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Abstract
Purpose Pancreatic adenocarcinoma (PAC) represents one of the most fatal types of cancer with an exceptionally poor 
prognosis, underscoring the need for improved diagnostic and treatment approaches. An over-expression of somatostatin 
receptors (SST) as well as of the chemokine receptor CXCR4 has been shown for many tumour entities. Respective expres-
sion data for PAC, however, are scarce and contradictory.
Methods Overall, 137 tumour samples from 70 patients, 26 of whom were diagnosed with PAC and 44 with pancreatic neu-
roendocrine tumour (PanNET), were compared in terms of SST and CXCR4 expression by immunohistochemical analysis 
using well-characterized rabbit monoclonal antibodies.
Results Only SST1 and CXCR4 expression was detected in PAC tumours, with SST1 present in 42.3% and CXCR4 in 7.7% 
of cases. However, the overall staining intensity was very weak. In contrast to the tumour cells, in many PAC cases, tumour 
capillaries exhibited strong SST3, SST5, or CXCR4 expression. In PanNETs, SST2 was the most-prominently expressed 
receptor, observed in 75.0% of the tumours at medium–strong intensity. SST5, SST1, and CXCR4 expression was detected 
in 20.5%, 15.9%, and 11.4% of PanNET cases, respectively, but the staining intensity was only weak. SST2 positivity in 
PanNET, but not in PAC, was associated with favourable patient outcomes.
Conclusions SST or CXCR4 expression in PAC is clearly of no therapeutic relevance. However, indirect targeting of these 
tumours via SST3, SST5, or CXCR4 on tumour microvessels may represent a promising additional therapeutic strategy.

Keywords Somatostatin receptor · CXCR4 · Immunohistochemistry · Pancreatic adenocarcinoma · Pancreatic 
neuroendocrine tumour

Abbreviations
CXCR4  CXC motif chemokine receptor 4
GEP-NEC  Gastroenteropancreatic neuroendocrine 

carcinomas
GEP-NET  Gastroenteropancreatic neuroendocrine 

tumours

IRS  Immunoreactivity score
PAC  Pancreatic adenocarcinoma
PanNET  Pancreatic neuroendocrine tumour
SST  Somatostatin receptor

Introduction

Pancreatic adenocarcinoma (PAC) is the 12th most-common 
cancer in men and 11th most-common cancer in women 
worldwide, with 2018 incidence rates of 5.5 per 100,000 
men and 4.0 per 100,000 women (Ilic and Ilic 2016; Bray 
et al. 2018; Rawla et al. 2019). Median age at diagnosis is 
about 70 years, and besides advanced age, PAC risk factors 
include genetic susceptibility, tobacco smoking, heavy alco-
hol consumption, dietary factors (e.g., increased consump-
tion of red or processed meat), obesity, and diabetes mellitus 
(Ryan et al. 2014; Ilic and Ilic 2016; Kamisawa et al. 2016; 
Simoes et al. 2017; Rawla et al. 2019). Consequently, PAC 
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incidence rates are higher in developed countries such as 
in North America and Europe compared with countries in 
Africa or Asia (Ilic and Ilic 2016; Kamisawa et al. 2016; 
Bray et al. 2018; Rawla et al. 2019). PAC is the seventh lead-
ing cause of cancer-related deaths worldwide and associated 
with an extremely poor prognosis (Ilic and Ilic 2016; Bray 
et al. 2018; Rawla et al. 2019). Overall, 5-year survival of 
PAC patients is only 9% and median survival ranges from 
2 years for patients with local and resectable tumours to only 
a few months for patients with advanced disease (Ilic and Ilic 
2016; Rawla et al. 2019). Reasons for this devastating situ-
ation are the lack of effective treatment options, early local 
recurrence, and absence of useful biomarkers that enable 
early detection of the tumour.

