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Pancreatic endocrine neoplasms (PENs) are uncom-
mon, generally well-differentiated neoplasms that
demonstrate prominent endocrine differentiation.
Although the majority of PENs remain localized,
malignant spread may occur via lymphatic or he-
matogenous routes. Angiogenic growth factors, in-
cluding the vascular endothelial growth factor
(VEGF) family, have been implicated in new vessel
growth and hematogenous metastases, although
this has not been studied in PENs. We therefore
examined 19 primary well-differentiated PENs and
7 liver metastases to determine the expression of
VEGF-A and its family member VEGF-C by immu-
nolabeling analysis. VEGF-A immunoreactivity was
evident only in scattered cells throughout all le-
sions. VEGF-C, however, demonstrated low-to-
moderate expression in primary PENs by semi-
quantitative histoscore analysis (factor of labeling
intensity by percentage of positive cells), with sig-
nificantly increased expression in liver metastases
(mean histoscore indices: primary PEN, 4.7 versus
liver metastases, 9.5; Student’s f test; P = .002773).
Microvascular density of primary PENs and liver
metastases did not appear to linearly correlate with
VEGF-C expression. Examination of the VEGF-C-
specific receptors VEGFR-2/KDR/Flk-1 and VEGFR-
3/Flt-4 demonstrated intense endothelial immuno-
reactivity for VEGFR-2, as well as VEGFR-2 and -3
expression on the majority of neoplastic cells, sug-
gesting a possible role in autocrine/paracrine neo-
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plastic growth regulation. We postulate that the up-
regulation of VEGF-C may be involved in PEN
progression and metastases, although not via a di-
rect proangiogenic mechanism.
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Pancreatic endocrine neoplasms (PENSs) occur pre-
dominantly in adults and demonstrate endocrine
differentiation with formation of electron-dense se-
cretory granules (1). These granules frequently con-
tain insulin, glucagon, somatostatin, or gastrin,
which may produce an identifiable clinical syn-
drome upon release. Although the majority of PENs
remain localized, hematogenous and lymphatic
metastasis may occur. The WHO classification of
PENs separates these lesions into well-
differentiated and poorly differentiated categories,
with the distinguishing criterion as highly atypical
cells (2); metastases are present in both categories.

In general, PENs demonstrate prominent vascu-
larity, although little is known regarding angiogenic
factors that promote new vessel formation in these
neoplasms. Because angiogenesis influences both
neoplastic development and risk of invasion, iden-
tification of angiogenic factors involved in PENs
may provide further insight into the pathobiology
of neoplastic growth and spread, as well as indicat-
ing a potential therapeutic target for these lesions
(3, 4).

Recent work has identified a variety of new-ves-
sel-promoting factors, including Ang-1, Ang-2, cy-
clophilin, PECAM-1, Tie-1, Tie-2, VE-Cadherin, vas-
cular endothelial growth factor (VEGF) family
members, and VEGF-specific receptors (VEGFRS)



(4). Increases in VEGF/VEGF-A expression correlate
with increased microvascular density in a large va-
riety of neoplasms, including pancreatic ductal ad-
enocarcinoma, breast carcinoma, and gastric carci-
noma (5-9). Blockade of VEGF signaling via
multiple anti-VEGF agents in a neuroblastoma
xenograft model induces vascular regression and
suggests a potent role of VEGF in neoplasm-
associated angiogenesis (10).

VEGF belongs to the cysteine knot growth factor/
platelet-derived growth factor (PDGF) family,
which includes VEGF (VEGF-A), VEGF-B, VEGF-C,
VEGEF-D, placenta-induced growth factor (PIGF),
and the viral-specific VEGF-E (11). These proteins
selectively interact with the receptors VEGFR-1 (Flt-
1), VEGFR-2 (KDR, Flk-1), and VEGFR-3 (Flt-4),
which contain seven extracellular immunoglobulin
homology domains, a transmembrane domain, and
tyrosine kinase intracellular domain.

