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Abstract

Death receptor 5 (DR5) and caspase-8 are major components in the extrinsic apoptotic pathway. The alterations of the
expression of these proteins during the metastasis of head and neck squamous cell carcinoma (HNSCC) and their prognostic
impact have not been reported. The present study analyzes the expression of DR5 and caspase-8 by immunohistochemistry
(IHC) in primary and metastatic HNSCCs and their impact on patient survival. Tumor samples in this study included 100
primary HNSCC with no evidence of metastasis, 100 primary HNSCC with lymph node metastasis (LNM) and 100 matching
LNM. IHC analysis revealed a significant loss or downregulation of DR5 expression in primary tumors with metastasis and
their matching LNM compared to primary tumors with no evidence of metastasis. A similar trend was observed in caspase-8
expression although it was not statistically significant. Downregulation of caspase-8 and DR5 expression was significantly
correlated with poorly differentiated tumors compared to moderately and well differentiated tumors. Univariate analysis
indicates that, in HNSCC with no metastasis, higher expression of caspase-8 significantly correlated with better disease-free
survival and overall survival. However, in HNSCC with LNM, higher caspase-8 expression significantly correlated with poorer
disease-free survival and overall survival. Similar results were also generated when we combined both DR5 and caspase-8.
Taken together, we suggest that both DR5 and caspase-8 are involved in regulation of HNSCC metastasis. Our findings
warrant further investigation on the dual role of caspase-8 in cancer development.
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Introduction

More than 35,000 people in the United States and more than
500,000 worldwide are estimated to be diagnosed with head and
neck squamous cell carcinoma (HNSCC) annually [1,2]. The
presence of metastasis in patients with head and neck cancer is
common and the 5-year survival rate for patients with lymph node
metastasis is approximately 25-50% [3]. Better treatments for
metastatic HNSCC are urgently needed. However, our under-
standing of the factors that regulate metastasis in this disease is
limited.

Death receptor 5 (DR5) is one of the cell surface receptors that
when activated by its ligand, tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL), induces the activation of the
extrinsic apoptotic pathway in humans [4]. DR5 has been shown
to be overexpressed in several types of cancer including colon, lung
and cervical cancer [5-9]. Increased DR expression was also
associated with reduced survival in non-small cell lung cancer
[7,9]. A recent mouse study has shown that deficiency of TRAIL
receptor in mice (only one receptor for TRAIL in mouse) enhances
lymph node metastasis (LNM) without affecting primary tumor
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development [10], suggesting that TRAIL receptor or TRAIL-
TRAIL receptor interaction may be critical for regulation of
tumor metastasis. Agonistic antibodies targeting DR are
currently in clinical trials for treatment of various types of cancer
[11]. Currently, the role of DR5 in metastasis is unknown and the
expression of DR in primary and metastatic HNSCC has not
been examined.

Caspase-8 is the first caspase activated during death receptor-
initiated apoptosis [12]. There is evidence of increased expression of
caspase-8 in several types of cancer including colorectal and rectal,
gastric, pancreatic, and breast cancers [13,14-17]. Besides, it has
been also shown that caspase-8 expression is lost or inactivated in
certain types of cancer such as small cell lung cancer, neuroblas-
toma, gastric carcinoma and hepatocellular carcinoma [18-25].
Loss of caspase-8 has been associated with metastasis in neuroblas-
toma [26]. However, it has also been recently shown that caspase-8
is associated with cell migration and can promote metastasis in
apoptotic resistant cells [27,28]. Moreover, a loss of caspase-8 was
reported to be associated with unfavorable survival in childhood
medulloblastoma [29]. Caspase-8 expression in HNSCC, particu-
larly in metastatic HNSCC, has not been documented.
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Thus, this study was particularly interested in comparing the
expression patterns of DR5 and caspase-8 between primary
HNSCC without LNM and HNSCC with LNM. To this end, we
performed immunohistochemistry (IHC) to detect DR5 and
caspase-8 on three groups of tumor samples from patients with
either primary tumors with no evidence of LNM, primary tumors
with LNM and the matching LNM.

Materials and Methods

Tissue Specimens

This study was approved by the Institutional Review Board at
Emory University. Tissues were obtained from surgical specimens
of patients who had HNSCC diagnosed at Emory University
Hospital and whose initial treatment was surgery without receiving
prior treatment with radiation and/or chemotherapy. The
selection criteria of the available formalin-fixed and paraffin-
embedded tissue blocks included 2 patient groups: primary
HNSCC with LNM (Tu™), their paired LNM, and primary
HNSCC with negative LNM (Tu™ ™). In the Tu ™" group, if
any patient developed metastases within 2 years of the initial
procedure, they were excluded from the study. Each category has
100 samples. The clinical information on the samples was
obtained from the surgical pathology files in the Department of
Pathology at Emory University according to the regulations of the
Health Insurance Portability and Accountability Act (HIPAA).
This was a retrospective study which used tissue samples from
surgical specimens dated prior to April 14, 2003 and therefore was
exempt for consent requirement from HIPPA regulations. The
clinicopathologic parameters for the 2 study groups, including age,
gender, smoking history, tumor location, and histologic grade are
listed in Table 1.

