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ABSTRACT
Background

We aimed to characterize the localization and prog-
nostic significance of tumour-associated macrophages
(tams) in pancreatic ductal adenocarcinoma (PDAC).

Methods

Tumour specimens from 70 patients with ppAc and in-
flammatory specimens from 13 patients with chronic
pancreatitis were collected and analyzed for Tam and
M2 macrophage counts by immunohistochemistry.
Correlations between TaMm distributions and clinico-
pathologic features were determined.

Results

Immunohistochemical analysis showed that Tam
and M2 macrophage counts were higher in tissues
from ppac than from chronic pancreatitis. The Tams
and M2 macrophages both infiltrated more into
peritumour. Both macrophage types were positively
associated with lymph node metastasis (p = 0.041 for
TAMS in peritumour, p = 0.013 for M2 macrophages in
introtumour, p = 0.006 for M2 macrophage in peritu-
mour). In addition, abdominal pain was significantly
more frequent in PpaC patients with a greater TaAMs
count. The survival rate was much lower in patients
having high infiltration by M2 macrophages than in
those having low infiltration.

Conclusions

The TtaM count might be associated with neural
invasion in ppac, and M2 macrophages might play
an important role in lymph node metastasis. Higher
counts of either macrophage type were associated

2 These authors contributed equally to the present work.

with increased risk of lymph node metastasis, and the
M2 macrophage count could potentially be a marker
for evaluating prognosis.
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1. INTRODUCTION

Pancreatic ductal adenocarcinoma (PpAC), one of
the most lethal digestive system malignancies, has
a very poor prognosis’2. In China, ppac incidence
and mortality have increasing since the early 1990s.
The disease is the 8th leading cause of death from
cancer in men and the 11th leading cause in women
in China. Surgery is the only potentially curative
treatment, but more than 80% of these carcinomas
are unresectable at the time of diagnosis because of
metastasis into adjacent or distant organs, including
liver and lung?. Chronic pancreatitis (cp) is a clearly
identified and strong risk factor for ppac, being as-
sociated with a ppac incidence that is up to 20 times
that in the general population. Lowenfels et al.* ob-
served that risk increases during the course of cp: for
example, about 5% of cp patients develop PpAc over
20 years. The lesions in cp contain abundant stroma
that shows a morphology identical to that of ppac’ .
As a solid tumour, ppac is composed of a mixed
population of cancer cells, extracellular matrix, and
other non-malignant cell types, including regulatory
T cells, cancer-associated fibroblasts, and tumour-
associated macrophages (Tams)®. Being the cardinal
component of pPpac (comprising up to 50%—80% of
malignant tissue), TamMs might link inflammation with
cancer and play an important role in tumour growth
and metastasis®1°.

Studies have shown a positive association be-
tween a high number of TamMs and poor prognosis in
human cancers such as bladder cancer, colorectal
cancer, uveal melanoma, Hodgkin lymphoma, lung
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cancer, oral carcinoma, renal cell carcinoma, and
even ppac'!"!7. Mantovani et al.'® classified Tams
into two functionally distinct types: classically acti-
vated (M1) and alternatively activated (M2) macro-
phages!®~2!. In the tumour microenvironment, TAMS
trend mainly toward the M2 phenotype, and some
clinical investigations showed that high infiltration
by M2 macrophages indicated a poor prognosis for
patients with ppac!-12-!7. However, the most widely
accepted marker for Tams was CD6822, which could
not distinguish between the phenotypes. Recently,
mannose receptor (CD163), one of several receptors
that are highly expressed by M2 macrophages, was
recognized as a valuable specific marker?3. Based on
that report, we chose CD163 positivity as our means
of identifying M2 macrophages.

