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Introduction

Neuroendocrine neoplasms (NENs) are characterized by the expression of neuroendocrine markers, 
usually demonstrable by immunohistochemistry. A common site of NENs is the gastrointestinal tract. 
NENs are classified as well-differentiated tumors (NETs) and poorly differentiated carcinomas (NECs) 
according to the 2019 WHO classification [1]. NECs are small cell type or large cell type, both poorly 
differentiated and both with mitotic rated and Ki-67 >20%. The recent 2019 WHO classification 
distinguishes well differentiated G3 NETs (Mitotic rate of ≥ 20/10HPF and Ki-67 >20%) from poorly 
differentiated NECs. NENs stage groupings are based on the embryonic origin of the primary tumor, 
tumor size, extent of invasion, nodal status and distal metastasis according to ENETS (European 
Neuroendocrine Tumor Society) and AJCC (American Joint Committee on Cancer) 8th edition 
staging systems [2,3].

NEN diagnosis relies on histological morphology and immunohistochemical criteria. Current 
established diagnostic immunohistochemical markers include chromogranin A (CgA), synaptophysin 
(reviewed in [4,5]), Ki-67 a marker of proliferation and CD56. These markers however pose many 
limitations including their lack of correlation to clinical outcomes or their presence in non-tumor 
tissue. Thus, the management of neuroendocrine tumors is hampered by a lack of understanding of 
the underlying biology, lack of biomarkers and insensitivity of detection methods [6].
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Abstract
Neuroendocrine neoplasms (NENs) are a heterogeneous group of tumors that occur in many organs. The 
routinely used IHC markers for NEN diagnosis include chromogranin A (CgA), synaptophysin, Ki67 and 
CD56. These markers have limitations including a lack of correlation to clinical outcomes and their presence 
in non-tumor tissue. Identification of additional markers in NEN tissue has the potential to improve clinical 
outcomes. We generated a detailed tumor profile of tissue from a patient with a grade 3 colonic NEC using 
phenotypic cancer markers and correlated this with the marker expression of the corresponding patient 
circulating tumor cells. Immunohistochemical analysis was carried out on tumor and adjacent normal 
tissue and on corresponding circulating tumor cells from patient blood. Differences in the expression of 
twelve markers were found in tumor relative to adjacent non-tumor tissue, including higher levels of five 
markers in tumor tissue (Ki67, synptophysin, CgA, CD56 and CD44) and lower or undetectable levels of 
seven markers (EPCAM, CDX-2, E-cadherin, β-catenin, pan-cytokeratin, CK7 and CK20), relative to adjacent 
normal tissue. The corresponding CTC marker profile matched that of the tumor tissue, suggesting that the 
marker expression of CTCs may indicate tumor status. Our data support the concept that cells within the 
tissue had undergone transition to a mesenchymal phenotype, generating CTCs. The utility of individual 
patient marker profiling of tumor and CTCs has potential for prognostic disease stratification and needs to 
be further investigated in more patients.
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Less is known about high grade NECs than differentiated NETs 
[7]. A recent study of high-grade gastrointestinal NECs indicated 
that 64.6% patients presented at stage IV with advanced disease 
and poor overall survival of 13.3 months [8]. Several studies have 
shown that gastrointestinal NECs are heterogeneous with respect 
to treatment response and survival, and need to be better classified 
[9,10]. Marker heterogeneity was further illustrated in other studies 
where some morphologically well-differentiated tumors had a Ki-67 
index of >20% [7,11]. The origin of NECs, whether representing 
de-differentiation of a well differentiated NET or de novo production 
from a stem cell is not clear [7] and tumors originating from different 
regions of the gut show different clinicopathological features [12]. 

Recently the ENETs group identified unmet needs in the field 
of neuroendocrine neoplasms including a general lack of reliable 
predictive and prognostic markers in both tumor tissue and in blood 
that could help direct therapeutic choices [13,14]. Single analyte 
biomarkers cannot indicate the multiple variables and complexity 
of cancer (proliferation, metabolic activity, invasive potential, 
metastatic propensity) that constitute a tumor. Analysis of additional 
molecules whose function is known to be altered in cancer would 
provide extra information for diagnosis, stratification of tumors and 
insights into the pathogenesis of NECs.

