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Immunohistochemical detection of prolactin
in clinically non-functioning pituitary adenomas
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Abstract

Introduction. Approximately one third of pituitary adenomas are manifested neither by specific symptoms of
hormone overproduction nor by elevated blood levels of pituitary hormones. However, these tumours, diagnosed
before surgical intervention as clinically non-functioning pituitary adenomas (CNFPAs) express in majority
different pituitary hormones, as can be revealed by means of immunohistochemical examination. One of the
pituitary hormones which may be expressed in CNFPAs is prolactin (PRL) but the clinical and pathological
data on this condition are very scarce.

Material and methods. Sixty two pituitary adenomas, diagnosed before surgery as CNFPAs, were immunoassayed
with antibodies against PRL, growth hormone (GH), luteinizing hormone (LH), follicle stimulating hormone
(FSH), thyrotropin (TSH), alpha subunit (alpha-SU), corticotropin (ACTH) and dopamine receptor type 2. In
a proportion of the patients the presurgical concentrations of insulin-like growth factor 1 (IGF-1) were estimated
by means of enzyme-amplified chemiluminescence assay.

Results. Twenty-three (37.1%) of the examined CNFPAs presented the positive immunoreaction with anti-PRL
antibody. Most cases concerned women. Only in two cases (one woman and one man), PRL was the unique
hormone expressed in the tumour. In the remaining adenomas PRL immunopositivity was accompanied by GH
expression — 17, LH or free SLH — 13, FSH — 2, free « subunit — 4 or by ACTH — 5 tumours. Seven (30.43%)
of them were recurrent in comparison with 12.8% PRL-immunonegative recurrent CNFPAs. Dopamine recep-
tors were positively immunostained in all the investigated PRL-immunopositive and all PRL-immunonegative
adenomas.

Conclusions. Our data confirm the observations that monohormonal silent prolactinomas are very rare but
frequently silent PRL often co-expressed with GH or LH. Although in the whole population of patients with
CNFPAs both sexes are equally represented, in the case of silent prolactinomas the female sex is prevalent. The
observation of the higher rate of recurrent tumours within PRL-immunopositive adenomas versus PRL-immu-
nonegative CNFPAs has to be confirmed on the larger material. (Folia Histochemica et Cytobiologica 2020, Vol.
58, No. 2, 90-95)
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Introduction

The pituitary adenomas usually relate to excess
of pituitary hormones and lead to specific clinical
symptoms of hormone over-secretion. However, the
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relatively high number of them (approximatively one
third) are neither accompanied by increased hormone
blood levels nor by clinical symptoms of pituitary
hyperfunction. These tumours are diagnosed before
surgery as clinically non-functioning pituitary adeno-
mas (CNFPAs). Most of them present the immunohis-
tochemical expression of different pituitary hormones,
despite a lack of the clinical evidence of the hormone
overproduction and increase of respective hormone
levels in blood. Such tumours are called ,,silent” pitu-
itary adenomas [1-7]. The majority of CNFPAs (70—
—80%) express gonadotropins or their subunits [1-10].
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Silent corticotropinomas (corticotroph adenomas not
manifested by Cushing’s disease) and somatotroph
adenomas without acromegaly (silent somatotropino-
mas) are less frequent but not exceedingly rare [1-7,
11-19]. In contrast, silent thyrotropin-expressing [1-7,
20] and prolactin-expressing pituitary adenomas are
considered as very rare and the data concerning the
clinical and pathological characterization of the latter
of them are very scarce [5, 7, 21, 22]. The aim of the
present study is to partially fill this gap.

Material and methods

Sixty-two pituitary adenomas were surgically removed in
the Department of Neurosurgery and Surgery of Peripheral
Nerves, Medical University of Lodz, Lodz, Poland. All the
excised tumours were diagnosed before surgery as CNFPAs
and after operation examined by immunohistochemistry.
The samples were fixed in Bouin-Holland fixative or for-
malin and embedded in paraffin wax. The paraffin sections
were immunoassayed generally as described before [23]
with antibodies against prolactin (PRL, polyclonal, Dako,
Glostrup, Denmark), growth hormone (GH, polyclonal,
Dako, or Immunon, USA), luteinizing hormone (LH,
monoclonal, Dako), follicle stimulating hormone (FSH,
monoclonal, Dako), thyrotropin (TSH, monoclonal, Im-
munotech, France), alpha-subunit (alpha-SU, monoclonal,
Immunotech, Marseille, France), corticotropin (ACTH,
polyclonal, SigmaAldrich, St. Louis, MO, USA) and dopa-
mine receptor type 2 (RD2 polyclonal, Merck Millipore,
Darmstadt, Germany). The primary antibodies were applied
in a working dilution of 1:100. The visualization of immunos-
taining was performed using Envision kit (Dako) with the use
of 3,3’ diaminobenzidine (DAB) as chromogen. A presence
of more than 5% of immunopositive cells was considered
as important. For a negative control, the primary antibody
was omitted in the immunostaining procedure. The sections
were viewed by a light microscope.

