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Summary. Guinea pigs with experimental allergic thyroiditis, induced by three intra- 
dermal injections of thyroglobulin in complete Freund's adjuvant,  were treated by daily 
injections of thyroglobulin emulsified in incomplete Freund's adjuvant over a period of 
12 days. Besides lightmicroscopical, ultrastructural and immunohistochemical studies the 
serum antibody titers were determined and skin tests for delayed hypersensitivity were per- 
formed in all animals. The following results were obtained. 

1. Specific suppression of experimental thyroiditis by homologeous or heterologeous thyro- 
globulin resulted in almost complete absence of the inflammatory infiltrate in the thyroid 
glands. 

2. The cellular hyperactivity and the toxic-degenerative changes of the thyroid cells were 
still present in the desensitized animals. These changes were regarded as residues of the former 
inflammation of the glands. 

3. There was a good correlation between the presence of thyroiditis and delayed hyper- 
sensitivity in all animals. Such a correlation was not apparent between thyroiditis and anti- 
body titers. 

The data, presented in this study, further support the role of cellular immunity in the 
pathogenesis of experimental allergic thyroiditis. The mechanism by which the suppressive 
effect is mediated is discussed. 

Zusammen/assung. Meerschweinchen mit  einer experimentell induzierten Thyreoiditis 
wurde fiber einen Zeitraum yon 12 Tagen tgglich Thyreoglobulin, emulgiert in ineomplettem 
Freundschem Adjuvans, injiziert. Neben licht- und elektronenmikroskopischen sowie immun- 
histochemischen Studien wurden Untersuchungen zur (~;berempfindlichkeit vom SpS~ttyp an 
Hand yon Hauttesten durchgeffihrt. Weiterhin wurde bei allen Tieren der Serum-AntikSrper- 
titer gegen Thyreoglobulin bestimmt. Folgende Ergebnisse wurden erzielt. 

1. Eine spezifische Desensibilisierung durch homologes oder heterologes Thyreoglobulin 
ffihrte bei den Versuehstieren mit  experimenteller Thyreoiditis zu einem fast vollstiindigen 
Rfickgang der Entziindung innerhalb tier Schilddriise. 

2. Das Fortbestehen stimulierter Follikelepithelien und toxisch-degenerativer Ver~nde- 
rungen in den Schilddriisen desensibilisierter Tiere wurde als Hinweis fiir die vorausgegangene 
Entzfindung gedeutet. 

3. Zwisehen dem Vorhandensein einer Thyreoiditis und der Uberempfindlichkeit vom 
verz6gerten Typ (ttauttest) besteht in allen Untersuchungsgruppen eine deutliche Korrelation. 
Eine solche Korrelation liel] sich nieht zwischen Thyreoiditis und Antik6rpertiter nachweisen. 

Die Befunde stfitzen die Hypothese, dab die cellulgre ImmunitS~t ffir das Zustandekommen 
der experimentellen Thyreoiditis den wesentlicheren Faktor darstellt. Die Mechanismen, die 
zur Desensibilisierung fiihren, werden in der vorliegenden Arbeit diskutiert. 

* This work was supported by the Deutsche Forschungsgemeinsehaft. 
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Introduction 

Morphological  and  immunologica l  phenomena  of exper imenta l  allergic thyro-  
idit is  (e.a.t.) have  been ex tens ive ly  s tud ied  in var ious  species (see reviews b y  Rose 
and  Wi tebsky ,  1971; Delespesse et al., 1972). I n  guinea pigs in f l ammat ion  of the  
t hy ro id  g land has been descr ibed to  occur 5 days  to  26 months  af ter  a single injec- 
t ion of t hy ro id  ex t rac t  in complete  F r e u n d ' s  a d j u v a n t  (Lerner et al., 1963). 

Suppress ion of e.a.t ,  has been achieved b y  the  appl ica t ion  of compounds  l ike 
6 -mercap topur ine  and aminop te r in  (Spiegelberg and  Miescher, 1963). E y l a r  et al. 
(1972), on the  other  hand,  were able to  suppress exper imen ta l  allergic encephalo-  
myel i t i s  b y  da i ly  inject ions of the  ant igen  b y  which t h e y  had  induced the  disease 
before. 

