E m Clinical and Experimental Otorhinolaryngology Vol. 8, No. 3: 268-274, September 2015

Original Article

http://dx.doi.org/10.3342/ce0.2015.8.3.268
pISSN 1976-8710 elSSN 2005-0720

A Higher Angiogenin Expression is Associated With a
Nonnuclear Maspin Location in Laryngeal Carcinoma

Andrea Lovato' - Marco Lionello' - Alberto Staffieri' - Stella Blandamura? - Giulia Tealdo' - Luciano Giacomelli?
Claudia Staffieri® - Gino Marioni’

'Department of Neurosciences, Otolaryngology Section, and *Department of Medicine, University of Padova, Padova;

*Department of Neurosciences, Otolaryngology Section, Treviso Hospital Branch, University of Padova, Treviso, Italy

Objectives. In numerous malignancies, angiogenin (ANG) and Maspin are important proangiogenic and antiangiogenic
regulators, respectively. The aim of this study was to identify potential relationships between the biological roles of
these two proteins in laryngeal squamous cell carcinoma (LSCC).

Methods. Immunohistochemical staining for ANG and Maspin was performed on specimens from 76 consecutive LSCC
patients treated with surgery alone, considering the subcellular pattern of Maspin expression. Univariate and multi-
variate statistical models were used for prognostic purposes.

Results. On univariate analysis, a different level of ANG expression was seen for patients stratified by subcellular Maspin
expression pattern: the mean ANG expression was higher in cases with a nonnuclear MASPIN expression than in
those with a nuclear pattern (P=0.002). Disease-free survival (DFS; in months) differed significantly when patients
were stratified by N stage (P=0.01). Patients whose Maspin expression was nonnuclear (i.e., it was cytoplasmic or
there was none) had a significantly higher recurrence rate (P<0.001), and shorter DFS (P=0.01) than those with a
nuclear Maspin pattern. The mean ANG expression was significantly higher in cases with loco-regional recurrent dis-
ease (P=0.007); and patients with an ANG expression =5.0% had a significantly shorter DFS than those with an
ANG expression <5.0% (P=0.007). On multivariate analysis, ANG expression =5.0% was a significant, indepen-
dent, negative prognostic factor in terms of DFS (P=0.041).

Conclusion. Our results support the hypothesis that a higher ANG expression is associated with a nonnuclear Maspin ex-
pression pattern in patients with LSCC. Further studies are needed to clarify the relationship between the ANG and
Maspin pathways, and their potential diagnostic and therapeutic role in LSCC.
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INTRODUCTION

Angiogenin (ANG) is a member of the ribonuclease superfamily
comprising 123 amino acids. Its distinctive structure gives ANG
an endothelial binding motif that generates a potent stimulus for
neo-angiogenesis in numerous pathophysiological conditions,
such as wound healing [1]. ANG has been found upregulated in
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various types of human cancer, including breast, cervical, colorec-
tal, endometrial, gastric, liver, kidney, ovarian, pancreatic, pros-
tate, and urothelial cancers, and also in astrocytoma, leukemia
(acute myeloid leukemia and myelodysplastic syndrome), lym-
phoma (non-Hodgkin’s), melanoma, osteosarcoma and Wilms tu-
mor [2]. ANG is clearly related to the onset, growth, and meta-
static spread of tumors, and this was initially attributed to its an-
giogenic activity [3]. More recent reports have suggested, howev-
er, that ANG has an important direct influence on cancer cells,
translocating to the nucleus and stimulating rRNA transcription,
ribosome biogenesis, proliferation, and tumorigenesis [4].
Another protein that regulates neoplastic angiogenesis is the
tumor suppressor Maspin (mammary serine protease inhibitor),
a member of the serine protease inhibitor superfamily. Many re-
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ports have demonstrated that Maspin has a strong capacity to
inhibit angiogenesis. Li et al. [5] provided very detailed molecu-
lar information on the antiangiogenic effects of Maspin, showing
that it directly induced endothelial cell apoptosis in vitro. They
also demonstrated that Maspin overexpression disrupted tumor-
induced angiogenesis in vivo (in mice with mammary tumor).
Maspin has other antitumor effects too: it inhibits invasion by
cancer cells and increases their attachment to the extracellular
matrix, and their susceptibility to apoptosis [6]. Maspin may be
expressed in the cytoplasm and in the nucleus, and its specific
subcellular localization seems to be indicative of its cellular ef-
fects, with very important prognostic implications. There is emerg-
ing evidence of the pattern of Maspin expression varying not
only in different tumor histotypes, but also in the same type of
cancer located at different sites [7,8].

