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SUMMARY

A total of fifty-two patients with Hashimoto thyroiditis were tested for delayed
hypersensitivity to thyroid antigens using the leucocyte migration test. The
percentage of patients showing abnormal migration in the presence of crude
thyroid extract, thyroglobulin, thyroid mitochondria and thyroid microsomes was
75, 44, 54 and 34%° respectively. Fifty-three control patients were studied con-
currently with the same antigens and the percentage showing abnormal migration
was 4, 6, 6 and 6% respectively. The antigenic activity of the mitochondrial
fraction was not organ specific; both liver and kidney mitochondria interfered
with the migration of leucocytes from patients with Hashimoto thyroiditis.

INTRODUCTION

During the past 10-15 yr, an extensive literature has accumulated on autoimmune phenomena
in Hashimoto thyroiditis. A variety of circulating autoantibodies directed against com-
ponents of the thyroid gland have been demonstrated in the serum of patients with Hashi-
moto thyroiditis (Doniach & Roitt, 1969). The importance of these antibodies in the disease
process is, however, uncertain. Doniach (1967) reported that the titre of thyroid auto-
antibodies correlated with the histological extent of focal thyroiditis, but attempts to
passively transfer thyroiditis to experimental animals with Hashimoto serum have failed
(Doniach, 1967).

Experimental allergic thyroiditis can be readily induced by the injection of thyroglobulin
in Freund's adjuvant, but no correlation exists between the severity of thyroid damage
and the titre of circulating antibody (Wasserman & Packalen, 1965; Ringertz et al., 1971).
Furthermore, thyroiditis may be induced in animals by the transfer of immunocompetent
cells from immunized donors (McMaster & Lerner, 1967), but less readily by serum,
although some successful passive transfer experiments have been reported (Nakamura &
Weigle, 1969; Vladutiu & Rose, 1971). As a result, interest has centred upon the role of
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cellular immune mechanisms. The massive infiltration of lymphocytes and mononuclear
cells lends some support to this view.
To date, however, relatively few observations of cellular hypersensitivity to constituents

of the thyroid gland have been published. Using the leucocyte migration test as an in vitro
correlate of delayed hypersensitivity, S0berg & Halberg (1968) demonstrated cellular
hypersensitivity to crude thyroid extract in twelve out of fifteen patients. Brostoff (1970)
later demonstrated hypersensitivity to thyroglobulin in sixteen out of twenty-six Hashimoto
patients.
The purpose of this investigation was to extend knowledge of cell-mediated immune

mechanisms in patients with Hashimoto thyroiditis by studying the effect of crude thyroid
extract and also sub-cellular components of the thyroid gland on leucocyte migration.
In addition, the organ specificity of the reaction with mitochondrial fractions from other
tissues was investigated.

METHODS AND PATIENTS
Patients

Migration tests were performed on a total of fifty-two patients with Hashimoto thyroiditis,
forty-eight females and four males. Diagnosis was on clinical and serological evidence
and twenty-nine of the patients had histological confirmation. Migration tests were per-
formed concurrently on fifty-three control subjects, forty-nine females and four males.
These consisted of medical and laboratory personnel (forty) and hospital patients with
miscellaneous conditions (thirteen). Only control patients with negative thyroid antibody
levels, as determined by tanned red cell and complement fixation tests, were included in the
results. Control and Hashimoto patients were not strictly age matched. However, no
correlation existed between migration results and the age of the patients.

