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Abstract
Background/Aims: Recently, we found the presence of anti-60S ribosomal protein L29
antibody (anti-RPL29) in human sera, inhibiting the proliferation of pancreatic cancer
cells in vitro. We aimed to estimate the association of serum anti-RPL29 levels with
clinical features in patients with unresectable pancreatic cancer.
Methods: We retrospectively reviewed 105 patients with unresectable pancreatic cancer.
Serum anti-RPL29 levels were measured by the indirect enzyme-linked immunosorbent
assay. The cut-off was represented by the 95th percentile in 62 healthy volunteers.
Results: Median survival time (MST) was 11.1 months in 49 patients showing serum
anti-RPL29 level >cut-off and 7.4 months in 56 patients showing serum anti-RPL29
level ≤cut-off. In locally advanced disease, MST was 17.9 months in 22 patients
showing serum anti-RPL29 level >cut-off and 10.0 months in 19 patients showing
serum anti-RPL29 level ≤cut-off. In metastatic disease, MST was 8.7 months in 27
patients showing serum anti-RPL29 level >cut-off and 5.9 months in 37 patients
showing serum anti-RPL29 level ≤cut-off. In the multivariate Cox proportional hazard
model, serum anti-RPL29 level >cut-off, abdominal or back pain, performance status,
and metastatic disease were identified as independent prognostic factors.
Conclusion: Serum anti-RPL29 levels may be a novel candidate for a prognostic
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marker for unresectable pancreatic cancer.
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Introduction
Pancreatic cancer remains one of the major unresolved health problems. First, the
incidence and mortality of pancreatic cancer patients have increased. Worldwide,
302,464 patients died of pancreatic cancer in 2011 [1]. Deaths from pancreatic cancer in
2030 are projected to increase to 456,862 patients [2]. Secondly, the prognosis of
pancreatic cancer has been still poor, and the 5-year survival has been reported less than
10% for last 30 years [3]. Especially, approximately 50% of the patients come to clinical
attention with the metastatic disease, and their 5-year survival has been less than 3%.
For unresectable pancreatic cancer, gemcitabine had been used as a first-line
agent from the second half of the 1990s to the 2000s. Median survival time (MST) in
patients with the metastatic disease who were treated with gemcitabine alone or
gemcitabine based combination chemotherapy has been reported to be 6-7 months [4].
Recently, a combination chemotherapy regimen consisting of oxaliplatin, irinotecan,
fluorouracil, and leucovorin (FOLFIRINOX) has shown significant effects on overall
survival compared with gemcitabine monotherapy [5]. However, because of the severe
toxicity of FOLFIRINOX, it cannot be applied to all patients with unresectable
pancreatic cancer [6]. At present, the choice of regimen, whether FOLFIRINOX or
gemcitabine based chemotherapy, depends on general conditions in each patient. As
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prognostic factors for unresectable pancreatic cancer, tumor factors such as serum
carbohydrate antigen (CA) 19-9 level and tumor stage, and host factors including
performance status, serum C-reactive protein level, and neutrophil-lymphocyte ratio
have been reported to be associated with patients’ survival [7-10]. But, predicting the
prognosis is not always easy, and markers reflecting the grade of spontaneous immune
response to autologous cancer cells in vivo have not been elucidated yet.
Recently, we reported the presence of anti-60S ribosomal protein L29 antibody
(anti-RPL29) in human sera, inhibiting the proliferation of human pancreatic cancer
AsPC-1 cells and Panc-1 cells via down-regulation of Wnt/β-Catenin signaling pathway
[11]. RPL29 is expressed on the surface of cells and takes part in cell-cell and
cell-extracellular matrix adhesion [12,13]. The expression of RPL29 is up-regulated in
various types of cancers including endometrial cancer [12], hepatocellular carcinoma
[14], ovarian cancer [15], and colon cancer [16]. The up-regulation of RPL29 is
associated with tumor growth and local invasion [16]. Depletion of RPL29 reduces
tumor angiogenesis [17], induces cell cycle arrest at G0/G1 phase [18] and cellular
differentiation [19], and promotes apoptosis [12]. Thus, the presence of serum
anti-RPL29 may affect the prognosis of pancreatic cancer.
In this study, we measured serum anti-RPL29 levels and estimated the association
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of serum anti-RPL29 levels with clinical features in patients with unresectable
pancreatic cancer.

Methods
Ethics
This study complied with the Declaration of Helsinki and was approved by the
Institutional Review Board at Okayama University Graduate School of Medicine,
Dentistry, and Pharmaceutical Sciences. Serum samples and data were collected after
each subject provided written informed consent from March 2003.
Patients
We retrospectively reviewed 107 patients with unresectable adenocarcinoma of
the pancreas, who admitted to Okayama University Hospital between March 2003 and
December 2012. A diagnosis of pancreatic adenocarcinoma was confirmed by
histological or cytological examination. All patients had no prior chemotherapy or
radiotherapy. Of the 107 patients, two were transferred to other hospitals without
follow-up, and were excluded from the present analysis. Thus, 105 patients were
included in the present analysis. Clinical characteristics of the study population at the
initiation of chemotherapy were shown in Table 1. Thirty-five (33%) patients were
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female, and median age was 64 (range, 38-85) years. Forty-one (39%) patients had
locally advanced disease, and the remaining sixty-four (61%) had metastatic disease.
At the initiation of chemotherapy, the patient’s complete medical history and
physical examination, Eastern Cooperative Oncology Group performance status [20],
complete blood cell count, standard biochemical profile, electrocardiogram, chest
X-rays, and computed tomography scans of the chest and upper and lower abdomen
were evaluated. Tumors were staged according to the sixth edition of the tumor node
metastasis (TNM) classification of the International Union against Cancer (UICC) [21].
Modified