As far  as we know there  have  been no previous  a t t emps  to suppress e.a.t ,  b y  
the  app l ica t ion  of the  specific ant igen.  Our exper imen t  demons t ra tes  the  effect of 
specific desensi t iza t ion of e.a.t .  The morphological  a l te ra t ions  of the  i n f l a mma to ry  
inf i l t ra te  and  the  pa renchyma tous  changes will be descr ibed and  compared  with  
resul ts  of de layed  hypersens i t iv i ty  skin r eac t i v i t y  and  with  humera l  a n t i b o d y  
responses. 

Material and Methods 

The experiment was performed on 30 female guinea pigs weighing 250-300 g. 15 animals 
were treated by homologeous thyroglobulin (see Table 1, groups I, I I  and V), 12 animals by 
heterologeous thyroglobulin (groups I I I  and IV) and 3 animals were untreated controls 
(group VI). The experimental design is shown in Table 1. Sensitizing injections were given 
into the foot pads with a volume of 0.4 ml each. Suppression was initiated at the 28th day 
with a single intramuscular injection of 8 mg thyroglobulin in incomplete Freund's adjuvant 
and continued with daily subcutaneous injections of 3 mg thyroglobulin. 3 immunized animals 
were killed at the 28th day, all other animals at the 40th day of the experiment. 

Antigen Preparation 

Guinea pig thyroglobulin was prepared from saline guinea pig thyroid extract by (NH4)2SO 4 
fractionation and further purified by gel filtration on Sephadex G 200 (Salvatore et al., 1964). 
Bovine thyroglobulin was purchased from SIGMA and also purified on Sephadex G 200. 

Immunological Methods 

In all animals a skin test was performed at the 27th and 39th day of the experiment. 
50 ~g antigen solved in 0.1 ml saline were injected intradermally. A simultaneous injection 
of 50 fag gamma-globulin served as control. The skin test was considered positive when skin 
lesions of more than 5 mm in diameter developed at the site of antigen injection after 24 hours. 
The relative amount of precipitating serum antibody was studied by a radial immunodiffusion 
test of antigen in 90% serum-agar slides according to the method of Feinberg et al. (1969). 

Immunohistochemistry 

Thyroid tissue was fixed in cold 10 % neutral formalin and embedded in low melting wax. 
Two indirect immunohistochemical techniques were used to study the distribution of thyro- 
globulin in the thyroid gland. FITC-labelled goat anti-rabbit IgG was used to demonstrate the 
specific binding of rabbit antibody to guinea pig thyroglobulin (for details of the method and 
specific controls see B6cker and Lietz, 1973). Additionally the method of Sternberger et al. 
(1970) was performed for the same purpose using a soluble peroxidase-anti-peroxidase (PAP) 
complex in the last step of the incubation process. 
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Table 1. Treatment of 30 guinea pigs 
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Group 

~qumber 
of animals 

Day Immunisation Suppression 

1 . . . . . . . . .  2 0  . . . 2 7  2 8  2 9  . . . . .  4 0  

I 6 

II 6 

III 6 

IV 6 

V 3 

VI 3 

2 mg 2 mg 1 mg saline saline 
gp thg gp thg gp thg d-ic.F.a, d-ic.F.a. *-~? 
÷e.F.a .  +c .F.a .  +c .F .a .  
2 mg 2 mg 1 mg 8 mg 3 mg 
gp thg gp thg gp thg gp thg pg thg *-~? 
--c.F.a.  ~-e.F.a. -~ic.F.a. +ie.F.a.  -~ic.F.a. 
2 mg 2 mg 1 mg saline saline 
b thg b thg b thg + ie.F.a. + ic.F.a. *-~? 
+c.F.a. +c.F.a. +c.F.a. 

