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CD47 expression and CD163+ macrophages
correlated with prognosis of pancreatic
neuroendocrine tumor
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Abstract

Background: Recent studies have suggested the important roles of CD47 and tumor-associated macrophages in
the prognosis and immunotherapy of various human malignancies. However, the clinical significance of CD47
expression and CD163+ TAMs in pancreatic neuroendocrine tumor (PanNET) remains unclear.

Methods: In this study, 47 well-differentiated PanNET resection specimens were collected. CD47 expression and
CD163+ macrophages were evaluated using immunohistochemistry and correlated with clinicopathologic
properties.

Results: Positive CD47 staining was seen in all PanNETs as well as adjacent normal islets. Compared to normal
islets, CD47 overexpressed in PanNETs (p = 0.0015). In the cohort, lymph node metastasis (LNM), lymphovascular
invasion (LVI), and perineural invasion (PNI) were found in 36.2, 59.6, and 48.9% of the cases, respectively.
Interestingly, PanNETs with LNM, LVI, or PNI had significantly lower H-score of CD47 than those without LNM (p =
0.035), LVI (p = 0.0005), or PNI (p = 0.0035). PanNETs in patients with disease progression (recurrence/death) also
showed a significantly lower expression of CD47 than those without progression (p = 0.022). In contrast, CD163+
macrophage counts were significantly higher in cases with LNM, LVI, and PNI.

Conclusions: Our data suggest relative low CD47 expression and high CD163+ TAMs may act as indicators for poor
prognosis of PanNETs.
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Background
While the incidence of pancreatic neuroendocrine tumor
(PanNET) remains relatively low, accounting for ap-
proximately 3% of all pancreatic malignancies, the oc-
currence of PanNET has risen significantly [1–3]. Over
the last four decades, the incidence of PanNET has re-
portedly increased six-fold in many western nations [1].
Complete surgical resection remains the current main-
stay curative therapy for PanNET patients who have lo-
calized tumors and limited metastases [4]. Complete

remission is rarely achieved in patients harboring lymph
node (60–80%) or liver metastasis, or both at the time of
presentation [5]. To predict the prognosis, PanNET
tumor grade is divided into three categories: low, inter-
mediate and high grade, which are stratified using
markers of cellular proliferation, including the mitotic
count and/or the Ki-67 proliferation index by immuno-
histochemistry and morphology based on WHO classifi-
cation. Five-year survival rates for PanNETs in these
three grades were 75, 62, and 7%, respectively [6]. Many
patients with low grade PanNETs do not achieve a de-
sired outcome. These facts indicate that new biomarkers
are needed to optimize predicting the prognosis of
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PanNET patients to improve therapeutic strategies for
these patients.
The initiation and progression of PanNET are believed

to be attributed, at least in part, to the tumor immune
microenvironment [7]. Macrophages infiltrating cancer
tissues, tumor-associated macrophages (TAMs), are an
important component in the tumor microenvironment
[8, 9]. Accumulated clinical and experimental evidence
have demonstrated the significant roles of TAMs in the
growth and progression of tumors [10, 11]. Macrophages
can alter its phenotype according to the signal stimula-
tion of the microenvironment. TAMs generally possess
characteristics of M2 macrophages such as enhanced ex-
pression of CD163 (hemoglobin scavenger receptor) [12,
13]. CD163+ TAMs seem to function as a contributor
for tumor growth, metastasis, and poor prognosis. The
association of TAMs with a worse prognosis in many
malignant tumors has been widely reported [8, 14].
However, except for one recent report that suggested
TAMs (CD163+ macrophage) as the most informative
prognostic biomarker in PanNET [15], there is still lim-
ited information about the role of CD163 positive mac-
rophages in the immune microenvironment in the
progression and treatment of PanNET. Furthermore,
with the immunotherapy becoming more available and
showing promising therapeutic potential in the treat-
ment of malignant tumors, further understanding of the
role of CD163+ macrophages (major immune cell type
in TAM) in PanNET prognosis will assist physicians to
optimize treatment options.
Targeting immunosuppressive checkpoints has been

