
J Gastroenterol 2007; 42:389–394
DOI 10.1007/s00535-007-2017-0

Received: August 1, 2006 / Accepted: January 25, 2007
Reprint requests to: T. Itoi

Ribonucleotide reductase subunit M2 mRNA expression 
in pretreatment biopsies obtained from unresectable 
pancreatic carcinomas

Takao Itoi1, Atsushi Sofuni1, Noriyoshi Fukushima2, Fumihide Itokawa1, Takayoshi Tsuchiya1, 
Toshio Kurihara1, Fuminori Moriyasu1, Akihiko Tsuchida3, and Kazuhiko Kasuya3

1 Fourth Department of Internal Medicine, Tokyo Medical University, 6-7-1 Nishishinjuku, Shinjuku-ku, Tokyo 160-0023, Japan
2 Department of Pathology and Diagnosis, Tokyo Medical University, Tokyo, Japan
3 Third Department of Surgery, Tokyo Medical University, Tokyo, Japan

Introduction

Pancreatic carcinoma is the fi fth leading cause of cancer 
death in Japan1 and the fourth in the United States,2 and 
is usually unresectable (80%–90%) at the time of diag-
nosis despite recent progress in imaging modalities. The 
prognosis of advanced and metastatic pancreatic carci-
noma is dismal, and chemoresistance is a major cause 
of pancreatic carcinoma treatment failure. Gemcitabi-
ne, like S-1, is an effi cacious cytotoxic agent3 that cur-
rently has marketing approval in Japan for the treatment 
of pancreatic carcinoma. However, it is diffi cult to dis-
tinguish between patients who are sensitive or resistant 
to gemcitabine before chemotherapy.

Recently, the expression and activity of ribonucleo-
tide reductase have been reported to be determinants 
of gemcitabine chemoresistance in human tumor cells.4 
Ribonucleotide reductase mediates the rate-limiting 
step in DNA synthesis because it is the only known en-
zyme that converts ribonucleotides to deoxynucleotides, 
which are required for DNA polymerization and repair. 
The ribonucleotide reductase holoenzyme consists of 
dimerized subunits M1 and 2 (RRM1 and RRM2).5 
Ribonucleotide reductase enzymatic activity is modu-
lated by the levels of RRM2.6 Moreover, overexpression 
of RRM2 is associated with resistance to gemcitabine in 
patients with pancreatic cancers.7

Endoscopic ultrasonography-guided fi ne-needle aspi-
ration biopsy (EUS-FNAB) has been established as a 
safe and precise procedure for the diagnosis of pancre-
atic masses.8,9 Several studies have reported the diagno-
sis by genetic analysis of samples obtained by EUS-FNAB 
in patients with pancreatic carcinoma,10,11 but no reports 
of the use of this technique for the assessment of treat-
ment options have been published. In this fi rst prospec-
tive report, we describe the utility of analyzing the 
expression of RRM2 mRNA obtained from pretreat-
ment EUS-FNAB specimens of unresectable pancreatic 
carcinoma.

Background. Gemcitabine is an effi cacious cytotoxic 
agent used in the treatment of unresectable pancreatic 
carcinoma (PC). Recently, gemcitabine resistance 
has been associated with the ribonucleotide reductase 
subunit M2 (RRM2). In this prospective study, we 
hypothesized that RRM2 expression in PC biopsy 
specimens would be a signifi cant predictor of outcome. 
Methods. RRM2 mRNA expression in 35 endoscopic 
ultrasonography-guided fi ne needle aspiration biopsy 
(EUS-FNAB) samples was quantifi ed using real-time 
quantitative reverse transcription-polymerase chain re-
action. Results. Thirty-one of 35 biopsy specimens could 
be assessed for RRM2 expression levels. The mean 
RRM2 expression relative to glyceraldehyde-3-
phosphate dehydrogenase was 0.248 (range, 0.00739 to 
0.858). Eighteen patients (64.5%) had low RRM2 levels, 
and 13 patients (35.5%) had high RRM2 levels with a 
cutoff of 0.1. The median survival was 8.8 months for 
patients with low RRM2 levels and 5.0 months for pa-
tients with high levels (P < 0.05). In the low RRM2 ex-
pression group, a complete response (CR) was observed 
in one patient, and a partial response (PR) was ob-
served in eight patients. In contrast, in the high RRM2 
expression group, PR was observed in one patient, and 
CR was not observed. The overall response rate be-
tween the high and low expression groups was signifi -
cantly different (50.0% vs. 7.7%, P < 0.05). Conclusions. 
RRM2 mRNA expression of EUS-FNAB specimens is 
a key predictive marker of survival in gemcitabine-
treated patients with PC.
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Materials and methods

