
Clinical Research Report

Increased expression of
aromatase cytochrome P450
enzyme is associated with
prolactinoma invasiveness in
post-menopausal women

Yin-Xia Su1,*, Guo-Li Du2,* , Hong-Li Shen3,*,
Wen Wang4, Jian-Ling Bao5,
Aizezijiang Aierken6, Bo-Wei Wang4,
Sheng Jiang2, Jun Zhu2 and Xiao-Ming Gao7

Abstract

Objectives: To investigate the expression levels of aromatase cytochrome P450 enzyme

(P450AROM) and related molecules—estrogen receptor-beta (ER-b), Ki-67, and p53—in pro-

lactinoma tumor tissue from pre- and post-menopausal women, and to determine the associa-

tions of tumor invasiveness with expression levels of these genes.

Methods: This study recruited 90 patients with prolactinoma who underwent adenoidectomy

between 2012 and 2017. Information was collected regarding clinical characteristics, hormones,

laboratory tests, and magnetic resonance imaging-assessed tumor invasiveness. Expression levels

of P450AROM, ER-b, Ki-67, and p53 were examined by immunohistochemistry in prolacti-

noma tissues.

Results: Increased P450AROM expression was found in invasive prolactinoma tissues in post-

menopausal women, compared with its expression in non-invasive prolactinoma tissues. ER-b
level was significantly higher in patients resistant to treatment with bromocriptine, a dopamine
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agonist. However, there were no differences in rate of resistance to treatment (8.2% vs. 3.4%) or

expression levels of P450AROM, Ki-67, p53, and ER-b between pre- and post-

menopausal patients.

Conclusions: Our results demonstrated that increased P450AROM expression in prolactinoma

of post-menopausal women was positively associated with invasiveness. Moreover, ER-b level was

higher in both pre- and post-menopausal patients who were resistant to dopamine ago-

nist treatment.
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Introduction

Prolactinoma, which comprises 32% to 66%

of all pituitary adenomas, presents with

symptoms of amenorrhea, loss of libido,

galactorrhea, and infertility in women.1,2

Serum prolactin level is measured and mag-

netic resonance imaging (MRI) is performed

to assess tumor presence and evaluate inva-

siveness. Treatment of prolactinoma aims

to preserve or restore anterior pituitary func-

tion; medical therapy using dopamine agonists

is the preferred treatment.1,2 Cabergoline and

bromocriptine are commonly used dopamine

agonists: 85% to 90% of patients using caber-

goline and 75% using bromocriptine can

achieve normalization of serum prolac-

tin level.1,2

Several mechanisms are suspected to

contribute to pituitary prolactinoma expan-

sion and invasion,3–5 including actions

mediated by nuclear proteins Ki-67 and

p53; these are often used as markers of pro-

lactinoma invasiveness and other biological

behavior.6 Estrogen receptor activity also

contributes to the disease; although little is

known regarding its expression during or

prior to the onset of prolactinoma, a previ-

ous study suggested that the estrogen

receptor contributed to prolactinoma
occurrence and development.7

Women have higher serum prolactin levels
than men, and pituitary size increases up to
136% throughout pregnancy;8 this is accom-
panied by increased prolactinoma secretion
in pregnant women. Prolactinomas are com-
monly diagnosed in women between 20 and
50 years of age, most of whom are at the pre-
menopausal stage;6,9 thus, it is rarely diag-
nosed in the post-menopausal stage. Similar
to prolactinoma in men, prolactinoma in
post-menopausal women exhibits large and
invasive macroadenomas at the time of diag-
nosis, which secrete high levels of prolactins.9

This particular type of prolactinoma may be
underdiagnosed and no specific factors are
known to be associated with its development
and aggressive behavior.

Aromatase cytochrome P450 enzyme
(P450AROM), which aromatizes testoster-
one to estrogen, is present in normal pitui-
tary tissues, and is expressed at higher levels
in prolactinoma tissue.1 In men, invasive
prolactinoma tumors have higher levels of
P450AROM, which suggests that it could
be involved in tumor development and sub-
sequent behavior.3,4 It is not yet known
whether P450AROM plays a critical role
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in prolactinoma invasiveness in post-
menopausal women.

To investigate the roles of genes involved
in prolactinomas in pre-menopausal
women, this study measured the
expression levels of P450AROM, estrogen
receptor-beta (ER-b), Ki-67, and p53 in
prolactinoma tissues from pre- and post-
menopausal women. In addition, this
study explored the associations of these
molecules with prolactinoma invasiveness
and resistance to treatment.

