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Abstract. Aberrant blood vessel formation and hemorrhage 
may contribute to tumor progression and are potential targets 
in the treatment of several types of cancer. Pancreatic neuroen-
docrine tumors (PNETs) are highly vascularized, particularly 
when they are well‑differentiated. However, the process of 
vascularization and endothelial cell detachment in PNETs is 
poorly understood. In the present study, 132 PNET clinical 
samples were examined and a special type of hemorrhagic 
region was observed in ~30% of the samples regardless of 
tumor subtype. These hemorrhagic regions were presented as 
blood‑filled caverns with a smooth boundary and were unlined 
by endothelial cells. Based on the extensive endothelial cell 
detachment observed in the clinical samples, the forma-
tion process of these blood‑filled caverns was hypothesized. 
Blood vessel dilation followed by detachment of endothelial 
cells from the surrounding tumor tissue was speculated. This 
was further supported using an INS‑1 xenograft insulinoma 
model. As the formation process was distinct from the typical 
diffusive hemorrhage, it was named ‘pseudo‑hemorrhage’. 
Furthermore, it was demonstrated that epithelial (E‑) cadherin 
and β‑catenin were overexpressed in tumor cells surrounding 
these pseudo‑hemorrhagic regions. Therefore, even though no 
statistically significant association of pseudo‑hemorrhage with 
clinical features (metastasis or disease recurrence) was identi-
fied, the high levels of E‑cadherin and β‑catenin expression 
may suggest that a number of features of normal islet cells are 
retained.

Introduction

Robust angiogenesis and aberrant blood vessel formation are 
common characteristics of tumors and are considered promising 
therapeutic targets for numerous types of cancer (1,2). Owing 
to the aberrant tumor vasculature, intratumoral hemorrhage 
is a common feature of malignancy. The intensity of hemor-
rhage has been identified to be associated with the histological 
grade and stage of tumors (3). The leakiness of tumor vessels 
promotes the extravasation of blood cells and plasma proteins, 
as well as metastasis via the bloodstream (4‑7). Therefore, 
intratumoral hemorrhage serves a critical role in prognosis.

Regarding the underlying molecular mechanism of intra-
tumoral hemorrhage, it has been suggested that the interstitial 
blood may result from the capillary sprouting, termed angio-
genesis, which is stimulated by vascular endothelial growth 
factor A (VEGFA) secreted by tumor cells. Blood escaping the 
microvasculature may also be a normal feature resembling the 
granulation tissue (5). Intratumoral hemorrhage has also been 
attributed to the defective endothelial lining of tumor vessels, 
which may be disorganized, loosely connected, branched, 
overlapping or sprouting. Opening between these abnormal 
endothelial cells may permit blood leakage (5). The intratu-
moral hemorrhage may range from scattered blood cells to 
blood lakes, which are relatively large regions of extravasated 
erythrocytes (8‑11).

Pancreatic islets are richly vascularized compartments with 
a dense network of capillaries. Although they only account for 
1% of the pancreatic mass, they receive between 7 and 10% of 
the total pancreatic blood flow (12). The endocrine cells release 
VEGFA, angiopoietin‑2 and insulin, promoting their prolifera-
tion (13). It has been documented that endocrine tumors are 
highly vascularized (14), particularly the well‑differentiated 
pancreatic neuroendocrine tumors (PNETs) (15). Therefore, 
computed tomography angiography is used for diagnosing 
and localizing small PNETs (16) and drugs targeting VEGF 
signaling are used for PNET treatment. Sunitinib has been 
approved for the treatment of unresectable or metastatic 
progressive well‑differentiated PNETs  (17). However, the 
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process of tumor vascularization in PNETs remains unclear. 
Interestingly, the microvascular density has been identified 
to be negatively associated with tumor progression and the 
proliferation index of endothelial cells (15). These observa-
tions suggest a unique mechanism for PNET vascularization.

In the present study, hemorrhage was investigated in 132 
PNET clinical samples. In ~30% of these samples, regardless 
of the tumor subtype, a special type of hemorrhagic region 
with a smooth boundary unlined by endothelial cells, was 
observed. On the basis of observations in clinical samples and 
the INS‑1 xenograft tumor model, the unique formation steps 
of these blood‑filled caverns were predicted and the relevant 
implications are discussed.