It has been suggested that angiogenesis is essential to tumor
growth [9]. ANG and Maspin are important proangiogenic and
antiangiogenic regulators, respectively, in several malignancies,
but there are no known biological connections between their
two pathways. In laryngeal squamous cell carcinoma (LSCC),
ANG and Maspin have only been studied separately in terms of
how they relate to neo-angiogenesis [10,11]. The aim of the
present investigation was to study the expression of ANG and
the expression and subcellular localization of Maspin and their
relations with conventional clinicopathological parameters in a
retrospective clinical setting (a series of 76 consecutive LSCCs
treated with surgery alone).

MATERIALS AND METHODS

Patients

The present investigation, approved by the Internal Committee
of our Otolaryngology Section, concerned 76 patients with pri-
mary LSCC (70 males and 6 females; mean, 63.4+8.3 years;
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median, 63 years). All patients underwent clinicopathological
staging based on endoscopy of the upper aerodigestive tract,
neck ultrasonography (with or without fine needle aspiration
cytology), contrast-enhanced head and neck computed tomog-
raphy (CT) and/or magnetic resonance imaging, chest X-ray, liv-
er ultrasonography, microlaryngoscopy with laryngeal biopsy,
and esophagoscopy. The patients were treated primarily with ei-
ther partial laryngectomy (in 61 cases altogether, involving tran-
soral CO; laser surgery in 21 cases, horizontal supraglottic lar-
yngectomy in 15, and supracricoid laryngectomy in 25) or total
laryngectomy (15 cases), always performed by the same surgical
team. Staging (Table 1) was based on the 7th edition of the TNM
Classification of Malignant Tumors [12]. Unilateral or bilateral
curative or elective neck dissections were performed in 58 pa-
tients. Postoperative radiotherapy was ruled out for all cases in
accordance with current guidelines [13]. No patients presented
with distant metastases (M) at diagnosis. The follow-up schedule,
adjusted to the patients’ characteristics and needs, was: (1) once
a month for the 1st year after treatment; (2) every 2 months in
the 2nd year; (3) every 3 months in the 3rd year; (4) every 4
months in the 4th year; (5) every 6 months in the 5th year; and
(6) every 12 months thereafter. Neck ultrasonography and chest
X-rays were performed at least yearly. Contrast-enhanced neck
CT, total body positron emission tomography-CT, chest CT, and
liver ultrasonography were performed as necessary. All surgical
tissues were fixed in 4% paraformaldehyde and embedded in
paraffin wax.

Immunohistochemistry

Immunohistochemical staining was done using a fully automated
system (Bond Max, Leica, Newcastle Upon Tyne, UK). Sections
were dewaxed and rehydrated, then incubated in retrieval buffer
solution (Leica) for antigen unmasking. The antibodies used
were ANG (monoclonal mouse antibody, clone MANG-1, dilut-
ed 1:400; AbD Serotec, MorphoSys, Oxford, UK) and Maspin

Table 1. Angiogenin (ANG) expression levels and patterns of Maspin expression in laryngeal squamous cell carcinoma stratified by conven-