Glasgow

prognostic

score,

neutrophil-lymphocyte

ratio,

and

platelet-lymphocyte ratio were evaluated as previously described [9].
Serum samples at the initiation of chemotherapy were obtained from 105 patients
with unresectable pancreatic cancer. Moreover, serum samples from 62 healthy
volunteers (controls) were collected. Collected serum samples were stored -30°C until
use.
Treatment
In patients showing obstructive jaundice due to a pancreatic head tumor, biliary
drainage was achieved by endoscopic biliary drainage or percutaneous trans-hepatic
cholangiodrainage before the initiation of chemotherapy.
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Chemotherapy was continued until the disease progressed or the condition of
patients deteriorated.
Gemcitabine monotherapy: Gemcitabine was administered at a dose of 1,000
mg/m2 intravenously over 30 minutes on days 1, 8, 15 of a 28-day cycle.
Gemcitabine plus cisplatin: patients were treated with gemcitabine at a dose of
800 mg/m2 plus cisplatin at a dose of 10 mg/body intravenously over 30 minutes on
days 1, 8, 15 of a 28-day cycle.
Gemcitabine plus erlotinib: patients were treated with oral erlotinib 100 mg/day
on days 1-28, plus gemcitabine at a dose of 1,000 mg/m2 intravenously over 30 minutes
on days 1, 8, 15 of a 28-day cycle.
S-1 monotherapy: S-1 was administered orally twice daily at a dose according to
the body-surface area (BSA) (< 1.25 m2, 80 mg/day; ≥ 1.25 to < 1.5 m2, 100 mg/day; ≥
1.5 m2, 120 mg/day) on days 1-28 of a 42-day cycle.
Gemcitabine plus S-1: Patients received gemcitabine at a dose of 1,000 mg/m2
intravenously over 30 minutes on days 1, 8 plus S-1 orally twice daily at a dose
according to the BSA (< 1.25 m2, 60 mg/day; ≥ 1.25 to < 1.5 m2, 80 mg/day; ≥ 1.5 m2,
100 mg/day) on days 1-14 of a 21-day cycle.
In some patients, radiotherapy was targeted to the primary tumor and
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administered at a total radiation dose of 50.4 Gy with a daily fraction of 1.8 Gy 5
times/week.
The response evaluation criteria in solid tumors [22] were applied to assess the
response to chemotherapy.
Endpoint
The primary endpoint was overall survival, measured from the first day of
chemotherapy until the date of death for any cause or December 31, 2013.
Indirect enzyme-linked immunosorbent assay
Serum anti-RPL29 levels were measured by the indirect enzyme-linked
immunosorbent assay (ELISA) using Protein Detector ELISA Kit (Kirkegaard & Perry
Laboratories, Gaithersburg, MD, USA). All serum samples were tested in duplicate.
Briefly, 96-well U-bottom microtiter plates (Greiner Bio-One GmbH,
Frickenhausen, Germany) were coated with 100 μl of 1 μg/ml full-length recombinant
RPL29 (Abnova, Taipei, Taiwan) in phosphate-buffered saline (PBS) at room
temperature for 1 hour. Unbound antigen was removed, nonspecific binding sites were
blocked by incubation with 1% bovine-serum albumin (BSA) in PBS, and the wells
were incubated with 100 μl of human sera diluted 1:100 in PBS with 1% of BSA for 1
hour.

Following

incubation,

the

wells

were

incubated

with

horseradish
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peroxidase-labeled anti-human IgG diluted 1:1,000 in PBS with 1% of BSA, and the
reaction was visualized by adding 100 μl of ABTS peroxidase substrate solution buffer
(Kirkegaard & Perry Laboratories, Gaithersburg, MD, USA). The optical densities at
405 nm were read with a Model 680 microplate reader (Bio-Rad Laboratories, Hercules,
CA, USA). In order to avoid inter-plate variability, we used a positive serum, assigned it
2.33 OD 405nm , and read the optical densities of all samples against this positive serum.
Intra-assay variability was found to be 5.1%.
The cut-off of serum anti-RPL29 level was represented by the 95th percentile in
62 controls.
Statistical analysis
Statistical analysis was performed using the IBM SPSS Statistics version 21 (IBM,
Chicago, IL, USA). Continuous variables were expressed as median (range).
Differences in continuous variables were evaluated by the Mann–Whitney U-test
between two independent samples and the Kruskal–Wallis test among 3 independent
samples. Dichotomous variables were compared by the χ2-test. Univariate and
multivariate Cox proportional hazard models were performed to identify prognostic
factors, and results are presented as hazard ratios (HRs) along with their 95%
confidence intervals (CIs). The variables, which showed P < 0.2 by univariate analysis,
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were included into the multivariate analysis. Cumulative survival curves were analyzed
using the Kaplan-Meier method, and the differences in the curves were tested using the
log-rank test. P-values <0.05 (all two-sided) were considered significant.

