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Abstract The larynx is a secondary sex organ, and the
hormone dependence of laryngeal carcinomas is considered
an interesting matter of speculation. However, while
tumors of other secondary sex organs, including the pros-
tate, breast, and endometrium, have been recognized as hor-
mone-dependent cancers, the laryngeal carcinomas are still
subject to controversy. In this study, samples from 15
laryngeal carcinomas obtained at the time of surgery were
assayed for specific estrogen alpha, progesterone, and
androgen receptor expression, both at mRNA and protein
levels. Detectable levels of specific estrogen and progester-
one receptors, 53.3 and 73.3%, respectively, were found in
the tumors. This positive detection by immunohistochemi-
cal analysis was higher in tumors than in normal mucosa
adjacent to the tumor areas and was correlated with the
absence of metastatic lymph nodes. No androgen receptor
protein was detected in any sample analyzed, even if quan-
titative RT-PCR revealed high mRNA levels specific for
this receptor. A strict correspondence between protein and
mRNA hormone receptor levels was not found. This is in
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agreement with the transcriptional and protein synthesis
mechanisms, and it is also compatible with the complex lar-
ynx tumorigenesis.
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Introduction

Larynx cancer in Europe accounts for 2-5% of all cancers
with about 45,900 new cases in 2006: 42,100 men and
3,800 women. It still represents the second most frequent
neoplasm of the respiratory apparatus, secondary to pulmo-
nary carcinoma. Its incidence has increased in the last few
decades, and its peak incidence occurs among people in
their sixties and seventies. Major risk factors for the devel-
opment of this tumor are tobacco and alcohol consumption.
Relative 5-year survival is about 63% but prognosis varies
depending on the anatomical site (glottic cancer has a better
prognosis) and the stage. Nearly 95% of all larynx cancers
are squamous cell carcinomas.

This cancer has a male to female sex ratio of 11:1 in
Europe, one of the highest among all cancer sites [1, 2]. It
should be noted that the difference in susceptibility to lar-
ynx cancer based on gender has remained unchanged
through the years in spite of the increasing tobacco and
alcohol consumption among women [3-5].

The larynx is considered a secondary sexual organ. It is
influenced by sexual hormones, not only during puberty but
also during adulthood as it is subject to laryngeal epithelial
layer modifications, cartilage metaplasia, and morphostruc-
tural changes [1, 5-7]. These considerations, in association
with the peculiar epidemiological connotations, imply that
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endocrine factors can be involved in the carcinogenesis
process, in particular the receptor status for sex hormones
including estrogen, androgen, and progesterone receptors
[7]. Even though a number of researchers have provided
evidence in the last 20 years that sex hormone receptors are
expressed in laryngeal carcinomas, the presently performed
overall studies about the presence and the functional role of
these receptors are, nevertheless, controversial.

In order to contribute to the gathered information about
this issue, we present a perspective study on 15 patients
with larynx cancer. The expression of estrogen receptor
alpha (ERo), progesterone receptor (PR), and androgen
receptor (AR) was analyzed at both protein and mRNA lev-
els by immunocytochemistry and quantitative RT-PCR,
respectively. The data obtained from neoplastic tissues
were compared with those obtained from normal mucosa
adjacent to the tumor areas. In addition, a correlation
between the expression levels of these receptors and lymph
node status was performed.

Materials and methods
Tissue specimens

Laryngeal cancer tissues were collected from 15 patients
according to protocols approved by the Committee of Eth-
ics in Research of the University. Surgical samples were
collected from laryngeal tumor tissue and control regions
(normal laryngeal tissue) of the same patient. Every sample
was immediately divided into two parts. One part was fixed
in 4-8% buffered formaldehyde and subjected to immuno-
histochemical analysis. The other part was immediately fro-
zen in liquid nitrogen for RNA analysis.

The clinical data of the patients are reported in Tables 1
and 2.

