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Information on oncogenetic events accompanying
salivary gland mucoepidermoid carcinoma is so far
limited. Activation of extracellular signal-regulated ki-
nases ERK-1 and ERK-2 is strongly correlated to can-
cer. Using an antibody specific for phosphorylated
(active) ERK-1/ERK-2, we examined human salivary
gland mucoepidermoid carcinoma samples by immu-
nohistochemistry. The comparison in paired tumor
and normal tissue samples showed that phosphory-
lated ERK-1/ERK-2 immunoreactivity was higher in
tumor cells as compared to surrounding normal sali-
vary parenchyma. ERK-1/ERK-2 phosphorylation was
observed in ~39% of mucoepidermoid carcinomas.
Those tumors where the ERK-1/ERK-2 pathway was
activated had a more aggressive tumor behavior as
compared to the group where this pathway was inac-
tive. The association of ERK-1/ERK-2 phosphorylation
to a worse prognosis was independent of histological
grade. ERK-1/ERK-2 phosphorylation was associated
with increased Ki67 and cyclin A indexes, which in-
dicated that ERK-1/ERK-2 pathway activation in-
creased tumor cell proliferation. There was no rela-
tionship between ERK-1/ERK-2 phosphorylation and
HER-2/neu or p16/INK4a protein expression. In con-
clusion, ERK-1/ERK-2 pathway is active in salivary
gland mucoepidermoid carcinoma and this activation
is associated to a more aggressive tumor behavior and
a higher proliferative activity. These data suggest that
deregulation of ERK-1/ERK-2 pathway contributes to
mucoepidermoid carcinoma phenotype and, possi-

bly, represents a target for new anticancer drugs.
(Am J Pathol 2003, 163:957-967)

Mucoepidermoid carcinoma is one of the most frequent
salivary gland malignant tumors." It is more common in
women and peaks in the fifth decade. However, it is also
the most common salivary gland malignant tumor to arise
in children and adolescents under 20 years of age.
Among salivary gland malignant tumors, mucoepider-
moid carcinoma is unique in that it demonstrates a broad
spectrum of aggressiveness, which can be predicted by
microscopic grading.? High-grade mucoepidermoid car-
cinoma is a highly aggressive tumor, while its low-grade
counterpart usually demonstrates a favorable outcome.
However, metastasis also occurs in low-grade mucoepi-
dermoid carcinomas and can be lethal.®*# The frequency
of this unpredictable event is probably not recognized by
analyzing short-term survival results in a disease that
often has a long natural history.

Mucoepidermoid carcinoma is composed of varying
proportions of mucous, epidermoid, columnar, interme-
diate, and clear cells.” It is thought to arise from the
salivary excretory duct. However, some authors have
shown that there are essentially two basic types of cells,
luminal and intermediate, and that the intermediate cell
exhibits characteristics of modified salivary gland myo-
epithelial cells.® Uncertainties regarding mucoepider-
moid carcinoma histogenesis is contributed by the lack of
known precursor lesions. Information on molecular
events causing or accompanying malignant transforma-
tion is also very limited. Several studies have reported the
occurrence of 69 deletions, a common change in salivary
gland carcinomas, which suggests inactivation of tumor
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suppressor genes.®” Characterization of genotypic fea-
tures of mucoepidermoid carcinoma is reported in only a
few cases, however.”® Press et al® have reported the
amplification and/or overexpression of HER-2/neu in ap-
proximately one-third of mucoepidermoid carcinomas of
salivary glands, and have suggested that HER-2/neu
overexpression or amplification is important in these tu-
mors. In addition H-Ras gene mutations have been shown
by Yoo et al'® in approximately one-fifth of salivary gland
mucoepidermoid carcinomas.

Many oncogenic proteins, such as HER-2/neu and
Ras, are members of or interact with cytoplasmic signal-
ing cascades, and transformation is often a direct result
of the deregulation of a cytoplasmic signal transduction
pathway.'' Mitogen-activated protein kinases (MAPKSs)
constitute an evolutionary conserved family of protein
kinases.'® ' In multicellular organisms, there are three
well-characterized subfamilies of MAPKs. These MAPKs
include the extracellular signal-regulated kinases, ERK1
and ERK2, the c-Jun NH2-terminal kinases, and the four
p38 enzymes. Each MAPK subfamily is part of a cascade
involving activation of several membrane receptors fol-
lowed by the sequential activation of two upstream reg-
ulators. The high selectivity of the upstream regulators for
their substrates is such that cells can respond to different
stimuli with the activation of a specific MAPK pathway.
The ERK-1 and ERK-2 pathway is one of the best char-
acterized and the more strongly related to human cancer
among MAPK pathways.'? ' ERK-1 and ERK-2 are ubig-
uitously expressed, respond to a variety of stimuli, includ-
ing transforming agents and carcinogens, and are in-
volved in cell proliferation, apoptosis, differentiation,
angiogenesis, and cell motility. Oncogenic Ras persis-
tently activates the ERK-1/ERK-2 pathway, which contrib-
utes to the increased proliferative rate of tumor cells.®®
For this reason, inhibitors of the ERK pathways are enter-
ing clinical trials as potential anticancer agents.'® Raf-1,
which is located downstream from Ras and regulates
ERK-1/ERK-2 kinases, can also become activated in a
Ras-independent manner.'”