Patients

Biopsy specimens from 35 patients with unresectable 
pancreatic carcinomas (23 patients with stage III and 12 
patients with stage IV disease)12 were obtained at the 
Fourth Department of Internal Medicine of Tokyo 
Medical University between December 2003 and Octo-
ber 2005. The eligibility criteria included histologically 
confi rmed, locally advanced, or metastatic pancreatic 
carcinoma with no prior chemotherapy; clinically 
measurable or evaluable disease; Southwest Oncology 
Group scale performance status of 0–2; a life expectan-
cy of greater than 12 weeks; and adequate bone marrow 
and hepatic and renal function. The EUS-FNAB proce-
dure has been described in previous reports.11 The fi rst 
specimen was used for standard histological examina-
tion by hematoxylin-eosin staining (Fig. 1), and the sec-
ond specimen was used for detecting RRM2 mRNA. 
The fi nal diagnosis of unresectable pancreatic carcino-
ma was based on ultrasonography, EUS, and computed 
tomography imaging studies. All EUS-FNAB proce-
dures were performed by the same investigator (T.I.). 
This study was carried out in accordance with the insti-
tutional review board guidelines, and written informed 
consent was obtained from all of the patients. All pa-
tients were treated with gemcitabine (1000 mg/m2) ad-
ministered intravenously over 30 min on days 1, 8, and 
21 on a 28-day cycle.

Laboratory methods

Total RNA was isolated using the RNeasy Kit (Qiagen, 
Chatsworth, CA, USA), and DNase treatment was 
performed using the RNase-Free DNase set (Qiagen), 
according the manufacturer’s instructions. cDNAs were 
generated using the Superscript II First Strand cDNA 
Synthesis kit (Invitrogen, Carlsbad, CA, USA). Quan-
tifi cation of RRM2 cDNA and an internal reference 
gene (glyceraldehyde-3-phosphate dehydrogenase, 
GAPDH) was conducted using a fl uorescence-based 

real-time polymerase chain reaction (PCR) method 
(Taq-Man PCR using an ABI PRISM 7700 Sequence 
Detection System, Applied Biosystems, Foster City, 
CA, USA). The following primers were used for real-
time PCR. RRM2; forward primer, 5′-CTATGGT
GAACGTGTTGTAGCCTT-3′; reverse primer, 5′-
GTCCTCGTTTCTTGAGCCAGA-3′; TaqMan probe, 
5 ′-FAM-CTGCAGTGGAAGGCATTTTCTTTT
CCG-TAMRA-3′ GAPDH; Predeveloped TaqMan 
Assay Reagents human GAPDH (Applied Biosystems). 
In brief, cDNA was added into a reaction mixture con-
taining 1 × TaqMan buffer A, 150 nM each primer, 
100 nM TaqMan probe, 200 µM dNTP, 3 µM MgCl2, 
and 0.625 units of AmpliTaqGold, in a fi nal volume of 
25 µl. The PCR conditions were 95°C for 10 min, fol-
lowed by 40 cycles at 95°C for 15 s and 60°C for 1 min. 
Quantifi cation was performed using the relative stan-
dard curve method. The standard curve was created 
automatically by the ABI PRISM 7700 by plotting the 
threshold cycle (Ct) against each input amount (con-
taining 107, 106, 105, 104, 103, 102, and 101 copies) of 
standard plasmid DNA. The correlation coeffi cient de-
termined by linear regression (r) for each standard 
curve was greater than 0.990. The relative amount of 
each unknown sample was calculated using linear re-
gression analysis from the respective standard curve. A 
relative target gene expression value for GAPDH as an 
internal reference gene was used.