Materials and methods

General characteristics of patients in
different menstrual status

This study recruited pre-menopausal
and post-menopausal consecutive female
patients (menopause was defined as age
>50 years and follicle stimulating hormone
[FSH] levels >30 IU/l and E2 levels <50
pmol/l, as in a previous study5) with prolac-
tinoma during 2012 and 2017 who were
admitted and received treatment in the
First Affiliated Hospital of Xinjiang
Medical University, a large medical center
located in Xinjiang, China. The study was
conducted in accordance with the
Declaration of Helsinki and approved by
the Ethics Committee of the First
Affiliated Hospital of Xinjiang Medical
University. Participation was voluntary
and written informed consent was obtained
from all participants.

Patients were excluded if they had non-
functional adenoma, growth hormone-
secreting adenoma, adrenocorticotropic
hormone (ACTH)-secreting adenoma,
pituitary carcinoma, or multi-hormonal
prolactinoma (MEN1). For comparison,
age-matched healthy women were recruited
as controls for each respective group.
Clinical data were collected, including
symptoms of headache, visual disturbance,
galactorrhea, infertility, oligomenorrhea,

amenorrhea, remission status, and resis-
tance to prolactin-lowering effects of dopa-
mine agonists. Patients who had normal
prolactin levels without symptoms were
judged to be in remission; patients who
had higher levels of prolactin with symp-
toms, and whose tumor size could not be
reduced by 50% under maximum tolerable
doses of dopamine agonists, were judged to
be resistant to treatment, as in a previ-
ous study.10

Laboratory tests

All basal hormones were assessed in the
central laboratory of our hospital.
Thyroid-stimulating hormone (TSH), triio-
dothyronine (T3), and tetraiodothyronine
(T4) levels were assessed using the Cobas
8000 analyzer (Roche, Mannheim,
Germany). Prolactin, estradiol, estriol, pro-
gesterone, FSH, and luteinizing hormone
(LH) were assessed using the microparticle
enzyme immunoassay technique with a Dx
1800 analyzer (Beckman Coulter, Brea,
CA, USA).

Magnetic resonance imaging

The presence and size of a prolactinoma,
as well as its invasiveness, were examined by
pituitary MRI to detect microprolactinoma
(<1 cm) or macroprolactinoma (�1 cm).
Prolactinoma tissue that had invaded into
the cavernous and/or sphenoidal sinuses on
MRI was considered indicative of invasion.10

Surgical intervention

Surgical treatment of prolactinoma general-
ly aims to remove the tumor in the pituitary
gland using the transsphenoidal approach.
Tumor invasiveness was confirmed intrao-
peratively.11,12 All surgeries were performed
in the Neurology Department of our hospi-
tal by neurosurgeons with extensive experi-
ence in pituitary tumor removal,
particularly transsphenoidal pituitary
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surgery. Surgeries were performed in
patients with resistance to dopamine ago-
nists and those who could not tolerate
long-term medication therapy. Because of
the nature of this retrospective analysis,
we could not confirm the inclusion criteria
used for each surgical intervention.

Tissue processing and histological study

Archived prolactinoma tissues were
obtained from patients who underwent
adenoidectomy with prolactinoma that was
histologically confirmed by the Pathology
Department. Immunohistochemical studies
were performed using the streptavidin–
biotin complex method.13 Pituitary tissues
were collected, fixed in 10% neutral forma-
lin, then cut at 4-mm thickness. Briefly, after
deparaffinization, slides were incubated with
a primary antibody—anti-P450AROM
(PA1-21398, Thermo Fisher Scientific,
Waltham, MA, USA), anti-ER-b1
(ab133467, Abcam, Cambridge, UK), anti-
Ki-67 (ZM-0167, ZSGB-BIO, Beijing,
China), or anti-p53 (ZM-0408, ZSGB-
BIO)—for 1.5 hours at room temperature,
at a dilution of 1:50 in phosphate-buffered
saline. After incubation with secondary anti-
body—horseradish peroxidase-conjugated
goat anti-rabbit IgG (K5007, Dako,
Glostrup, Denmark, at a dilution of
1:100)—for 1 hour, the slices were evaluated
via microscopy. P450AROM and ER-b were
assessed according to H score, as in a prior
study.14 Briefly, the reaction staining inten-
sity was evaluated by two independent
pathologists who were blinded to the clinical
information and graded as follows: 0¼
negative, 1þ¼weak, 2þ¼moderate, and
3þ¼ strong. The H score was then calculat-
ed as the sum of H1, H2, and H3: H1 (per-
centage of cells graded as “1þ” �1); H2
(percentage of cells graded as “2þ”� 2),
and H3 (percentage of cells graded as
“3þ”� 3).3,14 Ki-67 and p53 expression
data were assessed as percentages of positive

immunostained nuclei among all nuclei by
the Pathology Department of our hospital.

