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Purpose

Gastroenteropancreatic neuroendocrine tumors (GEP-NETS) represent a heterogeneous
disease group originating from the neuroendocrine cells. Identification of prognostic
markers, related to neuroendocrine tissue-selective tumorigenesis, is necessary to find
therapeutic targets.

Materials and Methods

A total of 327 patients with GEP-NETs were included in this study; there were 49 gastric,
29 duodenal, 49 pancreatic, 12 hepatobiliary, 33 appendiceal, 5 proximal colon, and 150
distal colon cases. We performed immunostaining with the tissue microarray method for
menin, p27, and p18.

Results

We observed negative staining for menin, p27, and p18 in 34%, 21%, and 56% of
GEP-NETSs, respectively. The loss of p27, but not menin, was positively correlated with the
grade of Ki-67. Menin-/p27-, menin-/p27+, menin+/p27-, and menin+/p27+ phenotype
groups included 13%, 22%, 8%, and 57% of patients, respectively. A dichotomized
comparison showed that menin- or p27 - tumors were significantly associated with foregut
and midgut localizations, high World Health Organization (WHO) grade, lymph node
metastasis, and more advanced stage as compared to menin+/p27+ patients.
Kaplan-Meier analysis for the overall survival showed that p27 loss was significantly
associated with decreased survival. Multivariate analysis showed that p27 loss is an
independent factor for poor overall survival.

Conclusion
Our results revealed that the loss of p27 is associated with poor prognosis and the
menin-p27 pathway is important in the tumorigenesis of GEP-NETs.
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Introduction

Gastroenteropancreatic neuroendocrine tumors (GEP-
NETs) comprise 65-75% of all NETs and arise from the
enterochromaffin cells distributed throughout the digestive
system. The prevalence of GEP-NETs has been estimated to
be 2.23/100,000, with an annual onset incidence of
1.01/100,000 [1]. The incidence and prevalence of this kind
of tumor have increased over the recent decades, according
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to a recent analysis of the Surveillance, Epidemiology, and
End Results (SEER) Program database in the United States
[2]. Although most NETs present indolent progression,
a significant number of patients were diagnosed presenting
with unresectable or metastatic disease.

The MENT gene is located on chromosome 11q13 and
consists of 10 exons that encode a protein of 610 amino acids,
referred to as menin [3]. Mutation in the MENT gene has been
identified in approximately 90% of familial cases and 27%
of sporadic cases of MEN1 syndrome. More than 500
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different somatic and germline MEN1 gene mutations have
been identified; however, no obvious genotype-phenotype
correlation is discernible with these mutations [4]. Based on
both reverse transcription polymerase chain reaction and
immunoblotting, menin expression was reported to be
down-regulated in MENT tumors [5]. Menin has functions

in DNA stability and gene regulation, and it can act as a
tumor suppressor [6]. It has been shown to function as a
tumor suppressor through transcriptional activation of the
cyclin-dependent kinase (CDK) inhibitors, p18 and p27 [7].
Loss of menin was conversely associated with the reduction
of both p18 and p27 gene expression [8]. Menin has been
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Fig. 1. Immunohistochemical expression of menin, p27, and p18 in gastroenteropancreatic neuroendocrine tumors. (A, D,
G) menin. (B, E, H) p27. (C, F, I) p18. Upper, gastric neuroendocrine carcinoma with 90% of Ki-67; middle, gastric
neuroendocrine tumor with 1% of Ki-67, lower, rectal neuroendocrine tumor with 3% of Ki-67.
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Table 1. Profile of patients with gastroenteropancreatic
neuroendocrine tumors

Gender
Female 145 (44)
Male 182 (56)
Clinical history
None 289 (88)
Family history 7(2)
Symptomatic 26 (8)
Endocrine disorders 5(2)
Primary site
Stomach 49 (15)
Duodenum 29 (9)
Pancreas 49 (15)
Hepatobiliary 12 (4)
Appendix 33 (10)
Proximal colon 5(2)
Distal colon 150 (46)
Part
Foregut 139 (43)
Midgut 38 (12)
Hindgut 150 (46)
AJCC stage
I 251 (77)
I 27 (8)
i 23 (7)
v 25(8)
Unknown 1(1)
Comorbidity
None 253 (77)
Malignancy 55 (17)
Benign neoplasm 19 (6)
Adjuvant treatment
No 276 (84)
Yes 51 (16)
Recurrence
Absent 282 (86)
Present 45 (14)
Status
Alive 220 (67)
Deceased 42 (13)
Unknown 65 (20)