The epithelial-mesenchymal transition (EMT) provides a model 
system for understanding cancer metastasis. The EMT is a process by 
which epithelial cells lose their cell-cell adhesion properties and gain 
migratory and invasive characteristics to become mesenchymal cells 
[15,16]. The molecular pathways underlying EMT have been well-
characterized in breast cancer and breast cancer cell culture models 
[17]. Less is known about the EMT processes in neuroendocrine 
tumors but in gastrointestinal NETs, the EMT markers β-catenin 
and N-cadherin were proposed for differential diagnosis of small-cell 
vs large-cell NEC [18], indicating the utility of such an approach.

The aim of this study was to firstly to develop a tumor profile of 

a single colonic NEC, based on the immunohistochemical detection 
of proteins associated with cell proliferation, cell adhesion, stem cell 
phenotype and metastasis in patient tissue and blood. Secondly, 
to correlate the marker profile of the tumor tissue with that of the 
circulating tumor cells that represent the motile component of the 
tumor. To date there is lack of evidence to support use of circulating 
tumor cell marker analysis as useful prognostic tool for NECs 
[19]. Detailed profiling of NEC tissue markers and corresponding 
circulating cells may contribute to the development of more reliable 
prognostic and predictive tools for clinical application and enable a 
greater understanding of the pathogenesis of this disease. 

Materials and Methods

Tissue

Tissue from a patient with colorectal high-grade neuroendocrine 
carcinoma (large cell type) was obtained as part of a pilot clinical 
trial of NAB-paclitaxel in combination with carboplatin as first 
line treatment of gastrointestinal Neuro-Endocrine Carcinomas 
(NABNEC). The staging at the time of diagnosis was according to 
the TNM 7th edition (AJCC 2010), and was pT4 pN1 cM1, R1 
resection. Tumor and non-tumor tissue, and a blood sample were 
obtained at diagnosis.

Ethics

 The NABNEC pilot study received ethics approval from Barwon 
Health RSH104 and Deakin University (2014-239).

Biomarker selection

A range of 14 markers for detection in both tissue and blood 
samples was selected on the basis of their role in cancer progression, 
including indicators of cell adhesion, motility/angiogenesis, 
proliferation, tumor suppression, secretion, including those 
involved in EMT and markers specific to epithelial cells and blood 
(Table 1).

Table 1:  Marker categories and marker staining of non-tumour and tumor tissue, and correlation with circulating tumour cells. Staining was 
conducted by immunohistochemistry.   

Marker Marker Category Non-tumour tissue Tumour tissue Presence of marker in CTCs

Ki67 Proliferation/ Cell Cycle - ++++ Yes

CgA Neuroendocrine +/- + Yes

Synaptophysin Neuroendocrine +/- +++ Yes

EPCAM Epithelial ++++ +++ Yes

*Pan-cytokeratin Epithelial ++++ ++ Yes

*CDX-2 Tumor Suppressor ++++ ++ No

*E-cadherin Cell Adhesion ++++ +/- N/A

*β-catenin Cell Adhesion ++ + No

CK7 Epithelial ++ + Yes

CK20 Epithelial ++++ - Yes

CD56 Neuroendocrine +/- ++++ Yes

*CD44 Stem Cell + ++ Yes

*P-cadherin Cell Adhesion - - No

CD31 Blood/angiogenesis N/A N/A Yes

(-) absence of marker in tissue; (+/-) presence of marker in tissue but only in few cells; (+) less than 10% labelled; (++) 10-25% labelled; (+++) 25-
50% labelled; (++++) greater than 50% labelled; *Markers associated with epithelial to mesenchymal transition

Citation: Michalczyk A, Venugopal A, Yip S, Wong SF, Khasraw S, Ackland ML. Correlation between marker profiles of tumor tissue and circulating tumor 
cells in a Grade 3 colonic neuroendocrine carcinoma: Case study and review. J Cancer Biol 2021; 2(4): 98-110.