Materials and methods

Clinical samples. The present study was approved by the 
Scientific Ethics Committee of the Peking Union Medical 
College Hospital (Beijing, China). Participants provided written 
informed consent prior to participation. In total, 55 males and 
77 females, aged from 14 to 74 (mean age, 45.09), were recruited 
from January 1998 to December 2010 in the present study. 
Pathological sections of PNETs with hematoxylin and eosin 
(H&E) staining were collected and preserved in the Peking 
Union Medical College Hospital. Patients were followed up 
every year and recurrence or metastasis was recorded.

Cell culture. Rat insulinoma INS‑1 cells were kindly 
provided by Dr. Haiyan Wang from Division of Clinical 
Biochemistry, Geneva University Medical Center (Geneva, 
Switzerland). INS‑1 cells were cultured in RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) containing 11.2 mM glucose and supplemented 
with 10% fetal calf serum (FCS; Biological Industries Israel 
BeitHaemek, Kibbutz‑BeitHaemek, Israel), 50 µM 2‑mercap-
toethanol, 105 U/l penicillin and 100 mg/l streptomycin at 
37˚C with 5% CO2.

Xenograft tumor models. The Animal Studies Committee 
of the China‑Japan Friendship Hospital (Beijing, China) 
approved the animal studies, which were conducted according 
to the Principles of Laboratory Animal Care. A total of 
6 6‑8‑week‑old female nude mice (Charles River Laboratories, 
Beijing, China) weighing ~20  g were used in the model. 
Mice were maintained under specific‑pathogen‑free condi-
tions at room temperature (between 20‑24˚C), with humidity 
between 35‑55%, in a 12/12  h light/dark cycle, with food 
and water ad libitum. INS‑1 cells (1x106 in 100 µl FCS‑free 
culture medium) were subcutaneously injected into the back 
of the mice and the glycemic level was monitored. Following 
2‑3 weeks, when the glycemic level was <3.9, each mouse 
were euthanized by the intraperitoneal injection of 0.1 ml of 
200 mg/ml pentobarbitone sodium and tumors with diameters 
between 0.53 and 0.77  cm were collected for histological 
examination.

H&E, periodic acid‑Schiff (PAS) and Picro Sirius red staining. 
INS‑1 tumors were fixed in 4% paraformaldehyde (PFA)/PBS 
at 4˚C overnight and embedded in paraffin. The slides with 
5 µm in thickness were rehydrated and stained with Harris's H 

for 10 min and then with an EY solution for an additional 5 min. 
Polysaccharide staining was performed using the PAS staining 
kit (BasoDiagnostics Inc., Zhuhai, China). For connective tissue 
staining, the slides were rehydrated and stained with Harris's H 
for 10 min, washed in tap water, stained with Picro Sirius red 
(Sigma Aldrich; Merck KGaA, Darmstadt, Germany) for 1 h 
and finally washed in acidified water. The slides were observed 
under a light microscope at magnifications of x40‑x400.

Immunohistochemistry/immunofluorescence. INS‑1 tumors 
were fixed in 4% PFA/PBS for 2 h at 4˚C, cryoprotected in a 
30% sucrose/PBS solution at 4˚C overnightand then embedded 
in Tissue‑Tek® O.C.T. compound (version E, Sakura Finetek 
USA Inc., Radnor, PA, USA) and preserved at ‑80˚C. For 
frozen sections, the samples were pre‑warmed in ‑20˚C for 
30 min, and then cut into 8 µm sections. The primary anti-
bodies used were: Anti‑mouse cluster of differentiation 31 
(CD31) (rat, 1:50, cat. no., 553370, BD Biosciences, Franklin 
Lakes, NJ, USA), anti‑epithelial (E‑) cadherin (mouse, 1:100, 
cat. no., 610181, BD Biosciences), anti‑β‑catenin (mouse, 1:100, 
cat. no., 610154, BD Biosciences), anti‑insulin (rabbit, 1:200, 
cat. no., sc‑9168, Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA) and anti‑laminin (rabbit, 1:100, cat. no., AB‑19012, EMD 
Millipore, Billerica, MA, USA). The samples were incubated 
with the primary antibodies at 4˚C overnight. For immunohis-
tochemistry, anti‑rat (cat. no., PV‑6004, ready to use, OriGene 
Technologies, Inc., Beijing, China) and anti‑rabbit (cat. 
no., PV‑6001, ready to use, OriGene Technologies, Inc.) kits 
were applied for the secondary antibody incubation and detec-
tion procedures, according to the protocols of the manufacturer. 
The samples were incubated with the secondary antibodies for 
30 min at room temperature (RT). For immunofluorescence, 
Alex Fluor® 555 donkey anti‑mouse (1:400, cat. no., A‑31570, 
Invitrogen; Thermo Fisher Scientific, Inc.) and Alex Fluor® 
488 donkey anti‑rabbit (1:400, cat. no., A‑21206, Invitrogen) 
were used as secondary antibodies and applied to the samples 
for 2 h at RT. Fluorescence images were captured by Leica 
DM4000B fluorescence microscope with magnification, x200.

