
Abstract. Background/Aim: Recurrent laryngeal cancer
often shows an aggressive phenotype after radiotherapy and
does not respond to conventional therapeutic strategies. In
this study, we investigated the contribution of furin to
cellular invasiveness in radio-resistant laryngeal cancer.
Materials and Methods: Using previously established AMC-
HN-3 and AMC-HN-8 cell lines from laryngeal carcinoma
patients, recurrent laryngeal cancer models were generated
by cumulative irradiation (AMC-HN-3-70Gy and AMC-HN-
8-70Gy). Immunocytochemistry and western blotting were
used to determine the epithelial–mesenchymal transition
(EMT). Invasion capacity was assessed using an in vitro
invasion assay. Zymography was used to assess
metalloproteinase-2 (MMP-2) activity. Tumor xenografts
were developed to compare growth rate and furin expression
in vivo. Furin expression in 35 patients (45 samples) with
salvage total laryngectomy after radiation-based treatment
was assessed by laryngeal cancer tissue microarray.
Results: Both AMC-HN-3-70Gy and AMC-HN-8-70Gy cell

lines underwent EMT following radiation. However, AMC-
HN-3-70Gy cells showed increased cellular invasiveness,
whereas AMC-HN-8-70Gy cells showed no difference.
AMC-HN-3-70Gy cells also exhibited elevated furin
expression with up-regulated expression of the active form
of membrane type 1-matrix metalloproteinase (MT1-
MMP)/MMP-2, whereas AMC-HN-8-70Gy cells did not
show significant changes. After administration of a furin
inhibitor (chloromethyl ketone (CMK)), AMC-HN-3-70Gy
cells showed a significant decrease in MT1-MMP/MMP-2
expression and cellular invasiveness. Nine of 22 samples
(40.9%) from salvage total laryngectomy and one of 13 pre-
radiation samples (7.7%) had high furin expression. Post-
radiation, furin expression increased in seven of 10 patients
whose pre- and post-radiation samples were available; all-
cancer mortality (three patients) was observed in this group.
Conclusion: Together with EMT, furin activity may serve as
an indicator of an aggressive cancer phenotype, suggesting
that furin is a potentially useful target for recurrent
laryngeal cancer.

Classically, advanced laryngeal cancer is treated with
surgery. However, surgical resection of this region
sometimes leaves the patient with a reduced quality of life
owing to the severe loss of laryngeal functions, such as
respiration, swallowing and phonation (1). Therefore,
traditional approaches to management of laryngeal cancer
have been modified to reduce treatment-related morbidity
and improve the patient’s quality of life (1-3).

Radiotherapy plays an essential role in the treatment of
laryngeal cancer. Early laryngeal cancer can be efficiently
cured with radiotherapy alone. Radiation-based therapy
with concurrent or sequential chemotherapy is now the
mainstay of treatment of advanced laryngeal cancer. These
efforts have gradually increased the survival of laryngeal
cancer patients and minimized the reduction in quality of
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life. However, nearly 50% of patients present with
locoregional relapse in previously irradiated tissues within
2 years (1-3).

Recurrent laryngeal cancer is very often difficult to treat
with curative intent. Currently, treatment options for these
patients include salvage surgery, re-irradiation with or
without chemotherapy, or chemotherapy only. Unfortunately,
re-irradiation of recurrent laryngeal cancer is limited because
of normal tissue tolerance. Surgery is often the treatment of
choice; however, it is feasible for only a small subset (<15%)
of patients (4, 5). Current chemotherapy, including newer
molecular therapies targeting epidermal growth factor (EGF)
or vascular endothelial growth factor (VEGF), does not show
promising results (6, 7). 

Targeting mechanisms of radio-resistance seems to be a
logical approach for treating laryngeal cancer that recurs
after radiation-based treatment. To this end, we have recently
developed recurrent laryngeal cancer cell lines resistant to
clinically relevant doses of irradiation. These radio-resistant
cell lines show different biological characteristics as
compared to their parent cell lines, suggesting they are
appropriate for investigating the mechanisms involving
radiation-induced molecular changes (8). Using these cells,
we investigate new targets for treating radio-resistant
laryngeal cancer. 

