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Abstract

Background: Uterine leiomyomas are benign tumors arising from the myometrial compartment of
the uterus. They are the most common gynecologic neoplasm, occurring with a remarkable
frequency in more than 70% of women at their reproductive age. The female reproductive tract is
known to be an extrapituitary source of the hormone prolactin. Prolactin (PRL) is a polypeptide
hormone of growth hormone/cytokine family. In serum, PRL occurs in various molecular forms
with different molecular weights, including the physiologically active monomeric form called the
little PRL, the big PRL, and the big big PRL, that is also called macroprolactin.

Objectives: To study the PRL profiles with its molecular weights in patient’s serum, leiomyomas,
and myometrium compared with the PRL profiles of a normal myometrium.

Subjects and methods: Circulating prolactin of patient group (n=57) as well as their tissues
prolactin [(leiomyomas and myometrium)] and [normal myometrium] of the control group (n=45)
was assayed using the Prolactin Kit (Biomérieux). Prolactin profile was detected using the
polyethylene glycol 8000 precipitating method to separate the big big prolactin from the monomeric
and the big prolactin isoforms. Disk gel electrophoresis technique was used to confirm the prolactin
isoforms and to calculate their molecular weights.

Results: A highly significant difference was found between the leiomyoma prolactin and patient's
myometrium prolactin as well as between the leiomyoma prolactin and the normal myometrium
prolactin (P<0.0001), while no significance was found between patient’s myometrium and the
normal myometrium prolactin. Also a high significance (P<0.0001) was found between the patients
serum prolactin and their leiomyoma prolactin, leiomyoma size, while a significant value (P<0.05)
was found between leiomyoma prolactin and their sizes. In this study the prolactin isoforms in
patient’s serum, leiomyoma and myometrium as well as in the normal myometrium of control group
were monomeric and big prolactin with different molecular weights. Only one sample of patient’s
serum had big big prolactin isoform.

Conclusion: Serum prolactin level was increased in patient with uterine leiomyoma with a
significant positive correlation with the leiomyoma size and its prolactin produced from it.
Hyperprolactinemia may be also caused by macroprolactin in patients with uterine leiomyoma
because the big forms of PRL have a decreased bioactivity, they do not cause clinical symptoms of
hyperprolactinemia.
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may be as small as a pea or as large as a
grapefruit. 2

Introduction
Uterine fibroids are tumors made of

connective tissue and smooth muscle. They
grow slowly within the wall of the uterus or
attach to the uterine wall. Most fibroids are
non cancerous, although in some rare cases
they may become cancerous. This occurs in
less than 1% of fibroids. Leiomyomas are
classified by their location in the uterus and

Prolactin is initially identified as a pituitary
gland hormone; several studies have
demonstrated that prolactin is also produced
by uterine tissues, including the endometrium,
myometrium, and uterine leiomyomas.®® The
significance of prolactin  production in
leiomyomas is not yet well defined; however,
interest in this hormone has been stimulated by



the finding that prolactin acts as a mitogen for
vascular smooth muscle. Because leiomyomas
are mitotically active during the luteal phase,
the inhibition of leiomyoma prolactin
production by progesterone tends to cast some
doubt upon the role of this hormone in fibroid
growth."”)  However, in a recent study,
treatment of leiomyoma and myometrial cell
cultures with a prolactin-neutralizing antibody
inhibited cell proliferation, leading the authors
to conclude that prolactin may be an autocrine
or paracrine growth factor for both leiomyoma
and myometrial cells.® At this date, it would
seem that the prolactin story is unfinished,
evolving, and worthy of further study.

Human prolactin (PRL) is synthesized as a
pre-hormone with a molecular weight of
26,000 kDa. When the pre-prolactin is
cleaved, the resulting polypeptide has a
molecular weight of 23,000 kDa, and this
monomeric form accounts for the majority of
total PRL. Prolactin (PRL) in human serum
has been classified into three main species on
the basis of molecular mass: monomeric PRL,
big PRL and big, big PRL (bb-PRL), called
‘macroprolactin’, with molecular masses of
23 kDa, 50-60 kDa and 150-170 kDa
respectively.©® Although the nature of bb-PRL
is heterogeneous, the most common form of
macroprolactin is a complex of PRL and
immunoglobulin - G."®  Macroprolactin s
recognized, in  various degrees, by
immunoassays for PRL and has a slower
clearance from serum than PRL, causing
diagnostic confusion in evaluating
hyperprolactinemic conditions. The incidence
of macroprolactinemia ranges from 15% up to
26% of all hyperprolactinemic sera and
represents the main cause of inter assay
variability for PRL dosage.®'?

