Allergy 1984, 39, 239-247

Review Article

Heterogeneity of Autoimmune Thyroiditis
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During many decades studics of autoimmune
thyroid discases have provided important in-
formation o _autoimmune _mechanisms in
general. In 1936, Rose & Witcbsky (64) suc-
ceeded i producing imental auto-
immune thyroiditis (EAT) in rabbits by in-
Jection of crude thyroid extract together with
complete Freund'’s adjuvant. In the sa

Roitt et al. (62) could demonstrate autoanti-
bodies identified as thyroglobulin precipiins in
sera from patients with the fibrous variants of
autoimmune thyroidics, and finally, Adams &
Furves (1) in the ser o paint vih Grver
discase, isolated a substance with the capaci
St the yroid gand. which ey caed
long-acting thyroid stimulator, due o the pro-
longed action when compared with thyrotropin
(TSH)

Since then a number of resuls have indi-

immune mechanisms are involved in the

Hisologcal fratures of atoimmune thyoid dieases
Autoimmunc thyroid discases are inflam-
matory disorders of the thyroid gland, and can
be divided according to thyroid function (Table
1). A general histological feature is the Iympho-
oytic nfiltravion forming lymphoid follcles
with active germinal centres and infilration of
plasma cells. The lrastructare of the germinal
centres s similar 1o that seen in lymphatic
organs (439). In aucimmune  thyrotoxicosis
(Graves'disease (GD)) the thyroid folicles show
epithelial hyperplasia, while the lsions in auto-
immune myxoedema are characterized by fib-
vosis and destruction of the epithelial cells. Two

Table |

The dasifcation ofauoimmune thyroid discases:

genesis of thyroid \
vears scudies in

immune  response

thyroid
stages of the same disorder. Therefore, theo-

cate not only humoral but also cellular Dsease
ted it not only bumoral bt 3o Ty
oo =
T vecen
animals and man seem 1o in-  Hyperibyoilisn  Graves di
dicate a multifactorial influence involving the e
+ BENCC i s Subseste
heterogencity is evidenced in autoimmune i hyridics
diseases, previously thought (o be o
Hypothyrodim Hashimon'sdscae

ncerning the display of organ-specific
autoantibody formation have to be considered.

Atrophic thyroidcs
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variants of awoimmune myxoedema can be
distinguished: One with masive lymphocytic
fliration and slight fibrosis (Hashimoto's thy-
roiditis (HT)) and one with more prominent
rosis (atrophic thyroiditis (AT). However, all
vt of ot e s, nluin gener-
e ol o 2 wel d
awophi Separaion of HT from fora
Iesioms by morphalogic methods s mpovivle
when the infilrates are pronounced, although
immunohistochemical studies have revealed dif-
ferences in the number of immunoglobul

have been reported. e, Hashitoxicosis (21, 45
Moreover, a form of thyroidits found in other-
normal individuals has receny been de-

of iy e his
h»gu'.\l Iymphocyic infitration is chronic and
progresse. In contrse, the hisologiel eaures
in subacute thyroidits (de Quervain) and slent
thyroidids are reversible without development
of germinal cenues (42). Whether these auto-
immune thyroid diseases consitute a broad
spectrum caused by a single pathological pro-
s, or are separate discase entiies, has ot
been clarified,

Experimental autoimmune thyoditis (EAT)
The understanding of the pathogenic events in
autoimmune thyroidicis has evolved primarily
from animal studies. In EAT in rabbit injection
of cither altered forms of thyroglobulin or un-
altered thyroglobulin. together with complete
Freund’s adjuvan, lipopolysaccharide, or bac-
el andgens, lead t hophoid nkion

gand (30,64, 69, while omision f
polyclonal activators results in appearance. of
autoantibodies without thyroid lesions. In gene-
ral, the reactions are unspecific and disappear
when the immune stimulation is terminated.
EAT could only be produced in apparently
normal animals, and neither athymic mice nor
mice that have been thymectomized or irradi
ated d after immunization undl re-
constitution with syngeneic T cells (65, B:

Tw

Furthermore, it is possible to ransfer E.
normal animals with thyroglobulin-sensiized
Iymphoid cells (12). The development of EAT
thus seems 1o depend on presence of intact T
helper cells in the immune sysem, and the
immune response is probably mediated by T

EAT has served as a model for autoimmune
diseases in general and has given s
umber of resul o the meractions of i
gen and antibody in the immune response (89).
i contrs o che human chrond sucimmuns
thyroiditis, plasma cells or germinal cer
not usually develop in the thyroid gland -y
and EAT does not resemble the lesions in HT,
but tathes.the lesions of subacute tyroidis,
However jous sirains of mice, marked
differences were found in their suscepribil
EAT. vith a suiking correlation o the H-
genotype and with o closer resemblance to
human chronic autoimmune thyroidits (63)

3

Spontaneas autoimmune thyraidics (SAT)
Different animal models are found
taneously developed autoimmune. thyroidits
(SAT) in which the B cells and thei
e o play a deciive role i the i
of the discase. In contrast 10 EAT, neonatal
thymeciomy does nt prevent devtlapmens of
SAT and results in even more severe thyroid
Iesions (3. The preponderance of paamscel
and occurrence of numerous germinal centres
are characierisic features of SA parallel
the findings in human chronie auoimmune
thyradi.but are in contra 1 the obrsa
T30,

“While dl'vrlnpmrl of EAT by immunization
with  appropriate antgens and  adjusants
depends an the prsence of T helper el he
mechanism SAT s sill unknown.
Ao the B cels and their products, Lo an
bodies, play a primary role in the pathogenesis,
and the effector cells may be under separatc
genetic control determining the severity of the
thyroid lesions (65). It is therefore possible that
the defect lies in the suppression of the cfiector
cells (88). These models of SAT have provided
strong evidence for the importance of antigen




in both the induction and maintenance of the
autoimmune response (39, 65, 83, 88).

Lymphocye function in thyoid awtoimmunity
Several abnormalities in number and/or func-
tion of the lymphocytes have been encountered
in autcimmune thyroid diseases, and Volpé and
coworkers (70, 91) have suggested that thyroid
autoimmunity in man s linked 1.2 deficiency of
the T suppressor cells. The development of
‘monoclonal antibodies recognizing the different
Iymphocyte subsets has provided evidence for a
decreased number of OKT, positve cells in HT
(67.74), and functional in o tess have shown
defective suppressor cell function when ex

10 thyroid antigens (3, 60, 7). Howeser, some.
investigators found normal conditions in HT
(17. 47, 82). 1n other suuies excess of T helper
cells (18) and evidence of hyperresponsivencss
of the B cells have been demonstrated (5). Andi-
body-mediated mechanisms such 25 an increase
of K cells (2, 15) and navural monocyte-medic
ated eytotoxicit (66. 75) have been shown. In
subicute thyroidits, Wall & Chartier (82) found
increased suppressor celis, probably reflecting a
non-specific effect of the possibl viralinfection.
which has been supported by a recent study of
plaque-forming cells (84). Mononuclear cells
have been identificd as sites of aniboh

duction against thyroglobulin, microsomal as

a2
Antigeanbody sysems relted 10 the thyrosd gl

Anigers Ancbuntes
Thyrogabutin Thyrogibuln anibodics
Microsomes Micresomat anibodies

Scondcollid  Coll aibodies

Soraceantgens Surfce ancbodics

TSH recepu TSH binding inhiiiog ebodies
cbocs

Thyroid-simulting snobodics
Thyoid groweh-simulsing anibodics
Anibodiesbocking TSH recepir,
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well as thyroid cell membrane antigens (49, 50).
and the immune celis within the thyroid showed.
greater abilty to secrete autoantibodics than
peripheral cells and included a larger pro-
portion of B cell (51, 79).

