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Abstract: It has been suggested that pituitary macroadenomas present an epithelial-mesenchymal transition (EMT)
related with the invasive behavior. This process is characterized by the expression of vimentin and N-cadherin.
Accordingly, in a genomic study of non-functioning pituitary macroadenomas (NFPM), an increase in the expression
of CDH2 gene was observed. The aim of the present study was to analyze the presence of N-cadherin and vimentin
in tissues and cultured cells from NFPM. In order to correlate the cytoskeleton organization with a cell invasion type,
the shape and cytoskeletal organization of the cultured cells were determined. In ten NFPM, we analyzed the pres-
ence of vimentin and N-cadherin by immunohistochemistry. In the corresponding primary cultures, the distribution
of vimentin, B4 integrin subunit, N-cadherin, tubulin, and actin filaments were also analyzed. We found that all the
NFPM expressed vimentin and N-cadherin. Analyzing the cell size, a significant decrease with respect to normal tis-
sue was observed. In vitro the cells exhibited a small, rounded shape with actin cortical rings and also disorganized
microtubules, with different organization patterns of vimentin and N-cadherin. These observations sustain an ag-
gressive comportment and suggest they acquired an amoeboid behavior. These cells showed different organization
patterns of vimentin and N-cadherin. Considering these pituitary adenoma cells have lost their secretory phenotype,
our observations support the overall change in the physiology of these cells. The NFPM studied expressed the EMT
markers vimentin and N-cadherin, suggesting they acquire mesenchymal characteristics, and the small size coin-
cided with that observed in small aggressive cancer cells.

Keywords: Non-functioning human pituitary adenomas, vimentin, N-cadherin, cytoskeleton arrangement, cultured
cells

Introduction [7-9]. It is important to consider that pituitary
secretory cells have a parenchymal phenotype
more than a classical epithelial phenotype. In
typical epithelial cells, during the EMT, a change
from E-cadherin to N-cadherin and from cyto-
keratin to vimentin occurs [10]. E-cadherin is an

adhesion protein that has been widely analyzed

Clinically non-functioning pituitary adenomas
are among the most common type of pituitary
adenomas, comprising 25-30% of all pituitary
adenomas [1-3]. Non-functioning pituitary ade-
nomas: clinically are characterized by the

absence of hormone hypersecretion and usu-
ally are macroadenomas, frequently they
invade the cavernous sinus, with compression
of adjacent structures [4-6]. The invasive mech-
anisms of NFPM are not yet known. It has been
proposed that a behavior like the EMT occurs
initially, and then the tumor cells can invade

[11, 12]. With regard to N-cadherin expression,
in NFPM, Moreno et al. [13] identified an
increase in the expression of the CDH2
(N-cadherin gene). However, according to Ezzat
et al. [14], the expression of a deleted isoform
of fibroblast growth factor receptor-4 correlates
with the loss of membrane N-cadherin and with
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Figure 1. Vimentin expression in human breast cancer cells (MDA-MB-231) and N-cadherin expression in human
glioblastoma cells (U-87MG). The positive controls of the immunocytochemistry assays and western blot assays per-
formed for vimentin (A) and N-cadherin (B) were obtained using MDA-MB-231 cells and U-87 MG cells, respectively.
In MDA-MB-231 Vimentin was observed fibrillary throughout the cell body and in U87MG N-cadherin was observed
at the cell-cell boundary and cytoplasmic. Bar =25 um.

tumor invasiveness. Changes in intermediate
filaments are also observed in pituitary adeno-
mas, which express cytokeratins, vimentin and
neurofilaments [15, 16], whereas normal secre-
tory cells only express cytokeratins 8-18 [17,
18], suggesting the occurrence of a transition
to a mesenchymal phenotype. It is well known
that cell migration and invasion require chang-
es in adhesive interactions among cells, regu-
lated interactions with the extracellular matrix
and coordinated communication between ele-
ments of the cytoskeleton [19, 20]. Cells have
two well-defined patterns of migration: mesen-
chymal, characterized by an elongated mor-
phology with abundant cellular protrusions; and
amoeboid, characterized by a rounded mor-
phology with no obvious polarity [20]. Each
invasion pattern has been associated with a
variety of patterns of actin and tubulin cytoskel-
etal organization [20]. In invasive, NFPM, little
is known about the cytoskeletal arrangement
of actin filaments and tubulin. In tissue, it is dif-
ficult to performed actin filaments and microtu-
bules observations because of the disarrange-
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ments of these structures after tissue fixation,
while in cultured cells it is possible preserved
them. The purpose of this study was to charac-
terize the cytoskeleton arrangement of this
type of pituitary adenoma cells using the pri-
mary cell culture method. Then, cells were
obtained from NFPM and was evaluated the
capacity of this type of tumor cell to organize
the cytoskeleton, adapting them to a specific
migration/invasion behavior. The expression of
N-cadherin and vimentin, both present during
the EMT in classical epithelial tissues, was ana-
lyzed in these adenomas.

