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Background: DAP3 is a member of the death-associated protein (DAP) family and is characterised by proapoptotic function. It is
involved in both exogenous and endogenous apoptotic pathways. In our previous studies, apoptotic level was found to be
correlated with the effectiveness of preoperative chemotherapy. The effectiveness of preoperative chemotherapy was also
associated with the overall effectiveness of the combined therapy and prognosis. The present study aimed to investigate the role
of DAP3 in the evaluation of preoperative chemotherapy effectiveness and its ability to predict prognosis in gastric cancer.

Methods: Quantitative PCR and immunohistochemistry staining were performed in 87 patients who received combined therapy.
Knockdown of DAP3 was conducted in gastric cancer cell lines to investigate its impact on cell growth, migration, adhesion and
invasion. Tolerance to chemotherapy agents was determined by assessing apoptosis and caspase-3.

Results: Higher DAP3 expression in gastric tumours was correlated with better prognosis. Knockdown of DAP3 expression
promoted cell migration and enhanced resistance to chemotherapy by inhibiting apoptosis.

Conclusion: DAP3 is a potential molecular marker for response to preoperative chemotherapy and for predicting prognosis in
gastric cancer patients treated with neoadjuvant chemotherapy and gastrectomy.

Combined therapy has been widely accepted as a standard strategy
in the management of many malignancies, including gastric cancer.
However the combined therapeutic model varies across Europe,
America and Japan, depending on the extent of lymphadenectomy,
the use of endoscopic screening for the detection of early lesions
and the use of adjuvant/neoadjuvant treatment. In China, most
gastric cancer patients are diagnosed at a late stage, which leads
to a low R0 resection rate and increasing use of chemotherapy.

Where possible, combined therapy using perioperative chemother-
apy and curative gastrectomy with D2 lymphadenectomy are
widely accepted as the standard therapeutic models in China.
According to current clinical data from other medical centres and
our own institute, gastric cancer patients who exhibit a positive
response to neoadjuvant chemotherapy can also benefit from
perioperative chemotherapy and obtain a better prognosis than
non-responders (Lowy et al, 1999).
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If it was possible to identify potential responders at an early
stage and make adjustment to the postoperative chemotherapy
regimen of non-responders, the effectiveness of combined therapy
could be enhanced, and some patients may be spared unnecessary
treatment. Our previous study indicated that the apoptotic level of
gastric tumour cells significantly correlated with the effectiveness
of preoperative chemotherapy and also with prognosis (Jia et al,
2012).

DAP3 belongs to the death-associated protein (DAP) family,
which includes DAP1, DAP2 (DAP kinase), DAP3, DAP4 and
DAP5. This protein family was initially isolated through a technical
knockout strategy, which generated resistance to IFN-g-induced
apoptosis through random inactivation of genes with antisense
cDNA libraries (Kissil et al, 1995). The DAPs share some common
feature domains, which confer proapoptotic function. DAPs are
also involved in Fas-, TNF-a- and Fas receptor-mediated cell death,
which indicates that DAPs are downstream effectors of various
apoptotic-stimulating signals (Inbal et al, 1997; Cohen et al, 1999).

DAP3 has been shown to be localised in the mitochondria.
Its highly conserved 17 amino-acid sequence is crucial for this
localisation and consequently affects its activity in the mitochon-
drial fragmentation process (Berger et al, 2000; Morgan et al,
2001). Proteomic analysis also revealed DAP3 as a protein
component of mitochondrial ribosome 28S small subunit in
mammals and yeast cells (Cavdar Koc et al, 2001; Saveanu et al,
2001; Suzuki et al, 2001). It is retained in the mitochondria during
apoptosis (Mukamel and Kimchi, 2004). These findings suggest
that DAP3 may exert its proapoptotic function in mitochondria
through regulating mitochondrial fragmentation.

It is reported that DAP3 overexpression could promote
apoptosis, the downstream mechanism of which may include
enhanced mitochondrial fragmentation, decreased mitochondrial
membrane potential and increased permeability via opening of
transition pores and release of cytochrome c (Berger et al, 2000). It
is usually under stress conditions that DAP3 exerts its proapoptotic
function.