Within the Golgi/trans-Golgi network secretory pathway,
the furin/proprotein convertases catalyze the activation or
functionalization of inactive precursor proteins by
processing the specific recognition motif (RX/RR). Furin
further activates many precursors that are not only vital for
proper physiological function but are also responsible for
several pathological conditions, including degenerative
diseases, arthritis and cancer. Furin expression and
processing have been implicated in cancer development and
progression (9-11). 

Acquisition of the invasive phenotype is a crucial element
of tumor progression. Metalloproteinase-2 (MMP-2), a key
molecule in cancer invasion and metastasis, is produced in a
pro-form and is activated by membrane type 1-matrix
metalloproteinase (MT1-MMP). MT1-MMP is activated by
furin intracellularly before secretion in the Golgi complex
(9, 11-14). Although furin and MMP-2 expressions are
associated with aggressive phenotypes in several types of
cancer (9-11, 15-17), their mechanistic association with the
aggressiveness of recurrent cancers following irradiation
remains under investigation. 

In this study, we investigated the contribution of furin to
cellular invasiveness of chronic, cumulatively irradiated
laryngeal cancer cells. We reveal that furin may be a good
biomarker for aggressiveness and a potential target for
treating radio-resistant laryngeal cancer. Exploration of furin-
mediated invasion mechanisms could expedite the
development of new anticancer targeted modalities. 

Materials and Methods

Cell culture and the establishment of recurrent laryngeal cancer cell
lines after irradiation. The human head and neck cancer cell lines
(AMC-HN-3 and AMC-HN-8) were previously established from
squamous cell carcinoma of the larynx (18). Both cancer cells were
cultured in α-MEM media (Invitrogen, Grand Island, NY, USA),
supplemented with 2 mM L-glutamine, 1% nonessential amino
acids, 100 U/ml penicillin, 100 μg/ml streptomycin and 10% heat
inactivated fetal bovine serum ((FBS); Invitrogen) and maintained
at 37˚C in a humidified atmosphere with 5% CO2. When the cells
had grown to approximately 70-80% confluence in a 100-mm2 dish,
they were irradiated using 6-MV photon beam generated by a linear
accelerator (CLINAC600C; Varian Co., Milpitas, CA, USA) at a
dose of 2 Gy. On reaching 90% confluence, the cells were
trypsinized and subcultured. This procedure was repeated until the
cells had received a cumulative dose of 70 Gy, after which an
isogenic models of successively radioresistant cells (AMC-HN-3-
70Gy and AMC-HN-8-70Gy) were considered established. For all
experiments with irradiated cells, at least a 10-day recovery period
after the last 2 Gy irradiation was allowed (19).

Immunocytochemistry. Cells were grown on coverslips in 24-well
plates (Nunc, Roskilde, Denmark) and fixed with 3.7%
paraformaldehyde for 15 min at room temperature, followed by
treatment with 0.1% Triton for 20 min. The samples were washed
three times with PBS, blocked with 1% skim milk at room temperature
for 1 h and incubated with primary antibodies E-cadherin, snail,
fibronectin (Santa Cruz Biotechnology, Santa Cruz, CA, USA) and
vimentin (DAKO, Glostrup, Denmark) for 2 h at room temperature or
overnight at 4˚C. After this step, the cells were washed with PBS and
incubated with fluorescein isothiocyanate (FITC) or rhodamine-
conjugated secondary antibodies (Jackson ImmunoResearch, West
Grove, PA, USA) at room temperature in dark for 1 h. Nuclei were
counterstained with 4’,6-diamidino-2-phenylindole (DAPI) for 5 min.
After washing three times with PBS, the cells were mounted with
DAKO fluorescence mounting solution and observed by laser confocal
microscopy (Leica, St. Gallen, Switzerland).

