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Context: Appropriate cell-to-cell adhesion is fundamental for the epithelial phenotype of pituitary
cells. Loss of the adhesion protein E-cadherin has been associated with invasiveness, metastasis, and
poor prognosis in cancers of epithelial origin. In somatotroph adenomas, a variable and reduced
expression of E-cadherin has been demonstrated. In addition, nuclear translocation of E-cadherin
was found to correlate with pituitary tumor invasion.

Objective: Theobjectivewas toexaminetheproteinexpressionofE-cadherin in somatotrophpituitary
adenomas in relation to adenoma size, invasiveness, and somatostatin analog (SMS) efficacy.

Patients and Methods: Eighty-three patients were included, and 29 were treated preoperatively
with SMS. Adenoma E-cadherin protein expression was analyzed by Western blot (61 patients) and
immunohistochemistry (IHC) (80 patients) with antibodies directed against both extracellular and
intracellular domains (IHC). The acute (direct surgery group) and long-term (preoperatively treated
group) SMS responses were evaluated. Baseline tumor volume and invasiveness were measured on
magnetic resonance imaging scans.

Results: Membranous E-cadherin was lost in several adenomas. Nine of these were nuclear E-
cadherin positive. The E-cadherin protein expression correlated negatively to tumor size and pos-
itively to acute SMS response. Low E-cadherin levels (preoperatively treated group only) and loss
of membranous E-cadherin correlated to tumor invasiveness. The E-cadherin level correlated pos-
itively to tumor reduction after SMS treatment, and adenomas with nuclear E-cadherin staining
had lower IGF-I reduction and tumor shrinkage. Preoperatively treated adenomas had reduced
E-cadherin protein levels, but the IHC expression was unaltered.

Conclusion: Reduced E-cadherin expression may correlate to a dedifferentiated phenotype in the
somatotroph pituitary adenomas. (J Clin Endocrinol Metab 95: 2334–2342, 2010)

The pituitary somatotroph adenomas produce and se-
crete GH in supraphysiological levels, causing the

clinical syndrome of acromegaly. These adenomas usually
grow slowly and metastasize extremely rarely, but they

maybe locally invasive,which isof importance for surgical
cure. At the time of diagnosis, the majority is macroad-
enomas with a low surgical cure rate, and a large propor-
tion of patients is in need of medical treatment (1–3).
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Somatostatin analogs (SMS) are usually the drug of
choice, but the clinical response to treatment is variable.
Biochemical control is achieved in up to 50% of patients
primarily treated with SMS (4, 5). Mean tumor shrinkage
is reported to be 25–40% in unselected de novo patients,
but individually the tumor volume reduction is highly vari-
able (4–7), with no correlation between biochemical re-
sponse and tumor shrinkage (4, 8, 9). We and others have
shown that biochemical SMS response correlates to the
protein expression of somatostatin receptor (SSTR) sub-
type 2 in the adenoma (10–12). We have also demon-
strated that SMS responses are attenuated in adenomas
with low expression of Raf kinase inhibitory protein
(RKIP) (13).

Anterior pituitary cells have an epithelial phenotype, in
which appropriate cell-to-cell adhesion and polarity are
fundamental. Expression of the protein E-cadherin is typ-
ical for epithelial cells, and this transmembrane adhesion
protein provides a physical link to both the adjacent cells
and the intracellular cytoskeleton. The extracellular do-
main of E-cadherin of one cell binds to E-cadherin mole-
cules of the adjacent cell. The intracellular domain of the
protein is linked to the actin cytoskeleton via a protein
complex with catenins (14, 15). Epithelial-to-mesenchy-
mal transition (EMT) is a process in which epithelial cells
lose their intercellular adhesion and acquire a more mes-
enchymal phenotype with increased cell motility. Func-
tional loss of E-cadherin is a hallmark of EMT (14, 15).
This has been demonstrated in several cancer types, being
most pronounced in poorly differentiated and invasive tu-
mors and with correlation to metastasis and poor prog-
nosis (16, 17). A variable and reduced expression of E-
cadherin has also been demonstrated in somatotroph
adenomas, particularly sparsely granulated adenomas
(18–23). Hypermethylation of the E-cadherin promoter
was seen in approximately 40% of adenomas, and was
highly correlated to loss of E-cadherin expression (22, 23)
Down-regulation of E-cadherin expression correlated to
tumor aggressiveness in one but not other studies (18, 19,
22, 23). However, in a recent publication, nuclear staining
of E-cadherin was found when using an antibody against
the intracellular domain of the protein. This correlated to
loss of membranous E-cadherin staining. In addition, tu-
mor invasiveness correlated positively to nuclear E-cad-
herin staining but not to loss of membranous staining (20).

The aim of this study was to evaluate E-cadherin pro-
tein expression in somatotroph adenomas from a large
and well-described cohort of patients with acromegaly in
relation to: 1) tumor size and invasiveness, 2) acute and
long-term responses to somatostatin analogs, and 3) the
expression of SSTR2a in the adenomas.