At diagnosis, only 20% of PAC patients are eligible for 
surgery. As adjuvant therapy or in the palliative situation 
combination chemotherapy regimens are recommended, pri-
marily FOLFIRINOX (5-fluorouracil, folinic acid, irinote-
can, oxaliplatin) or gemcitabine/nanoparticle albumin-bound 
(nab)-paclitaxel, depending on the patient’s age, comorbidi-
ties and health status. In the palliative situation, these thera-
pies are associated with median overall survival of 11.1 or 
8.5 months, respectively, which is still quite poor (Teague 
et al. 2015; Kamisawa et al. 2016; Waidmann et al. 2018). 
Therefore, new therapeutic options as well as methods that 
enable early detection of PAC are desperately needed.

Many tumour entities exhibit an over-expression of recep-
tors for regulatory peptides, which can serve as the molecu-
lar basis for targeted diagnostics and treatment modalities. 
Somatostatin receptors (SSTs), for example, are well known 
for their over-expression, e.g., in well-differentiated G1 or 
G2 gastroenteropancreatic neuroendocrine tumours (GEP-
NET) (Kaemmerer et al. 2015a; Mai et al. 2019), which ena-
bles functional imaging of these tumours by scintigraphy or 
PET/CT in addition to pharmacotherapy or peptide-receptor 
radionuclide therapy (PRRT) with (radiolabelled) soma-
tostatin analogues (Smit Duijzentkunst et al. 2017). The 
chemokine receptor CXCR4, in contrast, has been shown to 
be mainly present in highly aggressive tumours such as G3 
gastroenteropancreatic neuroendocrine carcinomas (GEP-
NEC), small-cell lung cancer, or lymphomas (Kaemmerer 
et al. 2015a, b; Stollberg et al. 2016; Mai et al. 2019). In 
contrast to the antisecretory and antiproliferative effects 
mediated via SSTs (Rinke et al. 2009; Caplin et al. 2014), 
increased tumour expression of CXCR4 has been associ-
ated with rapid tumour progression, high invasive potential, 
early metastasis, and poor patient outcomes (Furusato et al. 
2010; Zhao et al. 2015). As such, several peptide and non-
peptide CXCR4 antagonists have been synthesized, and their 
antiproliferative activity has been tested both in vitro and in 
animal tumour models (Walenkamp et al. 2017). Based on 
promising results, several clinical studies on the efficacy of 
CXCR4 antagonists in cancer patients have been initiated, 

some of which are still ongoing (Domanska et al. 2013; 
Walenkamp et al. 2017). In addition, very recently, feasibil-
ity of both CXCR4-based imaging and PRRT in a variety of 
tumour types, including small-cell lung cancer, lymphoma, 
and multiple myeloma, has been demonstrated (Buck et al. 
2017; Kircher et al. 2018).

In contrast to other tumour entities, studies on SST 
expression in human PAC are scarce. The available studies 
comprise only a small number of cases, and they were based 
on mRNA analyses, receptor autoradiography, or in vitro 
binding studies (Reubi et al. 1988; Buscail et al. 1996). 
However, to the best of our knowledge, comprehensive 
immunohistochemical studies on SST expression in PAC 
are lacking so far.

Regarding CXCR4 expression in PAC, several immuno-
histochemical studies are already available. However, results 
concerning correlations between CXCR4 expression and 
clinicopathologic data are contradictory. Whereas in some 
studies, CXCR4 expression has been shown to be associated 
with advanced tumour stage, the presence of lymph-node 
or distant metastases or poor patient outcomes (Maréchal 
et al. 2009; Cui et al. 2011; Bachet et al. 2012; Liao et al. 
2012; Wang et al. 2013; Wu et al. 2015; Zhang et al. 2018a), 
in others no such interrelationships (Koshiba et al. 2000; 
Wehler et al. 2006; Gebauer et al. 2011) or even an inverse 
association with histological grade (Kure et al. 2012) has 
been found.

