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sixth most common malignancy characterized by an aggres-

Introduction sive growth pattern, high-degree of local invasiveness, and a

relatively high rate of local regional recurrence."” More than

Head and neck squamous cell carcinoma(HNSCC) is the ~ 90% of tumors in the head and neck are squamous cell carci-
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of this malignancy, the survival rate has remained unchanged

SV=eltsh o|Tlysl AL A mHel Ha|Trstial over the last 30 years and the most reliable prognostic factor
A3} 1 (02) 2258-1626 - A4 1 (02) 2258-1628 is still the status of lymph node metastasis at the time of di-
E-mail : lys9908@catholic.ac.kr agnosis.w Thus, there is a need for better markers that can
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identify patients with poor prognosis and guide the use of more
aggressive treatment modalities in early stages of the disease.

Angiogenesis is considered to be a very important biologi-
cal factor in many neoplasms and crucial both for the growth
of a tumor and for the occurrence of distant metastasis.” Among
the factors in relation to tumor angiogenesis, vascular endothe-
lial growth factor(VEGF) is a leading molecular marker. VE-
GF is involved in the proliferation, differentiation, and migra-
tion of vascular endothelial cells and enhances endothelial cell
survival by avoiding apoptosis.”® Various studies reported up-
regulation of VEGF in different malignancies ; however, their
roles in HNSCC carcinogenesis are not clear.”

Apoptosis, a process of programmed cell death, is essential
in the cell growth for the maintenance of homeostasis."” p53
tumor suppressor gene plays a critical role in apoptosis, cell
cycle control, DNA damage response, and maintaining the in-
tegrity of genome."” Mutation of p53 tumor suppressor gene
is the most frequent genetic alteration identified in malignant
tumors."” Mutated p53 is also commonly seen in HNSCC.
However, despite the fact that the presence of pS3 mutation and
its effect on prognosis in HNSCC has been widely investigat-
ed in the various literature, no consensus exists about its clin-
ical role in establishing important parameters such as treat-
ment responses or prognostic value.'”

A central component of the apoptotic apparatus is a family
of cystein-containing, aspartate-specific proteases termed cas-
pases.” Two regulatory pathways of the caspase cascades have
been well studied so far."”’ The assembly of a death-inducing
signaling complex(DISC) at the Fas receptor(Fas) plays a ma-
jor role in the first pathway. The release of cytochrome ¢(Cyt
¢) from the mitochondria triggers the second pathway, which
subsequently causes apoptosis by activation of Caspase-9 and
Caspase-3. Apoptotic protease-activating factor 1(Apaf-1) has
been shown to participate as an adaptor molecule in the se-
quential activation of Caspase-9 and Caspase-3.]3) Kuwahara
et al.,"” suggest that Caspase-9-dependent apoptosis plays
an important role in cisplatin-induced HNSCC apoptosis.

In this study, we investigated the expression of VEGF, p53,
Apaf-1 and caspase-9 protein in HNSCC patients, in relation
to histopathological parameters and clinical outcome.

Materials and Methods

1. Patients and clinicopathologic features

Histologic sections of HNSCC resected from 2000 through
2010 were retrieved from the archives of the Departments of
Hospital Pathology at Yeouido St. Mary’s Hospital. We select-
ed the radical resection cases only and excluded the cases with

follow-up loss or having uncertain survival data during that
period. Twenty-three cases were enrolled for this study. The
study cases are composed of thirteen laryngeal carcinomas,
one hypopharyngeal carcinomas and nine nasal cavity carci-
nomas of various grades and stages. A hypopharyngeal carci-
noma was classified as laryngeal carcinoma category. We ex-
cluded the oropharyngeal and tongue cancers due to elimination
of heterogeneity in the HNSCC. Clinicopathological informa-
tion was obtained for all cases, including sex, age, tumor lo-
cation, clinical stage, TNM classification, tumor differentia-
tion, growth pattern, resection margin involvement, lymphatic,
vascular and perineural invasion and overall survival. The
study was performed after approval of the local institutional
review board(IRB).