Effi cacy assessment

Standard tumor response criteria were used to deter-
mine an objective tumor response. A complete response 
(CR) was defi ned as the disappearance of all measur-
able and evaluable disease for at least 4 weeks without 
the appearance of any new lesions. A partial response 
(PR) indicated a reduction of >50% in the sum of the 
products of the greatest perpendicular dimensions of 
all measurable lesions for at least 4 weeks without the 
appearance of any new lesions. Stable disease (SD) 
corresponded to a decrease of <50% in the sum of the 
product of the greatest perpendicular dimensions of 
measurable lesions or an increase of <25% in the sum 
of the products of the greatest perpendicular dimen-
sions of measurable disease for a minimum of 3 months. 
Progressive disease (PD) was defi ned as an increase of 
>25% in the sum of the products of measurable lesions, 
the appearance of new lesions, or deterioration of any 
evaluable disease. Survival was measured from the time 
of initiation of therapy until death. Response duration 
was defi ned as the time from documentation of response 
to the fi rst observation of progressive disease. Patients 
were treated until disease progression or the occurrence 
of unacceptable toxicity without second-line chemo-
therapy for gemcitabine.

Fig. 1. Photomicrograph of representative biopsy specimen 
samples obtained by endoscopic ultrasonography-guided fi ne-
needle aspiration biopsy using a 19-gauge needle (×20)
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Statistical analysis

Quantitative PCR analyses yield values that are ex-
pressed as ratios between two absolute measurements 
(gene of interest: internal reference gene). We used the 
maximal χ-squared method to determine a cutoff value 
to segregate patients into groups with low or high tran-
script levels. To determine the P value, we used boot-
strap-like simulations to estimate the distribution of a 
maximal χ-squared statistic. The Kaplan-Meier test for 
survival and time to progression was used. The log-rank 
test was applied to compare survival and time to pro-
gression between subgroups. A value of P < 0.05 was 
considered to indicate statistical signifi cance. All analy-
ses were performed with the SPSS software package, 
version 10.0.5 (SPSS, Chicago, IL, USA).

Results

Patient characteristics

A total of 31 out of 35 pancreatic carcinomas could be 
assessed for RRM2 expression levels. Two cases were 
not quantifi able because of fi brotic or necrotic tumor 
tissue, and two cases were omitted owing to the pres-
ence of renal cell carcinoma and malignant lymphoma. 
The clinical characteristics of the 31 patients are shown 
in Table 1 (20 patients with stage III and 11 patients 

with stage IV). Median patient age was 66 years; 16 pa-
tients were male; and 93.5% of patients had a perfor-
mance status of 0 or 1. The pancreatic masses were 
located in the head of the pancreas in 15 patients and 
in the body/tail in 16 patients. The 12 patients with 
masses in the head of the pancreas had obstructive jaun-
dice. The EUS-FNAB procedure was performed with-
out any procedure-related complication.

Patients received a median of 3.8 cycles (range, 2–11) 
of chemotherapy. The mean total dose of gemcitabine 
used was 16 530 mg (range, 7800–52 800 mg). CR was 
observed in one patient (3.2%), PR was observed in 
nine patients (29.3%), and SD in 11 patients (35.5%), 
whereas ten patients (32.3%) developed PD, resulting 
in an overall response rate of 32.3% [95% confi dence 
interval (CI) 0.17–0.51]. Twenty-one of the 31 patients 
studied had died and ten were alive at the completion 
of the study. The overall survival time for all 31 patients 
was 7.8 months (95% CI, 4.3–10.2 months) (Fig. 2). The 
therapy was well tolerated; grade 3–4 neutropenia (no 
grade 3–4 infection), thrombocytopenia (no bleeding), 
nausea, asthenia, and alopecia were seen in 20%, 6.7%, 
13.3%, 6.7%, and 6.7% of patients, respectively.