Statistical analysis

Statistical analysis was performed using SPSS
software (version 22.0, IBM Corp., Armonk,
NY, USA). Categorical or non-parametric
variables were analyzed using descriptive sta-
tistics (median [interquartile range] and per-
centage), as the data did not exhibit a normal
distribution. Medians were compared using
the non-parametric Mann–Whitney U and
Kruskal–Wallis tests. The chi-squared test
or Fisher’s exact test was used to compare
frequencies. Spearman’s correlation test was
applied to detect relationships between con-
tinuous variables. P< 0.05 was considered to
be statistically significant.

Results

Recruitment procedure and clinical
characteristics

A flow chart of the recruitment procedure is
presented in Figure 1. Between 2012 and
2017, 286 women who were admitted and
received treatment in our Hospital were
screened for inclusion in this study. Based
on the pathological tumor results, we
excluded patients with non-functional ade-
noma (n¼ 128), growth hormone-secreting
adenoma (n¼ 42), ACTH-secreting adeno-
ma (n¼ 15), multi-hormonal prolactinoma
(n¼ 6), pituitary carcinoma (n¼ 4), and
MEN1 (n¼ 1). Overall, we recruited 61
pre-menopausal and 29 post-menopausal
women who had been diagnosed with pro-
lactinoma. For comparison, we also
recruited 50 pre-menopausal and 30 post-
menopausal healthy women as controls
for the respective patient groups.

General clinical characteristics are pre-
sented in Table 1. Compared with healthy
women who had the same menstrual status,
both pre- and post-menopausal patients with
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prolactinoma exhibited higher rates of symp-
toms, including headache, visual distur-
bance, and hypogonadism. Pre-menopausal
patients had increased rates of infertility and

oligomenorrhea, compared with healthy
women who had the same menstruation
status (both P< 0.05). Post-menopausal
patients had an increased rate of visual

Screening of pituitary tumors in women who underwent surgical treatment in our hospital from 2012 to 2017 (n = 286) 

Pituitary prolactinoma (n = 90)

Non-functional adenoma (n = 128 ) 
Growth hormone–secreting adenoma (n = 42)
ACTH-secreting adenoma (n = 15)
Multi-hormonal prolactinoma (n = 6)
Pituitary carcinoma (n = 4)
MEN1 (n = 1)

Exclusion based on

Pre-menopause (n = 61) Post-menopause (n = 29)

Clinical features P450AROM expression ER-β expression Ki-67 expression p53 expression

Figure 1. Flow of participant recruitment. ACTH: adrenocorticotropic hormone; MEN1: multiple endo-
crine neoplasia 1.

Table 1. General clinical characteristics of patients with prolactinoma and healthy controls.

Pre-menopause (n¼ 111) Post-menopause (n¼ 59)

Prolactinoma

(n¼ 61)

Control

(n¼ 50) P

Prolactinoma

(n¼ 29)

Control

(n¼ 30) P P*

Age at diagnosis (years) 34.8� 8.2 35.7� 8.4 0.574 56.9� 5.7 57.9� 7.6 0.610 <0.001

Headache, n (%) 36 (59.0) 6 (12.0) <0.001 17 (58.6) 9 (30.0) 0.027 0.972

Visual disturbance, n (%) 20 (32.8) 2 (4.0) <0.001 20 (69.0) 7 (23.3) <0.001 0.001

Galactorrhea, n (%) 6 (9.8) 0 0.023 1 (3.4) 0 0.305 0.290

Infertility, n (%) 10 (16.4) 2 (4.0) 0.036 – – – –

Oligomenorrhea, n (%) 16 (26.2) 5 (10.0) 0.030 – – – –

Amenorrhea, n (%) 17 (27.9) 9 (18.0) 0.222 – – – –

Hypogonadism, n (%) 50 (82.0) 1 (2.0) 0.001 17 (58.6) 2 (6.7) 0.001 0.018

MRI results: invasive, n (%) 16 (26.2) – – 20 (69.0) – – 0.001

Cavernous sinus 5 (31.2) – – 8 (40.0) – – 0.014

Sphenoidal sinus 4 (25.0) – – 6 (30.0) – – 0.046

Both sinuses 7 (43.8) – – 6 (30.0) – – 0.245

Macroadenoma, n (%) 45 (88.9) – – 29 (100) – – 0.002

Size of macroadenoma

(u, mm)