Materials and methods
Sample procurement

Ten NFPM tissues were obtained via transsphe-
noidal surgical procedures after informed writ-
ten consent (ethical approval: IRBOO04785-
CINVESTAV IRB#1-COBISH). The surgeries were
performed in the National Institute of Neurology
and Neurosurgery “Manuel Velasco Suarez”.

Int J Clin Exp Pathol 2016;9(8):7854-7866
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Table 1. Pituitary hormone expression and invasiveness of adenoma tissues. Patient clinical features

and immunohistochemistry results

Case Age Gender Clinical simptoms Grade PRL GH FSH LH TSH ACTH

1 52 M Visual disturbances IV-D - - - - - -

2 61 M Visual disturbances II-C - - + - - -

3 38 M Visual disturbances, IV-D - - + - - -
cephalea

4 49 F Visual disturbances, IV-C - - - - - -
cephalea

5 71 M Visual disturbances, II-A - - ++ ++ - -
cephalea

6 46 F Visual disturbances, II-B - - ++ - - -
cephalea

7 83 F Visual disturbances, 1-B - - + - - ++
cephalea

8 49 Visual disturbances I-C - - + +++ - -

9 37 F Visual disturbances, II-C - - - - - -
cephalea

10 58 M Visual disturbances, IV-D - - +++ - - -
cephalea

F, female; M, male; H-V, Hardy-Vezina; Il, intact sella turcica, enlarged fossa; Ill, localized sellar destruction; IV, diffuse sellar
destruction; tumor suprasellar, A, suprasellar cistern only, B, recess of the third ventricle; C, whole anterior third ventricle; D, in-
tracranial extradural. Semi-quantitative immunoreactivity scores for pituitary hormones: +, 1-25%; ++, 26-60%; +++, 65-100%;
-, negative cells stained in tissue sections. PRL, prolactin; GH, growth hormone; FSH, Follicle-stimulating hormone; LH, Lutein-
izing hormone; TSH, thyroid-stimulating hormone; ACTH, adrenocorticotropin hormone.

NFPM were collected at the time of surgery,
and samples of each NFPM were used for histo-
pathological and immunohistochemical analy-
sis and to obtain a primary culture. Normal pitu-
itary glands were obtained by autopsy with pre-
vious consent of the families. All the experi-
mental procedures were made in double blind-
ed. The human breast cancer cell line MDA-
MB-231 (HTB-26) was used as a positive con-
trol for vimentin expression [21], and the
human glioblastoma cell line U-87 MG (HTB-14)
was used as a positive control for N-cadherin
expression [22] (Figure 1); both cell lines were
obtained from ATCC (Manassas VA, USA) and
grown according to the provider’s instructions.