Elevated levels of dually phosphorylated (active) ERK-
1/ERK-2 have been reported in several human cancers,
including colon, prostate, renal cell, and breast adeno-
carcinomas, as well as in head and neck squamous-cell
carcinoma, glial neoplasm, and melanoma.'®~2% Immu-
nohistochemical detection using antibodies specific for
phosphorylated ERK-1/ERK-2 has permitted visualization
of spatially discrete cellular patterns of ERK-1/ERK-2 ac-
tivation in several of these tumors, and has generally
suggested that ERK-1/ERK-2 pathway activation may
contribute to the neoplastic phenotype.?'~2° The activa-
tion state of the ERK-1/ERK-2 pathway is not known in
human salivary gland mucoepidermoid carcinoma, al-
though it has been shown that activation of this pathway
occurs in rat salivary epithelial cells in response to onco-
genic Raf-1 and is required for malignant transforma-
tion.?® In this paper, we demonstrate by immunohisto-
chemistry that ERK-1/ERK-2 pathway is active in salivary
gland mucoepidermoid carcinoma and that this activa-
tion is associated to a more aggressive tumor behavior
and a higher proliferative activity. These data suggest

that deregulation of ERK-1/ERK-2 pathway contributes to
mucoepidermoid carcinoma phenotype and, possibly,
represents a target for new anticancer drugs.

Materials and Methods

Case Selection

A total of 57 mucoepidermoid carcinoma cases were
retrieved from the archival files of the Service d’Anatomie
et de Cytologie Pathologiques, Groupe Hospitalier Pitié-
Salpétriére, Paris, France. All cases for which formalin-
fixed, paraffin-embedded tumor specimens from the pri-
mary biopsy or resection were available were
consecutively included in this study. Clinical data were
obtained from medical records. Slides were indepen-
dently reviewed by two pathologists (A. H.-L. and P.F.)
and graded according to Armed Forces Institute of Pa-
thology criteria.” In addition, predominant cell type and
presence of tumor-associated lymphoid proliferation
were noted.

Primary Antibodies

The rabbit anti-human polyclonal antibody specific for
dually phosphorylated (Thr 202/Tyr 204) forms of the
MAPK isoforms, ERK-1, and ERK-2 (p44/42), was pur-
chased from Cell Signaling Technology (Phospho-p44/42
MAP Kinase Antibody; IHC-specific; Cell Signaling Tech-
nology, Beverly, MA).2” This antibody was previously
used by several authors to visualize phosphorylated
ERK-1/ERK-2 in paraffin-embedded specimens 2222425
Preliminary experiments on human prostate cancer spec-
imens were performed to determine the optimal incuba-
tion conditions which gave the strongest nuclear-specific
staining. The reactivity on human prostate cancer tissues
was consistent with immunohistochemical results re-
ported by Malik et al.2®

Total ERK-1/ERK-2 expression was checked with the
rabbit polyclonal ERK-1 antibody (K-23; Santa-Cruz Bio-
technology, Santa-Cruz, CA), which reacts with both
ERK-1 p44 and ERK-2 p42.2°

The Ki67 (clone MIB-1; Dako, Carpinteria, CA) and the
cyclin A (clone BF683; Santa-Cruz Biotechnology) mouse
monoclonal antibodies were used to determine the pro-
liferative index in tumor cells.?®2°

The CB11 (Novocastra, Newcastle-on-Tyne, United
Kingdom) and the 16P04 (Neomarkers, Fremont, CA)
mouse monoclonal antibodies were used to detect HER-
2/neu and p16, respectively.30:3

Immunohistochemistry

The hematoxylin and eosin-stained slides from each of
the 57 cases were screened by light microscopy for
representative samples containing mucoepidermoid car-
cinoma. Adjacent normal salivary gland tissue was also
included in the analysis in 39 samples. Four-um thick
sections were cut, mounted on silanized slides, dried
overnight at 45°C, dewaxed in xylene, and rehydrated in



graded alcohols. Antigen retrieval was performed by
bain-marie heating for 30 minutes at 98°C in 10 mmol/L
citrate buffer, pH 6.0 (BioGenex; San Ramon, CA). Slides
were allowed to cool for 20 minutes, then washed in
distilled water. Endogenous peroxidase activity was
blocked by incubation in 3% H,O, for 15 minutes. After
rinsing in distilled water, the slides were placed for 5
minutes in phosphate-buffered saline (PBS) containing
0.1% Tween 20 (Amresco, Solon, OH), followed by over-
night incubation with the primary antibody for phosphor-
ylated ERK-1/ERK-2 at a 1:100 dilution at 4°C. Slides
were washed 2 X 5 minutes in PBS-Tween.The detection
step was performed using LSAB+ kit and 3,3'-diamino-
benzidine (Dako) as chromogen. Slides were counter-
stained with hematoxylin, rinsed in tap water, dehy-
drated, placed in xylene, and mounted. The same
immunohistochemical procedure was used for HER-2/
neu staining except that the CB11 antibody was applied
at room temperature for 1 hour at a 1:800 dilution.

