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Abstract. Mitogen-activated protein kinase (MAPK)
cascades transmit and amplify signals involved in cell
proliferation as well as in cell death. In this study, the
potential derangement of MAPK pathways has been
evaluated in human squamous cell carcinomas (SCC) of the
larynx. The expression and activity of the MAPK p38,
ERK1/2r#/42 and JNK/SAPKP4#54 have been investigated by
immunoblot analysis of tissue homogenates in 27 samples of
primary laryngeal cancer and in 27 paired non-neoplastic
laryngeal mucosa. On the same tissues, the activation of
MAPK JNK/SAPKP4/54 was also analyzed by an ELISA
assay. The results obtained showed that both total and
phosphorylated levels of INK/SAPKP#/54 and p38 were not
different between tumor and normal samples. Conversely,
while total protein levels for both ERK1P* and ERK2P*? were
not statistically different between tumor and normal samples,
the analysis of the level of the activated forms of ERK1/2
showed a statistically significant decreased phosphorylation
of both isoforms in the tumor samples compared to the
control tissues. The rate of reduction was similar for both
isoforms. Immunohistochemical analysis of all the activated
MAPK (p38, INK/SAPKP/»3 and ERK1/2P4/P42) in both
laryngeal SCC and normal mucosa demonstrated no
difference of cellular localization. Activated ERK1/2p4/p42
and activated p38 demonstrated a nucleo-cytoplasmic
distribution whereas activated JNK/SAPKP4/P54 were
localized into the cytoplasmic membrane. The decreased
activity of ERK1/2r#/42 in laryngeal SCC might reflect
alterations in tumor suppressing activity or might derive from
the interplay among various transduction pathways.
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Introduction

Squamous cell carcinoma (SCC) of the larynx is the most
frequent malignancy occurring in the head and neck region
(1). Several epidemiological studies have shown that tobacco
and alcohol consumption play a major role in the development
of laryngeal SCC (2,3). From a molecular basis, the differences
between the normal epithelium of the upper aerodigestive
tract and cancer cells arising from that tissue are the result of
mutations of the 7P53 tumor suppressor gene, over-
expression of the epidermal growth factor receptor (EGFR),
and of inactivation of the cyclin dependent kinase inhibitor
p16 (4-6). These processes control DNA repair, proliferation,
immortalization and apoptosis. For head and neck squamous
cancers (HNSCC) in general, these alterations occur with
sufficient frequency and produce such dramatic phenotypic
changes as to be considered the critical transforming events
of the disease (7). However, the mechanisms underlying the
proliferation of this form of cancer are not fully understood.
Controversial findings have, indeed, been reported in regard
to the activation and role of the intracellular signal transduction
pathways based on mitogen-activated protein kinases
(MAPK) (8,9). Moreover, no study has specifically addressed
the biologic characteristics of tumors arising from the various
anatomic sites of the head and neck area such as those
deriving from the larynx.

The MAPK cascade is the most characterized signaling
pathway that transmits signals from a variety of stimuli from
the cell membrane to the nucleus (10). Activation of the
EGFR for instance leads to MAPK activation. In the nucleus,
these proteins act on various transcription factors involved
in both cell proliferation and apoptosis (10-12). Thus, as
supported by their aberrant activation status in several kinds
of human cancers, the various MAPK family members play a
complex role in determining either cell growth or cell death.
The cellular decision is believed to involve a balance among
competing MAPK pathways.

The three relatively well-described pathways, which are
interconnected, are represented by the extracellular signal-
regulated kinase (ERK), the JNK/SAPK and p38 pathways.
Each cascade is composed of at least three proteins activated
in series (13). The ERK1/2 (p44 and p42) pathways are the



480

best characterized of the group and are thought to be stimulated
predominantly by growth factors. Members of the ERK family
were found to be part of a well known oncogenic cascade
that includes the proto-oncoproteins Ras and Raf, which act
as upstream activators of ERKs (14). Upon activation, ERKs
either phosphorylate a number of cytoplasmic targets or
migrate into the nucleus where they phosphorylate and
activate factors such as c-Fos and Elk-1 (15) regulating the
transcription of specific target genes. The c-Jun N-terminal
kinases (JNK1/2) or the stress-activated protein kinase
(SAPK) were first identified by their ability to phosphorylate
the c-Jun transcription factor following exposure to growth
factors or after the expression of transforming oncogenes
(16). INK/SAPK are related to cell stress response and they
are known for activating several factors such as ATF2, Bcl2,
p53 as well as several oncogenes (17-19). A third group
collectively known as p38 are activated by proinflammatory
cytokines and chemicals and affect radiation- and drug-
induced cell death (20).

