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Abstract Lack of effective biomarkers is one of the
challenges in current chemotherapy to predict drug
response and sensitivity. This study was carried out to
investigate the relationships between the expressions of
class III B-tubulin, microtubule-associated protein tau
(MAPT), survivin, and the sensitivity of primary gastric
cancer (GC) to paclitaxel treatment. Reverse transcription
PCR and Western blot were used to evaluate the mRNA
and protein expressions of class III B-tubulin, MAPT, and
survivin in fifty-four GC tissues. Viable tumor cells from
gastric carcinomas were tested for their sensitivity to pac-
litaxel using adenosine triphosphate-based tumor chemo-
sensitivity assay in vitro. Out of 54 samples, 30 samples
were sensitive to paclitaxel, while the other 24 samples
were resistant. The overall efficacy of paclitaxel was
55.56 % (30/54). The mRNA expressions of class III
B-tubulin and survivin were significantly correlated with
the histological grade (P = 0.029, 0.009, respectively).
The sensitivity of GC patients to paclitaxel treatment was
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inversely correlated with the mRNA and protein expres-
sions of class III B-tubulin (P < 0.01), MAPT (P < 0.05),
and survivin (P < 0.05). A significant positive correlation
was found between class III B-tubulin and MAPT expres-
sion at mRNA and protein levels (mRNA: P = 0.037;
protein: P = 0.001). Our results indicate that the expres-
sion levels of class III B-tubulin, MAPT, and survivin are
good biomarkers for predicting the sensitivity of GC to
paclitaxel treatment.
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Introduction

Gastric cancer (GC) is one of the most aggressive diseases
in gastrointestinal oncology worldwide. The worldwide
incidence of GC has declined rapidly in recent few dec-
ades, but the rate of decline is variable in different regions
[1]. The prognosis of GC is poor because most patients are
diagnosed at the advanced stage. Surgery is the mainstay
for the treatment of resectable GC, but the recurrence of
GC is often seen in most advanced GCs even after a
complete resection. Therefore, the combination of surgery
with chemo and/or radiotherapy has become the estab-
lished treatment for locally advanced GCs. Currently,
several acceptable perioperative chemotherapy regimens
are used for the treatment of locally advanced GCs. Pac-
litaxel, as an important anticancer drug, has been widely
used and achieved some good results in treating GCs.
However, the efficacy and side effects of paclitaxel vary
between individual patients. Thus, it is necessary to screen
some biomarkers for predicting the sensitivity of GC
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patients to paclitaxel, thus maximizing antitumor effect but
minimizing the toxicity of paclitaxel treatment.

Taxane plays a role in cell apoptosis by binding to
B-tubulin and exerts the growth-inhibitory effect through
the induction of cell cycle arrest at G2/M phase [2, 3]. Class
III B-tubulin is a kind of tubulin that impairs the microtu-
bule stability, and its high expression reduces the chemo-
sensitivity of many cancers to taxane [4—7]. Tau, as one of
the microtubule-associated proteins, promotes cytoskeletal
microtubule polymerization and stability and regulates
tubulin dynamics. Tau is widely expressed in many tissues,
mostly in neurons and glial cells. Recent studies demon-
strated that the overexpression of microtubule-associated
protein tau (MAPT) may result in drug resistance to
microtubule targeting agents and is associated with the
resistance to taxane-related chemotherapies [8—10].

Survivin, a member of the family of inhibitor of apop-
tosis proteins (IAPs), functions as a pivotal regulator of
mitosis and programmed cell death. Survivin specifically
combines with spindle microtubules, inhibits cell apopto-
sis, enhances cell proliferation, and promotes angiogenesis
[11-13]. It is highly expressed in a board range of solid
tumors and hematological malignancies, but is not found in
most terminally differentiated cells [14]. Previous evi-
dences demonstrated that increased survivin expression is
associated with a low sensitivity to paclitaxel and an
unfavorable prognosis of various malignancies including
breast, lung, and GCs [15-17].