100
J Cancer Biol 2021; 2(4): 98-110.

Tumor tissue processing for immunodetection of biomarkers: 
Regions of patient tissue showing normal gut morphology were classed 
as non-tumor and regions where tissue was disorganized, containing 
cells with irregular nuclei and showing heterogeneity of size was 
classified as tumor tissue [20]. Formalin-fixed paraffin-embedded 
tissue blocks were cut into 5-8 μm sections, placed on glass slides 
and incubated at 60°C overnight. Sections were deparaffinized in 
xylene solution, 2 immersions for 10 min each, and then rehydrated 
in decreasing concentrations of ethanol (from 100% to 50%) for 5 
min in each solution. Finally, the slides were incubated in deionized 
water for 5 min and stored in PBS buffer at 4°C. As tissue blocks had 
been fixed in formalin, a process that can mask antigen sites, antigen 
retrieval was carried out prior to antibody incubation to improve 
the antigen-antibody binding efficiency. Slides were boiled in 1mM 
EDTA pH 8.0 for 15 minutes for antigen retrieval. 

For immunoperoxidase staining, endogenous peroxidase activity 
was removed from sections by immersion at room temperature for 
30 min in 0.3% H2O2. Blocking solution (1% BSA in PBS) was 
added to slides for 1 hr. at room temperature, followed by addition 
of the primary antibodies diluted to the required concentration and 
then incubated overnight at 4°C. Slides were washed 4 times for 10 
min in PBS and appropriate HRP conjugated secondary antibodies 
(ThermoFisher, Australia) were added to the sections - incubated 
for 1 hr. at room temperature. After four 10 min PBS washes, 
DAB substrate (ThermoFisher, Australia) was added to the sections 
for 10 min, then slides were rinsed 3 times in PBS and dipped in 
hematoxylin counterstain for 3 sec. Slides were washed in distilled 
water for 30 sec, incubated in 100% ethanol for 2 min and the 
sections were mounted in DPX solution (Sigma-Aldrich, Australia) 
and covered with a cover slip. Stained sections were examined under 
an Olympus BX43 microscope and data from 40 fields that were 
representative of the stained tissue regions examined were captured 
using an Olympus DP22 camera.

Processing of blood for immunodetection of biomarkers: 
Prior to treatment, buffy coat was obtained from whole blood by 
Ficoll density gradient centrifugation. Whole blood (10 ml) was 
collected into EDTA Vacutainer tubes (Hurst Scientific, Australia) 
and processed within 24 hours of phlebotomy. Whole blood was 
mixed 1:1 with PBS, layered over 15 ml of Ficoll solution (Hurst 
Scientific, Australia) and centrifuged at 400 g for 40 min at 4°C. The 
plasma was then removed and buffy coat collected, mixed with 50 ml 
of PBS and centrifuged at 2000 g for 10 min at 4°C. The pellet was 
resuspended in 50 ml PBS then washed again and resuspended in 1 
ml of patient’s plasma and frozen in -80°C until required. Twenty 
microliters of buffy coat were smeared onto slides, which were air-
dried, dipped in ethanol for 2 min and rinsed briefly in tap water. 
Twelve drops of Leishman stain (Sigma-Aldrich, Australia) was added 
onto slides. Slides were incubated for 1.5 min on a rocker, followed 
by the addition of 18 drops of distilled water and 8 min incubation. 
Slides were washed in tap water for 2 min, mounted in DPX solution 
and covered with a cover slip. Stained cells were examined under the 
Olympus BX43 microscope and images captured with an Olympus 
DP22 camera. For immunofluorescence, cells were fixed in 4% PFA 
for 10 min, rinsed 3 times with PBS and permeabilized in 0.1% 
TX-100 for 10 min. After 3 PBS rinses, cells were blocked in 1% 
BSA in PBS for 30 min and the primary antibodies diluted to 
required concentration were added and incubated overnight. Slides 
were washed 4 times for 10 min in PBS and appropriate Alexa 488 
conjugated secondary antibodies (ThermoFisher, Australia), diluted 