In 2 recent reveiw Strakosh et al. present data
in favour of an organ-specific and not a general
defet in s suppresor el i thyod -
immunity (70). Whether this dcficiency is
primary in the initiation of the doene o 3
consequence of the disease is not clear, but
recent findings (35) seem to indicatc that a T
Iymphocyte sensitization persists for years after
therapy. at least in GD. Thus, no definite con-
clusions concerning the initation of the auto-
immune process can be drawn at present

Thyroid autoantibodies
The patiern of autoandbodies in autoimmune
thyroiditis is complex and their role s not fully
clarified. Several antigen-antbody systems can
be distinguished (Table 2). Thyroglobulin ant-
bodies were first idenified (62). but this was
soon followed by the discovery of antibodies
against the microsomal fraction of thyroid
epithelial cells, and antbodies 2 the
second colloid_antigen and epithelial surface
antigen (19). Thyroglobulin antibodies have
been claimed 10 be responsible for initiation of
the autoimmune process in HT as indicated by
experimental studies (88). The thyroglobulin
autoantibodies are direcied against a limited
number, possibly (o 10 four, of epitopes on
the molecule of the colloid glycoprotein, thyro-
globulin. In the majority of sera from patients
with HT the autoimmune response is directed
towards the same epitopes (56). Due to the
limited epitope density the corresponding im-
mune complexes are generally not comple-
ment-activating (28, 78) though they contain
1G subclasses able to fix complemen (34).
“Thyroid-stmulating antibodies, present in
most cases of GD, have been suggesed to be
responsible for the thyrotoxic state of this dis-
order. These antibodies are directed against
components of the thyroid cell membrane in-
volving the TSH receptor. and mimic TSH in
various ways. This has been used in methods
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for measuring these antibodies (8, 10, 61). Also
antibodies which inhibitthyroid adenylate
eyclase activity and TSH siimulation have been
demonsirated (9). Recenty, these antbodies
have also been demonstrated in patients with
HT (11, 14), and during the acute phases of
subacute thyroidits (69, 81). Autoantibodies,
that might stimulate the growth of the thyroid
gland have been detected in patients with
goitre (22), and in primary myxoedema anti-
bodies blocking the trophic effect of TSH have
been reported (23),

It is thus evidenced that several different

thyroid sucandbodies it with relaton to the

ue, Some of these st on hyrid si-
Ulton by ncressing eyl AMP o the
e hormone,some act o thr0id rowth by
cither stmulation or i a
able 10 compete with the native hormone for the
receptors without stimulating the thyroid aden-
ylate eyclase or even blocking the receptor func-
tion.

In addition to all these autoantibodics. pos
ly also anti-idiotypic antbodies towards the
hyperariable regions of 1gG can be found.
Roitt et al. (63) have proposed that a disturb-
ance of this region towards thyroglobulin might
be present in HT. Studies in obese strain (OS)
chickens, howeser. have indicated that  this
phenomenon is probably secondary (39)

Circularing immune complexes have been de-
tected in sera from parienis with both HT and
GD (14, 16, 40, 48). Recent data have indicated
that the composition of these immune com-
plexcs is heterogeneous with respect o anti-
genic content, ratio of antigen to antbody as
well as complement dependent properties (14,
36, 48), and might represent a wide specirum
Just like the antibodics (50).