tional clinicopathological features

Clinicopathological feature No. of Cases Cases vyith ANG expression (%), Ngclear Non.nuclear
recurrent disease mean=SD (median) Maspin pattern Maspin pattern
pT1 29 7 15.4£26.9(2.0) 12 17
pT2 28 12 20.0£27.3(7.5) 7 21
pT3 19 4 21.8+£30.8 (5.0 8 11
NO (cNO + pNO) 66 (18+48) 17 18.1£28.2 (3.5) 26 40
N1 10 6 22.2+28.8(15.0) 1 9
Stage | 28 6 15.8+27.8 (2.0) 12 16
Stage Il 23 9 21.7£29.2 (10.0) 7 16
Stage Il 25 8 19.2+27.9 (5.0) 8 17
G1 22 5 125+£25.0(2.0) 8 14
G2 36 10 17.6+27.6 (5.0) 16 20
G3 18 8 28.5+31.1(13.0) 3 15
Without loco-regional recurrence 68 - 11.5+21.4(2.0) 24 29
With loco-regional recurrence 23 - 35.2+34.8(30.0) 3 20
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(monoclonal mouse antibody, clone EAW24, diluted 1:100; Lei-
ca). Specimens were then washed with phosphate-buffered sa-
line (pH 7.0) and incubated with the Bond Polymer Refine De-
tection Kit (Leica) according to the manufacturer’s protocols.
Staining was visualized with 3,3'-diaminobenzidine, and the
slides were counterstained with Mayer’s hematoxylin. Human
placenta and normal breast tissue were used as positive controls
for ANG and Maspin staining, respectively. Primary antibodies
were replaced with phosphate-buffered solution for negative
controls.

Maspin subcellular localization and ANG expression

The pathologist interpreting the sections (SB) was blinded to the
patients’ clinical outcomes. For each case, 40 nonoverlapping
fields of the less-differentiated areas of SCC, with no evidence of
necrosis or hemorrhage, were assessed at X400 magnification.
Considering a minimum of 600 carcinoma cells, the pathologist
visually assessed Maspin expression and classified its subcellular
distribution pattern as nuclear (almost exclusively nuclear or nu-
clear and cytoplasmic) or nonnuclear (showing only cytoplasmic
reactivity or no reactivity). According to our previous report [14],
only the subcellular Maspin distribution pattern is associated
with prognosis in LSCC, so in the present investigation the pa-
thologist did not quantify Maspin expression. The same patholo-
gist also measured ANG expression in carcinoma cells from the
same areas, estimating the percentage of ANG-stained cells.

Statistical analysis

The following statistical tests were applied as appropriate: Fisher
exact test, Student ¢-test corrected for unequal variances, and the
Mann-Whitney U-test. For prognostic purposes, the main clinico-
pathological features were binarized as: pT (pT1 vs. pT2-T3), N
(pN+ vs. ¢NO or pNO), stage (I-II vs. IIl) and grade (G1-G2 vs.
G3). The log-rank test and the Kaplan-Meier product limit esti-
mator were also used to compare disease-free survival (DFS) in
months, stratified according to the various parameters analyzed.
The receiver operating curve (ROC) approach (failure versus pa-
rameter) was used to establish the analytically best-fitting cutoff
for binarizing ANG expression according to the highest level of
the positive likelihood ratio. The best performance coincides with
an area under the ROC (AUC) of 1.0. In the multivariate analy-
sis, Cox proportional hazards regression identified the significant
predictors of DFS. A P-value <0.05 was considered significant,
while values in the range of 0.10=P=0.05 were assumed to in-
dicate a statistical trend. The STATA ver. 8.1 (StataCorp LP, Col-
lege Station, TX, USA) was used for all analyses.

RESULTS

Clinical outcome
The mean follow-up, as at June 2013, was 63.6£38.4 months

(median, 56 months) (Table 1). Any significant difference in the
mean follow-up between patients with and without recurrent
disease was ruled out using Student ¢-test corrected for unequal
variances (P=0.93). Fifty-three of the 76 LSCC patients had no
recurrent disease after a mean follow-up of 63.3+31.5 months.
The other 23 patients developed loco-regional recurrences (local
in 19 cases, regional in 3, and both local and regional in 1) after
a mean DFS of 16.0£12.0 months (median, 12 months). Five of
the 18 c¢NO patients who were not treated with an elective dis-
section developed loco-regional recurrent disease after a mean
24.4+16.3 months (median, 20 months). Fisher exact test was
used to identify any differences between the two subgroups of
patients with and without loco-regional recurrences, stratified by
the main clinicopathological characteristics: it showed a trend to-
wards a significant difference in the patients’ distribution by
lymph node status (pN+ vs. ctNO or pNO) (P=0.05), but not by
pT (P=0.40), stage (P=1.0), or grade (P=0.14). The log-rank test
showed a significantly different DFS (in months) when patients
were stratified by N stage (P=0.01), but not when they were
stratified by pT (P=0.29), stage (P=0.79) or grade (P=0.11).

