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Somatostatin: a paracrine contribution to
hypothyroidism in Hashimoto's thyroiditis
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SUMMARY Thyroid tissue from 18 consecutive cases of Hashimoto's thyroiditis treated surgically
were stained immunohistochemically for neurone specific enolase (NSE), somatostatin, calcito-
nin and thyroglobulin. Cells staining for NSE and somatostatin were present in 14 cases. In four
cases large numbers of cells including oxyphil cells stained for NSE. Consecutive sections showed
an identical staining pattern of these cells for somatostatin. Sections stained for calcitonin showed
few or no positively staining cells. There were moderate numbers of NSE and somatostatin-
containing cells in five of the cases, occasional cells in five and none in four cases. Electron
microscopy confirmed neurosecretory-like granules within positively staining cells.

Somatostatin is known to inhibit T3 and T4 production or release from thyroid cells by a direct
action.
We suggest, in Hashimoto's disease, somatostatin in paracrine cells serves as a local inhibitory

neuroendocrine effector and could be causally related to the hypothyroid state.

Thyroid function and dysfunction have largely been
understood in hormonal and immunological terms.'
Somatostatin has been described in scanty numbers
of parafollicular cells,2 in one and the same cells as
those known to produce calcitonin,3 and in medul-
lary thyroid carcinoma.4 Somatostatin reduces TSH
stimulated synthesis or release of T3 and T4.5 These
authors suggested a physiological role for somato-
statin in the regulation of thyroid metabolism. A
role for somatostatin has not yet been considered in
thyroid dysfunctional states where by its inhibitory
influence it may play a part in hypothyroidism.

Hashimoto's thyroiditis encompasses a variety of
clinical and histological features. Diagnosis depends
upon serologically expressed immunological factors;
cell-mediated factors, perhaps being more impor-
tant in pathogenesis.6 Usually the disease presents as
a painless diffuse goitre in young and middle-aged
women and is often associated with hypothyroidism.
The thyroid gland tends to be rubbery, firm and
lobulated. A prominent nodule may provoke a sus-
picion of malignancy, local pressure symptoms or
cosmetic indications for thyroidectomy may be
present.7 In this way specimens of Hashimoto' s
thyroiditis, amongst the causes of hypothyroidism,
are most often available for study.
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The parafollicular cell is a member of the APUD
or neuroendocrine programmed cell series, for
which NSE is a marker.8 Immunohistochemical
staining for NSE, calcitonin, somatostatin and
thyroglobulin. was performed on 18 cases of
Hashimoto's thyroiditis and electron microscopical
observations were made on one.

Material and methods

A series of 18 consecutive cases of Hashimoto's
thyroiditis treated by surgery were studied.

Routinely formalin-fixed and paraffin-processed
material from the files of the Bland-Sutton Institute
was used. It was not possible to determine the area
of the thyroid from which the blocks were taken in
any of the cases. Serial sections were cut at 5 gm and
stained for NSE, somatostatin, calcitonin and
thyroglobulin by an indirect enzyme-labelled anti-

I body method9 after blocking of endogenous per-
oxidase for 20 min in 3% hydrogen peroxide in
methanol.

Antiserum to neurone specific enolase and the
purified antigen were the generous gift of R Thomp-
son (department of Clinical Biochemistry, Adden-
brooke's Hospital, Hills Road, Cambridge). Anti-
serum to synthetic somatostatin conjugated to Limpet
haemocyanin (lot No 29189) and anticalcitonin
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serum (lot No 35189) was purchased from RIA
(UK) Ltd (3 Manor Place, Athenaeum Street, Sun-
derland). Synthetic somatostatin was kindly given by
RIA. Antibody to human thyroglobulin was raised
in New Zealand white rabbits by injecting 500 ug
subcutaneously into multiple sites at three-weekly
intervals together with Freund's incomplete adju-
vant. All of the antisera were used at a dilution of
1/100 for the primary incubation. Horseradish
peroxidase-conjugated antiglobulin was used at a
dilution of 1/50.

Immunochemical staining was repeated after
absorption of the relevant antiserum with purified
somatostatin, thyroglobulin or enolase and with
non-immune serum as the first antibody. In each
case 100 ,ul of cyanogen bromide-activated Sephar-
ose 4B beads were used to bind 80 jig of somatosta-
tin, 200 Ag of neurone specific enolase and 100 ,tg
of thyroglobulin. An amount (500 ul) of the rel-
evant antisera at 1/100 dilution was added to the
bound antigen and an equal amount to 100 ,ul of
activated beads without bound antigen, for 30 min
prior to its use for the primary incubation.