The pathogenic potential of thyroid autoani-
bodies has been supporied by the studies of
symptomless thyroididis. Thyroid antibodies of
low titres are frequently present in otherwise
symptomless individuals (41). When studicd at
necropsy. the presence of thyroid autoanti-
bodies was paralleled by focal lymphoid infiltra-
tion in the thyroid gland (92), in accordance
with animal studies showing a relation between
iniibody response and degree of lymphocytic

infitration of the thyroid (44). The clinical im-
plications of this was evidenced by the risk of
dexeloping hypothyroidism in long-term follow
up studies. When only thyroid antibodies were
presen, the risk was 7.8% per year, while the
annual incidence was much higher (25%). when
also serum TSH was elevated (31). This agrees
with the concept that symptomless autoimmune
thyroidits appears as a graded process of
thyroid alierations eve e suling in hypo-
thyraidm () whera ihe genedcpredi
position in this condition is not kno

St hyrodis and subscote hyrii ar
reversible conditions with transitory presence
of thyroid autoantbodies (37). A number of
bave evdenced 3 vira pahogeneis

). but a
the dr\’clnpm
sccondary immune response to the inflamm
(ory release of the antigen

Genetic aspeets in animals

1t has been shown that immune response genes
linked to the major histocompatibility complex
(MHC) may be important in determining the
suscepiibiity of mice duced by
iyl it adjova. Rove 1. (69
have proposed that at least three geneically
cterinad defecs paricpate i
genesis. Two genes, located 10 the H
plex, predispose 0 an altered im:

sporse o thyroid compones. and diminith

recently been supported by
and further by Wick et al. (88) in OS chickens
In SAT all these genetic defects may be re-
quired in a varying degree to initiate the auto-
immune response, while in EAT complete ad-
juvant may pardy overcome the need for gene-
tic predisposition. In OS chickens an abnormal
thyroid function with hyperresponsiveness 0
very low levels of TSH has been demonstrated
before hatching and signs of thyroiditis (88)
“This same abnormality was seen in Cornell
Strain birds (46) with much lower incidence of

roiditis. These findings support the theory




of a geneiic organ-specific defect. In OS
chickens also the thymus appears immuno-
logically hyperresponsive 10 thyroid gland.
which may be important for discasc develop-
ment (72). Moreover. the concept of a thyro-
tropic viral induction of thyroid abnormality in
a genetically predisposed individual has been
proposed. and C-type virus-like particles in OS
chickens have been demonsirated, but need:
further confirmation (7). Recently, it has been
possible 10 convert low-responder inbred strains
of mice 10 high-responders by cyclophos-
phamide. treauncnt, suggesting that the sup-
pressor actiity influences the lesions (89}

Genetc asprets in man
The MHC in man analogous (© the H-2 com-
plex in mice is the HLA complex. Several stu-
dies have emphasized the influcnce of HLA
upon many discases (27, 71), These discases can
he divided o those primarily asocitcd with
the serologically defincd HLA-A. B, C anigens.
ind those it sronger associnions with the
antigen of the D locus identified by mixed
Iymphocyte culture () antigens) or serologcally
on B Iymphocytes (D-related or DR antigens)
‘These disorders are generally autoimmune dis-

It has therefore been suggested that sus-
ceptibility for development of argan-specific
autoimmunity could be linked 10 certain HLA-
D/DR alleles or that HLA-D/DR could them-
selves act as immune response genes.

A number of swdies in relatives of patients
with autoimmune thyroid diseases have indi-
cated 4 genetic component in the pathogenesis.
but there was also a high incidence of apparent-
Iy nonimmurelogical thyrod dicsses i the
families, indicating influence of faciors relating
o the. thyrcid fand Aselt. snalogous o he
findings in animal suwdies (32, 33). An associa-
tion between the HLA system and autoimmune
s vas Tt demonred in GD in

which the frequency of HLA-DIDR3 was in-
e (/ 7). At the a highly in-
creased frequency of HLA-Bw35 was found in
subacute thyroiditis, while this discase was ap-
parently not associated with HLA-D/DR (6, 57,
58). This further strengthens the concept that
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the immune response in this disease was pos-
sibly secondary o 3 viral infection, and not of
autoimmune origin, and it has been proposcd
that the HLA antigens may act as recepiors for
infectious agents imvolved in the pathogenesis
(27). Recently, by combining-with prescnt data,
Farid & Bear (27) suggest that DR5 may be
increased secondary to Bw35, and they postul-
ate that the autoimmune process is restricted
by Bw35 and is determined by an Ir genc in
linkage disequilibrium with DR5 (27