Based on the limited and in some cases conflicting data 
currently available, the aim of the present study was to com-
prehensively re-evaluate SST and CXCR4 expression in a 
large set of PAC samples by immunohistochemistry using 
well-characterized rabbit monoclonal antibodies. In addi-
tion, the expression patterns of SSTs and CXCR4 were com-
pared directly to those of pancreatic neuroendocrine tumours 
(PanNETs), which are well known for the over-expression 
of SSTs in G1/G2 neoplasms and of CXCR4 in G3 carci-
nomas (Kaemmerer et al. 2015c; Mehta et al. 2015; Mai 
et al. 2019). PanNET account for only 1–2% of all pancreatic 
neoplasms, but exhibit a much better prognosis than PAC, 
with a 5-year survival rate of approximately 50% (Zhou et al. 
2010; Dasari et al. 2017).

Methods

Tumour specimens

A total of 137 archived formalin-fixed, paraffin-embedded 
tumour samples from 70 patients were included in the 
present investigation (specifically, 1 sample each from 38 
patients, 2 each from 16 patients, 3 each from 11 patients, 
4 each from 2 patients, 6 each from 2 patients, and 14 from 
1 patient; 90 samples were from primary tumours, and 47 
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represented metastases). Of the 70 patients, 26 were diag-
nosed with PAC and 44 with PanNET. Samples had been 
resected between 1999 and 2015 at the Department of Gen-
eral and Visceral Surgery, Zentralklinik Bad Berka, Bad 
Berka, Germany.

Immunohistochemical analyses

From the paraffin blocks, 4-µm sections were prepared and 
floated onto positively charged slides. Immunostaining was 
performed using an indirect peroxidase labeling method, 
as described previously (Kaemmerer et al. 2017a). Rabbit 
monoclonal antibodies (hybridoma cell culture supernatants) 
directed against the respective carboxyl-terminal tails of the 
different receptors were used to detect SSTs (except SST4) 
and CXCR4 (for detailed information regarding the clones, 
epitopes, and dilutions of the antibodies, see Table 1). These 
antibodies have been generated and extensively character-
ized by our group (Fischer et al. 2008a, b; Lupp et al. 2011, 
2012, 2013), and have been validated by other researchers 
(e.g., Körner et al. 2012; Lambertini et al. 2013; Chinezu 
et al. 2014). For immunohistochemical detection of SST4, 
polyclonal antibodies were used. Sections obtained from 
normal human pancreas (islets; SST1, SST2, SST3, SST5), 
lymph nodes (germinal centres; SST2, SST5, CXCR4, 
Ki-67), and cortex (SST4) were used as positive controls. 
For negative controls, the primary antibody was either omit-
ted or adsorbed for 2 h at room temperature with 10 µg/ml of 
the peptide used for rabbit immunizations (Kaemmerer et al. 
2017a). Additional staining was performed with monoclo-
nal mouse antibodies against the proliferation marker Ki-67 
(Table 1).

Staining of receptors was scored in all sections using the 
semi-quantitative Immunoreactivity Score (IRS), as reported 
by Remmele and Stegner (1987). The percentage of positive 

tumour cells was stratified into five categories [no positive 
cells (0), < 10% positive cells (1), 10–50% positive cells 
(2), 51–80% positive cells (3), and > 80% positive cells (4)] 
and then multiplied by the staining intensity quantified in 
four categories [no staining (0), weak staining (1), moder-
ate staining (2), and strong staining (3)]. Thus, IRS values 
ranging from 0 to 12 were obtained. Tumour samples with 
an average IRS value ≥ 3 were considered positive. For 
patients who had more than one tumour slide, the arithme-
tic mean was calculated from the IRS values of all slides for 
that patient, with primary tumour and metastasis/es taken 
together (per patient analysis). Only when primary tumours 
and metastases were compared, arithmetic means were cal-
culated for the primary tumour samples and metastasis/es 
sample(s) separately. The antibodies against the SSTs and 
CXCR4 produced distinct immunostaining of not only the 
plasma membrane of tumour cells but also the cytoplasm, 
indicating receptor internalisation due to agonist stimula-
tion. Both types of staining (cytoplasmic and cell surface) 
were evaluated equally. Staining of tumour blood vessels for 
SSTs and CXCR4 was evaluated separately by determining 
the percentage of positively stained vessels relative to all 
vessels. Tumours with ≥10% of vessels exhibiting staining 
for the respective receptor were considered positive. With 
respect to Ki-67 staining, the percentage of positive nuclei 
was determined. All immunohistochemical stainings were 
evaluated by two independent, blinded investigators (YK, 
AL). In the case of discrepant scores, the final decision was 
reached by consensus.