1:2000, were added to slides. After the incubation, cells were washed 
4 times in PBS for 10 min. For nuclear staining, TO-PRO-3 iodide 
(ThermoFisher, Australia) diluted in PBS 1:1000 was added and slides 
were incubated for 15’ at RT, protected from light, washed 3x in PBS 
and mounted with Prolong Gold anti-fade agent (ThermoFisher, 
Australia). Immunofluorescent microscopy was conducted using a 
Leica TCS SP2 AOBS laser confocal microscope and images were 
captured using Leica Microsystems TCS SP2 software.

Results 

Comparison of matched non-tumor and tumor tissue

H&E staining showed normal colon tissue architecture (Figure 
1a) and areas with tumor morphology (Figure 1b). Nuclei of tumor 
cells were large and irregular, while the area of cytoplasm was small.

Table 1 summarizes differences in marker staining between 
non-tumor and tumor tissue. Immunohistochemistry showed Ki67 
was generally absent from non-tumor tissue, although under high 
magnification some of the fibroblast (spindle) nuclei showed Ki-67 
expression that could indicate fibroblast to myofibroblast transition 
as the normal tissue comes from area adjacent to the cancer site 
(Figure 1c). Ki67 nuclear staining was present in 50% to 90% of 
tumor cells (Figure 1d). Non-tumor tissue stained for synaptophysin 
in a few in mucosal cells scattered in crypts (Figure 1e). Stronger 
staining was present in all tumor cells (Figure 1f ). CgA was detected 
some mucosal cells in non-tumor tissue (Figure 1g) but strong 
cytoplasmic staining was present in over 30% of tumor cells (Figure 
1h). EPCAM labelling in non-tumor tissue was strong and present 
in all epithelial cells (Figure 1i) while tumor tissue stained strongly in 
some regions, with patches of non-stained cells (Figure 1j).

Strong pan-cytokeratin staining was detected in all epithelial cells 
in non-tumor tissue (Figure 2a). In tumor tissue, pan-cytokeratin 
staining was heterogeneous (Figure 2b). CDX-2 staining was strong 
in non-tumor tissue (Figure 2c), while in tumor tissue it was present 
in approximately 20% of tumor cell nuclei, with variable intensity 
(Figure 2d). Non-tumor tissue showed strong membrane staining for 
E-cadherin (Figure 2e) while tumor tissue showed barely discernible 
staining in few cells (Figure 2f ). β-catenin staining was found in 
junctional regions cells of non-tumor tissue at (Figure 2g). Weak 
β-catenin staining was visible in some nuclei of tumor cells within 
the tissue (Figure 2h). 

In non-tumor tissue CK7 staining showed both unstained and 
strongly stained regions (Figure 3a), while in tumor tissue very weak 
CK7 staining was detected in cells that could be either epithelial, 
vascular or monocytes (Figure 3b). Very strong CK20 labelling was 
detected in non-tumor tissue (Figure 3c), while CK20 was absent 
from tumor tissue (Figure 3d). CD56 staining was observed in non-
tumor tissue in a few cells (Figure 3e), while tumor tissue was strongly 
stained, particularly at cell junctions (Figure 3f ). Non-tumor tissue 
showed weak CD44 staining in epithelial cells and connective tissue 
(Figure 3g) and strong staining was found in a few cells within the 
tumor tissue (Figure 3h). P-cadherin labelling was absent in non-
tumor and tumor tissue (data not shown). 