2 mg 2 mg 2 mg 8 mg 3 mg 
b thg b thg b thg b thg b thg *-*t 
~c .F .a .  ~c.F.~.  ~-ic.F.a. ~-ic.F.a. ~ie.F.a. 
2 mg 2 mg 
gp thg gpthg ~ ? 
+ e.F.a. + c.F.a. 
saline saline saline saline saline 
-~c.F.a. -~c.F.a. ~-c.F.a. ~-ic.F.a. ~-ic.F.a. *->? 

* Daily injections continued till sacrifice. 
Abbreviations used in the tables: gp thg=guinea pig thyroglobulin, b thg=bovine 
thyroglobulin, e.F.u. = complete Freund's adjuvant, ic.:F, a. incomplete Freund's adjuvant. 

Histological Investigations 
Diagnosis and grading of e.a.t, were restricted to the presence and extent of actual in- 

flammatory cellular reaction in the thyroid gland. Alterations in size or shape of the follicles 
were not considered to be specific for thyroiditis. 

Specimens from lung, liver, kidney, spleen and lymph node from all animals were processed 
for routine histological investigations. 

Electron Microscopy 
Specimens of thyroid tissue of all animals of groups I and II  were fixed by immersion in 

cold 2.5% ghtar-aldehyde-cacodylate buffer for 2 hours and postfixed in buffered osmium- 
tetroxyde for 1 hour. The tissue was embedded in Epon 812. Thin sections were stained by 
uranyl acetate and lead citrate and examined in a Phillips EM 300 at 60 kV. 

R e s u l t s  

The results of our exper iment  are summarized in Table 2. ~No histopatho- 
logical changes of the thyroids were noted  in control animals  immunized  with 
F reund ' s  ad juvan t .  All bu t  3 out of 15 guinea pigs (groups I, I I I  and V) which had 
previously been immunized  with thyroglobul in  showed inf lamed thyroid  glands 
with the characteristic inters t i t ia l  and  follicular inf i l t ra t ion by  p redominan t ly  
mononuclear  cells (Fig. 1). t tomologeous as well as heterologeous thyroglobul in  
resulted in  identical  thyroid  lesions bu t  the in f l ammat ion  produced by  guinea pig 
thyroglobul in  was regularly far more intensive.  
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Table 2. 

W. BSeker and H. Lietz 

Thyroiditis, circulating antibody and skin test in guinea pigs after sensitization 
and suppression with thyroglobulin 

Group Fre- Degree of Precipitating Positive 
quency thyroiditis antibody to skin test to 
of thy- 
roiditis 0 (q-) -b q- ~- -- q- q- gp thg b thg pg thg b thg 

I 5/6 1 1 2 2 1/6 - -  5/6 4/6 
II 1/6 4 1 1 1/6 - -  0/6 0/6 
III 4/6 1 1 4 0/6 6/6 0/6 6/6 
IV 0/6 5 1 0/6 5/6 0/6 2/6 
V 3/3 2 t ~/3 - -  3/3 3/3 
VI 0/3 - -  - -  0/3 0/3 0/3 0/3 

Fig. 1. E.a.t. (q-q-, group I). Pleomorphie infiltrate consisting of small to medium-large 
lymphocytes, macrophages and plasma cells. Follicles partly invaded by inflammatory cells. 

Toluidin blue. × 250 

Precipitating antibody to the antigen used for sensitization could consistently 
be demonstrated only in group I I I  representing the animals which had received 
heterologeous thyroglobulin. There was no cross reaction to homologeous thyro- 
globulin in this group. All but one animal of groups I and I I I  had positive delayed 
skin reactions after intradermal injection of the respective antigen. This delayed 
hypersensitivity reaction (Fig. 2) was positive with homologeous and hetero- 
logeous thyroglobulin in animals of group I but was restricted to heterologeous 
thyroglobulin in animals of group I I I .  

