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Despite recent advances in treatment op-
tions for squamous cell head and neck
carcinoma, in particular with the intro-
duction of high-precision radiotherapy
techniques and new systemic agents, the
prognosis for these patients is still poor
[1, 2, 3, 4, 5]. Understanding the molecu-
lar mechanism involved in head and neck
squamous cell carcinoma pathophysiolo-
gy, which might provide the definition of
molecular markers for predicting the can-
cer patients for novel targeted therapy de-
cision, may improve clinical outcome.

One of the important mechanisms un-
derlying cancer development is apopto-
sis and genomic instability. Radiochemo-
therapy is considered to kill cancer cells by
triggering apoptosis [6]. The inhibition of
apoptosis leads to reduced cell death and
increased therapy resistance [7]. In recent
years, inhibitors of apoptosis proteins
have been described [8]. Survivin is one
of these proteins [9] and its expression is
correlated with tumor progression, thera-
py resistance, and poor survival [10, 11,12].
In addition to its role as an apoptosis in-
hibitor, together with Aurora B, inner cen-
tromere protein, and Borealin, they con-
stitute a chromosome passenger complex
that regulates cell cycle progression dur-
ing mitosis [13, 14]. Aurora B is the enzy-
matic core of the complex and its kinase
activity is stimulated by survivin binding
and phosphorylation [15]. Aurora kinas-
es are essential for chromosomal segrega-
tion during mitosis and their overexpres-
sion in the mitotic process causes a ge-
nomic instability leading to cancer devel-
opment [16].

Survivin and Aurora B are abundant-
ly expressed in most human cancer tis-
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sues but they are not detectable in most
differentiated normal adult tissues [10, 17,
18,19]. The promising therapeutic poten-
tial of survivin and Aurora kinase inhib-
itors in various cancers has been shown
already [12, 20, 21, 22]. They were found
to be over-expressed at high levels in a
variety of cancers [18, 23, 24, 25] includ-
ing head and neck carcinoma [26, 27, 28,
29, 30]. Although the correlation between
survivin expression and survival has been
shown in head and neck carcinoma [26,
28], the association of Aurora B expres-
sion with survival has not been reported
yet. We examined whether the over-/co-
expression of these proteins may help to
predict overall survival.

It has been shown that nuclear pool of
survivin is suspected to control cell divi-
sion, the cytoplasmic pool of survivin is
considered to be cytoprotective [31]. The
intracellular localization of survivin in
cancer cells has been suggested to have
a prognostic value and growing evidence
shows that nuclear survivin expression
may represent an important prognostic
marker to predict patient outcome [23].
Recently, the prognostic value of intracel-
lular localization of survivin was analyzed
in several studies; however, the results are
conflicting [23, 30]. In this study, we in-
vestigated the expression patterns of sur-
vivin and Aurora B and the significance
of intracellular localization of survivin in
head and neck squamous cell carcinoma.
Moreover, we aimed to assess the prog-
nostic value of Aurora B expression with
respect to nuclear survivin in head and
neck squamous cell carcinoma.

Patients and methods

Patients and tissue samples

A total of 58 patients with histological-
ly confirmed head and neck squamous
cell carcinoma treated at Gazi University
Medical School, Department of Radiation
Oncology, between the years of 1999 and
2007, were included. The ethical approv-
al was obtained from the Clinical Inves-
tigations Ethics Committee at Gazi Uni-
versity Medical School and the study was
performed in accordance with the eth-
ical standards laid down in the Declara-
tion of Helsinki. Formalin-fixed, paraffin-
embedded tissues were obtained from the
archive of Gazi University Medical School,
Department of Pathology. For the analy-
ses, only biopsied specimens before ther-
apy were selected to avoid possible influ-
ence of the treatment modalities.

The patient population consisted of 49
men and 9 women with a mean age of 56.7
(range 35-80) years. Tumors were staged
according to the TNM system (2000) and
tumors were divided into grades 1, 2, and
3 using the WHO classification of histo-
logical differentiation. Clinicopatholog-
ic characteristics of the patient group are
shown in @ Tab. 1. All patients received
radiotherapy, 29 (50%) of 58 patients had
surgery and 25 (43%) of 58 patients re-
ceived cisplatin- or taxol-based chemo-
therapy. The median dose of postopera-
tive radiotherapy was 60 + 7 (range 48-70)
Gy and the median dose of curative radio-
therapy was 70 £ 2 (range 62-72) Gy.