Immunohistochemistry

The tissue samples were fixed in 10% buffered
formalin and embedded in paraffin. Four-
micrometer-thick sections were deparaffinized
and stained for immunohistochemistry. Sec-
tions were pretreated in an antigen retrieval
solution (Biocare Medical, Tempe, AZ, USA).
The primary antibodies used were: prolactin,
growth hormone, follicle-stimulating hormone,
luteinizing hormone, and thyroid-stimulating
hormone (BioGenex; San Ramon, CA, USA);
adrenocorticotropin (1:100, DAKO; Glostrup,
Denmark) mouse monoclonal anti-vimentin
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(1:800, Sigma; Saint Louis, MO, USA), mouse
monoclonal anti-N-cadherin (1:100, Invitrogen;
Carlsbad, CA, USA) and mouse monoclonal
anti-steroidogenic factor 1 (SF-1, 1:100, Santa
Cruz Biotech; Dallas, TX, USA). Immuno-
histochemistry was performed using a peroxi-
dase-conjugated streptavidin complex (Bio-
Genex) and counterstained with hematoxylin.
When double immunostainings were per-
formed, first was stained the N-cadherin with
the procedure described previously and then
the tissue was incubated stained for LH using
the kit NovaRed (Vector, Burlingame, CA, USA).
The sections were analyzed using a microscope
(Olympus HZ2; Tokyo, Japan) with a 40x and
100x objectives. Tumor cell immunoreactivity
for the different hormones, vimentin and
N-cadherin was semi-quantitatively scored
using four classes: negative, “”, 0% cells
stained; weak positive, “+”, 1-25% cells stained;
intermediate, “++”, 26-60% cells stained;
strong, “+++7, 61-100% cells stained in tissue
sections. Normal pituitary gland sections were
used as a control.

Primary culture

NFPM samples were collected at the time of
the surgery under sterile conditions and im-
mediately placed in 199 culture medium

Int J Clin Exp Pathol 2016;9(8):7854-7866
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Figure 2. Immunolocalizacion of the transcription factor SF-1 in a hormone immunonegative adenoma. The Case
No. 1 was immunonegative for all hormones (A) and immunopositive for SF-1 at the cell nuclei (B, arrow). Bar =50

um.

(Invitrogen) enriched with 0.1% bovine serum
albumin and 1% antibiotics (10,000 Ul/ml peni-
cillin and 10,000 yg/ml streptomycin, Sigma),
at pH 7.4. A cell suspension was obtained using
an enzymatic-mechanical method. Briefly, the
tumor tissue was cut into small pieces and
incubated with 1 mg/ml collagenase type 2
(Worthington; Lakewood, NJ, USA) for 30 min at
37°C. The cells were suspended by passing the
tissue fragments through a Pasteur pipette.
Tumor cells were cultured in a three-dimension-
al system of alginate beads [23]. The tumor cell
suspension was mixed with 1.2% sodium algi-
nate (Sigma) and maintained with 199 culture
medium enriched with 20% FBS (PAA; Pasching,
Austria) at 37°C in a humidified atmosphere of
5% CO, and 95% air.

Immunocytochemistry of cultured cells

The cells were liberated from the alginate by
washing the beads with 55 mM sodium citrate
and seeded on glass coverslips covered with
poly-D-Lysine for further immunocytochemical
analysis after a 48 h culture period. Different
fixation procedures were used. For vimentin,
cells were fixed in 3.5% paraformaldehyde and
5% sucrose in PBS for 30 min at room tempera-
ture. For the detection of actin and tubulin,
cells were initially fixed and permeabilized in a
fixation buffer (0.1 M PIPES, pH 6.75, 4% PEG-
6000, 1 mM EGTA, 1 mM MgSO0,, 0.5% Triton
X-100 and 2% formaldehyde) for 10 min at
37°C to avoid tubulin de-polymerization [24],
followed by 30 min in 3.5% paraformaldehyde
in PBS, 3 mM MgCl, and 5% sucrose, pH 7.4. To
visualize N-cadherin, cells were fixed in ethanol
at -20°C for 20 min. The primary antibodies
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used were the same as for the immunohisto-
chemistry and FITC conjugated-mouse mono-
clonal anti-tubulin (1:25, Sigma), and anti-B4
integrin subunit (1:400, Chemicon; Temecula,
CA, USA). Secondary antibodies were: donkey
anti-mouse Alexa 488-conjugated antibodies
(1:350, Invitrogen), and goat anti-rabbit rhoda-
mine-conjugated (1:350, Jackson; West Grove,
PA, USA). To stain filamentous actin, rhoda-
mine-conjugated phalloidin (Sigma, USA) was
used at a concentration of 1 yM. The cells were
coverslipped and observed with a confocal
microscope (Leica TCS SP2; Solms, Germany)
with a 63x objective.

Nucleus/cytoplasm ratio measurement

The nuclear and cytoplasmic areas were mea-
sured using SigmaScan Pro 4 (Systat Software;
San Jose, CA, USA). The nucleus/cytoplasmic
ratio (N/C ratio) was calculated by dividing the
nuclear area by the cytoplasmic area for each
tumor tissue and cultured cells, and normal
pituitary tissue. Ten random fields were ana-
lyzed in each sample.