The DNA damage-induced apoptosis is reported to be mainly
through mitochondrial pathways (Green and Reed, 1998;
Korsmeyer et al, 2000; Kroemer and Reed, 2000; Martinou and
Green, 2001), which indicates that DAP3 may be involved in the
process of chemotherapy-induced apoptosis via mitochondrial
pathways and may be correlated with the effectiveness of
chemotherapy. The present study aimed to investigate DAP3
expression in a cohort of gastric cancer patients following
neoadjuvant chemotherapy and analyse the correlation of its
expression level with clinicopathological parameters and response
to chemotherapy.

MATERIALS AND METHODS

Materials. AGS and HGC27cell lines were obtained from the
European Collection of Cell Cultures, (ECACC, Salisbury, UK).
Reagents and kits were obtained from Promega Corporation
(Promega, WI, USA), Bio-Rad Life Science company (Bio-Rad,
CA, USA), Gibco Invitrogen Corporation (Gibco BRC, Paisley,
Scotland, UK). Fresh-frozen gastric adenocarcinoma or Siewert Type
III gastroesophageal junction (GEJ) adenocarcinoma tissues
(n¼ 85), along with matched normal tissue from the same patients,
were collected immediately after surgical resection at the Beijing
Cancer Hospital and were stored in the Tissue Bank of Peking
University Oncology School. Clinicopathological factors, including
age, sex, histological type, TNM stage and lymph node metastasis,
were recorded and stored in the patients’ database. All protocols
were reviewed and approved by the local ethics committee, and
informed consent was obtained from the patients before therapy.

Patients and the therapy. This study comprised 85 gastric cancer
patients with cT2-4N0M0 or cT1-4N1-3M0 treated between
January 2006 and December 2007. A total of 12 cycles of
perioperative chemotherapy with FOLFOX7 was recommended
for all patients. The regimen used was modified FOLFOX7:
oxaliplatin 100 mg m� 2 and folinic acid 200 mg m� 2 intravenous
infusion for 2 h on the first day, followed by 5-fluorouracial (5-FU)
2400 mg m� 2 continuous infusion for 46 h. This was repeated
every 2 weeks, usually two or four cycles before surgery.
Gastrectomy with D2 lymphadenectomy was performed. Primary
tumour site, grade, depth of tumour invasion, status of lymph node
metastasis, distant metastasis and TNM stage were recorded in
histopathology reports. Pathological stage was determined accord-
ing to the seventh edition of the TNM staging system
recommended by the International Union against Cancer.

Preoperative chemotherapy effectiveness evaluation and
follow-up. A complete series of paraffin sections, including
primary lesions and resected lymph nodes, were sent to at least
two pathologists for evaluation. If a complete pathological response
was suspected, slicing of the entire tissue and careful re-evaluation
were undertaken for confirmation.

Pathological evaluation was conducted according to the
Japanese system of histological evaluation of tumour response.
This includes: grade 0, no effect; grade 1, slight effect (1a: viable
tumour cells occupy 42/3 of the tumour area, 1b: viable tumour
cells remain in o2/3 of the tumour area); grade 2, considerable
effect (viable tumour cells remain in o1/3 of the tumour area); and
grade 3, complete response (no viable tumour cells remain and
additional resection is recommended to confirm this finding).
Viable tumour cells are defined as cells capable of proliferation
(Japanese Gastric Cancer Association, 2011). According to our
previous study, we assigned grade 0, 1a and 1b as non-response to
chemotherapy, while grades 2 and 3 are considered as response to
chemotherapy (in the present study, grade 3 patients who exhibit
complete response were not enrolled, because no tumour cells
remained and DAP3 expression in tumour tissue could not be
determined).

Patients were followed up every 3 months for 2 years, then
biannually for 3 years and then annually. Overall survival and
disease-free survival were the primary and secondary end points,
respectively. The follow-up was done through telephone and mail
by the statistical department of our hospital.

RNA isolation and reverse transcription PCR. Total RNA was
isolated from the homogenised gastric tissues and cell lines using
the Total RNA Isolation Reagent (ABgene, Surrey, UK). Synthesis
of cDNA and subsequent PCR was performed using the standard
methods. DAP3 primers were as following, sense: 50-AAAGCACT
GAGAAAGGGAGT-30; antisense: 50-ACTGAACCTGACCGTA
CACTCTGTCAGGGAAATACCAA-30 (exons 5–10).

