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Abstract

Aims—Previous studies documenting hy-
perprolactinaemia in patients with colo-
rectal cancer have suggested that the
tumour is the source of hormone produc-
tion. The aim of this study was to
determinethefrequencyofhyperprolactin-
aemia in patients with colorectal cancer
before, during, and after surgery, and also
to determine whether prolactin is pro-
duced by these tumours.
Methods—Serum prolactin concentra-
tions were measured in 20 patients with
colorectal cancer before, during, and after
surgical resection of their tumours. Sam-
ples taken during surgery included pe-
ripheral venous blood and blood taken
from the main veins draining the tumour.
To determine whether the tumour was
responsible for the production of prolactin
in these patients, paraffin wax embedded
sections of tumour specimens were sub-
jected to immunohistochemistry and
western blotting using a monoclonal anti-
body to prolactin.

Results—Five patients (three women, two
men) had preoperative prolactin concen-
trations above the normal reference
range, although this increase was of clini-
cal importance in only two. After surgical
resection of their tumours, prolactin con-
centrations remained high in both pa-
tients. All 20 patients had greatly raised
prolactin values at the time of surgery,
irrespective of whether this was measured
in peripheral blood or in blood taken from
veins draining the tumour. All 20 colorec-
tal cancer tissue samples, including those
with raised preoperative and/or postop-
erative prolactin concentrations, were
negative for prolactin staining. Frozen tis-
sue was also available in four cases. The
absence of prolactin gene expression in
these four tumours was confirmed both by
repeat immunohistochemistry and by
western blotting. A further 50 colorectal
cancer cases examined by immunohisto-
chemistry alone were also unreactive for
prolactin.

Conclusions—The results of this study
suggest that serum prolactin concentra-
tions may occasionally be raised in color-
ectal cancer patients, but that the tumour
is not the source of hormone production.
(¥ Clin Pathol: Mol Pathol 1999;52:135-139)

Keywords: colorectal cancer; prolactin; immunohisto-
chemistry

Serum concentrations of prolactin, a trophic
hormone produced by the pituitary gland, have
been shown previously to be raised in certain
groups of patients with cancer, including breast
cancer and colorectal cancer.”” In breast
cancer—for example, a relation between in-
creasing concentrations of prolactin and dete-
riorating prognosis has been described,' and a
further study demonstrated an association
between raised concentrations of this hormone
and advanced stage (TNM stages III and IV).!

Subsequently, raised prolactin values were
found in the serum of patients with colorectal
cancer at the time of diagnosis.” The same
study also showed that prolactin concentra-
tions fell after successful treatment and that the
rise in prolactin showed a lead time of two to
three months before recurrence.” A second
study by the same group showed that raised
prolactin concentrations were also associated
with a poor prognosis in patients with colorec-
tal cancer.*

Previous studies have attempted to define
the source of prolactin production in patients
with colorectal cancer. In one study, prolactin
gene expression was demonstrated in an undis-
closed proportion of cases by immuno-
histochemistry* whereas, in another, prolactin
immunohistochemistry revealed positive stain-
ing in three of eight patients with colorectal
cancer who had been shown previously to have
raised serum concentrations at the time of
diagnosis.” The purpose of our study was to
attempt to clarify whether raised prolactin con-
centrations in patients with colorectal cancer
are the result of ectopic production by the
tumour.

Materials and methods

PATIENTS

Twenty patients with a diagnosis of colorectal
cancer, subsequently confirmed by histology,
were recruited to our study. Of these, 11 were
men and nine were women. One patient had a
Dukes’s A tumour, eight were Dukes’s B, seven
were Dukes’s C, and four patients had Dukes’s
D tumours. Eight control patients undergoing
a variety of surgical procedures, including
haemorrhoidectomy, fistulostomy, and surgery
for diverticular disease, but without evidence of
colorectal cancer, were also included in our
study.

