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Annexin A1 (ANXA1) protein expression was evalu-
ated by Western blot in a series of 32 head and neck
squamous cell carcinomas (HNSCCs) in a search for
molecular alterations that could serve as useful diag-
nostic/prognostic markers. ANXA1 down-regulation
was observed in 24 cases (75%) compared with pa-
tient-matched normal epithelium. In relation to clin-
icopathological variables, ANXA1 down-regulation
was significantly associated with advanced T stages
(P � 0.029), locoregional lymph node metastases
(P � 0.038), advanced disease stage (P � 0.006), hy-
popharyngeal localization (P � 0.038), and poor his-
tological differentiation (P � 0.005). ANXA1 expres-
sion was also analyzed by immunohistochemistry in
paraffin-embedded sections from 22 of 32 HNSCCs
and 8 premalignant lesions. All dysplastic tissues
showed significantly reduced ANXA1 expression com-
pared to a strong positive signal observed in adjacent
normal epithelia (except basal and suprabasal cells).
A close association was observed between ANXA1 ex-
pression and the histological grade in HNSCC. Well-
differentiated tumors presented a positive ANXA1 sig-
nal in highly keratinized areas whereas moderately
and poorly differentiated tumors exhibited very weak
or negative staining. Our findings clearly identify
ANXA1 as an effective differentiation marker for the
histopathological grading of HNSCCs and for the de-
tection of epithelial dysplasia. (Am J Pathol 2004,

164:73–79)

Head and neck squamous cell carcinoma (HNSCC) is

one of the most common types of tumors, afflicting

500,000 patients worldwide each year.1The survival rate

for patients with HNSCC has remained unchanged in

recent years despite advances in diagnosis and treat-

ment. Our ability to prognosticate advanced cases of

HNSCC is especially poor owing to variations in the bio-

logical behavior of the tumors and inadequacies of the

present staging system. Novel markers that can distin-

guish differences in tumor condition and behavior are

needed for the diagnosis and treatment of such cancers.

The development of molecular profiling techniques for

genomic and proteomic analysis has introduced a new

approach to cancer research aimed at discovering dif-

ferential gene and protein expression associated with

cancer development and progression.

Annexins are a structurally related family of calcium-

and phospholipid-binding proteins that have been impli-

cated in a broad range of molecular and cellular process-

es,2 including the modulation of phospholipase A2 and

kinase activities in signal transduction, the maintenance

of cytoskeleton and extracellular matrix integrity, tissue

growth and differentiation, inflammation, and blood co-

agulation. Human annexins and their cognate ortho-

logues comprise the A subfamily of vertebrate annexins

represented by 12 members, designated by the ANX

symbol stem-suffixed with a subfamily classification A1

through A11 or A13.3 Annexin A1 (ANXA1) has long been

considered a putative mediator of glucocorticoid immu-

nosuppressive activity and a mouse gene knockout

model appears to support this interpretation.4

The term annexinopathies has been used to define

those human diseases in which abnormal levels and

pleiotropic effects of annexins contribute to the patho-

genesis,5 although annexins have yet to be directly im-

plicated in the etiology of any genetic disease. Thus,

overexpression of ANXA2 may contribute to the pheno-

type in a hemorrhagic form of acute promyelocytic leu-

kemia, whereas underexpression of ANXA5 accompa-

nies the anti-phospholipid syndrome and preeclampsia.

The altered expression of annexins has also been asso-

ciated with cell line transformation (http://genome-www.
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stanford.edu/nci60/),6 tumor progression,7 and metasta-

sis,8,9 and interpreted to suggest either a homeostatic or

possible tumor suppressive role for annexins. ANXA1 is

overexpressed in breast cancer10 and hepatocellular car-

cinoma11 but markedly down-regulated in esophageal,

prostate, and gastric carcinomas.6,8,12–15 ANXA2 is overex-

pressed in brain glial tumors16 and pancreatic carcinoma17

and down-regulated in prostate cancer.18 Possible tumor

suppressor roles have been proposed for ANXA6 in mela-

noma19 and squamous cell carcinoma,20 for ANXA7 in mel-

anoma,21 and for ANXA10 in hepatocellular carcinoma.22

ANXA4 has been associated with chemoresistance.23

The magnitude and specificity of annexin changes in

various cancers underscores their potential value as mo-

lecular markers and their possible role in carcinogenesis

itself. The above-cited studies identify ANXA1 as a prom-

ising candidate, but some contradictory findings in met-

astatic conditions and cultured cell lines require more

direct analysis of primary tumor tissue to resolve the

cellular conditions originating these changes. We there-

fore evaluated ANXA1 protein expression in a study set of

invasive HNSCC tumors together with patient-matched

normal epithelium and premalignant lesions from head

and neck squamous epithelia using both Western blot

and immunohistochemistry (IHC) analysis.