Quantitative analysis of DAP3 expression. The level of DAP3
transcripts was determined on the Icycler IQ5 system (Bio-Rad,
HammelHemstead, UK) with QPCR master mix (Bio-Rad) as
previously described (Jiang et al, 2001).

DAP3 primers designed using the Beacon Design software
(PREMIER Biosoft, Palo Alto, CA, USA) are as follows: sense,
50-ATGGACAAGCATCCCTTCC-30; antisense, 50-ACTGAACCT
GACCGTACACTCTGTCAGGGAAATACCAA3-30. The underlined
sequence in the reverse primers was the additional Z sequence,
which is complementary to the universal Z probe (TCS Biologicals
Ltd., Oxford, UK). Internal standard GAPDH primer sequences
were: sense, 50-CTGAGTACGTCGTGGAGTCc-30; antisense,
50-ACTGAACCTGACCGTACAGAGATGATGACCCTTTTG-30.
To exclude the effect of tissue heterogeneity, the DAP3
quantification was normalised against the corresponding CK19
(an epithelial marker) of each individual sample. The primers used
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for CK19 were: sense, 50-CAGGTCCGAGGTTACTGAC-30;
antisense, 50-ACTGAACCTGACCGTACACCGTTTCTGCCAGT
GTGTCTTC-30.

Immunohistochemical staining of DAP3. Sections of 4-mm
thickness from formalin-fixed, paraffin-mbedded tissues were
mounted on poly-L-lysine -coated slides and then deparaffinised
in xylene and rehydrated through alcohol to distilled water.
Endogenous peroxidase activity was blocked with 3% hydrogen
peroxide for 15 min at room temperature. After pressure cooking
the slides in 10 mmol l� 1 EDTA (pH 8.0) for 3 min, the sections
were incubated with 5% goat serum, then incubated overnight at
4 1C with DAP3 antibody (1:200; Santa Cruz Biotechnologies,
Santa Cruz, CA, USA) and also without primary antibody as a
negative control. Primary antibodies were detected using a two-
step EnVision System (Dako, Glostrup, Denmark).

Horseradish peroxidase and diaminobenzedene hydrochloride
were the enzyme and chromogen used, respectively. Staining was
independently assessed by two pathologists.

The percentage of positive cells and the intensity of cytoplasmic
staining were analysed. Thus all final scoring estimations were
stratified into four categories: � , 0% of stained cells; þ , o20%
weakly to moderately stained cells; þ þ , 10–20% intensively
stained cells and 20–50% weakly stained cells; and þ þ þ ,
20–50% positive cells with moderate-to-marked staining or 450%
positive cells. There was a low level of discrepancy (o5% cases)
among the pathologists in terms of scoring, but a consensus was
reached after joint review (Supplementary Figure S2).

Construction of DAP3 ribozyme transgenes and transfection.
Anti-DAP3 ribozyme transgenes were used to knockdown the
expression of DAP3 in the AGS and HGC27 gastric cancer cells
and were generated using the methods previously described (Parr
and Jiang, 2009). Briefly, an anti-DAP3 hammerhead ribozyme was
designed based on the secondary structure of DAP3 mRNA and
generated using the Zuker’s RNA mFold program. Then the
ribozymes that specifically target DAP3 were generated using the
touchdown PCR with the appropriate primers (sense: 50-CTGCAG
TTCAACCACTTCTCCCAGAGCTGATGAGTCCGTGAGGA-30;
antisense: 50-ACTAGTAGAGAAAGCACTGAGAAAGGGAGTT
TCGTCCTCACGGACT-30). The amplified ribozymes were cloned
into the pEF6/V5-His TOPO TA plasmid vector (Invitrogen,
Paisley, UK) in accordance with the protocol provided. Ribozyme
transgenes and control plasmids were transfected into HGC27 and
AGS cells individually using an Easyjet Plus electroporator
(EquiBio, Kent, United Kingdom). After up to 5 days of selection
with blasticidin, the transfectants were verified for knockdown
of DAP3.

