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Ectopic production of methionine enkephalin
and beta-endorphin
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Summary and conclusions

Immunoreactive methionine enkephalin and beta-endor-
phin were sought by serial dilution of tissue extracts and
assay of chromatographic fractions in non-endocrine
tumour tissue from three patients with the ectopic ad-
renocorticotrophin syndrome associated with carcinoid
tumours and in normal lung tissue and thymic tissue
from a patient with myasthenia gravis. In all cases serial
dilution of extracts showed parallelism to standard
radioimmunoassay curves.
The two peptides were found in high concentration in

the three tumours but were undetectable in the control
tissues. In a single case tested the methionine enkephalin
concentration in a vein draining the tumour was twice
that in a peripheral vein.
In view of their profound effects on behaviour in

animals and potent analgesic activity in animals and
man the ectopic secretion of methionine enkephalin and
beta-endorphin may modify the clinical features of a
wide variety of tumours and produce some of the diverse
clinical syndromes associated with malignancy.

Introduction

The synthesis and secretion of adrenocorticotrophin (ACTH)
from non-endocrine tumours may lead to the clinical picture of
Cushing's syndrome. The condition is associated with ectopic
lipotrophin secretion.' ACTH and lipotrophin are synthesised
via a common precursor molecule,2 and the recently discovered
opioid peptides 3-endorphin and methionine enkephalin share a
common amino-acid sequence with the C-terminal portion of
the 3-lipotrophin molecule.3 We therefore decided to investigate
the possibility of ectopic production of these peptides in patients
with non-endocrine tumours secreting ACTH.

Patients and methods

We studied three women with the ectopic ACTH syndrome. The
first patient (case 1), aged 39, presented in April 1973 with a manic
psychosis and typical physical appearance of Cushing's syndrome.
The diagnosis was confirmed biochemically, and over the next four
years the disease took a cyclical course both clinically and biochemically
and spontaneously remitted and recurred several times. In December
1977 a malignant thymic carcinoid tumour about 5 cm in diameter was
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discovered and removed. The second patient (case 2), aged 44, pre-
sented in January 1976 with depression and features of Cushing's
syndrome, which was confirmed biochemically. A thymic carcinoid
tumour 3 cm in diameter was discovered and removed in March 1979.
The third patient (case 3), aged 37, presented in July 1979 with an
18-month history of Cushing's syndrome associated with depression.
The diagnosis was confirmed biochemically, and in September a
pulmonary carcinoid tumour 1 cm in diameter was removed from the
left lower lobe. In all cases the psychiatric disturbances and Cushing's
syndrome disappeared with removal of the tumours.
Tumour tissue obtained at operation was immediately frozen on

dry ice and stored at -70°C until extraction and assay. The tissue was
homogenised in 0 IM HC1 and after neutralisation was assayed in
serial dilution for immunoreactive l-endorphin (C-terminal 3-
lipotrophin)4 and methionine enkephalin.' The second assay is
specific for methionine enkephalin, whereas the 3-endorphin assay
shows complete molar cross-reactivity with 3-lipotrophin. Chroma-
tography of fresh tumour extracts was performed on a 1-5 x 100 cm
column of Sephadex G-75 equilibrated with 1% formic acid contain-
ing 1 g Polypep (Sigma, P5115) and pumped upwards at 2 ml/h at
4°C, 1 8 ml fractions being collected. An aliquot of each fraction was
then neutralised by dilution in assay buffer and assayed for 3-endor-
phin and methionine enkephalin. The column was calibrated with
human 3-lipotrophin purified in this laboratory and with synthetic P-
endorphin and methionine enkephalin (Bachem). This system of chro-
matography prevents 3-endorphin and methionine enkephalin being
generated as artefacts from P-lipotrophin.' 6 Fresh control tissue
obtained at operation from two patients without the ectopic ACTH
syndrome was processed in the same manner as the tumours. Normal
lung tissue was obtained from a patient with a pulmonary carcinoid
tumour and thymic tissue from a patient with myasthenia gravis.

In case 2 blood samples taken simultaneously from a vein draining
the tumour and from a peripheral vein were analysed for methionine
enkephalin concentrations after extraction.'

