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Abstract Background: Dendritic cells (DCs) are impor-
tant for an immune surveillance. Myeloid DCs (DC1)
are important for an effective antitumor immune system.
The function and count of circulating DC1 (¢cDCI1) in
hosts with a malignant tumor would be defective. This
study focused on analyzing the immunological features
of cDCI in patients with pancreatic cancer during the
perioperative period. Materials and methods: Thirty-two
pancreatic cancer patients who underwent pancreatec-
tomy and 18 age-matched healthy individuals as con-
trols were enrolled in this study. The perioperative cDC
count, the stimulatory capacity of ¢cDCI1 against allo-
geneic T cells and TGF-f1 level in the serum were
measured. The cDC count was measured at 12 months
after the operation. Results: The preoperative cDCI1/
c¢DC2 ratio, ¢cDCI1 count, and stimulatory capacity of
c¢DC1 were impaired in patients in comparison to con-
trols (P<0.05). The serum TGF-f1 level was sig-
nificantly higher in patients than controls (P <0.001).
The stimulatory capacity of cDC1 recovered after pan-
createctomy (P <0.05). The serum TGF-f1 level sig-
nificantly decreased after the operation (P <0.05);
however, they were still significantly higher than con-
trols (P <0.05). Although the cDC1/cDC2 ratio and the
c¢DCI1 count did not increase after the pancreatectomy,
they recovered as the controls’ level at 12 months after
the pancreatectomy in disease-free patients (P <0.05)
and the serum TGF-f1 level in those patients at
12 months after the operation significantly decreased
compared with those at the postoperative period
(P <0.05). Conclusion: Surgical resection of pancreatic
cancer could be associated with improved c¢cDCI1 func-
tion. When a patient remained disease free, the recovery
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of ¢cDC1 counts was observed approximately 12 months
after pancreatectomy. Further strategy will be needed to
improve immune function in patients with pancreatic
cancer.

Introduction

Pancreatic cancer is a highly aggressive disease with a
poor prognosis and it is widely accepted that surgical
resection provides the only chance for the long-term
survival of patients with pancreatic cancer [1]. In Japan,
pancreatic cancer is the fifth leading cause of death from
cancer in men and the seventh in women, and ~20,000
people die from pancreatic cancer every year [2]. In spite
of improved perioperative management and reduced
operative mortality, there has been little improvement in
the long-term survival of patients with this disease over
the last decade [3].

In general, the immune function of hosts with
malignant tumors is considered defective, which allows
malignant cells to evade the host’s antitumor defenses. It
has also been shown that patients with pancreatic cancer
have dysfunction of the immune system [4]. An ineffi-
cient immune response may contribute to the poor
prognosis of patients with pancreatic cancer. Induction
of an effective antitumor immune response requires the
activation of effector cells by antigen-presenting cells
(APCs) that are responsible for the presentation of tu-
mor-specific antigens.

Dendritic cells (DCs) are the most potent APCs
originating from bone marrow precursors which express
higher MHC and co-stimulatory molecules. DCs play a
central role in the initiation and modulation of immune
system responses. Recently, techniques for isolating
human DCs from peripheral blood have been estab-
lished, and DCs can be divided into two distinct subsets
which  are  functionally = heterogenous:  DCI,
CD11c"DCs (myeloid DC population); and DC2,
CD11¢ DCs (lymphoid DC population) [5, 6]. Both
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subsets express high levels of HLA-DR and lack the
lineage markers CD3, CD14, CD15, CD16 and CD19. It
has been shown that these two DC subsets regulate
immune responses via the polarization of Thl, Th2 or
even Th3/Trl differentiation through the production of
cytokines [7]. DCI1 contribute to an essential part of
protection against cancer through the strong stimulation
of naive T lymphocytes. When tissues are damaged by
malignant transformation, cDCs migrate to these sites.
After capturing antigens there, DCs produce a high
amount of IL-12 as they mature and migrate into the
draining lymph nodes, where they present processed
antigens to T lymphocytes to initiate an immune re-
sponse against the tumor [8].

While cancer cells frequently express antigens that
can be recognized by the immune system, they manage
to evade defence by immunoeffector cells. It has been
suggested that one reason for this is that soluble mole-
cules and cytokines released from tumor cells inhibit the
function of immunoeffector cells, which are considered
to be mainly T lymphocytes [9]. However, since T lym-
phocytes are activated by DCs, functional abnormalities
of DCs may be the predominant reason, and the mal-
function of T lymphocytes may be a secondary reason.