Statistical analyses

IBM SPSS statistics software, version 25.0 (Armonk, NY, 
USA), was used for statistical analyses. Because the data 
were not normally distributed (Kolmogorov–Smirnov test), 

Table 1  Antibodies used for immunohistochemical stainings

Antibody Clone Type Epitope Supplier Dilution

SST1 UMB-7 Rabbit
Monoclonal

ENLESGGVFRNGTCTSRITTL
(residues 377–391)

Epitomics, Burlingame, CA 1:25

SST2 UMB-1 Rabbit
Monoclonal

ETQRTLLNGDLQTSI
(residues 335–369)

Epitomics, Burlingame, CA 1:10

SST3 UMB-5 Rabbit
Monoclonal

QLLPQEASTGEKSSTMRISYL
(residues 398–418)

Epitomics, Burlingame, CA 1:20

SST4 4802 Rabbit
Polyclonal

CQQEALQPEPGRKRIPLTRTTIF
(residues 366–388)

Gramsch, Schwabhausen, Germany 0.1 µg/ml

SST5 UMB-4 Rabbit
Monoclonal

QEATPPAHRAAANGLMQTSKL
(residues 344–364)

Epitomics, Burlingame, CA 1:10

CXCR4 UMB-2 Rabbit
Monoclonal

KGKRGGHSSVSTESESSSFHSS
(residues 338–359)

Epitomics, Burlingame, CA 1:2

Ki-67 MIB-1 Mouse
Monoclonal

DAKO, Hamburg, Germany 1:75
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the Mann–Whitney test, Chi-square test, Kendall’s τ-b test, 
or Spearman’s rank correlation test was performed. For 
survival analyses, the Kaplan–Meier method with log-rank 
test was used. A p value ≤ 0.05 was considered indicative of 
statistical significance.

Results

Patient characteristics

Tumours from 35 male and 35 female patients (PAC: 12 
males, 14 females; PanNET: 23 males, 21 females) were 
evaluated (Table 2).

Median age at diagnosis was 59.5 years overall (range: 
14.6–80.1 years), with a significant difference between the 
PAC and PanNET groups. PAC patients were diagnosed at a 
significantly higher age (median age: 67.4 years) compared 
to PanNET patients (median age: 55.8 years; p = 0.002; 
Table 2).

Median survival was 1.84  years overall (minimum: 
0.03 years; maximum: 15.32 years). Patients with PAC had 
significantly worse outcomes relative to those with PanNET 
(median survival: PAC: 1.28 years; PanNET: 3.35 years; 
p = 0.001; Table  2; Kaplan–Meier survival analysis: 
p < 0.001; Fig. 1).

At diagnosis, 3.8% (1/26) of PAC patients had UICC 
(Union Internationale Contre le Cancer) stage I disease, 

Table 2  Patient and tumour characteristics

PAC pancreatic adenocarcinoma, PanNET pancreatic neuroendocrine tumour, unk. unknown

PAC PanNET All tumours

Total no 26 44 70
Sex (male/female) 12/14 23/21 35/35
Age (years)
 Mean 64.9 54.4 58.3
 Median 67.4 55.8 59.5

Survival (months)
 Mean 1.29 4.18 3.11
 Median 1.28 3.35 1.84

UICC stage (n)
 I 1 4 28
 II 17 11 5
 III 2 2 4
 IV 6 26 32
 unk. 0 1 1

Grading (n)
 G1 0 16 16
 G2 16 23 39
 G3 10 5 15

pT (n)
 1 0 6 6
 2 1 11 12
 3 19 20 39
 4 4 4 8
 unk. 2 3 5

pN (n)
 0 11 18 29
 1 14 25 39
 unk. 1 1 2

pM (n)
 0 21 18 39
 1 4 26 30
 unk. 1 0 1
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whereas 65.4% (17/26) had stage II, 7.7% (2/26) stage III, 
and 23.1% (6/26) stage IV disease. Of the PanNET samples 
examined, 11.4% (5/44) were classified as stage I, 25.0% 
(11/44) as stage II, 4.5% (2/44) as stage III, and 59.1% 
(26/44) as stage IV. For one PanNET patient, the stage of 
the disease was not known (Table 2).