Western blotting. Wild-type, DAP3 knockdown and empty
vector PEF-transfected cells of both HGC27 and AGS were planted
into small flask at a density of 25� 105 cells per well and incubated
overnight and then received combined treatment of 5-FU and
oxaliplatin at a concentration of 2� 10� 6

M for 6 h. Cell lysates
along with that of the negative control (without treatment)
underwent western blotting as follows. The protein concentration
in cell lysates was determined using the DC Protein Assay kit
(Bio-Rad) and an ELx800 spectrophotometer (Bio-Tek, York, UK).
Proteins were probed with the anti- DAP3-antibody (1:200), anti-
Caspase 9-antibody (1:200), anti-Caspase 3-antibody (1:200) and
anti-GAPDH-antibody (1:500) (Santa-Cruz Biotechnologies, Santa
Cruz, CA, USA) as an internal control, followed by a peroxidase-
conjugated secondary antibody (1:1000). Protein bands were
visualised and photographed using an UVITech imager
(UVITech, Inc., Cambridge, UK).

In vitro cell growth assay for cells under normal culture
conditions or exposed to concentration gradients of 5-FU and
oxaliplatin. The concentration of 5-FU and oxaplatin in the blood

Table 1. Immunohistochemical staining of DAP3 in gastric cancer
patients with combined therapy

DAP3 IHC staining

Low expression High expression P value

Age, years

o40 3 5 0.743
440 24 31

Sex

Male 22 26 0.393
Female 5 10

Location

Proximal 6 16 0.076
Distal 19 15
Total gastric 2 3

Bormann type

Bormann1 2 0 0.533
Bormann2 4 7
Bormann3 10 14
Bormann4 4 4

Differentiation

Differentiated 8 8 0.204
Undifferentiated 19 21
Others 0 5

Tumour size

T450 11 13 0.265
To50 10 22

Vascular invasion

No 13 18 0.92
Yes 13 16

T stage

T1–2 2 5 0.396
T3–4 25 30

N stage

Negative 7 6 0.369
Positive 20 30

TNM stage

I 1 2 0.477
II 5 6
III 12 21
IV 9 6

D2 lymph node resection

Yes 19 31 0.127
No 8 5

Response to neoadjuvant chemotherapy

Response 5 15 0.051
No response 22 21

Incidence

No incidence 15 26 0.122
Incidence 12 9

Abbreviations: DAP3¼death-associated protein 3; IHC¼ immunohistochemistry;
TNM¼Tumour, Node, Metastatis. Correlation of DAP3 immunohistochemical staining with
clinical pathological characteristics in gastric cancer tissues.
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and tissue fluid was calculated as 5� 10� 5
M and 1� 10� 4

M,
respectively, according to the dosage used in clinical chemotherapy
regimens. Wild-type HGC27 and AGS cell were planted under
concentration gradients starting from five times blood concentra-
tion. The threshold dose was set as the concentration with obvious
inhibitory effect on cell growth.

Cells were planted into 96-well plates at 2500 cells per well, with
a concentration gradient of a combination of 5-FU and oxaliplatin
at 1:5 dilution, the dilution started from 10 times the threshold
concentration (2� 10� 6

M). Cell growth rates under normal
conditions and under treatment were assessed after 1, 3 and 5
days. Crystal violet was used to stain cells, and the absorbance was
determined at a wavelength of 540 nm using a spectrophotometer
(Bio-Tek, ELx800).

Cell matrix adhesion assay. The cell matrix-adhesion assay was
performed as previously described (Jiang et al, 1995). Cells were
added to a 96-well plate precoated with Matrigel (5mg per well).
After 40 min of incubation, non-adherent cells were washed off
using BSS buffer. The remaining cells were fixed, stained and
counted.

Wounding/migration assay. The wounding assay was performed
as previously described (Jiang et al, 1999). The monolayer of cells
was scraped with a fine gauge needle. The movement of cells to
close the wound was recorded on a time lapse video recorder and
analysed using Optimas 6.0 motion analysis (Meyer Instruments,
Houston, TX, USA).

In vitro invasion assay. The in vitro invasion assay was done
as previously described (Jiang et al, 1999). Transwell inserts with
8-mm pore size were coated with 50 mg of Matrigel (Collaborative

Research Products, Bedford, MA, USA) and air-dried. Following
rehydration, 40 000 cells were added to each well. After 3 days of
incubation, cells that had migrated through the matrix to the other
side of the insert were fixed, stained and counted.