AJCC, American Joint Committee on Cancer.

shown to bind to the promoters of p18 and p27 together with
mixed lineage leukemia protein (MLL) histone methyltrans-
ferase in mouse pancreatic islets [7,8].

p27 is encoded by cyclin-dependent kinase inhibitor 1B
(CDKN1B), and inhibitory binding of p27 to CDK2/cyclin E

and CDK2/cyclin A complexes in the nucleus arrests cells at
G1/S in the cell cycle [9]. Low expression of p27 has been
observed in about 50% of all human cancers and this
condition is usually correlated with histological aggressive-
ness and poor outcome in patients with breast, colorectal,
ovary, prostate, bladder, and pancreatic tumors [10-12]. Loss
of p27 expression was also found in endocrine neoplasms,
such as human pituitary and parathyroid hyperplasias,
adenomas, sporadic pheochromocytoma, as well as GEP-
NETs [12-15].

A mutation in the p27 gene was recently identified in a
family with what appeared to be MEN1-related tumors,
which have now been proposed to be called MEN type 4
(MEN4) [9]. p27-null mice develop intermediate lobe
pituitary adenomas as the sole tumor phenotype, suggesting
that pituitary cells were particularly sensitive to the defects
in cell cycle regulation [9]. That finding suggested that p27
is associated with tumorigenesis of the neuroendocrine cells.
Since the growth of mouse endocrine organs is sensitive to
simultaneous loss of p27 and p18 activities [16,17], it was
suggested that p27 and p18 may have partially overlapping
functions in the maintenance of growth control for diverse
neuroendocrine cells.

Up until now, only a few studies have focused on the loss
of menin, p27, and p18 in GEP-NETs [13,14,18], and the
clinical significance of the loss of these proteins has been
controversial. We hypothesized that there is a tissue-specific
tumorigenesis pathway that involves menin protein
alteration with subsequent p27 loss in GEP-NETs. Herein,
we examine the GEP-NET expression of menin, p27, and p18
[19].

Materials and Methods

1. Patients

The medical records of 327 patients (mean age, 53 years;
range, 11 to 91 years) with histopathologically proven
neuroendocrine tumors of the gastroenteropancreatic tract,
who were treated at Seoul National University Hospital
(n=230) or Seoul National University Bundang Hospital
(n=97) between 1989 and 2009, were analyzed retrospec-
tively.

Histopathologic confirmation of the diagnosis of GEP-NET
was required to be included in this study. The patient files
were reviewed systematically for the date of initial diagnosis,
localization of the primary tumor, histopathologic diagnosis,
tissue site from which samples were taken for histopatho-
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logic diagnosis, clinical staging at initial diagnosis, and the
presence of a functional syndrome (Table 1). There were 145
female and 182 male patients. A family history of the disease
was present in seven patients. Twenty-six patients had
symptoms at presentation. Five patients had endocrine
disorders. Standard histopathological examinations included
assessment of the pathological tumor stage according to the
criteria described in the 7th edition of the American Joint
Committee on Cancer (AJCC) Staging Manual [20]. Histo-
logic classifications were performed as recommended by the
World Health Organization (WHO) 2010 classification [21].

The formalin-fixed and paraffin-embedded tumor tissues
of patients treated from 1989 to 2008 were retrieved from the
archives at the Departments of Pathology of Seoul National
University Hospitals in Seoul and Bundang, Korea. The
inclusion criteria were primary GEP-NET with or without
metastases diagnosed by endoscopic biopsy and surgical
resection.

Among the 327 patients, follow-up and survival informa-
tion was obtained for 262 patients. The mean follow-up
period was 53 months (range, 1 to 243 months), as of Febru-
ary 2012. The study protocol was approved by the
Institutional Review Board committee of Seoul National
University Hospital (C-1012-027-343). Patient survival data,
including dates and causes of death, were obtained from the
Korean Central Cancer Registry at the Ministry of Health and
Welfare.

Fifty-two patients received adjuvant treatments, including
postoperative chemotherapy (n=25), postoperative chemo-
therapy /radio frequency ablation (RFA)/sandostatin long-
acting release (LAR) (n=1), preoperative chemotherapy
(n=2), preoperative and postoperative chemotherapy (n=1),
postoperative radiotherapy (RT) and chemotherapy (n=7),
RT (n=2), RFA (n=4), transarterial chemoembolization
(TACE) (n=4), transarterial embolization (TAE) and RT
(n=1), TACE and chemotherapy (n=1), TACE and RAD001
trial (n=1), TACE+RFA+RADO001 trial (n=1), TAE+
interferon+streptomycin+adriamycin, sandostatin+LAR+
thalidomide+AvastintRADO001 (n=1), and TACE+RFA+RT+
sandostatin+chemotherapy (n=1).