With respect to histological grading, 16 PAC samples 
(61.5%) were grade 2, whereas 10 tumours (38.5%) exhib-
ited grade 3 histology. PanNETs were graded as follows: 
36.4% (16/44) as G1, 52.3% (23/44) as G2, and 11.3% (5/44) 
as G3 histology (Table 2).

Of the (corresponding) primary tumours, 1 PAC tumour 
(3.8%) was classified as T2, whereas 19 (73.1%) were clas-
sified as T3 and 4 (15.4%) as T4. In two cases (7.7%), the 
extent of the primary tumour was unknown. Among Pan-
NETs, 6 (13.6%) were classified as T1, 11 (25.0%) as T2, 
20 (45.5%) as T3, and 4 (9.1%) as T4. The T status was 
unknown for three PanNET tumours (6.8%) (Table  2). 
Eleven PAC patients (42.4%) exhibited no lymph-node 
metastases at diagnosis, whereas lymph-node metastases 
were already present in 14 cases (53.8%). Lymph-node sta-
tus was unknown for one PAC patient (3.8%). Among the 

Fig. 1  Overall survival of 
patients with pancreatic 
adenocarcinoma (PAC) relative 
to patients with pancreatic neu-
roendocrine tumour (PanNET). 
Log-rank test: p < 0.001

Fig. 2  Somatostatin receptor 
(SST) and chemokine recep-
tor CXCR4 expression pattern 
in pancreatic adenocarcinoma 
(PAC) and pancreatic neu-
roendocrine tumour (PanNET) 
tissues. Depicted are typical 
examples for the staining pat-
terns of SST1, SST2, SST5, and 
CXCR4. Immunohistochemistry 
(red–brown colour), counter-
staining with haematoxylin; 
original magnification: 400×
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PanNET patients, 18 (40.9%) had no lymph-node metasta-
ses, 25 cases (56.8%) presented already with lymph-node 
metastases at diagnosis, and in 1 (2.3%) case, the existence 
of lymph-node metastases was not known (Table 2). No 
distant metastases were detected in 21 of the PAC patients 
(80.8%); in 4 cases (15.4%), distant metastases were already 
present. The presence of distant metastases was not reported 
in the files of one patient (3.8%). Among PanNET patients, 
18 (40.9%) exhibited no distant metastases, but tumours had 
already metastasized to other organs in 26 patients (59.1%) 
(Table 2).

Receptor expression patterns and correlations 
with clinical data

Figure 2 shows typical examples of staining in PAC and 
PanNET samples obtained with the monoclonal antibodies 
against SST1, 2 and 5 and CXCR4. With these antibodies, 
as well as with the anti-SST3 antibody, distinct immu-
nostaining of the plasma membrane, but also of the cyto-
plasm of the tumour cells was observed. The polyclonal 
anti-SST4 antibody, in contrast, yielded only cytoplasmic 
staining (data not shown). In addition to and independ-
ent of the staining of tumour cells, in many cases, SST3, 

Fig. 3  Expression profiles 
of the different somatostatin 
receptor (SST) subtypes and 
the chemokine receptor CXCR4 
in pancreatic adenocarcinomas 
(PAC) and pancreatic neuroen-
docrine tumours (PanNET). a 
Percentage of positive cases for 
the different SSTs and CXCR4. 
Tumours were only considered 
positive with an immunoreactiv-
ity score (IRS) ≥ 3. b Box plots 
of the expression levels (IRS 
values) of SSTs and CXCR4. 
Depicted are median values, 
upper and lower quartiles, 
minimum and maximum values, 
as well as outliers. The outliers 
are defined as follows: circles: 
mild outliers; data that fall 
between 1.5 and 3 times above 
the upper quartile or below 
the lower quartile; asterisks: 
extreme outliers; data that fall 
more than three times above 
the upper quartile or below the 
lower quartile
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SST5, and CXCR4 were found to be strongly expressed on 
the tumour capillaries.