RRM2 mRNA expression and clinical outcome

The mean RRM2 expression relative to the GAPDH 
internal reference gene was 0.248 (range, 0.00739 to 
0.858) (Table 1) (Fig. 3A, B). The median RRM2 ex-
pression was 0.101. Eighteen patients (58.1%) had low 
RRM2 levels, and 13 patients (41.9%) had high RRM2 
levels, using a cutoff of 0.1. The median survival time 
was 8.8 months for the 18 patients with low RRM2 levels 
and 5.0 months for the 13 patients with high levels (P = 
0.0104) (Fig. 4). Thirteen stage III cases and fi ve stage 
IV cases were included in the group showing low RRM2 
expression. In contrast, seven stage III cases and six 
stage IV cases were included in the group showing high 
RRM2 expression. There was no statistical signifi cance 
in the proportion of Stage III to Stage IV disease be-
tween low and high RRM2 expression (P = 0.499). Re-
sponse to chemotherapy between high and low RRM2 
expression is shown in Table 2. In the low RRM2 ex-
pression group, CR was observed in one patient, PR 
was observed in eight patients, and SD in eight patients, 
whereas one patient developed PD. In contrast, in the 
high RRM2 expression group, PR was observed in one, 
CR in none, and SD in three patients, and PD was ob-
served in nine patients. The overall response rate be-
tween high and low expression groups was signifi cantly 
different (50.0% vs. 7.7%, P = 0.013).

Table 1. Clinical patient and gene characteristicsa

No. of patients 31
Age, years (range) 66.0 (30–81)
Sex
 Male 16 (51.6%)
 Female 15 (48.4%)
Performance status
 0–1 29 (93.5%)
 2  2 (6.5%)
Icterus 12 (38.7%)
Location
 Head 15 (48.4%)
 Body/Tail 16 (51.6%)
Histology
 Adenocarcinoma 30 (96.8%)
 Adenosquomous carcinoma  1 (3.2%)
TNM cancer staging
 Stage III 20 (64.5%)
 Stage IV 11 (35.5%)
RRM2b mRNA, mean (range)  0.248 (0.00739–0.858)
RRM2 mRNA
 ≤ 0.1 18 (58.1%)
 >0.1 13 (41.9%)
No. of chemotherapy cycles, median  3.8 (2–11)
  (range)
a Numbers in parentheses indicate percentages except when specifi ed 
as a range
b RRM2, ribonucleotide reductase subunit M2
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0 50 100 150 200 250 300 350 400 450 Fig. 2. Kaplan-Meier estimates of overall 
survival. Median survival for 31 patients 
was 7.8 months

Table 2. Response to gemcitabine between the high and low 
RRM2 expression groups

 RRM2 > 0.l RRM2 ≤ 0.1
 (n = 13) (n = 18)

Complete response 0 1
Partial response 1 8
Stable disease 3 8
Progressive disease 9 1

RRM2, ribonucleotide reductase subunit 2

Discussion

In this prospective study, we investigated the utility of 
analyzing the expression of the RRM2 gene to predict 
chemosensitivity to gemcitabine in patients with pan-
creatic carcinoma. This study showed that RRM2 
mRNA levels may affect survival. The median survival 
of the patients with low RRM2 expression was signifi -
cantly longer than those with high RRM2 expression. 
Interestingly, CR could be achieved only in patients 
with low RRM2 expression, and the overall response 
rate was signifi cantly higher also in these patients than 
in the patients with high RRM2 expression. These data 
suggest that it is worthwhile evaluating pretreatment 

RRM2 expression in unresectable pancreatic carcinoma 
patients. Previous reports on gemcitabine monotherapy 
described survival times similar to the present data.3,13–18 
Although RRM2 expression was not examined, these 
reports may contain cases of both high and low RRM2 
expression, leading to variations in chemosensitivity to 
gemcitabine.