Apoptosis assay using flow cytometry. DAP3-Rib and empty
vector PEF-transfected cells of both HGC27 and AGS were planted
into a six-well plate at a density of 3� 105 cells per well. Each cell line
was planted into three wells at the same time, the first well was used
as control with no treatment, the second and third wells received
combined treatment of 5-FU and oxaliplatin at a concentration of
2� 10-6

M and 1� 10� 5
M, respectively. All cells, including those

floating in the culture medium, were harvested after 6 h of
incubation. The apoptotic population of the cell was determined
using a Vybrant apoptosis Assay Kit (Millipore, Billerica, MA, USA)
and flow cytometry and FlowMax software package (Portec,
Münster, Germany) as previously described (Ye et al, 2008).

Statistical analysis. Statistical analysis was performed using the
SPSS software (SPSS Standard version 13.0; SPSS Inc., Chicago,
IL, USA). The relationship between DAP3 expression and tumour
grade, TNM staging and nodal status was assessed using the
Mann–Whitney U-test and Kruskal–Wallis test. The error bar
shown in the graph represents the s.e.m. Survival was analysed
using the Kaplan–Meier survival analysis. Differences were
considered statistically significant at Po0.05.

RESULTS

Patient characteristics. In total, 85 gastric cancer patients were
included in this study. The cohort consisted of 61 men (71.76%)
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Figure 1. DAP3 expression in gastric cancer patients and correlation with prognosis. (A) Immunohistochemical staining of DAP3 was less
intensive in tumour tissue than in background normal tissues; (B) correlation of DAP3 transcript expression with DAP3 immunohistochemical
staining result; IHC high expression correspond to higher level of DAP3 transcript (Mann–Whitney, Po0.01); (C) DAP3 transcript expression was
lower in tumour tissue than in background normal tissues (Mann–Whitney, Po0.01); (D) correlation of DAP3 expression with overall survival at
protein level; DAP3 IHC high expression was related to longer overall survival; and (E) correlation of DAP3 expression with overall survival at mRNA
level; higher DAP3 transcript expression was related to longer overall survival.
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and 24 women (28.24%). The median age was 60 (25–78) years.
The course of preoperative chemotherapy ranged from two cycles
to six cycles with an average of 4. No obvious difference was
observed in the response rate between patients receiving more or
less than four cycles of preoperative chemotherapy (Chi-squared
test, P¼ 0.388). No significant difference was seen in the survival
between patients receiving either the complete (12) or o12 cycles
perioperative chemotherapy (log rank test, P¼ 0.191). No patients
gave up chemotherapy due to chemotherapy-related three or four
toxicities, such as obstruction, gastrorrhagia and gastric perfora-
tion. The median follow-up time was 21.7 (1–88) months,
25 patients had recurrence, 52 patients died of gastric cancer,
2 patients died of other causes (heart attack and cerebral
hemorrhage), 12 were lost in follow-up and 16 remained alive
and disease free.

Immunohistochemical staining of DAP3 in human gastric
specimens. To confirm the qRT-PCR analysis result, we also
performed immunohistochemical staining analysis of DAP3 in 63
corresponding gastric cancer patients (Table 1). DAP3 was mainly
detected in cytoplasm, and the staining was obviously stronger in
normal tissues (Figure 1A). We assigned staining results of
negative and ‘þ ’ as low expression and ‘þ þ ’ and ‘þ þ þ ’ as
high expression. In line with the finding from real-time RT-PCR,
IHC intensive staining corresponded to higher levels of DAP3
transcript expression (Mann–Whitney, Po0.001; Figure 1B).
Kaplan–Meier analysis showed that patients with high DAP3
expression according to the DAP3 IHC had better prognosis
(P¼ 0.026; Figure 1D).