Recognizing the presence of macro-
prolactin may help define the etiology in
patients with idiopathic hyperprolactinemia,
and in some cases recognition of
macroprolactinemia might eliminate the need
for extensive diagnostic tests or pituitary
imaging. This is especially important because
10% of healthy subjects have radiographic
evidence of a pituitary adenoma.®

PEG precipitation is a relatively simple
and inexpensive technique but is not specific
or quantitative. A percentage recovery of
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greater than 65% confirms the presence of
monomeric PRL whereas a percentage
recovery of 40% or less is very sensitive for
detecting significant amounts of
macroprolactin. Recovery between 40% and
65% indicates a sample may contain
macroprolactin and oligomeric PRL, in
addition to the monomeric form. In these
cases, separation method such as gel filtration
chromatography or electrophoresis would be
necessary to confirm the presence of
macroprolactinemia.®**®

The presence of macro-prolactinemia in a
patient with no clinical suspicion of
hyperprolactinemia could obviate the need for
a pituitary magnetic resonance imaging or
other testing.©

Smith et al. 2002; also noted that some
patients  with  macroprolactinemia  have
elevated levels of monomeric PRL and suggest
that the diagnosis of macroprolactin be used
only when a PRL level falls to a level seen in
sera from normoprolactinemic subjects treated
with PEG. Although this would help ascertain
whether an excess of monomeric PRL is
present along with macroprolactin, it would
require establishment of new reference ranges
for all PRL assays™

Methodology

Samples in this study were collected
during the period from May 2004 to June 2006
at Obstetrics and Gynaecology departments of
three hospitals in Baghdad city (Al-Khadimyia
teaching hospital, Al-Noor, and Al-Saadoon
Hospital).It included a sample of cases group
and a comparison group. The cases group
included female patients at their reproductive
age who were diagnosed previously by their
physicians as patients with uterine fibroids
after proper physical and gynecological
examination which confirmed by ultrasound
findings, they were prepared for laparatomy
either for total abdominal hysterectomy or
myomectomy. All patients were with normal
pituitary image, none of them was on any
drugs known to increase serum prolactin level
in the last six months. None of them was
known to complain of diabetes mellitus,
pituitary, and thyroid, renal or psychiatric
disease.
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Ten milliliters of venous blood were
aspirated from leiomyoma patients just before
operation, left to clot, and then centrifuged.
Part of it was used for measuring the serum
PRL level at the same day of operation by
using the Prolactin Kit (Biomérieux);
[measurement range of the VIDAS PRL Kit is
0.5-200 ng/ml]. The range of expected values
for the normal menstruating women is (5-35
ng/ml), Prolactin level was considered normal
up to 35 ng/ml. Patients after operation with
abnormal serum PRL level (>35 ng/ml) were
sent to the Magnetic Resonance Imaging
(MRI) or Computerized Tomography (CT) to
examine their pituitary .

Uterine fibroids introduced in this study
were identified grossly at surgery and
confirmed by histological examination to be
fibromatous leiomyomatous tissue without
malignancy. They were immediately immersed
in ice-cold saline solution after recording their
dimensions, types, and localized their position
in the uterus. Leiomyomas were dissected free
from surrounding myometrium. When two or
more leiomyomas were present in the same
uterus, samples from several of them were
pooled and diced.*

A host myometrium sample also was taken
from each leiomyoma patient. Also these
tissue samples were immersed immediately in
cold saline as described for leiomyoma
samples.

The comparison group was pregnant
women who underwent cesarean section
during the same period; ultrasonography was
used to confirm the absence of leiomyoma
among those women. A myometrium sample
was taken from each woman in the comparison
group and compared with myometrium of
leiomyoma patients. No blood sample was
taken from those pregnant women because
their serum PRL level is already higher 10
folds than the normal level.

