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Pancreatic cancer is an aggressive cancer with poor prognosis.
Little is known about the immune response in the tumor micro-
environment after chemotherapy for initially unresectable tumor.
The purpose of this study was to investigate the immunological
effects of chemoradiation therapy in the tumor microenviron-
ment of pancreatic adenocarcinoma. Seventeen patients with
pancreatic adenocarcinoma with and without preoperative
chemoradiation therapy were retrospectively analyzed using
immunohistochemical methods for HLA class I heavy chain, CD4+,
CD8+, CD45RO+ and Foxp3+ T cell infiltrations. Seven of the 17
study patients received preoperative chemoradiation therapy.
There were no statistically significant differences in the number
of CD4+ and CD8+ T cell infiltrations in the tumor microenviron-
ment. However, the number of Foxp3+ T cell infiltrations was
significantly lower in the neoadjuvant chemoradiation therapy
group. The HLA class I expression status was the same between
the two groups. In conclusion, preoperative chemoradiation
therapy in pancreatic adenocarcinoma is useful for reducing regu-
latory T cell levels in combination with its direct cytotoxic effects.
(Cancer Sci 2013; 104: 531–535)

P ancreatic carcinoma is a malignant disease with poor prog-
nosis. It is the fourth leading cause of death worldwide.(1)

Surgery is the only curative treatment for localized pancreatic
carcinoma;(2,3) however, clinical symptoms do not appear until
the disease is in the advanced stage. Therefore, two-thirds of
all patients with pancreatic carcinoma have unresectable
disease.(4)

Recently, some new anti-cancer agents have been developed
that are effective against pancreatic cancer. Administration of
intensive neoadjuvant chemoradiation therapy with these drugs
has sometimes enabled initially unresectable tumors (which
were metastatic or abutted major arterial vessels) to become
operable. We have been performing extensive surgery for
patients with initially unresectable pancreatic disease; these
patients have had good prognosis compared with the patients
who underwent up-front surgery first, before chemoradiation
therapy.(5)

It has been confirmed that some anti-cancer agents and irra-
diation have immunomodulatory effects in addition to their
own cytotoxic effects.(6,7) The basic mechanisms underlying
these immunomodulatory effects are mainly an increase in
tumor antigenicity and control of regulatory T cells (Treg),
myeloid-derived suppressor cells (MDSC) and tumor associ-
ated macrophages (TAM).(8–10) However, the immunomodula-
tory effects of chemoradiation therapy vary between types of
cancer, and also sometimes depend on the host immune
responses.
The aim of the present study was to investigate the immun-

ological effects of chemoradiation therapy in the tumor

microenvironment of pancreatic adenocarcinoma. We com-
pared surgical specimens between the patients who underwent
surgery before receiving chemoradiation therapy and those
who received neoadjuvant chemoradiation therapy.

Materials and Methods

Patients. This study reviewed 17 patients with pancreatic
carcinoma who underwent radical pancreatectomy with cura-
tive intent in the Hokkaido University Hospital Department of
Gastroenterological Surgery II between 2006 and 2010.
Of the 17 patients who were reviewed, seven patients were

pretreated by chemoradiation therapy for reasons of unresecta-
bility due to suspected invasion of major vessels or distant
metastasis; the pretreatment was followed by adjuvant surgery
(Adjuvant Surgery group: AS). The other 10 patients under-
went surgery first without neoadjuvant treatment (Surgery First
group: SF). The clinical typing of tumors was determined
according to the TNM classification system of the International
Union Against Cancer (UICC).(11) The effects of chemoradia-
tion therapy were clinically evaluated using the Response
Evaluation Criteria In Solid Tumors (RECIST) version 1.1.(12)

Histologic tumor response to chemoradiation therapy was
assessed and graded according to an established score:(13)

tumor destruction up to 10%, grade 1; 10–50%, grade 2a;
50–90%, grade 2b; >90%, grade 3; and complete response,
grade 4. All specimens were fixed in 10% formalin and
embedded in paraffin wax. The thickest part of each tumor
was selected for evaluation. Serial 4-lm-thick sections were
obtained and examined by immunohistochemistry. Informed
consent for immunohistochemical staining was obtained in
accordance with the guidelines of the Hokkaido University
Institutional Review Board authorization for this study.