Because of the propensity of HNSCC in general for
EGFR overexpression and the still undefined role of MAPK
activation status in their malignant transformation (8,9), we
aimed at specifically evaluating laryngeal SCC for potential
derangement of one or more of the MAPK pathways leading
to uncontrolled proliferation. Thus, in this study we have
measured the levels of total MAPKSs and the levels of activated
(phosphorylated) MAPKSs in laryngeal tumors compared with
normal tissue obtained from the same patients.

Materials and methods

Fresh tissue samples were obtained from 27 untreated patients
(25 men and 2 women) undergoing surgical resection of a
laryngeal neoplasia, histologically confirmed by a previous
biopsy, at the Department of Otorhinolaryngology of the San
Gerardo Hospital, Monza, Italy, between March 1, 2003, and
January 31, 2005. The mean patient age was 67 years (range
52-84 years). None had evidence of neck nodes and/or
distant metastases at the time of admission. All the tumor
samples were histologically classified as squamous cell
carcinomas. Six biopsy specimens were grade 1 (Gl), 13
were G2 and 8 were G3. All the patients reported alcohol
(>11t/day) and tobacco (>20 cigarettes/day) consumption. For
each patient, both a tumoral and a normal control tissue
sample was collected. For each case, a tumor sample was
resected, avoiding the eventual necrotic center, and a control
sample corresponding to a specimen of mucosa was taken
from a site adjacent to the resection margins, free from
neoplastic infiltration resulting from a subsequent histological
examination. Tissue samples were dissected and divided into
two specimens, one for the histological and immunohisto-
chemical evaluation, and the other for the immunoblot
analysis. Samples for immunoblotting were immediately
frozen in liquid nitrogen and stored at -70°C. Patients
enrolled in this study were informed of the purposes of the
study and gave written consent.

Tissues for SDS-PAGE were homogenized on ice in lysis
buffer (10% glycerol, 25 mM Tris-HCI pH 7.5, 1% Triton X-
100, 5 mM EDTA, 1 mM EGTA) containing freshly added
protease and phosphatase inhibitors (4 mM phenylmethyl-
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sulfonyl fluoride, 1% aprotinin, 10 mM sodium orthovanadate,
20 mM sodium pyrophosphate). Protein lysates (60 pg) were
electrophoresed on 13% polyacrylamide gel and then
transferred onto a nitrocellulose filter. Proteins resolved by
SDS-PAGE were transferred to Hybond ECL nitrocellulose
membranes (Amersham, Cologno Monzese, Monza, Italy).
After brief washing, the membrane was blocked with 5% not
fat milk for 1 h at room temperature. Immunoblotting was
performed with primary polyclonal antibodies anti-
ERK1/2p4442 " anti-phospho-ERK 1/2r44/42 " anti-p38, anti-
phospho-p38, anti-JINK/SAPKP4/r34  anti-phospho-
JNK/SAPKP#»* (New England Biolabs Inc., Beverly, MA)
and anti-actin (Santa Cruz Biotecnology, CA) followed by a
secondary antibody (horseradish peroxidase-conjugated
anti-IgG). The blots were visualized using the ECL chemi-
luminescence system and quantified by densitometric
analysis of autoluminographs. Actin immunoblots were
performed as loading controls. Results were expressed as
relative expression (RE) considering the ratio between the
protein band optical density under study to corresponding
actin band optical density. The paired Student's t-test was
used to compare values of proteins in the paired control and
tumor specimens. For the various effectors considered, the
levels of expression in each normal tissue were set to 1 and
the relative change in expression (fold increase or decrease)
in each tumor was obtained compared with its paired normal
tissue. A p-value <0.05 was considered statistically significant.