2. Immunohistochemistry and Staining Interpretation

Tissue sections(4pm thickness) were prepared from forma-
lin-fixed, paraffin-embedded tissues and mounted on 3-ami-
nopropylmethoxysilane-coated slides. Immunohistochemical
staining for VEGF(Santa Cruz Biotechnology, Santa Cruz, CA,
USA, dilution 1 : 150), p53(DO-7, Ventana Medical Systems
Inc. Tucson, Arizona, USA, dilution 1 : 200), Apaf-1(5E11, San-
ta Cruz Biotechnology, Santa Cruz, CA, USA, dilution 1 : 100)
and caspase-9(LAP6, Diagnostic BioSystems Inc. Pleasanton,
CA, USA, dilution 1 : 100) were used. 3, 3-Diaminobenzidine
was used as the chromogen and the sections were counter-sta-
ined with hematoxylin. Evaluation of the immunohistochemi-
cal staining was carried out independently by two patholo-
gists.

p53, Apaf-1 and caspase-9 expression was categorized as
negative(0, <10%), focally positive(1+, 10—50%), diffusely
positive(2+, >50%). For the assessment VEGF protein ex-
pression, the staining was also scored semiquantitatively as fol-
lows : 0(no staining at all and weakly positive) ; 1+(moder-
ately positive) ; and 2+(strongly positive).

3. Statistical analysis

Data were analyzed using the statistical software, SPSS(ver-
sion 13.0 ; SPSS, Chicago, Illinois) for Windows. Statistical
analysis was performed for comparison of various histopath-
ologic parameters with VEGF, p53, Apaf-1 and caspase-9. An
analysis of the correlation among the immunohistochemical
markers was also conducted. Categorical variables were ana-
lyzed using % or Fisher exact test and a P value of <0.05 was
considered significant.

An analysis of the correlation between the immunohisto-
chemical markers and survival was conducted. Overall survi-
val(OS) was defined as the period between the time of surgery
and death. Survival times of patients still alive were censored
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with the date of the last follow-up. Kaplan-Meier estimation
was used for survival analysis, and survival curves were com-

pared using the log-rank test.

Results

1. Patients and clinicopathologic features

Sixteen(69.6%) of the study subjects were male and seven
(30.4%) were female. The age range of subjects was between
22 and 88 years(mean ; 63.7 years). Five cases(21.7%) had stage
I disease, two(8.7%) stage II, eight(34.8%) stage III and eight
(34.8%) stage IV. For the primary tumor(T), there were six
(26.1%) T1, two(8.7%) T2, seven(30.4%) T3 and eight (34.8%)
T4. For the regional lymph nodes(N), twenty(87.0%) were NO,
two(8.7%) N1 and one(4.3%) N2. There were no distant me-
tastasis(M) cases. Twelve cases(52.3%) showed well differen-
tiated carcinomas, ten(43.5%) moderately differentiated car-

cinomas and one(4.3%) poorly differentiated carcinoma.
Survival times were calculated from the date of surgery. The
mean survival was 37.3 months ; the longest recorded surviv-

al was 108 months. These data are summarized in Table 1.

2. Immunohistochemistry and statistical analysis

Immunohistologic characteristics of various molecular mark-
ers and clinicopathologic factors are shown in Table 2. Four-
teen(60.9%) of subjects had expression of TP53. Of the posi-
tive cases, five cases(21.7%) showed focal positivity and nine
(39.1%) showed diffuse immunoreactivity(Fig. 1). Twenty-two
cases(95.7%) had immunoreaction of Apaf-1. Two(8.7%) show-
ed focal reactivity and twenty(87.0%) showed diffuse reactivi-
ty. All cases were immunoreactive for caspase-9. Fourteen
(60.9%) had focal positivity and nine(39.1%) had diffuse posi-
tivity. For VEGF expression, five cases(21.7%) showed nega-
tive or weak reactivity, eight(34.8%) moderate and ten(43.5%)

Table 1. Clinicopathologic characteristics of 23 patients with clinical stages

Characteristic All Stage | Stage I Stage il Stage IV
No. of patients 23 5(21.7%) 2(8.7%) 8(34.8%) 8(34.8%)
Mean age(years) 63.7 54.2 79.5 63.6 65.9
Sex
Male 16(69.6%) 4 1
Female 7(30.4%) 1 1
Tumor location
Nasal cavity 9(39.1%) 1
Larynx 14(60.9%) 1
Clinicopathologic parameters
Primary tumor
T1-12 8(34.8%) 1
13-4 15(65.2%) 7
LN metastasis
NO 20(87.0%) 5 5 8
N1-N2 3(13.0%) 0 0
Diatant metastasis
MO 23(100%) 5 2
M1 0(0%) 0 0
Tumor differentiation
WD 12(52.3%) 2 4 4
MD-PD 11(47.7%) 4
Tumor border
E 8(34.8%) 1 3 1
E&H 15(65.2%) 1 5 7
Resection margin involvement
RM present 9(39.1%) 1 1 3 4
Lymphatic invasion 3(13.0%) 0 0 1 2
Vascular invasion 2(8.7%) 0 0 0 2
Perineural invasion 2(8.7%) 0 0 1 1
SD(months) 37.3(2-108) 57.4(2-108) 16.0(5-27) 34.4(8—64) 33.0(8-82)