We have recently reported that patients with pan-
creatic cancer were in an immunosuppressive state in
respect to the function and count of ¢cDC1 but that
chemoradiotherapy could improve the impaired cDCl1
function [10]. In this study, we hypothesized that the
function and count of ¢cDCI1 would improve after pan-
createctomy in patients with pancreatic cancer. We
performed immunological monitoring focused on ¢cDCs
in patients with pancreatic cancer during the perioper-
ative period.

Materials and methods
Patients and study design

Eighty-eight patients with pancreatic cancer (50 males
and 38 females) were hospitalized in the department of
surgery of Kansai Medical University from May 2001 to
December 2004. Thirty-two of the 88 patients, who had
undergone pancreatectomy and in whom the tumor had
been histologically confirmed as ductal adenocarcinoma
of the pancreas, were enrolled into this study. None of
the patients had acute biliary tract infection or other
acute inflammation at the time of surgery. Bile duct
decompression was given preoperatively to patients who
had obstructive jaundice due to tumor invasion of the
bile duct.

Eighteen age-matched healthy volunteers with no
history of malignant or severe disease served as controls.
A written informed consent was obtained from each
individual in accordance with the provisions of the
Declaration of Helsinki. This study protocol was ap-
proved by the Institutional Review Board of Kansai
Medical University. Peripheral venous blood was

collected into a heparinized syringe from each patient in
the morning after overnight fasting, a few days before
the operation and before discharge. Each control indi-
vidual also provided a blood sample at a single point
using the same protocol as the patients. The number of
circulating DCI1 (cDCI1), DC2 (¢cDC2), natural killer
(NK) cells and CD4"/CD8" T lymphocytes were
measured in each sample by flow cytometric analysis. As
an assessment of immune function, allogeneic mixed-
leukocyte reaction (MLR) was carried out. NK cell
activity and the proliferative response of T lymphocytes
towards mitogen (PHA) were measured. We also mea-
sured the serum transforming growth factor betal
(TGF-p1) concentration to assess changes in the im-
munoinhibitory cytokine.

Potentially curative pancreatectomy was scheduled in
each patient. Lymph node dissection was performed
extensively beyond the area of the regional nodes
(including the nodes around the common hepatic, celiac
and superior mesenteric arteries, the nodes in the hepa-
toduodenal ligament and the paraaortic nodes [for car-
cinoma of the head], and the nodes around the common
hepatic, celiac, splenic, and superior mesenteric arteries
[for carcinoma of the body or tail]). Dissection of the
right-sided nerve plexus surrounding the superior mes-
enteric artery, celiac artery, and the celiac ganglia was
performed. When macroscopic invasion of the portal
vein or superior mesenteric vein was encountered, the
vein was resected and reconstructed. After pancreatec-
tomy, patients were discharged when the signs of acute
inflammation (high-grade fever and elevated white blood
cells [WBC] and C reactive protein [CRP] levels) disap-
peared and sufficient oral intake was obtained.

Patients underwent abdominal ultrasonography,
contrast enhanced CT or MRI, and blood tests every
3 months to check for local recurrences or distant
metastases. Local recurrence or distant metastasis was
diagnosed after detection of either a mass formation on
the radiological findings or continuously increasing
levels of a tumor marker (carbohydrateantigen 19-9 [CA
19-9], DUPAN-II or carcinoembryonic antigen [CEA]).
“The ¢DC count and the serum TGF-f1 level were
measured at 12 months after pancreatectomy.” Patho-
logical staging was performed in accordance with the
TNM classification of malignant tumors, sixth edition

[11].

Antibodies

The phenotypes of peripheral blood mononuclear cells
(PBMCs) were determined by two- and three-color flow
cytometric analysis using monoclonal antibodies (mAbs)
that were directly conjugated to fluorescein isothiocya-
nate (FITC), R-phycoerythrin (PE), or PE cyanin 5.1
(PE-Cy5).

Cells were stained with the following mAbs: PE-Cy5-
conjugated anti-HLA-DR, a mixture of FITC-conju-
gated anti-CD3, CD14, CDI15, CDI16, CD19 so-called



* lineage cocktail (Lin)” and PE-conjugated anti-CD11c
mAbs for DCs; PE-Cy5-conjugated anti-CD3, FITC-
conjugated anti-CD4 and PE-conjugated anti-CDS for T
lymphocytes; PE-conjugated anti-CD14 and FITC-con-
jugated anti-CD56 for NK cells.