2. Tissue array preparation

Tissues obtained from patients were routinely fixed in 10%
buffered formalin and embedded in paraffin blocks. After
screening the available slides for each case, we selected a
paraffin block that was well fixed and contained a
representative section of the tumor. One tissue column (2.0
mm in diameter) was obtained from each selected paraffin
block and arranged in new, separate paraffin blocks with 60
holes, using a trephine apparatus (Superbiochips Labora-
tories, Seoul, Korea). Microarray blocks were then
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sectioned at 4 ym and processed for immunohistochemical
staining. After removing the paraffin with xylene, the
sections were rehydrated with graded ethanol and immersed
in Tris-buffered saline.

3. Immunohistochemistry

Anti-menin rabbit monoclonal (1:200, Epitomics,
Burlingame, CA), p18 mouse monoclonal (1:50, Thermo
Scientific, San Jose, CA), and p27 rabbit polyclonal (1:300,
Spring Bioscience, Pleasanton, CA) antibodies were used for
immunohistochemistry. Staining was done by a labeled
avidin-biotin-peroxidase complex, using the ABC kit from
Vector Labs (Vectastain Elite ABC kit, Vector Labs,
Burlingame, CA) after antigen retrieval. For color
development, diaminobenzidine was used. The nuclear
Ki-67 labeling index was expressed as the percentage of
positively stained cells with respect to 100 cells in 10
high-power fields. For p27 immunostaining, the nuclear
staining and cytoplasmic staining were evaluated separately.
Cases with no staining of either cytoplasm or nucleus were
considered to be negative. p18 was regarded as positive
when nuclear staining was present in more than 10% of the
cells. Menin staining was regarded as positive when more
than 10% of the cells had positive staining, in either the nuclei
or cytoplasm.

4. Statistical analyses

Our series contains statistical limitations because of
heterogeneity among the primary sites and treatment
modalities, as well as the 20-year collection period. Survival
rates were calculated using the Kaplan-Meier method, and
groups were compared using the log rank test. Kaplan-Meier
curves were plotted using the overall survival (OS) data.
Multivariate Cox regression analysis with variables
including Ki-67 grade, presence of lymph node metastasis,
p27-positivity, and menin-positivity was performed. All
p < 0.05 were considered statistically significant. Statistical
analysis was performed using the SPSS ver. 15.0 (SPSS Inc.,
Chicago, IL).

Results

1. Expression of menin, p27, and p18 in GEP-NETs

Staining of menin, p27, and p18 was evident in the nuclei
of the normal pancreatic acini, ducts, and islet cells. Menin
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loss was observed in 34% (100/294) of the GEP-NET cells.
Frequencies of p27-negativity and -positivity were 21%
(61/290) and 79% (229/290; 70% nuclear positivity and 9%
cytoplasmic positivity), respectively. p18-negativity was
observed in 56% of cells (169/300) (Fig. 1).

2. Clinicopathologic correlations with menin and p27
expression

Menin-negativity was more frequent in the foregut and
pancreas, and in AJCC stages higher than II. p27-negativity
was more frequent in the foregut or midgut locations, in
higher grades by WHO classification, and in higher AJCC
stages (Table 2).

To see the relationship between menin and p27 expression

levels, patients were categorized into four groups in
accordance to a combination of menin and p27 expression.
Menin-/p27-, menin-/p27+, menin+/p27-, and menin+/
p27+ phenotype groups, which included 13% (37/290), 22%
(63/290), 8% (24/290), and 57% (166/290) of patients,
respectively. Among 61 p27- cases, 37 (61%) were menin-—,
while among 229 p27+ cases, 63 (28%) were menin-.

We performed comparative analyses among the 4 groups
of menin+/p27+, menin-/p27-, menin-/p27+, and
menin+/p27-. The tumors of the foregut or midgut had a
greater loss of either menin or p27; whereas the
menin+/p27+ phenotype were more frequent in hindgut
tumors (p=0.001). In the classification of the GEP-NET cases
into gastrointestinal and pancreatic NETs, pancreatic NETs
were less frequently menin+/p27+ than were
gastrointestinal NETs (44% vs. 60%, respectively), although

Table 2. Clinicopathologic correlations of p27 and menin expressions in gastroenteropancreatic neuroendocrine tumors