Subjects and Methods

Subjects
Eighty-threepatientswithactiveacromegalywere included, and

all underwent transsphenoidal pituitary surgery in the period 1996–
2008. The diagnosis was based on clinical symptoms and was
biochemically verified by elevated serum IGF-I and failure to
suppress GH in an oral glucose tolerance test. All patients had
a pituitary tumor visualized on a magnetic resonance imaging
(MRI) scan.

Three patients had previously undergone transsphenoidal
surgery, one of them twice. Twenty-nine patients received treat-
ment with a somatostatin analog before surgery (median 6
months, range 1–32 months). One had used pasireotide as par-
ticipant in a clinical study. Two patients were treated preoper-
atively with pegvisomant for 3–4 months (one not 6 months
before surgery). Six patients had been treated with a dopamine
agonist preoperatively, four of them also the last months before
surgery. None had received radiation therapy. Table 1 provides
an overview of the study population.

TABLE 1. The study population

Groups Direct surgery
Preoperative

SMS
Demographics

n 54 29
Age (yr) 52 (42–57) 47 (40–57)
Women/men (n) 32/22 11/18

Tumor size
(n � 74)

Tumor volume
(cm3)

1.04 (0.50–2.04) 1.24 (0.68–2.28)

Biochemistry
(n � 81)

Serum GH
(mU/liter)

20.3 (13.3–41.6) 35.4 (18.1–79.5)

Serum IGF-I
(nmol/liter)

87.6 (72.6–113.8) 87.7 (71.3–102.0)

SMS response
GH reduction

(%) (n � 50)a
83 (73–91)

IGF-I reduction
(%) (n � 26)b

50 (27–60)

GH reduction
(%) (n � 25)b

85 (55–91)

Tumor size reduction
(%) (n � 23)b

26 (2–59)

Tumor protein
levelsc

RKIP ratio
(n � 63)d

1.22 (0.87–2.09) 1.66 (0.75–2.60)

SSTR2a ratio
(n � 48)e

0.08 (0.05–0.10) 0.05 (0.03–0.07)

E-cadherin ratio
(n � 61)

0.31 (0.10–0.45) 0.10 (0.04–0.21)

Unless stated, data are given as median (interquartile range).
a During acute octreotide test in patients not preoperatively treated
with a somatostatin analog; b after 6 months (median) preoperative
SMS treatment; c protein levels measured by Western blot, normalized
to GAPDH; d previously published data in 51 of the patients (13);
e previously published data, normalized �-actin (10).
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Because the vast majority of the SMS-treated patients were
treated with octreotide depot injections, they were expected to
have therapeutic concentrations at the time of surgery. The pa-
tient treated with pasireotide, however, had not received treat-
ment for the last 3 months before surgery.

The study was approved by the local ethical committee and
conducted according to the Declaration of Helsinki II. Written
informed consent was obtained from all patients.

Biochemical measurements
Blood samples were drawn after an overnight fast and serum

isolated. Serum GH was measured by immunoassay (detection
limit 0.3 mU/liter) and in most patients estimated as a mean GH
level of several daytime samples. An acute somatostatin test was
performed in 62 of the patients before medical treatment with a
somatostatin analog (10). The percentage reduction of GH was
calculated for each patient. Serum IGF-I was measured by RIA
(Nichols Institute, Nijmegen, The Netherlands) in most patients.
In 38 patients, IGF-I was measured in additionally stored serum
in one run to minimize between-assay variability and compared
with previous values (r �0.866; n � 38; P � 0.001). When
available, this value was used for statistical analysis. In the eight
latest included patients, IGF-I was measured by Immulite 2000
(Siemens, Munich, Germany). The same method was used when
IGF-I levels were compared before and after SMS treatment ex-
cept for one patient, in which the IGF-I level after treatment was
adjusted after cross-calibration of the methods.

MRI measurements
Reanalyses of the primary MRI scans were performed as pre-

viously described in 74 of the patients (10, 13). In 23 of these,
scans both before and after SMS treatment were available for
reevaluation. The formula width � height � length � 0.5 was
used to estimate tumor volume (24), and for each tumor, the
SIPAP (suprasellar, infrasellar, parasellar, anterior, and poste-
rior) grading score was determined (25).

Protein extraction and Western blot
Adenoma tissue was frozen at �70 C shortly after pituitary

surgery in 61 patients. The tissue was homogenized in TRIzol
reagent (Invitrogen Corp., Carlsbad, CA), and protein was ex-
tracted following the manufacturer’s instructions. The proteins
were precipitated, washed, protein concentration measured, and
Western blot performed as described (10, 13) with 15 �g of total
protein applied per lane. One previous blot and stripping were
done before the membranes were cut at approximately 80 kDa.
The parts containing the largest proteins were incubated with a
mouse monoclonal anti-E-cadherin antibody (1:1000, ab1416;
Abcam PLC, Cambridge, UK) and the secondary antibody an-
timouse IgG (1:10 000, Jackson ImmunoResearch Laboratories
Europe, Suffolk, UK). The other part of the membranes were
incubated with a mouse monoclonal antiglyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) antibody (1:10,000, G8795;
Sigma-Aldrich Corp., St. Louis, MO) and the antimouse IgG
(1:10,000). Multi Gauge software (Fuji film Corp., Tokyo,
Japan) was used for data analysis of the protein levels. The band
signal for each antibody was adjusted for background. The E-
cadherin to GAPDH ratio for each adenoma was calculated (E-
cadherin ratio) and used as a measure of E-cadherin protein level.