ANG expression and clinicopathological features

ANG staining in laryngeal carcinoma cells was seen in 51 of 76
carcinoma samples (67 %) (Table 1). The carcinoma cells showed
prominent ANG staining of variable intensity in the membrane
and cytoplasm (Fig. 1A, C). Statistical analysis failed to identify
any significant associations between ANG expression and pT, N
(pN+ vs. ¢NO or pNO), stage, or grade (Mann-Whitney U-test,
P=0.25,P=0.40, P=0.77,and P=0.19, respectively).

The mean ANG expression was significantly higher in the
LSCC of patients who developed loco-regional recurrent disease
(Mann-Whitney U-test, P=0.007). The analytically best-fitting
ANG expression cutoff for prognostic purposes in terms of DFS
was 5.0%, calculated using the ROC approach (AUC=0.69; sen-
sitivity 54 %, specificity 83%). On statistical analysis, patients
with an ANG expression =5.0% (38 of 76 patients) had a signif-
icantly shorter DFS than patients whose ANG expression was
<5.0% (38 patients) (log-rank test, P=0.007) (Fig. 2A).

Subcellular Maspin expression pattern and clinicopathological
features
The pattern of Maspin expression was nuclear in 27 cases (Fig.
1D) and nonnuclear in 49 (Fig. 1B) (Table 1). In the present se-
ries, Fisher exact test revealed a trend towards a significant differ-
ence in the distribution of the Maspin expression patterns (nucle-
ar vs. nonnuclear) in relation to the variables N (pN+ vs. cNO or
pNO) (P=0.08), and grade (P=0.09), but not pT (P=0.46), or
stage (P=0.80).

Patients with a nonnuclear Maspin pattern had a significantly
higher recurrence rate (Fisher exact test, P<0.001), and their
DFS was significantly shorter (Fig. 2B) (log-rank test, P=0.01).
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Fig. 1. (A, B) A patient whose laryngeal squamous cell carcinoma recurred, with a high angiogenin (ANG) expression (A), and a cytoplasmic
pattern of Maspin expression (B), in carcinoma cells; (C, D) a patient who had no evidence of disease during the follow-up, with a low ANG
expression (C), and a nuclear pattern of Maspin expression (D). (A-D) Immunohistochemical staining.
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Fig. 2. (A) Disease-free survival estimates by angiogenin (ANG) expression (%) in laryngeal carcinoma cells (ANG<5.0% or >5.0%); (B) dis-
ease-free survival estimates by pattern of Maspin expression in laryngeal carcinoma cells (nuclear or nonnuclear); time calculated in months.

Association between ANG expression and subcellular
patterns of Maspin expression
Student ¢-test corrected for unequal variances showed different
levels of ANG expression in patients stratified by their subcellu-

lar Maspin expression pattern: the mean ANG expression was
higher in patients with a nonnuclear pattern of Maspin expres-
sion than in those with a nuclear pattern (P=0.002) (Fig. 3).



272 Clinical and Experimental Otorhinolaryngology Vol. 8, No. 3: 268-274, September 2015

Nuclear

Nonnuclear

10

ANG

0

Fig. 3. Square root transformed box plot showing the different angio-
genin (ANG) expression in patients stratified by subcellular Maspin
expression pattern: mean ANG expression was higher in patients
with a nonnuclear Maspin expression pattern (nonnuclear) than in
those with a nuclear pattern (nuclear).

Multivariate analysis

On multivariate analysis, DFS estimates were based on Cox pro-
portional hazards model, assuming no collinearity or interactions
between significant variables in the final model. This condition
was ascertained by performing a goodness-of-fit test based on
Shoenfeld residuals: the model was validated if the P-value for
the test indicated no significant deviation from the proportional
hazards hypothesis (P=0.20 in our setting). This approach identi-
fied N stage, grade, ANG expression, and Maspin pattern as be-
ing of potential prognostic value, and their relationship with DFS
was estimated. As summarized in Table 2, only ANG expression
=5.0% (hazard ratio [HR], 2.72; P=0.041) retained its negative
prognostic significance in terms of DFS, while a trend towards a
negative prognostic significance emerged for N stage (HR, 2.93;
P=0.09), and for the nonnuclear Maspin expression pattern (HR,
2.97; P=0.09).