Materials and Methods

Tissue Specimens

Surgical tissue specimens from 32 patients with HNSCC

who consecutively underwent resection of their tumors at

the Hospital Central de Asturias were obtained for this

prospective study, following institutional review board

guidelines. Informed consent was obtained from each

patient. None of them had received radio/chemotherapy

before intervention. Biopsies were sharply excised,

placed in sterile tubes, and frozen immediately in liquid

nitrogen. Clinically normal adjacent mucosa was also

collected. All tissue samples were stored at �80°C until

analysis. A portion of the surgical tissue specimen was

fixed in buffered formaldehyde, dehydrated in graded

alcohol solutions, and embedded in paraffin for use in

histological analysis and IHC studies.

The characteristics of the patients studied and the clini-

copathological features of their tumors (site, pT stage, pN

stage, disease stage, and histopathological grade) are

shown in Table 1. The stage of disease was determined

after the surgical resection of the tumor according to the

current tumor-node-metastasis staging (TNM) system of the

International Union Against Cancer. The histological grade

was determined according to the degree of differentiation of

the tumor (Broders’ classification). All patients were habitual

tobacco and alcohol consumers.

Premalignant Lesions

Tissue was obtained from archival, paraffin-embedded

blocks from the Hospital Central de Asturias. Represen-

tative sections from tissue were used for IHC study and

the diagnosis was confirmed for each lesion by a pathol-

ogist (AHZ). The distribution of patients according to the

histological nature of their lesions was: hyperplasia/hy-

perkeratosis (three cases), mild dysplasia (one case),

moderate dysplasia (two cases) and severe dysplasia/

carcinoma in situ (two cases).

Protein Extraction and Western Blotting

For protein extraction, freshly frozen tissue from each

sample was microdissected by cryostat sectioning to

ensure that it contained at least 75% epithelial tumor

cells. Each sample was frozen and thawed three times

and mechanically lysed in ice-cold lysis buffer containing

50 mmol/L HEPES pH 7.9, 250 mmol/L NaCl, 5 mmol/L

ethylenediaminetetraacetic acid, 0.2% (v/v) Nonidet

P-40, 10% glycerol plus a phosphatase- and protease-

inhibitor mixture (25 mmol/L �-glycerophosphate, 1

mmol/L Na3VO4, 1 mmol/L phenylmethyl sulfonyl fluoride,

10 �g/ml leupeptin, 10 �g/ml aprotinin).

Whole protein extract concentration of the supernatant

was estimated by Bradford’s method using a protein

assay kit (Bio-Rad, Hercules, CA). Equal amounts of pro-

tein extract (100 �g per lane) were boiled in Laemmli

sample buffer, separated on sodium dodecyl sulfate

polyacrylamide gel (10%), and transferred to polyvinylidene

difluoride membranes using a Semidry Trans Blot (Bio-

Rad). Membranes were immunoblotted with mouse IgG

Table 1. Summary of Clinicopathological Parameters of
HNSCC Patients and Their Tumors, with
Corresponding ANXA1 Protein Expression Results as
Number and Percentage of the Patient Population,
with Statistical Assessment

Feature
No. of

patients
ANXA1 down-
regulated (%) P value*

Mean age at resection
(median):

59 (61)

Sex
Male 31 (97%)
Female 1 (3%)

Site
Oropharynx 9 (28%) 6 (67) 0.038
Supraglottic larynx 12 (38%) 10 (83)
Glottic larynx 4 (12%) 1 (25)
Hypopharynx 7 (22%) 7 (100)

pT stage
T1–T2 6 (19%) 2 (33) 0.029
T3 16 (50%) 13 (81)
T4 10 (31%) 9 (90)

pN stage
N0 13 (41%) 7 (54) 0.038†

N1–3 19 (59%) 17 (89)
Disease stage

I–II 5 (16%) 1 (20) 0.006
III 8 (25%) 6 (75)
IV 19 (59%) 17 (89)