one of the most significant advances in cancer treat-
ment. Agents against PD-L1, CTLA-4, or CD47 have
been emerging as potential immunotherapies [16, 17].
CD47 interacts with signal-regulatory proteins (SIRPα)
on phagocytes like macrophages to function as a nega-
tive immune checkpoint to send a “don’t eat me” signal
to ensure that cells are not inappropriately phagocytosed
[18]. Data has suggested that CD47 is overexpressed in
many human malignancies, such as ovarian cancer, gli-
oma, squamous cell carcinoma, melanoma, osteosar-
coma and myeloid leukemia, and its high expression
correlates with poor prognosis [19–23]. Since the higher
expression of CD47 is believed to bestow cancer cells to
evade phagocytic elimination by innate immune cells,
targeting CD47 has become more intriguing option for a
novel cancer treatment [24–26]. The potential thera-
peutic efficacies in a variety of cancers are inconsistent,
though the data resulted from animal models, pre-
clinical and even clinical trials are mostly encouraging
[19, 26, 27]. In fact, recent studies have suggested that
expression of CD47 in cancer might vary among differ-
ent cancer types. In fibrolamellar hepatocellular carcin-
oma [28] and gastric cancer [29], higher CD47

expression has not been seen. Furthermore, increased
CD47 mRNA level is not a poorly prognostic factor in
gastric tumors [29]. More studies should be performed
to elucidate the respective role(s) of CD47 in different
cancer types so as to optimize potential anti-CD47
therapy.
There are a few studies on CD47 expression in Pan-

NETs. One report has suggested CD47 overexpression
in the CD90high cells of PanNET (cancer stem cell) and
is associated with decreased survival of PanNET cells
[30]. In the current study, the resection tissue samples
from 47 PanNET patients were collected. CD163 and
CD47 were stained with specific antibodies. CD163+
macrophage counts and CD47 staining level were corre-
lated with clinicopathologic characteristics to evaluate
the significance of CD47 and CD163+ TAMs in
PanNET.

Methods
Patient recruitment and tissue samples
The pathology database at New York University Langone
Health was queried for PanNET diagnosed from major
surgical resections that occurred from 2007 to 2017 with
the search terms “pancreas”, “neuroendocrine tumor”,
“neuroendocrine neoplasm”, “pancreatectomy” and “Whip-
ple procedure”. The selection criteria for cases to be studied
included the following: (1) primary neuroendocrine tumor
of the pancreas without other coexisting malignancies (2)
pathologic stage 1 to 3 tumor with or without lymph node
metastasis, (3) documented clinical follow-up of at least 6
months, and (4) availability of slides and tissue blocks for
investigation. Cases with familiar syndrome, co-existing
other malignancies, small cell carcinoma, large cell neuro-
endocrine carcinoma, and microadenomas were excluded.
A total of 47 well-differentiated PanNET resection speci-
mens were identified. The cases selected were initially diag-
nosed microscopically by GI pathologists using H&E slides,
immunohistochemistry stains (synaptophysin, chromogra-
nin, and ki-67), and staged according to AJCC staging cri-
teria prior to 2017.
The diagnosis of neuroendocrine tumor(s) for each

case was confirmed by a GI pathologist (WC), and paraf-
fin blocks were selected (WC and RI) for further study.
Clinical data collected on each case included age at the
time of diagnosis, gender, ethnicity, follow-up radiology
and/or pathology, and survival. With regards to details
of the tumor, data collected utilized data from the path-
ology report such as tumor grade, tumor size, mitotic
count, Ki-67 proliferation index, lymph node status, and
the status and site of distant metastases. The stage of
tumor was adjusted according to AJCC 8th edition.
Human tissue specimens in the form of formalin-fixed,
paraffin-embedded tissue blocks were collected by the
Center for Biospecimen Research and Development
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(CBRD) under the protocol approved by the New York
University School of Medicine Institutional Review
Board (NYU SOM IRB).

