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PROX1 is involved in progression of rectal neuroendocrine
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Abstract PROX1 is a homeobox transcription factor in-
volved in the development of the lens, liver and heart and
found upregulated in colorectal cancers. We studied PROX1
expression by immunohistochemistry in rectal neuroendo-
crine tumors (NETs). Approximately 10 to 15 % of
gastroenteropancreatic NETs occur in the rectum, and some
may metastasize. Yet little is known about the molecular path-
ogenesis of rectal NETs or their metastasis propensity. The
objectives were to find out whether PROX1 plays a role in
progression of rectal NETs and whether it has value as prog-
nostic marker. In grading of rectal NETs, we applied theWHO
2010 classification. We carried out immunohistochemical
staining of PROX1 on 72 primary tumors and six metastases
and evaluated nuclear positivity in each tumor. Correlation
between PROX1 expression, metastasis and patient survival
was then assessed. Annexin A1, a downstream target of
PROX1, was immunohistochemically assessed in 18 tumors.
PROX1 protein was detected in about half of the tumors, with
stronger expression in metastasized cases. PROX1 expression

correlated with tumor metastasis and patient prognosis.
Annexin A1 was negative in most of the high-grade tumors
correlating strongly with grade and metastatic potential. Our
results indicate that immunohistochemical detection of
PROX1 correlates with a more malignant phenotype in rectal
NETs. High PROX1 expression was associated with increased
metastatic potential and poor patient survival but not as
strongly as grade by the WHO 2010 classification. PROX1
may be involved in progression of rectal NETs as a part of the
Wnt pathway.
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Introduction

The PROX1 gene encodes a homeobox transcription factor
controlling the embryonic development of various organs,
such as retina, lens, lymphatic endothelium and liver [1–3].
PROX1 has been implicated in the progression of intestinal
cancer in the APCmouse model [4]. In normal cells, APC, the
protein produced by the adenomatous polyposis gene, associ-
ates with a protein complex containing cytoplasmic beta-
catenin inducing its degradation. When this is inhibited by
Wnt signalling, beta-catenin accumulates in the nucleus as a
beta-catenin/TCF (T cell factor) complex, which controls the
expression of several genes. PROX1 is one target of the beta-
catenin/TCF pathway, which is upregulated in colorectal can-
cer development. When non-neoplastic intestinal mucosa
transforms into an adenoma, and further into invasive adeno-
carcinoma, PROX1 contributes to tumor progression, likely
via modulating cell adhesion and extracellular matrix interac-
tions [4, 5]. Annexin A1 is a target of the Wnt pathway;
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overexpression of PROX1 leads to diminished expression of
Annexin A1 [6].

In normal colon, PROX1 is expressed mostly in neuroen-
docrine epithelial cells and lymphatic vessel endothelial cells
[7]. At least 15 different subpopulations of neuroendocrine
cells have been detected in the gastrointestinal (GI) tract.
PROX1 is expressed in cells expressing the hormone peptide
YY (PYY), cholecystokinin (CKK) and glucagon-like pep-
tide-1 (GLP-1) and in part of the serotonin-expressing cells
[4].

The development of gastrointestinal neuroendocrine tu-
mors (GI-NETs) and their progression from indolent to a more
aggressive form is incompletely known, although precursor
lesions such as hyperplasia of neuroendocrine cells have been
identified [8]. Approximately 10 to 15 % of GI-NETs are in
the rectum [9]. In recent years, their incidence has been about
1/100,000 [10], with a rising tendency [11]. This may in part
be due to the improved detection of GI-NETs through in-
creased availability of endoscopy and radiology, but a true
increase in incidence cannot be excluded. Most rectal NETs
grow slowly, causing symptoms late during their course. The
prognosis of GI-NET patients is generally favourable, with 5-
year survival of 88 to 91 %, but patients with metastatic dis-
ease have a poor prognosis [12–15].

In the WHO 2010 classification of neuroendocrine tumors
of the pancreas and GI tract, the tumors are graded according
to proliferation index and mitotic rate. In a previous report
(Table 1), we re-classified 73 rectal NETs according to the
WHO 2010 classification. During follow-up, 10 of these tu-
mors had metastasized. None of the grade (G) 1 tumors were
associated with metastasis, whereas of 11 G2 tumors, nine
metastasized during the follow-up. We concluded that the
WHO 2010 classification was accurate in predicting the met-
astatic potential of rectal NETs [16].

Here, we have studied the immunohistochemical ex-
pression of PROX1 and correlated its expression to pa-
tient prognosis in a series of rectal NETs in 72 primary
tumors; we also analysed six metastases. The goal was to
find out, whether progression of rectal NETs and colorec-
tal adenocarcinoma might have common pathways involv-
ing PROX1, and to test prognostic significance of PROX1
expression. Expression of Annexin A1 was evaluated as a
downstream target of PROX1.

