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Abstract: Background/Aims: Gemcitabine (GEM) is the first-line chemotherapy in patients with unresectable pancre-
atic cancer. However, the clinical outcomes of this regimen are still unsatisfactory in prolonging survival. Resistant 
to GEM is one of the reasons for poor prognosis. Therefore, looking for molecular biomarkers to predict chemosen-
sitivity to GEM is important for treatment in unresectable pancreatic cancer patients. The aim of this study was to 
analyze S100A4 mRNA in tissues of unresectable pancreatic cancer obtained by endoscopic ultrasound-guided 
fine-needle aspiration biopsy (EUS-FNA), and to determine the relation between S100A4 mRNA level and chemo-
sensitivity to GEM. Methods: The analysis was performed on samples from 36 patients with unresectable pancre-
atic cancer who were treated with gemcitabine alone. The patients were assigned to receive GEM at 1,000 mg/
m2/wk for weeks 1 to 6, followed by 1 week rest, then for 4 weeks. mRNA was extracted for S100A4 mRNA assay 
from patients above by EUS-FNA before GEM-treatment. The 36 patients were divided into the following two groups. 
Patients with partial response and those with stable disease whose tumor markers decreased by 50% or more were 
classified as the effective group. The rest of patients were classified as the non effective group. The relationship 
between GEM efficacy and S100A4 mRNA expression was then examined by chi-squared test. Results: S100A4 
mRNA showed a significant correlation with GEM efficacy. Patients in the effective group had low S100A4 mRNA 
expression, whereas patients in non-effective group had high S100A4 mRNA expressions (P = 0.0059). Conclusion: 
S100A4 mRNA level analyzed in EUS-FNA samples is an important molecular biomarker for prediction of chemosen-
sitivity to GEM in unresectable pancreatic cancer. 
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is 
the fourth leading cause of death resulting 
from cancer [1]. It has the exceedingly high 
rates of distant metastatic recurrence even 
after successful surgical resection of early-
stage tumors. Since 1997, gemcitabine (GEM) 
has been the standard treatment for unresect-
able pancreatic cancer. GEM results in a tumor 
response rate of 5-27% and offers a median 
survival time of 5-8 months [2]. Unfortunately, 
this means that the best current treatment 
offers very modest benefits.

PDAC patients receive little benefit from GEM 
largely because most PDAC cells are resistant 
to chemotherapeutic agent GEM. Endogenous 

gene in PDAC cells might confer resistance to 
GEM chemotherapy. Therefore, it is important 
for us to find a useful marker for predicting 
response to GEM in PDAC, especially in unre-
sectable pancreatic cancer.

S100A4 was cloned in the 1980s and early 
1990s from various cell systems [3, 4]. It has 
been identified as a cytoplasmic protein in  
normal cells, which is naturally expressed in 
various cell types including both cancer and 
normal cells, and its elevation is usually associ-
ated with cell invasion and metastasis [5-8], 
cell death and apoptosis [9, 10], chemotherapy 
resistance and poor clinical outcome [11, 12].

Endoscopic ultrasound-guided fine-needle aspi-
ration (EUS-FNA) is widely used for diagnosis of 
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pancreatic lesions. Many studies have explored 
using endoscopic ultrasound-guided fine nee-
dle aspiration of pancreatic cancer tissue to 
identify molecular targets. Grading of PNETs by 
the highest Ki-67 index in EUS-FNA specimens 
with adequate cellularity has a high concor-
dance with grading of resected specimens, and 
can predict long term patient survival with high 
accuracy [13]. EUS-FNA is capable of non-oper-
ative detection of ZIP4, thus offering the poten-
tial to direct pre-operative detection and  
targeted therapy of PDAC [14]. Camus et al. has 
found that Combined EUS-FNA and biliary and/
or duodenal stenting is feasible in almost all 
patients with suspected pancreatic cancer, 
with no additional hazard and a high histologi-
cal yield [15].

In pancreatic cancer, S100A4 could be a mark-
er for malignancy in pancreatic tumors and for 
poor prognosis in patients with pancreatic can-
cer [16]. Kozono S et al. has reported S100A4 
mRNA expression may predict radioresistance 
of pancreatic cancer cells and may play an 
important role in the poor response of pancre-
atic cancer cells to radiation therapy [17]. In the 
present study, we used the endoscopic ultra-
sound-guided fine-needle aspiration (EUS-FNA) 
technique to acquire samples of unresectable 
pancreatic cancer, and to identify possible  
predictors of chemosensitivity to GEM by 
S100A4 mRNA analysis using Q-PCR.