VEGF-C interacts specifically with VEGFR-2/
KDR/Flk-1 and VEGFR-3/Flt-4 (11). VEGFR-2 binds
VEGF, VEGF-C, VEGF-D, and VEGF-E and can ac-
tivate numerous downstream signaling pathways
that function in promoting proliferation, survival,
and cell migration (11). VEGFR-3 binds VEGF-C and
VEGEF-D and has been predominantly implicated in
lymphangiogenesis, although evidence is accumu-
lating that VEGFR-3 may also function in angiogen-
esis (12-15). In addition, several of the VEGF recep-
tors have been implicated in proliferation of
neoplastic cells via an autocrine loop (16, 17).

In this study, we examined 26 resection speci-
mens, including 19 well-differentiated primary
PENs and 7 liver metastases to determine the ex-

TABLE 1. Patient Data and PEN Description

pression of selected VEGF family members and
their receptors in these lesions. VEGF-C expression
was further characterized via histoscore analysis
and comparison with microvascular density in all
lesions.

MATERIALS AND METHODS

Patients

Permission for this study was received from the
Johns Hopkins Joint Committee on Clinical Inves-
tigation. Paraffin-embedded material from a series
of 19 pancreatectomies with well-differentiated
PENs, treated at The Johns Hopkins Hospital (Bal-
timore, MD) between the years 1996 and 2001, were
used for the study (Table 1). Three of these patients
underwent surgery for a paired primary PEN and a
liver metastasis, and in four cases, histologic mate-
rial from liver metastases only was available. In
addition, four paired lymph node metastases were
also available for analysis. The slides were reviewed
by two of the authors (DEH and AM) to confirm the
diagnosis and to select appropriate paraffin-
embedded blocks for immunohistochemistry. Pa-
tient characteristics were as follows: median age,
55.0 years (range, 24-73 y) and 1:1.3 female-male
ratio. Average primary PEN diameter was 6.7 cm
(range, 1-18 cm). By light microscopy, 9/19 primary
PENs demonstrated microscopic angioinvasion,
and 2/19 demonstrated lymphatic invasion. Using
the WHO classification, all neoplasms were well
differentiated PENs; 3 were benign, 6 were of uncer-
tain behavior, and 10 were low-grade malignant (2).

Case # Age (year) Gender Location Size Angioinv Lymph inv Mets WHO
1 42 M Distal pancreas 18 cm Yes No No U
2 24 F Head of pancreas 17.5 cm Yes (portal v) No No U
3 69 M Distal pancreas 8 cm No No LN L
4 56 F Distal pancreas 1.9 cm No No No B
5 43 F Head of pancreas 2.5 cm No No No 8]
6 41 M Distal pancreas 1.5 cm No No No B
7 69 F Head of pancreas 2.3 cm Yes No No 8]
8 73 M Distal pancreas 1cm No No No B
9 57 F Distal pancreas 7.5 cm No No Liver, LN L

10 58 M Distal pancreas 13 cm No No No 8]
11 53 F Distal pancreas 5 cm No No No U
12 70 M Head of pancreas 3.5 cm Yes No LN L
13 48 M Distal pancreas 15 cm No No LN L
14 52 F Uncinate process 6 cm Yes Yes Liver, LN L
15 44 M Head of pancreas 5.5 cm Yes No LN L
16 58 M Head of pancreas 5cm No No LN L
17 50 F Distal pancreas 4.5 cm Yes Yes Liver, LN L
18 38 M Distal pancreas 7 cm Yes No Liver, LN L
19 54 M Head of pancreas 2.5 cm Yes No Liver L
20 53 M Primary pancreas Liver*

21 66 F Primary pancreas Liver*

22 70 F Primary pancreas Liver*

23 61 M Primary pancreas Liver*

Patients 17-19 underwent surgery for both primary PEN and liver metastasis; Patients 20-23 underwent surgery for liver metastasis only; B = benign

behavior, U = uncertain behavior, L = low-grade malignant.
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Immunohistochemistry