Statistical analysis. To determine the diameter of the 
blood‑filled caverns unlined by endothelial cells, five typical 
blood‑filled caverns were randomly selected in each of the 
16 clinical slides and their diameter was determined using 
Photoshop® version 6.0 (Adobe Systems Inc., San Jose, CA, 
USA). For the association of the occurrence of these caverns 
with other clinicopathological features a χ2 test was used to 
examine the sampling distribution of the statistical hypothesis. 
Additionally, a Student's t‑test was performed to compare the 
onset age between two different groups. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Blood‑filled caverns unlined by endothelial cells exist in ~30% 
of PNET clinical samples. A total of 132 PNET pathological 
samples, including 98 insulinoma cases, 3 glucagonoma, 
9 gastrinoma and 22 non‑functional PNETs, were examined. 
In addition to dilated blood vessels and scattered hemorrhagic 
regions, which are usually common in other types of tumors 
as well, a special type of hemorrhage was observed in ~30% 
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of the samples tested, regardless of the tumor subtype (Fig. 1). 
These hemorrhagic regions were presented as blood‑filled 
caverns with a smooth boundary and were unlined by endo-
thelial cells. Their size varied from <100 µm to 1.32 mm as 
observed in a non‑functional PNET sample (Fig. 1D).

To investigate whether the blood‑filled caverns 
had any clinical significance, their association with 
several clinicopathological features was examined. However, 
no statistically significant association with the tumor subtype, 
presence of metastasis, disease recurrence, patient sex or age 
of onset was observed (Table I). This suggests that blood‑filled 
caverns unlined by endothelial cells may present a common 
feature of PNETs.

Extensive endothelial cell detachment is present in clinical 
PNET samples. In certain PNET clinical samples, it was 
observed that not every blood filled‑cavern was unlined by 

endothelial cells. By contrast, a number of them were partially 
lined by endothelial cells. In certain cases, caverns unlined 
or (partially) lined with endothelial cells were observed in 
the same tumor sample (Fig. 2A‑C). In addition, the blood 
filled‑caverns unlined by endothelial cells were associ-
ated with blood vessels lined by endothelial cells (Fig. 2C). 
In certain blood‑filled caverns, the endothelial cells were 
detached from the peripheral tumor cells (Fig. 2D‑F). On the 
basis of these observations, it was hypothesized that these 
blood‑filled caverns, which were unlined by endothelial cells, 
were generated by the blind ends of dilated blood vessels lined 
by endothelial cells. Further dilation of the endothelial cells 
may cause detachment from the surrounding tumor cell layers 
and subsequent direct contact of blood cells with the lined 
tumor tissue. Morphologically, as the blood cells were mainly 
reserved within the original endothelial caverns and not 
disseminated into the tumor tissue, their shape was retained.

Figure 1. Blood‑filled caverns unlined by endothelial cells are observed in PNET clinical samples. Hematoxylin and eosin staining images of several PNET 
samples: (A and E) Insulinoma, (B and F) glucagonoma, (C and G) gastrinoma and (D and H) non‑functional PNET. (E‑H) Higher magnification of the boxed 
areas in (A‑D). Scale bars for (A) to (D), 1 mm; and for (E) to (H), 50 µm. PNET, pancreatic neuroendocrine tumors.