For all receptors, but especially for SST1 and the SST2, 
expression levels varied considerably between individual 
patients and sometimes also between different samples from 
the same tumour, which is mirrored by the length of the 
respective boxes and whiskers in Fig. 3b.

SST1 was the most-prominently expressed receptor in 
PAC specimens. Of the 26 PAC tumours examined in the 
present study, 11 (42.3%) exhibited an IRS ≥3 for SST1 
and were, therefore, considered SST1-positive. In some 
cases, even a strong expression with IRS values up to 9 was 
observed. However, with a median IRS of 2, the overall 
intensity of expression was quite low. SST2, SST3, SST4, 
and SST5 were not positively expressed in PAC specimens. 
In addition, median IRS values were only 0. CXCR4 was 
positively expressed in 2 (7.7%) PAC specimens, but also 
here, median IRS was 0 (Fig. 3a, b).

In PanNET, SST2 was by far the most often and most 
pronounced expressed receptor. SST2 was detected in 33/44 
(75.0%) of the tumours with a median IRS of 7.75, repre-
senting medium–strong expression. SST5 was present in 9 
(20.5%) PanNET specimens, whereas SST1 was detected in 
7 (15.9%) and CXCR4 in 5 (11.4%) of the PanNET cases. 
SST3 was detected in only one tumour. The median IRS val-
ues for these receptors were only 0, but for SST1 and SST5 
in some of the tumours up to 8 and for CXCR4 up to 7 IRS 
points were reached.

Regarding receptor combinations, in most PAC speci-
mens, SST1 was the only SST detected. In one case, the 
SST1 was present in combination with the CXCR4, and in 
another tumour, only CXCR4 was observed. In the majority 

of the PAC specimens (14 tumours; 53.8%), however, nei-
ther an expression of the SSTs nor of the CXCR4 could be 
detected.

Most of the PanNETs (20 tumours; 45.5%) showed an 
expression of SST2 only, five neoplasms (11.4%) expressed 
SST2 together with SST5. In two tumours each, co-expres-
sion of SST2 plus CXCR4 with SST1 or with SST1 plus 
SST5 was observed. One tumour each expressed SST2 in 
combination with SST5 plus CXCR4 or in association with 
SST1 plus SST3. Only SST1, only CXCR4 or SST1 together 
with SST5 and CXCR4 were detected in one tumour each. 
Eight tumours did not exhibit expression of any of the recep-
tors investigated.

Furthermore, in PAC samples, a significant correlation 
between SST5 and CXCR4 expression as well as a tendency 
toward an association between SST1 and SST2 expression 
was observed (Table 3). In PanNET specimens, by contrast, 
SST1 expression was significantly correlated with the inci-
dence of SST3 and SST5, and SST3 expression was signifi-
cantly associated with the occurrence of CXCR4 (Table 4).

Regarding correlations with clinical data, in PAC, a ten-
dency toward a positive association between SST2 expres-
sion and patient overall survival was observed (Table 3). 
There was also a positive association between SST5 expres-
sion and patient age  (rsp = 0.508, p < 0.001). Analysis of 
the clinical data revealed additionally a significant nega-
tive association between tumour stage and overall survival 
(τ = − 0.318, p = 0.048).