Western blot

One part of the cell suspension obtained in the
primary culture, was lysed with RIPA lysis
buffer and analyzed by Western blot. The mem-
branes were incubated with antibodies against
vimentin (1:1000), N-cadherin (1:350) and
actin (1:2000). The secondary antibody was a
HRP-conjugated anti-mouse (1:15000, invitro-
gen). The immune complexes were developed
by chemoluminescence. The densitometry
analysis was performed using Image Quant TL

Int J Clin Exp Pathol 2016;9(8):7854-7866
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Table 2. Relationship between the nucleus
and cytoplasmic areas in non-functioning
pituitary adenomas

Case Tissue Cell culture
1 0.39 + 0.09 0.44 + 0.10
2 0.40 + 0.09 0.32 +0.10
3 0.44 £ 0.09 0.50+0.11
4 0.51 + 0.07 0.51+0.17
5 0.69 + 0.10 0.60 +0.11
6 0.41 + 0.09 0.48 £0.13
7 0.57 £0.10 0.56 +0.11
8 0.58 + 0.08 0.66 + 0.18
9 0.42 + 0.09 0.49 + 0.16
10 0.40 +0.12 0.48 +0.11
N 0.19 + 0.04 n.d.

N-G 0.18 + 0.06 n.d.

The nucleus and cytoplasmic areas were measured in ti-
ssue samples and in cultured cells from the ten adenom-
as studied; the ratio was obtained by dividing the cytopl-
asmic area by the nucleus area. N corresponds to the no-
rmal human pituitary tissue; N-G corresponds to normal
human gonadotrope cells; n.d., not determined.

v.2003 (GE Healthcare; Buckinghamshire,
England). The vimentin- and N-cadherin-to-
actin ratios were calculated for each adeno-
ma.

Statistical analysis

Data correspond to the mean + SD. Differences
were assessed using Student’s t-test, and cor-
relations were analyzed using Pearson correla-
tion (GraphPad Prism version 4.0, 2003; La
Jolla CA, USA).

Results
Clinical characteristics

Ten patients were included in this study, 6
males and 4 females. The diagnoses of NFPM
were made according to clinical and histopath-
ological analysis provided by histological
assessment and immunohistochemical stain-
ing for all anterior pituitary hormones. In accor-
dance with the immunohistochemistry assess-
ment, three were hormonally inactive adeno-
mas and seven showed immunoreactivity to
gonadotropins (Table 1). One case was a pluri-
hormonal adenoma because it was also posi-
tive for ACTH. The three hormonally inactive
adenomas were positive for SF-1 showing they
belong to the gonadotrope adenoma family
(Figure 2) [25]. Invasiveness was determined
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by magnetic resonance imaging using Hardy’s
criteria [26]. Seven non-functioning pituitary
adenomas were invasive (Grade lll and 1V) and
three non-invasive (Grade lIl), and all were mac-
roadenomas. An evaluation of suprasellar
extensions in these adenomas showed that all
of them exhibited portions of tumor outside
these region [27, 28] (Table 1).

Adenoma tissues

Cell size determination: Nucleus/Cytoplasm
ratio: The nucleus/cytoplasm (N/C) ratio was
analyzed in tumors and in normal pituitary tis-
sue (Table 2). The mean N/C ratio was 0.47 +
0.13 in pituitary adenomas, 0.19 + 0.04 in
normal pituitary tissue and 0.18 + 0.06 in nor-
mal gonadotropin cells. The N/C ratios in pitu-
itary adenomas were significantly higher com-
pared with those obtained for normal tissue
(P<0.001).

Immunohistochemistry results

Vimentin expression: We analyzed the expres-
sion of the intermediate filament vimentin. All
NFPM expressed vimentin. The tissue staining
for vimentin showed that three of the pituitary
adenomas exhibited strong positive staining,
four presented intermediate staining, and three
exhibited weak staining (Figure 3A-C). Vimentin
was organized throughout the cell bodies of the
adenoma cells and in the blood vessels. By
western blot, we observed that vimentin expres-
sion was higher in invasive NFPM compared
with non-invasive NFPM. Case number 3 was
not analyzed by western blot due the limited tis-
sue sample (Figure 3D). In normal human pitu-
itary tissue (Figure 4), vimentin was observed
in pituicytes of the posterior pituitary (Figure
4A) and at the tunica intima and media of blood
vessels that enter to the hypophysial system
(Figure 4B). At the anterior pituitary tissue,
vimentin positive cells were observed forming a
follicle filled with colloid material, suggesting
they are follicle-stellate cells (Figure 4C).
Interestingly, the endothelial cells of pituitary
capillaries were negative for vimentin (Figure
4D) in contrast with those observed in the ade-
noma tissues.