Menin
Characteristic
Negative Positive

Total 100 (34) 194 (66)
Mean age (yr) 55 53
Gender

Female 41 (31) 91 (69)

Male 59 (36) 103 (64)
Part

Foregut 52 (42) 72 (58)

Midgut 13 (37) 22 (63)

Hindgut 35 (26) 100 (74)
Location

Gastrointestinal tract 76 (31) 170 (69)

Pancreas 24 (50) 24 (50)
WHO 2010 classification

NET G1 50 (31) 110 (69)

NET G2 26 (35) 48 (65)

NEC 14 (42) 19 (58)

MANEC 10 (37) 17 (63)
AJCC stage

I 63 (28) 160 (72)

I 15 (60) 10 (40)

I 8(38) 13 (62)

I\ 13 (54) 11 (46)
Lymph node metastasis

Absent 74 (31) 163 (69)

Present 22 (45) 27 (55)

p27
Negative Positive
61 (21) 229 (79)
54 53
0.335 0.742
26 (20) 103 (80)
35(22) 126 (78)
0.023 <0.001
37 (30) 86 (70)
11 (33) 22 (67)
13 (10) 121 (90)
0.011 0.726
50 (21) 192 (79)
11 (23) 37(77)
0.629 0.001
28 (18) 129 (82)
9(12) 64 (88)
13 (39) 20 (61)
11 (41) 16 (59)
0.002 0.002
37 (17) 182 (83)
12 (48) 13 (52)
4(19) 17 (81)
7(29) 17 (71)
0.065 0.499
47 (20) 186 (80)
12 (24) 37 (76)

Values are presented as number (%). WHO, World Health Organization; NET, neuroendocrine tumor; NEC, neuroendocrine
carcinoma; MANEC, mixed adenoneuroendocrine carcinoma; AJCC, American Joint Committee on Cancer.
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this difference was not statistically significant. Tumors
defined as low grade by the WHO classification (NET G1 and
G2) (p=0.021), those that were AJCC stage I (p=0.002), and
those without lymph node metastasis (p=0.002) were more
frequently found in the menin+/p27+ phenotype group than
in the other groups (Table 3).

The correlation of p27 expression with the expression
levels of other relevant proteins was analyzed. The tumor
proliferative index assessed using Ki-67 immunohistochem-
istry has been considered as a standard marker for
therapeutic decisions in NETs. p27 loss was correlated with
high grade Ki-67, but menin loss did not. Neither p27
expression nor menin expression was significantly associated
with p18 expression (Table 4).

3. Survival analysis

The Kaplan-Meier analysis for the OS showed that menin+
patients had better rates of survival than menin- patients,
but with borderline significance (p=0.055); p27+ patients had
a significantly better rate of survival than p27- patients (p <
0.001). In subgroup analyses with the combination
phenotypes in accordance to p27 and menin expression,
menin+/p27+ showed the best OS, both among the 4 groups
and 2 dichotomized groups (p < 0.001) (Fig. 2). In a multi-
variate analysis, including the variables of Ki-67 grade,
lymph node status, p27 expression, and menin expression,
high grade Ki-67, lymph node metastasis, and p27-negativity
were associated with significantly worse OS (Table 5).

Table 3. Clinicopathologic correlations of combined menin and p27 protein expressions in gastroenteropancreatic neuroen-
docrine tumors

Characteristic Menin+/p27+ Menin—/p27-
Total 166 (57) 37 (13)
Mean age (yr) 53 54
Gender

Female 74 (57) 12 (9)

Male 92 (57) 25 (16)
Part

Foregut 57 (46) 23 (19)

Midgut 15 (45) 6 (18)

Hindgut 94 (70) 8 (6)
Gastrointestinal

tract vs. pancreas

Gastrointestinal tract 145 (60) 29 (12)
Pancreas 21 (44) 8(17)

WHO 2010 classification

NET G1 96 (61) 17 (11)

NET G2 44 (60) 6(8)

NEC 13 (39) 7 (21)

MANEC 13 (48) 7 (26)
AJCC stage

I 141 (64) 22 (10)

il 6 (24) 8(32)

I 11 (52) 2(10)

v 8(33) 4(17)
Lymph node metastasis

Absent 143 (61) 31 (13)

Present 19 (39) 4 (8)

Menin—/p27+ Menin+/p27-
63 (22) 24 (8)
55 54
0.251
29 (22) 14 (11)
34 (21) 10 (6)
0.001
29 (24) 14 (11)
7 (21) 5(15)
27 (20) 5(4)
0.095
47 (19) 21(9)
16 (33) 3(6
0.021
33 (21) 11(7)
20 (27) 3(4)
7 (21) 6 (18)
3(11) 4(15)
0.002
41 (19) 15(7)
7 (28) 4(16)
6 (29) 2(10)
9 (38) 3(13)
0.002
43 (18) 16 (7)
18 (37) 8 (16)