In a proportion of patients (37) with pituitary adenoma,
the concentrations of insulin-like growth factor 1 (IGF-1)
were estimated in blood serum by means of enzyme-ampli-
fied chemiluminescence immunoassay (EACLIA) on the
Immulite 1000 analyser (Siemens, Warsaw, Poland) before
surgery. The analytical sensitivity of the used assay was be-
tween 20 ng/mL and 1,600 ng/mL. Intra-assay coefficients
of variation (CV), depending on the concentration included
in ranges from 3.1% to 4.3% ng/mL and inter-assay CV was
between 5.8% and 8.4% ng/mL.

The study was approved by the Bioethical Committee
of the Medical University of Lodz, Lodz, Poland, decision
RNN/99/15/KE.

Statistical analysis. The data obtained from the experiment
was recorded on Excel (MS Office 2019) worksheets Basic
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descriptive statistics (mean + SEM) were calculated. A sta-
tistical analysis was performed using programs included in
the statistical package Statistica 13.1 (Statsoft, Krakow, Po-
land). The differences between mean values were evaluated
by Student’s t test and for sets of categorical data Pearson’s
chi square test was applied. The quantitative parameters
were expressed as mean value * standard deviation. Statis-
tical differences between the tested values were considered
as significant level of p < 0.05.

Results

The tumours derived from 62 patients (33 women
and 29 man, mean age 57.4 = 11.8 y) and diagnosed
before surgery as CNFPAs. The immunohistochem-
ical examination of removed pituitary adenomas was
performed. Among them 23 (37.1%) presented the
positive immunoreaction of the at least 10% adenoma
cells with anti-prolactin antibody (Fig. 1A). These cas-
es concerned 16 women and 7 men (69.6% and 30.4%,
respectively) and gender difference were statistically
significant — p < 0.01 (Fig. 2). The prevalence of fem-
inine sex is specific for PRL-expressing CNFPA be-
cause the whole group of CNFPA included almost the
same number of women and men. The PRL-positive
and PRL-negative patients did not differ significantly
in age (PRL-positive mean + SEM 56.52 = 2.26 y;
PRL-negative 58.95 = 1.90 y). Only in two cases
(one woman and one man), the PRL was the unique
hormone expressed in the tumour. In the remaining
adenomas PRL immunopositivity was accompanied
by GH expression — 17, LH or free JLH — 13, FSH
— 2, free a subunit — 4 or by ACTH — 5 tumours
(Fig. 1B, C). Seven adenomas were recurrent (7/23,
30.43%) in PRL-immunopositive group and it is
a higher value in comparison with PRL-immunonega-
tive recurrent CNFPAs (5/39, 12.8%), but this differ-
ence is not statistically significant (Fig. 3).

Presence of dopamine D2 receptors (RD2)

RD2 were detected in 32 adenomas. In all PRL-im-
munopositive (21 cases) and all PRL-immunonegative
(11 cases) examined tumours the positive immuno-
staining was found (Fig. 4).

Insulin-like growth factor (IGF-1)

serum concentration

IGF-1 was measured in 37 patients with CNFPAs. In
monohormonal silent prolactinoma, only in one case
IGF-1 was measured (man, 45y, 117 ng/mL. — nor-
mal value). In the PRL-immunopositive adenomas
(n = 15), the mean IGF-1 serum concentration was
1153 = 4.7 ng/mL. In PRL-immunonegative CN-
FPAs the mean IGF-1 concentration was slightly
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Figure 1. Immunohistochemical examination of clinically
non-functioning pituitary adenoma in a 71-year-old man.
Positive immunoreactions for: A — prolactin, B — growth
hormone, C — alpha subunit. Original magnification 400X.

lower (102.1+17.5 ng/mL); however, the difference
is not statistically significant (p > 0.05). Because PRL
immunopositivity occurs often with co-expression of
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Figure 2. The percentage (%) of women (16/23) and man
(7/23) with PRL-immunopositive pituitary adenomas.
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Figure 3. The number (%) of recurrences in PRL-immu-
nopositive adenomas (7/23, 30.43%) and in PRL-immunoneg-
ative CNFPAs (5/39, 12.8%).