The SSTR2a protein level has previously been analyzed by
Western blot in 43 of the patients and standardized to the �-actin

signal (10) and the RKIP protein level in 51 patients, normalized
to GAPDH (13). RKIP analyses as described in this study were
performed in additional 12 patients.

Immunohistochemistry
Paraffin sections were available in 80 patients. Immunohis-

tochemical analyses were performed on sections from tissue ar-
rays consisting of two 1-mm cores of tumor tissue from each of
66 pituitary adenomas and on whole sections from 14 adenomas
using the Dako EnVision Flex� System (K8012; Dako,
Glostrup, Denmark) and Dakoautostainer. Sections were depar-
affinized and epitopes unmasked using PT-Link (Dako) and En-
Vision Flex target retrieval solution (high pH). Two E-cadherin
antibodies were used. One was identical with the antibody used
in the Western blot and directed against the extracellular domain
(1:100; Abcam); the other was directed against the intracellular
domain of the E-cadherin protein (1:1000; BD Biosciences,
Franklin Lakes, NJ). The sections were incubated with mouse
anti-E-cadherin, EnVision Flex� Mouse (linker), and EnVision
Flex/horseradish peroxidase each for 30 min and 3�3 diamino-
benzidine tetrahydrochloride for 10 min. Normal skin was used
as positive control. Negative controls were performed in the ab-
sence of the primary antibody. Both controls gave satisfactory
results.

The adenomas were semiquantitatively scored in three classes
byaneuropathologist blinded for clinical data: antibodydirected
against the extracellular domain of E-cadherin, class 0, E-cad-
herin negative (maximum 20% of the cells weakly stained); class
1, intermediate group; and class 2, preserved E-cadherin (mini-
mum 50% of the cells strongly stained or minimum 80% of the
cells moderately or strongly stained). For the antibody directed
against the intracellular domain, the classes are: class 0, adeno-
mas with nuclear staining; class 1, intermediate group (reduced
membranous staining but no nuclear staining); and class 2,
strong membranous staining in all cells.

Primary culture
Adenoma tissue from five patients was used for primary cul-

ture to examine the in vitro effects of octreotide treatment on
E-cadherin expression. Approximately 1 � 105 cells were cul-
tured in wells with and without octreotide for 6 h, in triplicate or
quadruplicate. For procedure details, see the supplementary file,
published as supplemental data on The Endocrine Society’s Jour-
nals Online web site at http://jcem.endojournals.org.

Real-time quantitative RT-PCR
Total RNA was extracted from the cultured adenoma cells

using TRIzol (Invitrogen) and then purified by RNeasy microkit
(Qiagen, Dusseldorf, Germany) and stored in nuclease-free wa-
ter at �80 C. The RT-PCR was performed as described earlier
(26). All samples were run in duplicate with 400 ng total RNA
in each reaction. Sequence-specific oligonucleotide primers were
designed using Primer Express software version 2.0 (Applied Bio-
systems, Foster City, CA): E-cadherin, forward, 5�-GCATTGC-
CACATACACTCTCTTCT-3� and reverse, 5�-TCGGTTACC-
GTGATCAAAATCTC-3� and �-actin, forward, 5�-AGGCAC-
CAGGGCGTGAT-3� and reverse, 5�-TCGTCCCAGTTGGT-
GACGAT-3�. �-Actin was included as endogenous normaliza-
tion control to adjust for unequal amounts of RNA.
Quantification of mRNA was performed using standard curve
method of the ABI Prism 7500 (Applied Biosystems).
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Statistics
Differences between groups were analyzed using Mann-

Whitney test and Kruskal-Wallis test when more than two
groups were compared. Relationships between variables were
tested by Spearman correlation (R) or Pearson correlation anal-
ysis (r) when normal distribution of the data were obtained by log
transformation. P � 0.05 was considered significant. The sta-
tistical analyses were performed using SPSS software (version
16.0; SPSS, Chicago, IL).

Results

E-cadherin protein expression
Staining with the E-cadherin antibody gave a single band

at 100–120 kDa in the Western blot analysis (Fig.1A). The
E-cadherin to GAPDH ratio (E-cadherin ratio) was used as
a measure of the E-cadherin protein level.

Immunohistochemical studies with
two E-cadherin antibodies recognizing
either the extracellular or intracellular
domain demonstrated a highly variable
degree of E-cadherin immunoreactiv-
ity in the adenomas (Fig.1, B–D). Us-
ing the extracellular domain antibody,
only membranous staining was observed.
Forty-one adenomas had preserved high
E-cadherin expression, 21 adenomas were
E-cadherin negative, and 18 were in the
intermediate group.