Figure 2. Pancreatic neuroendocrine tumors are characterized by endothelial cell detachment. (A‑C) H&E staining of an insulinoma sample with blood‑filled 
caverns unlined and lined by endothelial cells. (B and C) Higher magnification of blood‑filled caverns presented in (A). a, Blood‑filled cavern lined by endo-
thelial cells; b, blood‑filled cavern partially lined by endothelial cells; c, blood‑filled cavern unlined by endothelial cells linked to normal vasculature (white 
arrows). (D and E) H&E staining of two different insulinoma samples with endothelial cells detached from the surrounding tumor cells. (F) H&E staining 
of a gastrinoma sample with endothelial cells detached from the surrounding tumor cells. The boxed area is presented at a 2‑fold higher magnification in the 
lower left corner. Endothelial cells are indicated by arrows and the filamentous cell‑cell connections are indicated by arrowheads. Scale bar, 25 µm. H&E, 
hematoxylin and eosin.
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Blood‑filled cavern formation in an INS‑1 xenograft mouse 
model. To further investigate the development of these 
blood‑filled caverns in PNETs, a xenograft tumor model was 
generated using INS‑1 cells derived from X‑ray‑induced rat 
insulinoma (18). A total of 106 INS‑1 cells were subcutane-
ously injected into nude mice. Tumors were formed in the 
subsequent 2‑3 weeks and the mice developed hypoglycemia, 
which was lethal if no treatment was provided. Abundant 
blood‑filled caverns with a regular shape were observed 
within the tumors (Fig. 3A). The largest in size were able to be 
observed as blood spots under a stereomicroscope (Fig. 3B). 
The majority of the blood‑filled caverns in the INS‑1 tumors 

was unlined by endothelial cells (Fig. 3C and D) and stained 
negative for CD31, PAS and laminin (Fig.  4); indicating 
that they lack not only the surrounding endothelial cells, 
but also the laminin basement membrane which normally 
separates the endothelial from the tumor cells. Furthermore, 
this result suggests that the surrounding tumor cells that 
stained negative for PAS and laminin were distinct from 
the endothelial‑like cells, generated through vasculogenic 
mimicry.

In certain endothelial‑unlined blood‑filled caverns, 
CD31‑positive cell debris (Fig. 4B) or a fragment of laminin 
basement membrane was observed (Fig. 4C), suggesting the 

Figure 4. Blood‑filled caverns unlined by endothelial cells in INS‑1 tumors are distinct from vasculogenic mimicry. (A) PAS staining of INS‑1 tumors. 
(B) CD31 staining of INS‑1 tumors. PAS and CD31 staining was positive for normal blood vessels and negative for tumor cells lining the blood‑filled caverns 
unlined by endothelial cells (marked by asterisks). Signals of endothelial cells are marked by black arrows. Certain blood‑filled caverns were directly linked to 
normal vasculature (white arrows). (C) Laminin staining of INS‑1 tumors. Laminin staining was negative in the internal face of the lining tumor cells. Only a 
fragment of laminin‑positive staining was able to be observed in a specific blood‑filled cavern (arrow). Scale bar, 50 µm. PAS, periodic acid‑Schiff.

Table I. PNETs with or without blood‑filled caverns unlined by endothelial cells.

	 With blood‑filled caverns	 Without blood‑filled caverns
	 unlined by endothelial cells	 unlined by endothelial cells
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Tumor 	 Total		  Malignancy 		  Mean ± SD		  Malignancy		  Mean ± SD
type	 n	 n (%)	 (%)	 Male (%)	 age, years	 n (%)	  (%)	 Male (%)	 age, years

INS	 98	 26 (26.5)	 1 (3.8)	 17 (65.4)	 46.2±12.4	 72 (73.5)	 3 (5.8)	 26 (36.1)	 45.8±16.1
GLU	 3	 2 (66.7)	 1 (50)	 1 (100)	 40	 1 (33.3)	 1 (100)	 0 (0)	 51
GAS	 9	 4 (44.4)	 4 (100)	 1 (25)	 43.2±8.0	 5 (55.6)	 5 (100)	 2 (40)	 47.4±13.6
NF	 22	 7 (31.8)	 3 (42.9)	 2 (28.6)	 38.6±16.1	 15 (68.2)	 4 (26.7)	 6 (40)	 42.9±12.1
F	 110	 32 (29.1)	 6 (18.8)	 19 (59.4)	 45.5±11.6	 78 (70.9)	 9 (11.5)	 28 (35.9)	 45.9±15.7
Total	 132	 39 (29.5)	 9 (23.1)	 21 (53.8)	 44.2±12.6	 93 (70.5)	 13 (14.0)	 34 (36.6)	 45.5±15.2

Malignancy was defined as metastasis or recurrence. PNETs, pancreatic neuroendocrine tumors; INS, insulinoma; GLU, glucagonoma; GAS, 
gastrinoma; NF, non‑functional PNETs; F, functional PNETs (including insulinoma, glucagonoma and gastrinoma); SD, standard deviation.

