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ABSTRACT

OBJECTIVE: In pregnant women, the pituitary is enlarged and the prolactin (PRL) secreting
cells increase in size and number. This PRL cell hyperplasia is associated with hyperprol-
actinemia. The aim of the present work was to investigate adenohypophysial vascularization
and immunoexpression of vascular endothelial growth factor (VEGF) in pituitaries of pregnant
and post-partum women and compare the results with age-matched adenohypophyses of non-
pregnant women who had no endocrine diseases. DESIGN: Pituitaries (n=18) obtained by
autopsy from female patients of reproductive age who had died during pregnancy, after abor-
tion or during post-partum were immunostained for CD-34 and VEGF using the streptavidin-
biotin-peroxidase complex method. RESULTS: The results showed that microvessel densities
and VEGF immunoexpression in the adenohypophyses of pregnant and post-partum women
were similar to those found in the control pituitaries. CONCLUSION: It can be concluded
that pituitary enlargement and PRL cell hyperplasia in pregnant women may occur without
neovascularization and increased VEGF immunoexpression.
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INTRODUCTION

Several well defined morphologic alterations occur
in the human adenohypophysis during pregnancy. It

Address for correspondence:

Fabio Rotondo, BSc, Department of Laboratory Medicine,
Division of Pathology, St. Michael’s Hospital, 30 Bond Street,
Toronto, ON, Canada, M5B1WS, Tel.: 416-864-5851, Fax:
416-864-5648, e-mail: rotondof@smbh.ca

Received 22-11-2012, Accepted 09-04-2013

was conclusively documented that the pituitaries of
pregnant women are increased in size and weight.!?
Histologic, immunohistochemical, electron micro-
scopic and in-situ hybridization studies provided
evidence that there is a significant increase in size
and number of prolactin (PRL) producing cells.'**
Now, it is well known that these cells, previously called
“Schwangerschaft-Zellen” or “pregnancy cells”,*” are
PRL producing lactotrophs and the PRL cell hyper-
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plasia is accompanied by increased blood PRL levels.®”
It was also demonstrated that, besides the increase
in the number of PRL producing cells, the numbers
of growth hormone (GH) and follicle stimulating
hormone/luteinizing hormone (FSH/LH) producing
cells are reduced.*” The PRL cell hyperplasia is due
to multiplication of PRL cells but also to transforma-
tion of GH cells to PRL cells.>*! Since blood supply
can modify cellular activity, in the present work we
investigated microvessel densities (MVD) and vascular
endothelial growth factor (VEGF) immunoexpression
in autopsy obtained adenohypophyses of pregnant or
post-partum women and compared the findings with
those of non-pregnant age-matched controls.

MATERIAL AND METHODS

Eighteen cases of female patients of reproductive
age who had died during pregnancy, after abortion
or during post-partum, were selected from the Mayo

Table 1. Profile of patients

Clinic tissue registry. The age ranged between 16-42
years (Table 1). The pituitaries were collected during
autopsy, fixed in 10% buffered formalin, routinely
processed, embedded in paraffin and cut at 5 pm.
In addition, 15 sex and age-matched non-tumorous
autopsy obtained pituitaries of non-pregnant women
with no endocrine diseases were also collected and
used as controls.

Stains included hematoxylin-eosin (H&E) and
the periodic acid-Schiff (PAS) method. All cases
were immunostained for the full spectrum of adeno-
hypophysial hormones including GH, PRL, adreno-
corticotrophin (ACTH), thyrotrophin (TSH), LH
and FSH and the alpha subunit of the glycoprotein
hormones. Antibody sources and specifications have
been previously reported.!

Vascularization of the pituitaries was determined
immunohistochemically. Staining directed against CD-
34 (Dakocytomation, Glostrup, Denmark; monoclonal

Gestation
Case Age (weeks) Cause of death % MVD Case Age Cause of death % MVD

1 16 32 Motor vehicle accident 29 N/A

222 32 Tuberculosis 34 1 21 Pulmonary embolism 3.6
3 22 22 Tuberculosis 7.1 2 Bilateral bronchopneumonia 6.1
4 23 8 Pneumothorax, cerebral edema 5.8 3 23 Aortic aneurysm 6.0
S 24 32 Chronic ulcerative colitis, sudden 6.3 4 24 Subarachnoid hemorrhage 7.7

death

6 25 38 Acute poliomyelitis 4.3 5 25 Leukemia 3.7
7 25 22 Viral hepatitis, hepatic failure 5.7 6 27 Diffuse alveolar damage 5.6
8§ 25 36 Shock 8.1 N/A