IHC

Formalin-fixed, paraffin-embedded tissue sections were used for
IHC. Tissues were deparaffinized, hydrated through graded
ethanols, and microwaved in 100 mmol/L sodium citrate for 5
minutes at high power and 10 minutes at low power for antigen
retrieval. Detection of caspase-8 and DR5 was performed
following the DAKO Visualization System instructions using
3,3-diaminobenzidine tetrahydrochloride substrate to visualize the
proteins (DAKO, Carpinteria, CA). The slides were incubated
with caspase-8 polyclonal antibody (1:100 dilution) (NeoMarkers,
Fremont, CA) or DR5 polyclonal antibody (1:250 dilution)
(ProSci, Inc., Poway, CA) overnight at 4°C.

Both percentage of positive staining in tumor cells and intensity
of staining were scored. The intensity of IHC staining was
measured by using a numerical scale (0 =no expression, 1 =weak
expression, 2=moderate expression, 3 =strong expression). The
staining data were finally quantified as the weighted index (WI)
(WI = % positive stain in tumor X intensity score) as previously
described [30,31]. The WI was determined by 2 individuals, and
the final values were the average of the two readings.

Statistical Analysis

Median differences of the WIs for Caspase-8 and DR5 among
different groups were assessed with Mann-Whitney-Wilcoxon rank
test. Median differences between paired samples Tu*™" and LNM
were analyzed with Wilcoxon signed rank test. Correlations of the
WIs and the clinical characteristics for caspase-8 and DR)5 were
performed in all the patients and within each group and in the
combined sample (Tu ™ and Tu*™®) after adjusting with
patients’ metastatic status. Logistic regression model was applied
to assess association between the WIs and binary variables (gender
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Table 1. Clinic-pathologic features of the non-metastatic and
metastatic patient groups.

Clinical Parameters Non-metastatic Group Metastatic Group

Average age (years) 62.5 60.4
Gender

Men 62 68
Women 41 33
Smokers 81* 91**

Tumor location

Oral cavity 62 40
Oropharynx 7 33
Larynx 34 28
Tumor classification

T 42 24
T2 31 38
T3 14 17
T4 15 22

Lymph node status

N1 - 19
N2 = 74
N3 - 8

Histologic grade

WD 30 3
MD 60 75
PD 1Al 23

*Six patients with unknown smoking status.
**Four patients with unknown smoking status.
doi:10.1371/journal.pone.0012178.t001

and smoking status). Kruskal-Wallis tests were performed for
categorical variables with more than two categories (tumor site,
tumor size, node status and differentiation status). The Cox
proportional hazards model was used for univariate and
multivariable survival analysis for continuous Caspase-8 and
DR5. The proportional hazards assumption was assessed using
Schoenfeld residuals. Ciaspase-8 and DR5 were also dichotomized
as low and high based on the observed mean value. The log-rank
test was used to test whether Kaplan-Meier survival estimators
with different Caspase-8 or DR5 levels are statistically different.
Multivariable analyses were performed with those clinical
variables shown to be statistically significant in the univariate
analyses. All data processing and statistical analyses were
conducted using SAS version 9 (SAS Institute, Cary, NC).

Results

Detection of DR5 Expression in HNSCC

IHC analysis of DR5 was performed on 100 samples in each
group. A total of 94 samples in Tu™ ™, 92 samples in Tu"™" and
85 samples in LNM group had acceptable tumor tissues for
evaluation. All samples in Tu™ ™" and Tu™" were positive for
DR5 staining, whereas LNM tissues were 96% (82/85) positive for
DR5 staining. Figure 1 shows examples of DR5 staining in
different groups. DR5 was expressed primarily in the cytoplasm of
tumor cells. Some tumor stromal cells including fibroblasts and
mmmune cells were also positive for DR5. DR5 expression was
often decreased or lost in Tu™ and corresponding LNM
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Figure 1. Representative IHC staining of DR5 and caspase-8 in different groups of HNSCC (200 x).

doi:10.1371/journal.pone.0012178.g001

samples. The analysis of the WI for DR5 showed that there was a
statistically significant difference between DRJ5 expression in
Tu ™" and in Tu™ and their matching LNM samples
(Figure 2A). Specifically, primary tumors without LNM (Tu™ ™)
had significantly higher DR5 expression compared to both the
primary tumors with LNM (Tu™™) and to LNM.