Consent from the head of the institute and ethi-
cal approval were obtained.



Tab.1 Clinicopathologic characteristics Tab.2 The correlation of low/high expressions of survivin and Aurora B with clinicopatho-

of patients (n=58) logic characteristics of patients (n=58)

Characteristics Number (%) Cytoplasmic survivin Nuclear survivin Aurora B

Sex Expression Expression Expression

Male 49 (84.5) Low High Low High Low High

Female 9(15.5) Age

Tumor site <65 1 36 36 1 24 23

Larynx 37 (64) >65 2 9 6 5 6 5

Oral cavity 16 (27.5) p=0.7 p=0.15 p=0.83

Maxillary sinus 4(7) Differentiation grade

Hypopharynx 1(1.5) Well+mod- 12 36 38 10 28 20

Grading erate

G1 (Well) 26 (45) Poor 1 9 4 6 2 8

G2 (Moderate) 22 (38) p=0.42 p=0.02* p=0.038*

G3 (Poor) 10(17) Tumor status

T classification T1+2 10 19 20 13 16

T 11(19) T3+4 3 26 22 17 12

T2 18(31) p=0.024* p=0.55 p=0.29

T3 11(19) Nodal status

T4 18(31) NO 10 27 28 18 19

N classification N1+2 3 18 14 12 9

NO 37 (64) p=0338 p=0.464 p=0.533

N1 8(14) Stage

N2 13(22) 1+2 8 15 16 10 13

Stage 3+4 5 30 26 20 15

1 10(17) p=0.07 p=0.69 p=0.308

2 13 (22.5) Recurrence status

3 11(19) Yes 7 16 21 15 12 1

4 24 (41.5) No 3 21 2 9 1 13
Cytoplasmic survivin expression p=0.168 p=0.016* p=0.66

Negative 8(14) Survival status

Positive 50 (86) Alive 9 19 26 2 18 10

Low 13(22.5) Dead 2 22 1 13 8 16

High 45(77.5) p=0.03* p <0.0000% p=0.025%

Nuclear survivin expression *Value considered significant.

Negative 36 (62)

Positive 22(38) gen retrieval in citrate buffer (pH 6.0) for =~ mounted. Known positive specimens ac-
Low 42(72.5) 20 min. After a brief rinse with phosphate  cording to the data sheet of the product
High 16 (27.5) buffer citrate (pH 7.6), staining was per- ~ were used as positive controls. Negative
Aurora B expression formed using the rabbit polyclonal an-  control slides in the absence of primary
Negative 25 (43) tibody for Aurora B protein (ABCAM,  antibody were included for each staining.
Positive 33(57) Cambridge, UK, 1/200) and rabbit poly- A labeling index, percentage of cy-
Low 30(52) clonal anti-survivin antibody (Neomark-  toplasmic and nuclear survivin positive
High 28 (48) ers, Fremont, CA, USA, 1/50). Anti-Auro- cells and Aurora B, was determined by the

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue
blocks were cut into 4 pum serial sections.
The sections were mounted on poly-L-ly-
sine-coated glass slides. Slides were de-
paraffinized, rehydrated, and incubated
in a solution of 3% H,0, for 10 min, fol-
lowed by microwave treatment for anti-

ra B antibody was incubated overnight at
4 °C, whereas anti-survivin antibody was
applied for 1 h at room temperature. Af-
ter a brief rinse with phosphate buffer ci-
trate (pH 7.6), biotinylated secondary im-
munoglobulin and streptavidin conju-
gated with horseradish-peroxidase com-
plex were subsequently applied. For color
development 3,3’-diaminobenzidine for
counterstaining hematoxylin was used.
Finally, samples were dehydrated and

examination of at least 500 cells at x400
magnification in three representative and
intensely stained areas as reported previ-
ously [29]. On each section, the percent-
age of positive tumor cells was assessed in
agreement by two observers (PUG and
GA) who were unaware of the patients’
characteristics and outcomes.
Expressions were considered as posi-
tive when >5% of the cells were stained.
Aurora B and survivin expressions were
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High expression of nuclear survivin and Aurora B predicts poor