Western blot analysis. After reaching 80-90% confluence in a
100-mm2 dish (Nunc, Roskilde, Denmark), the cells were washed
with PBS, collected with scratcher, lysed with ProPrep protein
extraction solution (iNtRON Biotechnology, Sung-Nam, Korea)
and centrifuged at 1,500 rpm for 3 min. Supernatants were
collected and the total protein was determined using the Bradford
protein assay kit (Bio-Rad Laboratories, Hercules, CA, USA). The
extracted proteins (20 μg per lane) were fractionated by 7.5%-12%
SDS-polyacrylamide gel electrophoresis and transferred to
Hybond-PVDF membranes (Amersham International PLC,
Buckinghamshire, UK). After blocking with Tris-buffered saline
with Tween 20 (TBST) buffer containing 5% BSA for 30 min at
room temperature, the membranes were incubated with primary
antibodies against E-cadherin, snail, fibronectin, furin, MT1-MMP
(Santa Cruz Biotechnology) and vimentin (DAKO) overnight at
4˚C. Membranes were washed three times with TBST and
incubated with the secondary antibody (anti-rabbit IgG horseradish
peroxidase (HRP) conjugate; Zymed, San Francisco, CA, USA)
for 1h at room temperature. After washing, the specific binding
of the antibodies was detected using SuperSignal West Pico Trial
kit (Thermo Scientific, Rockford, IL, USA) according to the
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manufacturer’s instructions. Films were exposed at multiple time
points to ensure that the images were not saturated. 

Invasion assay. Invasive ability of the cells was assessed with Biocoat
collagen invasion chambers (Chemicon, Temecular, CA, USA). The
cells were trypsinized and 10,000 cells were suspended in serum-free
alpha-smooth muscle actin (α-SMA) with 2% FBS. In the inhibition
studies, 50 μM CMK (R&D Systems, Inc., Minneapolis, MN, USA)
was added to this medium. Medium containing 5% serum was used
as chemoattractant. Incubation was performed for 22 h. Cells that
degraded the reconstituted extracellular matrix (ECM) and passed
through the invasion chamber were fixed.

Furin activity assay. To compare the expression levels of furin in
AMC-HN-3 and HN-3-70Gy cells, an equal number of cells from
each cell line was plated and cultured for 24 hours in reduced serum
(2% FBS) media. The cells were then collected for ELISA assays.

Gelatin zymography. A total of 5×106 cells were grown overnight in
serum-free α-MEM with 2 mmol/l L-glutamine. The conditioned
media were concentrated to 200 μl by ultrafiltration (Centriprep 30,
Amicon Millipore, Bedford, MA, USA) and 30 μg were loaded in a
10% SDS gel containing 1% gelatin. After electrophoresis, the gels
were washed tree times in 200 ml of 2.5% Triton X-100 to remove
SDS and renature the MMP-2/9 species in the gels. Then the gels were
incubated overnight at 37˚C in 0.05 M Tris-HCl buffer, pH 7.5,
containing 10mM CaCl2 to induce gelatin lysis by renatured MMP-
2/9. The gels were stained with 0.25% Coomassie brilliant blue R-250
(50% methanol, 10% acetic acid) and de-stained in methanol:acetic
acid: water (50:10:40). Clear zones indicated the presence of
gelatinolytic activity in zymography, whereas dark zones indicated the
presence of gelatinase inhibitors in reverse zymography. Zymography
standards were purchased from Chemicon (Temecula, CA, USA).

Immunohistochemistry of tumor xenografts. Male athymic BALB/c
nu/nu nude mice (6 weeks of age) were purchased from ORIENT
BIO Inc. (Seongnam, Korea). The mice were maintained in a
pathogen-free facility and all animal studies were performed
according to the protocol approved by the Institutional Animal Care
and Use Committee (IACUC) at the Laboratory of Animal
Research, Asan Institute for Life Sciences (Asan Medical Center,
Seoul, Korea). To evaluate the expression of furin in tumor
xenograft, 1×107 AMC HN-3 or HN-3-70Gy cells were
subcutaneously injected into the right flank of the mice. Caliper
measurements were performed every other day and the tumor
volume was calculated as D × d × height ×0.52, where D=the long
diameter and d=the perpendicular short diameter. Tumor xenografts
were harvested and pariffinzed. Deparaffinization and hydration of
4-μm thick sections were followed by heat-induced antigen retrieval
using a 0.01 M citrate buffer (pH 6.0) for 1 h. Sections were
incubated in aqueous 3% H2O2 for 15 min to quench endogenous
peroxidase activity and washed with 1× PBS. Slides were loaded
onto a humid chamber and blocked for 30 min with 1× Universal
Blocking Agent (10× Power Block™; BioGenex, San Ramon, CA,
USA) and then incubated in the primary antibody against furin
(1:200; Santa Cruz) overnight at 4˚C. The next day, slides were
incubated for 1 h at room temperature and treated with Envision
Reagent (Dako REAL™ EnVision™; DAKO) for 30 min. The
resulting product was washed with PBS and treated with the
chromogen 3,3’-diaminobenzidine (DAB) for 15 min forming a

brown reaction product. The slides were then counterstained in
Mayer’s hematoxylin, dehydrated in graded alcohol, cleared in
xylene and mounted on the slide.