Detection of Caspase-8 Expression in HNSCC

IHC analysis of caspase-8 was also conducted in 100 samples in
each group. Among these samples, 96 Tu™ ™', 91 Tu™™" and 86
LNM samples could be evaluated. Some examples of caspase-8
staining were presented in Fig. 1. Similar to DRJ5 staining,
caspase-8 staining was also primarily cytoplasmic. Some tumor
stromal cells including fibroblasts and immune cells were positive
for caspase-8. Tumors in Tu™ ™" group exhibited a trend towards
a higher W1 of caspase-8 than those in Tu*™™" and LNM groups;
however, this result was not statistically significant (Fig. 2B).

DR5 Expression and its Correlation with Clinical
Parameters

We further analyzed the correlation between DR5 expression
and multiple clinical variables including gender, age at diagnosis,
smoking status, tumor site, tumor size, tumor stage, histologic
grade, node status, overall survival and disease free survival.

1)  DRS5 and tumor site. Univariate analysis showed that there
was a significant difference in the location of the site of the
tumor, characterized as oropharynx, larynx and oral cavity
and the WI of DR5. Specifically, tumors in Tu™" group
arising in the oral cavity had significantly higher DR5
expression than tumors from this group that arose in the
oropharynx or larynx (P=0.0196).

2)  DR5 and histologic grade. The histologic grade of the tumor
samples were characterized as well differentiated (WD),
moderately differentiated (MD) and poorly differentiated
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(PD). By univariate analysis, there was a significant
correlation between histologic grade and DR5 expression.
Primary tumors in Tu*™" and their matching LNM
characterized as PD showed a significantly lower WI
compared to MD and WD tumors in these groups
(Figure 3A). Furthermore, multivariable analysis showed
that in Tu*™*" group, the PD tumors showed a significantly
lower WI compared to tumors that were characterized as
MD or WD (P=0.0207). When combining all the patient
tumor samples, univariate and multivariable analysis showed
that histologic tumor grade was significantly correlated with
DR5 expression. Specifically those tumors identified as PD
have a lower DR5 WI compared to tumors identified as MD
and WD. WD tumors have a higher WI compared to MD
tumors. This result is consistent with analysis of the DR5 WI
and histologic grade when comparing each group of tumors
(Tu™<, LNM, and Tu ™) where we saw a decrease in
DRS5 expression as the tumors became less differentiated.

DR5 and smoking status. Smoking status and DR5
expression was found to be significantly correlated when
combining all tumor samples. By univariate and multivar-
iable analysis, a lower DR5 WI was significantly associated
with smokers compared to non-smokers when both groups
of tumor samples were combined (i.e., Tu ™ and Tu™

(P<0.05).

DR5 and patient survival. We analyzed whether DR
expression has any effect on patient survival. Neither
univariate nor multivariable Cox proportional hazards
model revealed significant association between DR5 expres-
sion and patient survivals in either Tu™ ™" or Tu*™" group
(P>0.05). However, when DR5 expression was dichoto-
mized into low or high in terms of the observed mean value,
higher DR5 expression was significantly associated with
poorer disease-free survival (P=0.0458) in Tu™™" group
(Fig. 4B).
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Figure 2. Comparison of DR5 (A) and caspase-8 (B) expression among different groups of HNSCC. Difference between two groups was
evaluated with paired t test.
doi:10.1371/journal.pone.0012178.g002

Caspase-8 Expression and Its Correlation with Clinical
Parameters

Similar to DR5, an analysis of the correlation between caspase-
8 expression and the clinical parameters including gender, age at
diagnosis, smoking status, tumor site, tumor size, tumor stage,
nodal status, histologic grade, overall survival and disease-free
survival was performed.

)

Caspase-8 and tumor site. Univariate analysis showed that there
was a significant difference in tumor location and the WI of
caspase-8. Tumors in Tu"™ group arising in the oral cavity and
their matching LNM had significantly higher caspase-8 expres-

sion than tumors that arose in the oropharynx or larynx (£<<0.05).

Caspase-8 and histologic grade. By multivariable analysis, we
found that caspase-8 expression was significantly reduced in
PD primary tumors with metastasis (Tu™™") compared to the
MD and WD tumors in this group (£<0.05). There were only
three tumors characterized as WD in this group, so the WD
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and MD tumors were combined and their WI compared to
the PD tumors. By univariate analysis, the PD tumors in the
matching LNM had significantly less caspase-8 expression as
measured by the WI compared to the combined MD and
WD tumors in this group (Fig. 3B).