In the present study, we investigated the relationships
between the expressions of class III B-tubulin, MAPT,
survivin, and the sensitivity of GCs to paclitaxel treatment
in order to identify the biological predictors to chemosen-
sitivity and guide clinical individual chemotherapy. Drug
sensitivity was evaluated by adenosine triphosphate-based
tumor chemosensitivity assay (ATP-TCA), while the
mRNA and protein expressions of class III B-tubulin,
MAPT, and survivin were examined by RT-PCR and
Western blot.

Materials and methods
Patients and specimens

All fifty-four GC specimens and relevant clinical data were
obtained from the Department of Gastrointestinal Surgery,
the First Affiliated Hospital of Nanjing Medical University
(Nanjing, China), between May 2008 and April 2009. All
patients were not treated with chemotherapy or radiother-
apy before surgery. Clinicopathological characteristics of
the patients are summarized in Table 1. All specimens
included in this study were classified as adenocarcino-
mas by the experienced pathologists. The histological
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Table 1 Demographic and clinicopathological parameters of patients
(n = 54)

Characteristic Patients
No. %
Age (years)
Median 64
Range 40-95
Gender
Male 42 78
Female 12 22
Histological type
Moderately 20 37
Poorly 34 63
Tumor depth
T2 11 20
T3 19 35
T4 24 45
Lymph node metastasis
<6 29 54
>6 25 46

classification and grading were performed according to the
standards of national GC. This study was approved by the
Ethics Committee of Institute. Informed consent was
obtained from all subjects in accordance with the Decla-
ration of Helsinki. Tumor tissues were collected during
primary surgery and divided into two parts. One fresh part
was used for ATP-TCA, while the other was frozen and
used for the detection of mRNA and protein expressions.

ATP-TCA

The ATP-TCA was performed within 24 h after surgery as
previously described [18-20]. Briefly, the fresh tumor tis-
sues were placed into RPMI 1640 medium containing
100 IU/ml penicillin, 100 pg/ml streptomycin, and 2.5 pg/
ml amphotericin B. After enzymatic dissociation, tumor
cells were washed in serum-free complete assay medium
and purified by density centrifugation to remove debris.
Approximately 2 x 10 cells were seeded into each well of
a 96-well polypropylene microplate. Paclitaxel was tested
at six dilutions corresponding to 6.25, 12.5, 25, 50, 100,
and 200 % of a standard tumor drug concentration (TDC)
(100 % TDC of paclitaxel is 50 pg/ml). As controls, one
row wells of each plate were only incubated with complete
medium (MO), while one row wells were treated with
maximum ATP inhibitor. Hundred microliters of complete
medium with or without paclitaxel was added to each well
and incubated for 6 days at 37 °C with 5 % CO2. ATP
was extracted with tumor cell extraction reagent (DCS,
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Innovative Diagnostik systeme, Hamburg, Germany) and
measured by microplate luminometer (Berthod Diagnostic
system, Germany). A sensitivity index ranging from 0 to
600 was calculated by summing up the percentage of cell
viability at six drug concentrations [21]. Thus, a sensitivity
index of 0 indicates maximum drug sensitivity, whereas a
sensitivity index of 600 is minimum drug sensitivity.
Four categories of ex vivo sensitivity were defined as fol-
lows: (a) high sensitivity, [C90 < 90 % TDC, IC50 < 25 %
TDC, index < 300; (b) partial sensitivity, IC90 > 90 %
TDC, IC50 < 25 % TDC, index < 300; (c) weak sensitivity,
index < 300; and (d) resistance, index > 300 [22, 23].