Flow cytometric analysis

PBMCs were prepared by Lymphoprep (Nycomed
Pharma, Oslo, Norway) gradient centrifugation of hep-
arinized peripheral blood and then washed in PBS sup-
plemented with 1% fetal bovine serum and 0.1% NaNG.
Cells were incubated for 30 min at 4°C with the mAbs
and were analyzed using a FACScan® (Becton Dickin-
son, Sunnyvale, CA). At least 100,000 events were
counted for each mononuclear fraction by FACScan.
Each cell population determined by flow cytometry is
shown in Fig. 1. Region RI1 includes lymphocytes and
monocytes but excludes debris. DCs were detected in
region R2 as the population of Lin"/HLA-DR " cells.
Two subsets of DCs were identified within the Lin™/

Fig. 1 Flow cytometric 4 5

71

HLA-DR " population, which were based on differential
expression of CD11c: DC1 (CD11c™ population; region
R3) and DC2 (CDllc™ population; region R4). The
absolute number (per ml) in each subset of cDCs was
calculated by multiplying the percentage of each region
of the ¢cDCs by the PBMC count. The number of NK
cells (CD147/CD56" population; region R5), CD4 ™"/
CD3 " T lymphocytes (region R6), and CD8 " /CD3" T
lymphocytes (region R7) were calculated in the same
manner.

Isolation of circulating DCs from peripheral blood

The cDCs from peripheral blood were enriched
according to a method described previously [5]. Briefly,
PBMCs were incubated with anti-CD3 and anti-CD14
mAbs for 30 min on ice. Cells that were bound to these
mAbs were removed using sheep antimouse Ig-coated
magnetic beads (M-450; Dynal, Oslo, Norway). The
CD37/CD14™ cells were further incubated with CD4-
conjugated microbeads (Miltenyi Biotec., Bergisch
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Gladbach, Germany). The CD4" cells were then en-
riched by passing them through a Mini MACS® mag-
netic separation column (Miltenyi Biotec.). By using this
protocol, the percentage of ¢cDCs (originally <1% of
total PBMCs) was increased by 20-50%, which was
dependent on the individual. The resultant DC-enriched
population (CD4"/CD37/CD14~ cells) was stained
with PE-conjugated anti-CD11c mAb, FITC-conjugated
lineage cocktail, and PE-Cy5-conjugated anti-HLA-DR
mADb. The stained cells were analyzed and sorted using
an EPICS ELITE® flow cytometer (Coulter, Hialeah,
FL). Consequently, two purified and phenotypically
distinct fractions of cDC1 and ¢cDC2 were collected and
used in the experiments.

Allogeneic mixed-leukocyte reaction (MLR) of circu-
lating DC1

The cDCl, isolated from peripheral blood, were exam-
ined for their stimulating capacity against allogeneic T
lymphocytes in a standard MLR [12]. cDCI1 were irra-
diated at 15 Gy (Gamma Cell, Nordion, Ontario, Can-
ada). Graded doses of ¢cDC1 were co-cultured with
2x10° allogeneic T lymphocytes (collected by magnetic
beads as CD3 ™ cells) in 200 pl of culture medium in 96-
well culture plates for 4 days. “The following culture
medium was used throughout the experiments: RPMI
1640 supplemented with 2 mM L-glutamine, 100 U/ml
penicillin, 100 pg/ml streptomycin, 50 uM 2-mercapto-
ethanol (2-ME; Sigma, St Louis, MO), and heat-inacti-
vated 10% fetal bovine serum.” GM-CSF was added to
the culture medium for the maintenance of cDC1. The
cells were pulsed with 1 uCi of [*H]-thymidine during
the last 16 h of the culture period. The cells were har-
vested onto glass fiber filter papers using an automated
harvester. Cell-bound radioactivity was counted in a li-
quid scintillation counter. The allostimulatory capacity
was calculated by dividing the counts per minute
(c.p.m.) of patients or controls by the c.p.m. of healthy
third party volunteers.

Natural killer (NK) cell activity

Natural killer cell activity was measured using the
standard 4 h °'Cr-release assay. Each 100 pl of PBMCs
(effector) and K562 cells (target) were combined at an
effector-to-target (E:T) ratio of 50:1 in 96-well microtiter
plates. Maximum release was determined by the addi-
tion of detergent to K562 cells. Spontaneous release was
measured by culturing K562 cells without PBMCs. After
4 h incubation at 37°C in air with 5% CO,, supernatants
were harvested and radioactivity was assessed using a
gamma counter (Aloka, Japan). All assays were per-
formed in triplicate and the value was calculated as the
mean of triplicate cultures. The percentage cytotoxicity
was determined as follows: (experimental c.p.m. —
spontaneous c.p.m.)/(maximum c.p.m. — spontaneous

c.p.m.) x 100. The values of spontaneous release were
less than 10% of the maximum release in all experi-
ments. Since the amount of samples was limited, only an
E/T ratio of 50:1 was used in this experiment.