GH, we also compared IGF-1 serum levels in patients
with GH-immunopositive and GH-immunonegative
tumours. The difference was statistically significant
(127.9 = 20.75 ng/mL vs. 67.3+9.9 ng/mL, respec-
tively, p < 0.01) (Fig. 5).

Discussion

Our data are concordant with the observations that
monohormonal silent prolactinomas are exceedingly
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Figure 4. Positive immunostaining of dopamine receptors in
PRL-immunopositive adenoma in a 60-year-old women) (A)
and PRL-immunonegative adenoma in a 60-year-old man)
(B). Original magnification 400 X.

rare [5, 7]. Moreover, they corroborate also with
the findings that the PRL expression is frequently
combined with either silent or active expression of
GH [5, 7, 19]. This incidence is obvious because it is
well known that lactotrophs and somatotrophs dif-
ferentiate from the common progenitor cells under
the influence of the same transcription factor (Pit-1).
However, our novel observation is that the expres-
sion of PRL in CNFPA is frequently accompanied
by gonadotropins, mostly by LH or free LH subunit.
This combination is almost as frequent as that with
GH. The prevalence of feminine sex and their high
recurrence rate is also worth notice. The former ob-
servation may be related to the frequent expression of
oestrogen receptors in this type of adenoma [24]. The
latter finding is more difficult to explain. However,
the recurrent PRL-expressing tumours observed in
this study were not monohormonal prolactinomas
but were combined mostly with GH (4/7) and with
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Figure 5. The mean IGF-1 serum levels in patients with
PRL-immunopositive adenomas: comparison of the groups
with GH-positive and GH-negative tumours.

gonadotropins (mostly with LH, 5/7). The latter
observation is concordant with the finding of Diri et
al. [25] who found that that tumour recurrence rate
is higher in LH-immunopositive in comparison with
LH-immunonegative CNFPAs. Another factor that
could be taken into consideration was a higher IGF-1
levels in silent GH-PRL adenoma than GH-immu-
nonegative tumours (see below). Since the active
prolactinomas are known to express the functional
dopamine receptors and are in majority sensitive to
pharmacological treatment by dopamine agonists,
we wanted to see whether the silent prolactinomas
express RD2 more frequently that PRL-immunon-
egative CNFPAs. Surprisingly, RD2 were detectable
by immunohistochemistry in all cases of CNFPAs,
irrespectively of the presence or absence of PRL
immunostaining. This result is identical with that
observed by Vieira et al. [26] who found the presence
of RD2 mRNA as well as RD2 immunostaining in the
all examined CNFPAs. The high frequency of RD2
in CNFPAs (approx. 70%) was also reported in the
other studies [27, 28]. These results corroborate with
the reported efficacy of the postoperative treatment
of CNFPAs with dopamine agonists [27, 29, 30]. Our
observation that the expression of RD2 concerns
equally PRL-positive as PRL-negative CNFPAs sug-
gests that the latter are also good candidates for the
treatment with dopamine agonists. The last question
worth to discuss is the relationship of PRL immu-
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nopositivity and IGF-1 secretion. It was found that
patients with PRL-expressing CNFPAs have slightly
higher preoperative IGF-1 concentrations in blood
in comparison with those with PRL-immunonegative
tumours. However, this fact is probably connected
with the frequent coexistence of PRL and GH also
in the case of silent adenomas. In an earlier study of
our team it was found that in acromegaly the IGF-1
preoperative levels are significantly higher in so-
matoprolactinomas than in ‘pure’ somatotropinomas
[31]. This observation, together with the results of
the present study, corroborate with the experimen-
tal investigations showing that IGF-1 enhances the
proliferation of lactotrophs in murine pituitary cells
in vitro [32] and may induce the differentiation of
lactotrophs from their progenitor cells [33]. It was
also shown that IGF-1 induces in vitro trans-differ-
entiation of somatotrophs into lactotrophs in the rat
pituitary cell line MtT/S [34, 35].

To sum up, the non-functioning PRL-expressing
pituitary adenomas very rarely present themselves
as monohormonal silent prolactinomas but are
relatively frequent as combined PRL-GH or pluri-
hormonal tumours expressing also other pituitary
hormones (mostly LH). The higher recurrence rate
of PRL-expressing CNFPAs, as observed in the
present study, needs further studies on the larger
material.
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