Results

The table shows the concentrations of immunoreactive 3-endorphin
and methionine enkephalin in the three tumours and control tissue
expressed in ,ug/g wet weight tissue. In all cases serial dilution of

Concentrations of 3-endorphin (C-terminal 3-lipotrophin) and methionine en-
kephalin in carcinoid tumours and control tissues

Tumour Control tissue

1 2 3 Lung Thymus

13-Endorphin (~sg/g wet weight
tissue) 179-0 18-0 1818-0 <0 01 <0 01
Methionine enkephalin
(,ug/g wet weight tissue) 0-4 4 0 1-0 < 0 04 < 0 04

tumour extracts showed parallelism to the standard radioimmuno-
assay curves. 3-endorphin and methionine enkephalin were unde-
tectable in normal lung tissue and thymic tissue from the patient with
myasthenia gravis. Assay of the chromatographic fractions for P-
endorphin (see figure: left) showed a peak of immunoreactivity eluting
in the position of P-endorphin in all three tumours, but a peak in the
position of 3-lipotrophin could not be detected in tumour 2. The
methionine enkephalin assay (figure: right) showed a peak coeluting
with synthetic methionine enkephalin, and peaks of immunoreactive
materials of larger molecular weight were also present.

In case 2 the plasma methionine enkephalin concentrations in a
vein draining the tumour and simultaneous peripheral venous sample
were 132 ng and 77 ng/l respectively.
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Sephadex G-75 column chromatography of tumour extracts from three
women with ectopic ACTH syndrome. Left: Fractions assayed for 5l-
endorphin (C-terminal 3-lipotrophin). Right: Fractions assayed for
methionine enkephalin. Figure shows positions of purified human 53-lipo..
trophin and synthetic human ,3..endorphin and methionine enkephalin. Vo=
Void volume determined by spectrophotometry. Baseline is limit of detection
in assay at dilution of fraction. ND=Not detectable.

Discussion

Ectopic 3-endorphin secretion was described in a patient with
pancreatic islet-cell carcinoma.7 Our patients are the first re-
ported cases in which methionine enkephalin has been found
in non-endocrine tumours, and in all three this was associated
with p-endorphin. These peptides were undetectable in normal
lung tissue and thymic tissue from a patient with myasthenia
gravis, suggesting that their presence in carcinoid tumours
derived from these tissues was ectopic. That the methionine
enkephalin concentration in blood from a vein draining the
tumour was roughly twice that in a peripheral vein suggests that
methionine enkephalin was secreted by this tumour. Enke-
phalin has been reported in an adrenal phaeochromocytoma and
an adrenal ganglioneuroma,8 but these may not be classed as
instances of ectopic enkephalin production as this peptide is
normally found in the adrenal medulla. 9

Finding 3-endorphin and methionine enkephalin in non-
endocrine tumours may have important clinical implications.
These opioid peptides have profound behavioural effects on
laboratory animals, including the -production of a catatonic-like
state,'° 11 and it is tempting to speculate that secretion of these
peptides by the tumours could have been at least partly respon-
sible for the psychiatric disturbances in our patients. Depressive
illness may precede other clinical features of malignancy by
several years,2 13 and at the 60th annual meeting of the Endo-
crinology Society in 1978 (abstract No 100) C E Jackson et al
reported that medullary carcinoma of the thyroid (which often
secretes peptide hormones) is associated with a high incidence of
depression before the patients have any knowledge of a thyroid
abnormality. 3-endorphin and methionine enkephalin also
have potent analgesic activity."315 Possibly their secretion by
the tumour and the associated central psychological effects
suppressed some of the clinical features in our patients, includ-

ing pain from the tumour. This is supported by the considerable
delay between the onset of Cushing's syndrome and detection
of the tumour (4 7 years in case 1, 3-2 years in case 2, and 1-5
years in case 3).

Finally, that many (if not all) small-cell lung carcinomas
contain ACTH16 suggests that ectopic production of the related
peptides 3-endorphin and methionine enkephalin may be
common, and probably this is associated with release of other
peptides with behavioural effects. These centrally active,
ectopically secreted neuropeptides may combine to modify the
clinical features of a wide variety of tumours, producing some
of the diverse clinical syndromes associated with malignancy.
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ONE HUNDRED YEARS AGO At an asylum in Vienna (says
the Danube), a novel method of treatment has been adopted. The
director has established a lithographed joumal for circulation in the
asylum, and he induces the patients to contribute to it. Especially he
encourages them to refute the manias of their comrades. The man who
believes his nose to be made of sugar-candy, and liable to dissolve, he
says, can argue with excellent logic against the folly of his friend's
theory that his beard is a tender plant and needs frequent watering.
As a rule, they are able to discuss with good sense all subjects except
those which concern their peculiar delusion. (British Medical Journal,
1880.)
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