Three- to four-micrometer sections from paraffin-
embedded tissue were used for immunohistochemi-
cal labeling. Slides were deparaffinized in fresh xy-
lenes and rehydrated through sequential graded
ethanol steps. Antigen retrieval was performed by ci-
trate buffer incubation (18 mm citric acid, 8.2 mm
sodium citrate, pH 6.0) using a household vegetable
steamer (Black and Decker) for 60 minutes. Slides
were incubated for 5 minutes with 3% hydrogen per-
oxide, washed in TBS/T (20 mm Tris, 140 mm NaCl,
0.1% Tween-20, pH 7.6), and incubated in appropri-
ate antibody dilutions for CD31 (1:80; DAKO, Carpin-
teria, CA), VEGF (1:100; Santa Cruz Biotechnology,
Santa Cruz, CA), VEGF-C (1:75; Zymed, San Francisco,
CA), VEGFR-3/Flt-4 (1:400; Chemicon, Temecula,
CA), and VEGFR-2/KDR/Flk-1 (1:200; Santa Cruz Bio-
technology) for 60 minutes at room temperature. The
avidin-biotin-peroxidase complex method from
DAKO (Glostrup, Denmark) was used, and slides were
subsequently counterstained with hematoxylin.

Counting Procedure

CD31-positive vessels were used for assessment
of vascular density. The area with the greatest CD31
density of vessels was identified, and counting was
performed on 10 X 1 mm? fields using an Olympus
BH-2 microscope (Olympus Optical, Japan), with
the observer blinded to pathology data.

Statistical Analysis

Semiquantitative assessment of VEGF-C immu-
nolabeling was performed by histoscore analysis
(multiplication product of percentage of positive
cells by staining intensity) (18). Percentage of pos-
itive cells was evaluated as follows: 0, <5% labeled
cells; 1, 5-25% labeled cells; 2, 26-50% labeled cells;
3, 51-75% labeled cells; and 4, >75% labeled cells.
The intensity of labeling was evaluated, with a
range from 0 to 3. By definition, the maximum
positive score possible is 12. Values for CD31 counts
are listed as average + standard deviation. P values
for paired metastases were calculated using a two-
tailed Student’s ¢ test for samples of unequal
variance.

RESULTS

VEGF-A Expression Is Limited in Pancreatic
Endocrine Neoplasms

Because VEGF-A has been implicated as a prom-
inent factor in neoplasm-associated angiogenesis,
we first examined the expression of VEGF-A in both
primary PENs and liver metastases. Interestingly,
VEGEF-A expression was limited to scattered cells
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within the primary neoplastic mass and metastatic
lesions (data not shown). No correlation between
VEGEF-A expression and MVD was apparent within
these specimens.

VEGF-C Demonstrates Variable Expression in
Primary PENs But Is Highly Expressed in Liver
Metastases

Because VEGF-A expression appeared not to be
highly expressed in PENs, we next examined
VEGEF-C protein expression in 19 primary well-
differentiated PENs and 7 liver metastases. Within
primary PENs, VEGF-C immunolabeling was vari-
able (Fig. 1A), with a mean histoscore labeling index
of 4.7. The majority of these lesions demonstrated
an intensity of 1, with 26-100% of cells labeled (Fig.
1A); occasional primary lesions, however, obtained
a higher histoscore, with a labeling intensity of
2-3 and >50% of cells demonstrating immunore-
activity (Fig. 1B). Subclassification of primary
PENs into benign behavior (n = 3), uncertain
behavior (n = 6), and low-grade malignant be-
havior (n = 10) using published WHO criteria (2)
yielded respective histoscore indices of 1.3, 5.2,
and 5.5. Application of secondary antibody alone
yielded no immunostaining.

In contrast to the lower levels of VEGF-C immu-
nolabeling in primary PENSs, liver metastases dem-
onstrated greatly increased intensity of immunola-
beling, with virtually all cells of the metastatic
lesion demonstrating immunoreactivity (Fig. 2, A
versus B). The mean histoscore index for liver me-
tastases was 9.5, with the majority of lesions dem-
onstrating an intensity of 2 or 3 in >75% of cells. A
Student’s t test comparing primary PENs with liver
metastases yielded a P value of .002773.