Values are presented as number (%). WHO, World Health Organization; NET, neuroendocrine tumor; NEC, neuroendocrine
carcinoma; MANEC, mixed adenoneuroendocrine carcinoma; AJCC, American Joint Committee on Cancer.
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Fig. 2. Kaplan-Meier analysis of overall survival in gastroenteropancreatic neuroendocrine tumors. Survival curves according
to p27 expression (A), menin expression (B), 4 phenotype groups by combination of menin and p27 expression (C), and
dichotomized groups of menin+/p27+ and menin- or p27- (D).

Discussion

Our study showed a loss of menin, p27, and p18 in 34%,
21%, and 56%, respectively, of GEP-NETs, and also found
that the expression levels of those proteins are associated
with the prognosis. In an analysis of the MEN1 gene and
protein status in sporadic pancreatic endocrine neoplasms
[22], somatic mutation of the MENT gene was detected in
15% of pancreatic NETs (25 of 169), whereas abnormal
expression of menin was found in 80% of sporadic pancreatic

NETs. Menin was also abnormally expressed in a significant
number of NET cases lacking MENI mutations. These
findings suggest that epigenetic regulation of the MEN1 gene
plays a role in the tumorigenesis of neuroendocrine tumors
[8].

Menin was found to be a part of a distinct MLL complex
that contains histone methyl transferase (HMT) activity. This
MLL-HMT complex specifically promotes the trimethylation
of lysine 4 on histone H3 (H3K4) and, in such way, activates
the transcription of homeobox domain (HOX) genes, p18 and
P27 [8]. p18 and p27 are known to inhibit functions of the cell
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Table 4. Correlation of menin and p27 expression with expression of other proteins in gastroenteropancreatic neuroendocrine

tumors
p27 Menin
-val
Negative Positive Negative Positive p-vaiue
Ki-67 grade 0.006 0.055
Gl 40 (21) 149 (79) 74 (39) 117 (61)
G2 9(13) 58 (87) 18 (26) 50 (74)
G3 11 (44) 14 (56) 5(20) 20 (80)
p18 0.202 0.185
Negative 38 (23) 124 (77) 61 (38) 101 (62)
Positive 22 (17) 105 (83) 39 (30) 90 (70)
Values are presented as number (%).
Table 5. Multivariate analysis for overall survival
Variable No. p-value Hazard ratio 95% CI
Ki-67 grade 0.015 1.2-6.2
G2 or G3 71 2.7
Gl 144
Lymph node metastasis < 0.001 3.2-15.8
Present 38 7.2
Absent 177
p27 <0.001 3.3-14.0
Negative 37 6.8
Positive 178
Menin 0.091 0.9-4.4
Negative 107 2.0
Positive 108

CI, confidence interval.

cycle regulators, like CDK2 and CDK4 [19]. The loss of
function of menin leads to the down-regulation of p18 and
P27, causing a deregulation of cell growth [7].

We observed a correlation of p27 loss with high Ki-67
grade and shorter overall survival, a finding that is consistent
with previous results. p27 was investigated in endocrine
tumors and a marked decrease was reported in the protein
expression of hyperplastic tissues, as well as benign and
malignant neoplasms compared with normal tissues [12].
Grabowski et al. [14] reported a loss of nuclear p27 expres-
sion and its prognostic role in relation to cyclin E and p53
mutations in GEP-NETs. In pheochromocytoma, p27
expression was reduced or lost in 56% of tumors [13].

A limitation of our study is that our cases were retro-
spectively collected and were composed of a heterogeneous
patient group with seven primary sites, various pathologic
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stages, and different treatment modalities. In addition, as the
cases were collected through 20 years of pathologic archives,
survival analyses may be somewhat skewed and could be
influenced by compounding effects.

A strength of our study is that we analyzed 327 patients
with GEP-NETs, making our study the largest among all
those ever published on tissue-based GEP-NET studies
[14,18]. In addition, we are the first to analyze the interactions
among menin, p27, and p18 proteins in a large clinical cohort
of GEP-NETs. Our study showed that menin loss was also
present in a substantial portion of the p27 loss cases,
although the underlying molecular defects related to menin
protein loss were not elucidated in this study. Further
investigation of p27 dysregulation with regard to the steps
of NET progression is needed.
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