Quantitative RT-PCR

Total RNA from fragments (0.5 mm) of laryngeal tumor
and its normal counterpart tissue of the same patient was
extracted using Total RNA Isolation System (Promega).
Two micrograms of the total RNA was then used for dou-
ble-stranded cDNA synthesis. It was reverse transcribed
with the ImProm-II RT System (Promega). The mRNA of
target genes was quantified by real-time PCR using ABI
Prism 7700 system and the following TagMan probes
(Applied Biosystems):

5" FAM-ATGATGAAAGGTGGGATACGAAAAG-
TAMRA 3’ for ER«

5 FAM-ATCATTGCCAGGTTTTCGAAACTTA-
TAMRA 3’ for PR
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Table 1 Clinical data of SCC of the larynx patients

Number of patients 15
Age [mean =+ SD, range (years)] 64.1 £ 11.8 (34-77)
Sex (M/F) 14/1
T stage

1 0/15 (0%)

2 8/15 (53.3%)
3 7115 (46.7%)
4 0/15 (0%)
N stage

0 10/15 (66.7%)
+ 5/15 (33.3%)
M stage

0 15/15 (100%)
+ 0/15 (0%)
Grade

1 3/15 (20%)

2 7115 (46.7%)
3 4/15 (26.7%)

Table 2 Tumor localization

One site

Supraglottic 8/15 (53.3%)
Transglottic 2/15 (13.3%)
Two sites

Cord-ventricular 2/15 (13.3%)

Glottic—hypoglottic 3/15 (20%)

5" FAM-GGATGACTCTGGGAGCCCGGAAGCT-
TAMRA 3’ for AR.

PCR was performed in a final volume of 25 pl. After a
10 min pre-incubation at 95°C, runs corresponded to 40
cycles of 15 s at 95°C (denaturation) and 1 min at 60°C
(annealing/elongation). The mRNA levels of target genes
were corrected for GAPDH mRNA levels (reference gene)
and normalized to a calibrator sample as previously
described [8].

Immunohistochemistry

Staining for ERx (clone 6F11, Ventana) and PR (clone
1A6, Ventana) was done on paraffin-embedded sections;
immunohistochemical procedures were done with an auto-
matic immunostaining device (Ventana XT Medical Sys-
tem, Tucson, AZ) and Ventana Kits (Strasbourg, France).
Immunohistochemistry of AR was performed as follows:
sections of paraffin-tissues were deparaffinized and
microwaved for antigen retrieval in Tris—-EDTA-—citrate pH
7.8. Subsequently, sections were incubated with mouse
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monoclonal primary antibody (AR clone AR411, DIA-
PATH), ready to use, at room temperature. Kit EN-VISION
(DAKO) was then used for the detection of primary anti-
body. Staining was completed by incubation with 3,3'-
diaminobenzidine as chromogen. The sections were coun-
terstained with ematossilin for 2 min and washed again in
PBS 1x (5 min).

Immunostaining was quantified with a Computerized
Image Analysis System (Eureka-Menarini), and only can-
cer cells with distinct nuclear immunostaining for ERa, PR,
and AR were recorded as positive.

The specificity of immunolabeling was verified in all
experiments by controls in which the specific primary anti-
body was omitted.

Results
Characterization of the patients

A series of 15 patients was selected (14 men and one
woman, average age 64 years, range 34—77 years). Thirteen
patients were affected by primary laryngeal carcinoma
while two were affected by recurrent laryngeal carcinoma
(first treated by radiotherapy). The patients were selected so
that we had access to sufficient tumor material for histopa-
thological and biochemical analysis. Ten patients under-
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Fig. 1 Immunohistochemistry analysis of ERa, PR (D, E, F), and AR
(G, H, I) steroid hormone receptors. A sample with predominant
expression of ERo and PR in the tumor cells is shown. A, D Normal
areas; B, E tumorous areas. No expression of AR is seen in any ana-
lyzed samples. In G a tumorous area is reported. The positive control
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went a total laryngectomy and five a partial laryngectomy.
Thirteen neck dissections were also performed.

Histological diagnosis of all analyzed samples was squa-
mous cell carcinoma (SCC), predominantly of Grade 2
(moderately differentiated tumor) as reported in Table 1.
Four subgroups (Table 2) were defined on the basis of tis-
sue localization: about half of the cases were in the supra-
glottic area.