RNA isolation and RT-PCR

Total RNA was extracted from frozen gastric carcinoma
tissues using Trizol (Invitrogen, Grand Island, NY) follow-
ing the manufacturer’s protocols. One microgram of RNA
was transcribed into cDNA using ExscriptTM RT reagent Kit
(TaKaRa) according to the manufacturer’s instructions. The
primers for RT-PCR were as follows: class III B-tubulin
(sense: 5'-AGCAAGGTGCGTGAGGAGTA-3', antisense:
5'-AAGCCGGGCATGAAGAAGT-3'), with a product size
of 353 bp; MAPT (sense: 5'-GGCTCATTAGGCAACAT
CC-3’, antisense: 5'-AGCTGGGGCGAGTCTACCAT-3),
with a product size of 308 bp; survivin (sense: 5'-TGTC
AGCCCAACCTTCACAT-3/, antisense: 5'-AAACAGGT
CTGGGGTTCGTG-3'), with a product size of 406 bp;
internal control B-actin (sense: 5'-GTTGCGTTACACCCTT
TCTT-3, antisense: 5'- ACCTTCACCGTTCCAGTTT-3"),
with a product size of 147 bp. PCR was performed fol-
lowing the manufacturer’s instructions. The cycling condi-
tions were 5 min at 94 °C, followed by 30 cycles of
denaturation at 94 °C for 30 s, annealing at 55 °C for 30 s,
and extension at 70 °C for 30 s. Amplified DNA fragments
were resolved by electrophoresis on 1.5 % agarose gel
containing ethidium bromide. The expression levels of class
Il B-tubulin, MAPT, and survivin were normalized to the
B-actin expression.

Western blot

Frozen tumor tissues were minced in RIPA lysis buffer.
Protein concentration was determined by BCA assay. Forty
micrograms of total proteins of each sample were separated
on 10 % (class III B-tubulin, MAPT) or 12 % (survivin)
SDS-PAGE gels and transferred onto nitrocellulose mem-
brane (Roche, USA). The membranes were blocked in
5 % non-fat milk for 1 h at room temperature and then
immunoblotted with specific antibodies against class III
B-tubulin (Santa Cruz, 1:200), MAPT (Bioworld, 1:500),
survivin (Cell Signaling, 1:500), and GAPDH (KangChen

Bio-tech, 1:2000) at 4 °C overnight. The membranes were
incubated with horseradish peroxidase (HRP)-conjugated
goat anti-mouse IgG (Santa Cruz, 1:2000) secondary anti-
body for 1 h at room temperature. The blots were detected
by enhanced chemiluminescence reagent (Amersham
Pharmacia Biotechnology, USA) and analyzed using
Quantity One software (Bio-Rad, USA).

Statistical analysis

All statistical analyses were performed using SPSS 16.0.
Data are presented as mean =+ standard deviation (SD).
The correlation between gene expressions levels and clin-
icopathological data was analyzed using the Student’s ¢ test
and one-way ANOVA. »* test was used to evaluate the
relationship between drug sensitivity and clinicopatholog-
ical data. Spearman correlation coefficient was used to
analyze the correlation between their expression levels and
drug sensitivity. All values are presented based on two-
tailed statistical analysis. P < 0.05 was considered to be
statistically significant.

Results
Drug sensitivity of GCs to paclitaxel treatment

ATP-TCA was used to detect the sensitivity of GCs to
paclitaxel treatment. Among total 54 patients, 6 patients
were highly sensitive, 14 patients were partly sensitive, 10
patients were weakly sensitive, and other 24 cases were
resistant. The overall efficacy of paclitaxel treatment was
55.56 % (30/54). The sensitivity of GCs to paclitaxel was
not related with gender, age, histological grade, and lymph
node metastasis (P > 0.05, Table 2).

Table 2 In vitro chemosensitivity assay results

Clinicopathological n Paclitaxel Sensitivity Index P value
variables
<300 >300
Gender 0.272
Male 42 25595 %) 17 (40.5 %)
Female 12 5 (41.7 %) 7 (58.3 %)
Age 0.429
<65 28 17 (60.7 %) 11 (39.3 %)
>65 26 13 (50.0 %) 13 (50.0 %)
Histological type 0.101
Moderately 20 14 (70.0 %) 6 (30.0 %)
Poorly 34 16 (47.1 %) 18 (52.9 %)
Lymph node metastasis 0.625
<6 29 17 (58.6 %) 12 (41.4 %)
>6 25 13(52.0 %) 12 (48.0 %)
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Fig. 1 The mRNA expressions A
of class III B-tubulin (a), MAPT
(b) and survivin (¢) in
representative GC samples;
B-actin was used as an internal
control
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Gene expression of class III B-tubulin, MAPT,
and survivin in GC tissues