Monoclonal antibodies. The mouse monoclonal primary anti-
body used was EMR8-5, which recognizes the heavy chains of
HLA-A, HLA-B, and HLA-C (clone EMR8-5; Hokudo, Sapp-
oro, Japan) at a 1:1000 dilution in PBS; human CD4-specific
mAb and human CD8-specific mAb (Histofine CD4 mouse
IgG1 mAb and CD8, mouse IgG1j mAb; Nichirei, Tokyo,
Japan) at a 1:500 dilution in PBS; anti-CD45RO antibody
(UCH-L1; Abcam, Cambridge, UK) at a 1:1000 dilution; and
mouse anti-human Foxp3 antibody (clone 246A ⁄E7; Abcam) at
a 1:40 dilution in antibody diluent (DakoCytomation, Glostrup,
Denmark) to recognize Treg.

Immunohistochemical staining. Immunohistochemical reac-
tions were carried out using the streptavidin-biotin-peroxidase
method. As positive controls, normal adenoid tissue was used
for CD4, CD8, CD45RO and Treg. Normal mucosal tissues
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were used for HLA class I heavy chains as internal positive
controls. Sections were deparaffinized in xylene, washed in
PBS (pH 7.4), and rehydrated in a graded series of ethanol
solutions. Endogenous peroxidase activity was blocked by a
10-min incubation with 3% hydrogen peroxide in methanol.
After washing in PBS, specimens were saturated with 10%
normal goat serum (Histofine SAB-PO kit; Nichirei) for 5 min
and then incubated at room temperature for 30 min with
primary antibody.
In terms of antigen retrieval for all of the primary Abs, sec-

tions were floated on 1 mM EDTA buffer (pH 9.0) in a plastic
container and then heated in a domestic pressure cooker for
3 min after reaching the maximum pressure. After washing in
PBS, a biotinylated goat anti-mouse immunoglobulin antibody
(Histofine SAB-PO kit; Nichirei) was applied for 60 min at
room temperature. Immunohistochemical reactions were
visualized with freshly prepared 3,3′-diaminobenzidine tetrahy-
drochloride (Histofine SAB-PO kit; Nichirei). Slides were
counterstained with hematoxylin and mounted on coverslips.

Scoring of CD4+ T cells, CD8+ T cells, CD45RO and Treg infiltra-
tion. Immunohistochemistry testing and the evaluation of
immune cells were performed according to a previous report.(14)

Briefly, the degree of immune cell infiltration was analyzed in
more than 10 independent high-power (9200) microscopic fields
for each tissue sample. The five areas of most abundant distribu-
tion were selected. The numbers of CD4+ T cells, CD8+ T cells,
and Treg cells were counted including mesenchymal stromal
cells and the cancer nest. All the specimens were evaluated by
two investigators blinded to the patients’ clinical information
under the instruction of a pathologist.

Scoring of HLA class I expression status. HLA class I heavy
chain expression by tumor cells was scored using a scale of
negative, heterogeneous, or positive, when the percentage of
stained tumor cells was <25%, 25–75%, or >75%, respec-
tively.

Statistical analysis. The v2 test was used to assess the signifi-
cance of the association of preoperative chemotherapy with
clinicopathological parameters. The degree of T lymphocyte
infiltration of CD4, CD8, CD45RO, Treg and the HLA class I
expression pattern between the AS group and SF group were
analyzed by the Mann–Whitney U-test. In all tests, statistical
significance was set at P < 0.05. All analyses were performed
using statistical software (StatView, version 5.0; SAS Institute,
Cary, NC, USA). Differences in survival times between patient
subgroups were analyzed using the log-rank statistic test.
Survival probabilities were calculated using the Kaplan–Meier
method.

Results

Clinicopathological features of enrolled patients. The charac-
teristics of the 17 patients evaluated in this study are summa-
rized in Table 1. There were no statistically significant
differences in terms of the background characteristics between
the AS group and SF group.
In the AS group, gemcitabine-based chemotherapy was

administered to all seven patients with varying intensity
(800–1000 mg ⁄body). Other combined agents included 5-fluo-
rouracil (FU) in arterial infusion for two patients and tegafur,
gimeracil, oteracil, potassium (TS-1) oral intake for four
patients. One patient received radiation before surgery at the
level of 45 Gy. The median treatment time before surgery was
11 months, ranging from 5 to 42 months. All of the chemo-
therapeutic treatment was withdrawn at least 4 weeks before
surgery in principle.
In terms of the efficacy of the neoadjuvant chemoradiation

therapy, four patients attained partial response and three
patients showed stable disease clinically, based on the RECIST

criteria. Pathological assessment showed Grade 1 in five
patients, and Grade 2a and 2b in one patient, respectively. No
statistically significant differences were observed between the
two groups in terms of preoperative white blood cell count.
However, the lymphocyte count in the peripheral blood was
significantly more decreased in the AS group (Table 1).
In terms of preoperative clinical stage and overall survival,

there were statistically no significant differences between the
two groups.