Statistical analyses overall survival in patients with head and neck squamous cell

All statistical analyses were performed us- cancer

ing SPSS 15.0 software package for Win- Abstract

dows (SPSS Inc., Chicago, IL, USA). Cor- Background and purpose. Survivin is one (p=0.024). Moreover, it was found that high
relation of Aurora B and survivin expres- of the apoptosis inhibitor proteins. Togeth- co-expression of nuclear survivin and Aurora
sion with clinicopathologic characteristics er with Aurora B, it also plays a role in regu- B had a negative effect on survival in univar-
was calculated using the Xz or Fisher’s ex- lating several aspects of mitosis. High expres- iate (p <0.000) and multivariate (p <0.000)
act test. The two-sided Spearman's corre- sion of these markers is correlated with ma- analyses.

. . lignant behavior of various cancers and resis- Conclusion. The negative prognostic values
lation co-efficient test was used to assess tance to therapy. Our aim was to evaluate the of high expression of Aurora B and high co-
the correlation between Aurora B and sur- prognostic role of these markers in head and expression of nuclear survivin and Aurora B
vivin expression. Survival curves were cal- neck cancers. on survival were shown. These findings sug-
culated according to Kaplan-Meier meth- Patients and methods. We evaluated the gest that co-expression of nuclear survivin
od and compared with the log-rank test. expression of Aurora B and survivin in tissue and Aurora B can be useful diagnostic mark-

. specimens of 58 patients with head and neck ers and therapeutic targets for head and neck
A Cox regression model was used to de- ) - ) .

o . . squamous cell carcinoma using immunohis- squamous cell carcinoma. However, further
termine independent predictors of surviv- tochemistry. studies with a larger number of patientsin a
al using factors significant on univariate Results. Patients who showed high expres- more homogeneous disease group are need-
analysis as covariates. sion of cytoplasmic and nuclear survivin ed to confirm the conclusion.

and Aurora B had significantly shorter over-

all survival (p=0.036, p <0.000, p=0.032, re- Keywords
Results e P P 4

spectively). In multivariate analysis, high ex- Survivin protein, human - Aurora B kinase -
pression of nuclear survivin was the on- Squamous cell carcinoma of the head and
Expression in HNSCC tissues ly independent negative prognostic factor neck - Radiotherapy - Biomarkers
Cytoplasmic survivin staining was ob-
served in majority of the samples (n=50, Hohe Expression von nukleirem Survivin und Aurora-B als
86%). However, in 38% of the samples, pradiktive Marker fiir das schlechte Gesamtiiberleben bei
survivin was detected both in the nucle- Patienten mit Plattenepithelkarzinomen der Kopf- und Halsregion
us and cytoplasm. The neighboring nor-
mal tissues did not express nuclear/cyto- Zl'xsammenfassung o , o )
. .. Hintergrund und Ziel. Survivin ist eines der Zudem wirkte sich eine hohe Co-Expression
P lasmic surv1v1.n and Aurora B. 'BY a.ssess— Apoptoseinhibitorproteine. Zusammen mit von nukledrem Survivin und Aurora-B bei
ing the expressions as low or high, it was Aurorakinase-B ist es an der Regulation viel- univariater (p <0,000) und bei multivariater
possible to describe high expression of cy- faltiger Aspekte der Mitose beteiligt. Die ho- (p <0,000) Analyse negativ aus.
toplasmic, nuclear survivin and Aurora B, he Expression dieser Marker korreliert mit Schlussfolgerung. Es lieRen sich prognos-
in 45 (77.5%), 16 (27.5%), and 28 (48%) dem malignen Verhalten vieler Krebsarten tisch negative Auswirkungen auf das Uberle-
. . und deren Therapieresistenz. Ziel der Unter- ben bei hoher Co-Expression von nukledren
tumor samples, resp ect.1 Vely, (@ Fig.1). suchung war es, die pradiktive Wertigkeit die- Survivin und Aurora-B sowie bei hoher Ex-
The results are summarized in @ Tab. 1. ser Marker bei Tumoren der Kopf- und Halsre- pression von Aurora-B zeigen. Diese Ergeb-
Moreover, we found that the increase of gion zu evaluieren. nisse spechen fiir Relevanz der Co-Expression
survivin expression in the nucleus was Patienten und Methoden. Mit Hilfe der Im- von nukledrem Survivin und Aurora-B bei
parallel to the increase of Aurora B ex- munhistologie wurde in Gewebeproben von Plattenepithelkarzinomen im Kopf- und Hals-
pression (r,=0.368, p=0.004). However, 58 Patienten mit Plattenepithelkarzinomen bereich als diagnostische Marker und als the-
cytoplasmic survivin expression was not der Kopf- und Halsregion die Expression von rapeutische Targets. Zur Bestétigung sind je-
o . Aurora-B und Survivin gepriift. doch weitere Untersuchungen an einer gro-
significantly correlated with Aurora B ex- Ergebnisse. Hohe Survivin- und Aurora-B- Beren Anzahl gleichartig behandelter Patien-
pression (p=0.415). Expression in Zytoplasma und Nukleus wa- ten notwendig.
ren mit einer signifikant verkiirzten allge-
Correlation with meinen Uberlebensrate assoziiert (p=0,036; Schliisselworter
. . . p <0,000; p=0,032). Bei der multivariaten Menschliches Survivinprotein -
C|InICOpathO|OgIC variables Analyse erwies sich eine hohe nukledre Sur- Aurorakinase-B - Plattenepithelkarzinom
o vivin-Expression als einziger unabhangiger im Kopf- und Halsbereich - Radiotherapie -
Nuclear survivin and Aurora B expres- negativer prognostischer Faktor (p=0,024). Biomarker