Patients and tissue samples. We previously constructed tissue
microarray (TMA) with 111 specimens from 100 patients with
laryngeal cancer, diagnosed between 1997 and 2011, and retrieved
from Asan Medical Center. Duplicate 0.6-mm tissue cores were
used to construct the TMAs with an ATA-27 automated tissue
arrayer (Estigen, Tartu, Estonia). From these TMA samples, we
could identify 35 patients (45 samples) with salvage total
laryngectomy after radiation-based therapy. We analyzed the furin
staining status (Santa Cruz Biotechnology) in these patients. Array
blocks were sectioned to produce serial 4-μm sections and the first
section was stained with H&E to assess adequacy. The remaining
sections were stored at room temperature before immunostaining.
The use of the tissue samples was approved by the Institutional
Review Board of Asan Medical Center.

Statistical analysis. Student’s t-test was used for the analysis of invasion
and furin activity assays. Chi-square test for descriptive variables and
non-parametric Wilcoxon signed rank test were used for patient
samples. A value of p<0.05 was considered statistically significant. 

Results
Laryngeal cancer cells show ionizing radiation-induced
morphological and molecular changes consistent with
epithelial–mesenchymal transition (EMT), but different
invasion potentials. Laryngeal cancer cells (AMC-HN-3 and
AMC-HN-8), which were continuously irradiated up to 70 Gy
in 2 Gy intervals every 2-3 days, showed markedly different
morphological and molecular changes compared to their
parental cell lines. Both types of cells lost their epithelial
morphology and acquired mesenchymal traits. Cells appeared
dispersed and formed a spindle-cell appearance consistent
with EMT, as shown in Figure 1A. In AMC-HN-3-70Gy
cells, these morphological changes were accompanied by up-
regulated expression of mesenchymal markers, such as snail,
vimentin and fibronectin, as detected by western blot and
immunocytochemistry. AMC-HN-8-70Gy cells showed
increased expression of fibronectin and vimentin in
immunocytochemistry and western blot analyses but did not
show substantial changes in snail expression. Membranous E-
cadherin expression was decreased in AMC-HN-3-70Gy
cells, while expression of E-cadherin was unchanged in
AMC-HN-8-70Gy cells after radiation (Figure 1B and C).

Despite different mesenchymal marker expression profiles,
both types of laryngeal cancer cells shifted to EMT after
irradiation, showing mesenchymal morphology and molecular
changes. However, each laryngeal cancer cell line showed
different invasion potential after the shift to EMT. AMC-HN-
3-70Gy cells showed increased cellular invasiveness than
AMC-HN-3 cells (p=0.037). However, AMC-HN-8-70Gy
cells showed reduced invasion capacity than their parent cells
(Figure 1D).
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Radiation-induced cellular invasion by MT1-MMP and MMP-
2 activation is controlled by furin. To investigate the different
invasion potentials in the two laryngeal cancer cell lines, we
examined MT1-MMP and MMP-2/9 expression and activity.