25.4� 8.0 – – 27.1� 9.6 – – 0.379

Size of microadenoma

(u, mm)

8.0� 3.0 – – – – – –

Bromocriptine, n (%) 16 (26.2) – – 3 (10.3) – – 0.103

Data are expressed as mean� standard deviation or n (%). P*: comparison between pre-menopausal and post-meno-

pausal patients.
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disturbances, compared with that in pre-
menopausal patients (P¼ 0.001). There was
no significant difference in galactorrhea
between pre- and post-menopausal patients,
although pre-menopausal patients tended to
have an increased incidence.

According to MRI examinations, tumors
were larger and more often invasive in post-
menopausal patients than in pre-menopausal
patients (both P< 0.01); no microadenomas
were found in post-menopausal patients
(Table 1). With respect to sites of invasion,
there were significant differences in the rates
of invasion of the cavernous and sphenoidal
sinuses between pre- and post-menopausal
patients (both P< 0.05).

Preoperative medical treatment with bro-
mocriptine (2.5–5.0 mg, three times daily)
was only administered to patients with
non-invasive tumors, and this did not differ
between pre and post-menopausal patients
(Table 1). Specifically, 12 women with
microadenoma and one with macroadenoma
among pre-menopausal patients, and three
women with macroadenoma among post-
menopausal patients, were administered pre-
operative medical treatment.

Menstrual status influenced endocrine
hormone levels in women

High levels of prolactin often cause hypogo-
nadism with decreased levels of FSH, LH,

estrogen, and progesterone. Compared with
healthy women, pre-menopausal patients
who had prolactinoma exhibited reduced
levels of estradiol, estriol, and progesterone,
as well as an increased level of prolactin.
There was no significant difference in prolac-
tin level between pre- and post-menopausal
patients; however, we found significant dif-
ferences in other endocrine hormone levels
between the two groups. Notably, estradiol
and progesterone levels were significantly
higher in pre-menopausal patients, whereas
FSH and LH levels were significantly higher
in post-menopausal patients (Table 2).

Invasive prolactinoma was associated
with increased expression of P450AROM

Immunohistochemistry analysis was per-
formed to examine expression levels
of P450AROM, ER-b, Ki-67, and p53
(representative staining: Figure 2a–d).
These expression levels were comparable
between pre- and post-menopausal patients
(Figure 2e, g, i, and k). However, compared
with non-invasive prolactinomas, invasive
tumors showed increased P450AROM
expression in post-menopausal patients
(P< 0.05, Figure 2f); moreover,
Spearman’s correlation test showed a posi-
tive association between increased expres-
sion of P450AROM and prolactinoma
invasiveness in post-menopausal patients

Table 2. Endocrine hormone levels in patients with prolactinoma and healthy controls.

Pre-menopause (n¼ 111) Post-menopause (n¼ 59)

Prolactinoma

(n¼ 61)

Control

(n¼ 50) P

Prolactinoma

(n¼ 29)

Control

(n¼ 30) P P*

Prolactin (ng/mL) 69.8 (29.3–114.3) 12.0 (7.4–17.3) <0.001 62.2 (33.9–78.2) 9.1 (5.9–11.6) <0.001 0.537

Estradiol (pg/mL) 35.57 (22.9–53.8) 61.0 (52.94–75.1) 0.003 18.3 (12.6–23.5) 20.1 (10.8–27.1) 0.617 <0.001

Estriol (pg/mL) 22.00 (15.0–32.6) 30.6 (20.4–38.9) 0.027 22.5 (7.5–28.0) 25.3 (17.2–29.9) 0.214 0.166

Progesterone

(ng/mL)

0.6 (0.34–0.90) 0.6 (0.3–1.0) 0.004 0.3 (0.1–0.7) 0.4 (0.2–0.5) 0.844 0.005

FSH (IU/L) 5.5 (3.17–7.32) 7.3 (3.8–20.1) 0.022 12.3 (7.9–40.0) 24.0 (9.7–30.4) 0.159 0.003

LH (IU/L) 2.5 (1.3–4.3) 3.5 (1.6–11.7) 0.011 8.0 (4.2–16.5) 10.9 (7.1–16.7) 0.820 <0.001

All values are expressed as 25th–75th percentiles. P*: comparison between pre-menopausal and post-menopausal patients.