Immunohistochemistry for immune-related cells. CD4+ T cells,
CD8+ T cells, CD45RO+ T cells and Foxp3+ Treg cells were
detected within cancer cell nests or the stroma in contact with
cancer cells. Representative photomicrographs of immunohisto-
chemical staining of CD4, CD8, CD45RO and Treg are shown
in Figure 1(a–d). The HLA class I expression pattern was clas-
sified into three groups; <25%, 25–75%, >75% (Fig. 2).

Degree of immune cell infiltration in the tumor microenviron-
ment. We analyzed the infiltration status of CD4, CD8,
CD45RO, Treg (Fig. 3a–d), and the expression pattern of HLA
class I (Table 2) between the AS and SF groups. The number
of CD4+ T cells and CD8+ T cells were statistically equal
between these two groups.
The number of Treg, and also the Treg ⁄CD4 ratio, was sig-

nificantly higher in the SF group than the AS group
(P < 0.0001). The number of CD45RO+ T cells was
significantly lower in the AS group. We found no statistically
significant difference in the HLA class I expression pattern
between the two groups (Table 2).

Overall survival from the initial treatment. The median fol-
low-up period for all 17 patients was 35 months (range:
11–65). There was statistically no significant difference in over-
all survival between the AS and the SF group (P = 0.2388,
Fig. 4).

Discussion

There have been growing evidences that chemotherapy can
modulate the host immune response in a variety of cancers.(15)

Several types of evidence underlying this process have been
proposed besides the cytotoxic effects of chemotherapy. First,
is the association of calreticulin, one of the antigen-processing
components for HLA class I. It has been suggested that calreti-
culin increases the antigenicity of tumor antigens by releasing
an “eat me” signal with the antigen-presenting cells.(6) Second,
is the inhibitory effect of anti-cancer agents on the immune
suppressor cells, including Treg, MDSC and TAM.(8–10) The
last type of evidence is antigen spreading by tumor shrinkage
and the formation of antigen antibody immune complex, stim-
ulating activation of the complement pathway and inducing
antibody-dependent cellular cytotoxicity.(16) Irradiation also
mediates many immunological effects including upregulation

Table 1. Background characteristics of the 17 patients evaluated in

this study

SF group

(n = 10)

AS group

(n = 7)

Age (years) 71 (51–85) 66 (43–68) N.S.

Sex (male ⁄ female) 4 ⁄ 6 2 ⁄ 5 N.S.

Pathological UICC stage

I ⁄ IIA ⁄ IIB ⁄ III
5 ⁄ 1 ⁄ 3 ⁄ 1 0 ⁄ 1 ⁄ 3 ⁄ 3 N.S.

Preoperative WBC

(median, range, 9103 ⁄ lL)
4.9 (3.5–7.1) 5.4 (2.5–7.9) N.S.

Preoperative lymphocytes

(median, range, 9102 ⁄ lL)
7.9 (7.0–1.3) 1.5 (1.2–1.8) P = 0.0025

AS, adjuvant surgery; N.S., not significant; SF, surgery first; UICC,
Union for International Cancer Control; WBC, white blood cell count.
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of HLA class I molecules, tumor associated antigens, and
adhesion molecules by endothelial cells, thereby boosting cyto-
toxic T-cell activity.(17)

In the present study, we evaluated the effects of preoperative
chemoradiation therapy on the tumor microenvironment of
pancreatic carcinoma and analyzed whether the microenviron-
ment became immunologically modified. In our previous study
series, we demonstrated that CD8+ tumor-infiltrating lympho-

cytes, together with CD4+ tumor-infiltrating lymphocytes,
improve the prognosis of patients with pancreatic adenocarci-
noma,(18) esophageal carcinoma(14) and lung carcinoma.(19)

Furthermore, we indicated that neoadjuvant chemotherapy
effectively induced CD4+ and CD8+ lymphocyte infiltration
into the cancer microenvironment, together with HLA class I
upregulation.(20) However, the present data suggest that preop-
erative chemoradiation therapy did not induce CD4+ nor CD8+

(a) (b)

(c) (d)

Fig. 1. Representative immunohistochemical staining patterns of formalin fixed, paraffin embedded sections with CD4�, CD8�, CD45RO� and
Foxp3 specific monoclonal antibodies, respectively (a–d). Original magnification, 9400 for all pictures.

(a)

(b) (c)

Fig. 2. HLA class I expression pattern was classified into the following three groups, positive (a), heterogeneous (b), or negative (c), when the
percentage of stained tumor cells was >75%, 25–75%, or <25%, respectively. Original magnification, 9400 for all pictures.