sion were significantly correlated with
poor tumor differentiation (p=0.012 and
p=0.023, respectively). Furthermore, nu-
clear survivin positivity was correlated
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Fig. 1 A a Low (x200) and d high (x200) Aurora B expression; b low (x400) and e high (x400) nuclear survivin expression; ¢
low (x200) and f high (x100) cytoplasmic survivin expression shown in representative tissues

significantly with higher tumor recur-
rence (yes vs. no; p=0.041) and poor sur-
vival status (alive vs. dead; p <0.000). Cy-
toplasmic survivin expression was not as-
sociated with any of the clinicopatholog-
ic variables.

After dichotomizing the patients ac-
cording to low or high expression of cy-
toplasmic, nuclear survivin and Auro-
ra B, high expression of nuclear survivin
was correlated with poor tumor differ-
entiation (p=0.02), higher tumor recur-
rence (p=0.016), and poor survival status
(p<0.000), while high expression of cyto-
plasmic survivin was correlated to high-
er tumor stage (T3+4 vs. T1+2; p=0.024)
and poor survival status (p=0.03). And
the significant correlation was found be-
tween high expression of Aurora B and
poor tumor differentiation (p=0.038) or
poor survival status (p=0.025; @ Tab. 2).

Moreover, the high co-expression of
Aurora B and nuclear survivin with clini-
copathologic variables was compared, i.e.,
high co-expression of Aurora B and nucle-
ar survivin was significantly correlated to
poor tumor differentiation (p=0.024) and
poor survival status (p <0.000).

Correlation with survival

The survival analysis was performed for
52 patients who were not lost to follow-
up. The median follow-up time for these
52 patients was 56.5 months (range 38.7-
112.5 months) with a 2-year survival rate of
73% and a 5-year survival rate of 56%. The
median overall survival was 72 months.

In the univariate analysis, the patients
who showed high expression of cytoplasmic
and nuclear survivin and Aurora B had short-
er overall survival time (p=0.036, p <0.000,
p=0.032, respectively). The median, 2- and
5-year overall survival times according to
clinicopathologic variables are shown in
@ Tab. 3. The survival curves with log rank
analysis are shown in @ Fig. 2. In the multi-
variate analysis (B Tab. 4), prognostic factors
such as age, nodal status, high expression of
cytoplasmic and nuclear survivin and Auro-
ra B were included. Concerning the overall
survival, high expression of nuclear survivin
was the only independent negative prognos-
tic factor (p=0.024, 95% confidence interval
(CI) 0.112-0.859).

Moreover, it was determined that high
co-expression of nuclear survivin and Au-
rora B had a negative effect on survival
in univariate (p <0.000) and multivariate
(p<0.000, 95% CI 0.089-0.503) analyses
(B Tab. 3, 4). Regarding disease-free sur-

vival, the univariate and multivariate anal-
yses did not reveal any dependent or inde-
pendent risk factors.