The most striking result of this experiment seems to be the effect of specific 
suppression of e.a.t. (groups I I  and IV). Desensitization resulted in almost corn- 
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Fig. 2.24 hour skin reaction to 50 Bg guinea pig thyroglobulin. Same guinea pig as in Fig. 1. 
Mononuclear cells in deeper dermis and adipose tissue, tt-E. × 250 

Fig. 3. Suppression of e.a.t. (group II). Note absence of cellular infiltration, interstitial 
edema and activation of follicle eells as only residues of the previous inflammation. H-E. × 250 

ple te  absence of i n f l a m m a t o r y  inf i l t ra t ion  of the  t hy ro id  glands a t  the  end of the  
expe r imen t  (Fig. 3). 

Compar is ion  of the  serum a n t i b o d y  tiger of group I wi th  I I  and  I I I  wi th  IV  
did  no t  show a n y  s ignif icant  effect of desens i t iza t ion  on humora l  a n t i b o d y  

21 Virchows Arch. Abt.  A Path .  Anat.,  Bd. 361 
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response when measured by the radial immunodiffusion method. On the other 
hand there was a significant effect of desensitization on cutaneous delayed hyper- 
sensitivity reaction. The skin test which had been clearly positive in all but one of 
the immunized animals at the 27th day turned out to become negative in all but 
2 animals after specific suppression at the 39th day of the experiment. 

Morphology o/Thyroiditis 

The cellular infiltrate of e.a.t, in guinea pigs has been described by Sobel and 
Geller (1965), Kosunen and Flax (1966) and K~resen (1970). Our study confirms 
their descriptions (Fig. 1). Therefore no further detailed comment on the cellular 
infiltrate seems to be necessary. 

The immunohistochemical studies on thyroglobulin (Fig. 4a and b) demon- 
strated the antigen in the follicular epithelium as well as in the interstitial space 
of the thyroid gland. The colloid of the follicles mostly gave negative results in the 
immunohistochemicM reaction for thyroglobulin. This was a constant finding also 
in untreated guinea pigs (B6cker and Lietz, 1973). In the present study thyro- 
globulin could furthermore be localized within macrophages which were often 
located at the periphery of the inflamed follicles. C-cells which characteristically 
form large clusters in the guinea pig thyroid gland (Lietz, 1971) did not stain at all 
nor did they show any inflammatory infiltration or cellular alteration (Fig. 5a). 
Thyroglobulin staining of the follicular epithelium was irregular in inflamed glands 
when compared to normal control animals. 

Results of electron microscopic investigation of all animals of groups I and II  
reveMed characteristic parenchymatous lesions of the thyroid gland in addition to 
the inflammatory cellular infiltrate. 

The ultrastructure of glands with e.a.t, clearly showed a hypertrophy of the 
follicular epithelium similar to the well known TSH-response. In the normal 
guinea pig thyroid the epithelium was flat while in glands with e.a.t, it became 
columnar and irregular with proliferation of the apical cytoplasm and formation 
of pseudopods. Nuclei and nucleoli increased in size. The microvilli became long, 
Golgi vesicles and lysosomal organelles of the apical cytoplasm became more 
prominent. A constant finding was the distension of the ergastoplasmic cisternae 
which were often cystic and occupied the basal as well as the apical cytoplasm 
(Fig. 6). Destruction of the thyroid follicles by invasion of mononuclear cells was 
a focal finding in 5 of 6 animals of group I. Necrobiosis of follicular cells began 
with cystic dilatation of the ergastoplasm, formation of large autophagic vacuoles 
and pyknosis of the nucleus. The characteristic degeneration of the parenchyma 
resulted in the so called "colloid cell" which is a constant feature of human auto- 
immune thyroiditis (Delespesse et al., 1972) and has also been found in e.a.t, of 
monkeys (Themann et al., 1968). Finally there was a detachement of the epithelial 
cells from the basement membrane, leakage of follicular content into the inter- 
stitium and phagocytosis of the necrobiotic cells by macrophages. Activated 
lymphocytes often penetrated the intercellular spaces (Fig. 5) which were con- 
stantly distended. 