Immunohistochemical staining
Immunohistochemical staining was processed by an auto-
matic Ventana Benchmark Immunostainer (Ventana
Medical Systems Discovery, Tucson, AZ) at NYU Langone
Health Experimental Pathology Research Laboratory [31].
Briefly, the tissues blocks from the selected cases were re-
trieved. 4-μm sections were deparaffinized, and endogen-
ous peroxidase activity was blocked with 3% hydrogen
peroxide for 4 min. Antigen retrieval was performed using
Cell Conditioner 2 (Citrate pH 6.0) for 36min at 95 °C.
Unconjugated, rabbit anti-human CD47 (Novus Biologi-
cals Cat# NBP2–32031) and mouse anti-human CD163
(clone MRQ-26, Ventana Medical Systems USA, Cat#
760–4437) were used to detect their expressions. The
slides were first incubated for 12 h at room temperature
with CD47 antibody (1:100) or for 60min at 37 °C with
CD163 antibody, and secondary anti-rabbit or anti-mouse
HRP conjugated antibody was then applied for 8 min.
After that, slides were treated with 3,3 diaminobenzidene
for 8min, copper sulfate for 4min, then were washed in
distilled water. All sections were counterstained with
hematoxylin and mounted with permanent media. Positive
and negative (diluent only) controls were run in parallel
with the study sections.

Evaluation of immunohistochemical staining
CD47 expression level was quantified using the H-score
method as described in a previous report [32]. Briefly,
weak immunodensity staining received a score of 1,
moderate immunoreactivity represented a score of 2,
and strong intensity of immunostaining granted a score
of 3. The percentage of tumor cells stained at a given
staining density was multiplied by the respective nu-
meric score of staining intensity and the components
were added to quantify the total H-score. To count
CD163 positive macrophages in the stroma of PanNET,
the method described in the previous study was adapted
[8]. In short, CD163 immunostained slides were first
viewed at low magnification (X100), and five areas with
high macrophage density in the tumor stroma were se-
lected. CD163+ macrophages in each area were counted
at high magnification (X400) and the mean CD163+
macrophage count (MC) was calculated for each case.
The composite H-score, or CD163+ MC was evaluated
independently by two of three pathologists (WC, RI and
QC). Agreement was obtained when the H-scores or
CD163+ counts differed by 5% or less. A disparity of
more than 5% was re-calculated after consensus review.

Statistical analysis
Statistical analyses were performed using the Prism 5 statis-
tical package from GraphPad Software, Inc. (La Jolla, CA,
USA). The data was expressed as mean ± SE. The correl-
ation between H-score of CD47 staining, or CD163+ cell
count and clinicopathologic characteristics was assessed
using unpaired t-test and one-way ANOVA. The correl-
ation between CD47 expression and CD163+ cell counts
was analyzed with Pearson’s test. A p-value less than 0.05
was considered statistically significant.

Results
CD47 and CD163 IHC staining in PanNETs
Representative images of CD47 staining were displayed
in Fig. 1a. In normal pancreas, CD47 was undetectable
in acinar and ductal cells. However, weak to moderate
CD47 expression was seen in normal pancreatic islet
cells. Overexpression of CD47 was observed in all Pan-
NET tumors, but the adjacent non tumor tissue (except
islets) showed little to no staining (Fig. 1b). CD47 stain-
ing in PanNETs was diffuse in all tumor cells with mem-
branous and cytoplasmic staining (Fig. 1c). The mean H-
score of CD47 in PanNETs was significantly higher than
that in adjacent islet cells (Fig. 1d, 148.8 ± 7.4 VS
118.6 ± 4.7, p = 0.0015). The expression of CD47 varied
from weak to strong in PanNETs (Fig. 1e, f and g).
CD163+ macrophage staining can be obviously seen in
tumor stroma (Fig. 1h).

Clinicopathologic features and the associations with
CD163+ macrophages and CD47 expression
In the cohort, 63.8% (30/47) of patients were males. The
median age was 65 years. All tumors were non-
functional PanNETs with an average size of 3.2 cm. The
percentage of grade 1, 2 or 3 tumors in the cohort was
36.2, 53.2 or 10.6%, respectively. 25.5, 44.7 and 29.8% of
tumors corresponded to stage 1, 2 and 3, respectively. In
Table 1, the correlations between CD47 expression and
CD163+ TAMs with clinicopathologic characteristics
were listed. Compared to the group with lower than me-
dian age, higher average CD163+ macrophage count and
lower CD47 expression (indicated by H-score) was seen
in the group with higher than median age.

