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Survivin and XIAP expression in distinct tumor compartments
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marker in diffuse and mixed type adenocarcinomas
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Abstract. There is considerable evidence that the inhibitor of
apoptosis protein (IAP) family serves a role in tumorigenesis.
The most studied IAP family members, survivin and X-linked
inhibitor of apoptosis (XIAP), have been demonstrated to
serve as biomarkers in distinct tumor entities. Thus, the present
study aimed to investigate the expression levels of both IAPs
in the tumor center, invasion front and lymph node metas-
tases of surgically resected gastric cancer (GC) specimens.
Tissue microarrays containing samples from 201 primary
GCs were analyzed. IAP expression was detected using
immunohistochemistry in different tumor compartments,
normal mucosa and lymph node metastases. In addition, the
association between the expression levels of these proteins,
and clinicopathological parameters and overall survival was
investigated. High levels of survivin and XIAP were evident
in GC, when compared with normal mucosa, and were corre-
lated with intestinal-type and well-differentiated GC, as well
as low International Union Against Cancer stages. Increased
XIAP expression was detected in lymph node metastases
as compared with corresponding primary tumors. XIAP
overexpression was identified to be an independent negative
prognostic marker in diffuse and mixed type GC. These results
suggest a potential role of survivin and XIAP in the early
phase of gastric carcinogenesis. In addition, increased XIAP
expression in lymph node metastases supports the observation
that IAPs serve an essential role in metastatic tumor disease.
Since XIAP expression was identified to be associated with
poor survival in diffuse and mixed type GC, XIAP may serve
as a novel therapeutic target in these types of GC.
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Introduction

Despite its steadily declining incidence, gastric cancer (GC)
causes more than 723,000 deaths a year and is still the
third-leading cause of cancer-related death worldwide (1). Poor
survival of GC is attributed to the high percentage of patients
with an advanced stage of the disease at the time of first
diagnosis. Approximately 35% of GC patients harbor distant
metastasis at first clinical presentation (2). In addition, GC is
characterized by a high rate of locoregional as well as distant
recurrence after surgical resection with curative intend (3).
Currently, the basis for treatment of patients with metastatic
or recurrent disease is chemotherapy. Although some of these
regimens demonstrated activity in recent phase III trials the
median overall survival of patients with advanced GC remains
disappointing (4-7). To improve the outcome of patients with
advanced GC novel treatment options are urgently needed.
One promising approach might be the use of targeted anti-
cancer therapies. Such therapeutic regimes aim to inhibit
cancer development by interfering with distinct molecules
which are involved in pathways that regulate important cancer
cell abilities like resistance to growth inhibition and apoptosis,
cell invasion, metastasis or the induction of angiogenesis (8).
One common principle to identify such target molecules is to
study the expression and prognostic significance of proteins in
cancer tissue specimens.

In this context, the inhibitor of apoptosis protein (IAP)
family has attracted considerable attention. IAPs signifi-
cantly influence essential biological functions during cancer
development as well as resistance to conventional chemo-
therapeutic agents by inhibiting cell death pathways and by
promoting cancer cell proliferation, migration and metastasis
at the same time (9-12). The most extensively studied IAP
family members are survivin/BIRCS and X-linked inhibitor
of apoptosis (XIAP/BIRC4) (13,14). Undoubtedly, both
survivin and XIAP are multifunctional proteins regulating
distinct cellular processes (9,11,13,15-18). However, survivin
and XTAP have been demonstrated to unfold their antiapop-
totic and pro-metastatic activities by direct interaction. In
this context, survivin has been implicated in stabilization
of XTAP thus preventing XIAP from polyubiquitination and
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subsequent proteosomal degradation (19). Consequently, a
survivin-XIAP complex synergistically inhibits caspases and
activates NF-«B signaling (11,20). Of note, NF-«B activation
by a survivin-XIAP complex was linked to tumor cell inva-
sion and formation of metastasis (11). Although the expression
of survivin and XIAP could be correlated with clinico-
pathological parameters and was linked to poor survival in
GC (21-27), none of these studies took the pro-invasive
and metastatic functions of a survivin-XIAP complex into
account and analyzed the expression of both IAPs in different
tumor compartments such as the tumor center, invasion front
and metastases. Thus, aim of our study was to specifically
investigate the expression of survivin and XIAP in the tumor
center, invasion front and lymph node metastases of surgi-
cally resected specimens of GC. Considering the synergistic
function of XIAP and survivin, we assessed the prognostic
value of the tumor compartment-related expression of both
IAPs and its association with clinicopathological variables
in GC patients according to the REporting recommendations
for tumor MARKer prognostic studies (REMARK) (28).