N-cadherin adhesion protein

N-cadherin is a cell-to-cell adhesion protein.
The loss or down-regulation of this protein in
pituitary adenomas is related to tumor invasion

Int J Clin Exp Pathol 2016;9(8):7854-7866
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[14]. We looked for this cadherin in the NFPM,
and observed that all of the adenoma samples
expressed N-cadherin at different levels. The
different sample tissues showed different
N-cadherin immunostaining: two of the NFPM
showed strong positive staining; three, interme-
diate positive staining; and five weak staining,
corroborating the data obtained by western
blot (Figure 5). The staining pattern was pre-
dominantly cytoplasmic in 5 out of the 10
NFPM; in the cell boundaries and cytoplasm in
4 out of the 10; and in only one adenoma, case
number 3, N-cadherin was observed in few
cells at the cell border.

Cultured adenoma cells
Cell size determination: Nucleus/Cytoplasm

ratio: The N/C ratio of the cultured cells was
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Figure 3. Immunolocalization and protein expression of
vimentin in non-functioning pituitary adenoma tissues.
Tissue sections were immunostained for vimentin us-
ing the peroxidase method (in brown). All of the adeno-
mas expressed vimentin, but in different magnitudes:
(A and D) case number 10 showed strong expression;
(B and E) case number 8, intermediate; and (C and
F) case number 5 showed weak expression. Vimentin
was observed in blood vessels (thin arrow) and in the
cytoplasm of the adenoma cells (arrow-head). (G) Nine
adenoma specimens were analyzed by western blot to
evaluate the expression of vimentin in tumor cells. The
amount of vimentin in each sample was measured by
densitometry and normalized to the actin band. White
bars indicate invasive macroadenomas, and black bars
indicate non-invasive macroadenomas. (A-C) bar =50
um, and (D-F) bar =15 um.

obtained. In culture, the NFPM cells exhibited a
rounded shape (Table 2). In general, the cells
exhibited scant amounts of cytoplasm. The N/C
ratio of the cultured cells was 0.51 + 0.15. The
correlation between N/C ratios of each adeno-
ma in tissue sections and cultured cells were
positive (r=0.61, P<0.01).

Immunocytochemistry results

Actin and tubulin cytoskeleton organization: To
analyze the cytoskeleton arrangement in detail,
a primary culture approach was used, which
allowed us to visualize the actin and tubulin
cytoskeleton with minimal disorganization.
Based on their cytoskeleton arrangement, the
NFPM cells were classified in two groups. Group
I: Rounded cells with discontinuous cortical
F-actin, with a fine mesh of F-actin throughout

Int J Clin Exp Pathol 2016;9(8):7854-7866
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Figure 4. Vimentin expression in normal human pituitary tissue. Posterior pituitary pituicytes (A) and blood vessels
(B) and, in anterior pituitary tissue, follicle-stellate cells (C) showed immunopositive staining for vimentin (arrow).
(D) Capillaries from anterior pituitary tissue were negative for vimentin (arrow head). Colloid material (asterisk). Bar
=15 ym.

the cell body. At the substrate adhesion level,
small F-actin plaques were observed, suggest-
ing small adhesion complexes and low sub-
strate attachment (Figure 6A and 6B).
Microtubules were observed to be arranged in
a diffuse network and condensed at the cell
periphery (Figure 6D). Group II: Rounded cells
showing a flatter morphology with membrane
protrusions where F-actin was organized in
laxly interwoven filaments and in bundles at the
cell periphery (Figure 6C). At the substrate
adhesion level, these cells showed small F-actin
plaques, like the other type of cells. These cells
had a tubulin cytoskeleton organized in a loose
network (Figure 6E); in only one NFPM, the
microtubules were observed in an extended fil-
ament network, showing that they had come
from a condensed zone adjacent to the nucleus
until the cell periphery (Figure 6F, arrowhead).
Half of the NFPM cells were classified in group
I; the other half, in group 1.