Proliferative response of T lymphocytes towards mito-
gen (PHA)

The in vitro proliferative capacity of lymphocytes to-
wards mitogen (phytohemagglutinin) was quantified
using standardized assay formats (BAG, Germany). T
lymphocytes were incubated with 1 uCi of *H-thymidine
during the last 6.5 h of the culture period. Cell-bound
radioactivity was counted in a liquid scintillation coun-
ter. Results are presented as the mean c.p.m. of triplicate
cultures.

Serum concentration of TGF-f1

TGF-p1 is one of the cytokines that inhibits the upreg-
ulation of critical T lymphocytes, co-stimulatory mole-
cules on the surface of DCs and antigen-presenting
capacity of DCs [13, 14]. TGF-p1 levels in serum were
measured by ELISA using a commercial kit (BioSource
International, Inc., Camarillo, CA) according to the
manufacturer’s instructions.

Statistical analysis

The data were expressed as median and range. Mann—
Whitney U test and Wilcoxon signed-rank test were used
for the statistical analyses with the Stat View statistical
program (Abacus Concepts, Berkeley, CA). The differ-
ences were considered significant when tied P values
were less than 0.05.

Results
Patients’ characteristics

The clinical characteristics of patients with pancreatic
cancer and the control group are summarized in Ta-
bles 1 and 2. There were not any significant differences
in age or gender between the two groups. Serum albumin
and hemoglobin levels in patients were significantly
lower than in controls (P <0.05) (Table 1). Pancreato-
duodenectomy (PD) was performed in 19 patients, 4
underwent pylorus preserving pancreatoduodenectomy
(PpPD), 8 underwent distal pancreatectomy (DP), and 1
underwent total pancreatectomy (TP). The median
postoperative hospitalization term was 45 days (range
17-93). Most tumors developed in the pancreatic head
(n=23) with up to T3 tumor status (n=30) and lymph
node metastases (n=22). Eight patients had no residual
tumor (RO0), 19 had microscopic residual tumors (R1),
and 5 had macroscopic residual tumors (R2) after



Table 1 Clinical characteristics of pancreatic cancer patients and controls
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Controls (n=18) Patients (n=32) P value
Gender Male:female 10:8 17:15 0.869
Age Years 63 (45-77) 64 (47-83) 0.867
WBC (x10%/ml) 5.0 (3.6-6.8) 5.5 (2.4-1.5) 0.770
Hb (g/dl) 13.0 (11.2-15.3) 11.0 (8.5-14.6) 0.008
Cr (mg/dl) 0.7 (0.3-1.0) 0.6 (0.3-1.0) 0.238
Alb (g/dl) 4.3 (3.8-5.0) 3.8 (2.34.5) 0.003
AST aun 19 (16-34) 25 (15-87) 0.197
ALT Ty 20 (8-31) 28 (13-237) 0.183.
T.Bil (mg/dl) 0.5 (0.2-0.8) 0.6 (0.3-2.8) 0.092
Amy aum 93 (53-176) 59 (8-399) 0.006
CRP (mg/dl) 0.1 (0.0-0.6) 0.2 (0.0-2.8) 0.112

The data are expressed as median and range

WBC, white blood cells; Hb, hemoglobin; Cr, creatinine; 7P, total
protein; Alb albumin; AST aspirate transaminase; AL7, alanine
transaminase; 7.Bil total bilirubin; Amy, amylase; CRP, C reactive
protein

pancreatectomy. Twenty patients had a clinical diagno-
sis of Stage 2b. None of the patients in this study died
whilst in hospital. Each patient was followed up in the
out-patient clinic. At least 12 months passed after pan-
createctomy in 26 patients. Twelve of the 26 patients did

Table 2 Clinicopathological characteristics of patients with pan-
creatic cancer included in the study

Characteristics Patients Operation Bleeding
(n=32) time (min) (ml)

Type of surgery®

PD (PpPD) 19 (4) 590 (430-815) 1180 (400-7250)
DP 8 375 (265-490) 1095 (506—1540)
TP 1 900 5030
Tumor site in pancreas