The endothelial ceils of peri- and intrafollicular vessels were markedly swollen 
and often proliferation of the endothelium could be seen. The perifollieular fibro- 
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Fig. 4. a E.a.t. (group I). Immunohistochemical staining of thyroglobulin by the PAP- 
complex. Note the "untouched" C-cells (arrows). Intensely stained thyroeytes as well as 
some macrophages in the interstitium (cross-barred arrows). Haematoxylin. × 250. b Negative 
control. In the first step of tlle incubation process antibody freed serum has been used instead 

of rabbit anti thyroglobulin serum. Haematoxylin. × 250 

cytes  which exhib i t  character is t ics  of per icy tes  in the  t hy ro id  g land  (Lietz, 1973) 
showed m a r k e d  swelling of the i r  cy top lasmic  extensions and  seemed to pa r t i c ipa t e  
in the  cel lular  pro l i fe ra t ion  wi th in  the  in te r s t i t ium.  

2 1 "  
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Fig. 5. E.a.t. (group I). Inflamed thyroid follicle with an interepithelial lymphocyte (L), 
swollen endothelial and pericytio cells (ETP) and a maerophage in the interstitium (M). 

FL follicular lumen. × 13500 
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Fig. 6. E.a.t. (group I). Part of a follicle with extensive degenerative changes. Dilatation, 
hypertrophic golgi field (G) and lysosomes. FL follicular lumen, I interstitium, x8000 
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Fig. 7. Suppression of e.a.t. (group II). Widened interstitium (I) filled with granular colloid 
like material. Degenerative changes of thyrocytes. × 13 500 
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Whereas the cellular infiltrate had rather constantly disappeared in all 
thyroids of desensitized animals (group II) the alteration of the parenehyma still 
persisted. The glands of group I animals regularly showed a marked distension 
of the interstitial spaces (Fig. 7) and a slight degree of interstitial fibrosis. Addi- 
tionally the hypertrophy and the degeneration of the parenehymatous cells could 
still be shown. 

Discussion 

Our experiment has demonstrated that  it is possible to suppress e.a.t, by daily 
injections of thyroglobulin incorporated in incomplete Freund's adjuvant. Our 
assumption that  e.a.t, was present in all animals before specific desensitization 
started is based on several pilot studies on e.a.t, in guinea pigs, on literature data 
(McMaster et al., 1960; Flax et al., 1963 ; Lerner et al., 1963 ; Koffler and Paronetto, 
1964; Wasserman and Packalen, 1965; Kosunen and Flax, 1966) and on the 
presence of e.a.t, in 3 animals of group V which had been killed on the 28th day. 
Furthermore the positive delayed hypersensitivity skin test in all animals on the 
27th day documented the positive immunological response in all sensitized 
animals. 

Immune thyroiditis involves a rather uniform cellular inflammation during the 
first period of the disease. Later on the infiltrate becomes pleomorphie and 
includes macrophages as well as plasma cells (Kosunen and Flax, 1966). As could 
be shown immunohistoehemieally in our study there were scattered maerophages 
containing thyroglobulin. In connection with the plasma cells of the infiltrate it is 
tempting to hypothesize that  the maerophages may act as mediators of processed 
antigen to lymphoid cells within the gland which under this instruction begin to 
synthesize antibody. Thus this process leads to a local antibody production 
(Kosunen and Flax, 1966). 