Materials and methods

Patient selection and clinicopathological data. Medical
charts of patients with primary gastric adenocarcinoma who
had undergone surgical resection at the Department of Surgery
(A) of the University Hospital Duesseldorf (Duesseldorf,
Germany) between 1995 and 2013 were retrospectively
reviewed. All patients were treated in curative intend, using
total or subtotal gastrectomy and D2 lymphadenectomy.
Unfortunately, for most of the patients information on
adjuvant chemotherapy was unavailable. Exclusion criteria
for this study were preoperative chemotherapy, incomplete
pathological report and insufficient tumor material for
further analysis. Patients lost to follow up, or with incomplete
resection and patients who died because of postoperative
complications within 30 days after surgery were excluded
from our survival analysis. The study was carried out in
accordance to Good Clinical Practice, the Declaration of
Helsinki and local rules as well as regulations of the country.
The Institutional Review Board (IRB) of the Medical
Faculty, Heinrich Heine University Duesseldorf approved the
use of tissue specimens and clinicopathological data for this
study (IRB-no. 3821). Clinicopathological parameters were
extracted from the clinical and histopathological reports.
Surgically resected tumors were staged according to the 7th
TNM edition of the UICC (29). Overall survival data were
retrieved from a prospectively maintained database at the
Department of Surgery (A).

Tissue microarray and immunohistochemistry. Formalin-fixed
and paraffin embedded (FFPE) tumor specimens were
obtained from the Institute of Pathology, University Hospital
Duesseldorf. Tissue microarray (TMA) construction was
performed as recently described (30). If available two cylin-
ders of 1.0 mm diameter were taken from the tumor center and
invasion front, one from tumor surrounding non-malignant
mucosa and one from a lymph node metastasis. As control
for immunohistochemical reaction two cylinders of normal
tonsille tissue and colon cancer were inserted into the right
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upper corner of each recipient block. For immunohistochem-
istry 2 um sections were cut from each TMA block and
mounted on superfrost glass slides.

For immunohistochemical staining procedures rabbit
polyclonal anti-survivin antibody (NB500-201; 1:1,000
dilution; Novus Biologicals, Littleton, CO, USA) and mouse
monoclonal anti-XIAP antibody (Clone 48; 1:50 dilution;
BD Biosciences, San Jose, CA, USA) were used. Isotype
control was conducted using mouse IgGl kappa (MOPC-21;
Abcam,Cambridge, UK) and rabbit Immunoglobulin Fraction
(Code X0903; Dako, Glostrup, Denmark). Expression levels
were estimated according to an immunoreactivity score
(IRS) as described previously (30-32).

Two independent investigators who were blinded to
clinicopathological data examined all sections (LD and MT).
In case of differing results both observers re-examined the
slide simultaneously and a consensus decision was made. For
survivin, nuclear and cytoplasmic protein expression were
separately determined.