Caspase-8 and patient survival. We examined the impact of
caspase-8 on patient survival and found that caspase-8
expression correlated significantly with disease-free survival
and overall survival. Specifically, Cox proportional hazards
model showed that in tumors with no metastasis (Tu™ ™),
higher expression of caspase-8 was associated with better
overall survival (P=0.0053, HR = 0.994), while in tumors with
LNM (Tu*™), higher caspase-8 expression was associated
with poorer overall survival (P=0.0347, HR =1.003). The
Log-rank test with dichotomized caspase-8 level showed the
same effects with overall survival (Figs. 5A and 5B). In addition,
the same effect was also observed with disease free survival
(P=0.0154 and 0.0044 in Tu ™" and Tu ™' group
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Fig. 3. Comparison of DR5 (A) and caspase-8 (B) between poorly differentiated (PD) and well differentiated (WD)/moderate
differentiated (MD) HNSCC. Pictures are representative IHC staining of DR5 and caspase-8 (200X). Difference between two groups was evaluated

with paired t test.
doi:10.1371/journal.pone.0012178.g003

correspondingly) (Figs. 5A and 5B). Multivariable analysis
adjusting for age, tumor stage, gender, histologic grade,
smoking, chemo and/or radiation therapy, and tumor site
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showed that high caspase-8 (greater than mean) in the Tu™ ™"
group was also significantly associated with better overall
survival (P=0.0026, HR = 0.255; see supplemental Table S1).
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Figure 4. Impact of DR5 expression on disease-free survival and overall survival in HNSCC patients without LNM (Tu™™") (4) and in
HNSCC patients with LNM (Tu*™®") (B). Kaplan-Meier plots were generated according to high (greater than the mean value) and low (less than or

equal to the mean value) levels of DR5.
doi:10.1371/journal.pone.0012178.9g004

Impact of DR5 and Caspase-8 Combination on Patient
Survival

Since both DR)5 and caspase-8 are critical components in the
extrinsic apoptotic pathway, we further analyzed the impact of DR5
and caspase-8 combination on HNSCC patient survival. The Log-
rank test showed that the impact of the combined DR5 and caspase-8
on patient survival was identical to that of caspase-8 on patient
survival. Specifically, in HNSCC with no LNM (Tu™ ™), patients
with high levels of both DR5 and caspase-8 had better overall survival
and disease-free survival relative to patients with low levels of both
DR5 and caspase-8 (P<<0.0001 and P= 0.0124, respectively) (Fig. 6A).
In contrast, in HNSCC with LNM (Tu™<), patients with higher
levels of both DR5 and caspase-8 had worse overall survival and
disease-free survival relative to patients with low levels of both DR5
and caspase-8 (P=0.0270 and P=0.0065, respectively) (Fig. 6B).

Discussion

The death receptor-mediated extrinsic apoptotic pathway plays
an essential role in host immunosurveillance against tumor
development, particularly metastasis [32-34]. In a genetic study,
knockout of TRAIL receptor in mice does not affect primary
tumor development, but enhances LNM [10], suggesting that
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TRAIL receptor is important for suppressing tumor metastasis. In
human melanoma samples, a reduced DR expression was
reported to be associated with metastatic lesions [35]. In
agreement, the current study revealed a significant downregulation
of DR5 expression in primary tumors with LNM (Tu™) and
their matching LNM compared to primary tumors with no
metastasis (Tu™ ™). Moreover, DR5 expression was significantly
reduced in PD tumors compared to MD and WD tumors.
Therefore, our data on DR5 from human HNSCC samples
supports an inhibitory role of DR5 in regulation of metastasis. The
mechanism of DR5 in regulation of metastasis is not known.
However, DR5 is involved in mediating anoikis, a form of
apoptosis triggered by loss of attachment of cells from the
extracellular matrix [36,37]. Therefore, it is possible that the loss
of DR5 we see in our metastatic HNSCC has contributed to the
inhibition of anoikis, therefore allowing the tumor cells to escape
apoptosis and migrate after detachment. It has been shown that in
non-small cell lung carcinoma tissues, increased expression of DR5
correlates with PD tumors. Moreover, high DR5 expression is
significantly associated with reduced overall survival [9]. However,
our data clearly show that reduced DR expression correlates
significantly with PD HNSCC. Furthermore, we did not find
significant association between DR5 expression and overall
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m +met

survival or disease-free survival in Tu™ ™" group. In Tu™™" group,
we found that the levels of DR5 were not associated with overall
survival. However, higher DR was significantly associated with a
worse disease-free survival. Despite the potential role of DR) in
negative regulation of metastasis as discussed above, our study did
not show a survival advantage for Tu*™® HNSCC with high
expression of DR5. In fact, one study has shown that TRAIL
enhances the invasion of apoptosis-resistant pancreatic ductal
adenocarcinoma cells i vitro and increases distant metastasis (e.g.,
liver) of pancreatic tumors @ vivo [38], suggesting that activation of
the DRJ5 signaling may facilitate metastasis under certain
conditions. Moreover, the major mediator of DR5, caspase-8,
has non-apoptotic functions that promote cell motility and
migration as discussed below. Thus, whether DR, like caspase-
8, may also exert non-apoptotic functions, particularly in apoptotic
resistant cells (see discussion below), should be further investigated.

