substrate Suc-LLVY-AMC was dissolved
at 10 mmol/L in DMSO and then diluted 1:20 in assay
buffer. Total cell lysates (20 Ag) were diluted to 100 AL in
assay buffer. Substrate Suc-LLVY-AMC were added to
samples and incubated at 37jC for 1 h. Fluorescence
intensities were measured with a microplate reader
SpectraFluor Plus (Tecan Austria GmbH) using 380 nm
excitation and 460-nm emission filters. Background readings from buffers were subtracted from the readings of
each sample.
Inhibition of Proteasome Activity and Cell Proliferation Assay
Cultured cells (5  103 cells per well) were treated with
CTFB at a concentration of 1 Amol/L or in combination
with lactacystin at concentrations of 1, 5, or 10 Amol/L for
4 and 8 h at a total volume of 200 AL in 96-well flat-bottom
plates. The proliferation was measured using bromodeox-

2.1

1.7
1.8

4.1

2.6
1.8

1.6

2.1

yuridine (BrdUrd) incorporation assay [Cell Proliferation
ELISA, BrdUrd (colorimetric); Roche Diagnostics GmbH].
The BrdUrd ELISA was done according to the manufacturer’s instructions. Briefly, the cells were labeled with
20 AL of BrdUrd labeling solution for the last 2 h. After
cultivation, cells were fixed with 200 AL of FixDenat
solution for 30 min. After removing FixDenat, 100 AL of
anti – BrdUrd-POD solution was added to each well.
Following incubation for 90 min, 100 AL of substrate
solution was added to each well. Absorbance of the
samples was measured at 370 nm, a test wavelength, and
at 492 nm, a reference wavelength, in a PowerWave XS
microplate spectrophotometer (BioTek Instruments Inc.).
The blank well corresponded to 100 AL of culture medium
with BrdUrd and anti – BrdUrd-POD.

Results
Effects of CTFB on Cell Growth and Apoptosis
To determine the growth-inhibitory activity of CTFB,
FaDu, SCC-25, and CAL-27, cells were treated with
concentrations from 0.5 to 20 Amol/L and cell viability
was assessed from 24 to 120 h of incubation. CTFB
treatment was shown to inhibit cell growth in a time- and
Mol Cancer Ther 2007;6(6). June 2007
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dose-dependent manner in all cell lines (Fig. 1B). However,
in FaDu and CAL-27 cell lines, CTFB at a concentration of
1 Amol/L was found to be the most potent with 17.16 F
2.08% and 10.92 F 1.22% of cells surviving at 120 h,
respectively. Treatment of SCC-25 cells with 1 Amol/L
CTFB revealed cell viability of 27.03 F 1.86% at 120 h.
Further increases in CTFB concentration to up to 20 Amol/L
did not result in significant differences in growth inhibition
in all cell line studies. To examine the effects of CTFB on
apoptosis, the cells were treated at concentrations from 1 to
20 Amol/L for 24, 48, and 72 h (Fig. 1C). It is interesting to
note that CTFB caused only an antiproliferative effect in
the more sensitive CAL-27 cells with f25% cell viability at
72 h without apoptosis development. FaDu and SCC-25
cells show dose- and time-dependent DNA degradation
and apoptosis up to 55% and 65% at 72 h, respectively.
CTFB Changes Expression of Proteins Involved in
Cytoskeleton and Cell Cycle Regulation
To identify potential mechanisms involved in CTFBinduced growth inhibition, cells were treated for 24 h, and
the protein profiles of cytosolic and membrane fractions
were examined by two-dimensional DIGE. Among the