Statistical analysis. The mean IRS of both tissue cores from
tumor centers and invasion fronts was calculated for statis-
tical analysis. Variation of IAP expression in different tumor
compartments was analyzed using the Mann-Whitney U test
or Wilcoxon matched pairs test, as indicated. Spearman's
correlation coefficient was used to test a relationship between
survivin and XIAP expression. For survival analysis and to
compare expression levels according to clinicopathological
variables, the median IRS for nuclear and cytoplasmic
survivin as well as for XIAP was combined and categorized
into groups of high (>median IRS=IRS>2) or low (<median
IRS=IRS<2) survivin and XIAP expression. This homog-
enous cut-off value divided our collective of GC patients
into two approximately equally sized groups for both TAPs,
survivin and XIAP. Categorical data were examined using
the Fischer's exact test. Overall survival was defined as the
period from the date of surgery until the date of last follow up
or until death of any cause. For univariate survival analysis,
Kaplan-Meier curves were generated and assessed using
the log-rank (Mantel Cox) test. In addition, hazard ratios
(HR) with 95% confidence intervals (CI) were estimated
and multiple regression analysis was performed with the
proportional hazard Cox's regression. Akaike Information
Criterion (AIC) was applied for variable selection, the model
with the lowest AIC was considered as the model which
better fits the data (33). Statistical analyses were performed
using GraphPad Prism for Windows (Version 5, GraphPad
Software, San Diego, CA, USA), SPSS statistics for Windows
(Version 17.0; SPSS, Inc., Chicago, IL, USA) and the R
statistical software, version 3.2.2. P<0.05 was considered to
indicate a statistically significant difference.

Results

Patients and outcome. Using our pre-defined inclusion and
exclusion criteria, a total number of 201 patients who under-
went total or subtotal gastrectomy with D2 lymphadenectomy
for GC between 1995 and 2013 could be included in our study.
Patient's pathological and clinical characteristics are summa-
rized in Table I. Only 154 patients with a median follow-up of
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Table I. Patient characteristics (n=201).

Variable No. of patients (%)
Total 201
Age

Median (range); years 71 (26-91)
Gender

Male 136 (67.7)

Female 65 (32.3)
Lauren classification

Intestinal type 76 (37.8)

Diffuse type 78 (38.8)

Mixed type 47 (23.4)
Tumor stage

T1/2 124 (61.7)

T3/4 77 (38.3)
Lymph node metastasis

NO 56 (27.9)

Nli+ 145 (72.1)
Distant metastasis

MO 182 (90.5)

Ml 19 (9.5)
Grading

G1/2 45 (22.4)

G3/4 156 (77.6)
UICC stage

UICC /11 98 (48.8)

UICC 1INV 103 (51.2)
Resection status

RO 177 (88.1)

R+ 24 (11.9)

25.3 month (range 1-120 month) and median overall survival of
29.8 (range 1-120) months could be included into our survival
analysis, as 24 patients with incomplete resection, 14 patients
who died within 30 days after surgery and 9 patients who were
lost to follow-up had to be excluded. 103 (66.9%) patients died
during the follow-up period.

Survivin and XIAP expression in GC. Immunohistochemical
staining of TM As revealed a cytoplasmic and nuclear expres-
sion of survivin, whereas XIAP expression was exclusively
detected in the cytoplasm (Fig. 1A). First, we analyzed
expression patterns of survivin and XIAP in different GC
compartments (tumor center, invasion front and lymph
node metastasis) and corresponding normal mucosa. As
shown in Fig. 1B survivin and XIAP expression levels were
significantly elevated in GC tissues when compared to
non-neoplastic mucosa. Furthermore, an increased expres-
sion of XIAP in lymph node metastases became evident.
However, there was no difference in survivin and XIAP
expression levels when comparing tumor centers with tumor
invasion fronts (Fig. 1C). Of note, cytoplasmic survivin
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Figure 1. (A) Representative images of immunohistochemical staining for
survivin (SVV) (top) and X-linked inhibitor of apoptosis (XIAP) (bottom)
in GC tissue samples from the tumor center [Center (C)], invasion front
[Invasion (I)], lymph node metastasis [metastasis (M)] as well as adjacent
non-malignant mucosa (Mucosa) from one patient. Images were captured at
x200 magnification and scale bar indicates 25 ym. (B) XIAP, cytoplasmic
SVV (¢SVV) and nuclear SVV (nSVV) expression were significantly
increased in GC tissue, when compared to non-malignant mucosa. Data were
analyzed using the two-tailed nonparametric Mann-Whitney U test ('P<0.05;
“"P<0.001). (C) Boxplots display the expression of XIAP and SVV in tumor
centers (C), tumor invasion fronts (I) and lymph node metastasis (M) of
corresponding GC tissue samples. Data were analyzed by Wilcoxon matched
pairs test ("P<0.05). (D) XIAP and cSVV expression were positively corre-
lated in different GC compartments (Center: rs=0.219, P=0.009; Invasion:
rs=0.257, P=0.001; lymph node metastasis; Metastasis: rs=0.218, P=0.047).

expression correlated positively with XIAP expression in
distinct tumor compartments (Center: P=0.009; Invasion
front: P=0.001; Lymph node metastasis: P=0.047; Fig. 1D).