The studies showing that high infiltration by M2
macrophages in tumour tissue is associated with poor
prognosis in ppAc patients!!''2-17 were conducted in
Japan. Being that no study had yet been conducted
in China, we set out to determine any correlations
of TaM and M2 macrophage counts with prognosis
in Chinese patients with ppac. Using the CD68 and
CD163 markers, we evaluated the distribution and
clinical significance of macrophages in tumour and
peritumoural tissues and analyzed correlations be-
tween the distribution of Tams and clinicopathologic
features of the tumours.

2. METHODS
2.1 Patients and Specimens

We studied tissue specimens from 107 ppac and 13 cp
patients who had been diagnosed at Sun Yat-sen Me-
morial Hospital of Sun Yat-sen University between
September 2004 and December 2011. We excluded
37 ppac patients who had been lost to follow-up. Of
the 70 remaining PpAC patients, 44 were men (62.9%)
and 26 were women (37.1%). Median age in the over-
all group was 58.5 years (range: 28.0—83.0 years).
Clinical data—including age, sex, location and size
of the tumour, and TNM staging—were collected
using a predesigned template. Staging was performed
according to the recommendations of the American
Joint Committee on Cancer (7th edition). All patients
had been followed for at least 2 years. Clinical materi-
als were used for research purposes only after patient
consent and approval from the hospital’s Research
Ethics Committee had been obtained.

2.2 Immunohistochemistry for CD68 and CD163

The 70 ppac and 13 cp tissue specimens had been
formalin-fixed and paraffin-embedded. Paraffin-
embedded tissues were cut to a thickness of 3 pum.
After deparaffinization, slides were racked and
washed as follows: 100% ethanol (2x1 minute), 95%
ethanol (2x1 minute), 80% ethanol (1x1 minute), and

a rinse of running cold water (1 minute). After be-
ing incubated with deionized water for 20 minutes
at room temperature, the slides were washed for
1 minute in distilled water and 5 times for 2 minutes
each in phosphate-buffered saline. The sections were
then drained and incubated with primary mouse
anti-human CD68 antibody [clone PG-M1: Dako,
Glostrup, Denmark (1:50 dilution)] or with mouse
anti-human CDI163 antibody [clone 10D6: Abcam,
Cambridge, U.K. (prediluted)] at 37°C. After rinsing
5 times for 2 minutes each in phosphate-buffered
saline, the specimens were blocked for 10 minutes
using 3% H,0,. After rinsing 3 times for 5 minutes
each in phosphate-buffered saline, the sections were
incubated with EnVision (Dako) at room temperature.
After a wash with tap water, the sections were dehy-
drated in a graded alcohol series and then mounted.
Paraffin slides of tonsil and placenta were used as
positive controls.

Histology sections from all 83 samples were
independently reviewed by two pathologists blinded
to the clinicopathologic data. Counting of CD68 and
CD163 immunoreactivity-positive membrane or cy-
toplasm and nonreactive nuclei was performed under
light microscopy (Olympus CX-40: Olympus, Tokyo,
Japan). Macrophages were counted separately in the
peripheral and central areas of lesions as described
in an earlier study'”. The means of the counts from 3
random high-power fields (400x magnification) were
used in the analyses.

2.3 Statistical Analysis

Statistical analyses of the data were performed using
IBM SPSS Statistics (version 19.0: IBM, Armonk,
NY, U.S.A). For statistical purposes, most of the clin-
icopathologic factors were divided into two groups
at the median value. Circulating tumour markers
(including carcinoembryonic antigen, cancer antigen
125, and carbohydrate antigen 19-9) were divided
into groups according at the upper limit of normal.
Comparative analyses involving just two groups used
two-tailed Mann—Whitney tests. Analyses involving
multiple groups used one-way nonparametric anal-
ysis of variance (Kruskal-Wallis test). Univariate
analyses of overall survival by prognostic factor
were performed using the log-rank test. Survival
curves were estimated by the Kaplan-Meier method
and compared using the two-sided log-rank test. A
p value of 0.05 was the criterion for statistical signif-
icance. All reported p values are 2-tailed.