Materials and methods

Tumor series

The tumor series comprised 73 consecutive rectal NETs from
1980 to 2008 identified from our pathology laboratory data-
base. According to the WHO 2010 classification, the series
consisted of 61 G1 NETs, 11 G2 NETs and one G3 NEC of
large cell type (Table 1). The TNM stage could not be reliably
determined in the tumor series, because many tumors were
removed in pieces making the muscle wall invasion often
impossible to exclude, and only very few patients were exam-
ined radiologically to detect metastasis at the time of the pri-
mary diagnosis, because earlier, the malignant nature of these
tumors was not appreciated [16]. The mean age of the 28 male
and 45 female patients at diagnosis was 58.3 years. Mean
follow-up after surgery was 148 months, and median
137 months (23 days to 346 months), with the latest follow-
up in October 2013. The study was approved by the Ethics
Committee of Helsinki University Central Hospital and by the
National Authority for Medicolegal Affairs.

Metastases

During the follow-up, 10 tumors had metastasized, of which
nine had metastasized to the liver. In five cases, there were
liver metastases exclusively, and in four cases, metastases
were found also in another organ in addition to the liver, in
regional lymph nodes, pelvis, bone and lymph nodes of the
lung hilus. One patient had metastases only in the peritoneum.
Concomitant metastases were present in seven patients, and
three patients developed metastases later. Tissue material was
available for immunohistochemical analysis from six patients
with metastasized rectal NET; three patients underwent resec-
tion of liver metastases, one had a liver transplantation, one
had a biopsy obtained from a liver metastasis and one from a
peritoneal metastasis. The core needle biopsies from liver me-
tastasis and peritoneal metastasis represent only a small pro-
portion of metastatic tumor tissue. Material from liver resec-
tion and liver transplantation consists of several blocks in each
case; immunohistochemistry was carried out on the most rep-
resentative block.

Table 1 Distribution of grade in 73 GI-NETs according to the WHO 2010 classification

WHO 2010 grade Number Metastasis No metastasis Ki-67 (%) Mitotic count/10 high-power fields(HPF)

G1 61 0 61 ≤2 <2

G2 11 9 2 3–20 2–20

G3 1 1 0 >20 >20

Total n 73 10 63
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Immunohistochemistry

The tumor series consisted of 73 primary tumors, and tissue
material for immunohistochemistry was available from all but
one. The immunostainings were carried out on deparaffinised
tissue sections by using a goat anti-PROX1 antibody (R&D
Systems, Minneapolis, MN, USA; dilution 1:2000). Annexin
A1 staining was carried out on a limited series of 18 tumors
including 10 G1 tumors and 8 G2–G3 tumors (BD Biosci-
ences, New Jersey, USA; dilution 1:5000). Pretreatment and
staining took place in an Autostainer 480 (LabVision,

Fremont, CA, USA) by use of Dako REAL EnVision Detec-
tion System, Peroxidase/DAB+ (Dako Glostrup, Denmark).

Scoring

The two pathologists (J. J. and J. H.) who calculated nuclear
positivity independently were blinded to the clinicopatholog-
ical data. In cases with discordancy, a consensus score served
for further analysis. Strong nuclear staining for PROX1 was
scored 0 to 4: 0=negative; 1=weak expression (<30 % of
tumor cells); 2=moderate (30–50 %); 3=strong (50–80 %);
4=very strong (> 80 %). Weak nuclear staining was consid-
ered unspecific and thus negative. Similar scoring was used
for nuclear and cytoplasmic positivity for Annexin. For statis-
tical analyses, the tumors were divided into two groups: tu-
mors with PROX1 expression 0 to 2 classified as low and 3 to
4 as high expression.

Statistics

Statistical analysis was by the chi-square test and Fisher exact
test. Kaplan-Meyer life tables had distant metastasis and death
as a result of metastasized rectal NET as their end-points.
Multivariate analysis by Cox regression had disease-free sur-
vival as the end-point. Factors entering the multivariate anal-
ysis were expression of PROX1, tumor size, WHO 2010 clas-
sification, patient’s age and gender and expression of cyclin A,
which in our earlier study correlated with prognosis [17]. Cor-
relations between Annexin A1 and PROX1 expression,

Fig. 1 PROX1
immunoperoxidase staining for
Prox1 in rectal epithelium and
NETs. Staining is seen in cell
nuclei in normal colorectal
epithelium and lymphatic vessel
endothelium (a). A rectal NET
that is negative (b), weakly
positive (c) and very strongly (d)
positive for PROX1.
Magnification ×400

Table 2 Correlations between PROX1 and metastases, grade, tumor
size, gender, and age by chi-square test

Factor PROX1 low PROX1 high p value

Metastasis No 55 7 <0.001
Yes 4 6

WHO grade G1 55 5 <0.001
G2–3 4 8

Size ≤20 mm 57 10 0.01
>20 mm 2 3

Gender Male 25 3 0.20
Female 34 10

Age (years) <50 20 7 0.29
50–64 23 4

65–74 10 0

≥75 6 2
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metastatic potential as well as grade were computed. p values
under 0.05 were considered statistically significant.