Tsuchikawa et al. Cancer Sci | May 2013 | vol. 104 | no. 5 | 533
© 2013 Japanese Cancer Association



lymphocyte infiltration compared with the specimens without
preoperative therapy. This might be because of differences in
the types and combinations of anti-cancer agents or the dose
intensities used in the preoperative clinical setting. Brode
et al.(9) reported that cyclophosphamide could modulate the
host immune response, depending on the dose and timing of
administration. Muranski et al.(21) also suggested in their adop-
tive immunotherapy strategy for the metastatic melanoma that
the host’s immune system needs to be properly conditioned by
lymphodepletion, in order to create an appropriate ‘lymphoid
space’ that is devoid of regulatory mechanisms. Taken together

with this evidence, our present data might be interpreted as the
summed results of the balance of various factors including the
type of reagents, cycles of chemotherapy, the depletion and
the proliferation of the lymphocytes.
It is of interest that the numbers of CD4+ and CD8+ T cells

were equal between the SF group and the AS group despite
the number of preoperative lymphocytes becoming signifi-
cantly decreased in the AS group. The reduction in the number
of peripheral lymphocytes during the preoperative period might
be the result of the bone marrow suppression. The correlation
between the amount of bone marrow suppression and preoper-
ative chemotherapy, duration of chemotherapy, number of
tumor-infiltrating lymphocytes (TIL), and patient survival rates
should be investigated in a future prospective study. It might
be possible that anti-cancer agents improve the microenviron-
ment, thereby inducing CD4 and CD8 T cell infiltration and
also reducing the number of local Treg. In addition, bone mar-
row suppression during chemoradiation therapy might possibly
boost proliferation in the host microenvironment, similar to the
pretreatment regimen in adoptive immunotherapy.(21) Regard-
ing the clinical implication of the reduced regulatory T cells in
the AS group, it might be contributing to the patients progno-
sis, because the overall survival of the AS group, which were
initially considered unresectable disease, was equal to that of
the SF group, which were all resectable.
In terms of the memory cells, it is of interest that CD45RO+

T cell infiltration was significantly lower in the AS group.
Galon et al.(22) reported that increased CD45RO infiltration
was associated with good prognosis in human colorectal
tumors. Although in Galon et al.’s study, increased CD45RO
infiltration was associated with good prognosis in stage I–III
according to the UICC-TNM classification, there were no sig-
nificant differences regarding CD45RO infiltration in stage IV.
In agreement with these data, the patients in the AS group in
our study initially had far advanced carcinoma, and there
might be little contribution of the CD45RO infiltration to the
patients survival in the AS group. Although we do not have
data regarding the subgroup characteristics of the memory
T cells, further fundamental study is warranted to investigate
the possibility that the effecter memory T cell population
decreases in the tumor microenvironment after chemotherapy.
The present study was limited by the retrospective nature of

this investigation, the small number of the patients included

Table 2. Comparison of HLA class I expression patterns between SF

and AS groups

HLA class I expression status

>75% 25–75% <25%

SF group (n = 10) 8 2 0

AS group (n = 7) 5 1 1

P = 0.8014 by Mann–Whitney U-test. AS, adjuvant surgery; SF, surgery
first.

(a) (b)

(c) (d)

Fig. 3. The degree of immune cell infiltration in the
tumor microenvironment. We found no significant
difference in the number of CD4+ and CD8+ T cells in
the stroma and within the cancer nest between the
two groups (a,b). The number of CD45RO+ cells in the
tumor microenvironment was significantly lower in
the adjuvant surgery (AS) group (c). The number of
Foxp3+ T cells was significantly lower in the AS group
(d).

Fig. 4. There was statistically no significant difference in overall
survival between the adjuvant surgery (AS) group and the surgery first
(SF) group.
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and also the fact that lymphocyte infiltration was increased
mainly by non-specific inflammation induced by the chemo-
therapy; therefore, future prospective studies are needed to
evaluate infiltrated lymphocytes for tumor specificity or anti-
gen specificity. Further study is also needed in terms of the
infiltration of other local immune cells, such as dendritic cells,
TAM, MDSC and tumor-specific lymphocytes. The purpose
would be to clarify whether chemotherapeutic agents might
help educate the immune system by destroying tumor cells,
resulting in the release of internal tumor-associated antigens,
thereby inducing the formation of immune complexes and
inducing specific immunity in combination with direct cyto-
toxic effects of the chemotherapy. The results of the present
study help understand the complicated balance of immunologi-
cal responses between the host and the tumor.

In conclusion, preoperative chemoradiation therapy in pan-
creatic adenocarcinoma is useful for reducing regulatory T cell
levels in combination with the direct cytotoxic effects of the
chemotherapeutic agents and radiation.
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