With the intracellular domain anti-
body, nuclear expression of E-cadherin
was demonstrated in nine adenomas. The
nuclear staining was weak in all class 0
adenomas except one with moderate im-
munoreactivity, and they also displayed
none or very low membranous staining.
Seven adenomas had reduced E-cadherin
membranous expression and no nuclear
staining. The remaining 64 adenomas
had strong membranous and cytoplasmic
staining in all cells. A particularly heter-
ogeneous pattern with strong membra-
nous staining in 50% of the cells and nu-
clear positivity in the remaining 50% of
cells was observed in one of the adeno-
mas. It was scored as class 0 due to the
nuclear positivity.

There was a significant correlation
between the immunohistochemical re-
sults of the two antibodies (P � 0.0001)
and between the protein level assessed
by Western blot and the immunohisto-
chemical grading (P � 0.001 for both
antibodies, Table 2).

E-cadherin and baseline characteristics
Whereas the immunohistochemical expression of E-cad-

herin did not correlate to preoperative medical treatment,
the E-cadherin protein level was significantly lower in pa-
tients who received somatostatin analog treatment before
surgery (median 0.306 vs. 0.105 in the direct surgery
group, P � 0.01). Patients preoperatively treated with do-
pamine agonist or pegvisomant did not differ in E-cad-
herin protein expression.

SSTR2a protein levels assessed by Western blot and
immunohistochemistry previously (10) correlated to the
E-cadherin results in this study. There was a correlation
between E-cadherin and SSTR2a protein levels (R � 0.39,
P � 0.011), and adenomas with a high proportion of

FIG. 1. A, A representative Western blot of E-cadherin (upper panel, the band at �100 kDa)
and GAPDH (lower panel, the band at �36 kDa). Each lane represents one adenoma. MW,
Molecular weight. B–F, Immunohistochemical staining of E-cadherin (magnification �400).
The extracellular domain antibody (B and C), an adenoma with strong membranous staining
of all cells (B) and an adenoma with focal expression (C), is shown. The intracellular domain
antibody (D–F) is shown: an adenoma class 2 with strong membranous staining of all cells
(D), a class 0 adenoma with no membranous staining but instead a weak nuclear positivity
(E), and an adenoma with moderate nuclear staining and membranous staining in s few small
groups of cells.
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SSTR2a-positive cells had significantly higher E-cadherin
protein levels (P � 0.006) and a higher proportion of im-
munohistochemically E-cadherin-positive cells (P�0.018
E-cadherin extracellular domain, P � 0.006 intracellular
domain, data not shown).

The RKIP levels obtained in this and partly in a previous
study (13) correlated significantly to the E-cadherin pro-
tein level (R � 0.32, P � 0.013). RKIP levels were signif-
icantly higher in class 2 compared with grade 0 adenomas
defined by the E-cadherin intracellular domain antibody
(P � 0.006, data not shown).

Sex, age, baseline IGF-I and GH levels did not correlate
to the adenoma E-cadherin expression assessed by both
Western blot and immunohistochemistry.

Tumor size and invasiveness
The MRI scans were performed before the preoperative

SMStreatment, and theE-cadherin levelswere lower in the
pretreated compared with the patients not pretreated.
Therefore, the correlations between E-cadherin protein
level and tumor characteristics were analyzed separately
for the two groups. There were significant negative cor-
relations between tumor size and E-cadherin in both the
pretreated (Pearson r � �0.70, P � 0.001) and not pre-
treated group (r � �0.33, P � 0.043), using log-trans-
formed variables (Fig. 2, A and B). Tumor invasiveness,
defined as the sum of SIPAP score, correlated negatively
to E-cadherin levels only in the group pretreated with SMS
(R � �0.53, P � 0.018) but not the direct surgery group
(R � �0.21, P � 0.22, Supplemental Fig. 1, A and B).

For the immunohistochemical E-cadherin expression,
no differences were found between the pretreated and not
pretreated groups, which were analyzed together. The im-
munohistochemical classification of the adenomas corre-
lated negatively to tumor size (P � 0.007) and partly to
invasiveness (P � 0.011) using the extracellular domain
antibody. The intracellular domain antibody gave P �
0.033 and P � 0.070, respectively (Kruskal Wallis test).
Class 0 adenomas were significantly larger compared with
the class 2 adenomas defined by both extracellular (P �
0.002) and intracellular domain antibody (P � 0.009, Fig.
2, C and D). Extracellular domain class 0 adenomas were

significantly more invasive compared with class 2 adeno-
mas (P � 0.005, Supplemental Fig. 1C).

Biochemical response to SMS
A significant positive correlation between E-cadherin

level in the tumors and the percentage serum GH reduction
during acute octreotide test was observed in patients not
preoperatively treated with SMS (R � 0.48, P � 0.004,
Fig. 3A). The groups defined by extra- or intracellular
E-cadherin domain immunoreactivity also correlated pos-
itively to the acute GH response to octreotide (P � 0.010
and P � 0.006, respectively). Patients with class 0 adeno-
mas had significantly less GH reduction compared with
patients with class 2 adenomas, assessed by both extra-
cellular domain (P � 0.003, data not shown) and intra-
cellular domain antibodies (P � 0.006, Fig. 3B).