The ERK-1, Ki67, and cyclin A antibodies were applied
at room temperature at a 1:100 dilution for 1 hour. The
p16 antibody was applied at room temperature at a 1:100
dilution for 90 minutes. The detection step in the ERK-1,
Ki67, cyclin A, and p16 analyses was performed using
the Vectastain Universal ABC-AP kit (Burlingame, CA)
and fast red (Dako) as a substrate.

Controls

A positive control for phosphorylated ERK-1/ERK-2 (hu-
man prostate cancer tissue) was included in each anal-
ysis. Endothelial cells which displayed moderate nuclear
immunoreactivity of phosphorylated ERK-1/ERK2 also
served as a positive internal control in each of the sec-
tions. As a negative control, the polyclonal primary anti-
body was substituted for normal rabbit serum (Dako).
We also used breast cancer, colonic mucosa, lymph
node, and colon cancer specimens as positive controls
for HER-2/neu, Ki67, cyclin A, and p16 staining, respec-
tively. The specificity of staining was controlled by sub-
stituting the primary monoclonal antibodies with a mouse
monoclonal antibody of the same subclass (IgG1).

Immunohistochemical Evaluation

The immunohistochemical evaluation was independently
performed by two of the authors (A.H-L and P.F.) without
knowledge of the clinical data.

The phosphorylated ERK-1/ERK2 immunoreactivity
levels of each case were assessed semi-quantitatively
under light microscope by assessing the average signal
intensity (on scale of 0 to 3) and the proportion of cells
showing a positive nuclear stain (0, none; 0.1, less than
one tenth; 0.5, less than one half; and 1, greater than one
half). The intensity and proportion scores were then mul-
tiplied to give the H-score.®?

The Ki67 and cyclin A indexes were calculated as the
number of positive nuclei per 1000 nuclei. At least 1000
nuclei (range, 1000 to 9000) were counted in 10 high-
power fields at a X400 magnification for each case.?®2°
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The median number of total nuclei was 5625 and 6800 for
Ki67 and cyclin A, respectively.

For HER-2/neu protein expression, only cases with
complete membranous staining were considered posi-
tive.®° For p16/INK4a protein expression, nuclear staining
as well as cytoplasmic staining in at least 1% of tumor
cells was considered positive.®"

Digital images were acquired with a Axioplan 2 Imag-
ing microscope (Zeiss, Jena, Germany) using an Axiovi-
sion software version 3.0 with standard adjustments in
image brightness and contrast.

Statistical Analysis

The Wilcoxon test was used to compare two paired
groups. Fisher exact test and the x2 test were used to
analyze association between two categorical variables.
Trends in proportions were assessed using the Mann-
Whitney U-test. Spearman’s correlation was made be-
tween Ki67 and cyclin A labeling indexes. Univariate
analyses of time to disease-specific progression were
performed using the product-limit procedure (Kaplan-
Meier method) and tested using the Cox-Mantel log-rank
test. Event-free survival accounted for locoregional recur-
rence, metastasis, and death because of cancer as
events. The influence of covariates on the patient event-
free survival was analyzed by the Cox’s proportional haz-
ard method. All analyses were carried out with Statistica
Software, Version 5.0. A level of 0.05 was chosen to
indicate statistical significance. All reported P values are
two-sided.

Results

Phosphorylated ERK-1/ERK-2 Immunoreactivity
in Normal and Mucoepidermoid Carcinoma
Salivary Gland Tissues

Of 57 mucoepidermoid carcinoma samples, 39 con-
tained adjacent normal salivary gland tissue. In 23 of
these 39 samples (59%), normal salivary gland tissue
was totally unreactive with the polyclonal phosphorylated
ERK-1/ERK-2 antibody, although endothelial cell nuclei
were reactive. Nuclear staining was observed in a few
normal epithelial duct cells (less than 10% of glandular
cells) with mild or moderate intensity in 15 cases (38%),
while normal acinar cells were completely unreactive in
these cases (Figure 1 A). Only one case exhibited a
moderate and diffuse reactivity in both duct and acinar
cells. Therefore, using a semi-quantitative method®® as
described in Materials and Methods to evaluate phos-
phorylated ERK-1/ERK-2 immunoreactivity levels, 23
(59%) unreactive normal salivary gland tissues had a
H-score equal to 0, and 15 (38%) had a score between
0.1 and 0.5 (Table 1).

In contrast, tumor cells displayed phosphorylated
ERK-1/ERK-2 in their nuclei in 43 of the 57 mucoepider-
moid carcinoma samples (75%), and this immunoreac-
tivity was strong in 15 cases (26%) or diffuse (more than
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Table 1. Phosphorylated ERK-1/ERK2 Immunoreactivity in
Human Salivary Glands and Mucoepidermoid

Carcinomas
Phosphorylated
ERK-1/ERK-2 Normal salivary Tumor

H-Score* No (%) gland (N = 39) (N =57)
0 23 (59) 14 (25)
0.1-0.5 15 (38) 21(37)
1-2 1(3) 15 (26)
3 0 7(12)

*Phosphorylated ERK-1/ERK-2 H-score was determined by
multiplying the proportion of positive cells by the intensity of staining
with the polyclonal antibody specific for phosphorylated ERK-1/ERK-2.