VEGF-C Levels Do Not Appear to Directly
Correlate with Microvascular Density in Primary
Lesions or Liver Metastases

Because VEGF-C previously has been described
as an angiogenic factor, we next assessed the rela-
tionship between VEGEF-C expression and micro-
vascular density within both primary PENs and
liver metastases. Within both primary and meta-
static lesions, microvascular density varied from as
low as 12 blood vessels/mm? to as high as 180 blood
vessels/mm? (Fig. 3,A-C). Although the variation
within each lesion was minimal, with small stan-
dard errors of the mean (error bars, Fig. 3C), no
direct correlation was apparent for either MVD or
MVD versus VEGF-C between primary lesions and
metastases. Analysis of individual lesions, however,
did reveal that lesions with extremely low VEGF-C
histoscore indices correlated with lower MVD and
vice versa. For example, the primary PEN with 12



FIGURE 1. VEGF-C expression in primary PENSs. A, lesion with low VEGF-C expression in neoplastic cells and with B, high VEGF-C expression in

neoplastic cells. Magnification, 160X.

blood vessels/mm? demonstrated a histoscore in-
dex of 1, whereas the liver metastasis with 180
blood vessels/mm? demonstrated a histoscore in-
dex of 8.

Endothelial cells Express High Levels of VEGFR-
2, But Only Low Levels of VEGFR-3

Although VEGF-C expression does not demon-
strate a significant linear correlation with MVD,
VEGF-C may still function to promote vascular
growth within PENs by binding to and activating
the receptors VEGFR-2/KDR/Flk-1 and VEGFR-3/
Flt-4 on endothelial cells. We therefore examined a
subset of PENs (8 primary PENs and 3 liver metas-
tases) for VEGFR-2 and -3 expression on endothe-
lial cells. Immunolabeling for VEGFR-3 demon-
strated only scattered weak positivity in endothelial
cells, regardless of PEN location or level of VEGF-C
expression (Fig. 4A). In comparison, high levels of
immunoreactivity for VEGFR-2 were seen in endo-
thelial cells of all lesions examined (Fig. 4B), sug-
gesting that VEGFR-2 mediates the effects of
VEGF-C on angiogenesis in pancreatic endocrine
neoplasms.

Pancreatic Endocrine Neoplasm Cells
Demonstrate VEGFR-2 and -3 Expression
Although VEGFR-2 appears to be highly ex-
pressed on endothelial cells, both VEGFR-2 and -3
were also variably expressed by neoplastic cells.
These receptors have been previously suggested to
mediate an autocrine function of the VEGF family
members on neoplastic growth. Comparison of
VEGF-C expression with VEGFR-2 and -3 revealed a
potential correlation between receptor and ligand
expression in primary PENs and liver metastases,
although further studies are necessary with addi-
tional lesions to determine whether this correlation
is significant. These results, however, indicate that
VEGFR-2 and -3 may be potentially involved in
regulating either PEN growth or survival.

DISCUSSION

VEGF family members belong to the cysteine
knot growth factor/platelet-derived growth factor
(PDGF) family and promote both angiogenesis and
lymphangiogenesis, depending on which isoform of
receptor is expressed on the target endothelium
(11). VEGF-A has been shown to be expressed in
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FIGURE 2. VEGF-C expression in a primary PEN and paired liver metastasis. A, primary pancreatic endocrine neoplasm with B, paired liver
metastasis showing increased VEGF-C expression in the liver metastasis. 160X.

normal islets of the pancreas and to mediate angio-
genesis in several neoplasms (7, 9, 19). In our study,
however, VEGF-A expression appears to be limited
to scattered cells within PENs and is not correlated
with MVD.

VEGEF-C, however, appears to be variably ex-
pressed in primary PENs. Of note, separation into
WHO subclassifications of well-differentiated
PENs (2) reveals a low VEGF-C histoscore index
for PENs of benign behavior and a relatively
higher histoscore index for PENs of either uncer-
tain or low-grade malignant behavior. These find-
ings suggest that VEGF-C expression may be in-
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volved in the progression of primary well-
differentiated PENs, and VEGF-C expression may
be used as an adjunct measure in the subclassi-
fication of these lesions.