The percentage IGF-I reduction after a median of 6
months preoperative SMS treatment did not correlate sta-
tistically significantly to E-cadherin levels (R � 0.426, P �

0.054, Fig. 3C). The immunohistochemical results from
class 1 and 2 adenomas were combined for the statistical
analyses due to the low number of patients in each group.
Nuclear staining with the antibody against the intracellu-
lar domain of E-cadherin (class 0) associated with signif-
icantly poorer IGF-I response compared with the adeno-
mas without nuclear staining (P � 0.033, Fig. 3D).
However, there was no difference in IGF-I reduction for
adenomas scored by E-cadherin extracellular domain an-
tibody reactivity.

Tumor response to SMS
Among patients treated with SMS before surgery, per-

centage tumor shrinkage correlated significantly to the
E-cadherin level of the adenoma (R � 0.57, P � 0.013, n �

18, Fig. 3E). Tumor volume reduction was significantly
less for adenomas with immunohistochemical nuclear E-
cadherin staining compared with adenomas with no nu-
clear staining (P � 0.045, Fig. 3F). There was no difference
in tumor shrinkage based on extracellular domain anti-
body classification.

TABLE 2. E-cadherin protein expression

Score by IHC

E-cadherin (extracellular domain)

E-cadherin ratio0 1 2
E-cadherin

(intracellular
domain)

0 9 0 0 0.012 (0.005–0.020)
1 6 1 0 0.069 (0.009–0.253)
2 6 17 41 0.293 (0.119–0.435)

E-cadherin ratio 0.019 (0.006–0.253) 0.102 (0.057–0.194) 0.358 (0.200–0.516)

Numbers of adenomas categorized in each class assessed by immunohistochemistry using the two antibodies. E-cadherin ratio assessed by
Western blot for each group is presented as median (interquartile range) (P � 0.001 for both). IHC, Immunohistochemistry.
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In vitro study
In accordance with a previous study, the phenotype of

primary cell cultures from five adenomas showed two dif-
ferent patterns (27). Cell cultures from four adenomas
consisted of individual or small groups of rounded cells
free floating or only weakly attached to the well. Two of
these were from octreotide-treated patients (no. 331 and
334), but one received the last dose 3 months before sur-
gery. No difference in E-cadherin mRNA was found in
these cells in the absence or presence of octreotide in vitro.
The other two patients had not been treated with SMS
preoperatively. In one tumor (no. 324), the E-cadherin
mRNA level was significantly lower in the in vitro oct-
reotide-treated cells (P � 0.043). In the other tumor (no.
319), the reduction in E-cadherin mRNA after octreotide
treatment did not reach statistical significance (Fig. 4).

E-cadherin mRNA was not detected in the primary cul-
ture of a large, rapidly growing, recurrent adenoma (no.
320) preoperatively treated with pasireotide. This ade-
noma had a very low protein level of E-cadherin measured
by Western blot. The in vitro cultured cells were mainly
spindle shaped and attached to the well.

For GH analyses of the supernatant,
see Supplemental Fig. 2.

Discussion

In the present study, we have shown that
E-cadherin expression in somatotroph
pituitary adenomas is variable. A low E-
cadherin level combined with a redistri-
bution from the cell membrane to the nu-
cleus correlated to large tumors and
partly to tumor invasiveness. In addition,
theE-cadherinproteinexpression seemed
to be associated with SMS response, in
particular to tumor shrinkage. Further-
more, E-cadherin correlated to the ex-
pression of SSTR2a in the adenomas.

Loss of E-cadherin is a hallmark of
EMT and malignant progression in sev-
eral cancers of epithelial origin. A causal
role of E-cadherin in tumor progression
has been demonstrated in vivo in a
mouse model of pancreatic �-cell carci-
nogenesis (28). It has been suggested
that loss of E-cadherin not only means
loss of epithelial adhesion but also me-
diates direct activation of signaling
pathways to cause invasive pheno-
types (29). This study confirms the
variable expression of E-cadherin pre-

viously shown in somatotroph adenomas (18–23), and in
this large cohort, we found a significant negative correla-
tion between E-cadherin protein expression and tumor
size and also partly tumor invasiveness. Large and invasive
adenomas seemed to have lost their membranous E-cad-
herin expression. The partial association with tumor in-
vasiveness may be due to inaccurate measures of invasive-
ness or a true but weak association.