Because prolactin concentrations are known
to be affected by variations in the menstrual
cycle, women were only included in our study if
they were postmenopausal. Likewise, patients
with evidence of pituitary, thyroid, renal, or
psychiatric disease, or those taking hormonal,
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Table 1~ Serum prolactin data from patients with colorectal cancer (CRC) and controls microscope slides by overnight incubation at

37°C. Cryostat sections of frozen blocks were

A surgery prepared at 6 um thickness, fixed in acetone at
) Main veins 4°C for 20 minutes, and stored at —70°C until
) Before - Peripheral *  draining the  After w. .. . required. The presence of tumour in all tissue
Patient Sex surgery venous blood  tumour surgery Dukes’s staging/diagnosis . N .
blocks selected for immunohistochemistry was
CRC confirmed by haematoxylin and eosin staining.
1 M 188 1387 954 193 B Before immunohistochemistry, paraffin wax
2 F 760 1292 1318 872 C .
3 F 193 2753 2877 235 D embedded sections were dewaxed.and trans-
4 M 151 1501 1546 134 D ferred to phosphate buffered saline (PBS),
2 ;1 ‘;gg %838 Zj 8 }gg g pH 7.6. Cryostat sections were transferred
7 F 272 1043 956 304 C directly to buffer. To ensure a representative
8 M 173 1210 1201 145 C spread of patients with colorectal cancer,
9 M 290 2461 1720 424 D tumours from a further 50 patients with colo-
10 M 79 642 606 263 B ¢ .
11 F 154 1249 1198 216 B rectal cancer were also examined by immuno-
}i ;{ ‘112; ggg ggéi égg 1}; histochemistry alone.
14 M 178 1037 1035 301 B Af_ter blo;klng of endogenous peroxidase
15 M 177 2230 2081 264 C activity, sections were transferred to buffer and
ig g‘ 2(2); ggzg é(l)Zé ;5159 BD placed in antiprolactin monoclonal antibody,
18 F 163 1360 1070 - c NCL-PRO (Novocastra !aboratorles, Newcas—
19 F 1220 4890 4330 1221 B tle upon Tyne, UK), diluted 1/100 in PBS
(2;0 : M 116 1521 1587 183 c buffer (pH 7.6) for one hour in a humid cham-
ONLro . .
21 F 191 411 NA 138 Diverticular disease ber at room temperature. This antibody was
22 M 236 1931 NA — Diverticular disease effective on both paraffin wax embedded and
23 M 339 1160 NA 87 Diverticular disease 3 _
24 M 147 1101 NA 201 Diverticular disease C.ryOStat S?Ctlons.’ although parafﬁn wax sec
25 M 100 _ NA 130 Haemorrhoidectomy tions required microwave pretreatment (2x15
26 M 122 245 NA 170 Haemorrhoidectomy minutes, 750 W). Bound primary antibody was
27 M 225 272 NA 243 Haemorrhoidectomy : _
>3 F 119 100 Na 179 Fictalostony detected using the DakoDuet system, accord

ing to the manufacturer’s instructions (Dako,
High Wycombe, UK). Peroxidase activity was
visualised using the standard diaminobenzi-
dine reaction. After visualisation, slides were
counterstained in haematoxylin, dehydrated,
cleared, and mounted in DPX. Normal human
pituitary was used as a positive control in all
immunohistochemical assays. Negative con-

All values are given in mIU/l. Reference ranges are: women, 65-490 mIU/l; men, 55-340 mIU/L.
NA, not applicable; F, female; M, male.

opiate based, or antiemetic medicines were not
included because all of these factors have been
shown to affect serum prolactin concentra-
tions. Table 1 gives full details of the patients.

SERUM PROLACTIN MEASUREMENT

Serum prolactin was measured using the
DELFIA system (Wallac and Berthold Ltd,
Milton Keynes, UK). This assay used time
resolved fluorescence two site sandwich tech-
nology. The detection limit was 1.4 mIU/L.

Serum prolactin was measured in the
peripheral blood of all patients and controls
one week before, during, and four weeks after
surgery. In the case of the patients with
colorectal cancer, prolactin measurements
were also taken from the main veins draining
the tumour at the time of surgery.

Blood samples were collected in EDTA
disodium salt coated tubes. Because prolactin
concentrations are subject to diurnal variation,
every effort was made to ensure that measure-
ments were taken at the same time in all
patients. Therefore, blood samples were col-
lected only between 0900 and 1200 hours
preoperatively, and between 1400 and 1700
hours postoperatively. Operative samples were
either collected in the morning or afternoon,
but patients undergoing night-time surgery
were not included.

IMMUNOHISTOCHEMISTRY

Tumour specimens from all 20 patients were
available as paraffin wax embedded tissue
blocks. Frozen material was also available in
four cases. Sections of 4 um thickness were
prepared from all paraffin wax tissue blocks
and adhered to Vectabond treated (Vector
laboratories, Burlingame, California, USA)

trols consisted of consecutive test sections in
which primary antibody was either omitted or
replaced with non-immune serum of the same
immunoglobulin subclass.