Results
Characteristics of study population
Until December 31, 2013, ninety-eight (93%) patients died, and the overall MST
was 8.7 months (Figure 1). MST was 15.1 months in 41 patients with locally advanced
disease and 7.3 months in 64 patients with metastatic disease.
Treatment characteristics are shown in Table 2. Before the initiation of
chemotherapy, biliary drainage was performed in 40 patients who had a pancreatic head
tumor. Median time from the diagnosis of pancreatic cancer to the initiation of the
first-line chemotherapy was 9 (range, 1-55) days and longer in 40 patients in need of
biliary drainage {12 (3-55) days versus 8 (1-47) days, P = 0.034}. At the initiation of the
first-line chemotherapy, 16 patients had serum CA 19-9 level less than 37 U/ml (upper
limit of normal). Of 89 patients showing serum CA 19-9 level at the initiation of the
first-line chemotherapy ≥37 U/ml, a decrease in serum CA 19-9 levels by at least 50%
on day 56 was shown in 25 patients {2 patients with partial response (PR), 22 patients
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with stable disease (SD), and one patient with progressive disease (PD)}. One patient
with complete response (CR) showed serum CA 19-9 level <37 U/ml at the initiation of
the first-line chemotherapy.
Serum anti-RPL29 level
Serum anti-RPL29 levels at the initiation of the first-line chemotherapy are shown
in Figure 2. Serum anti-RPL29 levels were higher in patients with unresectable
pancreatic cancer than controls {0.51 (range, 0.04-1.90) OD 405nm versus 0.30 (range,
0.09-0.56) OD 405nm ; P <0.0001}; however, there was no difference in serum anti-RPL29
levels between 41 patients with locally advanced disease and 64 patients with metastatic
disease {0.54 (range, 0.04-1.16) OD 405nm versus 0.50 (range, 0.13-1.90) OD 405nm ; P =
0.70}. The cut-off of serum anti-RPL29 level was defined 0.53 OD 405nm , based on the
95th percentile in 62 controls. Twenty-two (54%) of 41 patients with locally advanced
disease and 27 (42%) of 64 patients with metastatic disease showed serum anti-RPL29
level >cut-off.
Serum anti-RPL29 and clinical characteristics
Associations of serum anti-RPL29 level with clinical characteristics are shown in
Table 3. At the initiation of the first-line chemotherapy, patients with serum anti-RPL29
level ≤cut-off showed peripheral platelet count ≥300×103/mm3, platelet-lymphocyte
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ratio ≥150, and serum CA 19-9 level ≥500 U/ml more frequently. Age, performance
status, tumor stage, neutrophil-lymphocyte ratio, serum C-reactive protein level, and
modified Glasgow prognostic score were not associated with serum anti-RPL29 level.
Response to gemcitabine plus cisplatin was better in patients showing serum
anti-RPL29 level >cut-off. MST was 11.1 months in 49 patients showing serum
anti-RPL29 level >cut-off and 7.4 months in 56 patients showing serum anti-RPL29
level ≤cut-off (Figure 3A, log-rank test; P <0.0001). In locally advanced disease, MST
was 17.9 months in 22 patients showing serum anti-RPL29 level >cut-off and 10.0
months in 19 patients showing serum anti-RPL29 level ≤cut-off (Figure 3B, log-rank
test; P = 0.0063). On the other hand, in metastatic disease, MST was 8.7 months in 27
patients showing serum anti-RPL29 level >cut-off and 5.9 months in 37 patients
showing serum anti-RPL29 level ≤cut-off (Figure 3C, log-rank test; P = 0.012).
In this study, there were differences in the first-line chemotherapy regimens
between 49 patients showing serum anti-RPL29 level >cut-off and 56 patients showing
serum anti-RPL29 level ≤cut-off. So, we estimated associations of serum anti-RPL29
level with survival in 75 patients treated with gemcitabine alone as the first-line
chemotherapy. MST was 11.1 months in 29 patients showing serum anti-RPL29 level
>cut-off and 6.2 months in 46 patients showing serum anti-RPL29 level ≤cut-off (Figure
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4A, log-rank test; P = 0.0009). The response to gemcitabine was similar between these
two groups (CR/PR/SD/PD: 0/1/21/7 versus 1/1/26/18; P = 0.48). In locally advanced
disease, MST was 20.7 months in 13 patients showing serum anti-RPL29 level >cut-off
and 10.0 months in 17 patients showing serum anti-RPL29 level ≤cut-off (Figure 4B,
log-rank test; P = 0.0056). On the other hand, in metastatic disease, MST was 9.6
months in 16 patients showing serum anti-RPL29 level >cut-off and 5.2 months in 29
patients showing serum anti-RPL29 level ≤cut-off (Figure 4C, log-rank test; P = 0.075).
Prognostic factor
In 105 patients with unresectable pancreatic cancer, univariate analysis identified
serum anti-RPL29 level (>0.53 OD 405nm versus ≤0.53 OD 405nm ; P <0.0001), abdominal
or back pain (yes versus no; P = 0.0015), performance status (0 versus 1+2; P = 0.010),
tumor location (head versus body, body/tail, tail; P = 0.0075), tumor spread (metastatic
versus locally advanced; P = 0.0008), neutrophil-lymphocyte ratio (≥5.0 versus <5.0; P
= 0.016) as prognostic factors (Table 4). Age, gender, platelet-lymphocyte ratio, serum
C-reactive protein level, and modified Glasgow prognostic score were not significantly
associated with patients’ prognosis. In the multivariate analysis, we identified serum
anti-RPL29 level {>0.53 OD 405nm ; HR 0.46 (0.29-0.73), P = 0.0009}, abdominal or
back pain {yes; HR 1.74 (1.07-2.84), P = 0.027}, performance status {0; HR 0.48
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(0.30-0.75), P = 0.0014}, and tumor spread {metastatic; HR 2.34 (1.48-3.70), P =
0.0003} as independent prognostic factors (Table 4).
In 75 patients treated with gemcitabine alone as the first-line chemotherapy,
univariate analysis identified serum anti-RPL29 level, abdominal or back pain,
performance status, tumor location, tumor spread, and neutrophil-lymphocyte ratio as
prognostic factors. In the multivariate analysis that included serum anti-RPL29 level,
abdominal or back pain, performance status, tumor location, tumor spread,
neutrophil-lymphocyte ratio, serum bilirubin level, and serum CA 19-9 level, we
identified serum anti-RPL29 level {>0.53 OD 405nm ; HR 0.53 (0.29-0.98), P = 0.043}
and tumor spread {metastatic; HR 2.31 (1.34-3.95), P = 0.0023} as independent
prognostic factors.