The E-cadherin expression correlated positively to the
expression of SSTR2a, an important receptor with respect
to the clinical efficacy of somatostatin analog treatment
(10). Ligand binding to SSTR2 has been shown to activate
the tyrosine phosphatase Src homology domain phospha-
tase 1, which dephosphorylates E-cadherin and restores
E-cadherin function (30). In a human neuroendocrine cell
line, blocking SSTR signaling decreased the membra-
nous E-cadherin levels and resulted in morphological
changes with a more spindle-shaped fibroblastic ap-
pearance termed neuroendocrine-mesenchymal transi-
tion (31). However, we found a reduced E-cadherin pro-
tein level and no alterations in E-cadherin membranous

FIG. 2. The E-cadherin expression and tumor size. The upper panels show the correlation
between E-cadherin protein levels assessed by Western blot and tumor size, both in
logarithmic scale, in the preoperatively treated group (A) and the direct surgery group (B).
The lower panels illustrate the association between tumor size (log transformed) and the
immunohistochemical expression of E-cadherin with the extracellular domain antibody (C)
(Kruskal Wallis test, P � 0.007) and the intracellular domain antibody (D) (Kruskal Wallis test,
P � 0.033). Class 0 adenomas were significantly larger than class 2 adenomas. Box plot, The
median value (line), the interquartile range (box), and the range of the data. Outlier (°), Cases
with values between 1.5 and 3 box lengths from the upper or lower edge of the box.
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staining in patients preoperatively treated with SMS. In-
deed, in this cohort we also documented a decreased
SSTR2a expression in the preoperatively treated patients
(10). There seems to be a parallel regulation of SSTR2a
and E-cadherin in the adenomas. This could be an indi-
cator of lost epithelial differentiation. The similar phe-
nomenon may also explain the observed correlation be-
tween E-cadherin and RKIP. We have previously shown
that the adenoma RKIP protein level correlated to SMS
biochemical response (13). The E-cadherin transcrip-
tional repressor SNAIL has also been shown to inhibit

RKIP transcription (32), which could
explain the observed association be-
tween RKIP and E-cadherin. Overex-
pression of RKIP in a prostate cancer
cell line led to reduced SNAIL and in-
creased E-cadherin (both at protein
level) and induced an epithelial-like
phenotype (33).

In this study, we used two different
antibodies directed against either the ex-
tracellular or intracellular domain of E-
cadherin for the immunohistochemical
analyses. There was high degree of con-
cordance between the results. However,
several adenomas showed membranous
positivity inall cellsusing the intracellular
domain antibody but had lost membra-
nous E-cadherin using the extracellular
domain antibody. This discordance
could reflect a cleavage and loss of the
extracellular domain before internal-
ization of the protein. The cytoplasmic
staining observed exclusively with the in-
tracellulardomainantibodycouldalsobe
due to internalization of only the intracel-
lular domain of the protein. Nuclear ac-
cumulation of the intracellular domain of
E-cadherin has been demonstrated in sev-
eral cancers, including endocrine pancre-
atic tumors (34–36). The catenin p120 is
a possible mediator of this nuclear trans-
location (37). We found nuclear accumu-
lation of E-cadherin combined with loss
of membranous E-cadherin in a few ade-
nomas (nine of 80) and in a lower pro-
portion than in a recent study (20). These
adenomas had very low E-cadherin pro-
tein levels assessed by Western blot, were
larger compared with the adenomas with
membranous positivity in all cells, and
displayed a poor acute and long-term
SMS response.

Preoperatively treated patients had significantly lower
E-cadherin levels, suggesting down-regulation of E-cad-
herin during SMS treatment. There is a possibility that low
E-cadherin levels were secondary to a selection bias for
preoperative SMS treatment. However, a similar result
was found when the analysis was restricted to the sub-
group of patients who were randomized to preoperative
SMS treatment or not in a clinical study (3). The obser-
vation was supported by our in vitro demonstration of
reduced E-cadherin mRNA levels in octreotide-treated

FIG. 3. The E-cadherin expression and SMS response. The left panels show the
correlation between E-cadherin protein level assessed by Western blot and the response
to SMS in an acute test (A) and percentage IGF-I reduction (C) and percentage tumor
shrinkage (E) after long-term SMS preoperative treatment (median 6 months). The right
panels show the immunohistochemical E-cadherin expression using the intracellular
domain antibody related to percentage GH reduction in an acute SMS test (B) (Kruskal
Wallis test, P � 0.006), the percentage IGF-I reduction (D), and percentage tumor
shrinkage (F) after long-term SMS preoperative treatment (median 6 months). For box
plot explanation, see legend Fig. 2.
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cells from SMS-naïve patients, whereas we found no ad-
ditional effect of octreotide on E-cadherin in tissue from
SMS-pretreated patients. The immunohistochemical cel-
lular distribution and expression of E-cadherin were not
different in the two groups, and the pathophysiological
importance and clinical relevance of this finding need to be
explored more in detail.

To conclude, this study demonstrated that E-cadherin
is down-regulated and redistributed in a substantial pro-
portion of somatotroph adenomas. This was associated
with large tumors and to some extent also to tumor inva-
siveness. A correlation between E-cadherin expression
and clinical SMS efficacy, both hormonal and tumor re-
sponse, was also shown. Translocation of E-cadherin to
the nucleus with concomitant loss of membranous expres-
sion was demonstrated in a subset of adenomas and as-
sociated with large, SMS-resistant tumors. The E-cadherin
expression, which may reflect a process involving epi-
thelial to mesenchymal transition, seems to be of im-
portance for the clinical behavior of somatotroph pitu-
itary adenomas.

Acknowledgments

We thank Ellen Hellesylt for assistance with the immunohisto-
chemical analyses; the Hormone Laboratory, Aker with Terje
Lund for assistance with the Western blot analyses; and Dr. Jon
Ramm-Pettersen (Department of Neurosurgery, Rikshospitalet)
for providing the adenoma tissue.