Correlation between survivin or XIAP and clinicopatho-
logical factors. Next, we categorized the respective IRS of
survivin and XIAP in primary tumors into high (IRS >2)
and low (IRS <2) expression and correlated these data with
clinicopathological parameters (Tables II-IV). Using this
categorization, we found that except for nuclear survivin in
tumor centers, both IAPs exhibited higher expression levels
in intestinal type GCs when compared to the diffuse type.
In addition, well or moderately differentiated GC specimens
demonstrated higher XIAP expression in both primary
tumor compartments and increased cytoplasmic survivin
in the tumor center. Interestingly, high survivin and XIAP
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Table II. Correlation between XIAP expression and clinicopathological factors in gastric cancer.

XIAP-center

XIAP-invasion

Low n=67 High n=82 Low n=88 High n=94
n % n % P-value n % n % P-value
Age 0.514 0.302
<Median 33 423 45 57.7 50 521 46 479
>Median 34 479 37 52.1 38 442 48 55.8
Sex 0.369 0.429
Men 17 38.6 27 614 25 439 32 56.1
Women 50 47.6 55 524 63 504 62 49.6
Lauren <0.001 0.005
diffuse 34 59.6 23 404 38 57.6 28 424
intestinal 15 254 44 74.6 24 333 48 66.7
mixed 18 54.5 15 45.5 26 59.1 18 409
Tumor stage 0.014 0.049
T1/T2 28 354 51 64.6 47 423 64 57.7
T3/T4 39 55.7 31 443 41 57.7 30 423
Lymph nodes 0.074 0.098
Negative. NO 10 30.3 23 69.7 19 38.0 31 62.0
Positive. N+ 57 49.1 59 509 69 523 63 47.7
Metastasis 0.119 0.448
MO 56 424 76 57.6 78 473 87 52.7
M1 11 64.7 6 353 10 58.8 7 412
Grading 0.011 0.023
G1/G2 9 25.7 26 74.3 14 32.6 29 674
G3/G4 58 50.9 56 49.1 74 532 65 46.8
Resection margins 0.075 1.000
Negative. RO 55 420 76 58.0 79 48.5 84 515
Positive. R1 12 66.7 6 333 9 474 10 52.6
UICC 0.019 0.012
Gl 20 32.8 41 67.2 33 384 53 61.6
v 47 534 41 46.6 55 573 41 427

Bold print denotes P<0.05. XIAP, X-linked inhibitor of apoptosis.

expression in distinct tumor compartments was associated
with less advanced UICC stages and tumors with an invasion
restricted to the muscularis propria. Surprisingly, tumors
without lymph node metastasis showed higher cytoplasmic
survivin expression levels in the invasion front.

XIAP is an independent negative prognostic marker in diffuse
and mixed type GC.To explore the prognostic value of survivin
and XIAP in GC, we performed survival analysis including
all GGCs, irrespective of their histological type. Accordingly,
univariate survival analysis revealed that high tumor stage,
lymph node metastasis, presence of distant metastasis, poor
differentiation (G3+4), advanced UICC stages and low cyto-
plasmic survivin expression in the tumor invasion front were
significantly associated with a poor outcome (Table V, Fig. 2A).
However, multivariate analysis determined only advanced

UICC stages, G3/G4 differentiation and male gender as inde-
pendent predictors of survival in our study cohort (Table VI).