Quantitative PCR analysis of the DAP3 transcripts in gastric
and GEJ adenocarcinoma tissues. Real-time RT-PCR was used to
examine the expression of DAP3 in 85 gastric and GEJ
adenocarcinoma specimens. Figure 1C shows mean DAP3
transcript copies per ml of RNA from 50 ng total RNA and
standardised with GAPDH. DAP3 mRNA expression in tumour
tissues (median, 0.24; Q1, 0.024; Q3, 0.684) was significantly lower
than that of the normal background tissues (median, 6.92; Q1, 1.32;
Q3, 31.63) (Po0.001). The expression level of DAP3 was higher in
well or moderately differentiated tumours, and a decreasing trend
of DAP3 expression was observed in more advanced tumours
according to the T and TNM staging. However, these differences
were not statistically significant (Table 2). There was significant
correlation (P¼ 0.0005) between the level of DAP3 expression and
the incidence of recurrences, including local recurrence and
metastasis. Expression of DAP3 in patients without recurrence
was higher than in patients with either local recurrence or
metastasis. Using 0.25 as the cut off value to define high and low
DAP3 transcript expression, Kaplan–Meier analysis revealed that
patients with higher DAP3 expression also have significantly better
overall survival than those with lower DAP3 expression (P¼ 0.013;
Figure 1E). In addition, high levels of DAP3 expression were
significantly correlated with longer disease-free survival
(Po0.001).

Correlation of DAP3 expression with response to chemotherapy.
Immunohistochemical staining showed that the intensity of DAP3
staining correlated with the stage of pathological response
(Figure 2A). A similar correlation could be observed in the
tumours in relation to the level of DAP3 transcript expression
(Figure 2B). Pathological evaluation grades 2 and 3 were assigned
as response to chemotherapy and grades 0, 1a and 1b as non-
response. DAP3 transcript expression in the responders appeared
to be higher than that of the non-responders (P¼ 0.0881;
Figure 2C). A further Chi-squared test showed that although most
patients with stronger DAP3 IHC staining were in the responder
group, the P value was only P¼ 0.051 (Figure 2D).

Table 2. Quantatitive analysis of DAP3 in gastric cancer patients with
combined therapy

DAP3 transcript expression

N DAP3 median P value Q1 Q3

Tissue

Tumour 85 0.24 o0.001 0.024 0.684
Normal 87 6.92 1.32 31.63

Sex

Male 61 0.228 0.5289 0.02 0.639
Female 24 0.3033 0.025 0.854

Location

Proximal 30 0.2477 0.744 0.007 0.564
Distal 45 0.0745 0.025 0.819
Total gastric 7 0.3048 0.0681 0.3881

Bormann type

Bormann1 3 0.0253 0.244 0.00076 0.0291
Bormann2 13 0.3854 0.033 0.641
Bormann3 34 0.2443 0.02 0.682
Bormann4 8 0.1595 0.018 0.3673

Differentiation

Differentiated 19 0.251 0.301 0.029 1.172
Undifferentiated 55 0.069 0.021 0.5445
Others 8 0.3489 0.026 0.664

Tumour size

T450 41 0.2673 0.2111 0.025 0.732
To50 34 0.0715 0.019 0.512

Vascular invasion

No 40 0.3467 0.1402 0.033 0.773
Yes 42 0.0683 0.018 0.473

T stage

T1–2 8 0.747 0.081 0.115 1.182
T3–4 76 0.08 0.021 0.588

N stage

Negative 16 0.1655 0.8971 0.027 0.686
Positive 69 0.2443 0.022 0.677

TNM stage

I 4 0.747 0.588 0.144 2.922
II 14 0.259 0.0264 0.5781
III 43 0.228 0.016 0.617
IV 23 0.068 0.029 0.738

D2 lymph node resection

Yes 64 0.2592 0.2689 0.025 0.686
No 21 0.0593 0.013 0.562

Response to neoadjuvant chemotherapy

Response 29 0.3881 0.0881 0.034 0.745
No response 56 0.0771 0.016 0.588

Incidence

No incidence 59 0.3311 0.0005 0.043 0.871
Incidence 25 0.0247 0.006 0.0739

Abbreviation: DAP3¼death-associated protein 3; TNM¼Tumour, Node, Metastatis.
Correlation of DAP3 transcript expression with clinical pathological characters in gastric
cancer tissues.
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Effects of DAP3 knockdown on in vitro cell growth under
concentration gradient of 5-FU and oxaliplatin. The knockdown
of DAP3 expression in HGC 27 and AGS cell lines was confirmed
using RT-PCR and western blotting assay (Figure 3A). Knockdown
of DAP3 resulted in slightly decreased growth in both AGS and
HGC27 cell lines (Figure 3B). However, under treatment with
chemotherapeutic agents, the DAP3 knockdown cell line exhibited
a faster rate of cell growth and higher tolerance compared with
control cells (Figure 3D).