DISCUSSION

The Surveillance Epidemiology and End Results (SEER) Cancer
Statistics Review (1975-2010) on the United States 2010 preva-
lence counts for invasive cancers reported that laryngeal carcino-
ma was the 18th most common human malignancy, with 98,063
cases. It was the 12th most common form of cancer in males and
came in 20th place for females [15]. Numerous studies [16] have
found the clinical characteristics of the tumor, i.e., T stage and N
status, associated with prognosis in LSCC, but some head and
neck oncologists do not consider these characteristics ideal for es-
tablishing an accurate prognosis in all cases of LSCC. In the pres-
ent investigation, only nodal status was found significantly related
to prognosis in terms of DFS on univariate analysis (P=0.01), and
this correlation failed to reach a significant value in a multivariate
setting. Despite improvements in the diagnosis and treatment of

Table 2. Multivariate analysis of potentially prognostic factors in
terms of disease-free survival in patients with laryngeal squamous
cell carcinoma

Prognostic factor Hazard ratio  95% Confidence interval ~ P-value
N stage

NO (cNO+pNO) 1.00 Reference

N+ 293 0.86-6.30 0.09
Grade

G1-G2 1.00 Reference

G3 1.46 0.58-3.67 0.41
Maspin pattern

Nuclear pattern 1.00 Reference

Nonnuclear pattern 297 0.83-10.62 0.09
Angiogenin level (%)

<5 1.00 Reference

=5 2.72 1.04-7.12 0.041

LSCC over the last 40 years, the 5-year relative survival rate has
not changed significantly [17]. Given these rather disappointing
results, oncological research has focused on the tumor’s biology
in an effort to shed more light on the different pathways support-
ing the carcinogenic process. This has led to the identification of
molecular markers that may help in the diagnostic process, in
prognosis, and in a therapeutic setting too, as targets for specific
treatments.

Immunohistochemical staining was used in our investigation
to assess the expression of two molecular markers, ANG and
Maspin, in LSCC specimens. Our immunohistochemical analy-
ses were easily accomplished within a few days after surgery, on
standard paraffin-embedded tissue samples, and immunohisto-
chemistry is currently far less costly and more straightforward
than genome profiling. The main strength of our study lies in the
homogeneity of the series of patients considered because: (1)
they all underwent primary laryngeal surgery alone; (2) their
surgical treatment was performed consecutively by the same
team; (3) none of the patients required adjuvant treatments ac-
cording to current guidelines; (4) only surgical specimens (not
biopsies) of LSCC were assessed; (5) only squamous cell carci-
nomas located in a single head and neck structure (the larynx)
were considered because the role and subcellular localization of
some tumor-related proteins may differ in cancers developing at
different head and neck sites (as already seen in the case of
Maspin [7]).

The main weaknesses of the present investigation concern its
retrospective setting and the limited number of cases considered.
In addition, the case series analyzed here (updated from the
point of view of the clinical and radiological follow-up) was the
object of a previous study by our group on the immunohisto-
chemical expression of Maspin and ANG [18]. The purpose of
this earlier investigation was very different, however, and we
were not in a position at the time to discuss the biological roles
and clinical-pathological relationships between Maspin and ANG
in LSCC.There are very few reports on the role of ANG in laryn-



geal carcinoma [19]. In a series of 108 consecutive patients with
LSCC, our research group [10] found that a higher level of ANG
expression in carcinoma cells coincided with a higher recurrence
rate and a shorter DFS. The present results confirm that a higher
mean ANG expression in LSCC cells correlates significantly with
a greater likelihood of loco-regional disease recurrence (P=0.007).
In the series described here, ANG expression =5.0% was also a
significant and independent negative prognostic factor in terms of
DFS on univariate and multivariate analysis (P=0.007 and
P=0.041, respectively).