Discussion

Experimental evidence accumulated over
the past 10 years suggests that survivin is a
tumor-specific molecule that is differential-
ly expressed in cancer and has nodal protein
functions which are involved in mechanisms
of cell division control, genomic fidelity, mi-
totic spindle assembly, subcellular traffick-
ing, checkpoint regulation required for tumor
proliferation, and survival [32, 33]. Moreover,
it inhibits apoptosis and promotes tumor-as-
sociated angiogenesis, and acts as a resistance
factor to several anti-cancer therapy modal-
ities [32]. Besides its role as apoptosis inhibi-
tion, survivin is a subunit of the chromosome
passenger complex and interacts with other
subunits such as Aurora B. This complex is
essential for mitosis [30, 32, 34]. A hallmark
of mitosis is the high levels of histone phos-
phorylation. Mitotic phase-specific phos-
phorylation of histone H3 recruits the chro-
mosome passenger complex to chromatin to
activate Aurora B. This interaction is mediat-
ed by survivin. Aurora B and survivin inter-
action controls spindle assembly and nuclear
re-formation which is important for spindle
checkpoint signaling to ensure accurate cell
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Tab.3 Univariate analysis for overall survival of 52 patients

Prognostic factor  Median survival 2-year survival  5-year survival log-rank p
(months) (%) (%)

Age

<65 72 79 62 0.014*

>65 18 40 30

Differentiation grade

Well + moderate 72 63 58 0.31

Poor 37 55 44

Tumor status

T14+2 67 79 62.5 0.27

T3+4 38 64 50

Nodal status

NO 72 85 47 0.045*

N1+2 26 64 42

Stage

1+2 63 85 66 0.136

3+4 38 62.5 45

Cytoplasmic survivin expression

Low 95 91 90 0.036*

High 54 68 46.5

Nuclear survivin expression

Low 84 785 73 <0.000*

High 34 53 18

Aurora B expression

Low 84 81 1 0.032*

High 38 65 73

Co-expression of Aurora B and nuclear survivin

Low 82 78 455 <0.000*

High 26 71 9

*Value considered significant.

Tab.4 Multivariate analysis for overall survival of 52 patients

Factor Hazardsratio p 95% Cl

Age 0.625 0.418 0.201-1.947
Nodal metastasis 0.489 0.157 0.182-1.318
High expression of cytoplasmic survivin 0.372 0.195 0.083-1.662
High co-expression of nuclear survivin 0.311 0.024*  0.112-0.859
High expression of Aurora B 0.607 0.325 0.225-1.638
High co-expression of nuclear survivin and Aurora B 0.212 <0.000* 0.089-0.503

Cl confidence interval *Value considered significant.

division [30]. However, the over-expression
of survivin and Aurora B induces increased
mitotic H3 phosphorylation and this imbal-
ance in phosphorylation is a major precipitat-
ing factor of chromosome instability which is
a hallmark of cancer [35].

The high expression of survivin has
been observed in a variety of cancers, in-
cluding head and neck cancer [18, 26, 27,
28, 36]. In line with several studies [23,
30, 37], we found that the survivin stain-
ing was positive in the majority of the head
and neck squamous cell tumor samples.
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Whereas its expression appears to be pri-
marily in the cytoplasm, nuclear expres-
sion was observed in 38% of the cases and
survivin over-expression was found in both
nuclei and cytoplasm. A significant corre-
lation has been reported between survivin
over-expression and tumor aggressiveness
in squamous cell carcinoma [38]. Although
high survivin expression was found to be
related to poor outcome in oral, oropha-
ryngeal, and laryngeal cancers [26, 28], in a
recent study it was shown that the high sur-
vivin expression predicted a favorable out-

come especially in oral squamous cell car-
cinoma patients who were treated with ra-
diotherapy [39].

Many reports pointed out the fact that
survivin could be expressed both in nuclei
and cytoplasm and some of them focused on
studying the significance of intracellular sur-
vivin localization. Although high cytoplas-
mic survivin expression was found to relate to
poor survival in oral squamous cell carcino-
ma [37, 40] such a relationship could not be
found for oropharyngeal squamous cell carci-
noma [37]. Concerning the prognostic value
of nuclear survivin expression, several stud-
ies showed that high nuclear survivin expres-
sion predicts poor outcome in oropharyngeal
and esophageal squamous cell carcinoma [37,
41]. On the other hand, a significant correla-
tion between high survivin expression in the
nucleus and survival could not be shown in
oral squamous cell cancer [42].