Lower CD47 expression correlated with LNM, LVI, PNI, or
recurrence/death
At the time of resection, 36.2, 59.6 and 48.9% of the total
cases were found to have LNM, LVI and PNI, respect-
ively. CD47 expression in PanNETs (indicated by H-
score) with LNM was significant lower than that without
LNM (128.2 ± 9.0 VS 160.5 ± 9.9, p = 0.035; Fig. 2a). In
PanNETs with LVI or PNI, the expression of CD47 was
significantly decreased compared to the group without
corresponding invasion (Fig. 2b-c). There was no
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Fig. 1 Characteristics of CD47 in human normal pancreas and PanNETs detected by IHC. a. CD47 expression in normal pancreatic tissue (X100). b.
representative image of CD47 expression in PanNET and adjacent normal pancreatic tissue (X200). c. CD47 expression on cell membrane and in
cytoplasm at high power view (X400). d. H-score of CD47 in normal islets and PanNETs. e, f and g showed the intensity of CD47 staining in
PanNETs (X200). h. CD163+ TAMs in PanNETs (X400). * Significant difference, p < 0.05 with unpaired t test

Table 1 Expression of CD163 or CD47 in PanNETs and their associations with clinicopathologic characteristics

Number of patients CD163 positive macrophages (mean ± SD) P value CD47 H- score (mean ± SD) P value

Age (Years)

≥ 65 24 82.53 ± 8.54 0.041 134.6 ± 8.89 0.048

< 65 23 59.38 ± 6.81 163.7 ± 11.35

Gender

Male 30 70.99 ± 6.64 0.962 159.5 ± 10.21 0.055

Female 17 71.57 ± 10.81 130.0 ± 8.27

Tumor size (cm)

≥mean size (3.2) 20 73.47 ± 10.69 0.735 135.8 ± 12.01 0.130

<≥mean size 27 69.52 ± 6.15 158.5 ± 9.09

Ki 67

≥ 3% 28 71.30 ± 8.01 0.983 140.2 ± 10.00 0.159

< 3% 19 71.05 ± 7.97 161.6 ± 10.53

Mitosis

≥ 2/10hpf 28 79.51 ± 8.21 0.076 137.3 ± 9.47 0.059

< 2/10hpf 19 58.96 ± 6.49 165.8 ± 11.05

Tumor grade

G1 17 68.24 ± 7.95 0.896 160.6 ± 11.46 0.268

G2 25 67.67 ± 7.27 146.8 ± 10.84

G3 5 76.70 ± 24.23 119.0 ± 16.61

Pathologic stage (AJCC 8th)

1 12 61.12 ± 6.42 0.061 165.4 ± 13.28 0.185

2 21 69.99 ± 9.18 147.4 ± 10.35

3 14 81.67 ± 12.07 136.8 ± 15.74
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obvious difference in CD47 expression among patients
with LNM, LVI and PNI. On follow-up, 4 patients devel-
oped recurrent diseases and 2 patients died of PanNET.
Significantly lower CD47 expression was noticed in Pan-
NETs in patients with recurrent disease/death compared
to those without recurrent disease/death (105.0 ± 2.6 VS
155.2 ± 8.0, p = 0.022, Fig. 2d).

Higher CD163+ macrophage counts were seen in
PanNETs with LNM, LVI, PNI, or recurrence/death
The average count of CD163+ TAMs in PanNETs with
LNM, LVI or PNI was significantly higher than that
without related metastasis (Fig. 3a-c). Similar CD163+
macrophage counts were seen in group with LNM, LVI
and PNI. Although there was a trend of increasing
CD163+ macrophage counts in PanNETs in patients
with recurrences/deaths compared to those without re-
currence/death (94.1 ± 23.7 VS 67.8 ± 5.5, Fig. 3d), the
data was not statistically significant.
Notably, studies have shown CD47 expression might

be associated with macrophage infiltration, and CD47
reduction could increase macrophage infiltration in pan-
creas. One recent study on non-small cell lung cancer
suggested that CD47 blockade could enhance macro-
phage infiltration [33]. Herein, we did regression assay
between CD163+ cell counts and CD47 expression using
Pearson’s test. The results from the assay showed a

negative correlation between CD163+ macrophage count
and CD47 expression (r = − 0.34). A high CD163+
macrophage count associated with low expression of
CD47 (p = 0.031, supplemental Figure 1). However the
data needed further studies with larger cohort to
confirm.