The levels of phospho-JNK/SAPK#3* were also assayed
using the PathScan Phospho-SAPK/JNK (specific for Thr183
and Tyr185 on JNK 1, 2) sandwich ELISA kit (cell signaling).
Procedures employed for this assay imply that a mouse
monoclonal antibody is coated onto the microwells. After
incubation with cell lysates, both nonphospho- and phospho-
JNK/SAPK proteins are captured by the coated antibody.
Following extensive washing, a phospho-JNK/SAPK
antibody is added to detect the captured phospho-JNK/SAPK
protein and an HRP-linked anti-rabbit antibody is then used
to recognize the bound detection.

Immunohistochemical analysis for activated MAPK was
performed on formalin-fixed, paraffin-embedded sections of
tumor and paired control samples. Endogenous peroxidase
activity was quenched using a 5-min incubation step with 3%
H,0, in PBS. Non-specific binding sites were blocked by
incubation with 5% BSA. Slides were incubated at 4°C
overnight with the primary antibody that specifically
recognizes each phospho-MAPK. The primary antibody was
detected using biotinylated secondary antibodies and this
was followed by the addition of streptavidin-horseradish
peroxidase conjugate complex. The complex was visualized
by the enzymatic reduction of 3'3 diaminobenzidine tetra-
hydrochrolide (DAB) substrate.

Results

Immunoblot analysis of MAPKs. In this study, twenty-seven
SCC of the larynx were compared to paired perilesional
normal laryngeal tissue for phosphorylation status of several
mitogenic signaling effectors. We evaluated both the total
levels of p38, INK/SAPKr#r54 ERK1/2P4P42 and the levels
of the active (phosphorylated) form of the same proteins by
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Figure 1. Expression of the total amount of p38 in laryngeal tumors.
Comparing tumors (T) with their paired normal tissues (C) no statistically
significant difference emerges. (A) Representative immunoblot analysis
showing expression of the total amount of p38 in laryngeal tumors and
paired normal tissues. (B) Expression of total amount of p38 was quantified by
densitometric analysis of autoluminographs. To control for differences in
protein loading, we normalized the expression of the total amount of p38 to
expression of actin in each sample. We then set the levels of expression of
total amount of p38 in each normal tissue to 1, and thus obtained the relative
change in expression of the total amount of p38 in each tumor compared with
its paired normal tissue. The average relative change in expression for each
tumor/normal tissue pair is shown.
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Figure 2. Expression of phospho-p38 in laryngeal tumors. Comparing tumors
(T) with their paired normal tissues (C) no statistically significant difference
emerges. (A) Representative immunoblot analysis showing expression of
phospho-p38 in laryngeal tumors and paired normal tissues. (B) Expression
of phospho-p38 was quantified by densitometric analysis of autoluminographs.
To control for differences in protein loading, we normalized the expression
of phospho-p38 to the expression of actin in each sample. We then set the
levels of expression of phospho-p38 in each normal tissue to 1, and thus
obtained the relative change in expression of phospho-p38 in each tumor
compared with its paired normal tissue. The average relative change in
expression for each tumor/normal tissue pair is shown.

immunoblot analysis. The different MAPK isoforms were
detected in every tissue sample examined. In some samples,
immunoblotting did not result in satisfactory products to be
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Figure 3. Expression of the total amount of ERK1/2P#/?42 in laryngeal
tumors. Comparing tumors (T) with their paired normal tissues (C) no
statistically significant difference emerges. (A) Representative immunoblot
analysis showing expression of the total amount of ERK1/2p4/p42 in
laryngeal tumors and paired normal tissues. (B) Expression of the total
amount of ERK1/2P4/?42 was quantified by densitometric analysis of
autoluminographs. To control for differences in protein loading, we
normalized the expression of the total amount of ERK1/2P4/P42 to expression
of actin in each sample. We then set the levels of expression of total amount
of ERK1/20%/742 in each normal tissue to 1, and thus obtained the relative
change in expression of the total amount of ERK1/2P*?%2 in each tumor
compared with its paired normal tissue. The average relative change in
expression for each tumor/normal tissue pair is shown.