FSH: follicle-stimulating hormone; LH: luteinizing hormone.
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(P¼ 0.03, r¼ 0.52). Notably, there were no

significant differences in expression levels of

Ki-67, ER-b, or p53 between non-invasive

and invasive prolactinomas, in either pre-

menopausal or post-menopausal patients

(Figure 2h, j, and l).

Increased expression of ER-b was

associated with resistance to

dopamine agonist

Resistance to dopamine agonist was defined

as a failure to normalize prolactin levels

after the administration of > 15mg of bro-

mocriptine daily for at least 3 months, in

accordance with the definition used in a

prior study.15,16 We found that eight

patients were resistant to dopamine agonist,

including five pre-menopausal women and

three post-menopausal women. MRI

revealed that two of these pre-menopausal

patients and three of these post-menopausal

patients had macroadenoma.
We compared the expression levels of

P450AROM, ER-b, Ki-67, and p53

between patients who were resistant to
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Figure 2. Expression levels of P450AROM, ER-b, Ki-67, and p53 with respect to menstrual status and
tumor invasiveness. Representative immunohistochemical staining for P450AROM (a), ER-b (b), Ki-67 (c),
and p53 (d); e, g, i, and k: respective prolactinoma tissue staining scores in pre- and post-menopausal
women; f, h, j, l: respective prolactinoma tissue staining scores in non-invasive and invasive prolactinomas of
post-menopausal women. In a–d, magnification �40; open arrows indicate negative immunostaining and
solid arrows indicate positive immunostaining. In e–l, error bars indicate standard deviation; *P< 0.05.
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bromocriptine and those who were not; we

found that patients resistant to bromocrip-

tine exhibited increased ER-b expression

(P< 0.001). Spearman’s correlation test

showed that ER-b expression was associat-

ed with resistance in both groups of patients

(P¼ 0.038, r¼ 0.51). Finally, there were no

differences in the expression levels of

P450AROM, Ki-67, or p53 between

patients who were resistant to bromocrip-

tine and those who were not (Table 3).

Discussion

In the present study, we confirmed

P450AROM expression in both pre- and

post-menopausal patients with prolacti-

noma. No differences were found between

pre- and post-menopausal patients with

respect to expression levels of P450AROM

or ER-b. However, post-menopausal

women with invasive prolactinomas exhib-

ited increased P450AROM expression.

Furthermore, we found that increased

expression of ER-b in prolactinoma tissue

was associated with resistance to treatment

with the dopamine agonist, bromocriptine.

However, expression levels of P450AROM,

Ki-67, and p53 were not associated with

resistance to bromocriptine treatment.
Local changes of androgen to estradiol,

mediated by P450AROM, play important

roles in the regulation of prolactin, prolif-

eration of pituitary prolactin-positive cells,

and development of prolactinoma.3,17

In the present study, P450AROM expres-

sion was detected in all patients with pro-

lactinoma, and there was no significant

difference in its expression level between

pre- and post-menopausal women.

However, increased P450AROM expres-

sion was observed in invasive prolactinoma,

compared with that in non-invasive prolac-

tinoma, in post-menopausal patients.

A previous study reported a similar expres-

sion level of P450AROM in tumor tissues

in both men and women; however,

P450AROM expression in men was more

strongly associated with tumor invasive-

ness.1 Our results were consistent with the

prior finding of an association between

P450AROM expression and tumor

invasiveness.
Thus far, no conclusive markers have

been identified to predict aggressiveness in

pituitary tumors.18 Several studies have

shown conflicting data with respect to histo-

logical markers of aggressiveness, including

Ki-67 and p53.19–22 The World Health

Organization classification system describes

the diagnosis of “atypical” pituitary adeno-

ma, which may be associated with aggressive

behavior, based on p53 immunostaining

findings.18 A prior report indicated no p53

Table 3. Association between prolactinoma resistance to dopamine agonist and expression levels of
P450AROM, ER-b, Ki-67, and p53.