In this study, we measured RRM2 expression, al-
though the ribonucleotide reductase holoenzyme con-
sists of dimerized RRM1 and RRM2. Duxbury et al.7 
reported that RRM2 enhanced pancreatic adenocar-
cinoma chemoresistance to gemcitabine in vitro. We 
planned this prospective study on the basis of their data. 
There have not been any clinical studies on ribonucleo-
tide reductase overexpression in conjunction with gem-
citabine-based chemotherapy for pancreatic carcinoma. 
To the best of our knowledge, although the current 
study is preliminary, this is the fi rst clinical trial of 
RRM2 expression in patients with pancreatic carcinoma 
using EUS-FNAB pretreatment biopsy specimens. Al-
though there is no report on RRM1 expression in pa-
tients with pancreatic cancer, RRM1 gene expression 
was described as a crucial predictive marker of survival 
in non-small cell lung cancer patients receiving gem-
citabine-based chemotherapy.19–21 In particular, RRM1 
levels infl uenced time to progression and survival in the 
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Fig. 3A,B. Ribonucleotide reductase sub-
unit M2 (RRM2) mRNA quantifi cation 
was performed using the relative standard 
curve method. The standard curve was 
created automatically by the ABI PRISM 
7700 by plotting the threshold cycle 
against each input amount (containing 
107, 106, 105, 104, 103, 102, and 101 copies) 
of standard plasmid DNA. A RRM2 
mRNA expression value (A) with 
glyceraldehyde-3-phosphate dehydro-
genase (B) as an internal reference gene 
was used
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Fig. 4. Kaplan-Meier estimates of time to survival according 
to RRM2 mRNA expression. The median survival was 8.8 
months for the 18 patients with low RRM2 levels (>0.1) and 
5.0 months for the 13 patients with high levels (≤0.1)
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cell lung cancer. We should examine not only RRM2 
expression but also RRM1 expression to clarify chemo-
sensitivity to gemcitabine in the future.

To date, several gemcitabine-based combination che-
motherapy regimens have undergone considerable test-
ing for advanced pancreatic carcinoma14–18 and it seems 
at present that gemcitabine-based combination chemo-
therapy may become the fi rst-line treatment for pancre-
atic carcinoma. Thus, it is very important to predict 
chemosensitivity to gemcitabine prior to treatment.

Currently, with the progress of EUS-FNAB proce-
dures, the necessary samples can be obtained easily, and 
the diagnostic accuracy for pancreatic solid masses is at 
least 85%.8,9 One of the important aspects of this study 
is the genetic analysis of EUS-FNAB specimens in com-
bination with routine diagnosis. Interestingly, in this 
study, two samples were omitted owing to the presence 
of renal cell carcinoma and malignant lymphoma. These 
data suggest that pretreatment biopsy specimens by 
EUS-FNAB in patients with pancreatic masses should 
be obtained, not only to test for gemcitabine chemore-
sistance but also to confi rm a diagnosis of adenocar-
cinoma to ensure that the appropriate treatment is 
administered. In the present study, we examined only 
RRM2 expression, but in the near future it may be nec-
essary to examine the chemosensitivity of a range of 
drugs using the EUS-FNAB procedure.

In this study, there were some cases in which survival 
time did not correlate with RRM2 expression. Gem-
citabine chemosensitivity depends not only on RRM2 
expression but also on several other factors. Recently, 

gemcitabine/cisplatin arm (8.4 months vs. 2.7 months, 
P = 0.009; 13.7 months vs. 3.6 months, P = 0.02, respec-
tively).20 These data suggest that genetic testing of 
RRM1 mRNA expression levels can and should be used 
to personalize chemotherapy in patients with non-small 
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3-aminopyridine-2-carboxaldehyde thiosemicarbazone 
(3-AP, Triapine; Vion Pharmaceuticals, New Haven, 
CT, USA) was described as a new inhibitor of RRM2.22 
A Phase I trial of 3-AP in combination with gemcitabine 
for advanced cancers, including pancreatic carcinoma, 
is underway.23,24 A preliminary study suggested that 
there was prolonged stabilization of disease or de-
creases in serum tumor markers associated with stable 
disease though there were no objective responses.

In conclusion, the results from this prospective study 
demonstrate that RRM2 mRNA expression levels may 
correlate with gemcitabine sensitivity. In the near fu-
ture, a large number of prospective randomized chemo-
therapy trials will be scheduled. These data suggest that 
RRM2 is a novel, informative biomarker for predicting 
and monitoring the responses of pancreatic adenocarci-
noma patients to gemcitabine.
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