9 28 34 Acute myelomonocytic leukemia 10.9 7 28  Ischemic heart disease 52
10 32 34 Meningoencephalitis 2.8 8 30 Metastatic breast carcinoma- 21

post bone marrow transplant

1 32 16 Pulmonary embolism 52 9 32 Bronchopneumonia 5.6
12 33 24 Diabetes, pulmonary edema 23 N/A

13 35 10 Psychosis, coma 6.2 10 35 Ruptured cerebral artery- 10.2

aneurysm
14 36 35 Post-op infection (meningitis & 1.0 11 36 Malignant ependymoma 3.6
pneumonia)

15 41 12 Glomerulonephritis, renal failure 4.6 12 41 Metastatic breast carcinoma 6.2
16 42 10 Hypertension, uremia 33 13 42 Myocardial infarction 4.4
17 42 30 Toxemia, renal failure 8.4 14 42 Acute pancreatitis 9.7
18 42 40 Metastatic breast carcinoma 5.7 15 42  Metastatic gastric carcinoma 6.34
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antibody; dilution: 1:100) and VEGF (Oncogene
Research Products, Cambridge, MA, USA; dilution:
1:100). After routine deparaffinization, rehydration
and blocking of endogenous peroxidase activity,
sections were pretreated for the purpose of antigen
retrieval by means of microwaving in 0.1mM sodium
citrate buffer (pH 6.0). Subsequently, treated slides
were incubated with antisera and then exposed to
the streptavidin-biotin peroxidase complex. Diami-
nobenzidine served as chromogen. The CD-34 im-
munostained sections were analyzed using a computer
image analysis system (KS400). For CD-34, microves-
sel density or percentage of pituitary tissue occupied
by vessels, excluding posterior lobe, was determined
by measuring their cumulative area in each field.
These counts were performed using an Axioplan 2
microscope attached through a 0.63 c-mount to an
AxioCam color digital camera. Images were taken
using a 10x objective and were captured digitally at
a resolution of 1300x1030 pixels. Non-overlapping
fields were captured over the tissue section for each
pituitary case."

VEGF expression was assessed semiquantitatively
by counting the total number of cells of the pregnancy
pituitaries and non-pregnant pituitaries and calculating
the percentage of cells with cytoplasmic immunore-
activity for VEGF, regardless of intensity of staining.
All parameters were determined independently by
three authors (FR, AR and KK)."

Data were tested for statistical significance using
the SPSS version 18 statistical computer program
(SPSS, Inc, Chicago, I11). All categorical variables were
presented as relative and absolute frequencies; quan-
titative variables as mean and standard deviation or
median and interquartile range according to whether
they were normally distributed or not. Comparisons
of medians between two independent groups were
performed using the Mann-Whitney test. P-values
<0.05 were considered statistically significant.!-?

RESULTS

By light microscopy, on the H&E, PAS-stained
and immunostained sections, no abnormalities, ex-
cept the increased number or of large lactotrophs
with vacuolated cytoplasm, were apparent in the
adenohypophyses of pregnant or post-partum women.

Immunostaining for adenohypophysial hormones
revealed an increase in the size and numbers of
PRL- immunopositive cells as compared to those of
the age-matched (except for 3 cases) non-pregnant
controls. The number of GH- immunoreactive cells
decreased, while no change in cell size and staining
characteristics was apparent. Immunostaining for
LH demonstrated a decrease in the number of gon-
adotrophs, while the size of the LH- immunopositive
cells appeared unchanged. No specific alterations
were noted in cell size and number of corticotrophs
and thyrotrophs. These results were reported in a
previous publication.!

CD-34 immunostaining demonstrated immunopo-
sitivity confined to endothelial cells. Immunopositivity
was well defined and easy to quantify. In comparison to
those cases that had age-matched (range: 16-42 years)
pituitaries of non-pregnant women, no significant dif-
ferences were noted in microvessel density (p=0.42).
It was also noted that statistically significant results
were obtained when comparing the two groups for
stain area/sq um (p=0.034) and tissue area/sq um
(p=0.043) (Table 2).

More than 90% of adenohypophysial cells were
conclusively immunopositive for VEGF in every
case. VEGF immunoreactivity was present in all of
the specimens and there was no major difference
between the pituitaries of pregnant or post-partum
women and those of non-pregnant controls. Staining
was limited to the cytoplasm. In comparison to those
age-matched controls, no differences were noted in
the intensity or frequency of immunostaining. En-
dothelial cells in the sections stained weakly with the
VEGF antibody. The specificity of the antibody was
confirmed by absent staining in the negative controls
and successful absorption of the antibody with VEGF
peptide which eliminated staining.