efficiently quantified by densitometric analysis and these
were not considered. For this reason, the number of cases
analyzed for the different signaling effectors did not
coincide. For both total and active (phosphorylated) p38
proteins, values related to the tumor samples were scattered
compared with those of normal tissues (Fig. 1B and Fig. 2B).
However, no statistically significant differences in the total
amount (Fig. 1A) and in the phosphorylation (Fig. 2A) of p38
were evident between tumors and normal samples. Immuno-
blotting did not show statistically significant difference for the
total amount of either isoform of INK/SAPK (p46 and p54)
(data not shown) while the analysis of the activated forms did
not permit us to obtain reliable results. Consequently, the
activation of both JNK/SAPK isoforms was analyzed by an
ELISA assay. The results obtained did not show statistically
significant differences between tumor and normal laryngeal
samples. The level of expression of phospho-JNK/SAPK was
0.437+0.357 (mean OD = SD) in the controls and
0.509+0.3164 (mean OD + SD) in the tumors, p>0.05.

On the contrary, a statistically significant difference was
observed analyzing the amount of phospho-ERK1/2 pattern
in tumors compared with normal tissues. The levels of total
protein for both ERK1(p44) and ERK2(p42) were not
statistically different between tumor and normal samples
(Fig. 3A and B). Analysis of the levels of activated
(phosphorylated) forms of ERK1/2 showed a statistically
significant reduction for both isoforms in tumor samples
compared to the normal mucosa (Fig. 4A and B). The
average phospho-ERK1 expression level in cancerous and in
normal tissues was 0.8081+0.41 (mean RE + SD) and
1.354+0.369 (mean RE + SD) respectively, p<0.05. The
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Figure 4. Expression of phospho-ERK1/2P4/42 g statistically reduced in
laryngeal tumors (T) compared to their paired normal tissues (C). (A)
Representative immunoblot analysis showing expression of phospho-
ERK1/2P#/%2 in Jaryngeal tumors and paired normal tissues. (B) Expression
of phospho-ERK1/2P442 was quantified by densitometric analysis of
autoluminographs. To control for differences in protein loading, we
normalized the expression of phospho-ERK1/2P4/742 to the expression of
actin in each sample. We then set the levels of expression of phospho-
ERK1/2P4/42 in each normal tissue to 1, and thus obtained the relative
change in expression of phospho-ERK1/2P#42 in each tumor compared with
its paired normal tissue. The average relative change in expression for each
tumor/normal tissue pair is shown.

average phospho-ERK?2 expression resulted in 1.569+0.482
(mean RE = SD) in the control tissues and 1.177+0.486 in
the tumors, p<0.05. As shown in Fig. 4B, modulation of the
two isoforms, ERK1 and ERK2, in the tumor samples were
in strict correlation. In almost all the tumors the phos-
phorylation of both isoforms was reduced compared to the
control samples and the rate of reduction was similar for
both isoforms. Only 2 patients showed an increase in
phosphorylation of both isoforms in the tumor samples
compared to the corresponding control tissue. One patient
showed an opposite modulation of the two different
isoforms.

We also evaluated whether there might be a correlation
between tumor grading and specific Western blot patterns,
but no significant findings were found (data not shown).

Immunohistochemical analysis of activated MAPKs. In order
to evaluate the cellular localization of the activated MAPKs,
we performed an immunohistochemical analysis for the
phosphorylated forms of MAPKSs. This analysis showed that
all the activated MAPKs (p38, INK/SAPKr46/r34 and
ERK1/2r442) were expressed in both laryngeal tumors (Fig. 5)
and normal tissue (data not shown). No obvious difference
of cellular localization for all the activated MAPKs was
demonstrated between the tumor and normal tissues. Activated
ERK 1/2°#/%%2 and activated p38 showed a nucleo-cytoplasmatic
distribution whereas JNK/SAPKP#*r3 was localized into the
cytoplasmatic membrane. This distribution was common to
normal and tumor tissues.
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Figure 5. Cellular localization of activated (phosphorylated) forms of
MAPK in laryngeal tumors. Activated ERK1/2P?42 (A) and activated p38
(B) shows a nucleo-cytoplasmatic distribution whereas activated
INK/SAPKP#*®>4 (C) are localized into the cytoplasmatic membrane.

Discussion

This study analyzed the modulation of MAPKSs in SCC of the
larynx and demonstrated that ERK1/22r4/%42 degree of
phosphorylation may be a possible marker of malignancy.
Indeed, in the tumor specimens evaluated, the total amount
of MAPK proteins was not significantly different from
corresponding control tissues. Conversely, a significant
reduction of the phosphorylated form of both ERK1 and
ERK?2 was observed in the malignant samples.