Formalin-fixed tissue was available from one of
the cases on which electron microscopy was per-
formed.

Results

Cells staining for NSE and somatostatin were found
in 14 of 18 cases. Four showed numerous cells stain-
ing positively for NSE. There were large areas of
these cells, often arranged in a nodular configuration
(Fig. 1). The cells were seen in interfollicular and
follicular locations; and forming small acini. Isolated
solitary cells were also present. Some of these cells
corresponded to cells which appeared oxyphilic in
haematoxylin and eosin preparations. A case in
which an oxyphil cell adenoma was present showed
staining for NSE by the adenoma. Moderate num-
bers of cells stained for NSE in five cases, occasional
cells were present in five and none was seen in four
cases.

Consecutive sections stained for somatostatin
showed an identical staining pattern of correspond-
ing cells. Sections stained for calcitonin showed few
or no positively staining cells in each of the cases.
Sections stained for thyroglobulin showed staining
of colloid and occasional follicular cells; these cells
did not correspond with those staining for NSE and
somatostatin (Fig. 2). Staining was abolished when
non-immune and serum preabsorbed with the cor-
responding purified antigen were used. Staining was
slightly reduced when antibody incubated with acti-
vated beads without bound antigen was used, this
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Fig. 1 Low power view ofarea in Hashimoto's thyroiditis
staining for NSE. NB nodular arrangement and formation
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of acini.

being attributable to some non-specific antibody
binding to the beads.
One case which showed numerous cells forming

small acini and staining for both NSE and somato-
statin was examined in the electron microscope.
Cells containing numerous weakly to moderately
osmiophilic membrane bound granules 230-430 nm
in diameter were found (Fig. 3).
The pre-operative thyroid functional status cor-

responding to each of this series of cases is summar-
ised in Tables 1-4. Two of the four cases showing
numerous cells with positive staining for NSE and
somatostatin were demonstrably hypothyroid at the
time of operation. One of the five cases showing
moderate numbers of such cells was hypothyroid
and another showed borderline low thyroid func-
tional status. In one case showing occasional cells
staining for NSE and somatostatin, there was some
evidence for hypothyroidism; and one of these was
at the upper end of the normal range. One of four
cases showing no cells, was hypothyroid. One of
these cases showed hyperthyroidism. The remainder
of the cases were euthyroid at the time of operation
(Fig. 4). In each case clinical assessment of the
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Fig. 2 Corresponding areas ofconsecutive sections stained for (a) NSE; (b) somatostatin; (c)

thyroglobulin by immunoperoxidase method; and (d) corresponding area, but not a consecutve section of
the same case stained with haematoxylin and eosin.

Table 1 Cases ofHashimoto's thyroiditis with numerous cells staining for neurone specifir enolase and somatostatin

Age and Thyroid status T4 (NR = TSH (N < 10 Thyroxine Duraton of Reason for
sex at operation 50-150 nmol/l) JU x 10-3/1) supplement goitre (yr) operation

(mglday)
52 F Low 62 13 0-1 "Many" Nodule ?malignant
43 F Low 64 22-9 0-05 1-5 Nodule ?malignant
57 F Normal 89 - 0*3 13 Pressure symptoms
29 M* Normal 75 8-2 0-2 6 Nodule ?malignant
*Case submitted to electron microscopy.
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Table 2 Cases ofHashimoto's thyroiditis with moderate numbers ofcells staining for neurone specific enolase and
somatostatin

Age and Thyroid status T4 (NR = TSH (N < 10 Thyroxine Duration of Reason for
sex at operanon 50-150 nmol/l) IU x 1031) supplement goitre (yr) operation

(mg/day)
63 F Low 51 26 0-05 1 Nodule ?malignant
55 F Low normal 67 10-9 0-15 11 Nodule ?malignant
73 F Normal 57 9 0-1 0-6 Pressure symptoms
46 F* Normal 79 - 0 0-5 Nodule ?malignant
64 F Normal 81 5 0 7 Removed with block

dissection for
carcinoma of
oesophagus

*Oxyphil adenoma and Hashimoto's thyroiditis.