3. RESULTS

3.1 Distribution of CD68- and CD163-Positive
Macrophages in PDAC and CP

Figures 1 and 2 show expression of CD68 and CD163
in the 70 ppac and 13 cp specimens analyzed by
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FIGURE 1 Immunohistochemical analysis of CD68- and CD163-
positive macrophages in specimens of pancreatic ductal adeno-
carcinoma. (4) High expression of CD68 and (B) high expression
of CDI63 in a single section. (C) Low expression of CD68 and
(D) low expression of CDI63 in a single section. (E) The dotted
line shows the boundary between the adenocarcinoma and adjacent
noncancerous tissue (hematoxylin and eosin stain). All images,
100% original magnification.

immunohistochemistry. Macrophages positive for
CD68 and CD163 were present not only in the central
and peripheral areas of cp lesions, but also strongly
in ppac lesions. In Figure 3, median CD68-positive
macrophage counts per high-power field were 30.5
(range: 5.7-93.0) in group A, 3.7 (range: 0.0-33.3) in
group B, 71.5 (range: 13.0-198.0) in group C, and 7.7
(range: 0.0—71.7) in group D. Median CD163-positive
macrophage counts were 21.0 (range: 0.3—88.3) in
group A, 3.7 (range: 0.0-31.7) in group B, 45.0 (range:
0.7-186.0) in group C, and 7.7 (range: 0.0-71.7) in
group D.

Results of staining showed that, in the central
area of lesions, expression levels of CD68 and CD163
were higher in ppac samples than in cp samples (p <
0.001). Results at peripheral areas of the lesions
were consistent with those in the central areas, and
the difference between the ppac and cp samples was
significant (p <0.001). Furthermore, more CD68- and
CDI163-positive macrophages were found in periph-
eral areas than in central areas in ppac (p < 0.001).
In contrast, expression of both CD68 and CD163 was
low in cp, and the difference between the central and
peripheral areas of lesions was nonsignificant (p =
0.504 for CD68, p = 0.472 for CD163).
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FIGURE 2 Immunohistochemical analysis of CD68- and CD163-
positive macrophages in specimens of chronic pancreatitis.
(4) High expression of CD68 and (B) high expression of CDI163
in a single section. (C) Low expression of CD68 and (D) low ex-
pression of CD163 in a single section. (E) The dotted line roughly
shows the boundary between dense and relatively less-dense
fibrotic lesion (hematoxylin and eosin stain). All images, 100x
original magnification.

3.2 Correlation of CD68 and CD163 Expression
with Clinicopathologic Characteristics of PDAC
Patients

Tables 1 and 11 summarize, respectively, the associa-
tions of CD68 and CD163 expression with the clinico-
pathologic characteristics of the ppac tumours. Of the
tumours examined, 47 (67.1%) were in the pancreatic
head and 23 (32.9%) were in the body or tail. The size
of the tumour was 3 cm or smaller in 22 cases (31.4%)
and larger than 3 cm in 48 cases (68.6%). Differentia-
tion was high in 32.9% of the tumours (grade 1) and
moderate or poor (grade 2 or 3) in 67.1%. Of the 70
PDACS, invasion had reached the pancreatic stroma or
parenchyma in 1 patient with a tumour 2 cm or less
in size (T1) and in 12 patients with a tumour larger
than 2 cm (T2). Direct invasion of the extrapancreatic
tissue, common bile duct, and duodenum (T3) had
occurred in 50 patients and of the stomach, colon,
and major arteries or veins near the pancreas (T4)
in 7 patients. Lymph node metastasis was found in
39 patients (55.7%). Furthermore, 58 patients were
categorized as MO, and 12 were categorized as M1.

Analysis of the data revealed that abdominal
pain was significantly more frequent in PDAC patients
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FIGURE 3 Statistical analysis of the immunohistochemistry results for CD68 and CDI163. Immunopositivity for (4) CD68 and (B) CDI63
was significantly higher in pancreatic ductal adenocarcinoma (Ppc4) than in chronic pancreatitis (cp).