Consistent with the invasion assay, protein expression of
active MT1-MMP and MMP-2 was increased in AMC-HN-3-
70Gy cells, unlike in AMC-HN-8-70Gy cells, compared to
their parent cells (Figure 2A). Furin activity was significantly

ANTICANCER RESEARCH 36: 5117-5126 (2016)

5120

Figure 1. Epithelial–mesenchymal transition (EMT) of laryngeal cancer cells after repetitive irradiation (70 Gy) shows different invasion potentials.
(A) Phase-contrast images of laryngeal cancer cells before and after repetitive irradiation. After irradiation, both AMC-HN-3-70Gy and AMC-HN-
8-70Gy cells exhibited a spindle-cell appearance and loss of epithelial morphology. (B) Western blot analysis of expression of E-cadherin, snail,
vimentin and fibronectin in cells described in (A). β-actin was used as a loading control. (C) Images of cells described in (A) immunostained with
antibodies against E-cadherin, snail, vimentin and fibronectin. AMC-HN-3-70Gy cells showed an increased expression of snail and fibronectin.
Vimentin was weakly positive by immunocytochemistry. AMC-HN-8-70Gy cells showed increased expression of fibronectin and vimentin, but not of
snail, after irradiation. E-cadherin expression (membranous) was decreased in AMC-HN3-70Gy. (D) Invasion assays of cells described in (A).
AMC-HN-3-70Gy cells showed increased cellular invasiveness compared to AMC-HN-3 cells.



increased in AMC-HN-3-70Gy cells compared to AMC-HN-
3 cells, while AMC-HN-8 cells did not show a substantial
change in furin activity after chronic cumulative irradiation
(Figure 2B). AMC-HN-3-70Gy cells showed stronger
expression of furin than AMC-HN-3 cells (Figure 2C). 

On treatment with a furin inhibitor (CMK), AMC-HN-3-
70Gy cells showed decreased active MMP-2 and MT1-MMP
expression, unlike AMC-HN-8-70Gy cells, compared to their
parent cells (Figure 3A). Treatment of AMC-HN-3-70Gy cells
with the furin inhibitor CMK decreased cellular invasiveness,

whereas AMC-HN-8-70Gy cells did not show substantial
changes (Figure 3B). To confirm that furin expression is
increased by cumulative irradiation, we conducted furin
expression analysis using a tissue microarray of 45 samples
from 35 patients with recurrent laryngeal squamous cell
carcinoma after radiation-based therapy (Figure 4A-C). Of the
35 patients who underwent salvage total laryngectomy,
samples from 22 patients and 3 patients were obtained during
salvage laryngectomy and pre-radiation, respectively; for 10
patients, both pre- and post-radiation samples were obtained.
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Figure 2. Radiation-induced cellular invasion of laryngeal cancer cells is associated with increased expression of the active form of MT1-
MMP/MMP-2 and furin activity. (A) Protein levels of MT1-MMP and the activities of MMP-2/9 in laryngeal cancer cells before and after repetitive
irradiation as measured by western blot and gelatin zymography, respectively. Active MT1-MMP and MMP-2 expression was increased in AMC-
HN-3-70Gy cells, unlike in AMC-HN-8-70Gy cells. (B) Furin activity of cells described in (A) by western blot (upper) and ELISA (lower). Furin
expression and activity were significantly increased in AMC-HN-3-70Gy cells compared to AMC-HN-3 cells. Data are reported as mean±SEM. (C)
Immunohistochemical staining of furin in AMC-HN-3 and AMC-HN-3-70Gy xenografts. AMC-HN-3-70Gy cells showed higher expression of furin
than AMC HN-3 cells.



Table I describes the clinical characteristics of these patients.
Furin IHC staining was mostly cytoplasmic but, in some
patients, membrane accentuation was noted. From the 22
salvage total laryngectomy samples, 9 (40.9%) specimens had
high furin expression; of the 13 pre-radiation samples, only 1
sample (7.7%) showed high furin expression (Figure 4D,
p=0.036). Of the 10 patients with both pre- and post-radiation
samples collected, furin expression was increased in 7 patients
after radiation; all cancer mortality (3 patients) was observed
in this group (Table II, Figure 4E-H, p=0.024).