The observation that survivin and XIAP expression are
associated with different histologic types, prompted us to
perform a survival analysis for each histologic subtype. Thus,
univariate survival analysis of intestinal type GCs demon-
strated that high tumor stage, lymph node metastasis, poorly
differentiated tumors, advanced UICC stage and low XIAP
expression levels in tumor centers were related to worse overall
survival (Table V, Fig. 2B). In contrast, univariate analysis
of the diffuse type revealed, that increased XIAP expression
in tumor centers, patient's age, T3/4 tumors and advanced
UICC stages as well as distant metastasis were significantly
associated with a poor prognosis (Table V, Fig. 2C). In mixed
type GCs T3/4 stage, UICC III/IV stages and high XIAP
expression in tumor centers were of prognostic relevance
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Table III. Correlation between cytoplasmic SVV expression and clinicopathological factors in gastric cancer.
SVV (cyt.)-center SVV (cyt.)-invasion
Low n=92 High n=56 Low n=100 High n=74
n % n % P-value n % n % P-value
Age 0.866 0.221
<Median 48 63.2 28 36.8 56 62.2 34 37.8
>Median 44 61.1 28 38.9 44 524 40 47.6
Sex 0.256 0.068
Men 29 70.7 12 293 37 68.5 17 315
Women 63 58.9 44 41.1 63 525 57 475
Lauren <0.001 <0.001
diffuse 48 873 7 12.7 50 794 13 20.6
intestinal 26 433 34 56.7 33 46.5 38 535
mixed 18 54.5 15 45.5 17 425 23 57.5
Tumor stage 0.501 0.041
T1/T2 47 59.5 32 40.5 54 50.9 52 49.1
T3/T4 45 65.2 24 348 46 67.6 22 324
Lymph nodes 0.690 0.007
Negative. NO 20 58.8 14 41.2 20 40.8 29 59.2
Positive. N+ 72 63.2 42 36.8 80 64.0 45 36.0
Metastasis 0.597 1.000
MO 80 61.1 51 389 91 57.6 67 424
M1 12 70.6 294 9 56.3 7 43.8
Grading 0.003 0.051
G1/G2 14 40.0 21 60.0 19 442 24 55.8
G3/G4 78 69.0 35 310 81 61.8 50 38.2
Resection margins 0.132 0.051
Negative. RO 77 59.7 52 40.3 85 54.8 70 452
Positive. R1 15 78.9 4 21.1 15 78.9 4 21.1
UICC 0.301 0.047
Gl 34 56.7 26 433 41 494 42 50.6
1110Y 58 65.9 30 34.1 59 64.8 32 352

Bold print denotes P<0.05. SVV, survivin.

(Table V, Fig. 2D). However, multivariate analysis revealed
UICC stage, grading and gender as independent prognostic
factors for intestinal type GCs (Table VI). Interestingly,
high XIAP expression in tumor centers was found to be an
independent prognostic factor in both diffuse type and mixed
type GCs (Table VI). Other independent prognostic factors
for the diffuse and mixed type were UICC stage, patient's age
and overexpression of XIAP in the invasion front.

Discussion

In this study we explored survivin and XIAP expression in
a large number of surgically resected GC tissue specimens.
In contrast to previously published studies, we specifically
analyzed survivin and XIAP expression patterns in distinct
compartments (tumor center and invasion front) of the primary

tumor, lymph node metastases and non-neoplastic gastric
mucosa. This accurate protein expression analysis revealed
important results that have not been demonstrated elsewhere.
First and in accordance with previous reports (24,34-36),
we found an increased survivin and XIAP expression in GC
tissue when compared to adjacent normal mucosa. This is
noteworthy, as the basis for targeted therapy is the identifica-
tion of a cancer-specific and druggable protein. The second
observation, that XIAP expression was significantly higher
in lymph node metastasis when compared to corresponding
primary tumors supports the theory that XIAP not only
functions as inhibitor of apoptosis but also plays a distinct
role in metastatic tumor disease. This theory was brought
up by Mehrotra et al who could demonstrate that intermo-
lecular cooperation between XIAP and survivin promotes
tumor cell invasion and metastasis by an activation of cell
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Table IV. Correlation between nuclear SVV expression and clinicopathological factors in gastric cancer.