Histopathologic grade
Well-differentiated 16 (50%) 8 (50) 0.005
Moderately-

differentiated
9 (28%) 9 (100)

Poorly-differentiated 7 (22%) 7 (100)
Total 32 24 (75)

*Chi-square test.
†Fisher’s test.
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anti-ANXA1 monoclonal antibody (1:4000 dilution) (Zymed

Laboratories, San Francisco, CA). Anti-mouse IgG second-

ary antibodies were used at 1:5000 dilution. For protein load

control, anti-�-actin mouse monoclonal antibody (Sigma-

Aldrich, St. Louis, MO) was used. Anti-mouse IgG second-

ary antibody was used at 1:25,000 dilution. Both immuno-

reactive bands were visualized in one reaction by the

enhanced chemiluminescence Western blotting analysis

system (Amersham-Pharmacia-Biotech, Piscataway, NJ).

Immunohistochemical Study

The formalin-fixed, paraffin-embedded tissues were cut

into 4-�m sections and dried on capillary-gap glass

slides (ChemMate; BioTEK Solutions, Santa Barbara,

CA). The sections were deparaffinized with standard xy-

lene and hydrated through graded alcohols into water.

Antigen retrieval was performed using proteinase K.

Staining was done at room temperature on an automatic

staining workstation (TechMate 1000, BioTEK Solutions)

by using the Envision peroxidase mouse system (Envi-

sion Plus; DAKO, Carpinteria, CA). Slides were placed for

20 minutes in a 3% hydrogen peroxide blocking medium

and then allowed to react with mouse IgG anti-annexin I

monoclonal antibody (Transduction Laboratories, Lexing-

ton, KY) at 1:200 dilution for 30 minutes. Immunodetec-

tion was performed with the Envision system and diami-

nobenzidine chromogen as substrate (DAKO).

Counterstaining with hematoxylin for 1 minute was the

final step. After staining, the slides were dehydrated

through graded alcohols and mounted with a coverslip

using a standard medium. Appropriate positive controls

were used (normal laryngeal epithelium). Negative con-

trols with an omission of the antiserum from the primary

incubation were also included. The slides were viewed

randomly, without clinical data, by two of the authors.

Statistical Analysis

The molecular results data distributed among different clin-

ical groups of tumors were tested for significance by the

chi-square and Fisher’s exact tests with the help of the

statistical software package SPSS (SPSS Inc., Chicago, IL).

P � 0.05 values were considered statistically significant.

Results

Loss of ANXA1 Protein in HNSCC Tumors

Immunoblot analysis of ANXA1 protein expression in pa-

tient-matched normal and tumor epithelium from 32 dif-

ferent patients with primary HNSCC was performed using

a commercially available mouse monoclonal antibody

against ANXA1. Complete or substantial loss of this 39-kd

protein was observed in 24 cases (75%) of tumors exam-

ined, whereas strong expression of ANXA1 was detected

in adjacent normal epithelium (Figure 1). Normalization

for protein loading was achieved using anti-�-actin anti-

bodies (Figure 1).

Table 1 presents the association of ANXA1 down-reg-

ulation with clinicopathological parameters. Loss of

ANXA1 was found at each primary head and neck ana-

tomical site with statistically significant differences (P �

0.038). We found an association of normal ANXA1 ex-

pression with glottic laryngeal localization (three of four)

whereas all hypopharynx tumors (seven of seven)

showed a marked reduction of ANXA1 protein levels.

Loss of ANXA1 correlated with advanced T and N stages,

being more frequent in large tumors (90%) than in small

HNSCCs (33%) (P � 0.029) and also in HNSCCs with

locoregional lymph node metastasis (89%) above N0-

stage tumors (54%), with differences attaining statistical

significance (P � 0.038). Down-regulation of ANXA1 was

significantly associated with patients in advanced dis-

ease stage, 89% in stage IV versus 20% in stage I and II

(P � 0.006). With regard to histopathological grade, a

relationship was observed between ANXA1 protein levels

and histological differentiation. Normal ANXA1 expres-

sion was observed in well-differentiated tumors whereas

ANXA1 expression was down-regulated in all moderate

and poorly differentiated tumors (P � 0.005).