WESTERN BLOTTING

Aliquots of 250 ul of homogenised fresh
tumour or normal human pituitary were
sonicated for 4 x 30 seconds at 4°C. After
250 pl of 2x SDS (sodium dodecyl sulphate)
sample buffer was added to each sample, the
samples were boiled for five minutes. Equal
volumes of each sample (20 pl) were separated
on SDS/10% polyacrylamide Laemmli gels.
Proteins were transferred (90 V for 90 min-
utes) on to nitrocellulose membranes (Amer-
sham Hybond-C; Amersham, Little Chalfont,
UK). The synthesis of prolactin was analysed
using antiserum against prolactin (NCL-PRO;
Novocastra) at a 1/50 dilution. Antimouse
horseradish peroxidase conjugated secondary
antibody (Dako) was used at a dilution of
1/1000 for detection with the enhanced chemi-
luminescence system (ECL; Amersham-
Pharmacia Biotech, Rainham, UK). The
standard immunodetection protocol as de-
tailed in the ECL handbook was used.
Exposure times were in the region of 30-90
seconds.

Results

SERUM PROLACTIN MEASUREMENTS

Table 1 shows the results of serum prolactin
measurements in patients with colorectal
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Figure 1 Immunohistochemistry for prolactin. (A) Paraffin wax embedded section of normal human pituitary showing strong staining for prolactin. (B)
Absence of prolactin gene expression in colorectal cancer specimen. False positive staining for prolactin in a colorectal cancer specimen: (C) apparent
staining with specific prolactin antiserum, (D) a consecutive section in which primary antibody has been omitted shows the same staining pattern.
Subsequent blocking studies demonstrated that this non-specific staining was caused by the presence of endogenous biotin.

cancer and in controls. Five patients with
colorectal cancer (three women, two men) had
preoperative prolactin concentrations above
the normal reference range. Of these, only two
patients were considered to have clinically
important®” rises (patients 2 and 19). After
surgical resection of their tumours, prolactin
concentrations remained high in both of these
patients. All twenty patients with colorectal
cancer had greatly raised prolactin concentra-
tions at the time of surgery, irrespective of
whether this was measured in peripheral blood
or in blood taken from veins draining the
tumour. There was no significant difference
between prolactin concentrations measured in
peripheral blood and those measured in blood
taken from the main veins draining the tumour
at the time of surgery.

None of the control patients had raised
preoperative or postoperative concentrations of
prolactin. However, operative concentrations
of this hormone were greatly raised in those
patients receiving surgery for diverticular
disease, but not in patients undergoing haem-
orrhoidectomy or fistulostomy.

IMMUNOHISTOCHEMISTRY

As expected, immunohistochemistry for prol-
actin showed strong staining of pituitary tissue
(fig 1A). However, none of the 20 colorectal
tumours, including those from patients with
raised preoperative and/or postoperative
values, showed any evidence of prolactin stain-

ing either in the tumour itself or in surrounding
tissues (fig 1B). This was true for four tumour
samples in which immunohistochemistry was
also performed on frozen sections.
Immunohistochemistry was performed on a
second series of 50 patients with colorectal
cancer, all of whom were negative for prolactin
immunostaining. However, high concentra-
tions of endogenous biotin were detected in
negative control sections, highlighting the
importance of controls when interpreting
immunohistochemical assays (fig 1C and D).

WESTERN BLOTTING

All four samples assayed by western blot analy-
sis were negative for prolactin expression.

23.5 kDa

C 1 2 3 4

Figure 2 Western blot analysis for prolactin. Western blot
analysis of tissue from four colorectal cancer tumours
showed absence of prolactin gene expression (lanes 1-4),
whereas normal human pituitary showed a strong band at
the expected molecular weight (lane C).
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However, normal human pituitary gave a very
strong band at the expected molecular weight

(fig 2).

Discussion

In our study, we have shown significant
increases in serum prolactin in only two of 20
patients with colorectal cancer before surgical
resection of their tumours. Although an
additional three patients had mild increases,
the border between “normal” and “raised”
prolactin is ill defined, and concentrations up
to 600 mIU/l are generally not considered
abnormal.®” Serum concentrations of this hor-
mone remained raised in both of these patients
after surgery. A combination of immunohisto-
chemistry and western blotting failed to
demonstrate the presence of prolactin in any
tumour sample, including those from patiemts
with raised serum concentrations. Further-
more, 50 additional colorectal cancer cases
assayed for prolactin gene expression by
immunohistochemistry alone were also nega-
tive. Therefore, our results suggest that hyper-
prolactinaemia is not a common finding in
patients with colorectal cancer and that in
those patients with raised concentrations the
tumour is not the source of hormone produc-
tion.