The mRNA expression levels of class III B-tubulin, MAPT,
and survivin were examined by RT-PCR, and representative
electrophoresis graph was shown in Fig. 1. Statistical ana-
lysis revealed that moderately differentiated GC tissues had
significantly lower levels of class IIT B-tubulin and survivin
than the poorly differentiated GC tissues (P = 0.029 and
P = 0.009, respectively) (Table 3). There were no signifi-
cant differences in the mRNA expressions of class III
B-tubulin, MAPT, and survivin in consideration of gender,
age, tumor depth, or lymph node metastasis (P > 0.05).

The relationships between the chemosensitivity
to paclitaxel and the mRINA and protein expressions
of class IIT B-tubulin, MAPT, and survivin

Figure 2 showed a typical protein electrophoresis graph.
Spearman correlation coefficient was applied to analyze the
relationships between the chemosensitivity to paclitaxel
and the mRNA and protein expressions of class III
B-tubulin, MAPT, and survivin. A significant inverse cor-
relation was observed between the mRNA and protein
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expressions of class III B-tubulin and chemosensitivity of
GC to paclitaxel (mRNA: r = 0.375, P = 0.005, Fig. 3A;
protein: r = 0.367, P = 0.006, Fig. 3B). Patients with
lower class III B-tubulin expression levels had a higher
sensitivity to paclitaxel. As shown in Fig. 3C and D, the
mRNA and protein levels of MAPT were inversely corre-
lated with the chemosensitivity to paclitaxel treatment
(mRNA: r=0.301, P =0.027; protein: r = 0.281,
P = 0.040). Moreover, we observed that the survivin
mRNA and proteins levels were inversely correlated with
the chemosensitivity to paclitaxel treatment (mRNA:
r = 0.333, P = 0.014, Fig. 3E; protein: r = 0.288, P =
0.035, Fig. 3F). We further noticed that the mRNA and
protein expressions of class III B-tubulin were positively
correlated with those of MAPT (mRNA: r = 0.284,
P = 0.037; protein: r = 0.440, P = 0.001).

Discussion

In the present study, we investigated the relationships
between the expressions of class III B-tubulin, MAPT,
survivin, and the chemosensitivity of GCs to paclitaxel
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Table 3 Relationship between

Clinicopathological n  Class III B-tubulin MAPT mRNA Survivin mRNA
gene expression and variables mRNA
clinicopathological status
X=Es Pvalue X=£s P value X =+ P value
Gender 0.743 0.063 1.000
Male 42 1.04 £0.23 0.81 £ 0.19 1.00 £ 0.19
Female 12 1.02 £0.22 0.74 £ 0.09 1.00 £ 0.21
Age 0.920 0.742 0.071
<65 28 1.03 +£0.22 0.79 £ 0.17 1.04 £ 0.19
>65 26 1.04 £ 0.24 0.81 £0.17 0.95 £ 0.19
Histological type 0.029 0.993 0.009
Moderately 20 095 +0.19 0.80 £ 0.11 091 £+ 0.17
Poorly 34 1.09 £0.23 0.80 £ 0.20 1.05 £ 0.19
Tumor depth 0.675 0.072 0.195
T2 11 099 £ 0.15 0.82 £ 0.24 0.98 £ 0.15
T3 19 1.04 £0.24 0.73 £ 0.11 0.94 £ 0.19
T4 24 1.06 + 0.24 0.84 £ 0.16 1.05 £ 0.21
Lymph node metastasis 0.108 0.232 0.593
<6 29 1.08 +0.24 0.82 £ 0.20 0.99 £+ 0.17
>6 25 098 +£0.19 0.77 £ 0.13 1.01 £ 0.23

case1 case?2 case3 cased caseb caseb case?