ANXA1 Expression Correlates with Histological

Differentiation Grade in HNSCC

We next performed IHC analysis in 22 of the HNSCC spec-

imens to confirm the observations from Western blot analy-

sis and to localize the sites of ANXA1 expression. All sec-

tions selected for study contained both normal and

malignant epithelia. ANXA1 expression was detected in all

cell layers of normal epithelium, except basal and supra-

basal cells, with strong positive signal toward the most

external layers of epithelia (Figure 2A). ANXA1 staining was

preferentially membrane-localized, although both nuclear

and cytoplasmic staining were noted in the superficial lay-

ers. We also observed positive staining in both endothelial

and infiltrated neutrophils, whereas stroma cells showed

negligible ANXA1 expression. In contrast, cancer tissue

specimens showed a markedly reduced ANXA1 expres-

sion, as compared with the corresponding normal epithelia

(Figure 2, C and D). We detected an abnormal distribution

of ANXA1 that correlated significantly with histopathological

grade in HNSCC. We observed ANXA1 staining only in

cancerous cells surrounding the horn pearl in the highly

keratinized areas of well-differentiated HNSCC (Figure 2E),

Figure 1. Loss of ANXA1 protein expression in HNSCC determined by
Western blotting. Whole protein extracts (100 �g) from tumor (T) and
patient-matched normal (N) epithelia were separated on 10% sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis and transferred to polyvinyli-
dene difluoride membranes. The blots were probed sequentially with mono-
clonal anti-ANXA1 antibody (1:4000 dilution) and anti-�-actin antibody (1:
5000 dilution) and the immunoreactive bands were visualized in one
enhanced chemiluminescence reaction.
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whereas tumor cells with poor differentiation exhibited neg-

ative staining (Figure 2F).

Loss of ANXA1 Expression in Early Stages of

Tumorigenesis

IHC analysis was performed on a study set of eight

premalignant lesions (distributed as described in Materi-

als and Methods) to determine whether the loss of ANXA1

expression occurred early in the development of tumori-

genesis in HNSCC. All selected sections included normal

epithelia as internal control. A marked reduction of

ANXA1 expression was detected as weak staining on the

most superficial layers of dysplastic tissue, in marked

contrast to the strong ANXA1 signal detected in corre-

sponding normal epithelium (Figure 2B). ANXA1 staining

Figure 2. Immunohistochemical analysis of ANXA1. A: All cell layers (except basal and suprabasal layers) were positively stained in normal epithelium. B: ANXA1
immunostain distinguished between normal and dysplastic epithelia. The left side shows markedly reduced ANXA1 expression in dysplastic compared to normal
epithelium (top right). C and D: ANXA1 staining distinguished between normal epithelium and invasive HNSCC tumors. The left side shows absence of
immunoreactivity in infiltrated tumor cells whereas normal epithelium exhibited strong ANXA1 signal (top and right sides). E: ANXA1 staining strongly correlated
with histological differentiation grade in HNSCC. ANXA1 was irregularly expressed (as patches) in well-differentiated HNSCC. F: Poorly differentiated tumors were
consistently negative for ANXA1 immunostaining. Original magnifications: �200 (A–C); � 100 (D); �50 (E); �400 (F).
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was also negative in hyperplasia with hyperkeratosis of

squamous epithelia.

Discussion

Much of the complex fundamental biology of HNSCC

remains poorly understood, despite intensive study. Like

other epithelial neoplasms, head and neck carcinogene-

sis appears to evolve through a multistep process involv-

ing biomolecular changes, ensuing premalignant lesions,

and consequent invasive cancer.24 Thus, epithelial car-

cinogenesis has been divided into three phases of initi-

ation, promotion and progression that involve genetic

alteration, dysregulated epithelial differentiation, abnor-

mal proliferation and altered regulatory effects associ-

ated with the abnormal expression of cellular factors that

regulate growth and development. The identification of

molecular alterations associated with these events could

yield insight into the mechanisms of initiation and pro-

gression of neoplasia and provide new tools for diagno-

sis, treatment, and prevention. Annexins are commonly

dysregulated in cancers6 and their frequent down-regu-

lation has suggested a possible homeostatic or tumor

suppressor role.7,20,25,26 We prioritized ANXA1 for fol-

low-up analysis on the basis that this protein is normally

well expressed in a wide range of organs and tissues, is

specifically implicated in epithelial differentiation and

growth regulation,27,28 and is markedly down-regulated

in certain cancers7,8,26 including esophageal squamous

cell carcinomas.12,14,15 ANXA1 is a pleiotropic 39-kd pro-

tein, member of the annexin superfamily, of principal

interest as one of the mediators of the anti-inflammatory

actions of glucocorticoids. Subsequent research has

shown that the protein plays a major regulatory role in

cell-growth regulation and differentiation, neutrophil mi-

gration, central nervous system responses to cytokines,

neuroendocrine secretion, and mediation of apoptosis.28

ANXA1 has also been shown to be a substrate for epi-

dermal growth factor receptor kinase, a recognized indi-

cator of poor prognosis and reduced survival in head and

neck cancer.