Previous studies have reported a much
higher incidence of hyperprolactinaemia in
patients with colorectal cancer.”” The discrep-
ancy between the results of our study and those
of other studies may be explained by a number
of factors. First, some of the previous reports
have included premenopausal women, or the
reproductive status of the female subjects was
not reported. Prolactin is greatly affected by
the menstrual cycle, and the use of the same
reference range for premenopausal women as
for their postmenopausal counterparts may
give misleading results. For this reason, pre-
menopausal women were specifically excluded
from our series. Second, in several of the previ-
ous studies there is no record of the use of spe-
cific exclusion criteria. A number of factors,
including pituitary, renal, thyroid, or psychiat-
ric disease, or treatment with hormonal,
antiemetic, or opiate based medication, can
dramatically alter serum prolactin concentra-
tions. Patients with evidence of these factors
were excluded from our investigation. In addi-
tion, some previous investigations have not
recorded raw data, but only pooled results. In
these cases it is possible that one or two very
high prolactin results may have skewed the
statistics.

Previous studies have also observed reduc-
tions in prolactin concentrations after success-
ful treatment. However, in our study neither of
the two patients with significant increases
before surgical resection showed a reduction in
prolactin concentrations after surgery, suggest-
ing that in these two patients the tumour was
not the source of their raised values. Immuno-
histochemistry and western blotting subse-
quently confirmed this. In the case of patient 2,
a possible explanation of the raised concentra-
tions is that this patient had terminal malignant
disease and had experienced at least one docu-
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mented ischaemic cardiac episode while in
hospital. Therefore, the raised prolactin con-
centration in this patient may represent the
stress response to severe disease.® On the other
hand, patient 19 was generally in good health
and had undergone a curative resection for a
Dukes’s B tumour. Although there are possible
explanations for this patient’s raised values,
including the existence of an undisclosed pitui-
tary tumour or a heightened stress response,
the precise reasons for the increases remain
undetermined.

In most patients, appreciably raised prolactin
concentrations were seen during surgery. This
phenomenon has been noted during a vari-
ety of abdominal procedures, including
hysterectomy® and lapararscopic  chole-
cystectomy.” Although physical trauma is
important, it is the anaesthetic agents that are
probably the main cause of the hyperprolactin-
aemia seen during surgery.® A particularly
potent inducer of prolactin release is the opioid
analgesic, Fentanyl,*'° and this was frequently
used in the surgery described here. In the con-
trol group, patients undergoing surgery for
diverticular disease, but not those receiving
haemorrhoidectomy or fistulostomy proce-
dures, also had raised prolactin concentrations
during surgery. This may be explained by the
fact that this latter group of patients received
much shorter and less powerful anaesthetic
agents than either the patients with colorectal
cancer or the control patients undergoing
colectomies. In addition, those patients under-
going haemorrhoidectomy or fistulostomy pro-
cedures received shorter and less extensive sur-
gery, which in turn would lead to a reduced
stress response in this group when compared
with the colectomy patients.

A number of previous studies have docu-
mented increased prolactin concentrations as
an adverse prognostic indicator.’ > * Although
our study was unable to demonstrate the
synthesis of prolactin by colorectal cancer
tumours, prolactin release may still be impor-
tant for outcome in patients with colorectal
cancer. In some studies, patients with hyper-
prolactinaemia have been found to exhibit
decreased natural killer (NK) cell activity,'' "
whereas other groups have been unable to
demonstrate differences in NK cell activity
between patients with hyperprolactinaemia
and age matched controls.” However, the
influence of prolactin on NK cells might be
related to its concentration.” > In one study,
varying concentrations of prolactin produced
either a dose dependent inhibition (1, 10, 100
or 250 ng/ml) or stimulation (25-50 ng/ml) of
resting NK cells.'" The finding that prolactin
receptors are expressed on normal gastro-
intestinal epithelium, and also throughout the
cancerous progression of colonic mucosa from
adenomas to liver metastases, suggests direct
effects of prolactin on the growth of colonic
epithelial cells."”

In summary, the results of our study suggest
that hyperprolactinaemia is rare in patients
with colorectal cancer and that the tumour is
unlikely to be the source of hormone produc-
tion. Further work is required to establish the
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precise nature of the raised values seen in some
colorectal cancer sufferers.

We are grateful to Zeneca Pharmaceuticals who kindly provided
the reagents for the prolactin assays.
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