The parenchymatous changes of the inflamed thyroid gland seems to be a 
characteristic result of the immune response as well in e.a.t, as in human chronic 
lymphocytic thyroiditis. This effect partly mimics the physiological TSH-effect 
on thyroeytes but  in addition demonstrates a toxic-degenerative effect. Inter- 
estingly, this toxic-degenerative effect persisted even after the cellular infiltrate 
of the gland had completely disappeared in the desensitized animals. This might 
be due to the persistence of a humoral factor but cannot be explained as yet. The 
stimulatory effect is believed to be mediated by a humeral factor comparable to 
Lats (Oehi and de Groot, 1969; N6ve, 1971). Our data on hypersensitivity skin 
reactivity and on precipitating serum antibody further support the role of cellular 
immunity in the pathogenesis of e.a.t. (MeMaster et al., 1960; Flax et al., 1963; 
Lerner et al., 1963; Spiegelberg and Miescher, 1963; Salvin and Liauw, 1966; 
Warnatz et al., 1970). Thus there was a good correlation between the presence of 
thyroiditis and positive delayed skin reaction in sensitized and in desensitized 
animals. Such a correlation was not apparent between precipitating serum anti- 
body and thyroiditis. In this connection it is worth to note that  it was not possible 
to show delayed skin reactivity to guinea pig thyroglobulin in animals sensitized 
to bovine thyroglobulin although a mild degree of thyroiditis suggested cross re- 
activity (see also Flax et al., 1963). 
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The present experiment does no t  allow any  conclusion as to the mechanism by  
which the suppressive effect of desensitization of e.a.t, is mediated. I n  experi- 
mental  au to immune disease it is generally believed tha t  sensitized lymphocytes  
initiate the inf lammation in the target  organ (Werdelin, 1972). Thus one possibility 
could be the inactivation of sensitized ]ymphocytes  or blast cells by  thyroglobulin 
which is released continuously from the injection site. Such an effect on sensitized 
cells would be consistent with the present interpretat ion of immune paralysis 
(Diener, 1970; Vasalli and McCluskey, 1971). 

On the other hand, Eylar  et al. (1972) noted an increase in the number  of 
animals which produced ant ibody in the course of suppressive t r ea tment  of ex- 
perimental  allergic encephalomyelitis. Al though precipitating antibodies to thyro-  
globulin in our series did not  show significant differences between sensitized and 
desensitized animals, the presence of blocking antibodies could not  be excluded. 

Our presented results give evidence tha t  experimental  au to immune thyroiditis 
elicited by  thyroglobulin can be specifically suppressed by  this antigen. The fact 
t ha t  the suppressive t r ea tment  is still effective once the disease has developed 
m a y  become of practical importance in human  thyroid  disease. 

The authors wish to thank Miss U. Zeiger and Miss M. Fischer for skilled technical assist- 
a n c e .  

References 

BScker, W., Lietz, H. : Demonstration of thyroglobulin in lymph vessels of TSH-stimulated 
guinea pigs by the indirect immunfluorescence method. Acta endocr. (Kbh.) (accepted for 
publication May, 1973) 

Delespesse, G., Bastenie, P. A., Vanhaelst, L., Neve, P. : Thyroid autoimmunity. In: Thyro- 
iditis and thyroid function, eds. P.A. Bastenie, A. M. Ermans, p. 39-67. Oxford-New 
York-Toronto-Sydney-Braunschweig: Pergamon Press 1972 

Diener, E. : The primary immune response and immunological tolerance. In: Handbuch der 
allgemeinen Pathologie VII/3, eds. A. Studer, H. Cottier, p. 250-316. Berlin-Heidelberg- 
New York: Springer 1970 

Eylar, E.H.,  Jackson, J., Rothenberg, B., Brostoff, S. W. : Suppression of the immune 
response: Reversal of the disease state with antigen in experimental encephalomyelitis. 
Nature (Lend.) 286, 74-76 (1972) 

Feinberg, J. G., Hill, C.W., Doniach, D., Roitt, I .M.: Application of a sensitive radial 
immunodiffusion method for the detection of thyroglobulin autoprecipitins. Int. Arch. 
Allergy 85, 335-344 (1969) 

Flax, H ,  Jancovic, B.D., Sell, S.: Experimental allergic thyroiditis in the guinea pig. 
Lab. Invest. 12, 119-129 (1963) 

K~resen, R.: Experimental allergic thyroiditis in the guinea pig. Acta path. microbiol. 
scand., Section A 78, 625-648 (1970) 

Koffler, D., Paronetto, F. : Serologic and immun/luorescent studies of humeral antibody and 
Gamma-globulin localization in experimental autoimmune thyroiditis. J. Immunol. 94, 
329-336 (1965) 