DNA and protein microarray studies highlight the

changes in ANXA1 expression in various cancers and

identify other genes with similar expression profiles6 that

may help to elucidate regulatory changes relevant to both

ANXA1 function and tumor classification. These include

genes with possible accessory roles in microtubules

(MAP1B), intercellular adhesion and communication

(GJA1, ITGB1), signaling (CNGB, AMSH, NRG1), pro-

tease activity (PSMD1, CAPN2), and tissue differentiation

(RTN4). The fact that ANXA1 is a downstream target of

IL-629 could partially explain cytokine action in tumor

biology.

Because the qualitative and quantitative changes may

also depend on the state of tissue differentiation, meta-

static condition, or in vitro cell culture,8,9 we felt it impor-

tant to visually demonstrate ANXA1 tissue localization in

primary tumors where differentiation status could be di-

rectly compared with normal tissue to demarcate the

lesions. We established that ANXA1 was significantly

reduced in primary HNSCC tumors as a whole, although

a normal expression level was maintained in well-differ-

entiated epithelia. Our results focus on a key question as

to whether annexin changes are a mere consequence of

changes in proliferation rate or metastatic propensity.

There are conflicting reports that ANXA1 may be further

down-regulated or up-regulated in metastatic cell

lines.8,9 Results from the mouse gene knockout studies

indicate that ANXA1-deficient cells exhibit a slower

growth rate but, paradoxically, ANXA1 itself may have an

anti-proliferative role in mediating some effects of glu-

cocorticoids.28

Our results provide original evidence for the reduced

expression of ANXA1 protein in HNSCC development.

The loss of ANXA1 protein expression is an early event in

the initiation of premalignant lesions in HNSCC, analo-

gous to the observations by Paweletz and colleagues12 in

esophageal tumors. The high frequency of ANXA1 down-

regulation in HNSCC tumors (24 of 32), the early stage at

which the protein is lost, and the fact that ANXA1 is

altered in multiple tumors of diverse cellular lineage all

suggest that ANXA1 could be fundamentally important in

human tumorigenesis. Experiments are needed to estab-

lish the pathogenic role of ANXA1 in HNSCC, but annex-

ins A1 and A2 have already been associated with tumor

suppression and inhibition of cell migration in prostate

cancer.30 The loss of ANXA1 expression in HNSCC is

presumably a consequence rather than an etiological

factor in that it correlates with the loss of epithelial differ-

entiation and abnormal proliferation inherent in tumori-

genesis. Our observation that reduced ANXA1 protein

expression is closely associated with histological

changes (ie, alterations in differentiation and prolifera-

tion) supports this notion. Even within the same tissue

section, it is possible to distinguish between normal ep-

ithelium with strong positive ANXA1 signal and individual

cells exhibiting phenotypic changes characteristic of

head and neck tumorigenesis that show negative stain-

ing. In normal epithelia of head and neck, ANXA1 expres-

sion was detected only in differentiated and nonprolifer-

ating cells, with negative staining in the proliferative

layers of epithelia (basal and suprabasal). We observed

a dramatic loss of ANXA1 expression in dysplastic epi-

thelia compared to normal mucosa, indicating the utility

of this molecular test for the detection of epithelial dys-

plasia. The transition from normal epithelium to hyperpla-

sia and dysplasia is associated with an increased growth

fraction and cells proliferating beyond the basal layer,

respectively, as detected using markers of cell prolifera-

tive activity, such as Ki-67 and proliferating cell nuclear

antigen.31 Interestingly, the ANXA1 expression patterns

observed in both normal and epithelial dysplasia are

opposite to those described for Ki-67 and proliferating

cell nuclear antigen markers whose expression corre-

lates with severity of laryngeal lesions.31

In relation to histopathological features, we observed

by Western blotting that ANXA1 down-regulation corre-

lates with the biological aggressiveness of HNSCC. Thus,

we found that the loss of ANXA1 is significantly more

frequent in: 1) large tumors, with higher proliferative in-

dex; 2) hypopharyngeal tumors, hypopharynx being the

ANXA1: Differentiation Marker in HNSCC 77
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most lethal site of HNSCC, whereas glottic tumors retain