Head 23

Body or tail 9

Tumor status

T1 2

T2 0

T3 25

T4 5

Nodal status

No 10

N1 22

Residual tumor®

RO 8

R1 19

R2 5

Tumor differentiation

Well 5

Moderate 21

Poor 2

Other 4

Stage (pTNM)®

la

2a 6

2b 20

3 4

“Type of surgery: (Pp)PD, (pylorus-preserving) pancreatoduo-
denectomy; DP, distal pancreatectomy; TP total pancreatec-
tombeesidual tumor: RO, no residual tumor; R/ microscopic
residual tumor; R2 macroscopic residual tumor®Pathological stag-
ing was based on the TNM classification of malignant tumors, sixth
edition

Statistical significance was determined using the Mann—Whitney U
test

not develop any obvious recurrence or metastasis over
12 months after pancreatectomy. In contrast, 14 patients
relapsed within 12 months after the operation (6 liver
metastases, 7 local recurrences, and 1 paraaorta lymph
node metastasis). Six of the fourteen patients died from
the relapsed disease within 12 months after pancreatec-
tomy. Twenty patients remained alive over 12 months
after the operation.

Comparisons of immunological parameters between
pancreatic cancer patients before pancreatectomy
and controls

As shown in Table 3, the ¢cDCI count in pancreatic
cancer patients was significantly lower than in the con-
trols (P=0.010). The cDC1/cDC2 ratio in pancreatic
cancer patients was also significantly lower than in the
controls (P <0.001). However, there was no significant
difference between pancreatic cancer patients and con-
trols in the PBMC, total cDC or ¢cDC2 count. In addi-
tion, there were no significant differences in other
immunological parameters (Table 3). The stimulatory
capacity of cDC1 from patients with pancreatic cancer
was significantly impaired compared to that of controls
(patients: 0.43 (0.11-1.00), controls: 1.25 (0.50-2.66);
P=0.005; Fig. 2a). As shown in Fig. 2b, the serum
levels of TGF-f1 in patients were significantly higher
than in the controls (patients: 59 ng/ml (47-80), con-
trols: 42 ng/ml (23-46); P <0.001).

Comparison of immune parameters in pancreatic
cancer patients during the perioperative period

The stimulatory capacity of ¢cDCIl was significantly
greater in patients postoperatively than preoperatively
(preoperative; 0.43(0.11-1.00), postoperative; 1.00
(0.47-1.90); P=0.008; Fig. 3a). In addition, the serum
levels of TGF-f1 in patients were significantly decreased
after pancreatectomy (preoperative: 59 ng/ml (47-80),
postoperative: 51 ng/ml (9-65); P=0.017; Fig. 3b), al-
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Table 3 The counts of peripheral blood mononuclear fractions, NK cell activity, and T lymphocytes proliferation in controls and

pancreatic cancer patients

Controls Patients

Preoperative Postoperative
PBMCs (x10%/ml) 2.6 (1.3-4.8) 2.2 (0.9-4.9) 2.4 (1.3-4.9)
cDClI (x10°/ml) 8.6 (3.2-26.9) 5.4 (1.2-21.5)* 5.9 (0.9-18.9)
cDC2 (x10°/ml) 3.6 (1.7-8.2) 4.6 (1.6-16.2) 4.0 (1.9-29.4)
Total ¢cDCs (x10*/ml) 14.7 (5.6-33.6) 10.4 (3.4-32.0) 9.3 (4.3-48.3)
cDCl1/cDC2 (Ratio) 2.7 (1.0-5.0) 1.1 (0.2-5.3)** 1.3 (0.2-3.8)
NK cells (x10°/ml) 1.8 (0.9-4.2) 2.2 (0.5-6.5) 3.4 (0.8-11.7)
CD4™" T lymphocytes (x10°/ml) 7.6 (1.3-22.0) 5.0 (0.4-12.0) 4.4 (1.3-10.9)
CDS8" T lymphocytes (x10°/ml) 2.3 (0.2-7.0) 2.0 (0.6-4.5) 1.7 (0.4-13.1)
CD4" /CD8* (Ratio) 3.0 (0.8-9.7) 2.3 (0.4-6.0) 2.1 (0.5-12.7)
NK cell activity (%) 29.3 (5.4-58.2) 26.0 (7.2-78.0) 27.7 (11.4-45.7)
PHA (x10* c.p.m.) 4.8 (3.5-6.3) 4.6 (3.9-6.0) 4.8 (2.8-6.3)

The data are expressed as median and range

PBM(Cs, peripheral blood mononuclear cells; DCs, dendritic cells;
NK cells, natural killer cells; PHA, Proliferative response of T
lymphocytes towards mitogen

though they were still significantly higher than controls
(P=0.034). There were no significant changes in NK cell
activity or PHA levels during the perioperative period
(Table 3). There were also no significant changes in the
count of each fraction of PBMC, CD4" /CDS8 " ratio or
cDC1/cDC2 ratio during the perioperative period
(Table 3).