50% cells) in 14 cases (25%). Using the same semi-
quantitative H-score method, the median immunoreactiv-
ity level for all tumor tissues was 0.5 (interquartile range,
0.1to 1.5). The median immunoreactivity level for reactive
tumors was 1.0 (interquartile range, 0.1 to 1.5). This stain-
ing was mainly observed in intermediate cells. Columnar
cells were occasionally reactive. Mucous cells were usu-
ally unreactive. Representative examples are shown in
Figure 1A.

Using the H-score method, phosphorylated ERK-1/
ERK-2 immunoreactivity levels in tumor cells were directly
compared to those observed in adjacent normal salivary
gland tissue in 39 samples. The data were analyzed
using a Wilcoxon matched pairs statistical test. The levels
in the normal salivary gland tissue (median 0, interquartile
range, 0 to 0.1) was significantly (P = 0.0005) lower than
levels in tumor tissues (median, 0.2 interquartile range, 0
to 1.0). This result implied ERK-1/ERK-2 pathway to be
active in mucoepidermoid carcinoma as compared to
normal salivary gland tissue.

Of 57 tumor samples, 22 cases (39%) displayed an
elevated phosphorylated ERK-1/ERK-2 immunoreactivity
that was equal or more than 1 (Table 1), meaning mod-
erate or strong staining in at least 10% of tumor cells.
Although a direct comparison with normal salivary gland
tissue could not be made in all these samples, a level of
1 was observed in only 1 (3%) normal salivary gland
tissue. This phosphorylated ERK-1/ERK-2 immunoreac-
tivity level was thus chosen as a cutoff to identify tumor
samples where the ERK-1/ERK-2 pathway was consid-
ered to be active.

We checked expression of total ERK-1/ERK-2 using an
antibody that reacts with both ERK-1 p44 and ERK-2
p42.2° The staining for total ERK-1/ERK-2 was moderate
or strong in a majority of epithelial cells in both normal
and tumor tissues, thus excluding overexpression of ERK
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families in tumor cells (Figure 1B). The presence of ERK-
1-ERK-2 in tumor cells that were non-reactive with the
phosphorylated ERK-1/ERK-2 antibody also demon-
strated that lack of the phosphorylated protein was not a
consequence of a lack of total ERK-1/ERK-2 family ex-
pression.

Activated ERK-1/ERK-2 Pathway in
Mucoepidermoid Carcinomas and Baseline
Clinico-Pathological Parameters

The median age of the patients was 51.5 years (interquar-
tile range, 37 to 63 years). The patients included 17
males and 40 females. Sixteen cases (28%) were located
in the parotid, 3 (5%) in the submandibular gland, 7
(12%) in the sublingual gland, and 31 (54%) in the minor
salivary glands. Tumor size varied between 0.3 and 4 cm
(median, 1.3 cm). Lymph node metastasis was identified
in four cases (7%). Of the 57 mucoepidermoid carcino-
mas, 33 (568%) were classified as low grade, 9 (16%) as
intermediate grade, and 15 (26%) as high grade. Tumor-
associated lymphoid proliferation and predominance of
intermediate cells were noted in 31 of 57 cases (54%)
and 36 of 57 cases (63%, respectively).

Activated ERK-1/ERK-2 pathway (immunoreactivity
level equal or more than 1) did not correlate with any of
the baseline clinical characteristics, including age, sex,
location, tumor size, and node stage (P > 0.20 for all
comparisons). The trend of a positive correlation between
ERK-1/ERK-2 pathway activation and increasing histolog-
ical grade was not significant (P = 0.34). Similarly, there
was no difference in the individual grading criteria, in-
cluding intracystic component, neural invasion, necrosis,
mitosis index more than 4 per 1.7 square mm, and
anaplasia, according to whether ERK-1/ERK-2 pathway
was activated or not (Table 2). Tumor-associated lym-
phoid proliferation was not associated with elevated
phosphorylated ERK-1/ERK-2. However, there was a
trend for poorly differentiated tumors, in which intermedi-
ate cells formed the bulk of tumor tissue, to display high
phosphorylated ERK-1/ERK-2 levels (P = 0.08).

Activated ERK-1/ERK-2 Pathway in
Mucoepidermoid Carcinomas and Progression
of Disease

Follow-up data were available for 35 patients (median
follow-up, 48 months). Ten patients showed local recur-