Sex hormone receptor expression

All paraffin-embedded tumors and their normal counter-
parts were tested for the presence of ER«, PR, and AR by
immunocytochemical analysis. In all tumors and all normal
tissues, we did not detect any specific nuclear positive
staining for AR. On the contrary, ERo and PR proteins
were detected at substantial levels. Immunohistochemistry
demonstrated a particular nuclear ERx and PR positivity
(Fig. 1), although cytoplasmic reaction was also detected at
a lower frequency. Notably, the normal counterparts of
SCC, obtained during surgery at the periphery of the resec-
tions, showed less sex hormone receptor reactivity by
immunocytochemical analysis than the tumorous tissue. In
fact, as reported in Table 3, the frequency of ERx and PR
expression were higher in tumors compared to normal
mucosa adjacent to the tumor areas (53.3 vs. 26.7%, and
73.3 vs. 60%, respectively).
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tissue (prostate carcinoma) shows extensive immunostaining for AR
(H). Original magnifications: x20 and x40. Control experiments car-
ried out with omission of the primary antibody are also reported (C, F,
I negative staining controls)
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Table 3 Sex hormone receptor status of SCC of the larynx (% protein)

Table 4 Sex hormone receptor status of SCC of the larynx (% mRNA)

ERcx PR AR ERa PR AR
N 4115 (26.7%) 9/15 (60%) 0/15 (0%) N 14/15 (93.3%) 10/15 (66.7%) 14/15 (93.3%)
T 8/15 (53.3%) 11/15 (73.3%) 0/15 (0%) T 12/13 (93.3%) 9/13 (69.2%) 9/13 (69.2%)
100 - protein mMRNA
g 100
= 80 — —
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et
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g 20
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ERc PR AR

The results of protein expression were then correlated
with the levels of mRNA for ER«, PR, and AR. Quantita-
tive real time RT-PCR analysis was performed on the
mRNA extracted from samples of fresh frozen normal and
neoplastic tissues by using the TagMan probes specific for
ERa, PR, and AR transcripts as reported in the “Materials
and methods” section. The sensitivity of the method was
such that a very high percentage of transcription was
detected in all cases, particularly for ERa and AR
(Table 4). As expected, this indicates that a portion of
mRNA is not translated into the corresponding protein.
Concerning AR, the presence of such elevated mRNA lev-
els without corresponding protein detection is very surpris-
ing. The same results were obtained in all five of the
repeated experiments, and this is probably due to the
altered characteristics of the tumor microenvironment that
escape the normal control mechanisms of many molecular
events.

In addition, as reported in Table 4, it is of note that in all
three cases there were no significant differences at the tran-

scription levels between tumors and their normal counter-
parts (see a representative plot in Fig. 2), suggesting that in
the normal cells surrounding the tumor area, a tumorous
behavior may be recognized at molecular levels.

When hormone receptor positivity was correlated with
lymph node status, a significant correlation was detected
between pNO status and the expression of ER« and PR pro-
teins (Fig. 3). In fact, in the ERa-positive or PR-positive
cancer groups, the pNO status was overrepresented.

Discussion

Currently, prognostic evaluation regarding head and neck
squamous cell carcinomas is based mainly on tumor site,
clinical stage (including lymph node involvement and the
presence of distant metastasis), and histopathologic grade.
Considering that laryngeal cancer has different epidemio-
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23500 rgetg 2000 g Sampl
200 | LlEN @
| g 1% e (B N2 [
500 - T1 ] Lot 9 T1 [
ehm_ i ',"
i o AHEEANEEAR AR NR NN ;!‘
qni BEERENESCONEREERERNERERERRRARARERT i ..!" |
(i) amme= L L T e T e —— s
u,m-w- H v ¥ v
e Yiewer: [afn (B #] =050 TTTTTT I T T T T T T AT T I T TN T T T T T T T T T T T T T TIMI'.‘
024 681012141618202222620W03234 %340 guyrier. (3] 024581"'2"15'&?‘3?2“52“&3‘*3@4" Reporter: (VIE__ 3]
Cycle ycile

Fig. 2 Example of RT-PCR amplification plot monitored in real time. The threshold cycle (Ct) is the first cycle with detectable fluorescence in

relation to an internal standard
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Fig. 3 Correlation between
ERo and PR protein expression ERo protein in tumoral cases (%) PR protein in tumoral cases (%)
and lymph node status
ERo + ERo - PR + PR -
e pNO 7/14 (50%) 3/14 (21.4%) pNO 9/14 (64.3%) | 1/14 (7.14%)
S
(2 pN+ 2/14 (14.3%) | 2/14 (14.3%) pN+ 2/14 (14.3%) | 2/14 (14.3%)
total cases 9/14 (64.3%) 5/14 (35.7%) total cases 11/14 (78.6%) 3/14 (21.4%)
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logical connotations between men and women (like inci-
dence and clinical presentation and features), several
studies since 1980 have analyzed the role of sex hormone
receptors in the complex process of larynx tumorogenesis.
Nevertheless, as previously reported, there is still no con-
sensus about the presence and the functional role of these
receptors in larynx carcinomas.