Menstrual status

Resistant to

bromocriptine

Pre-menopause (n¼ 16) Post-menopause (n¼ 3)

Yes (n¼ 5) No (n¼ 11) P Yes (n¼ 3) No (none) P*

P450AROM (H score) 145.7� 28.4 129.9� 31.1 0.067 108.6� 30.1 – 0.053

ER-b (H score) 59.8� 10.7 32.9� 11.2 <0.001 35.0� 10.7 – <0.001

Ki-67 (%) 1.5� 0.6 1.5� 0.4 0.314 1.4� 0.7 – 0.245

p53 (%) 1.9� 0.5 2.0� 0.6 0.187 1.7� 0.7 – 0.147

Data are expressed as mean� standard deviation or n (%). P: resistance versus non-resistance in pre-menopausal patients;

P*: resistance versus non-resistance in all participants for whom pre-operative medical histories were available.
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expression in any non-invasive pituitary ade-

nomas, whereas it demonstrated p53 expres-

sion in 15.2% of invasive adenomas and

100% of pituitary carcinomas; moreover, a

�3% Ki-67 index was able to predict adeno-

ma aggressiveness with 97% specificity and

73% sensitivity.22 However, these conclu-

sions have not been confirmed in other stud-

ies.21,23,24 In the present study, we found no

significant difference in the expression levels

of Ki-67 and p53 in prolactinomas according

to aggressiveness. Therefore, a larger clinical

and multi-center study is warranted to

address the continuing disagreement with

respect to prolactinoma markers.
A previous study showed that the biolog-

ical effect of estrogen on the development

of prolactinoma was mediated by estrogen

receptors, a nuclear receptor superfamily of

steroid hormones.25 Women aged �50

years had a lower prevalence of prolacti-

noma and non-classical clinical symptoms;

few had amenorrhea or galactorrhea, which

may be the result of reduced ovarian estro-

gen production.9 Consistent with the results

of a previous study,9 we found few cases of

prolactinoma in post-menopausal women

among all patients in the present investiga-

tion. The estrogen level in post-menopausal

prolactinoma patients was lower than that

of pre-menopausal patients. However, in a

comparison with post-menopausal healthy

women, post-menopausal prolactinoma

patients showed a similar concentration of

estrogen in the blood. Estrogen plays impor-

tant roles in the development of prolactinoma

and pathogenesis of dopamine agonist-

resistant prolactinomas.26,27 Local estrogen

concentration, estrogen receptor expression,

and interactions with dopamine receptors

in tumor tissue may influence tumor growth

and resistance.28 Thus, P450AROM, which

produces local estrogen by aromatization of

testosterone, may play critical roles in prolac-

tinoma aggressiveness and drug resistance in

post-menopausal women.

The roles of estrogen receptors in dopa-
mine agonist resistance and aggressiveness
in human prolactinomas have not been
fully explored, despite the disparate conclu-
sions of prior studies described above. In
addition, a previous study reported no sig-
nificant differences between estrogen recep-
tor-a and ER-b mRNA levels in dopamine
agonist-resistant patients,29 and the most
aggressive tumors were those that lacked
estrogen receptors.30 However, Bai et al.31

demonstrated increased estrogen receptor-a
expression in patients with bromocriptine-
resistant prolactinomas, particularly among
men. We found an association between
increased ER-b expression and bromocrip-
tine resistance, which was consistent with
the results of a previous study.3 Both sub-
types of estrogen receptors may contribute
to prolactinoma resistance to dopamine
agonist treatment. Given this hypothesis,
prolactinomas that are resistant to dopa-
mine agonist treatment may be managed
by using estrogen receptor antagonists;
indeed, a previous study showed that an
estrogen receptor antagonist, tamoxifen,
successfully treated patients with dopamine
agonist-resistant prolactinomas.32

Limitations

There were several limitations in this study.
First, expression levels of P450AROM,
ER-b, Ki-67, and p53 were assessed solely
by immunohistochemistry. mRNA and
protein levels of these markers could not
be quantitatively examined owing to the
features of the methodology applied; these
markers were limited to immunohistochem-
istry staining analysis because this study
used archived tissues. Second, galectin-3
expression is regarded as a marker of
aggressiveness in pituitary adenomas,33–36

but it was not included in this study.
Third, this study lacked a positive control
tissue, such as prolactin-secreting pituitary
cancer. Fourth, the small sample size and
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retrospective nature of the study limited the

generalizability of the findings. Therefore, a

large, prospective clinical study with com-

prehensive marker is needed to confirm

these findings.

Conclusions

Our study indicated that pre- or post-

menopausal status influenced prolactinoma

invasiveness. In post-menopausal women

with prolactinomas, invasive tumors

showed increased P450AROM expression.

The expression of ER-b in prolactinoma

tissue was significantly associated with

dopamine agonist resistance. Our findings

suggest that the aromatase-mediated local

conversion of testosterone to estrogen con-

tributes to the development and aggressive-

ness of prolactinoma.
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