Recently, 19 publications relevant to sur-
vivin localization in nuclei and cytoplasm
in various cancer tissues were reviewed
[23]. According to this review, in 9 trials
the nuclear survivin expression was an un-
favorable prognostic factor in contrast to
5 studies which reported that the nuclear
survivin expression represented a favor-
able prognostic marker. In the remaining 5
studies, the association of survivin expres-
sion in cancer cells with patient outcome
was reported by ignoring cytoplasm or nu-
clei when analyzing their data. In our tri-
al, over-expression of nuclear survivin was
associated with aggressive behavior of head
and neck squamous cell carcinoma such as
poor tumor differentiation, higher tumor
recurrence, and poor survival status; and
cytoplasmic survivin was associated with
higher tumor stage. Although, in univari-
ate survival analysis, over-expression of cy-
toplasmic and nuclear survivin had signif-
icant negative effect on overall survival, in
multivariate analysis, only nuclear survivin
was found as a negative prognostic factor.
However, the findings in this area are con-
flicting.

The results may be biased due to the fol-
lowing reasons and they should be taken into
account during interpretation. Different eval-
uation criteria of survivin in different tumor
groups were used in the trials. There may be
technical difficulties in determining the local-
ization of survivin by immunohistochemis-
try. Moreover, it was reported that the splic-
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survivin, ¢ Aurora B, and d low and high co-expression of nuclear survivin and Aurora B

ing variants of survivin which are currently
identified by the anti-survivin antibodies due
to the presence of an identical amino-termi-
nal peptide in variants, may differ with the
subcellular localization and functions in cell
division and survival [23].

Aurora B kinase is over-expressed in sev-
eral cancer types and there are some in vitro
studies [35, 43] that show the co-expression
of survivin and Aurora B in various cell lines
and tumors [44]. Although there was no pub-
lished clinical study on correlation between
survivin and Aurora B expression until re-
cently, Qi G et al. [30] showed a good asso-
ciation between nuclear survivin and Auro-

ra B expression in head and neck squamous
cell carcinoma. In addition, they pointed out
that both markers were associated with poor
differentiation and lymph node metastasis
and they may be strong markers for predic-
tion of the malignant behaviors of head and
neck squamous cell carcinoma. Similarly in
our study, increase of Aurora B expression
was parallel to nuclear survivin expression.
We found that high expression of Aurora B
and high co-expression of nuclear survivin
and nuclear Aurora B were correlated with
poor tumor differentiation and poor survival
status. Distinctively, the negative prognostic
value of high expression of Aurora B and high

co-expression of nuclear survivin and Aurora
B on survival was shown.

In recent years, there has been a consensus
that survivin is an essential cancer gene and
its nodal properties makes it a unique thera-
peutic target [32]. Several preclinical studies
have demonstrated that targeting survivin in-
creased apoptosis, pronounced cell cycle ar-
rest, and sensitized tumor cells toward radio-
therapy and chemotherapy [12, 33]. A distinct
role of nuclear survivin in radiation-induced
DNA damage response has also been shown,
which emphasizes the goal of targeting nu-
clear survivin to improve the effectiveness
of radiochemotherapy in patients with high
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survivin expression. Moreover, Aurora B is a
newer protein and over-expression of Auro-
ra B in cancer cells suggests that regulation of
mitosis (which is most susceptible phase of
the cell cycle to radiotherapy and chemother-
apy) by Aurora B signaling may be a possible
therapy target [35].

Overall, our findings verify these find-
ings and suggest that high expression of nu-
clear survivin and high co-expression of nu-
clear survivin and Aurora B can be useful di-
agnostic markers and therapeutic targets for
patients with head and neck squamous cell
carcinoma. According to our knowledge, this
is the first study to evaluate the expression of
Aurora B and the expression of both nuclear
survivin and Aurora B together on head and
neck squamous cell carcinoma patient sur-
vival. However, further studies with larger
number of patients in a more homogeneous
disease group are needed to confirm this con-
clusion.
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