Figure 3. Blood‑filled caverns unlined by endothelial cells generated in an INS‑1 xenograft insulinoma model. A total of 106 INS‑1 cells were subcutaneously 
injected into nude mice. Xenograft insulinoma tumors were harvested 2‑3 weeks later. (A and B) An insulinoma tumor observed under a stereomicroscope. 
(A) The tumor has a bloody appearance and intact envelope. (B) Multiple hemorrhagic spots are observed under higher magnification. Scale bar, 500 µm. 
(C and D) Hematoxylin and eosin staining of paraffin slides of INS‑1 tumors. (C) Numerous blood‑filled caverns can be observed in the slide. (D) The 
blood‑filled caverns are unlined by endothelial cells as presented in higher magnification. Scale bar, 50 µm.
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previous existence of endothelial cells. In addition, certain 
blood‑filled caverns were directly linked to normal vasculature 
(Fig. 4B), suggesting that they were not isolated hemorrhagic 
regions. Using Sirius red staining to detect collagen expression 
in blood vessels, endothelial cells in different formation stages 
of blood‑filled caverns were observed. In specific dilated 
blood vessels, the endothelial cells were almost detached 
from the adjacent tumor cells, in other blood‑filled caverns the 
detached endothelial cells formed a cluster and in blood‑filled 
caverns unlined by endothelial cells collagen deposition were 
only observed in specific sites of the lakeside (Fig. 5). The 
results of the INS‑1 xenograft insulinoma model supported the 
hypothesis that the blood‑filled caverns unlined by endothelial 
cells were generated from blood vessel dilation followed by 
endothelial detachment. This process is distinct from the tradi-
tional ‘hemorrhage’, which is defined as blood cell leakage 
from damaged vasculature resulting in irregular and diffusive 

hemorrhage in tumor tissue. Therefore, it is proposed that this 
specific type of hemorrhage is named ‘pseudo‑hemorrhage’.

Intact cell‑cell adhesion between tumor cells may be respon‑
sible for the formation of pseudo‑hemorrhagic regions. The 
final question asked in the present study was why the blood 
cells did not infiltrate into the tumor tissue, and were contained 
within the originally formed caverns, resulting in their shape 
remaining intact. Islet cells have an epithelial origin and the 
cell‑cell junctional protein content is associated with β‑cell 
maturation (19,20). As E‑cadherin and β‑catenin were highly 
expressed in normal human and rat islets (Fig.  6), it was 
speculated that the cell‑cell connection of islet tumor cells 
prevents blood cell infiltration. As anticipated, E‑cadherin 
and β‑catenin were highly expressed and localized at cell‑cell 
junctions of INS‑1 tumor cells (Fig. 6). Therefore, even though 
no association of pseudo‑hemorrhage with clinical features 

Figure 5. Blood‑filled caverns unlined by endothelial cells are generated from blood vessel dilation followed by endothelial detachment as demonstrated by 
Sirius red staining of INS‑1 tumors. (A‑C) Represent different sites in the same slide. (A) Certain endothelial cells were not connected (arrows) with adjacent 
tumor cells in dilated blood vessels or blood‑filled caverns (marked as a). (B) Detached endothelial cells formed a cluster (arrows) in blood‑filled caverns 
unlined by endothelial cells (marked as b). (C) In specific blood‑filled caverns (marked as c), collagen deposition was observed in a particular site of the 
lakeside (arrowheads). Endothelial cell detachment (arrow) was also observed. Scale bar, 50 µm.

Figure 6. Expression of epithelial markers in normal islets and INS‑1 xenograft tumors. (A‑F) Expression of E‑cadherin (red) and insulin (green) examined 
by immunofluorescence. (A and B) Normal human pancreas, (C and D) rat pancreas and (E and F) INS‑1 xenograft tumors. Insulin and DAPI (blue) staining 
serves as an indication of islets and insulinoma cells, respectively. (G‑L) Expression of β‑catenin (red) and insulin (green) examined by immunofluorescence. 
(G and H) Normal human pancreas, (I and J) rat pancreas and (K and L) INS‑1 xenograft tumors. Insulin and DAPI (blue) staining serves as an indication 
of islets and insulinoma cells, respectively. Blood‑filled caverns unlined by endothelial cells are indicated by asterisks in INS‑1 tumors. Scale bar, 50 µm. 
E‑cadherin, epithelial cadherin.
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was identified, the underlining expression of E‑cadherin and 
β‑catenin suggests that normal islet cell features are retained.