Immunohistochemical staining of circulating tumor cells

Buffy coat preparations showed the presence of WBC, mainly 
lymphocytes monocytes and platelets (Figure 4a). Additionally, cells 
much larger than WBCs with large nuclei and a relatively greater 
amount of cytoplasm relative to WBC were detected as single cells 
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Figure 1: H&E staining of non-tumor tissue (a) and tumor tissue (b) Scale bar 20 µm. Immunohistochemical staining for Ki57 showing very weak 
brown labelling in non-tumor tissue (c) and strong labelling in tumor tissue (d); synaptophysin showing no labelling in non-tumor tissue (e), and 
strong pink labelling in tumor tissue (f ); CgA showing no labelling in non-tumor tissue (g) and weak brown labelling in tumor tissue (h); EPCAM 
showing strong brown labelling in non-tumor tissue (i) and variable labelling in tumor tissue (j). Scale bars 20 µm.
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Figure 2: Immunohistochemical staining for pan-cytokeratin showing strong brown labelling in non-tumor tissue (a) and patchy, variable labelling 
in tumor tissue (b); CDX-2 showing strong brown labelling in non-tumor tissue (c) and weak labelling in tumor tissue (d); E-cadherin showing strong 
brown labelling in non-tumor tissue (e) and no labelling in tumor tissue (f ); β-catenin showing strong localised brown labelling in non-tumor tissue 
(g) and no labelling in tumor tissue (h). Scale bars 20 µm.
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Figure 3: Immunohistochemical staining for CK7 showing patchy but strong brown labelling in non-tumor tissue (a) and very weak labelling in some 
regions of tumor tissue (b); CK20 showing strong brown labelling in non-tumor tissue (c) and no labelling in tumor tissue (d); CD56/NCAM showing 
brown labelling in very few non-tumor tissue cells (e) and strong labelling in tumor tissue (f ); CD44 showing weak brown labelling in non-tumor 
tissue (g) and slightly stronger labelling in tumor tissue (h). Scale bars 20 µm.
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Figure 4: Leishman staining of buffy coat cells (a, b) showing white blood cells, platelets and clusters of circulating tumor cells. Immunofluorescent 
staining of buffy coat cells using antibodies to Ki67 in green (c), synaptophysin in green (d), CgA in green (e), EPCAM in green (f ) all with red nuclei 
(propidium iodide).
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or in clusters (Figure 4b). Based on morphology, the large cells 
could represent CTCs, hematopoietic stem and progenitor cells, 
megakaryocytes or endothelial cells.

Immunofluorescent marker staining of circulating tumor 
cells

Weak Ki67 staining was detected within buffy coat cells (Figure 

4c). Synaptophysin, CgA and EPCAM (Figures 4d, e, f ), CD56, 
pan-cytokeratin, CK7 and CK20 staining was found in buffy coat 
cells (Figures 5a, b, c, d). CD44, a marker for stem cells was detected 
(Figure 5e) and CD31, a marker for endothelial cells was found in 
clusters of buffy coat cells (Figure 5f ). The presence or absence of 
buffy coat cells stained for each specific marker is indicated in Table 
1. 

ba

Figure 5

CK7c d CK20

CD44 CD31e f

CD56 Pan-cytokeratin 

Figure 5: Immunofluorescent staining of buffy coat cells using antibodies to CD56 in green (a), Pan-cytokeratin in green (b), CK7 in green (c), CK20 in 
green (d), CD44 in green (e) and CD31 in green (f ), all with red nuclei (propidium iodide). 

Citation: Michalczyk A, Venugopal A, Yip S, Wong SF, Khasraw S, Ackland ML. Correlation between marker profiles of tumor tissue and circulating tumor 
cells in a Grade 3 colonic neuroendocrine carcinoma: Case study and review. J Cancer Biol 2021; 2(4): 98-110.



106J Cancer Biol 2021; 2(4): 98-110.

Discussion

This study investigated expression of a panel of markers in a 
single NEC case to determine which ones were different compared 
to matched non-tumor tissue. Also, to determine whether there was a 
correlation of markers found in tissue with those present in circulating 
tumor cells. This approach has not been previously reported but has 
the potential to better define or stratify neuroendocrine carcinoma 
phenotypes based on immunohistochemistry, if the results can be 
validated in more patients. 

NENs are a heterogeneous group of neoplasms that require 
better classification in order to improve patient management 
[14,20]. The markers typically used include CgA, synaptophysin, 
Ki67 and CD56, but tumors demonstrate variable expression these 
markers. NECs in particular have not been well defined in terms 
of other markers, and little is known about circulating tumor cell 
markers in this disease. 