Leucocyte migration test

The method of Bendixen & S0berg (1969) was used with minor modification. The
theoretical basis of the test depends on the fact that lymphocytes from a sensitized individual,
on contact with specific antigen, produce a soluble factor which modifies cell migration.
In the absence of antigen cell migration is unaffected. 50 ml venous blood was collected.
10 ml was allowed to clot and the serum stored for subsequent antibody determination.
The remainder was heparinized (Evans preservative-free heparin, 10 units/ml) and the
blood allowed to sediment at 370C for 1-2 hr. The leucocyte-rich plasma was removed,
centrifuged at 150 g for 10 minutes and the cell pellet washed three times in Tissue Culture
Medium 199 (Wellcome Reagents Ltd). If red cell contamination was excessive, they were
lysed with ammonium chloride (0.84%) for 5 min and the leucocyte pellet washed a further
three times with Tc 199. The washed cells were then resuspended in Tc 199 supplemented
with 10% foetal calf serum (Wellcome Reagents Ltd). Capillary tubes (Drummond 25 pI
microcaps) were filled with the cell suspension, sealed at one end (Cristaseal; Hawksley)
and centrifuged at 150 g for 5 min. The tubes were cut 1 mm below the cell-fluid interface
and the cell pellet positioned, by means of silicone grease, in a leucocyte migration chamber
(Sterilin Ltd). One series of at least three chambers was filled with culture medium alone
and a second series with culture medium plus antigen. The chambers were sealed with glass
coverslips (Chance No. 2) and incubated horizontally for 24 hr. The fan-like pattern of
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migration was then projected (Projectina Microscope) and the area measured by plani-
metry. The effect of antigen on cell migration was expressed as a percentage of the migration
without antigen as follows:

Mean migration in antigen x 100°/
Mean migration in Tc 199

Results were analysed statistically using Student's t-test to see if the presence of antigen
had had a significant effect on cell migration. The average variation between replicate
cultures was 10% and it was generally found that migrations of < 8000 or > 120%0 were
significant at Ps 005.

Antigens
Thyroglobulin: Three different batches of thyroglobulin were tested. One was supplied

by Wellcome Reagents Ltd and was used at a concentration of 50 Yug/ml. The second was
prepared by ammonium sulphate precipitation of crude thyroid extract as described by
Roitt & Doniach (1958) and was tested at a concentration of 50-200 mug/ml. The third batch
was prepared by centrifuging crude thyroid extract at 105,000 g for 60 min to remove the
mitochondria and microsomes. The remaining supernatant, which contained thyro-
globulin (20 mg/ml as determined by gel-diffusion), was used without further purification
at a concentration of 100-200 yg/ml protein. These three batches of thyroglobulin had
similar physicochemical and serological properties in terms of Sephadex G-200 chromato-
graphy and gel-diffusion.

Crude thyroid extract was prepared as described by Goudie et al. (1957) with slight
modification. Fresh human thyroid gland was frozen, cut finely, homogenized in x 4
volumes of saline and left to extract overnight at 40C. The crude extract was then filtered
through muslin, centrifuged at 600 g for 15 min to remove debris, dialysed overnight
against water and stored in small aliquots at - 20'C. It was used in the migration cultures
at a concentration of 350 ig/ml protein.

Thyroid mitochondria and microsomes were prepared from the crude extract by differential
centrifugation exactly as described by Nerup & Bendixen (1969). Subcellular preparations
were washed three times in saline and stored in small aliquots at - 20°C. Thyroid mito-
chondria and microsomes were used at a concentration of 200 and 500 ,ug/ml respectively.

Liver and kidney mitochondria were prepared from fresh human liver and kidney in an
identical manner. The concentrations used were 10 and 100 ,ug/ml protein respectively.
Antigen concentrations higher than those quoted inhibited the migration of leucocytes
from control subjects.

Serology: All sera were tested and titred for thyroid and mitochondrial antibodies by
indirect immunofluorescence using unfixed sections ofhuman thyroid and rat kidney and by
tanned red cell agglutination and complement fixation using purified thyroglobulin and
thyroid extract respectively.