Influence of DAP3 knockdown on the adhesion, migration and
invasion of gastric cancer cells. An in vitro adhesion assay was
adopted to investigate the effect of DAP3 knockdown on the
adhesive ability of gastric cancer cells. DAP3 knockdown AGS cells
exhibited decreased adhesion, whereas such an effect was not
seen in the DAP3 knockdown HGC27 cells (Supplementary
Figure S1A).

The effect of DAP3 knockdown on migration was investigated
using an in vitro wounding assay. Decreased DAP3 expression was
significantly correlated with increased migration in both AGS and
HGC 27 cell lines (Po0.05; Figure 3C). Although DAP3 knock-
down cells correlated with an increase in invasion of tumour cells
in comparison with the control cells in both AGS and HGC27 cell
lines, neither showed a significant difference (Supplementary
Figure S1B).

Effects of DAP3 knockdown on apoptosis in response to
chemotherapeutic agents. Treatment with 5-FU and oxaliplatin
induced apoptosis in both AGS and HGC27 cells in a concentra-
tion-dependent pattern. The apoptosis index (AI) rose as the
concentration increased. This induced apoptosis was suppressed by
the DAP3 knockdown. DAP3 knockdown cells correlated with a
significantly lower AI in both AGS and HGC27 cell lines under
treatment with different concentrations of 5-FU and oxaliplatin

(Figure 4A, B, C and D). In addition, the 17-KD subunit of
caspase3 was decreased in the DAP3 knockdown cells following
treatment with 5-FU and oxaliplatin (Figure 4E).

DISCUSSION

In the present study, immunohistochemical analysis and qRT-PCR
analyses were used to investigate the protein and transcript
expression of DAP3. Mann–Whitney test revealed that DAP3
transcript expression was significantly higher in patients with
strong IHC staining than in patients with weak IHC staining,
which suggests that expression of DAP3 was consistent at both
mRNA and protein levels. Both assays showed that DAP3
expression in tumour cells was significantly lower than expression
in the normal background tissue.

This is consistent with a similar study (Kissil et al, 1997): DAP3
was reported to be below the limit of detection in several other
human tumours and human tumour cell lines, for example, 80% of
B-cell leukemia cell lines had no DAP3 expression. The frequency
of loss of DAP3 expression in breast, bladder and renal carcinoma
cells is also well repored, ranging from 30 to 40%. Promoter
hypermethylation of DAP3 was reported in various human
tumours, including B-cell lymphoma, non-small cell lung cancer,
head and neck cancer and colon cancer (Esteller et al, 1999;
Katzenellenbogen et al, 1999; Sanchez-Cespedes et al, 2000).

In our study, the significant correlation of higher DAP3
expression with better prognosis could be observed at both mRNA
and protein level, which suggested a negative role played by DAP3
during the development and progression of these malignancies.

The in vitro migration assay indicated that DAP3 knockdown
may endow gastric cancer cell lines with more aggressive behaviour
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compared with the corresponding control cell line. This is
consistent with the result of DAP3 expression analysis in the
clinical gastric cancer cohort, which showed that patients
developing local recurrence and/or distant metastases had lower
expression of DAP3 in their tumours.

As a member of the DAP family, DAP3 has been characterised
with a proapoptotic function according to the featured common
domains of the DAP family. Knockout of DAP3 was reported to
enable cells to survive treatment with many apoptosis-inducing
compounds, such as IFN-g and TRAIL (Kissil et al, 1995;
Berger and Kretzler, 2002). Decreased DAP3 expression may allow
cancer cells to escape from the immune system by increased
resistance to apoptotic stimuli, which could partially explain the
correlation between better prognosis and a higher level of DAP3
transcript expression. In addition to its proapoptotic role through
the exogenous apoptotic pathway, DAP3 has also been found to be
a mitochondrial protein with a highly conserved mitochondria-
targeting sequence. It has a specific role in the regulation of
mitochondria morphology during the apoptotic process. Together
with the critical role of mitochondria in genomic damage-induced
endogenous apoptosis, DAP3 protein may have a significant role in
chemotherapeutic agent-induced apoptosis. In the present study,
we focused on the proapoptotic function of DAP3 and its
implication for the effectiveness of neoadjuvant chemotherapy.