Tissue samples were kept at —20°C before
processing up to 2 weeks. Then they were
weighed, and sliced with scalpel in petri dish
standing on a dry ice. Slices were thawed and
minced with scissors, then homogenized with
(0.02) M Tris buffer pH 7.4 with a ratio of
1:3 (w:v) tissue to buffer solution using a
mechanical homogenizer.®®
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The homogenate then was filtered through
ten layers of nylon gauze, and centrifuged in
cooled centrifuge at 4°C in order to precipitate
the remaining intact cells and the intact nuclei
at 4000 xg, which express the multiple of the
gravitational force for 30 minutes.*®
Supernatant was then used to estimate the PRL
level in it by the same (Biomérieux) Kit.

Macroprolactin screening method

All serum and tissue supernatant samples
were process as following:

Because the high concentration of
polyethylene  glycol (PEG) precipitate
macroprolactin from serum, the precipitation
method was carried out by adding 200 pl of
serum or tissue homogenate supernatant to
200 pl of 250 g/L PEG 8000 solution (in
distilled water, kept at 4°C), mixed for
1 minute with a vortex mixer. The mixture was
centrifuged for 5 minutes at room temperature
at 9500 xg and determined again the amount of
PRL in the supernatant using the same
miniVIDAS. The PRL recovery was calculated
according to the following formula (Fabio et
al.2001).*"

PRL lewel after PEG precipitation
PRL level before PEG precipitation

x 100

Recoveries >65% are classified as
predominantly monomeric hyperprola-
ctinemia, and recoveries of < 40% as
predominantly high molecular weight forms
(macroprolactin). Values between 40-65%
were classified as indeterminate and they were
all submitted to gel electrophoresis.
Determination of molecular
weight

A method of disk-electrophoresis in
sodium dodesyl sulphate (SDS) was used to
determine the molecular weight of prolactin in

prolactin

both serum and tissue  homogenate
supernatant.’® A protein standard kit
(Promega; Low and high-range protein

molecular weight markers ranging from 14 up
to 150 KDa molecular weight) were used and
applied for gel electrophoresis at the same
time of sample processing.

In Table (1), LM patients shows a high
mean value of PRL level in their serum which
is equal to (147.6 + 102.6) ng/ml compared



with normal serum PRL level range in healthy
menstrual women (5-35 ng/ml).

The mean PRL level of LM was greater
than the PRL of myometrium in same
patient group (16.9 + 12.0) (6.8 £ 3.2) ng/ml
respectively, while mean of PRL in the
myometrium of control group was found
(5.6 £ 2.5) ng/ml.

Analyses were done using SPSS computer
program version 10.0, Statistical analysis
included descriptive statistics (mean, standard
deviation SD, frequencies and percentage),
and Student’s t-test was used for comparing
means of two variables. P value equals or less
than 0.05 was considered significant.

Results

Fifty-seven ~ women  patients  with
leiomyoma were included in this study. Their
mean age+xSD was 37.9+9.2 years and age
range was (28-47) years. Twenty patients
(35.1%) underwent hysterectomy while 37
patients (64.9%) had myomectomy.

Eighty-eight leiomyoma samples with
different uterine sites were harvested from
those 57 women.
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The comparison group, on the other hand,
included 45 pregnant women who had
cesarean section for maternal or fetal causes.
The mean age+SD of this group was
30% 5.1 years and the age range (17-43) years.
None of them had leiomyoma which was
confirmed by ultrasonography.

1- Uterine leiomyoma patients may have
LM(s) accumulate in one uterine site, while
others may show LM(s) in many different
sites (intramural, submucousal, subserosal,
broadligament and cervical). The size of
these LM(s) was ranging from 0.11 cm? to
138.3 cm’.

2- Also it shows the percentage of each PRL
isoform found in serum, LM and
myometrium of same patient group
comparing with PRL isoform found in the
myometrium of control group.

Table (1)
Mean and standard deviation of prolactin and prolactin isoforms in both patient and
control groups.

Patient Control*

Prolactin

+
Level (ng/ml) 147.6 +102.6

Uterine A
leiomyoma

16.9 +12.0

myometrium | myometrium

Prolactin isoforms:

Monomeric PRL

(32)56.14%

(60)68.18%

(47)82.46% (35)77.78%

Big PRL

(24)42.11%

(28)31.82%

(10)17.54% (10)22.22%

Big big PRL

(1) 1.75%

Total (57)100.0%

(88)100.0%

(57)100.0% | (45)100.0%

(*) No serum sample was taken from this group because the prolactin level is already in a pregnant

woman is higher 10 folds than the normal.

Note: Mean serum prolactin for healthy menstrual women was found 18.6 + 2.3 ng/ml.
(A): Eighty-eight fibroids were found in 57 LM patients because those patients may have more than

one uterine fibroid in the same site.