We noted that DR staining in our study was primarily in the
cytoplasm. However DR is known to be functional in inducing
apoptosis as a membrane-bound protein. Given that DR)
expression levels do impact patient prognosis as demonstrated in
this study, our data suggest that it may be interesting to study
whether membrane-bound and cytoplasmic DR proteins exert

@ PLoS ONE | www.plosone.org

distinct functions (e.g., apoptotic vs. non-apoptotic) under different
conditions.

It has been shown that cigarette smoke impairs tumor immune
surveillance and promotes invasion of cancer cells including oral
carcinoma cells and tumor metastasis in experimental systems [39—
43]. In this study, we found after examining all patient samples
together that a lower DR5 expression in HNSCC was significantly
associated with smokers compared to non-smokers. Thus, it would
be interesting to determine if tobacco carcinogens can downreg-
ulate DR expression and possibly add to the effect of tumor cells
escaping apoptosis or contributing to metastasis.

In addition to DR5, DR4 is another TRAIL receptor that can
initiate death signaling upon TRAIL binding or overexpression
[4]. Depending on tumor types, expression of DR4 has variable
impact on prognosis. For example, high DR4 expression has been
shown to be associated with worse disease-free survival, worse
overall survival and shorter time to recurrence in colon cancer [6],
whereas DR4 expression did not impact patient survival in lung,
cervical and ovarian cancers [7,44,45]. Moreover, in breast
cancer, DR4, in contrast to DR5, has been shown to be more
strongly expressed in better differentiated tumors, and correlated
positively with surrogate markers of a better prognosis (hormone
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doi:10.1371/journal.pone.0012178.g006

receptor status, Bcl-2, negative nodal status), but negatively with
the expression of Her2/neu and the proliferation marker Ki67
[46]. In our study, we did not stain DR4 expression in our cohort
of HNSCC tissues, largely due to antibody issues. Nonetheless, it
will be interesting to study DR4 expression in HNSCC and its
association with LNM and prognosis in the future.

The major function of caspase-8 is to mediate apoptosis induced
by death receptors including DR5. It has been recently suggested
that caspase-8 can play dual roles: one as an inducer of apoptosis
and one as a promoter in metastasis [47]. Caspase-8 facilitates cell
death initiated from the death receptor pathway after a death
ligand (e.g., TRAIL) binds a death receptor (e.g., DR5) [48]. In
addition, caspase-8 can also promote cell migration [27,49-51]. It
has been suggested that caspase-8 can contribute to cell motility
and adhesion by regulating calpain activity which controls cell
migration including rac activation and lamellipodial assembly
[50]. As well, the phosphorylation of procaspase-8 on tyrosine 380
and its interaction with the p85 alpha subunit of phosphatidyli-
nositol 3-kinase was required to restore cell motility and adhesion
in caspase-8 null cells [49]. However, there 1s evidence that a loss
of caspase-8 is associated with increased metastasis. In neuroblas-
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toma, a loss of caspase-8 prevented apoptosis by integrin-mediated
cell death and therefore promoted metastasis [26]. In our study,
caspase-8 expression trended towards a downregulation of
expression in the metastatic group of patients, but this result was
not statistically significant. Thus, it is unclear if the downregulation
of caspase-8 that we observed in invasive HNSCC was playing a
significant role in metastasis. It is possible that in primary tumors
caspase-8 predominantly contributes to apoptosis and therefore
can prevent metastasis, but in those tumor cells that escape
apoptosis (L.e., are resistant to apoptosis), caspase-8 may be
contributing to migration and metastasis. In our study, we found
that in primary tumors with no LNM (e, Tu ™" higher
expression of caspase-8 correlated with better disease-free survival
and overall survival, however, in tumors with LNM (i.e., Tu™™*)
higher caspase-8 expression significantly correlated with worse
disease-free survival and overall survival. Similar results were also
generated when we analyzed the impact of caspase-8 and DR5
combination.Higher levels of both caspase-8 and DR5 in HNSCC
with no LNM (Tu™ ™) was significantly associated with better
disease-free survival and overall survival, but was significantly
correlated with poorer disease-free survival and overall survival in
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HNSCC with LNM (Tu*™"). Thus, it is plausible to speculate that
caspase-8 (as well as DRS) in primary HNSCC without LNM
(Tu™™) may be predominantly associated with its pro-apoptotic
function and thus higher caspase-8 or caspase-8 plus DR5 provides
protective advantage against cancer and correlates with better
survival. Whereas in HNSCC. with LNM (Tu™) which are
resistant to apoptosis, caspase-8 and even DR5 may primarily
exert their non-apoptotic function, i.e., activation of PI3K and
promotion of migration, and thus higher caspase-8 expression
negatively impacts patient survival. A limitation of the current
study is the existence of potential bias due to usage of selected
patient populations and retrospective design although no tumor
pretreatment was the major criteria for tumor selection.
Nonetheless, our interesting findings warrant further study to
demonstrate the precise role of caspase-8 as well as DR5/caspase-
8 pathway in regulation of HNSCC metastasis.