Figure 1. Representative examples of salivary gland mucoepidermoid carcinoma and surrounding tissue samples analyzed by immunohistochemistry for
phosphorylated ERK-1/ERK-2, total ERK-1/ERK-2, P16, Ki67, and cyclin A. A: Immunoperoxydase visualization of phosphorylated ERK-1/ERK-2. a: The nodular
tumor tissue (arrowheads) is strongly reactive, while the normal adjacent parenchyma (asterisk) is mainly unreactive. b: Same sample as in A. Reactive
endothelial nuclei (arrowheads) and normal salivary parenchyma with few reactive ductal cells (arrow) and unreactive acini (asterisk). c: Low-grade
mucoepidermoid carcinoma. The basal myoepithelial cells (arrowheads) are consistently reactive, while the mucous cells (arrows) are unreactive. d: High-grade
mucoepidermoid carcinoma. Intermediate cells (asterisk) with nuclear anaplasia are diffusely and strongly reactive. Note a few unreactive mucous cells
(arrowhead). e: Intermediate-grade mucoepidermoid carcinoma. Reactive clear cells. f: A majority of intermediate cells are reactive (asterisk). Some glandular
nonspecific cells are also reactive (arrowheads). Original magnification, X25 (a); X100 (b); X400 (c); X200 (d); X200 (e); X200 (f). B: Total ERK-1/ERK-2, Ki67,
cyclin A, and P16 expression analyzed with phosphatase alkaline staining (red). a: Total ERK-1/ERK-2 expression in tumor (arrowheads) and surrounding
salivary gland tissue (asterisk). b: Ki67 expression in one intermediate-grade phospho-ERK-positive mucoepidermoid carcinoma (6.6 positive nuclei per 1000
nuclei). Three positive nuclei (arrows) are present among 77 total tumor nuclei in this field. ¢: Cyclin A expression in one low-grade phospho-ERK-positive
mucoepidermoid carcinoma (5.9 positive nuclei per 1000 nuclei). Four positive nuclei (arrows) are present among 191 total tumor nuclei in this field. d: Diffuse
immunostaining for P16 in a phospho-ERK-positive mucoepidermoid carcinoma. Original magnification, X100 (a); X400 (b); X400 (¢); X100 (d).
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Table 2. Pathological Features of 57 Mucoepidermoid Carcinomas According to Phosphorylated ERK-1/ERK2 Immunoreactivity

Phosphorylated ERK-1/ERK-2

H-score’ H-score equal or
less than 1 more than 1
Pathological feature-N (N = 35) (N = 22) P Value*

Tumor grade* 0.34
Low 22 11
Intermediate 5 4
High 8 7

Intracystic component® 0.72
Yes 19 13
No 16 9

Neural invasion 0.72
Yes 7 3
No 28 19

Necrosis 0.79
Yes 9 5
No 26 17

Mitosis™ 0.36
Yes 2 3
No 33 19

Anaplasia 0.12
Yes 9 10
No 26 12

Tumor-associated lymphoid proliferation 0.59
Yes 20 11
No 15 11

Predominance of intermediate cells 0.08
Yes 19 17
No 16 5

*, The trend in increasing proportions of phosphorylated ERK-1/ERK-2 immunoreactivity with tumor grade was assessed using the Mann-Whitney U
test. For two-by-two comparisons P values were determined using the Fisher’s exact test or the x° test.
. H-score, product of the intensity of staining by the proportion of positive cells.

* Tumor grade was established using AFIP criteria.
§, Intracystic component was more than 20% of tumor.
7. More than 4 mitoses per 1.7 square mm was measured.

rences and one patient had lung, liver, and bone metas-
tases. Three of the patients died, two because of local
extension of disease, one due to aplasia induced by
chemotherapy.

Kaplan-Meier curves were constructed to evaluate the
predictive value of the various clinicopathological param-
eters on progression-free survival, which accounted for
local recurrence, metastasis, or cancer-related death,
excluding chemotherapy-related death. As expect-
ed,>*28 tumor grade was significantly correlated with
progression of disease (P = 0.001; Figure 2 A). The
survival curves for low and intermediate grades were
nearly identical. The group with high-grade tumors had a
clearly worse prognosis than the two other groups ana-
lyzed separately or combined.

The Kaplan-Meier curves also showed a marginally
significant difference (P = 0.05) in the probability that
patients would remain free of disease between the group
with an activated ERK-1/ERK-2 pathway and the group in
which this pathway was inactive (Figure 2B).

Tumor grade and phosphorylated ERK-1/ERK-2 immu-
noreactivity were then entered in a multivariate analysis
of progression-free survival (Table 3) using a Cox’s pro-
portional-hazard model. This analysis showed that high
tumor grade (P = 0.0005) and ERK-1/ERK-2 pathway
activation (P = 0.03) were independent prognostic
factors.

Activated ERK-1/ERK-2 Pathway and Tumor
Cell Proliferation

As already stated, there was no correlation between mi-
tosis index equal or more than 4 per 10 high-power fields
(1.7 square mm) and activated ERK-1/ERK-2. However, a
likely cellular response to activated ERK-1/ERK-2 was
increased proliferative activity. We thus stained mucoepi-
dermoid carcinoma samples with the Ki67 antibody,
which reacts with cells in G1 to M phases of the cell
cycle® (Figure 1B). The Ki67 index was higher (P = 0.03;
Figure 3 A) in the group of tumors with activated ERK-1/
ERK-2 pathway (median 4, interquartile range, 2 to 8)
than in the group in which this pathway was not activated
(median 1.5, interquartile range, 0 to 6).