TABLE1  Correlations of CD68-positive macrophage counts and clinicopathologic factors in chronic pancreatitis

Characteristic Pts CD68-positive macrophages
v Centrally Peripherally
Median Range p Value* Median Range p Value*
Abdominal pain
Yes 41 26.7 5.7-93.0 0.025 62.3 13.0-97.7
No 29 343 9.3-58.0 76.0 30.7-198.0 0.009
Tumour site
Head 47 31.3 5.7-58.0 0.035 73.0 13.0-198.0 0.211
Body or tail 23 24.7 8.0-93.0 56.0 19.0-144.0
Tumour size
<3.0cm 22 35.2 9.3-58.0 0.188 73.0 40.3-99.0 0.121
>3.0 cm 48 29.5 5.7-93.0 67.0 13.0-198.0
Histopathologic grade
Grade 1 23 29.3 15.0-48.7 0.957 73.0 35.0-116.0 0.234
Grade 2 25 31.0 5.7-54.7 72.0 13.0-198.0
Grade 3 22 30.5 7.0-93.0 66.0 13.0-144.0
T Stage
Tl 1 54.7 0.110 73.0 0.601
T2 12 32.8 18.0-47.3 70.0 45.0-99.0
T3 50 29.8 8.0-93.0 72.5 13.0-198.0
T4 7 24.7 5.7-43.0 48.3 13.0-94.0
N Stage
NO 31 253 5.7-93.0 0.054 57.0 13.0-99.0 0.041
N1 39 337 7.0-58.0 75.7 13.0-198.0
M Stage
MO 58 30.5 5.7-93.0 0.585 72.07 13.0-198.0 0.265
Ml 12 29.3 7.0-58.0 58.2 13.0-93.7

2 Significant values appear in boldface type.
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TABLE I Correlations of CD163-positive macrophage counts and clinicopathologic factors in chronic pancreatitis

Characteristic Pts CDI63-positive macrophages
)
Centrally Peripherally
Median Range p Value* Median Range p Value*
Abdominal pain
Yes 41 21.0 0.3-88.3 0.725 46.0 0.7-186.0 0.621
No 29 20.7 4.0-45.0 45.0 13.0-170.0
Tumour site
Head 47 21.0 0.3-65.0 0.726 45.0 0.7-186.0 0.604
Body or tail 23 21.0 10.0-88.3 45.0 11.0-95.0
Tumour size
<3.0cm 22 23.2 0.3-65.0 0.096 63.5 0.7-186.0 0.025
>3.0 cm 48 20.9 4.0-88.3 43.0 11.0-158.0
Histopathologic grade
Grade 1 23 16.7 0.3-40.3 0.035 36.0 0.7-186.0 0.386
Grade 2 25 22.0 4.0-65.0 48.0 13.0-158.0
Grade 3 22 24.7 8.3-88.3 48.5 11.0-103.0
T Stage
T1 1 65.0 0.097 73.0 0.357
T2 12 18.5 4.0-31.3 40.0 11.0-73.0
T3 50 22.9 0.3-88.3 48.0 0.7-186.0
T4 7 36.0 24.0-50.0 36.0 24.0-50.0
N Stage
NO 31 18.0 0.3-88.3 0.013 37.0 0.7-59.0 0.006
N1 39 24.0 4.0-65.0 50.0 13.0-186.0
M Stage
MO 58 21.0 0.3-88.3 0.161 45.5 0.7-170.0 0.697
M1 12 24.2 14.0-45.0 44.0 11.0-186.0