It was ot possile o show 2 desaonsof
the frequencie f HLA andgens i thechror

et al. (85) between DR5 and HT. These find-
ings indicated a genetic distinction between th
two variants of autoimmune thyroidits (Table
3) and have later been confirmed by others (26,
76). Preliminary findings have zlso shown an
increase in the prevalence of DR5 in silent
thyroiditis occurring post partum and of DR3
i silent thyroiditis unrelated to pregnancy (27).
As the HLA system might be important for
control of the events responsible for antibody
formation, the relationship between HLA ak
leles and the patiern of autoantibodics in auto-
immune thyroidids was of interest. In subacute
thyroiditis a relation between HLA-Bw35 and
an increase has been shown (58), and in
GD an association between HLA-DR3 and IgG.
has been demonstrated (13). but no clear rela-
tion to thyroid autoantibodies. A significantly
greater lymphocyte blast transformation in re-
sponse to thyroglobulin in DR3 posidse pa-
tents has been demonstratcd in GD (68). In
HT 2 relation between abscrce of D5 and thyr-
oglobulin antibodics (29). thyroid-simulating
antibodies (1) and immune compies
been found. while similar relations t0 D5 were
not present in AT (86). It was remarkable that
the D5 gene, which scems to be associated with
the susceptibilty to develop HT. was negatively
associated with the formation of most organ-
specific autoantibodies, which probably play 2
pathogenic role in the development of the dis
case. However, the same patiern has been en-
countered in patients with pernicious anemia,



K. BEGH ET AL

Tables
The HLA andigens asociaid with atcimmne thyroii

Discae A
[r—— oioRs
Arophic thyroidis ooRs
Hashimoo' hyroidis ooRs
Subscute thyrodics Buss
Siten thyridis D/DRS - D/DRS?

itis is evident, and therefore HT and AT should
be regarded as separate disease entities and ot
as different stages of the same disorder. Ant-
body formation is probably under geneic con-
trol, and a different relationship between auto-
antibodies and the HLA-D alleles has been
demonstrated in these variants. Moreover,
genetic disdnction exists between the chronic
and reversible form of autoimmune thyroidits.
s the lauter is not associated primarily with the
HLA-D, but instead with the HLA-B

“This suggests that there could be 2 difference in

another D5-associated discase, in which intin-
sic factor antibodies were decreased in D5-pos-
s indiidu 15,

Farid et al. (26) have proposed a relationship
between k5 and atosnivodics promoing
goitre formation as an explanation of the as-
sociation of this allle in HT and not in AT.
A as been demonstrated. that
h were also
HT, might have growthvstimulating

between
anbocies wih grovrkimulaing capcity and
DIDRS in HT

than a common organ-specific abnormalicy. al
though it is evident that disease development
due t0 an inierplay of several different factors.
Studies of the full spectrum of autoantibodics
i organ-specific autoimmunc discascs and
their relation to HLA-D antigens arc nceded
for further progress in this ficid
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These findings suggest a HLA-D restriction
and genetic specifcity of the proliferative re-
spomse o he releant anigens a8 vas proposed
by Farid & Bear (27). In analogy to animal
sudies there might b gencicaly determined
low- and high-responders with respect

specific autoantibodies. The antbodics of the
D5-posiive individuals might be of higher af-
finity, or the D5 might function as recepior for
hse setbocles, reling i e apid di-
The mechanisms i the
denciopment of the dieas were probatiy de.
pendent on muliiple genes as well as environ:

Concluding remarks
Recent progress now scems 1o indicate that
autoimmune thy veral vari-
s wit gencticaly éffernt przdupw\lon
Furthermore, e disincion betwees

ko and porgokrus auimmune thyrode

P.Carl Petersens Foundation
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