Discussion
Recently, glycosylation of IgG, which influences IgG effector function, has been
reported to be associated with the prognosis of malignant tumors including pancreatic
cancer [23,24]. This indicates that serum IgG of cancer patients may contain some
autoantibodies associated with the disease progression, and autologous tumor can
become a target of anti-tumor immune response in vivo. Until now, many
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autoantibodies against autologous tumor-associated antigens (TAAs) have been reported.
In pancreatic cancer, the presence of serum anti-MUC1 antibodies has been shown to be
associated with the better prognosis [25], but associations of serum antibodies to
autologous TAAs with the prognosis have not been fully elucidated yet.
Ribosomes are essential components of the protein translation machinery, and are
composed of more than 80 unique large and small ribosomal proteins. Some ribosomal
proteins control cell proliferation, and autoantibodies to some ribosomal proteins may
exist in human sera and influence cell proliferation. Previously, autoantibodies to
ribosomal protein LP0 (RPLP0), which exists in the cytoplasmic and on the surface of
cells and takes part in the regulation of protein synthesis, have been revealed to exist in
human sera of patients with head and neck cancer [26] and patients with breast cancer
[27]. Anti-RPLP0 antibodies induce cell cycle arrest at sub-G1 phase and promote
apoptosis [28]; however the associations of serum anti-RPLP0 antibodies with the
prognosis of cancer patients have not revealed yet.
In this study, the prognosis of patients with unresectable pancreatic cancer, who
were mainly treated with gemcitabine alone or gemicitabine based combination
chemotherapy, did not differ from those reported previously [4]. And, performance
status, tumor stage, and abdominal or back pain were identified as prognostic factors for
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unresectable pancreatic cancer. These results are consistent with those of the previous
reports [7-9]. Thus, clinical features of patients with unresectable pancreatic cancer
included into this study seem to be common. On the other hand, serum anti-RPL29 level,
which was elevated in some patients with unresectable pancreatic cancer, was
associated with their survival as an independent prognostic factor. Patients showing
serum anti-RPL29 levels >cut-off seem to have longer survivals compared with the
general patients with unresectable pancreatic cancer treated with gemcitabine based
chemotherapy [4]. To our knowledge, this study is the first to focus on serum
anti-RPL29 as a prognostic marker for unresectable pancreatic cancer. Serum
anti-RPL29 level may be useful for predicting the prognosis of unresecatble pancreatic
cancer.
Immune response to autologous tumor has been shown to improve the prognosis
in vivo [29]. In peripheral blood from pancreatic cancer patients, circulating tumor cells
are frequently detected [30]. So, spontaneous immune response to autologous pancreatic
cancer cells may be induced. The expression of RPL29 is up-regulated in various types
of cancers including pancreatic cancer [12,14-16,18]. In this study, serum anti-RPL29
levels, which were elevated in 47% of the patients with unresectable pancreatic cancer
compared with healthy volunteers, were associated with their survival. So, RPL29 may
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be an autologous TAA, and serum anti-RPL29 levels may reflect the grade of
spontaneous immune response to autologous cancer cells. On the other hand,
neutrophil-lymphocyte ratio, which reflects systemic inflammatory response [9], was
identified as a prognostic factor by the univariate analysis, but the multivariate analysis
including