4 Significant values appear in boldface type.

with high CD68 counts in tumour and peritumour.
Furthermore, infiltration by a greater number of
CD68-positive macrophages into the central area of
the lesion was significantly associated with tumour
site (head of the pancreas: p = 0.035), and high
peritumour infiltration by CD68 was significantly
associated with lymph node metastasis (p = 0.041).
In addition, expression of CD163 in the central area
of the lesion was positively correlated with grade of
differentiation (p = 0.035). Expression of CD163 in
the peritumoural area was negatively associated with
tumour size (p = 0.025). Only lymph node metastasis
significantly associated with infiltration by CD163-
positive macrophages in both the intratumoural and
peritumoural areas (p = 0.013 intratumoural, p =
0.006 peritumoural). We observed no significant dif-
ferences between the expression of CD68 or CD163
and other clinicopathologic factors such as age, sex,
smoking, diabetes mellitus, serum carcinoembry-
onic antigen, cancer antigen 199, cancer antigen
125, albumin, glutamyl transferase, cholesterol,

alkaline phosphatase, uric acid, and calcium (data
not shown).

3.3 Survival and Prognostic Factors

Among our patients with ppac, only 24 (34.3%) re-
ceived systemic chemotherapy. Surgery, including
radical and palliative procedures, was offered to
62 patients (88.6%). The 1-, 3-, and 5-year overall
survival probabilities were 44.3% (n =31), 7.1% (n =
5), and 4.3% (n = 3) respectively. Based on univari-
ate analysis, 5 variables—tumour site (p = 0.018),
tumour 3 cm or less in size (p = 0.009), MO status
(p=0.006), low CD163 centrally (p =0.004), and low
CD163 peripherally (p = 0.001)—were significantly
associated with better overall survival (Table 11).
As Figure 4 shows, median overall survival
was higher when infiltration by CD163-positive
macrophages was lower (below the median value), a
difference [compared with higher infiltration (above
the median value)] that was statistically significant
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(p = 0.004 for the central area, p = 0.001 for the
peripheral area).

4. DISCUSSION

Because the pancreas lies deep in the belly in front of
the spine and because early symptoms can be absent
or quite subtle, ppac is usually widespread and un-
resectable when diagnosed. Even with sophisticated
imaging, demonstration of ppacs less than 3 cm in
size remains difficult. In most of our 70 ppac patients,
tumours were 3 cm or larger at the time of diagnosis.
Despite recent progress in ppac diagnosis and treat-
ment, patient prognosis remains unsatisfactory and
unpredictable because of extensive local tumour
invasion, early systemic dissemination, and profound
resistance to existing chemoradiation therapies. No
curative treatment is available for most patients, and
outcomes for untreated patients are dismal, with a
median survival of 6 months after diagnosis.
Pancreatic inflammation has been correlated
with an increased risk of ppac. Consistent with those
reports, we observed a higher number of CD68- and
CD163-positive macrophages in PbAC tissues than in
cP tissues. A variety of chemokines cause macro-
phages to differentiate from circulating monocytes

TABLE I Univariate analysis of variables predicting overall sur-
vival in patients with chronic pancreatitis

Characteristic Pts Overall survival
W Median Range  p Value®
Tumour site
Head 47 12.0 1.0-69.0 0.018
Body or tail 23 5.0 1.0-65.0
Tumour size
<3.0 cm 22 12.0 4.0-69.0 0.009
>3.0 cm 48 6.0 1.0-50.0
M Stage
MO 58 11.0 1.0-69.0 0.006
Ml 12 4.0 2.0-23.0
CD68 centrally
<30.5 35 11.0 1.0-65.0 0.975
>30.5 35 11.0 3.0-69.0
CD68 peripherally
<71.5 35 10.0 1.0-65.0 0.456
>71.5 35 11.0 2.0-69.0
CD163 centrally
<21.0 36 13.0 1.0-69.0 0.004
>21.0 34 6.0 1.0-55.0
CD163 peripherally
<45.0 33 13.0 3.0-69.0 0.001
>45.0 37 6.0 1.0-55.0

4 Significant values appear in boldface type.

recruited at the lesion. Those chemokines—for ex-
ample, monocyte chemotactic protein 1242>—might
be more frequent in tumour tissue than in inflam-
matory tissue. We also observed that the density of
macrophages was significantly greater in the peritu-
moural stroma of ppac. Lower infiltration by TaMs in
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FIGURE 4 Kaplan—Meier survival curves classified by the number of
CD163-positive macrophages found (A) centrally and (B) peripher-
ally in the studied lesions. The count of positive macrophages in
the peripheral area was better than the count in the central area
for dividing patients into prognostic groups.
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the centre of the tumour might be a result of central
necrosis. In that microenvironment, the vascular
system is damaged, and hence it is difficult for in-
flammatory cells to reach the centre of the tumour.