In summary, our IHC analysis of caspase-8 and DR5 in
HNSCC suggest that a loss or downregulation of DR5 expression
and possibly caspase-8 expression may be associated with more
metastatic tumors and a loss of differentiation. The overall high
expression of DR) and caspase-8 in both primary and metastatic
HNSCC suggests that DR5 or caspase-8 may be a good target for
therapy of HNSCC. Various agonistic DR5 antibodies such as
Conatumumab (AMG655), CS-1008 and Lexatumumab have

References

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, et al. (2009) Cancer statistics, 2009.
CA Cancer J Clin 59: 225-249.

2. Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer statistics, 2002. CA

Cancer J Clin 55: 74-108.
3. Seiwert TY, Cohen EE (2005) State-of-the-art management of locally advanced
head and neck cancer. Br J Cancer 92: 1341-1348.

4. Ashkenazi A (2008) Targeting the extrinsic apoptosis pathway in cancer.
Cytokine Growth Factor Rev 19: 325-331.

. Koornstra JJ, Jalving M, Rijcken FE, Westra J, Zwart N, et al. (2005) Expression
of tumour necrosis factor-related apoptosis-inducing ligand death receptors in
sporadic and hereditary colorectal tumours: potential targets for apoptosis
induction. Eur J Cancer 41: 1195-1202.

6. van Geelen CM, Westra JL, de Vries EG, Boersma-van Ek W, Zwart N, et al.
(2006) Prognostic significance of tumor necrosis factor-related apoptosis-
inducing ligand and its receptors in adjuvantly treated stage III colon cancer
patients. J Clin Oncol 24: 4998-5004.

7. Spierings DC, de Vries EG, Timens W, Groen HJ, Boezen HM, et al. (2003)
Expression of TRAIL and TRAIL death receptors in stage III non-small cell
lung cancer tumors. Clin Cancer Res 9: 3397-3405.

8. Reesink-Peters N, Hougardy BM, van den Heuvel FA, Ten Hoor KA,
Hollema H, et al. (2005) Death receptors and ligands in cervical carcinogenesis:
an immunohistochemical study. Gynecol Oncol 96: 705-713.

9. Cooper WA, Kohonen-Corish MR, Zhuang L, McCaughan B, Kennedy C,
et al. (2008) Role and prognostic significance of tumor necrosis factor-related
apoptosis-inducing ligand death receptor DR5 in nonsmall-cell lung cancer and
precursor lesions. Cancer 113: 135-142.

10. Grosse-Wilde A, Voloshanenko O, Bailey SL, Longton GM, Schaefer U, et al.
(2008) TRAIL-R deficiency in mice enhances lymph node metastasis without
affecting primary tumor development. J Clin Invest 118: 100-110.

11. Bellail AC, Qi L, Mulligan P, Chhabra V, Hao C (2009) TRAIL agonists on
clinical trials for cancer therapy: the promises and the challenges. Rev Recent
Clin Trials 4: 34-41.

12. Hengartner MO (2000) The biochemistry of apoptosis. Nature 407: 770-776.

13. Heijink DM, Kleibeuker JH, Jalving M, Boersma-van Ek W, Koornstra JJ, et al.
(2007) Independent induction of caspase-8 and cFLIP expression during
colorectal carcinogenesis in sporadic and HNPCC adenomas and carcinomas.
Cell Oncol 29: 409-419.

14. Xu B, Zhou ZG, Li Y, Wang L, Yang L, et al. (2008) Clinicopathological significance
of caspase-8 and caspase-10 expression in rectal cancer. Oncology 74: 229-236.

15. Yoo NJ, Kim HS, Kim SY, Park WS, Kim SH, et al. (2002) Stomach cancer
highly expresses both initiator and effector caspases; an immunohistochemical
study. APMIS 110: 825-832.

16. Virkajarvi N, Paakko P, Soini Y (1998) Apoptotic index and apoptosis
influencing proteins bcl-2, mcl-1, bax and caspases 3, 6 and 8 in pancreatic
carcinoma. Histopathology 33: 432-439.