Kosunen, T. U., Flax, M. H. : Experimental allergic thyroiditis in the guinea pig. IV. Auto- 
radiographic studies of the evolution of the cellular infiltrate. Lab. Invest. 15, 606-616 
(1966) 

Lerner, E. M., McMaster, P. R. B., Exum, E. D. : The course of experimental autoallergie 
thyroiditis in inbread guinea pigs. J. exp. Med. 119, 327-342 (1964) 

Lietz, H.: C-cells: Source of calci~onin. A morphological review, p. 115. Berlin-Heidelberg- 
New York: Springer 1971 



Suppression of Experimental Allergic Thyroiditis 319 

Lietz, H. : Zur Morphokinetik und Cytochemie der Schilddrtise. Z. Zellforsch. 138, 569 (1973) 
3/[cMaster, P. R. B., Lerner, E. M., Exum, E. D. : The relationship of delayed hypersensitivity 

and circulating antibody to experimental allergic thyroiditis in inbred guinea pigs. J. exp. 
Med. 111~, 611-624 (1960) 

N@ve, P. : Experimental thyroiditis in hypoaetive and stimunated guinea pig thyroid glands. 
Horm. Metab. Res. 3, 426431 (1971) 

Rose, N. R., Witebsky, E.: Experimental thyroiditis. In: Immunological diseases, eds. 
Talmage, D.W.,  Rose, B., Sherman, W.B. ,  Vaughan, J .H . ,  p. 1179-1197. Boston: 
Little, Brown and Co. 1971 

Salvatorc, G., Salvatore, ~ . ,  Cahmann, H. J., Robbins, J.:  Seperation of thyroidal iodo- 
proteins and purification of thyroglobulin by gel filtration and density gradient ccntrif- 
ugation. J. biol. Chem. 289, 3267-3274 (1964) 

Salvin, S. B., Liauw, H. L. : Immunologic unresponsiveness to allergic thyroiditis in guinea 
pigs. J. Immunol. 98, 432-441 (1967) 

Sobel, H. J., Geller, J. : Experimental thyroiditis in the guinea pig. II.  Electron microscopy. 
Amer. J. Path. 46, 149-163 (1965) 

Spiegelberg, H. L., Miescher, P. A. : The effect of 6-mercaptopurine and aminopterin on ex- 
perimental immune response in guinea pigs. J. exp. Med. 118, 869-889 (1963) 

Sternberger, L.A.,  Hardy, P .H. ,  Cueulis, J . J . ,  Meyer, H. G.: The unlabeled antibody 
enzyme method of immunohistochemistry. Preparation and properties of soluble antigen- 
antibody-complex and its use in identification of spirochetes. J. Histochem. Cytochem. 
18, 315-333 (1970) 

Themann, H., Andrada, J .H . ,  Rose, N. R., Andrada, E. C., Witebsky, E. : Experimental 
thyroiditis in the rhesus monkey. V. Electron microscopic investigations. Clin. exp. 
Immunol. 3, 491-508 (1968) 

Vasalli, P., McCluskey, R. T. : Delayed hypersensitivity. In: Inflammation, immunity and 
hypersensitivity, ed. Z. lViovat, p. 179-234. New York-Evanston-San Francisco-London: 
Harper & Row 1971 

Warnatz, H., Seheiffarth, F., Sparrer, R. : Immunreaktionen yon lymphozyten gegentiber 
heterologem Thyreoglobulin bei der experimentellen Immunthyreoiditis des Meerschwein- 
chens. Z. Immun.-Forsch. 140, 304-312 (1970) 

Wasserman, J., Packalen, Th. : Immune responses to thyroglobulin in experimental allergic 
thyroiditis. Immunology 9, 1-10 (1965) 

Dr. W. B6cker 
Priv.-Doz. Dr. H. Lietz 
Pathologisches Institut der Universit/it 
D-2000 Hamburg 20 
Martinistr. 52 
Federal Republic of Germany 


	Untitled