Changes in the cDC count and serum TGF-f1
concentration during the postoperative
follow-up period

Flow cytometric assay and the serum TGF-f1 level at
12 months after pancreatectomy were performed in 20
patients (12 disease-free patients and 8 relapsed pa-
tients). As shown in Fig. 4a and ¢, the cDCI1 count and

Statistical significance was determined using the Mann—Whitney U
test and the Wilcoxon signed-rank test. *P=0.01, **P<0.001
versus controls

cDC1/cDC2 ratio in disease-free patients were signifi-
cantly increased at 12 months after pancreatectomy
compared to those at the postoperative period, and
reached control levels (cDC1 counts: postoperative,
5.9x10°/ml (0.9-18.9); 12 months later, 10.0x10°/ml
(4.7-27.0); P=0.003), (cDC1/cDC2 ratio: postoperative,
1.3 (0.2-3.8); 12 months later, 2.2 (0.8-5.9); P=0.028).
However, they remained stable in those patients with
recurrence or metastasis (cDCI1 counts: postoperative,
5.1x10°/ml (1.8-12.9); 12 months later, 6.0x10*/ml (2.7—
9.1); P=0.889), (cDC1/cDC2 ratio: postoperative, 1.1
(0.6-2.4); 12 months later, 1.2 (0.5-2.2); P=0.834). The
c¢DCI1 count as well as cDC1/cDC2 ratio in disease-free
patients was significantly higher than those in relapsed
patients at 12 months after the pancreatectomy
(cDClcount: P=0.005, cDCl1/cDC2 ratio: P=0.012)
(Fig. 4a, c¢). The cDC2 count appeared stable regardless

P=0.,005 P <0001
a b |
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Fig. 2 Comparison of stimulatory capacity from cDCI1, and serum levels of TGF-f1 between controls and pancreatic cancer patients
before operation. a The stimulatory capacity of ¢cDC1 in patients with pancreatic cancer was significantly lower than that of controls
(P=0.005). b Serum TGF-f1 levels of pancreatic cancer patients were significantly higher than controls (P<0.001). The data are
expressed as the median (interquartile interval). Statistical significance was determined using the Mann—Whitney U test
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significantly increased after pancreatectomy (P=0.008). b The significant decrease in serum levels of TGF-f1 in cancer patients was
observed during the postoperative period compared with the preoperative period (P=0.017). The data are expressed as the median
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of recurrent or metastatic status (Fig. 4b). The ¢cDC2
count did not change durin% the 12-month follow-up
period (postoperative, 4.1x10°/ml (1.9-29.4); 12 months
later, 4.5><103/m1 (1.7-13.7); P=0.814). In addition, a
further decrease in the serum TGF-f1 level was observed
in patients that were disease free after 12 months (n=10;
postoperative: 50 ng/ml (35-65), 12 months later: 40 ng/
ml (19-56); P=0.013) to reach control levels (Fig. 4d).
Conversely, the counts of ¢cDC1 and ¢cDC2, the cDC1/
c¢DC2 ratio, and also the serum TGF-f1 levels in pa-
tients with recurrence or metastasis did not change with
any statistical significance during the postoperative
period (Fig. 4a—d). We did not see either any significant
change in the counts of NK cells, CD4" or CDS8" T
lymphocytes during the follow-up period after pancre-
atectomy, regardless of the recurrent or metastatic status
(data not shown).

Discussion

In the present study, we investigated the numerical and
functional changes in ¢cDCs during the perioperative
period in patients with pancreatic cancer. The stimula-
tory capacity of ¢cDCI in patients with pancreatic cancer
was significantly decreased compared to that in controls.
The ¢cDCI1 count and ¢cDC1/cDC2 ratio were also sig-
nificantly lower in patients than controls. Although the
cDC1 count and cDC1/cDC2 ratio did not change
during the perioperative period, the stimulatory capacity
of c¢cDC1 clearly improved after pancreatectomy for
pancreatic cancer. Interestingly, in patients who re-
mained disease free at postoperative 12 months, the

c¢DCI1 count and c¢DC1/cDC2 ratio were significantly
increased and their serum TGF-f1 level was significantly
decreased than the perioperative values, reaching con-
trol levels.