ANXA1 expression; 3) tumors with nodal metastases, one

of the most important determinants of prognosis in head

and neck cancer; and 4) poorly differentiated tumors that

correspond to more aggressive tumors with higher

growth rate and recurrence compared to well-differenti-

ated tumors. However, the data obtained from IHC clearly

indicated that ANXA1 expression is closely associated

with epithelial differentiation status. This suggests that the

association of ANXA1 down-regulation with severity pa-

rameters could be indirect, because some of these pa-

rameters are probably not entirely independent. For in-

stance, the association between the retention of ANXA1

expression and glottic laryngeal localization could be

influenced by the fact that glottic tumors are usually more

differentiated and smaller because they are more likely to

be discovered in early stages

On the other hand, some differences in the level of

ANXA1 expression were detected depending on the

technique used. Thus, we observed retention of ANXA1

expression in 50% of well-differentiated tumors by West-

ern blot. We cannot rule out that these apparent differ-

ences could be because of differences in the sensitivity

between Western and IHC, the use of whole protein ex-

tracts from the tissue samples in Western, or the pres-

ence of contaminating neutrophils.

The cause of reduced ANXA1 protein expression is not

known. Possible mechanisms include genomic deletions,

truncating mutations of the ANXA1 gene, hypermethyl-

ation of the promoter with the subsequent loss of tran-

scription, alteration of one or more proteins that regulate

ANXA1 transcription such as IL-6,29 or alterations in post-

translational processing of the protein by proteolysis or

phosphorylation. Defects of intracellular transport or pro-

tein storage that lead to reduced intracellular levels of

ANXA1 may also be responsible. DNA deletion on chro-

mosomal arm 9q near the ANXA1 gene (9q21.13, 67.6

Mb) has been reported in several neoplasms, including

esophageal32 and nasopharyngeal carcinomas,33 and

although not as common in HNSCC,34,35 there are iso-

lated reports of loss of heterozygosity in this region as-

sociated with dysplasia and invasiveness of HNSCC.36

The fact that cultured HNSCC cells maintain their expres-

sion of ANXA19 suggests that regulatory alterations may

be the underlying cause. Promoter hypermethylation is a

defect commonly observed in cancer and is responsible

for reduced expression of multiple important regulatory

genes.37 However, because ANXA1 does not contain

CpG islands in the promoter region or coding se-

quence,29,38 methylation is unlikely to be a significant

factor in the reduced ANXA1 protein expression in

HNSCC. Follow-up studies to determine the molecular

mechanism of ANXA1 down-regulation in HNSCC are

warranted.

The early detection of premalignant mucosal lesions in

the head and neck is an important aspect of patient

management that has a major impact on overall survival

rates. Because disease stage at the time of diagnosis is

the most important prognostic factor in the treatment of

HNSCC, the identification and early treatment of small

cancers correlate with excellent survival statistics. The

ability to identify clinically important therapeutic targets or

biomarkers for early detection of cancer will ultimately

rely on the ubiquity with which the protein of interest

changes with respect to the population norm. Proteins

with the best chances of clinical utility will be those pro-

teins whose expression patterns consistently change, not

only between different patients, but also within the pa-

tient-matched sets, will most likely reflect the most impor-

tant candidates for additional investigation in large vali-

dation studies. The qualitative evaluation of biological

features is an important aspect for predicting the clinical

course of disease. Because the histological diagnosis of

HNSCC has been based, until now, on the traditional

examination of hematoxylin and eosin-stained speci-

mens, supplementary techniques that use specific, dis-

ease-relevant markers could enable a more objective

assessment of head and neck pathology. Our findings

clearly identify ANXA1 as an effective differentiation

marker, providing the first demonstration of the potential

utility of ANXA1 immunostain for the histopathological

grading of HNSCC and for the detection of epithelial

dysplasia. The method of immunostaining is applicable to

routine-fixed, paraffin-embedded tissues and may serve

as a useful diagnostic tool when the pathogenic role of

ANXA1 is better understood.
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