Materials and methods

Patients 

36 patients with unresectable adenocarcino-
ma of the pancreas were selected. All the 

entered into this study. GEM mono therapy was 
performed for all patients by administering 
intravenous GEM at 1,000 mg/m2/wk for 
weeks 1 to 6, followed by 1 week rest, then for 
3 of 4 weeks. The patients were assessed for 
definitive GEM efficacy, and were thus investi-
gated for correlations between GEM sensitivity 
and S100A4 mRNA levels. Clinicopathologic 
data for the 36 patients are shown in Table 1. 
Evaluation of response to GEM by imaging 
study was based on the Response Evaluation 
Criteria in Solid Tumors (RECIST). The GEM-
effective patients were defined as having a par-
tial response (PR) by imaging studies or as hav-
ing stable disease (SD) by imaging studies and 
a 50% or more decrease in both of abnormal 
CA 19-9 and CEA titers in sera, as compared to 
pretreatment values. Informed consent to use 
the specimens for this study according to the 
institutional rules of the hospital was obtained 
from all subjects.

Endoscopic ultrasound-guided fine-needle as-
piration biopsy (EUS-FNA) procedure

36 patients with un-resectable pancreatic duc-
tal cancers treated with GEM were studied. 
EUS-FNA was performed as the procedures 
described before [18]: Briefly, the lesion was 
recognized on B-mode imaging. No vessels in 
the target area were confirmed with the color 
Doppler mode. After determination of the ade-
quate angle to the tumor, an aspiration needle 
was introduced into the lesion. While the cath-
eter connected to the needle was sucked by a 
20 ml syringe, the needle was moved back and 
forth 20-30 times within the tumor. The nega-
tive pressure was released before the needle 
was removed from the lesion. To obtain suffi-

Table 1. Clinical characteristics of patients receiving 
GEM monotherapy
No. of patients 36
Age (Y) Mean ± SD (Range) 64.6 ± 9.3 (42-71)
Gender Male:Female 16:20
Location Head:Body/tail 9:27
Follow-up time from commencement of GEM (month)

Median (Range) 8.1 (3.7-22.5)
Number of courses of GEM monotherapy

Mean ± SD (Range) 6.1 ± 4.0 (2-17)
GEM efficacy Effective*:Non-effective 7:29
GEM, gemcitabine; *Effective, partial response by imaging study or 
stable disease by imaging study with 50% or more decrease in tumor 
markers compared to pretreatment values.

patients were not amenable for complete 
surgical resection based on clinical or 
radiogrephic evaluation (laparascopy was 
not required). Patients with small-cell car-
cinoma, mucinous cystadenocarcinoma, 
or islet cell or papillary cystic neoplasm 
were not eligible. Patients must also have 
been at least 18 years of age, and 
received no prior chemotherapy or 
radiotherapy. 

The 36 patients with unresectable pan-
creatic cancer, who were admitted to 
Oncology, the affiliated hospital of Qing- 
dao University from June 1999 to June 
2010, and were planned to treat with 
GEM mono therapy, were consecutively 
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cient tissue for RNA extraction and pathological 
diagnosis, several biopsy specimens were col-
lected from each tumor by EUS-FNA using 19 or 
22-gauge aspiration needles. A 19-gauge nee-
dle can take more amount of specimen than a 
22-gauge needle. However, a 22-gauge needle 
gives less damage to tissue than a 19-gauge 
needle and can take enough specimens for the 
diagnosis and the analysis. We used 19-gauge 
needles for the first nine cases. For the follow-
ing 26 cases, the tissues were obtained by 
22-gauge needles. A cytopathologist immedi-
ately examined the specimens for cancer cells 
using part of the obtained tissue.

RNA extraction and quantitative PCR

To ensure RNA quality, the obtained tissue was 
instantly immersed in 1 ml of RNAlater (Ambion, 
Austin, TX, USA) and incubated overnight in 
reagent at 4°C. RNA was isolated from tissue 
samples by using standard RNAzol procedures. 
For reverse transcription-PCR, complementary 
DNA (cDNA) was synthesized in a 20-uL reac-
tion mixture with 1 μg of RNA, as described in 
the protocol (AB Gene Reverse Transcription 
System; ABGene, Surrey, UK). The Q-PCR sys-
tem used was the Amplofluor Uniprimer system 
(Intergen Company, Oxford, UK) and Thermo-
Start (ABgene, Epsom, Surrey, UK). Specific 
primer pairs for S100A4 were designed by the 
authors by using Beacon Designer software 
and were manufactured by Shenggong, Shang- 
hai, China. Q-PCR conditions was as follows: 
enzyme activation at 95°C for 12 min for 1 
cycle, followed by 60 cycles of denaturing at 
94°C for 15 s, annealing at 55°C for 35 s, and 
extension at 72°C for 30 s. The levels of mole-

cule cDNA (copies per 50 ng of RNA) in the sam-
ples were calculated. Q-PCR for β-actin was 
also performed on the same samples to correct 
for any residual differences in the initial level of 
RNA in the specimens (in addition to spectro-
photometry). The products of Q-PCR were veri-
fied on agarose gels.