RESULTS

Fig. 1 shows the effect of crude thyroid extract on leucocyte migration. Thirty-eight out of
fifty-one Hashimoto patients tested (750%) gave abnormal migration; four patients showed
stimulation, the mean percentage migration being 133-0+7±5 (SEM); thirty-four showed
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inhibition, 63 4+2 1, and the remaining thirteen were unaffected, 98-3+334. Of the fifty-
three control subjects tested, only two (4%0) showed slightly abnormal migration, 95-8 + 1P3.
Crude thyroid extract contains a number of antigenic components, one of which could be
thyroglobulin. The effect of pure human thyroglobulin on leucocyte migration is shown in
Fig. 2. With this purified antigen, only fourteen out of thirty-two Hashimoto patients
(44%0) gave abnormal responses. One patient was stimulated, 133-0; thirteen showed inhibi-
tion, 65 4+3 1, and the remaining eighteen responded normally, 92-5+1-9. Only two of
the thirty-six control patients (6%) were affected 97-7 + 1P7.
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FIG. 1. The effect of crude thyroid extract on the migration of leucocytes from control subjects
and patients with Hashimoto thyroiditis. x, Significant at PA0O05; *, not significant.

It would appear from these results that the antigenic activity of crude thyroid extract
is not due entirely to its thyroglobulin content. In an attempt to localize the additional
antigenic activity, sub-cellular components of thyroid gland were studied.
The effect of thyroid mitochondria on leucocyte migration is shown in Fig. 3; twenty-

eight out of fifty-two patients (54%/) showing abnormality; five of those being stimulated,
127-0)+2-7- twenty-three being inhibited, 63-3+27 and the remaining twenty-four being
unaffected, 93-5+1-6. Again, control patients gave a normal response, only three out of
fifty-three (60%) giving a significant effect, 98-5 + 1-P5.

Antigenic activity of the sub-cellular components of thyroid tissue was not confined to
the mitochondrial fraction. Thyroid microsomes also interfered with migration as can be
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seen in Fig. 4 where fourteen out of forty Hashimoto patients (350%) gave abnormal migra-
tion; three showing stimulation, 1513+ 214I; eleven being inhibited, 63-6 + 29 and twenty-
six migrating normally, 100 I1+ 2 1. Only two of the thirty-five control patients were
affected, 99-2+ 1 6.
The results shown in Fig. 5 indicated that the antigenic activity of the mitochondrial

preparation was not organ-specific. Both kidney and liver mitochondria inhibited leucocyte
migration in Hashimoto patients although to a lesser extent than did thyroid mitochondria.
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FIG. 2. The effect of thyroglobulin on the migration of leucocytes from control subjects and
patients with Hashimoto thyroiditis. x, Significant at PA0O05; *, not significant.

With kidney mitochondria, five out of eleven patients (450O) showed inhibition, 72@O+3@6
while six patients responded normally, 94@5±3@8. With liver mitochondria, eight out of
seventeen patients (470O) gave abnormal migrations, one stimulation of I 26o0, seven
inhibitions, 61o7+ 6-7 and nine unaffected 99o1+ 3OI. None of the control patients gave
abnormal migrations, 99o2+14 and 97*6+ [-3 respectively.
The effect of crude thyroid extract, centrifuged to remove the mitochondria and micro-

somes, on leucocyte migration is shown in Fig. 6. Of the twenty-five Hashimoto patients
tested, only one gave a slightly abnormal response, the mean migration being 97*4+23.
Twenty-one control subjects were tested but only three showed slight stimulation, the mean
migration being l03*8l +2-9.
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The purified batch of human thyroglobulin (Wellcome Reagents Ltd) inhibited leucocyte

migration in seven of the same twenty-five Hashimoto patients. Thyroglobulin prepared by
ammonium sulphate precipitation of crude thyroid extract gave very variable results in
the migration test and after 2-3 weeks storage at - 20'C was inactive.

Serology: An attempt was made to correlate thyroid antibody titres, both tanned red
cell and complement fixing, with migration index but no correlation was found with any
of the antigens tested.
The sera of all the patients studied were negative for mitochondrial antibody.
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FIG. 3. The effect of thyroid mitochondria on the migration of leucocytes from control subjects
and patients with Hashimoto thyroiditis. x, Significant at Prl5; *, not significant.