7860

Vimentin organization

In the cultured cells, a detailed analysis of
vimentin organization was performed. To ana-
lyze if this intermediate filament was anchored
to hemidesmosomes, we looked for co-localiza-
tion of the B4 integrin subunit with vimentin at
the cell substrate level (Figure 7). Vimentin was
observed arranged around the nucleus. In
seven of the adenoma cell cultures, vimentin
was observed at the cell periphery and in close
proximity to the B4 integrin subunit in a pattern
of patches, suggesting that vimentin was part
of hemidesmosomes.

N-cadherin protein

N-cadherin is a cell-to-cell adhesion protein.
When the data obtained from tissues was com-
pared with that obtained from cultured cells, a
positive correlation was found between them
with respect to the magnitude of expression. In

Int J Clin Exp Pathol 2016;9(8):7854-7866
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Figure 5. Immunolocalization and protein ex-
pression of N-cadherin in non-functioning pi-
tuitary adenoma tissues. Tissue sections were
immunostained for N-cadherin using the peroxi-
dase method (brown, arrow-head). All of the ad-
enomas expressed N-cadherin, but in different
magnitudes: A. Case number 10 showed strong
expression; B. Case number 6 showed intermedi-
ate expression; C. Case number 2 showed weak
expression; and D. Case number 3 showed weak
expression of N-cadherin. E. The expression of
N-cadherin was evaluated by western blot in the
non-functioning adenomas. The amount of N-
cadherin was quantified via densitometry and
normalized to the actin band. White bars indicate
invasive macroadenomas, and black bars indi-
cate non-invasive macroadenomas. Bar =20 ym.

the cultured cells, N-cadherin was distributed Discussion

at sites of cell-to-cell contact and in the cyto-

plasm in six NFPM and was diffusely distributed Non-functioning pituitary adenomas are usually
in the cytoplasm in three NFPM; in case num- macroadenomas that frequently invade cavern-
ber 3, only a low N-cadherin signal was obtained ous sinus structures [29, 30]. The mechanism
(Figure 8). underlying this invasive behavior is not known.
7861 Int J Clin Exp Pathol 2016;9(8):7854-7866
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Figure 6. Cytoskeleton arrangement of cultured cells obtained from non-functioning pituitary adenomas. Cultured
cells were fixed and stained for actin filaments with TRITC-phalloidin (red) or for microtubules with a FITC-conjugated
monoclonal antibody (green). Cells classified in group | (A, B and D) showed discontinuous actin cortex (filled arrow)
and condensed microtubules (empty arrow), and cells in group Il (C, E and F) were more extended over the sub-
strate, showing a lax mesh of actin filaments (asterisk) and a network of microtubules (arrow-head). Inserts showed
higher magpnifications of the cell areas pointed by the characters. Bar =15 ym.

It has been proposed that an EMT is involved in
the invasive behavior of non-functioning and
secretory adenomas [7-9, 11, 31]. The EMT is
characterized by the loss of E-cadherin expres-
sion and the expression of vimentin and
N-cadherin. E-cadherin has been more exten-
sively analyzed in pituitary adenomas [8, 11,
12]. Increased N-cadherin expression is a key
event of the EMT. This was observed in all the
NFPM studied, in both tissues and cultured
cells: all of them expressed N-cadherin at dif-
ferent levels. In these tumors, N-cadherin was
observed localized in the membrane and cyto-
plasm or only in the cytoplasm, suggesting it
was delocalized. These results are in accor-
dance with those of Ezzat et al. [14]. Although
N-cadherin is present in normal pituitary tissue
[14, 32, 33], N-cadherin gene expression is
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increased in NFPM [13]. Secretory cell express
N-cadherin, as do most corticotropes and a
smaller proportion of lactotropes, as Tsuchiya
et al. [32] have shown. Another protein associ-
ated with the EMT is vimentin, which is normally
present in folliculo-stellate cells [18]. We found
that all of the NFPM expressed this intermedi-
ate filament, and this de novo expression cor-
related with invasiveness, as evaluated by
Hardy’s criteria. In Vitro, we observed different
patterns of vimentin distribution; most of the
adenoma cells exhibited vimentin arranged at
the cell periphery, in close proximity to the 4
integrin subunit, suggesting it was part of
hemidesmosomes. The role of vimentin in nor-
mal tissues is related to different processes,
such as cell attachment, migration and signal-
ing mediated by 14-3-3 proteins [34, 35]. In