Using immunohistochemistry, we had previously studied
Maspin expression in a large series of consecutive cases of opera-
ble LSCC [14], finding that it could be localized in the cytoplasm
and in the nucleus, and concluding that patients with a nonnu-
clear pattern of Maspin expression had a higher recurrence rate
and a shorter DFS. Other clinical investigations by our group
have focused on the relationships between a nonnuclear Maspin
expression pattern in LSCC and more limited antiangiogenic or
apoptosis-sensitizing effects [11,20]. The present study confirmed
our previous findings on the prognostic role of the pattern of
Maspin expression in LSCC: a nonnuclear distribution of Maspin
was significantly associated with more loco-regional recurrences
and a shorter DFS (P<0.001, and P=0.01, respectively). This ex-
pression pattern also coincided with a trend towards a negative
prognosis, in terms of DFS, on multivariate analysis (P=0.09).

To the best of our knowledge, our research group is the only
one to have already investigated the relationship between ANG
and Maspin in head and neck cancer, in a series of nasopharyn-
geal SCC, in which a trend towards an association between the
presence of Maspin and a lower ANG expression in carcinoma
cells came to light [21]. In the cases of LSCC considered here,
patients stratified by subcellular Maspin expression pattern had
different levels of ANG expression, i.e., the mean ANG expres-
sion in the carcinoma cells was significantly higher for patients
with a nonnuclear pattern of Maspin expression than in those
with a nuclear pattern (P=0.002). It seems important to empha-
size that, judging from our results, a higher ANG expression coin-
cides with the prognostically more negative nonnuclear Maspin
pattern. ANG and Maspin are known to have opposite influences
on the same two fundamental steps in carcinogenesis: ANG is a
proto-oncogene that stimulates tumor neo-angiogenesis [3] and
inhibits apoptosis [22], while Maspin is an onco-suppressor with
antiangiogenic and proapoptotic effects [6]. Sadagopan et al. [23]
recently studied the relationships between ANG and p53 in vitro
in normal endothelial cells, transformed human embryonic kid-
ney cells, human osteosarcoma cells, and cancer cell lines (human
colon carcinoma, neuroblastoma, hepatocellular carcinoma, and
lung adenocarcinoma), and suggested that ANG promotes cell
survival by inhibiting the antiapoptotic function of p53. Zou et
al. [24] studied the Maspin promoter and identified a consensus
p53 site that induced Maspin expression on the binding of p53.
Another investigation sought a relationship between p53 levels
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and Maspin expression in vivo in breast and colon adenocarcino-
mas, lung cancer, prostatic and ovarian adenocarcinomas, lym-
phoma, and melanoma, finding that Maspin expression correlated
inversely with mutant p53 level in most of these cancers; the au-
thors suggested that Maspin is probably a p53 target gene in vivo
[25]. These findings support the hypothesis that ANG inhibits
P53, and that p53 regulates the Maspin promoter. In the light of
these reports, it would be interesting to study whether ANG over-
expression influences the pattern of Maspin expression in LSCC
by inhibiting p53 in some way. If so, this connection between the
two pathways might provide the rationale for new combinations
of targeted therapies for LSCC. Neutralizing monoclonal anti-
body 26-2F to human ANG was able to prevent PC-3 androgen-
independent human prostate cancer from becoming established
in treated mice [26]; and an artificial transcription factor specific
for the Maspin promoter was able to reactivate Maspin in breast
cell lines, and to suppress MDA-MB-231 growth in a xenograft
breast cancer model in nude mice [27]. Preclinical trials are
needed to test ANG-inhibiting and Maspin-reactivating therapies
in models of LSCC to clarify whether there is any real connec-
tion between the two pathways and whether a combined therapy
could have a synergistic effect.

In conclusion, ANG and Maspin are known to have opposite
influences on the same two fundamental steps of carcinogenesis,
i.e., neo-angiogenesis and apoptosis, and the relationship between
the two has yet to be understood. Our results suggest that higher
levels of ANG expression are associated with a nonnuclear pat-
tern of Maspin expression in patients with LSCC. Further studies,
involving the protein p53 for instance, are warranted to shed
more light on the relationships between the ANG and Maspin
pathways, and their diagnostic and therapeutic potential in LSCC.
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