Schuller et al. [9] reported the evidence of low concen-
tration levels of androgen and estro-progesterone receptors
in laryngeal neoplasms, concluding that larynx cancer may
not be considered a hormone-dependent neoplasm. In con-
trast with this study, Mattox et al. [10] have found positiv-
ity for androgens in 91% of the laryngeal neoplastic
specimens examined from 23 patients, also recovering high
hormonal levels in the lymph node metastases. Moreover,
ten patients with advanced disease have been treated with
flutamide, a powerful anti-androgenic, without satisfactory
results [10]. Virolainen et al. [11] demonstrated the pres-
ence of androgen receptors in 31% of the evaluated laryn-
geal tumoral samples, estrogen receptors in 69%, and
progesterone receptors in 53% of the cases without substan-
tial differences between the sexes. Inconclusive results were
obtained by Ferguson et al. [12] in 1987 using immunohis-
tochemical analysis and by Vecerina-Volic et al. [13] in the
same year, who described high androgen receptor levels
represented in women correlated to male receptor levels in
laryngeal cancer. Also, Toral et al. [14] considered larynx
as an androgen target organ and correlated the larynx carci-
nomas to the loss of androgen receptors. In 1989, Berg
et al. [15] supported the hypothesis of a possible hormonal
therapy in the ENT district, describing the presence of pro-
gesterone receptors in laryngeal cancers as having similar

ERo - PR + PR -

characteristics to those identified in breast cancer. Other
evidence supporting the presence and functionality of ste-
roid hormone receptors, and in agreement with our results,
comes from the inhibitory effect of antiestrogens on the
growth of squamous-cell carcinoma cell lines from head
and neck cancers [16, 17]. This suggests that antihormones
such as tamoxifen may have a therapeutic role in laryngeal
cancer expressing ER and PR [16, 17]. On the contrary,
other research groups obtained the opposite results. Ogret-
menoglu and Ayas [18] in 1998 were unable to recognize
the clinical importance of estrogen expression in larynx
carcinoma. In a more recent paper, Hagedorn and Nerlich
[19] have associated the immunohistochemical technique to
immunoenzymatic (the EIA) analysis evaluating ER, PR,
and AR expression in normal and neoplastic specimens
coming from patients affected by larynx carcinoma, demon-
strating a complete lack of sex hormone receptors in their
analysis. All of these controversial results indicate that
growth and differentiation of head and neck squamous cell
carcinomas are regulated by several factors and receptors
and that a useful unique predictor of tumor aggressiveness
has not yet been demonstrated. Nevertheless, the presence
of estrogen receptors in a high proportion of laryngeal car-
cinoma cells suggests that hormonal therapy may be a use-
ful adjunctive therapy in selected patients with cancer of
the larynx. Therefore, it becomes imperative for the diag-
nostic histopathologist to test routinely for the presence of
steroid hormone receptors on tumor tissues received in the
laboratory. In addition, the employment of quantitative
methods, such as those described here, may contribute to
the understanding of the molecular mechanisms that sustain
a specific larynx cancer phenotype.
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The data obtained from our experiments show specific
staining for ER alpha and PR but not for AR, even if high
levels of mRNA for AR were detected. This ERa and PR
positivity was significantly associated with the absence of
lymph node metastasis. Taken together, the experiments
suggest that ERa and PR could mediate estrogen- and pro-
gesterone-dependent changes during tumor progression in
the larynx, and that their effects may anticipate or replace
the action of AR, probably acting in combination with
other factors. It is important to emphasize that several
investigators employing high-throughput technologies
have suggested that specific factors including E-cadherin,
focal adhesion kinase (FAK), p53 protein, Ki-67 antigen,
stomatin-like protein 2, VEGF, PTTG, stratifin, S100 cal-
cium-binding protein A9, p21-ARC, stathmin, and eno-
lase may play a critical role in the biology of head and
neck squamous cell carcinomas [20-25] and may improve
our ability to predict the clinical course of these tumors.
These new findings will certainly help to increase our
understanding of the role of sex hormones in the begin-
ning and in the progression of the larynx tumor by analyz-
ing possible unexplored crosstalk between different
signaling pathways.
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