Discussion

Tumor progression is driven by a complex process resulting
in an enhanced malignant phenotype. Cancer cells with
increased mobility invade adjacent tissues and remodel the
extracellular matrix to enter systemic circulation. To acquire
mobility, epithelial cancer cells transition into the
mesenchymal phenotype via activation of the complex
biological program termed EMT. During EMT, epithelial
cancer cells lose cell adhesion and polarity and gain
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Figure 3. Radiation-induced cellular invasion of laryngeal cancer cells is controlled by furin. (A) Protein levels of active MT1-MMP and MMP-2/9
in laryngeal cancer cells treated with furin inhibitor, chloromethyl ketone (CMK), before and after repetitive irradiation as measured by western
blot and gelatin zymography, respectively. (B) Invasion assays of cells described in (A) treated with furin inhibitor. In the presence of furin inhibitor,
active MT1-MMP and MMP-2 expression levels decreased with corresponding changes in cellular invasion. Cellular invasion decreased in AMC-
HN3-70Gy in the presence of furin inhibitor.



mesenchymal features, including motility and invasiveness.
EMT is well-known to be a key step in progression of
carcinomas, such as those arising in the head, neck, breast,
prostate, ovary and lung (20-22). In this study, after chronic
cumulative irradiation, laryngeal cancer cells shifted to EMT.
Both types of radioresistant cells studied here showed a
spindle-shape appearance in morphology. Furthermore, both
AMC-HN-3 and AMC-HN-8 cell lines exhibited an overall
up-regulation in the expression of mesenchymal markers
after radiation compared to their parental lines, despite
differences amongst the individual markers.

Our EMT-programmed cancer cells showed different
invasion capacities, despite similar morphologies and
molecular profile changes. AMC-HN-3 cells showed
enhanced invasion capacity after chronic cumulative
irradiation, unlike AMC-HN-8 cells. These individual
variations in invasiveness of recurrent laryngeal cancer cells
can be explained by the increased expression of furin and
concomitant activation of its substrates, MT1-MMP and
MMP-2, following irradiation.

MMPs form a family of structurally related zinc-dependent
endopeptidases that exist as soluble and membrane-bound
enzymes and whose primary function is the breakdown of the
extracellular matrix (ECM) and basement membrane,
facilitating invasion and metastasis. MMP-2 is believed to be

a crucial molecule for regulating tumor progression and is a
secreted gelatinase that degrades gelatin, laminin and collagen
IV (15, 23, 24). Several malignant tumors broadly

Lee et al: Furin in Recurrent Laryngeal Cancer

5123

Table I. Clinical characteristics of salvage total laryngectomy samples
in a tissue microarray.

Clinical characteristics                              N=35                        %

Age, median (range)                            68 (48-83)
Gender, M/F                                               33/2                    94.3/5.7
Initial stage                                                                                   
    cT, T1/T2/T3                                       20/10/5             57.1/28.6/14/3
    cN, N0/N1/N2                                      33/1/1                94.3/2.9/2.9
    Overall, I/II/III/IV                              20/9/5/1         57.1/25.7/14.3/2.9
Salvage stage                                                                                
    rcT, T1/T2/T3/T4                              0/10/17/8         0/28.6/48.6/22.9
    rcN, N0/N1/N2                                    31/2/2                88.6/5.7/5.7
    Overall, I/II/III/IV                             0/10/16/9         0/28.6/45.7/25.7
Initial treatment                                                                            
    RTx                                                          25                         71.4
    CCRTx                                                     10                         28.6
Specimen characteristics                                                              
    Initial (before RTx or CCRTx)                3                           8.5
    Salvage (after RTx or CCRTx)              22                         62.9
    Initial and salvage                                   10                         28.6

RTx, Radiotherapy; CCRTx, concurrent chemoradiotherapy.

Figure 4. Radiation-induced expression of furin and invasiveness of recurrent laryngeal cancer patients. (A-C) Representative immunohistochemical
staining of furin in a laryngeal cancer specimen tissue microarray. Staining scores were obtained by multiplying the staining intensity (0-3) by the
staining extent (0-3). Each staining score from A to C was 0 (0×0), 6 (3×2) and 9 (3×3). Original magnification, 40x; right lower quadrant, 100×.
(D) Furin expression in initial specimens and salvage specimens after radiation. Of 22 samples from salvage total laryngectomy and 13 samples
from pre-radiation, 9 (40.9%) and 1 (7.7%), respectively, showed high furin expression. (E-H) Representative cases of increased furin expression
after irradiation. Two representative cases each, showing that the furin staining score increased from 3 to 9 (B and C) and from 0 to 9 (D and E)
after radiation. Original magnification, 40×; right lower quadrant, 100×. 