The apparent increase in VEGF-C expression in
liver metastases supports the possible role of
VEGF-C in neoplastic PEN progression. An interest-
ing correlate to this finding was the identification of
the relative down-regulation of VEGF-C in lymph
node metastases in comparison with primary PEN
lesions, although the number of lymph node me-
tastases was too small for statistical significance (n
= 4; data not shown). These findings also suggest
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FIGURE 3. CD31 immunolabeling of primary pancreatic endocrine neoplasms. A, lesion with low vascularity and B, a lesion with high vascularity.

160x. C, microvascular density of primary PENs and liver metastases.

that VEGF-C expression may also be directly influ-
enced by locally-produced factors in the environ-
ment surrounding the metastatic lesion. Further
studies using larger numbers of metastatic PENs
may be useful in addressing this issue.

In our study, we have identified VEGFR-2 as the
major VEGF-C receptor expressed on endothelial
cells in PENs. VEGF-C binds to VEGFR-2 and -3,
and the specificity of VEGF-C for these receptors
appears to be mediated by posttranslational pro-
teolytic processing of VEGF-C (20). Increased
VEGEF-C expression has been primarily studied in
neoplastic processes as a mediator of angiogenesis,
and the VEGFR-2 receptor expressed on endothelial
cells has been indicated as the major receptor re-
quired for new vessel growth (11). VEGFR-2 has
been reported to induce angiogenesis in a number
of neoplasms, including glioblastoma, endometrial

VEGF-C in Pancreatic Endocrine Neoplasms (D. E. Hansel et al.)

cancer, and breast carcinoma, as well as to promote
revascularization in transplanted rat islets (21-24).
Although no statistically significant association be-
tween MVD and VEGF-C expression was evident in
our study of PENs, VEGF-C may still influence new
vessel growth in a non-dose-dependent manner or
by levels of proteolytic processing, which was not
addressed in this study.

An additional finding in our study was the iden-
tification of VEGFR-2 and -3 expression by neoplas-
tic cells. Activation of VEGF receptors by ligand
induces dimerization and tyrosine phosphorylation
with subsequent activation of protein kinase C, P13-
kinase, and Ras pathways (11). Although these
pathways have been studied in relationship to en-
dothelial cell proliferation, survival, and migration,
they may also serve to promote a similar function in
neoplastic cells. In support of this hypothesis, VEGF
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FIGURE 4. Comparison of VEGFR-3 and -2 immunolabeling in a primary pancreatic endocrine neoplasm. A, low expression of VEGFR-3 in
endothelial cells. B, VEGFR-2 demonstrates high expression in neoplasm-associated endothelial cells. Serial sections from the same PEN were used,
with comparison of matched fields. Note expression of both receptor types by neoplastic cells.

receptors have been reported to be expressed by a
number of other neoplastic cell types, including
choriocarcinoma and melanoma cells, and inhibi-
tion of VEGFRs by neutralizing antibodies can in-
hibit proliferation of neoplastic cells in vitro (17,
25-27). VEGFR-2 has also been shown to be ex-
pressed by RINm5F cultured pancreatic endocrine
cells, fetal rat islets, and in cells lining the pancre-
atic ducts, which have been proposed to represent
precursor cells of the endocrine pancreas (28).
The increased expression of VEGF-C in liver me-
tastases of PENs relative to primary PENs, with
concomitant expression of its receptors on both
endothelium and neoplastic cells, suggests that
VEGF-C may function not only to promote a certain
level of angiogenesis but also to promote neoplastic
growth. In addition, the apparent upregulation of
VEGF-C expression from benign lesions to those of
uncertain and low-grade malignant potential sug-
gests that VEGF-C may be involved in PEN progres-
sion. Further studies are necessary to determine the
potential role of VEGFR-2 and -3 in cancer growth,
as well as to identify the signaling pathways that
may be involved in inducing and mediating the
expression of VEGF-C within these lesions.
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