We profiled tumor and adjacent matched non-tumor tissue and 
circulating tumor cells from a colonic G3 NEC case to establish 
which markers best defined the tumor. The inclusion of matched 
controls enabled a comparative analysis in contrast to many previous 
studies reporting tumor data only. Five of the 15 markers (Ki67, 
synaptophysin, CgA, CD56 and CD44) were increased in tumor 
tissue, while seven (EPCAM, CDX-2, E-cadherin, β-catenin, pan-
cytokeratin, CK7 and CK20) were decreased or had undetectable 
levels of expression in tumor tissue relative to non-tumor tissue. These 
data indicate a benefit of additional markers including EPCAM, 
CDX-2, β-catenin, pan-cytokeratin, CK7 and CK20 to define 
the NEC phenotype better than just the standard neuroendocrine 
markers alone (CgA, synaptophysin, Ki67 and CD56).

The limitations of traditional NEN markers

The proliferation marker Ki67 >20% is the WHO standard 
marker for NEC but it does not always correlate with differentiation 
[10]. Variations in Ki67 labelling occur between laboratories where 
factors such as tissue fixing and processing account for differences 
[21]. There is no consensus on the cut off for low-intensity Ki67 
staining [22]. Synaptophysin is more broadly expressed than CgA, 
being present in neurons and pancreatic cells [23], and thus is less 
specific. Synaptophysin has been regarded as the most sensitive 
marker in the diagnosis of well differentiated NETS [24]. In our 
study tumor tissue was only weakly labelled with CgA, consistent 
with previous work showing a decrease in CgA immunoreactivity in 
poorly differentiated, metastatic neuroendocrine carcinomas [24,25].

EPCAM is transmembrane epithelial glycoprotein, expressed in 
the epithelia of the small and large intestine. Our results showed 
that EPCAM expression was high in both tumor tissue and non-
tumor tissue but higher in non-tumor tissue relative to tumor tissue. 
High expression of EpCAM has been reported in a range of tumors 
including colon, gastric, esophageal and in poorly differentiated 
NETs, weak expression in pancreatic and absence in hepatocellular 
and variable in breast [26]. As these studies did not report on non-
tumor tissue, they do not indicate whether EPCAM expression is 
increased in cancer tissue. Data from knockout studies of EpCAM 
in cells and animals indicate its roles are complex and context-
dependent [27].

Cytokeratins are very specific to different types of epithelial cells 
[28] and their reduced expression is linked to loss of normal epithelial 

phenotype and an invasive phenotype [29]. The broad-spectrum 
keratin antibody AE1/AE3 is commonly used to distinguish poorly 
differentiated epithelial cells [30]. The loss of broad-spectrum 
keratin expression seen in tumor tissue relative to the strong label 
in the non-tumor tissue in our study is similar to that observed 
in a range of other, but not all epithelial tumors [30]. Differential 
expression of CK7 and CK20 varies with the tissue of origin and 
high-grade tumors may lose typical expression patterns. A study in 
colonic adenocarcinoma showed low levels of CK7 and high levels 
of CK20 [31] while CK7 and CK20 were absent from high-grade 
neuroendocrine carcinomas of the gastrointestinal tract [32]. We 
found cytokeratin CK20 was markedly reduced in tumor relative to 
the matched control tissue while CK7 was slightly reduced. Further 
analysis of CK7 and CK20 expression in other G3 and in G2 and 
G1 is required to establish its usefulness in stratification of tumors.

We found CD56 was highly expressed in tumor tissue as well as 
being present in stromal tissue while not detected in matching non-
tumor epithelial tissue. CD56 is a cell-cell adhesion and signaling 
molecule present in neuroendocrine [33] and other malignant 
cancers [34]. Its expression is associated with a mesenchymal 
phenotype [35]. Although there are correlations between high CD56 
expression and NET progression, there is a lack of information of 
the expression of CD56 within different origins of NETs [34]. High 
expression of CD56 is a potential indicator for NECs. 