Table 3 Cases ofHashimoto's thyroiditis with occasional cells staining for neurone specific enolase and somatostatin

Age and Thyroid status T4 (NR = TSH (N < 10 Thyroxine Duration of Reason for
sex at operation 50-150 nmol/l) IU x 10 3/1) supplement goitre (yr) operation

(mg/day)

17 F Low 43 32-8 0-2 16 Pressure symptoms
29 F Normal 83 - 0 0-25 Nodule ?malignant
50 F Normal 139 4 0 16 Nodule ?malignant
47 F High normal 159 4 0-2 2 Pressure symptoms
65 F - - - - - Notes not available

Table 4 Cases ofHashimoto's thyroiditis with no cells staining for neurone specific enolase and somatostatin

Age and Thyroid status T4 (NR = TSH (N < 10 Thyroxine Duration of Reason for
sex at operation 50-150 nmol/l) JU x 10-3/1) supplement goitre (yr) operation

(mg/day)
51 F* Low 64 21 0-05 0-15 Nodule ?malignant
59 F Normal 54 5 0-15 11 Pressure symptoms
52 F Normal 103 - 0 0-5 Nodule ?malignant
26 Ft High 185 - 0 2-5 Toxic, not controlled

on carbimazole

*Follicular lymphoma of thyroid as well as Hashimoto's thyroiditis.
tAntibodies and histology consistent with Hashimoto's thyroiditis. LATS and TSG negative.

thyroid state was commensurate with the hormonal
assays.

Discussion

The APUD, or neuroendocrine programmed series
is widely distributed.'0 In the alimentary tract mem-
bers of this series have a local regulatory (paracrine)
function. Paracrine dysfunction resulting in hor-
monal excess and consequent symptoms are well
described. Endocrine syndromes have been
described in neoplasias of paracrine cells."
Hypofunction or atrophy of an organ due to exces-
sive paracrine inhibition has yet to receive attention.

The parafollicular cell is a functionally enigmatic
component of the thyroid gland, and is a member of
the APUD series. NSE is a marker for cells of this
series.8 Somatostatin is ordinarily present in a few
cells of the thyroid.2 It is present in the same cells as
those producing calcitonin, and cells containing cal-
citonin are usually in great excess over those con-
taining somatostatin.2 Calcitonin and somatostatin
have been demonstrated in medullary thyroid car-
cinoma.4 The role of calcitonin within the parafol-
licular cells of the thyroid is not certain.'2
The clinical and metabolic states seen in cases of

Hashimoto's thyroiditis varies, usually from
euthyroidism to hypothyroidism. Histological fea-
tures such as lymphocyte and plasma cell infiltration,
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Fig. 3 Part of (a) single parafollicular cell (original
magnification x14 000) and (b) two cells on the edge ofan
acinar lumen (original magnification x 13 000) in a case of
Hashimoto's thyroiditis (same case as Fig. 1). NB numerous

weakly to moderately osmiophilic membrane-bound
granules.
oxyphil cell change, acinar disruption and fibrosis of
the thyroid gland are by themselves not diagnostic
or specific.'3 Although cell-mediated immune fac-
tors are thought to be important in the pathogenesis
of the disease,6 the diagnosis depends largely on the
demonstration of antibodies directed against the
thyroid gland, notably antithyroglobulin and anti-
microsomal antibodies in the serum of a patient with
goitre who is often hypothyroid.7 Thyroid function
and dysfunction are conventionally explained in
hormonal and immunological terms. There is
difficulty in establishing whether these factors are a
cause or consequence of the disease. Occasionally
surgical treatment is required in the course of the
disease, providing the material for this study.
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Fig. 4 The number of cells staining for NSE and
somatostatn compared with T4 and TSH concentrations in
18 patients with Hashimoto's thyroiditis. The area below the
horizontal line represents biochemical hypothyroidism. No
cells *; occasional cells A; moderate number of cells 0;
numerous cells U.

In our series of cases of Hashimoto's thyroiditis a
remarkable number of cells with NSE and somato-
statin-like immunoreactivity were demonstrated.
There are no previous reports of such numbers of
somatostatin-containing cells, in excess of
calcitonin-containing cells, in the thyroid gland.
Neurone specific enolase and somatostatin contain-
ing cells were seen in interfollicular and follicular
locations and forming small acini. A nodular pattern
was often seen.
Of 18 cases studied, four showed large numbers of

somatostatin and NSE-containing cells, five showed
moderate numbers, five showed occasional cells and
four showed none. Staining for calcitonin showed
few or no positive cells in any one of the cases.