Address all correspondence and requests for reprints to: Stine
Lyngvi Fougner, Research Institute for Internal Medicine, Sec-
tion of Endocrinology, Rikshospitalet Medical Centre, N-0027
Oslo, Norway. E-mail: s.l.fougner@medisin.uio.no.

Disclosure summary: S.L.F. has received unrestricted grants
and lecture fees from Pfizer and Novartis. J.B. has received lec-
ture fees from Pfizer, Novartis, and Ipsen and J.P.B. from Pfizer
and Novo Nordisk. The other authors have nothing to disclose.

References

1. Bex M, Abs R, T’Sjoen G, Mockel J, Velkeniers B, Muermans K,
Maiter D 2007 AcroBel—the Belgian registry on acromegaly: a sur-
vey of the ‘real-life’ outcome in 418 acromegalic subjects. Eur J
Endocrinol 157:399–409

2. Bollerslev J, Fougner SL, Berg JP 2009 New directions in pharma-
cological treatment of acromegaly. Expert Opin Investig Drugs 18:
13–22

3. CarlsenSM,Lund-JohansenM,SchreinerT,AanderudS,Johannesen O,
Svartberg J, Cooper JG, Hald JK, Fougner SL, Bollerslev J 2008
Preoperative octreotide treatment in newly diagnosed acromegalic
patients with macroadenomas increases cure short-term postoper-
ative rates: a prospective, randomized trial. J Clin Endocrinol Metab
93:2984–2990

4. Bevan JS, Atkin SL, Atkinson AB, Bouloux PM, Hanna F, Harris PE,
James RA, McConnell M, Roberts GA, Scanlon MF, Stewart PM,
Teasdale E, Turner HE, Wass JA, Wardlaw JM 2002 Primary med-
ical therapy for acromegaly: an open, prospective, multicenter study
of the effects of subcutaneous and intramuscular slow-release oct-
reotide on growth hormone, insulin-like growth factor-I, and tumor
size. J Clin Endocrinol Metab 87:4554–4563

5. Colao A, Cappabianca P, Caron P, De Menis E, Farrall AJ, Gadelha
MR, Hmissi A, Rees A, Reincke M, Safari M, T’Sjoen G, Bouterfa
H, Cuneo RC 2009 Octreotide LAR vs. surgery in newly diagnosed
patients with acromegaly: a randomized, open-label, multicentre
study. Clin Endocrinol (Oxf) 70:757–768

6. Mercado M, Borges F, Bouterfa H, Chang TC, Chervin A, Farrall
AJ, Patocs A, Petersenn S, Podoba J, Safari M, Wardlaw J 2007 A
prospective, multicentre study to investigate the efficacy, safety and
tolerability of octreotide LAR (long-acting repeatable octreotide) in
the primary therapy of patients with acromegaly. Clin Endocrinol
(Oxf) 66:859–868

7. Luque-Ramirez M, Portoles GR, Varela C, Albero R, Halperin I,
Moreiro J, Soto A, Casamitjana R 2010 The efficacy of octreotide
LAR as firstline therapy for patients with newly diagnosed acro-
megaly is independent of tumor extension: predictive factors of tu-
mor and biochemical response. Horm Metab Res 42:38–44

8. Lundin P, Edén Engström B, Karlsson FA, Burman P 1997 Long-
term octreotide therapy in growth hormone-secreting pituitary ad-
enomas: evaluation with serial MR. AJNR Am J Neuroradiol 18:
765–772

9. Maiza JC, Vezzosi D, Matta M, Donadille F, Loubes-Lacroix F,
Cournot M, Bennet A, Caron P 2007 Long-term (up to 18 years)
effects on GH/IGF-1 hypersecretion and tumour size of primary
somatostatin analogue (SSTa) therapy in patients with GH-secreting
pituitary adenoma responsive to SSTa. Clin Endocrinol (Oxf) 67:
282–289

FIG. 4. E-cadherin expression in in vitro cultured adenoma cells
analyzed with real-time RT-PCR. The E-cadherin mRNA levels were
normalized to the level of the reference gene �-actin. The cells were
cultured with or without octreotide at 10�8 M for 6 h, in triplicate
(adenoma 319 and 320) or quadruplicate (adenoma 324, 331, and
334). For adenoma 319 and 320, the E-cadherin levels can be directly
compared because the reverse transcription from these adenomas was
performed in one run. Otherwise, comparisons can be made only
between the controls and octreotide-treated cells for each adenoma.
Adenoma 320 did not have detectable levels of E-cadherin mRNA, and
this was clinically a large, recurrent, and rapidly growing adenoma
with poor SMS response (pasireotide treatment before surgery, not the
last 3 months). In the SMS analog naïve adenomas 319 and 324,
octreotide-treated cells had significantly lower E-cadherin to �-actin
ratio compared with the untreated cells in adenoma 324 (*, P �
0.043) but was not statistically significant in 319. Adenoma 331 and
334 had received preoperative octreotide treatment (for 334 not the
last 3 months), and no difference in E-cadherin to �-actin ratio was
detected in octreotide-treated compared with untreated cells.