serum

anti-RPL29

level

did

not

show

the

association

of

neutrophil-lymphocyte ratio with patients’ survival. This may indicate that markers
reflecting the grade of spontaneous immune response to autologous cancer cells rather
than systemic inflammatory response are suitable for predicting the prognosis of
unresectable pancreatic cancer.
This study indicates that, in patients treated with gemcitabine alone as the
first-line chemotherapy, serum anti-RPL29 level is not associated with the best overall
response, but those showing elevated serum anti-RPL29 levels have better prognosis.
Thus, induction of immune response to RPL29 may be effective to suppress the disease
progression. On the other hand, in this study, T cell response to RPL29 was not
investigated. Hereafter, in order to develop RPL29-based immunotherapy, it will be
necessary to investigate the association between T cell response to RPL29 and the
prognosis in patients with unresectable pancreatic cancer.
In pancreatic cancer, Wnt/beta-catenin signaling, apoptosis signaling, and
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regulation of G1/S phase transition are core signaling pathways responsible for
pancreatic tumorigenesis, and genetic alterations in these core signaling pathway are
nearly universal [31]. RPL29 has been found one of candidate targets of
Wnt/beta-catenin signaling [14]. Additionally, silencing of RPL29 up-regulates the
expression of p21, inhibitor of cell cycle progression through G1/S phase, and p53,
inducer of apoptosis [19]. Thus, RPL29 may be a candidate target molecule for
pancreatic cancer therapy although further studies are required.
This study had several limitations. First, this study was a retrospective,
single-center study. Second, many patients were treated with gemcitabine alone as the
first-line chemotherapy. Some were treated with gemcitabine plus cisplatin or
gemcitabine plus erlotinib. But, none was treated with FOLFIRINOX. Hereafter,
FOLFIRINOX are speculated to become the standard regimen for unresectable
pancreatic cancer. In order to confirm our findings, a multicenter prospective validation
study, registered with the UMIN Clinical Trials Registry (number: UMIN000011478), is
under execution.
In conclusion, this study indicates that some patients with unresectable pancreatic
cancer show elevated serum anti-RPL29 levels, and that serum anti-RPL29 levels are
associated with the prognosis of unresectable pancreatic cancer, independent of

20

performance status, tumor stage, and serum CA19-9 level. Thus, serum anti-RPL29
level may be a novel candidate for a prognostic marker for unresectable pancreatic
cancer, although further studies are required.

Disclosure Statement
The authors have no disclosures relevant to this publication.

References
1

The World Health Organization. Number of deaths: WORLD By cause. Available
at:

http://apps.who.int/gho/data/node.main.CODWORLD?lang=en

Accessed

January 22, 2014.
2

The World Health Organization. Projections of mortality and burden of disease,
2002-2030.

Available

at:

http://www.who.int/healthinfo/global_burden_disease/projections/en/index.html
Accessed January 22, 2014.
3

Siegel R, Naishadham D, Jemal A: Cancer statistics, 2013. CA Cancer J Clin
2013;63:11-30.

4

Wolfgang CL, Herman JM, Laheru DA, Klein AP, Erdek MA, Fishman EK, Hruban

21

RH: Recent progress in pancreatic cancer. CA Cancer J Clin 2013;63:318-348.
5

Conroy T, Desseigne F, Ychou M, Bouché O, Guimbaud R, Bécouarn Y, Adenis A,
Raoul JL, Gourgou-Bourgade S, de la Fouchardière C, Bennouna J, Bachet JB,
Khemissa-Akouz F, Péré-Vergé D, Delbaldo C, Assenat E, Chauffert B, Michel P,
Montoto-Grillot C, Ducreux M; Groupe Tumeurs Digestives of Unicancer;
PRODIGE Intergroup: FOLFIRINOX versus gemcitabine for metastatic pancreatic
cancer. N Engl J Med 2011;364:1817-1825.

6

Okusaka T1, Ikeda M, Fukutomi A, Ioka T, Furuse J, Ohkawa S, Isayama H, Boku
N: Phase II study of FOLFIRINOX for chemotherapy-naïve Japanese patients with
metastatic pancreatic cancer. Cancer Sci 2014;105:1321-1326.

7

Hess V, Glimelius B, Grawe P, Dietrich D, Bodoky G, Ruhstaller T, Bajetta E,
Saletti P, Figer A, Scheithauer W, Herrmann R: CA 19-9 tumour-marker response to
chemotherapy in patients with advanced pancreatic cancer enrolled in a randomised
controlled trial. Lancet Oncol 2008;9:132-138.

8

Krishnan S, Rana V, Janjan NA, Abbruzzese JL, Gould MS, Das P, Delclos ME,
Palla S, Guha S, Varadhachary G, Evans DB, Wolff RA, Crane CH: Prognostic
factors in patients with unresectable locally advanced pancreatic adenocarcinoma
treated with chemoradiation. Cancer 2006;107:2589-2596.

22

9

Stotz M, Gerger A, Eisner F, Szkandera J, Loibner H, Ress AL, Kornprat P,
AlZoughbi W, Seggewies FS, Lackner C, Stojakovic T, Samonigg H, Hoefler G,
Pichler M: Increased neutrophil-lymphocyte ratio is a poor prognostic factor in
patients with primary operable and inoperable pancreatic cancer. Br J Cancer
2013;109:416-421.