Int J Clin Exp Pathol 2016;9(8):7854-7866
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=5 um.

cancer cells, vimentin has been associated
with highly invasive phenotypes and has been
proposed to be a potential molecular therapeu-
tic target [36, 37]. The observation of vimentin
expression in the non-functioning adenomas
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Figure 7. Vimentin and B4 integrin subunit immunolocalization at the sub-
strate level in cultured non-functioning pituitary adenoma cells. Cultured
cells were fixed and immunostained for vimentin (green) and the B4 inte-
grin subunit (red). Cells from Case No. 4, an invasive adenoma (A-C), and
from Case No. 6, a non-invasive adenoma (F-H), are shown. vimentin was
observed. (A-C), and from Case No. 6, a non-invasive adenoma (F-H), are
shown. vimentin was observed. (A-C, F-H) Bar =15 ym, and (D, E and 1) bar

suggests that this intermediate filament par-
ticipates in the acquisition of a more motile
phenotype. Moreover, tumor tissue endothelial
cells showed vimentin staining. According to
Dave and Bayless [38] vimentin is expressed in

Int J Clin Exp Pathol 2016;9(8):7854-7866
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Figure 8. Different N-cadherin immunolocalization in cultured non-functioning pituitary adenoma cells. Cultured
cells were fixed and immunostained for N-cadherin (green). N-cadherin was observed at the cell-cell boundary
(arrow-head) or diffuses in the cytoplasm (arrow). Bar =25 pym.

processes of neovascularization, as occurred
in pituitary adenomas. However, normal endo-
thelial tissues were negative for vimentin,
which is in accordance with Halliday et al. [39].
The cytoskeleton organization is crucial for
migration behavior, and the way cells arrange
the cytoskeleton enables the development of a
migratory phenotype. Thereby, cell migration
has been characterized by two main pheno-
types: a mesenchymal and an amoeboid [20].
We were interested in characterizing the cyto-
skeleton organization present in non-function-
ing adenoma cells. To this end, we used a pri-
mary culture approach. First of all, these cells
were small in size and showed a high nucleus/
cytoplasm ratio, either in tissue or in culture.
Dolfi et al. [40] have shown that the shape and
size of cancer cells correlates with metabolic
demands and proliferation: a higher N/C ratio
has been positively correlated with malignancy.
Secondly, the cells exhibited a rounded shape,
even when they were cultured with 20% fetal
bovine serum. The cultured cells showed small
actin filament plagues at the substrate level,
suggesting low substrate attachment. They
showed poor spreading capacity, exhibiting few
membrane protrusions, but with a discontinu-
ous cortical actin. Microtubules were com-
pressed, probably as a result of the scant cyto-
plasm present in the cell, which was also cor-
related with the absence of or poor hormone
expression. Interestingly, a micro-prolactinoma
previously studied showed spreading cells with
a well-developed microtubule system [41]. To
summarize, the NFPM cells studied showed a
rounded shape with small actin filament
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plaques and few membrane extensions, resem-
bling a cytoskeleton arrangement of cell which
exhibits an amoeboid migration. In contrast,
Gonzalez-del-Pliego et al. [41] showed cells of
invasive secretory adenomas with a mesenchy-
mal phenotype. Thus, adenoma cells can
acquire different shapes and cytoskeleton
arrangements to exhibit a specific phenotype.
In conclusion, we observed that NFPM cells
express the mesenchymal markers N-cadherin
and vimentin and acquired a small shape, sug-
gesting they have a behavior similar to cancer
cells and organize their cytoskeleton as a cell
with an amoeboid migration pattern. Our obser-
vations in these NFPM showed that the cells
have performed changes in microtubules orga-
nization that allows understanding in part, the
loss of the hormone secretion. Moreover, the
association of the small size and the disappear-
ance of the secretory phenotype show a more
aggressive behavior of these NFPM cells.
Further studies have to be performed to eluci-
date, at the molecular level, the intracellular
pathways that maintain this behavior.
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