WD : well differentiated, MD : moderately differentiated, PD : poorly differentiated, E : Expanding growth, E & | : Expanding & infil-
frative growth, | @ Infilirative growth, RM : resection margin, SD : Survival duration
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Table 2. Relationship between the clinicopathologic parameters and immunoexpression of molecular markers

P53 Apaf-1 Caspase-9 VEGF
Immunoexpression
0 9(39.1%) 1( 4.3%) 0( 0%) 5(21.7%)
1+ 5(21.7%) 2( 8.7%) 14(60.9%) 8(34.8%)
2+ 9(39.1%) 20(87.0%) 9(39.1%) 10(43.5%)
p-value
Stage 0.363 0.209 0.657 0.089
T 0.162 1.000 0.643 0.019
N 0.253 1.000 1.000 0.560
M N/A N/A N/A N/A
Differentiation 0.214 1.000 0.214 1.000
Growth 1.000 0.269 1.000 0.379
Resection margin 0.383 0.538 0.383 1.000
Lymphatic invasion 1.000 1.000 0.538 0.068
Vascular invasion 1.000 1.000 0.142 0.178
Perineural invasion 1.000 1.000 1.000 0.178
Survival duration 0.976 N/A 0.748 0.984

Parameters considered statistically significant. N/A : not available
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Fig. 1. Immunohistochemical finding for TP53 proteins shows strong

nuclear reaction in neoplastic cells.

strong immunopositivity(Fig. 2).

For the expression of TP53, Caspase-9 and Apaf-1, we did
not find any correlation between the clinicopathologic param-
eters including survival and the status of TP53 expression. The
expression of VEGF protein was statistically significant for the
primary tumor(T) of HNSCC. In addition to this finding, there
was trend for correlations of VEGF immunoreactivity with
stage and lymphatic invasion. We also assessed the relation-
ships of immunoexpression among molecular markers(Table
3). However, there were no correlations among immunohisto-
chemical markers. In addition, we assessed the influence of
VEGEF protein expression on overall survival without taking
into account post-surgical treatment, but no correlation with
VEGF protein expression was found(Fig. 3).

£ 43 ¢ . 4 >
Fig. 2. Majority of tumor cells within this section of HNSCC exhibit a
positive cytoplasmic immunohistochemical staining for VEGF.

Table 3. Relationship of immunoexpression among molecular
markers

p-value P53 Apaf-1 Caspase-9 VEGF

P53 N/A 0.538 1.000 0.669

Apaf-1 0.538 N/A 0.253 1.000

Caspase-9 1.000 0.253 N/A 0.669

VEGF 0.669 1.000 0.669 N/A
Discussion

Angiogenesis is a crucial step for the growth, invasion and
metastasis of tumors.”” VEGF is a primary angiogenic agent
that serves to increase vascular permeability and enhance en-
dothelial cell proliferation, migration and differentiation.'” A
considerable proliferation in the vascularity occurs during the
transition from normal mucosa, through dysplasia, to invasive
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Fig. 3. Kaplan-Meier analyses of the influence of VEGF immunoex-
pression on overall survival of HNSCC. Patients whose tumors with
VEGF protein expression(1t and 2t) show no correlation of impro-
ved overall survival than patients whose fumors with VEGF immu-
nonegativity(0)(p=0.984, by the log-rank test).

HNSCC. In addition, tumor progression from early to advanced
carcinomas is also closely associated to vascularity."” Accord-
ing to Sauter et al.,” advanced lesions(stage I1I and IV squa-
mous cell carcinomas) showed a significant increase in VEGF
expression as compared with early lesions(dysplasias to early
invasive squamous cell carcinomas) and normal mucosa. More-
over, the meta-analysis by Kyzas et al.,”” showed that VEGF
expression by immunohistochemistry was associated with
worse overall survival in patients with HNSCC and they re-
vealed trends for modest correlations of VEGF expression
with higher clinical stage and poor differentiation. In our study,
there was significant correlation between VEGF expression and
primary tumor(T), but we revealed no correlation with tumor
differentiation. Meanwhile, in our study, there was trend for
correlations of VEGF overexpression with stage and lymphat-
ic invasion. The capability of VEGF to increase vascular per-
meability in lymphatics may provide a possible explanation
for this association.” Moreover, several studies have also re-
vealed that VEGF expression was a more significant prognos-
tic factor for overall survival outcome than standard clinico-
pathologic predictors such as TNM stage.'*'¥ Despite a sig-
nificant correlation between VEGF expression and primary
tumor(T) and trend for correlations between VEGF overex-
pression and stage and lymphatic invasion, however, our study
found no correlation with VEGF protein expression and over-
all survival. This can be attributed to relatively small case num-
bers enrolled in this study, which is one of limitations of the
current study. The prognostic value of VEGF in patients with
HNSCC was also examined in the context of other proposed
molecular markers, and several studies in the meta-analysis

addressed a significant association of VEGF with other key
molecular markers, such as cyclooxygenase-2, TP53, and Ki-
67 labeling index.” However, in the present study, we found
no correlations among molecular markers.