overexpress MMP-2; its expression and activity are often
associated with tumor aggressiveness and poor prognosis (15,
25). In head and neck cancer, MMP-2 is an indicator of
lymph node metastasis and a predictor of poor prognosis (15,
26-30). Like other MMPs, MMP-2 needs to be processed into
an active form as regulated by MT1-MMP and furin. MT1-
MMP was the first membrane-type metalloproteinase
identified to induce specific cleavage of propeptide MMP-2.
Furin, the first discovered proprotein convertase, is implicated
in proteolytic maturation of proprotein substrates in the
secretory pathway. Furin cleaves secretory protein precursors
at sites marked by basic amino acids with the RX/RR motif.
Hence, MT1-MMP is activated intracellularly by furin before
secretion in the Golgi complex (9-11).

In this study, after cumulative irradiation, AMC-HN-3
cells showed increased expression of furin and its substrates,
the active forms of MT1-MMP and MMP-2. However,
AMC-HN-8 cells did not show a similar increase in
expression of these molecules after irradiation. We also
found that inhibition of furin activity decreases expression
of active MT1-MMP and activation of MMP-2, resulting in
inhibition of invasiveness in radioresistant AMC-HN-3 cells.

Our results agree with previous studies investigating furin
activity in head and neck cancer cells. Increased furin activity
has been shown to correlate with invasiveness and with
increased MT1-MMP and subsequent MMP-2 expression in
head and neck cancer cells. Further, head and neck cancer
cells showed decreased expression of MT1-MMP and MMP-
2 and decreased invasion potential in the presence of the furin
inhibitor CMK (12, 13). Studies investigating furin activity
in other types of cancers, including human astrocytoma, colon
cancer and fibrosarcoma cells, also reported that furin
inhibitors decreased invasion potential and MT1-MMP
expression (10, 31, 32).

The mechanism underlying changes in furin expression
in response to radiation is unclear and further
investigations are warranted. However, these observations
have important clinical implications. Furin may be used
as a biomarker for predicting clinical behavior after
radiotherapy in recurrent laryngeal cancer. In this study,
augmented furin may also correspond to aggressiveness of
recurrent laryngeal cancer in patients. Furin expression
was higher in salvage samples obtained after radiation
than in pre-radiation samples. Among 10 patients with
both pre- and post-radiation samples, furin expression was
increased in 7 patients after radiation, with all-cancer
mortality (3 patients) being observed in this patients’
group. Indeed, furin is often up-regulated in cancer and
has recently been associated with the aggressive cancer
phenotype (9-11, 14).

In summary, our study provides evidence that furin
activity and EMT are potential indicators of the aggressive
phenotype in recurrent laryngeal cancer after irradiation and
that furin is a potentially useful target against laryngeal
cancer.
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Table II. Furin expression in recurrent laryngeal cancer tissue microarray who have pre- and post-radiotherapy specimens (N=10, p=0.024).

No                             Initial                                           Salvage                                         Furin expression                                       Follow-up*

                   Stage                     Tx                   Stage                        Tx                       Initial                  Salvage           Duration (months)            Status

23               T2N0                    RTx                 T2N0                   Total Lx                    Low                      High                          109                         NED
25               T1N0                    RTx                 T4N0                   Total Lx                   High                      Low                          168                         NED
27               T1N0                    RTx                 T3N0                   Total Lx                    Low                      High                           14                           CM
51               T1N0                    RTx                 T4N0                   Total Lx                    Low                      High                           11                           CM
52               T1N0                    RTx                 T2N0                   Total Lx                    Low                      Low                          236                         NED
56               T2N0                 CCRTx               T3N2                   Total Lx                    Low                      Low                          125                         NED
61               T2N0                    RTx                 T3N0                   Total Lx                    Low                      High                           42                           CM
73               T3N0                 CCRTx               T3N0                   Total Lx                    Low                      High                          138                         NED
81               T2N0                    RTx                 T3N0                   Total Lx                    Low                      High                           83                          NED
92               T1N0                    RTx                 T2N0                   Total Lx                    Low                      High                          110                         NED

*Follow-up after salvage operation. Tx, Treatment; RTx, radiotherapy; CCRTx, concurrent chemoradiotherapy; Lx, laryngectomy; CM, cancer
mortality; NED, no evidence of disease.
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