10 Szkandera J, Stotz M, Absenger G, Stojakovic T, Samonigg H, Kornprat P,
Schaberl-Moser R, Alzoughbi W, Lackner C, Ress AL, Seggewies FS, Gerger A,
Hoefler G, Pichler M: Validation of C-reactive protein levels as a prognostic
indicator for survival in a large cohort of pancreatic cancer patients. Br J Cancer
2014;110:183-188.
11 Miyake Y, Matsushita H, Yamamoto K: Anti-60S ribosomal protein L29 antibody:
New anticancer agent discovered from human sera. J Clin Oncol 2013;31:15s
(suppl; abstr 3071).
12 Rohde LH, Julian J, Babaknia A, Carson DD: Cell surface expression of HIP, a
novel heparin/heparan sulfate binding protein, of human uterine epithelial cells and
cell lines. J Biol Chem 1996;271:11824-11830.
13 Liu S, Hoke D, Julian J, Carson DD: Heparin/heparan sulfate (HP/HS) interacting
protein (HIP) supports cell attachment and selective, high affinity binding of

23

HP/HS. J Biol Chem 1997;272:25856-25862.
14 Lee HS, Park MH, Yang SJ, Park KC, Kim NS, Kim YS, Kim DI, Yoo HS, Choi EJ,
Yeom YI: Novel candidate targets of Wnt/beta-catenin signaling in hepatoma cells.
Life Sci 2007;80:690-698.
15 Li YL, Ye F, Hu Y, Lu WG, Xie X: Identification of suitable reference genes for
gene expression studies of human serous ovarian cancer by real-time polymerase
chain reaction. Anal Biochem 2009;394:110-116.
16 Wang Y, Cheong D, Chan S, Hooi SC: Heparin/heparan sulfate interacting protein
gene expression is up-regulated in human colorectal carcinoma and correlated with
differentiation status and metastasis. Cancer Res 1999;59:2989-2994.
17 Jones DT, Lechertier T, Reynolds LE, Mitter R, Robinson SD, Kirn-Safran CB,
Hodivala-Dilke KM: Endogenous ribosomal protein L29 (RPL29): a newly
identified regulator of angiogenesis in mice. Dis Model Mech 2013;6:115-124.
18 Li C, Ge M, Yin Y, Luo M, Chen D: Silencing expression of ribosomal protein L26
and L29 by RNA interfering inhibits proliferation of human pancreatic cancer
PANC-1 cells. Mol Cell Biochem 2012;370:127-139.
19 Liu JJ, Huang BH, Zhang J, Carson DD, Hooi SC

Repression of HIP/RPL29

expression induces differentiation in colon cancer cells. J Cell Physiol

24

2006;207:287-292.
20 Ando M, Ando Y, Hasegawa Y, Shimokata K, Minami H, Wakai K, Ohno Y, Sakai
S: Prognostic value of performance status assessed by patients themselves, nurses,
and oncologists in advanced non-small cell lung cancer. Br J Cancer
2001;85:1634-2639.
21 Sobin LH, Ch.WittekindC: TNM Clasification of Malignant Tumors, 6th edition.
John Wiley & Sons, Hoboken, New Jersey, 2002.
22 Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, Rubinstein L,
Verweij J, Van Glabbeke M, van Oosterom AT, Christian MC, Gwyther SG: New
guidelines to evaluate the response to treatment in solid tumors. European
Organization for Research and Treatment of Cancer, National Cancer Institute of
the United States, National Cancer Institute of Canada. J Natl Cancer Inst
2000;92:205-216.
23 Nouso K, Amano M, Ito YM, Miyahara K, Morimoto Y, Kato H, Tsutsumi K,
Tomoda T, Yamamoto N, Nakamura S, Kobayashi S, Kuwaki K, Hagihara H,
Onishi H, Miyake Y, Ikeda F, Shiraha H, Takaki A, Nakahara T, Nishimura S,
Yamamoto K: Clinical utility of high-throughput glycome analysis in patients with
pancreatic cancer. J Gastroenterol 2013;48:1171-1179.

25

24 Kodar K, Stadlmann J, Klaamas K, Sergeyev B, Kurtenkov O: Immunoglobulin G
Fc N-glycan profiling in patients with gastric cancer by LC-ESI-MS: relation to
tumor progression and survival. Glycoconj J 2012;29:57-66.
25 Hamanaka Y, Suehiro Y, Fukui M, Shikichi K, Imai K, Hinoda Y: Circulating
anti-MUC1 IgG antibodies as a favorable prognostic factor for pancreatic cancer.
Int. J Cancer 2003;103:97-100.
26 Bei R, Masuelli L, Trono P, Orvietani PL, Losito S, Marzocchella L, Vitolo D,
Albonici L, Mrozek MA, Di Gennaro E, Lista F, Faggioni G, Ionna F, Binaglia L,
Manzari V, Budillon A, Modesti A: The ribosomal P0 protein induces a spontaneous
immune response in patients with head and neck advanced stage carcinoma that is
not dependent on its overexpression in carcinomas. Int J Oncol 2007;31:1301-1308.
27 Marzocchella L, Sini V, Buonomo O, Orlandi A, Masuelli L, Bonanno E, Lista F,
Turriziani M, Manzari V, Roselli M, Modesti A, Bei R: Spontaneous
immunogenicity of ribosomal P0 protein in patients with benign and malignant
breast lesions and delay of mammary tumor growth in P0-vaccinated mice. Cancer
Sci 2011;102:509-515.
28 Sun KH, Tang SJ, Lin ML, Wang YS, Sun GH, Liu WT: Monoclonal antibodies
against human ribosomal P proteins penetrate into living cells and cause apoptosis