All patients enrolled in our cohort received preoperative
chemotherapy, followed by operation and postoperative
chemotherapy. Pathological evaluation was used to evaluate the
effectiveness of neoadjuvant chemotherapy. Preoperative chemo-
therapy aims to downsize and downstage locally advanced gastric
cancer, which could enhance the rate of R0 resection and hence
improve overall survival. Another potential advantage of neoadju-
vant chemotherapy may be that it could predict the effectiveness of
postoperative chemotherapy. If it was possible to predict, or make
an early judgement on the effectiveness of neoadjuvant che-
motherapy, it could allow a strategic decision about further
combined therapy to be made. Currently, pathological evaluation is
the most reliable criterion with which to judge the effectiveness of
chemotherapy in gastric cancer. In this study, the responders
(pathological evaluation 2, 3 grade) had significantly longer
survival than non-responders (pathological evaluation 1b, 1a, 0
grades). Both IHC and qRT-PCR revealed that DAP3 expression
increased as the effectiveness of neoadjuvant chemotherapy
enhanced. The DAP3 transcript expression of responders was
higher than that of non-responders, and the percentage of strong
DAP3 IHC staining was higher in responders. Although the
difference was not statistically significant, a correlation between
DAP3 expression and the effectiveness of neoadjuvant chemo-
therapy could be observed.
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In order to investigate the underlying mechanism of DAP3-
related chemotherapy insensitivity, the growth of different cell lines
exposed to 5-FU and oxaliplatin was determined. Although DAP3
knockdown cells exhibited slightly slower growth rate in comparison
with control cells in normal medium, these cells appeared to be less
sensitive to 5-FU and oxaliplatin compared with control cells and
exhibited a faster growth rate. This result indicated that down-
regulation of DAP3 expression could endow tumour cells with a
higher tolerance to treatment with geno-toxic agents.

In order to verify the impact of DAP3 knockdown on apoptosis,
we measured the AI of different cell lines following 6 h of treatment
with 5-FU and oxaliplatin. The AI was significantly lower in DAP3
knockdown cell lines treated with 5-FU and oxaliplatin, but no
significant difference was found in untreated cells. Further
investigation of caspase 3 and 9 showed similar results, which
confirms the caspase cascade as a downstream event.

Thus we can conclude that downregulation of DAP3 expression
level could prevent gastric cancer cell lines from undergoing
apoptosis induced by chemotherapeutic agents and may contribute
to their resistance to chemotherapy. This may be part of the reason
for the correlation between high levels of DAP3 expression and
longer survival of gastric cancer patients after combined therapy.

Although pathological evaluation is widely accepted as a
measure of effectiveness of neoadjuvant chemotherapy, our
previous study indicated that AI could be more sensitive and
could be adopted to identify more potential responders. However,

both these evaluation methods can only be performed after
preoperative chemotherapy, and any adjustment or change to the
postoperative chemotherapy regimen could then be made. There-
fore many studies have sought a predictive biomarker for the
effectiveness of chemotherapy such as thymidylate synthase or
excision repair cross complimenting (ERCC1) (Lenz et al, 1996;
Metzger et al, 1998), but none of them has been accepted as a
standard predictive marker. This study has focused on DAP3 due
to its role in apoptosis. However, our study has its limitations:
DAP3 expression was determined from tumour tissue obtained
after neoadjuvant chemotherapy and operation, but it would be
preferable to investigate DAP3 expression in biopsy tissues before
chemotherapy, in order to confirm the role of DAP3 in predicting
the effectiveness of neoadjuvant chemotherapy.

In conclusion, in gastric cancer, DAP3 expression is signifi-
cantly lower in tumour tissue than that in the normal background
tissue, downregulation of DAP3 leads to increased cell migration
and lower DAP3 expression is correlated with distant metastasis;
DAP3 expression knockdown may also lead to a higher tolerance
to chemotherapy-induced apoptosis, and a trend for DAP3 low
expression patients to be less sensitive to 5-FU and oxaliplatin, and
there is a significant correlation between DAP3 expression and
overall survival in the gastric cancer cohort. Finally, DAP3 is a
potential molecular marker to predict the effectiveness of
preoperative chemotherapy and prognosis in patients undergoing
combined therapy for gastric cancer.
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