The present data are in complete agreement with the
findings from Tosi et al (8) that, in the heterogeneous group
of HNSCC, found a significant reduction of the phosphorylated
forms of two different families of key signalling pathway
downstream of the activated receptors, MAPK and Akt,
whereas PKCs showed no differences from the control samples.
Conversely, our results are in disagreement with previously
published data from Albanell ef al (9) who found that
activated forms of ERK1 and ERK?2 localized predominantly
in the nucleus of tumor cells in a series of HNSCC. There are
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several potential explanations for these controversies: i) the
tumor series analyzed by Albanell er al (9) included oral
cavity and pharyngeal carcinomas and no laryngeal cancers
while this type of tumor was predominant in the series of
patients reported by Tosi ef al (8) and is the unique type
analyzed in the present study, ii) although the antibody used
was presumably the same in all three studies, the techniques
employed to evaluate the phosphorylated status were
different, being mostly based on immunostaining in the case
of Albanell et al (9) and by immunoblotting in the other two
(8), iii), the study by Albanell et al (9) was probably limited
by the lack of comparison between the pathological samples
and the corresponding normal tissue that, according to the
present study, is characterized by a consistent amount of
phosphorylated MAPK. Whether discrepancies in results
obtained are to be attributed to site-specific differences of the
tumors evaluated or to other factors, for example methodo-
logical procedures, is still to be established.

Changes in the activation status of signal pathway circuits
that regulate downstream cell cycle progression ultimately
result in the loss of cell growth control and the net accumu-
lation of neoplastic cells (11). In this context, the role of the
MAPK cascades in controlling cell proliferation may be
tissue- or cell type-, as well as stage-specific, and in some
cases, may involve yet unidentified MAPK pathways (16).
Increased expression of ERK is observed in several kinds of
human cancers compared with paired normal tissues (21,22).
Conversely, similarly to that observed in the present study
for SCC of the larynx, decreased levels of phosphorylated
forms of MAPKSs have been associated with prostate cancer.
Moreover, the high level of phosphorylated ERK present in
the normal epithelium, was followed by a gradual decline in
disease progression (23). This cancer-specific opposite
behaviour underlies an essential difference in the regulation
of growth. In line with this observation, controversial
findings have been reported in relation to the regulation and
function of ERKs in mammalian mitosis (24). While the
biochemical activities of endogenous ERK1 and ERK?2 have
been shown to decrease as cells enter mitosis (25), other
studies have concluded that the activation of the ERK cascade
is required for normal progression to mitosis (26). Moreover,
it should be noted that in important experimental systems
such as neuronal cells, the activation of ERK leads to
terminal differentiation (27). Thus, one may speculate that the
decreased activity of ERKSs in some forms of cancer could be
the cause of cellular dedifferentiation. Finally, the different
behaviour displayed by different tumors is thought to be
dependent on the integration of multiple signals from the
numerous transduction pathways. The activation of different
pathways can generate opposing signals regulating survival,
proliferation and programmed cell death. In prostate cancer
(23) a significant surge in phosphorylated Akt, providing an
important cell survival signal, was found concomitant with a
decreased phoshorylation of ERK. In this context, it has been
recently underlined that specific signalling pathways (for
instance, the Ras-Rac cascade) can be regulated at distinct
and differentially regulated steps of the cascade with the
consequence of a different duration of the signalling within a
cell (28). The activation of Ras leads to stimulation of ERK
kinases as an early event consequent to the receptor stimulation
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while, in the late event, the termination of the Ras activation
leads to the switch-off of the upstream signalling and the
activation of other pathways.

In conclusion, the results of the present study support
previous published findings indicating significant alterations
in the MAPK activation in SCC of the larynx. A significant
decrease in ERK1 and ERK?2 phosphorylation was found.
The functional significance of these results and the interplay
among different signalling pathways in these tumors warrant
further investigations aimed at correlating the decrease of
phospho-ERKs with the metalloproteinase MMP-2 activity
which, as recently suggested by Munshi et al (29), is induced
by TGF-61 through the negative mediation of ERK1/2.
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