DISCUSSION

Neovascularization plays a crucial role in tumor
cell proliferation, aggressiveness, invasion, metas-
tasis formation and biologic behavior.'*!¢ Without
adequate blood supply, tumor cells cannot multiply,
spread to adjacent tissues and give rise to distant me-
tastases.!™® In the absence of adequate blood supply,
tumor cells undergo apoptosis/necrosis.'” Increased
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Figure 1. CD-34 immunostaining demonstrating that microvessel densities did not increase in the adenophypophyses of pregnant
women (A) as compared to non-pregnant controls (B).

Table 2. Statistical analysis of pituitaries of pregnant vs. non-pregnant women

Group cases (n) Mean (SD) Median differences (IC 95%) P value
Pregnant 18 13.703x10° (10.991x10°)
o | 4 (. 5 o 3

Stain area/sq um Non pregnant 15 22.034x10° (11.122x10°) 83.291x10* (-16.005x10° a -64.974x10°) 0.034

Tissue area/squm  Pregnant 18 28.803x10° (16.570x10°%) -10.984x10° (-21.592x10° a -37.264x10") 0.043
Non pregnant 15 39.792x10° (13.291x10°)

Lo Pregnant 18 4.754 (2.791)

% stain/tissue -0.731 (-2.551 a 1.081) 0.420

Non pregnant 15 5.485(2.372)

*Comparisons of medians between two independent groups were performed using Mann-Whitney test.

Figure 2. No significant difference seen in the VEGF immunostaining in the pregnancy pituitary (A) compared to the age-matched
control pituitary (B).
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vascularization is due to angiogenesis, neoformation
of vessels from endothelial cells, precursor cells or
stem cells.'*1*2! Angiogenesis is a complex multi-step
process which involves extensive interplay between
the components of the extracellular matrix, develop-
ment, migration, proliferation and differentiation of
the endothelial cells, formation of blood vessel lumen
and production of the basement membrane.* It was
assumed previously that new blood vessels develop
from preexisting capillaries; mature endothelial cells
start to multiply and form new vessels.” There is
conclusive evidence that endothelial cell precursors
from migrating bone marrow stem cells also play a
major role in neovascularization.'”?! There are sev-
eral factors which can stimulate, whereas others can
inhibit angiogenesis and the balance between the
various factors permits homeostasis.’*?” One of the
most important factors is VEGF, which was reported
to stimulate angiogenesis in several neoplasms.?’-*
VEGEF and probably other proteins are produced in
and released from the tumor cells resulting in new
vessel formation.””* VEGF is an endothelial cell
mitogen, affecting endothelial cell proliferation,
migration, differentiation and increasing vascular
permeability.” Recent evidence indicates that PRL
can influence angiogenesis.***! The endothelial cells
possess PRL receptors and some forms of PRL stimu-
lates, whereas other forms inhibit vessel formation.?>%

While the role of angiogenesis and of VEGF
has been extensively investigated in many pituitary
tumors,* ¥ knowledge is limited on the role of neo-
vascularization in non-neoplastic conditions.** We
investigated microvessel densities and VEGF immu-
noexpression in the adenohypophyses of pregnant and
post-partum women. Our previous studies showed that
the pituitaries of pregnant and post-partum women
are increased in weight and size and contained more
PRL immunopositive cells compared to age-matched
non-pregnant controls."? Thus, we anticipated an
increase in microvessel densities and VEGF immu-
noexpression in the adenohypophyses of pregnant
and post-partum women. Vidal et al.* found no
major change in the microvascular architecture and
no difference in the microvessel density between the
pituitaries of 10 pregnant women compared to those
of non-pregnant controls. These authors also investi-
gated microvessel surface densities expressed as the

percentage of vessel circumference in direct contact
with pituitary tissue. The results demonstrated that
the lateral wings of pregnant women had a slightly
higher microvessel surface density than the central
mucoid wedge of the pars distalis.

Our results showed that microvessel densities
and VEGF immunoexpression did not increase in
the adenophypophyses of pregnant or post-partum
women as compared to non-pregnant controls.

Hypoxia is an important mechanism in initiation
of new vessel formation.*® It appears that neither
pregnant nor post-partum pituitaries are hypoxic.
Additionally, it appears that in cases of PRL cell hy-
perplasia, the blood supply is satisfactory and there
is no need for development of new vessels. It may
well be that proliferating PRL cells in pregnant and
post-partum pituitaries do not release an increased
amount of VEGF and other angiogenic factors, thus
not causing angiogenesis.
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