Class Il B-tubulin

SOKDA — o o o o ———— —
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Fig. 2 The protein levels of class III B-tubulin, MAPT and survivin
in representative GC tissues; GAPDH was used as an internal control

treatment. ATP-TCA technique has been widely used to
evaluate cell viability through the measurement of lucif-
erin—luciferase (Lu—Lu) bioluminescence reaction [24-26].
Moreover, this technique has been successfully applied to a
number of different tumor entities such as ovarian, breast,
colorectal, gastric, lung cancer, and malignant melanoma
[27-30]. Here, we used ATP-TCA assay to examine the
chemosensitivity of cells derived from human GC tissues
to paclitaxel treatment, and we observed that more than
half of the GC patients were sensitive to this chemotherapy
drug with varying intensity. However, chemosensitivity
results from an in vitro research cannot be directly trans-
lated into clinical practice because there are complex fac-
tors in vivo to determine the response to chemotherapy.
In the present study, we found that class III B-tubulin
and MAPT were widely expressed in gastric carcinoma
tissues. However, there was no significant correlation
between these two biomarkers and the clinicopathological

parameters, except for the expression of class III B-tubulin
mRNA and histological grades. Low-level class III
B-tubulin expression was associated with a better differ-
entiation, which is considered as a predictive marker for
prognosis. Moreover, we observed a clear relationship
between the expression of class III B-tubulin and MAPT
and the chemosensitivity to paclitaxel. High levels of class
III B-tubulin and MAPT were associated with the reduced
response of GCs to paclitaxel chemotherapy, indicating
that paclitaxel might easily combine with tubulin and
induce cell apoptosis under lower levels of class III
B-tubulin and MAPT. The high levels of class III B-tubulin
and MAPT may contribute to stabilize microtubules and
promote mitosis, reducing the killing effect of paclitaxel,
which leads to chemoresistance. The similar observations
have been found in a number of malignancies including
lung [31], ovarian [32], and breast [8] cancer. In addition,
class III B-tubulin expression was positively correlated
with MAPT expression both in mRNA and protein level.
Thus, we speculate that these two proteins might have
synergistic effect on inducing paclitaxel resistance through
the influence on the microtubule-associated structures,
which needs further study.

Survivin, the smallest member of the IAP family, is one
of the most cancer-specific proteins and is dysregulated in
almost all human tumors. Overexpression of survivin also
correlates with tumor progression and induces anticancer
drug resistance. Here, we found that survivin was con-
stantly expressed in all of the GC tissues, and lower
expression level of survivin was correlated with better
response to paclitaxel chemotherapy. This finding is
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consistent with the previous report [15], indicating that
survivin is a reliable biomarker for predicting chemosen-
sitivity of GC to paclitaxel therapy. Antisense survivin
RNA can induce apoptosis in GC cells and increase
docetaxel-induced cytotoxicity by decreasing mdr-1 [33].
Consistent with the observation in resent research [34], we
observed that moderately differentiated GC tissues had
lower expression of survivin than the poorly differentiated
ones, suggesting that overexpression of survivin might be
an unfavorable prognostic indicator in GC.

Since a large number of previous studies on tumor
sensitivity to chemotherapy were carried out at a single
level of either gene or protein expression, and the accurate
experimental methods were relatively rare. Using ATP-
TCA technique, here we observed the association between
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the chemosensitivity of GCs to paclitaxel treatment and the
expressions of class III B-tubulin, MAPT, and survivin at
both mRNA and protein levels and drew the consistent
trend on the two levels. These results would provide strong
evidences for clinical practice.

In conclusion, the mRNA and protein levels of class III
B-tubulin, MAPT, and survivin were correlated with the
chemosensitivity of GCs to paclitaxel treatment in the
ex vivo study. Lower expression of class III B-tubulin,
MAPT, and survivin is associated with higher susceptibil-
ity to paclitaxel treatment. Combined detection of these
three biomarkers may contribute to the improvement of GC
to paclitaxel chemotherapy, although further investigations
on a large number of samples are needed before clinical
practice.
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