High numbers of intratumoural TamMs are often
correlated with poor prognosis, and recent studies
have also highlighted that the increased presence of
macrophages correlates with tumour metastasis to
distant organs?°3% Lymph node metastasis is one
of the main routes for tumour metastasis. In ppac,
lymph node metastasis occurs early and is known to
be a strong prognostic factor in ppac patients®! 34, In
the present study, 39 of our 70 ppac patients (55.7%)
already had lymph node metastasis. Interestingly,
TaMms infiltration (Tams in the peripheral area, and M2
macrophages both centrally and peripherally) was
strongly associated with the incidence of lymph node
metastasis. A 2002 report noted that TaMs express vas-
cular endothelial growth factor C and affect tumour
lymphangiogenesis in the peritumoural inflammatory
microenvironment3>. A positive correlation between
lymphatic microvessel density and peritumoural TAMS
infiltration has been found in lung adenocarcinoma,
and lymph node metastasis was found to be signifi-
cantly associated with lymphatic microvessel den-
sity3¢. Those findings indicate that Tams might have
the ability to release cytokines and chemokines that
affect the tumour cell microenvironment, enabling
lymph node metastasis.

In the present study, 41 patients with ppac
(568.6%) experienced abdominal pain, and that pain
was significantly associated with a higher level of
infiltrating Tams, but not of M2 macrophages. As a
common symptom of Pbac, abdominal pain is thought
to be associated with organ invasion or infiltration of
cancer cells into pancreatic nerves’’. We hypothesize
that Tams facilitate tumour invasion and metastasis,
but an alternative possibility is that Tams are involved
the process of neural invasion. Earlier studies showed
that the nerve growth factor—Trk A system is associ-
ated with the generation of pain3¥4%. To confirm
our hypothesis, future analyses of the relationships
between Tawms infiltration and neural invasion in PpbAC
are needed.

In contrast with earlier studies, we found no as-
sociations of other clinicopathologic characteristics
such as tumour site and histopathologic grade with the
number of infiltrating Tams. Those differences might
be a result of different Tams cut-off values and a small
sample size. In the present study, tumours of the body
or tail of the pancreas were associated with a dismal
prognosis because early distant metastasis, without
specific symptoms, often occurs with tumours of the
body and tail*'*>. Tumour size greater than 3 cm and
distant metastasis were also significant indicators of
poorer survival rates. Interestingly, a high number
of M2 macrophages was negatively associated with
survival, but the number of Tams showed no such
association. The M2 macrophages are a subgroup of
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TaMs and might play the most important role in tumour
progression. As the data demonstrate, our 70 PbAC
patients could be separated into various prognostic
subgroups according to the median number of M2
macrophages detected by CD163 immunostaining. We
therefore propose that M2 macrophages are a strong
indicator of PDAC prognosis.

5. CONCLUSIONS

In ppac, most infiltrating Tams are found at the
edges of the tumour. And TaMms, especially M2 mac-
rophages, seem to be associated with lymph node
metastasis and to play an important role in tumour
progression. More detailed studies are necessary
to clarify which subpopulation of TAMS is more
important in lymph node metastasis and neural
invasion in ppAac. The Tams assist tumour cells in
invasion and metastasis because they produce a
large array of growth factors and communicate with
the tumour cells. Their clear molecular mechanism
in the tumour microenvironment therefore requires
further investigation.
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