DISCUSSION

The leucocyte migration test is now well established as an in vitro correlate of delayed
hypersensitivity and has been used frequently to study cell-mediated immune mechanisms
in a variety of diseases of a suspected autoimmune origin; thyroiditis (S0berg & Halberg,
1968), idiopathic Addison's disease (Nerup, Anderson & Bendixen, 1969), pernicious
anaemia (Brostoff, 1970) and Crohn's disease (Willoughby & Mitchell, 1971). The results
presented here indicate that a high proportion of patients with Hashimoto thyroiditis
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750%) have circulating lymphocytes which are sensitized to constituents of the thyroid
gland. Attempts to identify the components of thyroid extract responsible for the inhibition
of migration, show that at least three are involved; thyroglobulin, mitochondria and micro-
somes. A higher percentage of patients showed inhibition with thyroid mitochondria (540%)
than with either thyroglobulin (440%) or microsomes (350%)
The results with the particulate-free crude thyroid extract are of interest. This antigen

contained a high concentration of thyroglobulin, as determined by gel-diffusion, but was

200

x

180 _

160

o 140 X Stimulation
0

o 2 0 xC

40 .

00

C:C

.2O
O 0-

FI..heefet f hrod icoom.0 n h 4irto Noluyesffo otrlsbect s

21~~~xXE XXX

60

and patiens withHashiotothroidiis xSignifcant t 5; *,Inhibition
40-

20-

Hashimoto Control

FIG. 4. The effect of thyroid microsomes on the migration of leucocytes from control subjects
and patients with Hashimoto thyroiditis. x , Significant at P <_ 0O5; S, not significant.

without effect on leucocyte migration in any of the Hashimoto patients tested, although
some of these patients were inhibited with the commercially obtained human thyroglobulin.
These results suggest that the thyroglobulin present in the crude thyroid extract is in some
way different from the purified substance, perhaps complexed or partially denatured.
Preliminary investigation suggested that thyroglobulin was not very stable; different
batches did not have the same activity on a weight basis and one batch was found to be
completely inactive. Furthermore, thyroglobulin prepared by ammonium sulphate pre-
cipitation of crude thyroid extract (Roitt & Doniach, 1958) gave variable results in the
migration test and after 2-3 weeks storage at - 20'C was inactive. It would seem therefore



436 Elizabeth A. Calder et al.

that the molecular component of human thyroglobulin which is antigenically active in the
leucocyte migration test is not stable. As regards the organ specificity of mitochondria in
the test, the antigenic activity was found to be non-organ-specific, inhibition being observed
with both liver and kidney mitochondria thus indicating some degree of cross-reactivity.
This agrees with the results of Brostoff (1970) who showed that leucocyte migration in
Hashimoto patients was inhibited by rat liver mitochondria. Nerup et al. (1969) reported,
however, that the antigenic activity of mitochondria in Addison's disease was organ-
specific.
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FIG. 5. The effect of liver and kidney mitochondria on the migration of leucocytes from control
subjects and patients with Hashimoto thyroiditis. x, Significant at PS 0O5; *, not significant.

It is somewhat surprising that delayed hypersensitivity to non-organ-specific mitochondria
should be associated with an organ-specific disease such as Hashimoto thyroiditis. It is
interesting that Richens et a!. (1972) have recently reported similar findings with diabetes
mellitis, which is known to be associated with the organ-specific group of autoimmune
disorders (Irvine et at., 1970). The possible pathogenic role of lymphocytes specifically
sensitized to mitochondria is uncertain; they may be a sequel to the destruction of the thyroid
gland, or, alternatively, simply be part of a general manifestation of autoimmune disease.

If in fact cell-mediated immune mechanisms play a part in the production of autoimmune
lesions it is likely that the initiating reaction is one involving a cell-surface component.
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FIG. 6. The effect of particulate-free thyroid extract on the migration of leucocytes from control
subjects and patients with Hashimoto thyroiditis. x, Significant at P>r0005; *, not signi-
ficant.
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