Among the most common genetic events that occur in the
genesis of tumors, including HNSCC are mutations in the p53
tumor suppressor gene. The level of p53 positive cells as de-
termined with immunostaining has prognostic value for dis-
ease-free survival in some studies.””” In HNSCC, the prog-
nostic role of p53 mutations is still unclear due to contradictory
reports. In the meta-analysis by Tandon et al.,”” the studies for
oropharynx indicated that p53 overexpression showed a sur-
vival advantage ; in contrast the studies for oral cavity indi-
cated that p53 overexpression was correlated with poor sur-
vival rate. Meanwhile, Dijkema et al.”” showed no relationship
between p53 protein expression and prognosis, regardless of
treatment modality. The problem of heterogeneity across stud-
ies in study-level and patient-level characteristics might have
an effect on these discrepancies, making it difficult to ascer-
tain a clear picture. In the present study, we did not find any
correlation between the clinicopathologic parameters includ-
ing survival and the status of TP53 expression. These conflict-
ing results may be explained due to the limitations of immu-
nohistochemistry as a detection method for protein expression
status. Alteration of p53 protein function can be caused by a
number of mutational and non-mutational mechanisms, which
may not be detected by immunohistochemistry assay.”” In ad-
dition, there may be the differences in the demographic char-
acteristics of groups studied. Further studies are required in
which p53 expression is investigated in a more standardized
and biologically informative manner to establish the prognos-
tic relevance of the molecular marker.

Caspases play an important role in apoptotic signaling path-
way.”? Among caspases, caspases 8, 9 and 10 are considered
as an initiator, whereas caspases 3, 6 and 7 are considered as
an effector.”” Apaf-1 has been shown to participate as an adap-
tor molecule, which binds to Casp-9 and causes its activation,

23)

and then activated Casp-9 in turn activates Casp-3.” The pres-
ent study is one of the very few studies in which Caspase-9
and Apaf-1 protein expression are investigated in relation to
other molecular markers and prognosis in HNSCC. In the
study by Oh et al.,” both caspase-6 and -9 were highly ex-
pressed in the esophageal squamous cell carcinoma(ESCC),
irrespective of the pathological characteristics. On the other
hand, these pro-apoptotic molecules are negatively or weakly
expressed in normal esophageal mucosa. These results sug-
gest that changes of expression of these proteins might be in-
volved in the development of ESCC. However, they found no
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relationship between clinicopathological parameters includ-
ing survival, with expression of caspase-6 and caspase-9. Like-
wise, in the present study, the expressions of Caspase-9 and
Apaf-1 protein were noted in the greater part of cases. Our
study also revealed no correlation between Caspase-9 and
Apaf-1 expression with other parameters and patient surviv-
al. Meanwhile, caspase-9-dependent apoptosis is shown to
play an important role in cisplatin-induced HNSCC apopto-
sis.'” Unfortunately, we did not have sufficient clinical infor-
mations about adjuvant treatment modalities including che-
motherapy or radiotherapy. Thus, we could not analyze the data
in this aspect.

There are several studies with respect to the potential role
of caspase-9 and Apaf-1 in malignant tumors. Deficiency of
caspase-9 and Apaf-1 confers resistance to apoptosis, promotes
tumor cell survival and increases tumor aggressiveness in a
variety of tumors.”*® On the contrary, Papay et al., showed
that elevated expression of caspase-9 is significantly associat-
ed with the metastatic potential of primary non-small cell lung
carcinoma.”” In addition, the study by Strater et al., found that,
in colon carcinomas, expression of caspase-9 is significantly
associated with poor survival. Also, caspase-9 may be an in-
dependent prognosticator in colon carcinoma.”® Taken togeth-
er, those previous studies suggest that caspase-9 might not just
act as an inducer of apoptosis but have a more complex func-
tion in the pathogenesis of malignant tumors by several mech-
anisms including alternative splicing.”” Further studies are re-
quired for identifying the clinical significance of caspase-9 and
Apaf-1 in conjunction with other apoptosis regulators in HN-
SCC.

In conclusion, high expression of VEGF was concerned with
T stage, indicating that VEGF expression can be molecular
marker for prediction of the aggressive behaviors of HNSCC
although this result awaits confirmation in a larger study.
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