Results

PROX1 expression in normal rectal epithelium

Scattered PROX1-positive neuroendocrine cells were found
in normal epithelium adjacent to the tumors. The majority of

mucosal epithelial cells were PROX1 negative with the ex-
ception of cells in the bottom of the mucosal crypts. Endothe-
lial cells of lymphatic vessels were positive, whereas blood
vessel endothelial cells were negative.

Expression of PROX1 in rectal NETs

Nuclear PROX1 staining was absent in 36 (50 %), weak in 13
(18 %), moderate in 10 (14 %), strong in 9 (13 %) and very
strong in 4 (6 %) tumors (Fig. 1). In the primary tumors, mean

Fig. 2 Kaplan-Meyer plot with
disease-free survival as the end-
point. PROX1 expression
correlates strongly with metastatic
potential (p<0.001)

Fig. 3 Kaplan-Meyer plot with
disease-specific survival as the
end-point indicates strong
correlation between PROX1
expression and prognosis
(p<0.001)
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PROX1 score was 1.1, with a median of 1. In metastatic tu-
mors, the mean score was 2.4 with a median of 3, and in non-
metastatic tumors, 1 with a median of 0.

Expression of Annexin A1

Of 8 G2–G3 cases, all but one were negative for Annexin A1,
whereas all G1 tumors showed positivity for Annexin A1.
Expression of Annexin A1 correlated strongly with grade
and metastatic potential (p<0.001), and correlation between
Annexin A1 and PROX1 was nearly significant (p=0.07).

Expression of PROX1 in metastases

Five of the six metastases were very strongly positive for
PROX1. In these patients, the primary tumor was very strong-
ly positive in one, strongly positive in three and moderately
positive in one case, and the proliferation index was higher in
the metastasis than in the primary tumor in all but one case.
One metastasis was PROX1 negative, as was the correspond-
ing primary tumor, and the metastasis showed higher prolifer-
ation index than the primary tumor. The level of expression of
PROX1 or Ki-67 did not have an effect on prognosis.

PROX1 as a prognostic marker

In the chi-square test, PROX1 expression correlated with met-
astatic potential (p<0.001), WHO 2010 grade (p<0.001), cy-
clin A expression (p<0.001) and tumor size (p=0.02) but not
with age or sex (Table 2). Correlation of PROX1 with meta-
static potential and disease-specific survival is shown in the
life table analyses shown in Figs. 2 and 3 (log-rank test,
p<0.001). When G1 and G2 tumors were evaluated as sepa-
rate groups, PROX1 did not correlate with patient age or gen-
der. In the metastasized tumors, PROX1 did not correlate with
progression-free survival or disease-specific survival. In mul-
tivariate analysis, only WHO 2010 grade emerged as an inde-
pendent prognostic factor.

Discussion

We report here that PROX1 is expressed in a significant num-
ber of rectal NETs. Strong expression of PROX1 was associ-
ated with metastatic potential, poor patient survival and high
WHO grade.

In colorectal adenocarcinomas, PROX1 predicts aggres-
sive clinical course and poor survival [7]. In Kaposiform
hemangioendothelioma, overexpression of PROX1 is associ-
ated with more aggressive tumor behaviour by inducing genes
involved in cell migration and adhesion, thus enabling infil-
tration into surrounding tissues [18, 19]. Gliomas of the cen-
tral nervous system also express PROX1 [18]. Now, rectal

NETs can be added to this list of PROX1-positive tumors,
since we detected PROX1 positivity of in about one half of
the rectal NETs. Of 12 G2–G3 NETs, only two tumors (17 %)
were negative for PROX1, compared to 34 (57 %) of 60 in G1
NETs. High-grade tumors were mostly negative for Annexin
A1, and G1 tumors were all positive supporting the hypothesis
that Annexin A1 expression is lower in the more advanced
PROX1-positive tumors. Six metastases were available for
immunohistochemistry, and all but one showed very strong
PROX1 expression, which was clearly increased in compari-
son with the corresponding primary tumors. In one case, both
the primary tumor and the metastasis expressed PROX1 very
strongly, and in one patient, both were negative. Samples of
metastases represent only part of the metastatic tumor tissue,
which can be considered a weak point in this study. These
results suggest that the APC/beta-catenin/TCF pathway that
is central in the pathogenesis of colorectal adenocarcinomas
may be involved also in the progression of the rectal NETs.
We found that PROX1 correlated with cyclin A expression,
but the exact mechanisms, by which PROX1 exerts its func-
tion on other genes, cell cycle and proliferation remain
uncovered.

In summary, we report that a significant number of rectal
NETs express the PROX1 transcription factor and that the
expression correlates with the metastatic potential and patient
survival. Our results implicate that Wnt pathway activity level
is involved in the development of high-grade rectal NETs. Yet,
grade according to the WHO 2010 classification still has
stronger prognostic significance than PROX1. Future studies
should reveal if PROX1 or its downstream genes provide
suitable targets for the treatment of these rare tumors.
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