Electron microscopy confirmed that cells, corres-
ponding to those staining for NSE and somatostatin,
contained variable numbers of large D type
granules, similar to those which characterise
somatostatin-containing cells of the pancreatic
islets."4 Contact of the somatostatin-containing cells
with nerves was not demonstrated either
immunohistochemically with NSE or by electron
microscopy.
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Table 5 Effect ofsomatostatin on the thyroid gland v iodine metabolism in Hashimoto's disease

Somatostain' 16 21 Hashimoto's disease'7 20

TSH stimulated euthyroid volunteers:
Radioiodine uptake high High radioiodine uptake at 4 h followed by loss as butanol insoluble

iodoprotein.
TSH stimulation produces no significant increase in uptake of a first tracer
dose, but uptake of a second dose is increased, provided baseline radioiodine
uptake is low.
Organic binding is defective so that administered radioiodine is taken up but
can be discharged by perchlorate.

Inhibition of T3, T4 synthesis or release Reduced PBI'3' release by TSH
Iodine turnover completely inhibited Iodine turnover variable
A direct action of somatostatin on thyroid cells
Somatostatin blocks TSH effect at the level of Faulty iodine utilisation
thyroid hormone synthesis or release, but not at the
level of iodine uptake

The effect of somatostatin on thyroid iodine turn-
over in euthyroid volunteers was studied by Loos et
al-. Their results suggest that somatostatin blocks
TSH effect at the level of thyroid hormone synthesis
or release, and experiments on isolated thyroid cells
showed that somatostatin acts directly on these
cells.'" These results are summarised in Table 5, and
compared with other studies of iodine metabolism in
Hashimoto's disease.'6-'9 The data are difficult to
compare and evaluate and present some discrepan-
cies. In some cases of Hashimoto's disease increased
iodine turnover is found, whereas somatostatin
administered to TSH stimulated euthyroid volun-
teers "completely inhibits" iodine turnover.20 How-
ever, in both Hashimoto's disease and
somatostatin-treated euthyroid volunteers stimu-
lated with TSH there is inhibition of synthesis or
release of thyroid hormone and inefficient iodine
utilisation, while iodine uptake by the thyroid
remains high.

In our series, no obvious firm correlation emerged
between a hypothyroid state at the time of operation
and the number of cells staining positively for NSE
and somatostatin (Tables 1-4), two of four cases
showing numerous such cells and one of four cases
showing no such cells were demonstrably
hypothyroid at the time of operation. The latter case
was however, complicated by infiltration of the
gland by follicular lymphoma. One case showing no
NSE or somatostatin-positive cells was hyper-
thyroid, one showing occasional cells was at the
upper end of the normal range and one showing
occasional cells was hypothyroid. One case showing
moderate numbers of cells was hypothyroid, and
one was at the low end of the normal range. The
remainder were euthyroid. The data are shown as a
scatter diagram in Table 6. The cases showing
numerous cells staining for NSE and somatostatin
do seem to demonstrate an association with low
thyroxine and raised TSH concentrations or with a
relatively high thyroxine replacement requirement.

None of these cases was associated with a goitre
of recent onset.

It is hazardous to attempt to deduce hormonal
status from morphological assumptions of endocrine
activity and it is not surprising therefore, in an issue
as complex as function of diseased and treated
thyroid glands, that no straightforward conclusions
are forthcoming.

Hashimoto's thyroiditis is associated with other
organ-specific immune diseases.6 It would be inter-
esting to investigate the possibility that paracrine
influences including somatostatin contribute to the
pathogenesis of diseases such as Grave's disease and
pernicious anaemia. Somatostatin is found ordi-
narily within paracrine cells of the thyroid gland. In
conditions of thyroid functional excess it may serve
normally as a local inhibiting "neuroparacrine"
effector, balancing other modulating mechanisms
which act by thyroid stimulation. It is possible that
paracrine influences contribute to the diversity of
thyroid function and histological appearance seen in
Hashimoto's disease. The presence of extraordinary
numbers of cells containing somatostatin, an
inhibitory substance, inappropriate in a condition
tending towards hypothyroidism and the effects of
which are broadly comparable to the metabolic
state of Hashimoto's disease, suggests to us that
a paracrine contribution to the hypothyroidism of
this condition is likely.

We would like to thank Professor N Woolf for his
valuable help and encouragement, Miss Stephanie
Rump and Mr Nicolas Atkins for technical assist-
ance'and Ms Karen Kovler for cheerful assistance in
the preparation of this manuscript.
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