Statistical analysis 

The relationship between mRNA expression 
and GEM efficacy was examined by chi squared 
test (Fisher’s exact test). Survival data were 
estimated by the Kaplan-Meier method and 
were examined by log-rank test. For all tests, 
one-sided P values <0.05 were defined as sta-
tistically significant. The SPSS software pro-
gram was used for the analysis.

Results

Clinical outcome

When GEM efficacy was named as PR or SD 
with a 50% or more decrease in tumor markers 
compared to baseline, 7 patients were classi-
fied into the effective group, and 29 patients 
were classified into the uneffective group 
(Table 1). There was a significant difference 
between the survival periods of the effective 
and the non-effective groups (Median survival 
time, 15.4 months vs. 8.3 months, respective-
ly; P = 0.016) (Figure 1).

S100A4 mRNA show increased expression in 
GEM-non-effective group 

In GEM-non-effective group, the average RNA 
value of the 29 samples (expressed as tran-
script copy number per 50 μg of messenger 
RNA and standardized with β-actin) was 16.29 
± 1.84; In GEM-effective group, the average 
RNA value of the 7 samples (expressed as tran-
script copy number per 50 ng of messenger 
RNA and standardized with β-actin) was 2.18 ± 
0.47 (Figure 2A, P = 0.0059). Agarose gel indi-
cated that low S100A4 mRNA was expressed in 
GEM-effective group, and high S100A4 mRNA 
was expressed in GEM-uneffective group (Fig- 
ure 2B).

Discussion

Endoscopic ultrasound-guided fine-needle as- 
piration biopsy (EUS-FNA) is widely performed 
as a histological and cytological diagnostic 

Figure 1. Probability of survival for patients with unre-
sectable pancreatic ductal cancer stratified by GEM 
efficacy. Closed circles, GEM-effective group. Open 
circles, GEM-non-effective group. There is a signifi-
cant difference between survivals in the two groups.
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method for pancreatic carcinoma (PC) [19, 20]. 
However, few reports on gene analysis of PC 
using EUS-FNA samples have been used. 
Furthermore, much few reports on assessment 
of chemosensitivity to GEM from patients with 
unresectable PC using EUS-FNA samples have 
been used [21].

S100A4 expression could be a marker for 
malignancy and prediction radioresistance of 
PC [22, 23], but it is unclear whether S100A4 
mRNA using EUS-FNA samples in patients with 
unresectable PC could be a marker for assess-
ment of chemosensitivity to GEM.

The objective response rate of GEM monother-
apy for PC has been reported to be 5-26% [2]. 
In this study, PR was observed in 10 of 36 
(25.8%) patients treated with GEM monothera-
py, which was correlated with the response 
rates reported previously [2]. There was a  
significant difference between the survival peri-
ods of the effective and the non-effective 
groups (Median survival time, 15.4 months vs. 
8.3 months, respectively; P = 0.016). CA 19-9 
has been demonstrated to be correlated with 
clinical efficacy of GEM in pancreatic cancer. In 
this study, the GEM-effective group had a  
significantly better prognosis than the non-
effective group, indicating that the grouping 
based on GEM efficacy was appropriate.

In the GEM-effective group, the average RNA 
value was 2.18 ± 0.47, which was significantly 

lower compared to the GEM-non-effective 
group (16.29 ± 1.84, P = 0.0059). RNA extrac-
tion and quantitative PCR of S100A4 mRNA 
analysis may therefore be suitable to predict 
GEM efficacy by using a samples taken by EUS-
FNA from unresectable pancreatic cancer. Our 
results suggested that high S100A4 mRNA 
expression is a predictor of GEM resistance. 
However, the contamination of normal tissue 
into tumor tissue obtained by EUS-FNA may be 
a major obstacle to an accurate analysis.

In conclusion, S100A4 mRNA expression in 
EUS-FNA biopsy specimens may be a predictor 
for response to GEM in patients with unresect-
able pancreatic cancer. These data may be 
helpful for future cancer treatments that target 
specific molecules.
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