17. Vakkala M, Paakko P, Soini Y (1999) Expression of caspases 3, 6 and 8 is
increased in parallel with apoptosis and histological aggressiveness of the breast
lesion. Br J Cancer 81: 592-599.

o

@ PLoS ONE | www.plosone.org

Caspase-8 and DR5 in Cancer

been currently tested in cancer clinical trials either as a single
agent or in combination with other therapeutic agents. Early
clinical trials of these agents have established the safety of the
approach and showed proof-of-concept antitumor activity [52].
Thus, our current findings warrant further study on targeting DR5
for potential treatment of HNSCC.

Supporting Information

Table S1
Found at: doi:10.1371/journal.pone.0012178.5001 (0.04 MB
DOC)

Acknowledgments

GZC, DMS, FRK and SYS are Georgia Cancer Coalition Distinguished
Cancer Scholars.

Author Contributions

Conceived and designed the experiments: SM GZC LP MT DMS FK
SYS. Performed the experiments: HAE. Analyzed the data: HAE SF SM
LP MT SYS. Contributed reagents/materials/analysis tools: SM GZC.
Wrote the paper: HAE SF LP SYS.

18. Fulda S, Poremba C, Berwanger B, Hacker S, Eilers M, et al. (2006) Loss of
caspase-8 expression does not correlate with MYCN amplification, aggressive
disease, or prognosis in neuroblastoma. Cancer Res 66: 10016-10023.

19. Hopkins-Donaldson S, Ziegler A, Kurtz S, Bigosch C, Kandioler D, et al. (2003)
Silencing of death receptor and caspase-8 expression in small cell lung carcinoma
cell lines and tumors by DNA methylation. Cell Death Differ 10: 356-364.

20. Shivapurkar N, Toyooka S, Eby MT, Huang CX, Sathyanarayana UG, et al.
(2002) Differential inactivation of caspase-8 in lung cancers. Cancer Biol Ther 1:
65-69.

21. Harada K, Toyooka S, Shivapurkar N, Maitra A, Reddy JL, et al. (2002)
Deregulation of caspase 8 and 10 expression in pediatric tumors and cell lines.
Cancer Res 62: 5897-5901.

22. Zuzak 'T]J, Steinhoff DF, Sutton LN, Phillips PC, Eggert A, et al. (2002) Loss of
caspase-8 mRNA expression is common in childhood primitive neuroectodermal
brain tumour/medulloblastoma. Eur J Cancer 38: 83-91.

23. Teitz T, Wei T, Valentine MB, Vanin EF, Grenet J, et al. (2000) Caspase 8 is
deleted or silenced preferentially in childhood neuroblastomas with amplification
of MYCN. Nat Med 6: 529-535.

24. Soung YH, Lee JW, Kim SY, Sung Y], Park WS, et al. (2005) Caspase-8 gene is
frequently inactivated by the frameshift somatic mutation 1225_1226delTG in
hepatocellular carcinomas. Oncogene 24: 141-147.

25. Soung YH, Lee JW, Kim SY, Jang J, Park YG, et al. (2005) CASPASE-8 gene is
inactivated by somatic mutations in gastric carcinomas. Cancer Res 65:
815-821.

26. Stupack DG, Teitz T, Potter MD, Mikolon D, Houghton PJ, et al. (2006)
Potentiation of neuroblastoma metastasis by loss of caspase-8. Nature 439:
95-99.

27. Barbero S, Mielgo A, Torres V, Teitz T, Shields DJ, et al. (2009) Caspase-8
association with the focal adhesion complex promotes tumor cell migration and
metastasis. Cancer Res 69: 3755-3763.

28. Barbero S, Barila D, Mielgo A, Stagni V, Clair K, et al. (2008) Identification of a
critical tyrosine residue in caspase 8 that promotes cell migration. J Biol Chem
283: 13031-13034.

29. Pingoud-Meier C, Lang D, Janss AJ, Rorke LB, Phillips PC, et al. (2003) Loss of
caspase-8 protein expression correlates with unfavorable survival outcome in
childhood medulloblastoma. Clin Cancer Res 9: 6401-6409.

30. Zhang X, Hunt JL, Landsittel DP, Muller S, Adler-Storthz K, et al. (2004)
Correlation of protease-activated receptor-1 with differentiation markers in
squamous cell carcinoma of the head and neck and its implication in lymph node
metastasis. Clin Cancer Res 10: 8451-8459.

31. Muller S, Su L, Tighiouart M, Saba N, Zhang H, et al. (2008) Distinctive E-
cadherin and epidermal growth factor receptor expression in metastatic and
nonmetastatic head and neck squamous cell carcinoma: predictive and
prognostic correlation. Cancer 113: 97-107.