Pancreatic cancer is one of the most aggressive
malignancies and it has been reported that patients with
pancreatic cancer have defective immune function [4, 15,
16]. An ineffective immune response may contribute to
the poor prognosis of patients with pancreatic cancer. It
has been suggested that, in patients with malignant tu-
mors, soluble molecules and cytokines such as TGF-f1
and vascular endothelial growth factor (VEGF) released
from cancer cells inhibit the function of immunoeffector
cells, which have been considered to be mainly T lym-
phocytes [9, 17]. Since T lymphocytes are activated by
DCs, functional abnormalities of DCs may be the pre-
dominant reason for immune dysfunction, and the
malfunction of T lymphocytes may be a secondary rea-
son. Defective function of DCI1 could impair in vitro
tumor antigen presentation to T lymphocytes [18]. As
one mature DC stimulates 300-1,000 T lymphocytes, a
reduction in the DCI1 count could lead to defective tu-
mor antigen presentation in vivo resulting in the de-
clined function of DC1 and might be associated with an
impaired immune response. There are some reports that
the count and/or function of DCs from peripheral blood
and/or sentinel lymph nodes were defective in patients
with malignant tumors compared with healthy individ-
uals [15, 19-23]. It has been also suggested that cancer
cells prevent the differentiation of stem cells into DCs
[24], induce apoptosis of DCs [25, 26], and also decrease
the number of circulating or intratumoral DCs during
tumor progression [20, 27]. In our patients, the cDCl1
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Fig. 4 Normalized cDCI1 count, cDC1/cDC2 ratio and Serum TGF- f1 level at 12 months after pancreatectomy in disease-free patients.
These figures are expressed as the changes in parameters between the time of discharge and 12 months after pancreatectomy. a The cDC1
count in patients who remained disease free after 12 months significantly increased at 12 months after pancreatectomy compared to that
of the postoperative period (P=0.001), however, that in patients with recurrence or metastasis did not increase. The ¢cDCI count in
disease-free patient at 12 months after pancreatectomy was significantly higher than that in relapsed patients. (P =0.005). b The cDC2
count remained stable during the monitored period, regardless of the disease status (P=10.824). ¢ The cDC1/cDC2 ratio in patients who
remained disease free after 12 months significantly increased at 12 months after pancreatectomy compared to that of the postoperative
period (P=0.011), however that in patients with recurrence or metastasis did not increase.  The cDC1/cDC2 ratio in disease-free patient
at 12 months after pancreatectomy was significantly higher than that in relapsed patients. (P=0.019). d The serum levels of TGF- f1 in
patients who remained disease free after 12 months significantly decreased at 12 months after pancreatectomy compared to those of the
postoperative period (P=0.013), whereas those in patient with recurrence slightly increased at 12 months after pancreatectomy. Disease-
free patients: closed circles, Relapsed patients: Open circles. Symbols represent the median. *P<0.01, ** P<0.03 compared to
postoperative period in disease-free patients. T P<0.01, I P<0.03 versus relapsed patients. Statistical significance was determined using

the Wilcoxon signed-rank test and the Mann—Whitney U test

count was likely to be more defective as the stage
worsened, although statistical significances were not
observed (data not shown). Patients enrolled into this
study might have had relatively severe defective immune
function because most of them had highly advanced
disease such as T3 or T4 tumor status (30 of 32 patients,
94%) and positive nodal involvement (22 of 32 patients,
69%). Taking these factors into consideration, the
immunosuppressive status and tumor toxicity of ad-
vanced cancers may cause exhaustion of DC stores. It
has been reported that the count and/or function of
cDCs recovered several weeks after surgical resection of
cancer [19, 21]. In this study, the functional improve-
ment of cDC1 was observed after pancreatectomy and
the numerical recovery of ¢cDC1 and DCI1/2 was ob-
served in pancreatic cancer patients who remained dis-
ease free at 12 months after pancreatectomy. These
results suggest that patients with pancreatic cancer did