Markers of epithelial to mesenchymal transition are altered 
in G3 tumor tissue

The major hallmark of EMT is the loss of the E-cadherin–
catenin–complex from the cell membrane and the subsequent 
activation of β-catenin as an oncogenic transcription factor [36]. 
Consistent with this we found reduced E-cadherin and evidence of 
relocalization of β-catenin to the nuclei of some cells in tumor tissue 
relative to non-tumor. This was similar to another study that showed 
reduced E-cadherin and β-catenin in poorly differentiated NECs 
relative to well-differentiated NETs [37]. CDX2, an EMT marker, 
is a homeobox gene related to gut folding and expressed in most gut 
epithelial cells and derived tumors. Its expression in NENs may relate 
to the site of origin of the tumor. In our study, CDX2 was lower 
in tumor tissue relative to non-tumor. Other studies report CDX2 
as highly expressed in colorectal adenocarcinomas [38], intestinal 
NECs [39] and low in well-differentiated colon NETs [40]. These 
studies are limited as CDX-2 in non-tumor tissue was not reported. 
The absence of P-cadherin, a tumor suppressor is consistent with 
previous data in aggressive tumors [41].

The higher levels of CD44 seen in tumor tissue relative to 
non-tumor tissue are consistent with an EMT, as the acquisition 
of a mesenchymal phenotype is associated with an increase in stem 
cell properties as observed in cultured breast cancer cells [42]. 
Alternatively, the CD44 positive cell could represent macrophages 
that have invaded the tumor sites. Distinguishing between these 
different cell types would require a colocalization study with a 
macrophage-specific marker for example CD14. CD44 has different 
splice variants in cancers [43] and future studies using RT-PCR 
could investigate this.

Heterogeneity of marker expression is a feature of both 
tumor and non-tumor tissue

Immunohistochemistry showed considerable heterogeneity in 
both non-tumor and tumor tissue. Markers including EPCAM, pan-
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cytokeratin, CDX-2 and CD44 were heterogeneously expressed in 
tumor tissue and CgA was detected in less than half the tumor cells. 
Furthermore, markers that are associated with a normal epithelial 
phenotype such as EpCAM and pan-cytokeratin were detected 
in tumor tissue. The heterogeneity of expression of key epithelial 
markers in tissue suggests cells within a tumor are at different stages 
of loss of epithelial phenotype and gain of mesenchymal function. 
This may be due to the recruitment or transformation of normal 
epithelial cells to cancer cells. Evidence for the latter was found in 
our previous studies in cultured breast cancer cells where epidermal 
growth factor acted as a switch to convert cells from an epithelial 
to a mesenchymal phenotype [44]. The heterogenous nature of 
tumor marker expression confirms that no single marker provides a 
representative indicator of the state of the cancer.

The limitations of immunohistochemistry 

The limitations of immunohistochemistry for tumor diagnosis 
include lack of inclusion of matching non-tumor tissue reported 
in many studies, variations between laboratories [21,45] including 
differences in reagents, variations in specificity of antibodies, and 
absence of positive and negative controls to ensure specificity 
of antibody staining [46]. mRNA analysis would provide a more 
quantitative method for detection of gene expression products.

Circulating tumor cells showed the same marker profile as 
the corresponding tumor tissue

The presence of CTCs in blood has been suggested to have 
prognostic value and has been associated with metastatic disease in 
NETs [47], tumor grade [48], patient survival in metastatic colorectal 
cancer [49] and radiologic response of patients with a range of NENs 
[50]. Little however has previously been reported on how markers 
present in CTCs relate to those found in the corresponding tumor 
tissue. We identified putative tumor cells present in the buffy coat 
by their expression of tumor markers and their large size relative to 
WBC. The profile of the CTCs matched that of the tumor tissue 
in the expression of 11 protein markers. Thus, the marker profile 
of the CTCs may provide a window on the molecular status of the 
tissue. Further studies are required to test this. If CTC profiles match 
that of the tumor tissue, then a blood test for CTCs might be an 
alternative to a more invasive tissue biopsy. 