Since the difference in Ki67 staining was small, we
sought to strengthen our data by analyzing cyclin A la-
beling index (Figure 1B). Although cyclin A expression
defines a different window of cell cycle progression com-
pared to that identified by anti-Ki67 antibodies, cyclin A
expression levels are usually correlated with those of
Ki67 expression.?® As expected, we found a significant
correlation between cyclin A and Ki67 labeling values
(r = 0.48; P < 0.001), indicating that both markers are
co-regulated. Importantly, similar to Ki67 index, the cyclin
A labeling index was higher (Figure 3B) in the group of
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Figure 2. Kaplan-Meier curves showing progression-free survival according
to histological grade (A) or phosphorylated ERK-1/ERK-2 immunoreactivity
(B). Pvalues were determined using the two-sided Cox-Mantel log-rank test.
Events (open circles) account for local recurrence, metastasis, and cancer-
related death.

tumors with activated ERK-1/ERK-2 pathway (median 4.5,
interquartile range, 3 to 7) than in the group in which this
pathway was not activated (median 2.5, interquartile
range, 1.5 to 6), although the difference was only close to
significance (P = 0.06).

Table 3. Independent Factors of Cancer Progression
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Activated ERK-1/ERK-2 Pathway and
p16/INK4a or HER-2/neu Protein Expression

We stained mucoepidermoid carcinoma samples with the
HER-2/neu CB11 monoclonal antibody (not shown). Of
the 57 samples, nine cases (16%) exhibited a complete
membranous staining, mainly in intermediate and squa-
mous cells. There was no relationship between HER-2/
neu membranous staining and ERK-1/ERK-2 activation
(P = 0.46) as only two tumors with activated ERK-1/
ERK-2 also demonstrated HER-2/neu staining. However,
by comparing adjacent sections, in both tumors the foci
of HER-2/neu reactive intermediate cells seemed also to
express phosphorylated ERK-1/ERK-2 in their nuclei.

Lastly, we evaluated p76/INK4a loss by staining sam-
ples with a monoclonal antibody to p16 in the subset of
tumors demonstrating activated ERK-1/ERK-2 (Figure
1B). Five cases failed to react with the p16 antibody even
in stromal or normal salivary gland duct cells. As these
cells usually express p16,2'22 lack of p16 immunoreac-
tivity in these samples was likely caused by alteration or
loss of the corresponding epitope. Therefore, these five
cases were considered as inappropriate and were ex-
cluded from the immunohistochemical analysis. The 17
remaining cases displayed p16 reactive tumor cells in
each case and were considered p16-positive.

Discussion

Using a polyclonal antibody specific for the dually phos-
phorylated (active) ERK-1/ERK-2 isoforms, we have ex-
amined by immunohistochemistry phosphorylated ERK-
1/ERK-2 immunoreactivity levels in mucoepidermoid
carcinomas and their adjacent normal salivary gland tis-
sues. The direct comparison of immunohistochemical re-
activity between normal and tumor salivary gland tissue
shows that mucoepidermoid carcinomas display higher
levels of phosphorylated ERK-1/ERK-2 than their sur-
rounding normal salivary parenchyma. Activation of sig-
nals upstream of ERK in tumor cells is actually occurring
rather than overexpression of ERK families since total
ERK-1/ERK-2 is expressed at similar levels in normal and
tumor tissues. By using as a cutoff the immunoreactivity
level below which >95% of normal salivary gland tissue

Cancer progression

Hazard ratio*

Factor Categories (95% ClI) P value

Phosphorylated ERK-1/ERK-2

H-Score’ 0.03
Less than 1 1
Equal or more than 1 4.0 (1.1-13.7)

Grade 0.0005
1or2 1
3 12.3(3.0-50.1)

*, Hazard ratios were determined using a Cox’s proportional-hazard model. Cl denotes confidence interval.
TH-score, product of the proportion of positive tumor cells by the intensity of staining with the phosphorylated ERK-1/ERK2 antibody.
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Figure 3. Box plots of Ki67 (A) and cyclin A (B) index values according to
phosphorylated ERK-1/ERK-2 immunoreactivity. Lower and upper limits of
boxes indicate the 25th and 75th percentiles; squares within boxes indicate
the median values; the lines extending from the boxes indicate the range of
non-outlying values. Outliers were not plotted, but included in the statistical
analysis.

P =0.06

Cyclin A Index
(number of positive nuclei per 1000 nuclei)

samples express phosphorylated ERK-1/ERK-2, we show
that ~39% of mucoepidermoid carcinomas display high
levels of phosphorylated ERK-1/ERK-2. The data pre-
sented here suggest that ERK-1/ERK-2 pathway activa-
tion occurs during tumorigenesis and, possibly, plays a
role in the oncogenic process. An additional interesting
finding is that patients whose tumors display increased
levels of phosphorylated ERK-1/ERK-2 have a worse
prognosis, ie, are more likely to experience disease-
related events such as local recurrence, metastasis, or
death, than patients with tumors in which this MAPK
pathway is inactive. This finding suggests that ERK-1/
ERK-2 pathway activation is associated with a more ag-
gressive tumor behavior and plays a role in mucoepider-
moid carcinoma progression as well as in tumorigenesis.
Since little is known regarding oncogenic molecular
events occurring in mucoepidermoid carcinoma, we be-
lieve that our report is a significant advance in the knowl-
edge of these neoplasms, which account for one of the
most frequent malignant salivary gland tumor in adults
and children.