In PanNET, a significant negative correlation between 
the expression of SST2 and tumour grading was observed 
(τ = − 0.282, p = 0.026) and a positive association between 
the expression of SST2 or SST5 and overall survival 

Fig. 4  Overall survival of 
patients with pancreatic neu-
roendocrine tumour in depend-
ence of the SST2 positivity 
of the tumour. Log-rank test: 
p < 0.001
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(Table 4). This latter association was also evident in the 
respective Kaplan–Meier analyses, showing a significantly 
better outcome for patients with SST2-positive than for those 
with SST2-negative tumour (p < 0.001; Fig. 4). Furthermore, 
SST1 expression was negatively correlated with tumour size 
 (rsp = − 0.272, p = 0.004), whereas between Ki-67 values and 
tumour size, a positive association was found  (rsp = 0.264, 
p = 0.031). As in PAC, also in PanNET, a significant nega-
tive correlation between tumour stage and overall survival 
was noticed (τ = − 0.327, p = 0.007).

Aside from the above-mentioned findings, in both tumour 
entities, no other correlations between receptor expression 
intensities and either patient sex, tumour grading, staging, 
size, or the presence of lymph-node or distant metastases or 
within the clinical data could be detected.

In contrast to the tumour cells, in PAC a strong SST3, 
SST5, and CXCR4 expression was observed on the tumour 
capillaries. SST3 and SST5 were present on tumour 
microvessels in 34% and CXCR4 in 58% of the PAC cases, 
respectively. In PanNET, only CXCR4 expression could be 
detected on the tumour capillaries, being present in 44% of 
the neoplasms. However, in both tumour entities, no associa-
tions between SST or CXCR4 expression on tumour capil-
laries and any of the clinical parameters were observed.

Differences in receptor expression between PAC 
and PanNET specimens

Between the two tumour entities, differences were noted 
in the intensity of expression of SST1, SST2, and SST3, 
with a higher SST1 but lower SST2 and SST3 IRS in PAC 
compared to PanNET (SST1: p = 0.067; SST2: p < 0.001; 
SST3: p = 0.009; Fig. 3b). Furthermore, PAC exhibited sig-
nificantly higher Ki-67 values than PanNET (median: 15.2 
vs. 4.7; mean: 19.0 vs. 8.1; p < 0.001).

Discussion

Regarding SST and CXCR4 expression in PanNET, the pre-
sent results completely correspond both with our previous 
data obtained with different cohorts of patients (Kaemmerer 
et al. 2015c; Mai et al. 2019) and with the findings reported 
by other groups (Mehta et al. 2015). Our results also une-
quivocally corroborate data on SST2 expression as positive 
predictor in GEP-NETs (Corleto et al. 2009; Okuwaki et al. 
2013; Mehta et al. 2015; Kaemmerer et al. 2015a; Qian et al. 
2016; Song et al. 2016; Mai et al. 2019) and provide fur-
ther clear evidence for the utility of SST-based diagnostics 
and treatment modalities in PanNET patients (Falconi et al. 
2016; Bozkurt et al. 2017; Smit Duijzentkunst et al. 2017).

In contrast to PanNET, PAC displayed only negligi-
ble SST expression overall, except a few cases in which 

medium–high SST1 expression was observed. These data are 
in good agreement with reports from the literature, indicat-
ing that both at the mRNA and at the protein level, SSTs are 
lost from pancreas tissue during PAC development (Buscail 
et al. 1996; Chalabi-Dchar et al. 2015). Consequently, SSTs 
are not expressed in human PAC tumours, as demonstrated 
by receptor autoradiography and in vitro binding studies 
using human tumour samples as well as in vivo 111In-octre-
otide scintigraphy analyses (Reubi et al. 1988; Van Eijck 
et al. 1996). In addition, SSTRs are only rarely detectable in 
human PAC xenografts (Singh et al. 1991). Our results are 
also consistent with the failure of clinical trials using soma-
tostatin analogues in PAC patients (Reubi et al. 1988; Klijn 
et al. 1990; Canobbio et al. 1992; Huguier et al. 1992; Friess 
et al. 1993; Fazeny et al. 1997; Sulkowski et al. 1999;). In 
contrast to human tumours, antiproliferative effects of soma-
tostatin analogues have been reported in the PAC cell line 
MIA PaCa-2 as well as MIA PaCa-2 xenografts in nude 
mice (Radulovic et al. 1993; Fisher et al. 1996). However, 
it should be noted that MIA PaCa-2 (and PANC-1) cells 
exhibit neuroendocrine differentiation and therefore express 
SST2, which renders them susceptible to SST-based thera-
pies (Gradiz et al. 2016). This particular feature of these 
two cell lines was corroborated by another study (Fisher 
et al. 1998) involving nine different PAC cell lines: AsPC-
1, BxPC-3, Capan-1, Capan-2, HS766T, Panc-1, SU.86.86, 
CAV, and MIA PaCa-2. Although many of these cell lines 
expressed SSTs at the mRNA level, in that study, only MIA 
PaCa-2 cells displayed SST protein expression on the cell 
surface, as assessed by 125I-labeled somatostatin-14 binding 
assays, and only MIA PaCa-2 cells demonstrated suscepti-
bility to the antiproliferative effect of somatostatin (Fisher 
et al. 1998).