Journal of Al-Nahrain University

3- Monomeric PRL was found in both patient
and control groups. Serum of 32 patients out
of 57 (56.14%) were with monomeric PRL,
while (68.18%) and (82.46%) represents the
percentage of monomeric PRL in their LM
and myometrium respectively. Thirty-five
(77.78%) out of 45 control myomerium had
monomeric PRL isoform.

4- Big PRL isoform represents the second PRL
isoform found predominantly in both
groups. 24 (42.11%) out of 75 LM patients
had big PRL isoform in their serum. Tissues
(LM and myometrium) of same patient
group as well as myometrium of control
group had also big PRL isoform with
percentages  (31.82%) (17.54%) and
(22.22%) respectively.

5- Only one patient serum sample out of 57
had big big PRL isoform. And no big big
PRL was found in tissues of patient and
control groups.

Prolactin molecular weight

To evaluate the molecular weight (MWt.)
of each PRL isoform in both patient and
control group, samples were underwent disk
gel electrophoresis technique and then all
separated result images were introduced in the

PhotoCaptMW1t. Program to calculate the PRL

MWi.
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— .BigPRL(19)

Protein standard and serum sample pre-

and post- polyethylene glycol treatment.

Two bands exhibit representing big and
monomeric PRL isoforms.

(a): Protein standard Bands represented
(150, 80, 20, 14) kDa respectively in
descending manner.

(b): Double bands (1b and 2b) represented
big and monomeric PRL isoforms in pre-
polyethylene glycol serum sample.

(c): Double bands (1c and 2c) represented
big and monomeric PRL isoforms in post-
polyethylene glycol serum sample.

All  calculated MWt results  were
compared with the recovery PRL percentage
[dividing the post-PEG PRL level by the pre-
PEG PRL level] as shown in Table (2).

Table (2)

Comparison between the recovery PRL percentage and the calculated molecular weight in
both patient group and control group, were R%-=recovery PRL percentage,

Prolactin
profiles

Monomeric

Patient

MWt. = molecular weigh.

Control

77.6£8.2 24.9+9.7
16.5+4.5

Leiomyoma
R% MWt

80.5+8.3 16.5+5.0

Myometrium
R% MWt

89.245.2 16.7+6.9

Myometrium
R% MWt

87.0+2.7 16.7+5.7

Big

53.6+7.7 71.6x15.7

59.5+4.4 70.5%11.2

62.9+15.4 78.5+14.9

54.9+85 74.4+13.2

19.05 201.5

Bigbig

R%= Recovery prolactin percentage, MWt= molecular weight in kDa (kilo Dalton).

In Table (2), serum, LM and myometrium of
same patient group had monomeric PRL
isoform. Two types of monomeric PRL
isoforms were found in patient’s serum,
[24.94£9.7 and 16.5 + 4.5] kDa. While the LM
and myometrium PRL of same patient group
had monomeric isoform with Mwt. 16.5 + 5.0

and 16.7 = 6.9 kDa. Control myometrium was
also found with 16.7 + 5.7 kDa molecular
weight.

The big PRL isoform was found with
71.6+15.7, 70.5 +11.2 and 78.5%£14.9 kDa for
serum, LM and myometrium respectively of
same patient group. Big PRL isoform was also



found in control myometrium with Mwt.
74.4+13.2 kDa.

The only big big PRL isoform found in
this study was in one patient's serum with
Mwt. 201.5 kDa. All these calculated Mwt(s)
in serum and tissues of both study groups were
matched with their expected isoforms from the
recovery PRL percentage.

Discussion

Mitchell et al. 1989 have reported that LM
PRL secretion is significantly greater than
myometrial PRL secretion for the same patient,
and they found that LM PRL secretion
increased with time whereas myometrial
PRL secretion did not. This finding agrees with
the mean results of this study as shown in
Table (1) in which the amount of PRL in LM
was greater than myometrium PRL of the same
patient and greater than the control
myometrium PRL, while no significant
differences was found between patient and
control myometrium PRL.®?