f5,000 protein spots detected per cell line, up to 85 were
up-regulated, and 82 were down-regulated proteins in
cytosolic end membrane fractions. Proteins were selected
for mass spectrometry analysis when the expression of
individual proteins statistically differed by a ratio of more
than 1.5 in all cell lines. The identity of four cytosolic
proteins and four membrane proteins were determined.
The identified proteins as well as their physical parameters
and biological functions are summarized in Fig. 2A and B
and Table 1. They belong to different structural or
functional families and are involved in the control of cell
cycle and cytoskeleton formation and function.
G0 -G1 Arrest Is Associated with Up-regulation of p21/
WAF1 and p27/Kip1 and Down-regulation of Cyclin D1
The distribution of cells in different phases of the cell
cycle is shown in Fig. 3A. A more pronounced accumulation of cells in the G0-G1 phase was observed in the CAL-27
cells (74.88 F 0.86% at 24 h; 80.08 F 1.71% at 48 h; 79.33 F
2.02% at 72 h) and FaDu cells (53.11 F 1.47% at 24 h; 56.71
F 0.46% at 48 h; 58.72 F 4.02% at 72 h). Accumulation of
cells in G0-G1 phase was accompanied by a decreased
number of cells in S and G2-M phases. Although SCC-25

Figure 3.

CTFB causes cell cycle perturbations in HNSCC cell lines. A, cell cycle regulation by CTFB treatment in HNSCC. FaDu, CAL-27, and SCC-25
cells were treated with 1 Amol/L CTFB, and cell cycle distribution was assessed during 72 h using flow cytometry as described in Materials and Methods.
Columns, mean of three independent experiments; bars, SD. B, cell cycle – related protein expression. The cells were treated with CTFB for 24, 48, and
72 h and subjected to immunoblot analysis. IDV was calculated as a ratio of protein band density to a-tubulin after background correction.
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Figure 4. The effects of CTFB upon NF-nB expression. A, Western blot analysis of NF-nB and InB-a cytoplasmic and nuclear fraction. The figure
represents the level of expression of proteins by 0 h as control and after CTFB treatment over 72 h. IDV was calculated as a ratio of protein band density to
a-tubulin or Histone H3 band density after background correction. B, cells were treated with 1 Amol/L CTFB for 24 h, fixed, and incubated with anti –
phospho – NF-nB p65 (Ser536) antibody. Samples were visualized by confocal fluorescence microscopy using a blue filter of 470 – 490 nm.

cells revealed G0-G1 cell cycle arrest at 24 h (59.09 F 0.88%),
cell accumulation at the G0-G1 phase slightly decreased
to 58.43 F 6.03% at 48 h and 55.86 F 5.65% at 72 h with
simultaneous increases in the number of cells in the
S phase.
We next examined the expression of p53, p21/WAF1,
p27/Kip1, and cyclin D1 proteins, which represent critical
checkpoints in the G1-S transition. As determined by
immunoblotting, CTFB treatment decreased the expression
of p53 in FaDu and CAL-27 cell lines. SCC-25 cells did not
possess detectable levels of p53 (Fig. 3B). Expression of the
cyclin-dependent kinase (Cdk) inhibitor p21/WAF1 was
enhanced only at 24 h in FaDu and CAL-27 cells, whereas
SCC-25 cells showed decreased levels of p21/WAF1 at
24 – 72 h. However, increases in the expression of p27/Kip1

were observed in a time-dependent manner in all cell lines.
The expression of cyclin D1 significantly decreased
following 72 h of CTFB treatment in all cell lines, which
corresponded to the increases in p27/Kip1 expression.
CTFB Inhibits Tumor Cells Growth through the Downregulation of NF-KB Expression and Enhancement of
20S Proteasome Activity
Due to the identification of proteins by two-dimensional
DIGE that participate in the cell cycle regulation, we tested
whether the transcription factor NF-nB is involved in
CTFB-mediated cell growth inhibition. CTFB treatment
inhibited both active cytosolic NF-nB p50 and NF-nB p65
forms in all cell lines (Fig. 4A). NF-nB p50 and NF-nB p65
were down-regulated in the nuclear fraction of CAL-27 and
FaDu cells, whereas SCC-25 cells showed slightly increased
Mol Cancer Ther 2007;6(6). June 2007
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levels of NF-nB p50 at 24 – 72 h after treatment with CTFB.
The expression of InB-a strongly correlated with NF-nB
expression in FaDu and CAL-27 cell lines. To define
changes in the levels of phosphorylated NF-nB p65
[phospho – NF-nB p65 (Ser536)] upon CTFB treatment, cells
were treated for 24 h, stained with rabbit anti – phospho –
NF-nB p65 (Ser536) monoclonal antibody and analyzed
using immunofluorescent microscopy. For each cell line,
identical microscopic parameters were used. In untreated
cells, diffuse cytosol staining was observed (Fig. 4B).
Phospho – NF-nB p65 (Ser536) in FaDu and CAL-27 cells
was markedly decreased after CTFB treatment. In contrast,
SCC-25 cells did not show obvious changes in staining.
We then determined S20 proteasome activity in CTFBtreated cells. As shown in Fig. 5A, cell lines had different
constitutive proteasome activity with 16,304 F 843 relative
fluorescent units (RFU) in CAL-27 cells, 13,247 F 716 RFU
in FaDu cells and 7,399 F 591 RFU in SCC-25 cells.
Lactacystin, a highly specific proteasome inhibitor, was
used as a positive control and significantly inhibited
proteasome activity in all tested cell lines. FaDu and
CAL-27 cells showed the most prominent proteasome
activation in response to CTFB treatment (18,114 F 3,765
RFU at 24 h, 20,608 F 2,194 RFU at 48 h, 29,928 F 4,666
RFU at 72 h in FaDu cells and 23,479 F 3,351 RFU at 24 h,