Regarding CXCR4, only in a few PAC tumours, notice-
able expression was detected. This result is in contrast to the 
literature data demonstrating the presence of this receptor 
in 45–100% of the PAC cases (Koshiba et al. 2000; Wehler 
et al. 2006; Maréchal et al. 2009; Cui et al. 2011; Gebauer 
et al. 2011; Bachet et al. 2012; Kure et al. 2012; Liao et al. 
2012; Wang et al. 2013; Zhang et al. 2018a). One reason 
for this discrepancy could be the use of different antibodies 
and rating methods. Whereas well-characterized monoclonal 
antibodies were employed in the present study, in the litera-
ture, a wide variety of polyclonal and monoclonal antibodies 
from different commercial and non-commercial sources have 
been used. The array of antibodies used could also explain 
the high variability in the CXCR4 expression profiles 
described in the literature as well as the divergent results 
between the different studies regarding potential associations 
between CXCR4 expression and clinicopathologic param-
eters such as patient outcomes. We rated receptor staining 
using the IRS, which takes both frequency and intensity of 
expression into account, and only samples exhibiting an IRS 
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≥3 were considered positive. Less-differentiated classifica-
tions of staining results were used in most studies reported in 
the literature. In addition, in the vast majority of previously 
reported studies, staining was rated positive at intensities 
lower than those considered positive in the present study. 
Nevertheless, studies have shown that CXCR4 is primarily 
expressed in highly aggressive tumours such as lymphomas 
or small-cell lung cancer (Kaemmerer et al. 2015b; Stollberg 
et al. 2016), with median Ki-67 values well above 20. With a 
median IRS of 15.2, as observed in the present investigation, 
PAC probably does not belong with that group of tumours. 
This conclusion is supported by similar findings indicating 
quite low CXCR4 expression rates in other aggressive (but 
not highly aggressive) tumour entities, such as hepatocel-
lular and cholangiocellular carcinomas (Kaemmerer et al. 
2017b) or grade IV astrocytic brain tumours (Lange et al. 
2018).

More than half of the PAC specimens examined in the 
present study exhibited strong CXCR4 expression on the 
tumour capillaries. Similar observations have been previ-
ously described both in PAC (Koshiba et al. 2000; Cui et al. 
2011; Gebauer et al. 2011) and in other tumour entities 
(Ingold et al. 2010; Kaemmerer et al. 2017a; Kaemmerer 
et al. 2017b; Lange et al. 2018). Neo-angiogenesis plays 
an important role in tumour development, progression, and 
metastasis, and this holds true for PAC, as well (Zhang et al. 
2018b; Annese et al. 2019). Therefore, targeting tumour 
microvessels using anti-CXCR4 therapies represents a 
potentially promising additional therapeutic strategy.

Conclusions

According to our results, the very low SST or CXCR4 
expression on the PAC tumour cells has clearly no therapeu-
tic relevance. In contrast, indirect targeting of these tumours 
via the CXCR4, but also via the SST3 or SST5, which are 
strongly expressed on the tumour capillaries, represents a 
potentially useful additional therapeutic strategy.
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