Daly et al. 1984 said that leiomyoma has
the ability to synthesize prolactin which
increases the evidence that cells of
mesenchymal origin that arise near the
paramesonephric ducts have a latent ability to
express the genome for prolactin synthesis, and
the appearance of prolactin synthesis in
leiomyoma in-vivo suggests that this potential
genome expression is activated either in
smooth muscle cells or stromal cells during the
transformation of normal cells to leiomyoma
cells.*4

In this study the most predominant PRL
isoform found in both LM patient and control
groups was the monomeric PRL. Ben-Jonathan
et al. 1996 have mentioned that explants of
normal myometrium as well as proliferative
leiomyomas (fibroids) secreted
immunoreactive  PRL (monomeric isoform)
into culture medium.Bigbig PRL isoform was
not found in patient tissues or control
myometrium. But it was found only in one
patient serum.®? This isoform did not appear
lonely, it was found with both monomeric and
big PRL isoforms in the same patient serum.
This bigbig case can be considered as the first
one found among LM patients. No cases or
reports were found during the study search that
had bigbig PRL isoform in LM patients.
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In the 1980s, macroprolactin-aemia was
first identified as a new type of
hyperprolactinemia. It was found to occur in
8+2.5% of patients with hyperprolactinaemia.
This entity was defined by the bigbig PRL
isoform being the only or the predominant
form and was claimed to be poorly
symptomatic and idiopathic. Although the
nature of these large forms is still under debate
a tumoral origin has been suggested.**?)
Suliman et al.,, 2003, have reported that
hyperprolactinemia is characterized by the
presence of excess monomeric prolactin in
serum. This finding agreed with serum results
among the patient group whom have abnormal
serum PRL level >35 ng/ml in this study. They
also said that macroprolactinemia can be
defined by the presence of excess serum
macroprolactin together with non pathologic
monomeric PRL concentrations. In addition to
that, the macro PRL isoform is only found
when there is large amount of PRL aggregation
and conjugated with 1gG. There is no reason
can be given till now by researchers as an
explanation about this inactive form, only that
appearance of this isoform is due to the renal
delay clearance which is due to its large
molecule.??

Corbacho et al., 2002 have reported that
PRL does not circulate as a single molecular
species but as a family of related proteins.
Circulating PRL in humans appears to consist
of 5 isoforms: the classical 23 kDa molecule, a
glycosylated PRL of 25 kDa, a 16 kDa
fragment of PRL, dimmers of 50-60 kDa (big
PRL), and aggregates of >100 kDa (bigbig
PRL). They mentioned that the actions of
different members of the PRL family on
angiogenesis provide one of the clearest
examples directly relating PRL functional
diversity to its structural heterogenecity. So,
full length PRL was considered to be inactive
on blood vessel growth until showed its
potential as a proangiogenic  factor.
Conversely, the enzymatically cleaved 16 KDa
N-terminal fragment of PRL has a well
defined anti-angiogenic effect.®® Gel filtration
technique was not used because it is difficult,
expensive not recommended to be used
nowadays.?¥ It is also relatively insensitive
requiring high levels of PRL, and since big and
bigbig PRL forms represent only (6.1-42%) of
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the total PRL immunoreactivity and this agreed
with what Blacker et al., 1994 reported.®

The monomeric PRL molecular weight
varying between 16 up to 25 kDa for both
serum and tissues. This help explanation that
PRL secreted from the LM is from the same
source of smooth cell myometrium Table (2).
The abnormal level of serum PRL in patient
group, which is predominantly consisting of
the monomeric with mean MWt. of PRL
16.5+4.5 kDa, is due to the ectopic PRL
production of the LM, although, we can see,
the monomeric MWt. in serum PRL found
24.9 kDa which is greater than that found in
the tissues. Also it has big PRL isoform with
mean MW1. of 71.6 + 15.7 kDa.

The 16 kDa prolactin is a PRL fragment
retains PRL-like effects; it is mitogenic in the
pigeon Crop-sac and in the Nb2 lymphoma cell
bioassays. It has mammary mitogenic activity
in the rat in vivo and it is both mitogenic and
lactogenic in rat mammary cells in culture.®®
16 kDa PRL could reach the circulation from
different sources, includin% the pituitary gland
and extra pituitary tissues.*¥

The predominant PRL isoforms found in
the control group were both monomeric and
big PRL with mean MWt. of (16.7+5.7,
74.4+13.2) kDa respectively. And because this
group consist of only pregnant women haven't
any uterine fibroid, this result agreed with
Corbacho et al. 2002 when reported that
the concentration of 16 kDa PRL was elevated
in pregnant women close to the day of
delivery. &
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