The evidence that ERK-1/ERK-2 pathway is active in
mucoepidermoid carcinoma is based on the specific re-

activity of the polyclonal antibody for phosphorylated
ERK-1/ERK-2, which has been previously established by
Kharitonenkov et al®” using Western blots. In a study of
gliomas, Mandell et al®® have been the first authors to
demonstrate the practicability and usefulness of using
immunohistochemical detection to visualize phosphory-
lated ERK-1/ERK-2 patterns. Thereafter, similar to our
study, several immunohistochemical studies have used
the same polyclonal antibody to determine phosphory-
lated ERK-1/ERK-2 immunoreactivity in various cancers,
including squamous-cell carcinomas by Albanell et al,®?
prostate cancers by Malik et al,?® and melanomas by
Cohen et al.?* In an immunohistochemical study of breast
cancer progression, Adeyinka et al®’ have also demon-
strated the validity of using this polyclonal antibody to
establish levels of phosphorylated ERK-1/ERK-2 immu-
noreactivity in paraffin-embedded breast cancer cells.
Our report, using the semi-quantitative scoring method
(H-score) described by Al-Haddad et al®*? and used by
Adeyinka et al,?" is the first to document increased levels
of phosphorylated ERK-1/ERK-2 immunoreactivity in sal-
ivary gland mucoepidermoid carcinomas. The advantage
of immunohistochemistry is the ability to visualize at the
cellular level MAPK activation patterns. It is particularly
useful to distinguish MAPK activation in tumor cells and in
stromal cells, as many endothelial cells also display
phosphorylated ERK-1/ERK-2 and can be a confounding
factor in Western blot studies. In immunohistochemical
assays, endothelial cells serve as a convenient internal
control to detect possible heterogeneity in tissue immu-
noreactivity related to differences in fixation procedure.
The nuclear localization of the immunohistochemical
staining is a further microscopic feature to confirm the
state of activation of ERK-1/ERK2, although it is known
that activated ERK-1/ERK2 forms can also activate cyto-
solic proteins, such as the membrane-bound phospho-
lipase A2.3%

Since there is a good correlation between extracellular
agents that lead to cell proliferation and stimulation of the
MAPK cascade, the most likely impact of ERK-1/ERK-2
activation in tumor cells is to increase cellular prolifera-
tion.">'* A weak association between activated ERK-1/
ERK-2 and proliferative index has been reported in head
and neck squamous-cell carcinoma.?® Mucoepidermoid
carcinomas are usually slow-growing tumors with prolif-
erative rates lower than those observed in more aggres-
sive carcinomas such as head and neck squamous-cell
carcinomas. Therefore, it is not unexpected that we ob-
served low levels of both Ki67 and cyclin A expression in
most mucoepidermoid carcinomas. Our data are vali-
dated by the clear correlation between Ki67 and cyclin A
index values. Our report indicates that these markers are
co-regulated and thus truly reflect proliferative activity in
tumor cells. However, cyclin A expression is involved in
both S phase and in the G2/M transition and defines a
different window in the cell cycle progression compared
to that identified by anti-Ki67 antibodies. This may explain
why the relation of ERK activation to cell cycle appears
stronger in the analysis using Ki67 as compared to cyclin
A as cell cycle markers. More importantly, the differences
in Ki67 and cyclin A indexes between phospho-ERK-



negative and -positive tumors are perfectly consistent.
Together, the data presented here strongly support that
ERK-1/ERK-2 activity in mucoepidermoid carcinoma is
one of the factors contributing to increased cell prolifer-
ation. Nevertheless, it seems very likely that deregulation
of cell cycle in mucoepidermoid carcinoma depends on
additional genetic changes, which together with ERK-1/
ERK-2 activation explain the full proliferative activity of
tumor cells. We tested whether loss of p16 cooperates
with ERK-1/ERK-2 activation, as recently described.®®
Our results do not support this hypothesis, although a
more extensive immunohistochemical study with several
antibodies and a genetic study may be needed to defin-
itively exclude such cooperation. With regard to the con-
tribution of ERK-1/ERK-2 activation to mucoepidermoid
carcinoma aggressiveness, it is likely that the aggressive
behavior of these tumors do not depend on tumor cell
proliferative activity alone. Other cellular ERK-dependent
responses including angiogenesis and altered cell motil-
ity can play a role in a more aggressive tumor behavior.
Some of these phenotypic transformations could be me-
diated by altered transcription of ERK-1/ERK-2 target
genes, such as vascular endothelial growth factor and
tissue factor, as demonstrated for invasive phase mela-
noma.?* Other important cell modifications could involve
transcription-independent suppression of integrin activa-
tion, which reduces cell adhesion to the extracellular
matrix and enhances cell mobility.3® As previously noted
in mucoepidermoid carcinomas, phosphorylated ERK-1/
ERK-2 immunoreactivity is mainly observed in intermedi-
ate cells, which are thought to be modified myoepithelial
cells. These cells are located around luminal cells and
have basal lamina partially lining their surface and, thus,
interact via integrin receptors with extracellular matrix.” It
would be interesting to know whether phosphorylated
ERK-1/ERK-2 immunoreactivity in intermediate cells cor-
relates to their integrin activation state.