SVV (nuc.)-center

SVYV (nuc.)-invasion

Low n=95 High n=53 Low n=120 High n=54
n % n % P-value n % n % P-value
Age 0.306 0.251
<Median 52 68.4 24 31.6 66 733 24 26.7
>Median 43 59.7 29 403 54 64.3 30 35.7
Sex 0.086 0.163
Men 31 75.6 10 244 42 764 13 23.6
Women 64 59.8 43 40.2 78 65.5 41 345
Lauren 0.133 0.005
diffuse 40 72.7 15 273 53 84.1 10 159
intestinal 33 55.0 27 450 42 60.0 28 40.0
mixed 22 66.7 11 333 25 61.0 16 39.0
Tumor stage 0.393 0.503
T1/T2 48 60.8 31 39.2 70 66.7 35 333
T3/T4 47 68.1 22 319 50 725 19 275
Lymph nodes 0.839 0.101
Negative. NO 21 61.8 13 38.2 29 59.2 20 40.8
Positive. N+ 74 64.9 40 35.1 91 72.8 34 272
Metastasis 1.000 0.778
MO 84 64.1 47 359 108 68.4 50 31.6
Ml 11 64.7 6 353 12 75.0 4 25.0
Grading 0.843 0.089
G1/G2 22 62.9 13 37.1 25 58.1 18 419
G3/G4 73 64.6 40 354 95 72.5 36 27.5
Resection margins 0.801 0.192
Negative. RO 82 63.6 47 36.4 104 67.5 50 325
Positive. R1 13 68.4 6 31.6 16 80.0 4 20.0
UICC 0.036 0.074
v 32 533 28 46.7 51 62.2 31 37.8
/v 63 71.6 25 284 69 75.0 23 25.0

Bold print denotes P<0.05. SVV, survivin.

motility kinases FAK and Src (11). The positive correla-
tion between cytoplasmic survivin and XIAP expression in
GC tissue specimens is the third interesting finding of our
analysis. This observation might be explained by evidence
suggesting that mitochondrial survivin released into the
cytosol has the ability to associate with XIAP (37). This
survivin-XIAP complex stabilizes XIAP by protection
against ubiquitin-dependent degradation (11,16,19,38).

Our analysis demonstrated that expression of XIAP and
survivin was associated with intestinal type and well-differ-
entiated adenocarcinoma, as well as less advanced tumor
stages. In accordance with our findings Nakamura et al
and Zhu et al discovered not only increased survivin levels
in intestinal type GC but also in precancerous lesions.
Consequently, they concluded that survivin occurs as an early
event in GC development (39,40). In contrast, our recently

published meta-analysis investigating the relationship
between survivin expression levels and clinicopathological
parameters reported a significant correlation between
increased survivin expression and GC with lymph node
metastasis (21). However, our meta-analysis investigating the
relationship between survivin expression and lymph node
metastases demonstrated a high heterogeneity among the
trials and included also studies reporting increased survivin
expression levels in lymph node-negative GCs (22,34,41-43).
Consistent with our observation, two previously published
studies found also increased XIAP expression levels in intes-
tinal type and well-differentiated GC specimens (22,24).
However, in contrast to our results Kim ez al (22) discovered
increased XIAP expression levels in advanced GC stages.
Although several studies have addressed the relation-
ship between high survivin levels and poor prognosis in
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Table VI. Overall survival: Multivariate analysis.

Intestinal type Diffuse type Mixed type

Gastric cancer

95% CI P-value HR 95% CI P-value HR 95% CI P-value

HR

95% CI P-value

HR

Variable

1.48-8.61 0.005 4.104 0.84-19.95 0.080

3.570

Age
Sex

0.005

1.55-11.19
1.05-4.92
2.04-10.65

4.165
2.274
4.658

0.024

1.09-3.28
1.12-391
1.85-5.08

0.97-2.68

1.889
2.094

DIZDAR et al:

0.037
<0.001

0.020
<0.001

G 1/2vs.G3/4

2.24-14.80 <0.001

5.756
2.751

3.061

UICC I/1I vs. HI/TV

XIAP center

1.07-14.33 0.039

1.16-28.87

3914

0.017

1.20-6.29

0.068

1.608

0.032

5.786

XIAP invasion

XIAP A PROGNOSTIC MARKER IN GASTRIC CANCER

Bold print denotes P<0.05. HR, hazard ratio; CI, confidence interval; XIAP, X-linked inhibitor of apoptosis.
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Figure 2. Overall survival of gastric cancer (GC) patients stratified according
to survivin (SVV) or X-linked inhibitor of apoptosis (XIAP) expression. GC
were categorized into groups of high (IRS >2) or low (IRS <2) survivin and
XIAP expression. Data were analyzed using the log-rank test. (A) Kaplan
Meier curve correlating overall survival with cytoplasmic SVV expression
in invasion fronts of all GCs. (B-D) Kaplan Meier curves correlating overall
survival with XIAP expression in tumor centers of (B) intestinal type,
(C) diffuse type or (D) mixed type GCs.

GC patients (25-27,35,39,44), many conflicting findings
exist (22,34,40,45). Of note, our analysis of survivin expression
revealed no significant correlation between survivin expression
and patients overall survival. The observation that XIAP might
serve as a prognostic biomarker in GC was first described by
Kim et al (22). Importantly, our study refined these observa-
tions by performing a detailed survival analysis with respect to
XIAP in the tumor center and invasion front of the different
histological subgroups. Accordingly, our data demonstrate that
in contrast to intestinal type GCs, high XIAP expression serves
as an independent negative prognostic marker for diffuse and
mixed type GCs.



We also observed a tendency towards higher XIAP expres-
sion levels in tumors without lymph node or distant metastasis.
However, these differences were not statistically significant,
but indicate a potential role for XIAP in the early phase of GC
development.

Taken together, our survivin and XIAP expression analysis
in GC tissue specimens revealed that only XIAP might be
regarded as a prognostic marker in diffuse and mixed type
GCs. Thus, our results might suggest that XIAP could be one
of the key molecular targets especially in the subtype of diffuse
GC which is more commonly associated with a very poor
prognosis. However, both IAPs represent promising candidates
for targeted therapy approaches, as they were significantly
overexpressed in the vast majority of all GC specimens inves-
tigated. Different strategies to target IAP proteins for cancer
therapy have been investigated thus far and, among them,
small-molecule TAP antagonists and antisense oligonucle-
otides have reached the most attention (14,46,47). Currently,
the most intensively investigated survivin antagonist is the
small imidazolium-based compound YM155 (Sepantronium
bromide). This small molecule survivin inhibitor demonstrated
impressive anticancer activity in several preclinical studies
using cancer cell lines originating from various types of cancer,
including GC cells (30,48-50) and was well tolerated in phase I
studies (51,52). Concerning the potential efficacy of anti-XIAP
treatment strategies in GC initial promising results have been
published. Wang et al demonstrated that the XIAP inhibitor
Embelin significantly reduced GC cell viability, induced
apoptosis, and enhanced 5-FU antitumor activity in vitro (53).
Furthermore, Tong et al established that downregulation of
XIAP via antisense RNA can induce apoptosis and enhance
chemotherapeutic agent sensitivity in GC cells (54). Given these
promising findings future studies should address the question
whether or not survivin and XIAP directed therapy approaches
are able to improve the survival of GC patients.

However, our study might have some limitations. One
limitation is the relatively short follow up period and the
design as a single-institution retrospective analysis. In addi-
tion, we detected survivin by using a polyclonal antibody that
might also bind to the different alternative splice variants of
survivin. Of note, in previous studies using monoclonal as well
as aforementioned polyclonal antibodies, we failed to detect
survivin splice variants on protein levels (55). Importantly,
the specificity of the antibody that we used in our study was
also confirmed in knock down experiments that we recently
performed (30).

Despite these limitations, we are the first to demonstrate
that high XIAP expression is a negative prognostic factor
exclusively in the subgroup of diffuse and mixed type GC.
These results are important since they provide a rationale
for future studies investigating the therapeutic efficacy of
anti-XIAP treatment strategies, especially in patients with
diffuse and mixed type GCs.
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