23,903 F 2,074 RFU at 48 h, 33,682 F 3,882 RFU at 72 h
in CAL-27 cells). In contrast, proteasome activity in the
SCC-25 cell line was only slightly enhanced by CTFB
(10,321 F 1,293 RFU at 72 h). To determine whether
lactacystin treatment can rescue CTFB-induced growth
delay, cells were treated with 1 Amol/L of CTFB as a
control, or in combination with lactacystin at concentrations of 1, 5, or 10 Amol/L (Fig. 5B). CAL-27 and FaDu cells
showed the most prominent CTFB-caused proteasome
activity and showed newly synthesized DNA upon
concomitant lactacystin treatment in a dose-dependent
manner with maximum levels observed at 4 and 8 h,
respectively. In contrast, in SCC-25 cells with low CTFBinduced proteasome activity, lactacystin treatment cannot
abrogate the antiproliferative effect of CTFB. Our results
show that the proteasome proteolytic activity correlates
with NF-nB degradation and inhibition of cell growth.
These findings suggest that NF-nB degradation and
concomitant proteasome activation are critical factors in
CTFB-induced cell growth inhibition.

Discussion
Despite the recent advances in chemoradiotherapy and
antibody therapy (18), the prognosis for patients with

Figure 5. 20S proteasome activity and proliferation. A, the cells were treated with 1 Amol/L CTFB for 24, 48, and 72 h. Proteolytic activity of 20S
proteasome was measured by the cleavage of the fluorogenic substrate Suc-LLVY-AMC. The proteasome activity was inhibited by lactacystin (LC ) as
positive control. B, the cells were treated with 1 Amol/L of CTFB or in combination with lactacystin. In CAL-27 and FaDu cell lines demonstrating most
prominent proteasome activity, lactacystin can rescue newly synthesized DNA. Columns, mean from three independent experiments; bars, SD.
*, P < 0.05; **, P < 0.01; ***, P < 0.001.
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advanced squamous cell carcinoma of the oral cavity and
pharynx is still poor (19). Therefore, the identification and
targeting of molecular markers that predict response for
new drug therapeutics are warranted (20). The purpose of
this study was to investigate the antitumor effects of CTFB
and to define the potential mechanism(s) of action involved
in CTFB activity in head and neck cancer cells.
The head and neck cancer cell lines FaDu, SCC-25, and
cisplatin-resistant CAL-27 (21) were used as representative
of pharyngeal and tongue squamous cell carcinomas. The
cisplatin-resistant cell line CAL-27 revealed the most
significant cell growth delay in response to CTFB treatment. Analysis of the proteome profile revealed eight
proteins with significant difference in expression level
before and after CTFB treatment in all three cell lines.
The first protein was DNA helicase II, which is involved
in transient unwinding of the double-stranded DNA into a
single-stranded form for processes such as DNA replication, DNA repair, DNA recombination, and transcription
(22). Our observations that DNA helicase II was upregulated after CTFB treatment suggests that DNA helicase
II may be involved in DNA repair that usually accompanies
cytotoxic stress.
Another up-regulated protein, stathmin, regulates rapid
microtubule remodeling of the cytoskeleton, tubulin
sequestration, and catastrophe-promoting activities, which
is also important for proper mitosis and other cellular
processes (23). Several studies have shown that overexpression or inhibition of stathmin results in mitotic
arrest. It was also shown that overexpression of stathmin
results in growth suppression and accumulation of cells in
the G2-M phases of the cell cycle (24). Increases in
stathmin expression after CTFB treatment may be responsible for delays in cell growth and cell cycle arrest in G0-G1
phase.
Eukaryotic translation elongation factor 1g (EF-1g) plays
an important role in translation by mediating the transport
of aminoacyl tRNA to 80S ribosomes and is overexpressed
in a high proportion in tumors at the mRNA and the
protein level (25). It was shown that EF-1g interacts with
membrane and cytoskeleton structures in the cell and is
involved in protein synthesis during G2-M transition (26).
The down-regulation of EF-1g in HNSCC after CTFB
treatment suggests that this protein is involved in the cell
cycle control, which is characterized by cell accumulation
at the G0-G1 phase.
Annexin A2 is also known as a calcium-regulated
filamentous actin (F-actin) – and phospholipid-binding
protein with a non-membranous cytosolic cellular distribution. Additionally, annexin A2 is a target of protein
kinase C (27). Recently, it has been reported that annexin
A2 is highly expressed in different kinds of cancers and
correlates with the invasive potential and metastatic
activity in head and neck cancer (28). A correlation
between annexin A2 and cell proliferation is also shown
in other systems, and down-regulation of annexin A2 by
CTFB treatment is related to the impairment in cell
proliferation.