32. Wajant H (2006) CD95L/FasL. and TRAIL in tumour surveillance and cancer
therapy. Cancer Treat Res 130: 141-165.

33. Wajant H, Pfizenmaier K, Scheurich P (2002) TNF-related apoptosis inducing
ligand (TRAIL) and its receptors in tumor surveillance and cancer therapy.
Apoptosis 7: 449-459.

August 2010 | Volume 5 | Issue 8 | e12178



34.

36.

37.

38.

39.

40.

41.

42.

Takeda K, Hayakawa Y, Smyth MJ, Kayagaki N, Yamaguchi N, et al. (2001)
Involvement of tumor necrosis factor-related apoptosis-inducing ligand in
surveillance of tumor metastasis by liver natural killer cells. Nat Med 7: 94-100.

. Zhuang L, Lee CS, Scolyer RA, McCarthy SW, Zhang XD, et al. (2006)

Progression in melanoma is associated with decreased expression of death
receptors for tumor necrosis factor-related apoptosis-inducing ligand. Hum
Pathol 37: 1286-1294.

Laguinge LM, Samara RN, Wang W, El-Deiry WS, Corner G, et al. (2008)
DR35 receptor mediates anoikis in human colorectal carcinoma cell lines. Cancer
Res 68: 909-917.

Samara RN, Laguinge LM, Jessup JM (2007) Carcinoembryonic antigen inhibits
anoikis in colorectal carcinoma cells by interfering with TRAIL-R2 (DR5)
signaling. Cancer Res 67: 4774-4782.

Trauzold A, Siegmund D, Schniewind B, Sipos B, Egberts J, et al. (2006) TRAIL
promotes metastasis of human pancreatic ductal adenocarcinoma. Oncogene 25:
7434-7439.

Lu LM, Zavitz CC, Chen B, Kianpour S, Wan Y, et al. (2007) Cigarette smoke
impairs NK cell-dependent tumor immune surveillance. J Immunol 178:
936-943.

Xu L, Deng X (2006) Protein kinase Ciota promotes nicotine-induced migration
and invasion of cancer cells via phosphorylation of micro- and m-calpains. J Biol
Chem 281: 4457-4466.

Xu L, Deng X (2004) Tobacco-specific nitrosamine 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone induces phosphorylation of mu- and m-calpain in
association with increased secretion, cell migration, and invasion. J Biol Chem
279: 53683-53690.

Murin S, Pinkerton KE, Hubbard NE, Erickson K (2004) The effect of cigarette
smoke exposure on pulmonary metastatic disease in a murine model of
metastatic breast cancer. Chest 125: 1467-1471.

@ PLoS ONE | www.plosone.org

10

43.

44.

46.

47.

48.

49.

50.

51.

52.

Caspase-8 and DR5 in Cancer

Nagaraj NS, Zacharias W (2007) Cigarette smoke condensate increases
cathepsin-mediated invasiveness of oral carcinoma cells. Toxicol Lett 170:
134-145.

Duiker EW, van der Zee AG, de Graeff P, Boersma-van Ek W, Hollema H, et al.
The extrinsic apoptosis pathway and its prognostic impact in ovarian cancer.
Gynecol Oncol 116: 549-555.

. Maduro JH, Noordhuis MG, ten Hoor KA, Pras E, Arts HJ, et al. (2009) The

prognostic value of TRAIL and its death receptors in cervical cancer. Int J Radiat
Oncol Biol Phys 75: 203-211.

Ganten TM, Sykora J, Koschny R, Batke E, Aulmann S, et al. (2009) Prognostic
significance of tumour necrosis factor-related apoptosis-inducing ligand (TRAIL)
receptor expression in patients with breast cancer. ] Mol Med 87: 995-1007.
Frisch SM (2008) Caspase-8: fly or die. Cancer Res 68: 4491-4493.

Almasan A, Ashkenazi A (2003) Apo2L./TRAIL: apoptosis signaling, biology,
and potential for cancer therapy. Cytokine Growth Factor Rev 14: 337-348.
Sentft J, Helfer B, Frisch SM (2007) Caspase-8 interacts with the p85 subunit of
phosphatidylinositol 3-kinase to regulate cell adhesion and motility. Cancer Res
67: 11505-11509.

Helfer B, Boswell BC, Finlay D, Cipres A, Vuori K, et al. (2006) Caspase-8
promotes cell motility and calpain activity under nonapoptotic conditions.
Cancer Res 66: 4273-4278.

Finlay D, Vuori K (2007) Novel noncatalytic role for caspase-8 in promoting
SRC-mediated adhesion and Erk signaling in neuroblastoma cells. Cancer Res
67: 11704-11711.

Wiezorek J, Holland P, Graves J (2010) Death receptor agonists as a targeted
therapy for cancer. Clin Cancer Res 16: 1701-1708.

August 2010 | Volume 5 | Issue 8 | e12178