Discussion
In this study, we first reported CD47 expression in hu-
man normal pancreatic tissue. We found weak to mod-
erate CD47 staining in the normal pancreatic islet cells,
but not in acinar or ductal cells. This was similar to the
reported CD47 expression in normal mice pancreas [34].
In PanNETs, CD47 was overexpressed; its staining in
tumor tissue was not only obviously higher than that in
adjacent non-tumor tissue, but also significantly higher
than that in islet cells. Relative low expression of CD47
in PanNETs was associated with tumor metastasis
trends. CD163+ macrophages were seen in the stroma of
tumor with variable numbers, and a higher CD163+
macrophage count was related to LNM, LVI and PNI.
Overexpression of CD47 in tumor cells compared to

non-malignant cells has been demonstrated in multiple
studies with various types of malignancies, which was
believed to warrant cancer cells to exploit the “don’t eat
me” function of CD47 [26]. Krampitz et al. showed that
CD47 was highly expressed in cells from human

Fig. 2 Association of CD47 expression with PanNET prognosis. a, b and c showed the associations of CD47 H-score with LNM, LVI and PNI. d.
CD47 expression related to recurrence/death
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PanNET compared to surrounding noncancerous pan-
creatic cells via flow cytometry [30]. In line with their
findings, in this study, the expression of CD47 in Pan-
NETs detected by IHC was conspicuously higher than
that in adjacent non-tumor tissues. Considering the po-
tential origin of PanNET [35], we further compared
CD47 expression in normal pancreatic islets with that in
PanNETs. CD47 expression displayed a significantly in-
creased expression in PanNETs, providing more evi-
dence for the concept that the increase of CD47
expression in tumor would aid escape immunosurveil-
lance of the host. Notably, recent studies have indicated
that CD47 expression appeared to vary among different
types of cancers. For example, in fibrolamellar subtype
of hepatocellular carcinoma, CD47 expression did not
increase compared to normal hepatic tissue [28]. More-
over, in gastric carcinoma, no overexpression of CD47
was found when compared to adjacent non-tumor gas-
tric tissue [29].
High expression of CD47 would help cancer cells

evade macrophage-mediated phagocytosis and is associ-
ated with growth and progression of many types of can-
cers. Data from several types of cancers have illustrated
the positive correlation between high expression of
CD47 in tumor cells and poor prognosis [36–38]. How-
ever, it remains controversial whether high CD47 ex-
pression could serve as an indicator for poor outcome of
patients. In gastric cancer, in addition to non-

overexpression compared to normal gastric tissue, the
high mRNA of CD47 was also not associated with poor
prognosis [29]. In non-small cell lung cancer, CD47
overexpression was not a prognostic factor [39]. Data in
this study with PanNETs indicated a relative lower level
of CD47 expression was not only associated with LNM,
PNI and LVI, but also associated with PanNET recur-
rence and patient death. These evidence suggested that
the association of CD47 expression with patient’s prog-
nosis might be dependent on a specific type of cancer.
In PanNET, relative lower expression of CD47 may indi-
cate a poor prognosis.
It is worth to mention that CD47 may mediate many

different biologic activities besides its immunoregulatory
functions. CD47 is not only a receptor for SIRP and the
matricellular protein thrombospondin-1 (TSP-1), but
also for ligands that are emerging [40]. Evidence has in-
dicated that CD47 is a versatile factor in cell activity,
such as in angiogenesis [41, 42], cell migration, immune-
cell filtration [43], as well as cell death [44]. In CD47 de-
ficient mice, angiogenesis in xenograft tumor was en-
hanced, and the lack of CD47 accelerated tumor
progression [45]. These findings suggested that further
studies on pathologic and therapeutic roles of CD47 and
its related signaling pathways in PanNETs may be
needed.
Evidence has indicated that the change of macrophage