Cortactin is another F-actin – binding protein and a
substrate of Src tyrosine kinase, which is involved in actin
arrangement in response to tyrosine kinase signaling and
promotes actin polymerization by activating the Arp2/3
complex (29). Overexpression of cortactin promotes tumor
cell dissemination and correlates with poor prognosis in
HNSCC (30). It has been previously shown in MDA-MB-231
breast cancer cells infected with viral constructs that
overexpression of cortactin has no effect on cell proliferation
(31). In contrast, in our experiments, increased expression of
the b isoform of cortactin following treatment with CTFB
may have isoform-specific effects on the cell cycle.
Cytoplasmic dyneins are the major class of cytoskeletonbased motors that are responsible for the transport of a
number of different cargoes to the minus-end of microtubules and implicated in the positioning of the Golgi
apparatus and transport of microtubules (32). It was shown
that changes in expression of the cytoplasmic dynein
intermediate chain mRNA is associated with cellular
senescence, but not with cell growth arrest induced by
gamma-irradiation (33). In our experiments CTFB-induced
cell growth arrest in HNSCC was accompanied by
increases in expression of the cytoplasmic dynein intermediate chain protein.
Rab proteins form the largest group of the small G
protein superfamily and belong to RAS oncogene family.
Rab proteins are important regulators of vesicular transport, which is central to the interaction of cells with their
environment and critical between the intracellular organelles (34). Moreover, some of them are essential for cell
viability and local organization of the actin cytoskeleton.
Here, we have shown that CTFB-induced cell growth delay
was observed concomitantly with decreased expression of
RAB1B protein.
The full range of function of the heterogeneous nuclear
ribonucleoprotein (hnRNP) family is still unknown, and
hnRNP-H is one of the lesser known members. Although
normal epithelium cells express undetectable level of the
protein, it was found that tumors derived from these
tissues express this protein (35). The present study shows
that hnRNP-H is down-regulated following treatment of
cells with CTFB, which may modulate proteins involved in
cell growth delay.
Because all these eight proteins are involved in cytoskeleton formation and function and cell cycle regulation, we
further investigated the action of CTFB on other cell cycle –
regulated proteins. Cell cycle progression is mediated by
various Cdks and cyclins that enable progression from G1
to S phase (36). Their activity is regulated by Cdk inhibitors
such p21/WAF1 and p27/Kip1 (37). In the present study,
the simultaneous up-regulation of p21/WAF1 and p27/
Kip1 expression in FaDu and CAL-27 cells and the
inhibition of cyclin D1 expression after CTFB treatment
show that the growth inhibitory effect is mediated via
G0-G1 phase cell cycle arrest. In contrast, SCC-25 cells
revealed only increases in p27/Kip1 protein levels, which
seemed to be independent of p53 expression because
SCC-25 cells possess inactivating mutations in p53 (38).
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Inhibition of cyclin D1 expression in SCC-25 cells did not
inhibit transition to S phase cell cycle, suggesting that other
signaling pathway such as the NF-nB may be involved in
cell cycle progression in this cell line.
NF-nB represents a group of structurally related and
evolutionary conserved proteins with transcriptional activity involved in the regulation of important processes such