26

of Jurkat T cells in culture. Rheumatology (Oxford) 2001;40:750-756.
29 Dillman R, Barth N, Selvan S, Beutel L, de Leon C, DePriest C, Peterson C, Nayak
S: Phase I/II trial of autologous tumor cell line-derived vaccines for recurrent or
metastatic sarcomas. Cancer Biother Radiopharm 2004;19:581-588.
30 Tjensvoll K, Nordgård O, Smaaland R: Circulating tumor cells in pancreatic cancer
patients: methods of detection and clinical implications. Int J Cancer 2014;134:1-8.
31 Jones S, Zhang X, Parsons DW, Lin JC, Leary RJ, Angenendt P, Mankoo P, Carter
H, Kamiyama H, Jimeno A, Hong SM, Fu B, Lin MT, Calhoun ES, Kamiyama M,
Walter K, Nikolskaya T, Nikolsky Y, Hartigan J, Smith DR, Hidalgo M, Leach SD,
Klein AP, Jaffee EM, Goggins M, Maitra A, Iacobuzio-Donahue C, Eshleman JR,
Kern SE, Hruban RH, Karchin R, Papadopoulos N, Parmigiani G, Vogelstein B,
Velculescu VE, Kinzler KW: Core signaling pathways in human pancreatic cancers
revealed by global genomic analyses. Science 2008;321:1801-1806.

27

Figure legends
Figure 1. Kaplan-Meier curve stratified by tumor spread.
Figure 2. Serum anti-RPL29 levels in study populations. Closed circles show serum
anti-RPL29 level >cut-off. Open circles show serum anti-RPL29 level ≤cut-off. The
cut-off was represented by the 95th percentile in 62 healthy volunteers. (= 0.53
OD 405nm ).
Figure 3. Kaplan-Meier curve stratified by serum anti-RPL29 level in overall 105
patients with unresectable pancreatic cancer (A), 41 patients with locally advanced
disease (B), and 64 patients with metastatic disease (C).
Figure 4. Kaplan-Meier curve stratified by serum anti-RPL29 level in 75 patients
treated with gemicitabine alone as the first chemotherapy (A), 30 patients with locally
advanced disease (B), and 45 patients with metastatic disease (C).
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Table 1. Patient characteristics.
Parameter
Age at diagnosis (years)
<65
≥65
Gender
Female
Male
Symptoms
Abdominal pain
Back pain
Performance status
0
1
2
Tumor location
Head
Body
Body/tail
Tail
Tumor spread
Locally advanced
Metastatic
Sites of metastases
Lung
Liver
Intra-abdominal
Bone
UICC stage
IIa
IIb
III
IV
Body mass index
<25.0
≥25.0

Number of patients (%)
53 (50)
52 (50)
35 (33)
70 (67)
62 (59)
26 (25)
40 (38)
59 (56)
6 (6)
55 (52)
27 (26)
2 (2)
21 (20)
41 (39)
64 (61)
6 (6)
45 (42)
12 (11)
1 (1)
3 (3)
3 (3)
35 (33)
64 (61)
93 (89)
12 (11)
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White blood cell count (/mm3)
<9000
≥9000
Neutrophil count (/mm3)
<5000
≥5000
Lymphocyte count (/mm3)
<2000
≥2000
Hemoglobin level (g/dl)
<13.0 (male), <11.5 (female)
≥13.0 (male), ≥11.5 (female)
Platelet count (×103/mm3)
<300
≥300
Neutrophil-lymphocyte ratio
<5.0
≥5.0
Platelet-lymphocyte ratio
<150
≥150
Bilirubin (mg/dl)
<2.0
≥2.0
Albumin (g/dl)
<3.5
≥3.5
C-reactive protein (mg/dl)
<1.0
≥1.0
Creatinine (mg/dl)
<0.9
≥0.9
Modified Glasgow prognostic score
0
1

93 (89)
12 (11)
78 (74)
27 (26)
89 (85)
16 (15)
49 (47)
56 (53)
83 (79)
22 (21)
89 (85)
16 (15)
43 (41)
62 (59)
97 (92)
8 (8)
27 (26)
78 (74)
75 (71)
30 (29)
91 (87)
14 (13)
78 (74)
25 (24)

30

2
CA 19-9 (U/ml)
<37 (ULN)
≥37 and <500
≥500

2 (2)
16 (15)
36 (35)
53 (50)

CA19-9, carbohydrate antigen 19-9; UICC, the International Union against Cancer;
ULN, upper limit of normal.
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Table 2. Treatment.
Parameter
Biliary drainage before chemotherapy
Yes
No
Time from diagnosis to chemotherapy
<10days
≥10 days
First-line chemotherapy
Gemcitabine
Gemcitabine + Cisplatin
Gemcitabine + erlotinib
S-1
Second-line chemotherapy
Gemcitabine + S-1
S-1
Radiation therapy
Best overall response
CR
PR
SD
PD
CA 19-9 decrease on day 56
≥50%
<50%
Baseline level <37 U/ml (ULN)
Missing

Number of patients (%)
40 (38)
65 (62)
54 (51)
51 (49)
75 (71)
24 (23)
5 (5)
1 (1)
9 (9)
37 (35)
2 (2)
1 (1)
3 (3)
69 (66)
32 (30)
25 (24)
61 (58)
16 (15)
3 (3)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive
disease; ULN, upper limit of normal.
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Table 3. Serum anti-RPL29 level and clinical characteristics.
Parameter