subtypes in tumor microenvironment has important

Fig. 3 CD163+ TAMs associated with PanNET prognosis. a, b, and c displayed the associations of CD163+ macrophages with LNM, LVI and PNI. d.
association of CD163+ macrophage counts with recurrence/death
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roles in tumor progression and metastasis [11, 46]. Het-
erogeneity of macrophage phenotypes is observed among
TAMs in various malignant tumors, but CD163+ TAMs
may be the main population [8, 47, 48]. A higher
CD163+ macrophage count or an increase in M2/M1
Ratio in a variety of cancers indicates a poor prognosis
or metastasis [8, 48], although it remains unclear how
CD163 works in the protumoral activation of TAMs. In
PanNETs, our report revealed that a higher CD163+ cell
count related to LNM, PNI and LVI, suggesting CD163+
TAM as an indicator for poor prognosis. The data sup-
ports the previous report showing the association of
higher CD163+ macrophage with a worse disease free
survival and disease specific survival in PanNETs [15]. It
is worth to mention that in this study that CD163 +
macrophages in the group with recurrence and/or death
was not significantly higher, compared to that without
recurrence and/or death. The difference with the previ-
ous report [15] may result from our small sample size.
Escaping immunosurveillance of the host is an essen-

tial step for tumor development and metastasis. Overex-
pression of immunosuppressive molecules may act as a
key mechanism under this immune absconsion [49–51].
CD47, an inhibitory receptor expressed on cell surface,
mediates signaling to aid malignant cells in avoiding
phagocytosis via interacting with SIPRα of immune cells
such as macrophages. Accumulating data from labora-
tory and clinical studies have not only revealed highly
expressed CD47 in many types of cancers, but also pro-
vided encouraging data for the novel therapeutic strategy
by targeting CD47 [26, 52, 53]. However, clinical trials
have given rise to some uncertainty, even controversial
data on the efficacy of the potential immune therapy
[19], suggesting that further understanding related
mechanisms underlying CD47 functions, relationship
with immune cells and responses in tumors may be re-
quired. Regarding expression of CD47 in tumors, over-
expression of CD47 was not exhibited in all kinds of
cancers, and non-overexpression has been found in gas-
tric cancer [29] and fibrolamellar subtype of hepatocellu-
lar carcinoma [28], implying that targeting CD47
therapy might not be suitable for these types of malig-
nancies. In one report, using engraft animal models
established via injecting the selected CD90high PanNET
cell (cancer stem cell) with higher expression of CD47,
anti-CD47 antibody inhibited PanNET tumor growth in
animal model [30]. However, our data indicated that
CD47 expression was relative lower in PanNETs with
poor prognosis, suggesting that targeting CD47 therapy
might not be ideal treatment for the patients with me-
tastasis and poor prognosis.
Based on our knowledge, there seems to be no study

to clearly show the relationship of CD47 expression on
cancer cells with stromal CD163+ macrophages. In the

study, both higher CD163+ macrophages and low ex-
pression of CD47 in PanNETs were associated with me-
tastasis status. A recent study on diabetes showed that
decreased CD47 expression enhanced the immune cell
infiltration into islets [26]. Further investigation on the
relationship between CD47 expression and CD163+
macrophages in tumor might assist to justify the efficacy
of targeting CD47 therapeutic approach in PanNETs.
This study has some limitations. It was a retrospective

study using resection tissues from a small cohort in one
medical center. In this study, only morphologic analysis
and IHCs were adopted for experiments. More studies
should be performed to confirm or extend the results.
We could expect several translational applications of our
results in the future studies. First, the expression of
CD47, CD163+ macrophages, and their prognostic value
should be verified in a large independent clinical cohort,
ideally in a prospective study. Second, according to our
results, while exploring CD47 targeting therapy in Pan-
NET, in additions to its effect on phagocytosis, other ef-
fects of CD47 on angiogenesis, cell death and migration
may need to be tested. Moreover, future effort may be
needed to illustrate the potential prognostic role of cor-
relation between CD47 expression and CD163+ macro-
phage counts.

Conclusions
In summary, the data from the study revealed that CD47
was overexpressed in PanNETs. A relatively lower ex-
pression of CD47 in tumor cells or higher CD163+
TAMs was related to poor prognosis, suggesting that
they might act as indicators for PanNET prognosis. Sup-
pressing CD47 might be inappropriate therapy for Pan-
NET with metastasis.
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