The limitations of cell selection methods for CTC analysis

In a consensus study on biomarkers for neuroendocrine disease 
it was agreed that there was insufficient evidence to support use 
of circulating tumor cells as useful prognostic markers for NETs 
[19]. A main reason being that low numbers of CTCs have been 
recovered for analysis. Most studies on CTCs involve the use 
of selection markers to isolate CTCs from blood, including the 
CellSearch platform that uses EPCAM to enrich for CTCs [48]. The 
disadvantage of EpCAM-dependent assays are that they assume all 
EpCAM-positive cells are tumor cells, and exclude the possibility of 
EPCAM negative tumor cells [51,52]. Other selection assays include 
microfluidic western blotting based on selection of large cells [53], 
ScreenCell(R) based on cell size selection [51] and RosettSep using 
negative selection though removal of RBC and WBC from blood 
[54]. Such selection methods are hampered by the fact that CTCs 
can be heterogeneous in size and can occur as clusters.

We used Ficoll gradient centrifugation to obtain the buffy coat 
for analysis of CTCs. The advantage of this method was that it 

enabled CTCs and white blood cells to be separated from red blood 
cells and plasma. By this process CTSs were not selected on the basis 
of a single marker or a single trait attributed to CTCs as in other 
methods. Histological staining of the buffy coat identified single 
or clustered large cells with bigger nuclei than a WBC, as putative 
tumor cells. Multiple marker analysis then enabled identification of 
CTCs using immunofluorescence, a more sensitive technique than 
immunohistochemistry. Ki67, CgA, synaptophysin, EPCAM, pan-
cytokeratin, CK7 and CK20, CD56, CD44 and CD31 labelling 
was detected in CTCs. Thus, despite enrichment for CTCs being 
considered as a preliminary step to obtain sufficient CTCs for 
analysis, this step is not essential. 

Caution is needed in interpreting blood analyses as cells other 
than tumor cells may label with tumor markers. The presence of 
CD31 in our study confirms the presence endothelial cells in 
the patient blood. Circulating endothelial cells were reported in 
normal blood [55] and in pancreatic lesions [56]. Both CD56 and 
synaptophysin were found in normal blood by PCR [52] and CD44 
is found in endothelial progenitor cells in normal blood [57]. Ki67 
is present in T and B lymphocytes in normal peripheral blood cells 
[58]. 

Based on the presence of cells expressing markers CgA, EPCAM, 
pan-cytokeratin, CK7 and CK20 and an expression profile that 
corresponds to the tumor tissue, we conclude that the cells in 
the buffy coat represent CTCs. The presence of CTCs expressing 
mesenchymal markers supports the concept that CTCs are derived 
from gastrointestinal epithelial cells that have acquired a migratory 
phenotype that facilitates their metastasis, as concluded in a previous 
study on breast cancer CTCs [59].

The limitations of this study are that it was a pilot to 
comprehensively screen a single patient for an array of markers, in 
cancer and non-cancer tissue components. The utility of the multiple 
marker approach for tumor stratification has to be confirmed in a 
larger study. 

Conclusion

NEC tumor tissue was defined using a profile of 11 markers 
associated with cell proliferation, cell adhesion, epithelial 
differentiation and stem cell phenotype. This provided 
evidence that cells within the NEC tissue had transitioned to a 
mesenchymal phenotype. The tumor tissue profile matched that 
of the corresponding patient CTCs. Thus, CTC analysis may have 
potential to replace tissue analysis to indicate tumor status. Three 
approaches for improving tumor classification include (i) the use of 
multiple markers selected for their role in metastasis, (ii) the use of 
matched non-tumor tissue and (iii) the avoidance selective markers 
for isolating CTCs. The utility of detailed patient marker profiling 
of tumor and blood for prognostic disease stratification should 
be further investigated for multiple cases. Subsequently, we are 
studying the utility of these 11 proteins as prognostic and predictive 
biomarkers in an ongoing randomized NABNEC clinical trial [60]. 
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