Deregulation of ERK pathway is often associated with
oncogenic transformation.' Phosphorylated ERK-1/
ERK-2 immunoreactivity has been related to tumor pro-
gression in oligodendrogliomas,® to progression of dys-
plastic naevi to melanomas,?* and to metastasis in head
and neck squamous-cell carcinoma®? and in breast can-
cer.?’ Thus, in several cancers as well as in salivary
gland mucoepidermoid carcinoma, ERK-1/ERK-2 path-
way activation is associated with more advanced stages
of disease and/or a worse prognosis. However, ERK-1/
ERK-2 does not seem to possess any oncogenic poten-
tial by itself, and no naturally occurring ERK-1/ERK-2
kinase oncogenes have been found.'® ERK-1/ERK-2
phosphorylation may reflect the oncogenic potential of
upstream activators such as Ras, Raf-1, Mos, and the
EGF receptor. H-Ras mutations have been detected in
approximately one-fifth of mucoepidermoid carcinomas,
a prevalence which appears less than the proportion of
cases showing ERK-1/ERK-2 pathway activation.® Li et
al®® have reported that oncogenic Raf-1 activates the
ERK-1/ERK-2-signaling pathway, which is required for
the transformation of the rat salivary epithelial cell line,
Pa-4. However, the status of Raf in human mucoepider-
moid carcinoma is yet to be determined. Expression of
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EGF receptor is mainly localized to epidermoid cells in
mucoepidermoid carcinomas, while our report indicates
that phosphorylated forms of ERK-1/ERK-2 are mainly
found in intermediate cells.3” Press et al® have reported
HER-2/neu amplification and/or overexpression in about
a third of mucoepidermoid carcinomas. We report HER-
2/neu membranous expression in 16% of cases in our
series. Admittedly, the CB11 monoclonal antibody is
thought to be less sensitive than the polyclonal antibody
used by Press and al.®® Other authors have reported that,
in breast cancer samples, discrepancies between poly-
clonal and monoclonal antibodies are represented by
tumors weakly positive (2+) with polyclonal antibodies
and that this weak reactivity with polyclonal antibodies
correlates poorly with gene amplification.®® Our data
clearly show that overexpression of HER-2/neu is not a
necessary factor in ERK-1/ERK-2 pathway activation in
mucoepidermoid carcinoma. However, our understand-
ing of the connections within the MAPK pathways is in-
complete, and we cannot exclude that oncogenic activa-
tion of ERK-1/ERK-2 pathway occurs at different levels in
mucoepidermoid carcinoma, including HER-2/neu in
some cases. Alternatively, ERK-1/ERK-2 pathway activa-
tion may reflect the phenotypic alterations induced by
other oncogenic events that occur as tumor cells acquire
amore aggressive potential. For example, it can be spec-
ulated that, at an invasive stage, destruction of the adja-
cent conjunctive tissue can unmask matrix-embedded
growth factors, which in turn can be responsible for the
activation of ERK-1/ERK-2 pathway.

Histopathological grading of salivary gland mucoepi-
dermoid carcinoma has proved useful to predict progno-
sis and can be important to make the decision for post-
operative radiation therapy.? However, some patients
with low-grade mucoepidermoid carcinoma do not expe-
rience the favorable clinical course anticipated on his-
topathological findings.>* Numerous grading methods
have been proposed to enhance reproducibility and pre-
dictability. One of the most reliable grading systems has
been described by Goode et al,®** although these au-
thors stress the need for additional markers to improve
predictability of low-grade mucoepidermoid carcinoma.
Our report, using the AFIP criteria show survival results
entirely consistent with data reported by these authors as
well as those reported by Brandwein et al®*2® using the
same criteria. We show that phosphorylated ERK-1/
ERK-2 immunoreactivity levels and histopathological
grade are independent prognostic factors of progres-
sion-free survival in a multivariate analysis. This finding
suggests that immunohistochemical staining for this
marker can be useful in the clinical practice. The only
morphological characteristic to which phosphorylated
ERK-1/ERK-2 immunoreactivity may be associated is pre-
dominance of intermediate tumor cells, which form the
bulk of poorly differentiated tumors, as defined in the
World Health Organization Salivary Gland Tumors Clas-
sification.®®

Another very interesting point is that anticancer drugs
targeting the MAPK pathway are currently being devel-
oped.'® The detection of phosphorylated ERK-1/ERK-2
immunoreactivity in excised tumor samples could be a
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straightforward way to select patients for these treat-
ments and to monitor drug response. Using the antibody
against phosphorylated ERK-1/ERK-2, in vivo evaluation
of MAPK kinase inhibition by new compounds has al-
ready been successfully assayed in pre-clinical animal
models.*® Since activation of ERK-1/ERK-2 pathway is
associated with a worse prognosis, patients with muco-
epidermoid carcinoma displaying increased levels of
phosphorylated ERK-1/ERK-2 appear to be good candi-
dates to test these new drugs.

In conclusion, phosphorylated ERK-1/ERK-2 immuno-
reactivity is increased in mucoepidermoid carcinomas as
compared to normal salivary gland tissue, and predicts a
worse prognosis independently of tumor grade. An in-
crease in tumor cell proliferation is associated with ERK-
1/ERK-2 pathway activation. Our findings suggest that
ERK-1/ERK-2 pathway is involved in tumorigenesis and
tumor progression of salivary gland mucoepidermoid
carcinoma, and is an important target for new anticancer
drugs to control these neoplasms.
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