as inflammation, innate immunity, cell proliferation, and
apoptosis (39). Constitutive NF-nB activity detected in
tumor cells protects them from the induction of apoptosis
and is an important molecular switch for the development
of HNSCC (40). The nuclear translocation and DNA
binding activities of NF-nB are inhibited through association with a member of the InB family. Phosphorylation of
InB via the ubiquitin-proteasome pathway and nuclear
translocation of active homo- or heterodimers triggers the
resynthesis of InB-a, giving rise to an autoregulatory loop
that terminates the activation processes (41). It was
reported that InB-a binds the NF-nB p50/p65 heterodimer
with 60-fold higher affinity than NF-nB p50/p50 homodimer (42). Moreover, InB-a can bind to NF-nB p50 but
does not block DNA binding (43). In our experiments, we
show that the expression of NF-nB p50 and NF-nB p65,
which have the potential to form heterodimers in the more
CTFB-sensitive FaDu and CAL-27 cell lines, was significantly decreased both in cytosolic and nuclear fractions.
Increased expression of NF-nB p50 in the nuclei of CTFB
treated SCC-25 cells may result in only p50/p50 homodimer formation that is accompanied by a reduced
response to CTFB treatment. Recently, it was shown that
the nuclear translocation of NF-nB p65 phosphorylated at
Ser536 was not associated with either InB-a or NF-nB p50
regulation (44). In our study, CTFB caused a more
pronounced decrease in NF-nB p65 phosphorylated at
Ser536 in both cytosolic and nuclear fractions of FaDu and
CAL-27 cells, which is in contrast to less CTFB-sensitive
SCC-25 cell line.
Proteolytic degradation is critical to the maintenance of
appropriate levels of regulatory proteins, and the 26S
proteasome is capable of degrading most ubiquitinated
proteins in the cells (45). The most commonly accepted
model for NF-nB function suggests that the transcription
factor is inhibited through association with a member of
the InB family. InBs are phosphorylated under certain
conditions and become targets for ubiquitination and
subsequent proteasome-mediated degradation. This event
enables the nuclear translocation of homo- or heterodimers
of NF-nB and DNA binding activity (46). The essential role
of proteasome in degradation of InB-a and activation of
NF-nB was suggested using proteasome inhibitor bortezomib in HNSCC (47). In contrast, there are also many reports
showing alternative NF-nB pathways. To this point, it has
been shown that the proteasome inhibitors induce InB
degradation and NF-nB transcriptional activation (48), and
that NF-nB activation has been required for cisplatininduced apoptosis in HNSCC (49). Similarly, it was shown
that serum factor-mediated apoptosis was accompanied
by increases in the expression of 26S proteasome subunits

and subsequent NF-nB activation in histiocytoma cells
(50). Based on our results demonstrating that cell growth
delay correlated with CTFB-induced proteasome activation, we can assume that proteasome activation may be
involved in NF-nB protein degradation via unknown
mechanisms.
In conclusion, although the mechanisms of CTFB activity
are not completely understood, the compound activates
mechanisms leading to the collapse in cell division. CTFB
promotes its antitumor effects through multiple pathways,
such as cytoskeleton disruption, activation of Cdk inhibitors, proteasome activation, and down-regulation of
NF-nB. All these properties make CTFB potentially attractive to be used as a component of the treatment of head and
neck cancer.
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