Discussion

In the present study, a special type of hemorrhagic region 
was observed in ~30% of the PNET samples examined 
regardless of the tumor subtype. These regions exhibited a 
smooth boundary, were unlined by endothelial cells and were 
distinct from the irregular hemorrhage as this is traditionally 
described. This type of hemorrhage was also observed in an 
INS‑1 xenograft tumor model. On the basis of observations in 
clinical samples and INS‑1 tumor models, the unique forma-
tion steps of these hemorrhagic regions were predicted. They 
involved dilation of blood vessels followed by detachment of 
endothelial cells from the tumor tissue. This was distinct from 
vasculogenic mimicry, or hemorrhage defined as blood cell 
leakage from damaged vasculature. Therefore, this type of 
hemorrhage was termed ‘pseudo‑hemorrhage’.

Regarding the clinical significance of pseudo‑hemorrhage, 
no statistically significant association was identified with 
tumor subtype, presence of metastasis, disease recurrence, 
patient sex or age of onset. In previous studies with genetically 
modified mice, including a RIP‑TAG2 insulinoma model (21) 
and aprohormone convertase 2‑knockout glucagonoma 
model (22), similar hemorrhagic regions resembling blood 
lakes have also been reported. This suggests that this type 
of hemorrhagic region may be a prominent feature of islet 
tumors. In a previous study, using RIP‑TAG2 mice injected 
with Monastral blue, it was demonstrated that the blood lakes 
were not connected to the bloodstream (21). In the present 
study, clear morphological evidence was provided suggesting 
that the pseudo‑hemorrhagic regions, in clinical samples and 
INS‑1 tumors, are connected to the vascular channels. This 
is consistent with the hypothesis that the pseudo‑hemorrhagic 
regions are formed through endothelial detachment.

The interaction between pancreatic islet cells and endo-
thelial cells is a major area of interest. In normal pancreatic 
islets, the endocrine cells are connected to the capillary 
network, and molecule exchange occurs between islet cells 
and the bloodstream through fenestrae existing in endo-
thelial cells  (23,24). These are pores ~100 nm covered by 
a permeable diaphragm formed by the fusion of apical and 
basolateral plasma membranes. It has been demonstrated 
that islets contain ~5‑10‑fold more fenestrae than exocrine 
tissue (24,25). However, how the endocrine cells induce fenes-
trae and whether the weak connection between endocrine 
and endothelial cells is associated with fenestrae are poorly 
understood. It is worthy of mention that endothelial detach-
ment following islet transplantation has been reported. It has 
been demonstrated that in isolated islets 6 weeks following 
transplantation, ~80% of the grafted microvessels contained 
no endothelial cell lining (26). In the INS‑1 xenograft tumor 
model and PNET clinical samples used in the present study, 
extensive endothelial detachment from tumor cells was 
observed while the tumor cell‑cell adhesion remained intact. 
It was therefore hypothesized that the vulnerability of islet 
endothelial cells or the relatively weak linkage between 
endothelial cells/basement membranes and tumor cells was 
associated with the special features of islet endocrine cells; 

and the underlying molecular mechanism requires further 
investigation.

Liver metastasis occurs frequently in PNETs and epithe-
lial‑mesenchymal transition (EMT) serves a critical role in 
tumor cells entering the bloodstream, particularly when intra-
tumoral hemorrhage occurs (6,7,27). However, tumor cells 
tightly surrounding the pseudo‑hemorrhagic regions suggest a 
limited possibility of EMT. The epithelial markers E‑cadherin 
and β‑catenin serve an important role in the localization 
of tight junction molecules. It has been demonstrated that 
E‑cadherin deficiency in stratified skin epithelium may result 
in failure of water retention (28,29). In the present study, it 
was demonstrated that E‑cadherin and β‑catenin were highly 
expressed and localized at the cell‑cell junctions of INS‑1 
tumor cells surrounding the pseudo‑hemorrhagic regions. This 
may prevent the infiltration of blood cells into tumor tissue and 
retain them within the original caverns. Therefore, although no 
statistically significant association of pseudo‑hemorrhage with 
any clinicopathological feature was identified, the underlying 
expression of E‑cadherin and β‑catenin suggests that islet cells 
may have an epithelial origin.
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