J Clin Endocrinol Metab, May 2010, 95(5):2334–2342 jcem.endojournals.org 2341

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/95/5/2334/2597217 by guest on 23 April 2024



10. Fougner SL, Borota OC, Berg JP, Hald JK, Ramm-Pettersen J,
Bollerslev J 2008 The clinical response to somatostatin analogues in
acromegaly correlates to the somatostatin receptor subtype 2a pro-
tein expression of the adenoma. Clin Endocrinol (Oxf) 68:458–465

11. Ferone D, de Herder WW, Pivonello R, Kros JM, van Koetsveld PM,
de Jong T, Minuto F, Colao A, Lamberts SW, Hofland LJ 2008
Correlation of in vitro and in vivo somatotropic adenoma responsive-
ness to somatostatin analogs and dopamine agonists with immunohis-
tochemical evaluation of somatostatin and dopamine receptors and
electron microscopy. J Clin Endocrinol Metab 93:1412–1417

12. Takei M, Suzuki M, Kajiya H, Ishii Y, Tahara S, Miyakoshi T,
Egashira N, Takekoshi S, Sanno N, Teramoto A, Osamura RY 2007
Immunohistochemical detection of somatostatin receptor (SSTR)
subtypes 2A and 5 in pituitary adenoma from acromegalic patients:
good correlation with preoperative response to octreotide. Endocr
Pathol 18:208–216

13. Fougner SL, Bollerslev J, Latif F, Hald JK, Lund T, Ramm-Pettersen
J, Berg JP 2008 Low levels of raf kinase inhibitory protein in growth
hormone-secreting pituitary adenomas correlate with poor response
to octreotide treatment. J Clin Endocrinol Metab 93:1211–1216

14. Guarino M, Rubino B, Ballabio G 2007 The role of epithelial-mes-
enchymal transition in cancer pathology. Pathology 39:305–318

15. Halbleib JM, Nelson WJ 2006 Cadherins in development: cell ad-
hesion, sorting, and tissue morphogenesis. Genes Dev 20:3199–
3214

16. Pötter E, Bergwitz C, Brabant G 1999 The cadherin-catenin system:
implications for growth and differentiation of endocrine tissues.
Endocr Rev 20:207–239

17. Gavert N, Ben-Ze’ev A 2008 Epithelial-mesenchymal transition and
the invasive potential of tumors. Trends Mol Med 14:199–209

18. Nishioka H, Haraoka J, Akada K 2003 Fibrous bodies are associ-
ated with lower GH production and decreased expression of E-
cadherin in GH-producing pituitary adenomas. Clin Endocrinol
(Oxf) 59:768–772

19. Kawamoto H, Mizoue T, Arita K, Tominaga A, Eguchi K, Kurisu K
1997 Expression of epithelial cadherin and cavernous sinus invasion
in human pituitary adenomas. J Neurooncol 34:105–109

20. Elston MS, Gill AJ, Conaglen JV, Clarkson A, Cook RJ, Little NS,
Robinson BG, Clifton-Bligh RJ, McDonald KL 2009 Nuclear ac-
cumulation of e-cadherin correlates with loss of cytoplasmic mem-
brane staining and invasion in pituitary adenomas. J Clin Endocrinol
Metab 94:1436–1442

21. Obari A, Sano T, Ohyama K, Kudo E, Qian ZR, Yoneda A, Rayhan
N, Mustafizur Rahman M, Yamada S 2008 Clinicopathological
features of growth hormone-producing pituitary adenomas: differ-
ence among various types defined by cytokeratin distribution pat-
tern including a transitional form. Endocr Pathol 19:82–91

22. Qian ZR, Sano T, Yoshimoto K, Asa SL, Yamada S, Mizusawa N,
Kudo E 2007 Tumor-specific down-regulation and methylation of
the CDH13 (H-cadherin) and CDH1 (E-cadherin) genes correlate
with aggressiveness of human pituitary adenomas. Mod Pathol 20:
1269–1277

23. Xu B, Sano T, Yoshimoto K, Yamada S 2002 Downregulation of
E-cadherin and its undercoat proteins in pituitary growth hormone

cell adenomas with prominent fibrous bodies. Endocr Pathol 13:
341–351

24. Lundin P, Pedersen F 1992 Volume of pituitary macroadenomas:
assessment by MRI. J Comput Assist Tomogr 16:519–528

25. Edal AL, Skjodt K, Nepper-Rasmussen HJ 1997 SIPAP—a new MR
classification for pituitary adenomas. Suprasellar, infrasellar, para-
sellar, anterior and posterior. Acta Radiol 38:30–36

26. Lekva T, Bollerslev J, Kristo C, Olstad OK, Ueland T, Jemtland R
2010 The glucocorticoid-induced leucine zipper gene (GILZ) ex-
pression decreases after successful treatment of patients with en-
dogenous Cushing’s syndrome and may play a role in glucocorti-
coid-induced osteoporosis. J Clin Endocrinol Metab 95:246–255
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