not have sufficient ability to induce effective antitumor
immune responses, but pancreatectomy for pancreatic
cancer could improve the function of cDCI. In our
previous report, the cDC2 count was significantly higher
in pancreatic cancer patients than controls [10], although
there was no statistical significance in the cDC2 count
between the patients and controls in this study. Vakkila
[28] reported that the prognosis of the children with
cancer who had higher level of cDC2 was significantly
worse than those who had lower level of cDC2. We
examined MLR from freshly isolated cDC2 as well as
cDCI from both pancreatic cancer patients and healthy
individuals, and we demonstrated that cDC2 failed to
stimulate allogeneic T lymphocytes (data not shown). A
few earlier reports also suggest that cDC2 freshly iso-
lated from normal human blood did not induce the
proliferation in allogeneic T lymphocytes [29, 30]. Thus,
DC2 that fail to induce the proliferation can promote



the hyporesponsiveness of antigen-specific T lympho-
cytes and the generation of T regulatory lymphocytes
[31-33]. In this study, pancreatic cancer patients had
significantly lower ¢cDC1 count and relatively higher
c¢DC2 count compared to controls. As a result, cDC1/
c¢DC2 ratio would be a marked gap between patients and
controls. In addition, Mazariegos [34] reported that
patients who have successfully withdrawn from immu-
nosuppression after liver transplantation had signifi-
cantly lower DC1/DC2 ratio compared to those who
have failed to withdraw from immunosuppression and
kept on maintenance immunosuppression. The results
give a suggestion that the lower ¢cDC1/cDC2 ratio is
associated with the immunosuppression of a host. From
the immunological significance of DC1 and DC2, the
lower ¢cDC1 and higher ¢cDC2 count in our study can
inevitably be of lower cDC1/cDC2 ratio and there ap-
pears to be a significant relationship between immuno-
suppression and the cDC/cDC?2 ratio.

NK cells and T lymphocytes would also participate in
the antitumor immune system. We also examined the
proliferative response of T cells towards mitogen (PHA)
and NK cell activity as common examinations to assess
the function of T lymphocytes and NK cells. Impaired
NK activity or PHA was observed in patients with lung,
esophageal, head and neck or breast cancer [35-37].
However, there were no significant differences in the
count of NK cells or CD4/CD8 T lymphocytes, NK cell
activity or PHA between pancreatic cancer patients and
controls. The counts of NK cells and CD4/CD8 T
lymphocytes were also stable during the monitoring
period, regardless of the recurrent status of patients.
Although more profound investigation would be re-
quired to evaluate the immunological significance of NK
cells or T lymphocytes, at least the count of NK cells or
CD4/CDS8 T lymphocytes might not be so useful com-
pared to cDC1 count or ¢cDC1/cDC2 ratio to prospect
the immunological condition after the resection of
pancreatic cancer.

Although there were significant decreases in hemo-
globin and serum albumin levels in patients compared to
controls, there were no differences in the count or
function of PBMCs or other effector cells. It is unlikely
that the decreased hemoglobin or albumin was the rea-
son for the decreased cDCI1 count because DCs were
obtained from PBMCs.

We also measured the serum levels of TGF-f1 during
the perioperative period. TGF-f$1 is a multifunctional
and pleiotropic cytokine. Immunosuppression is one of
the major biological effects of TGF-f1, and it has the
ability to inhibit generations of cytotoxic T lymphocytes.
It has been reported that tumor cells could be an
important source of TGF-$1 [38-40] and that immu-
nosuppression in cancer patients was associated with
enhanced TGF-f1 production [41]. Furthermore, it has
been reported that TGF-f1 suppressed the antigen pre-
sentation and maturation of DCs [13, 14, 42]. The serum
levels of TGF-f1 in patients with pancreatic cancer were
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significantly elevated compared to controls and signifi-
cantly decreased after pancreatectomy. In the disecase-
free patients, further decreases in serum TGF-f1 levels
were observed at 12 months after pancreatectomy.
These results suggested that the alterations in TGF-f1
levels were reversed by surgical resection of the tumor
and might be associated with recovery of cDC1 count
and function.

In conclusion, surgical resection of pancreatic cancer
could be associated with improved ¢cDCI function. The
c¢DC1 count and ¢cDC1/cDC2 ratio normalized approx-
imately 12 months after pancreatectomy when patients
did not develop any obvious local recurrence or distant
metastasis. Since we are able to evaluate the cDC1 count
and ¢cDC1/cDC2 ratio using a simple method by flow
cytometry, the immunological monitoring of cDCs may
be a useful practice in the therapeutic strategy of pan-
creatic cancer. A more profound study of immunologi-
cal dynamics, principally on the DCs that surround
pancreatic cancer, may lead to immunological thera-
peutic approaches for improving immune function and
clinical outcome.
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