Age at diagnosis, ≥65 years
Gender, female
Abdominal or back pain
Performance status, 0
Tumor location, head
Tumor spread, metastatic
Body mass index, ≥25.0
White blood cell count, ≥9000/mm3
Neutrophil count, ≥5000/mm3
Lymphocyte count, ≥2000/mm3
Anemia
Platelet count, ≥300×103/mm3
Neutrophil-lymphocyte ratio, ≥5.0
Platelet-lymphocyte ratio, ≥ 150
Bilirubin, ≥2.0 mg/dl
Albumin, <3.5 g/dl
C-reactive protein, ≥1.0 mg/dl
Creatinine, ≥0.9 mg/dl
Modified Glasgow prognostic score, 1+2
CA 19-9, ≥500 U/ml
Biliary drainage before chemotherapy, yes
Time from diagnosis to chemotherapy, ≥10 days
First-line chemotherapy
Gemcitabine alone
Gemcitabine + Cisplatin
Gemcitabine alone or Gemcitabine + Cisplatin
Best overall response, PD
Any chemotherapy
Gemcitabine alone
Gemcitabine + Cisplatin
Gemcitabine alone or Gemcitabine + Cisplatin
CA 19-9 decrease on day 56, ≥50%

Number of patients (%)

P

Anti-RPL29 >cut-off
n = 49

Anti-RPL29 ≤cut-off
n = 56

22 (45)
17 (35)
31 (63)
19 (39)
28 (57)
27 (55)
7 (14)
8 (16)
12 (24)
10 (20)
27 (55)
6 (12)
7 (14)
24 (49)
4 (8)
15 (31)
16 (33)
5 (10)
15 (31)
19 (39)
21 (43)
27 (55)

30 (54)
18 (32)
33 (59)
21 (38)
27 (48)
37 (66)
5 (9)
4 (7)
15 (25)
6 (11)
22 (39)
16 (29)
9 (16)
38 (68)
4 (7)
12 (21)
14 (25)
9 (16)
12 (21)
34 (61)
19 (34)
24 (43)

0.38
0.78
0.65
0.89
0.36
0.25
0.39
0.24
0.79
0.17
0.11
0.040
0.80
0.049
0.84
0.28
0.39
0.38
0.28
0.025
0.35
0.21

29 (59)
19 (39)
48 (98)

46 (82)
5 (9)
51 (91)

0.0094
0.0003
0.13

7 (14)
7/29 (24)
0/19 (0)
7/48 (15)
15/39 (38)

25 (45)
18/46 (39)
2/5 (40)
20/51 (39)
10/47 (21)

0.0007
0.18
0.0040
0.0060
0.081
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The cut-off value of serum anti-RPL29 level is 0.53 OD 405nm . Anti-RPL29, anti-60S
ribosomal protein L29 antibody; CA19-9, carbohydrate antigen 19-9; PD, progressive
disease.
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Table 4. Cox proportional hazard model.
Parameter

Univariate
HR (CI)

Anti-RPL29, >0.53 OD405nm
0.41 (0.26-0.64)
Age at diagnosis (years), ≥65
1.20 (0.79-1.82)
Gender, female
1.27 (0.82-1.97)
Abdominal or back pain
2.07 (1.32-3.24)
Performance status, 0
0.57 (0.37-0.88)
Tumor location, head
0.58 (0.38-0.86)
Tumor spread, metastatic
2.05 (1.35-3.13)
Body mass index, ≥25.0
0.91 (0.48-1.71)
Anemia
0.99 (0.67-1.49)
Neutrophil-lymphocyte ratio, ≥5.0
1.99 (1.14-3.47)
Platelet-lymphocyte ratio, ≥150
1.03 (0.69-1.55)
Bilirubin, ≥2.0 mg/dl
0.57 (0.25-1.30)
C-reactive protein, ≥1.0 mg/dl
1.09 (0.70-1.71)
Creatinine, ≥0.9 mg/dl
0.94 (0.53-1.70)
mGPS, 1+2
1.03 (0.65-1.63)
CA19-9, ≥500 U/ml
1.35 (0.90-2.01)
Biliary drainage
0.93 (0.62-1.39)
Time from diagnosis to chemotherapy, ≥10 days
0.83 (0.55-1.24)
Gemcitabine alone (first-line)
1.12 (0.72-1.72)

Multivariate
P

HR (CI)

P

<0.0001
0.39
0.29
0.0015
0.010
0.0075
0.0008
0.77
0.98
0.016
0.89
0.18
0.69
0.85
0.91
0.15
0.71

0.46 (0.29-0.73)
―
―
1.74 (1.07-2.84)
0.48 (0.30-0.75)
0.87 (0.57-1.34)
2.34 (1.48-3.70)
―
―
1.60 (0.91-2.82)
―
0.52 (0.21-1.25)
―
―
―
0.94 (0.62-1.44)
―

0.0009
―
―
0.027
0.0014
0.53
0.0003
―
―
0.10
―
0.14
―
―
―
0.79
―

0.36
0.62

―
―

―
―

Anti-RPL29, anti-60S ribosomal protein L29 antibody; CA19-9, carbohydrate antigen
19-9; CI, 95% confidence interval; HR, hazard ratio; mGPS, modified Glasgow
prognostic score.

