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Experimental thyroiditis has been induced 
in rabbits by injections of aqueous prepara- 
tions of altered homologous (1) and certain 
heterologous thyroglobulins (2,  3 ) .  In either 
situation, the production of thyroiditis ap- 
pears to be the result of a termination of a 
natural unresponsive state to autologous thy- 
roglobulin (4, 5 ) .  Aqueous preparations of 
thyroglobulin are rapidly catabolized and do 
not persist as a sustained stimulus as in the 
case of injections of thyroglobulin incorporat- 

ed in complete Freund's adjuvant; thus a 
secondary response to a subsequent injection 
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of an aqueous preparation of native homolo- 
gous thyroglobulin can be studied. In a study 
designed to investigate the latter pheno- 
menon, it was noted that the autoimmune 
thyroiditis, once induced in rabbits, can later 
be enhanced and perpetuated for limited 
periods of time by subsequent injections of 
aqueous native thyroglobulin (6). On the 
other hand, similar injections of native thyro- 
globulin in normal rabbits have not resulted 
in any detectable immune response (4). Fur- 
thermore, i t  has been demonstrated that 
when rabbits were injected with a mixture of 
heterologous (cross-reacting) thyroglobulins 
without adjuvant, the thyroid lesions induced 
were very similar to lesions induced by, in- 
jections of homologous thyroglobulin in com- 
plete Freund's adjuvant ( 3 ) .  

In contrast to rabbits, an extensive study 
of experimental thyroiditis in mice has not 
been reported. Mice are of particular interest 
for studies in thyroiditis because of the 
availability of inbred complement intact and 
deficient strains (7). The inherited comple- 
ment deficiency of certain inbred strains of 
mice was shown to be due to an isolated lack 
of the murine analogue of the fifth com- 
ponent of human complement (C'5) (8). 
Present experiments were designed to study 
the immune response and production of thy- 
roiditis in several strains of mice following 
injections of an aqueous mixture of heterolo- 
gous thyroglobulins. 

Materials and Methods. Mice. The experi- 
ments were performed with 20-30 g adult 
mice of the following strains: Swiss Webster, 
A/JAX, B10-D2/SN new line, B10-D2/SN 
old line, DBA/lJ and DBA/2J. Except for 
the Swiss Webster, the strains were inbred 
and obtained from Jackson Laboratories, 
Bar Harbor, Maine. Mice of the A/JAX, 
Bl@D2/SN old line and DBA/2J were com- 
plement deficient (7). All experiments util- 
ized male mice since it has been shown that 
normal female mice contain a significantly 
lower amount of the late components of com- 
plement and specifically the analogue of hu- 
man components C'5, C'6, and C'7 (8). 

Isolation and purification of thyroglobulin. 
Bovine, equine, human, and mouse thyro- 
globulins were isolated and purified as previ- 

ously described (1) using a modification of 
the ultracentrifugation method described by 
Edelhoch (9).  Fresh bovine and horse thy- 
roids were obtained from local slaughter 
houses. Human thyroid tissue was obtained 
from adults a t  autopsy shortly following 
death. Mouse thyroids were excised from 
many different strains of mice and stored at  
-20" until a sufficient number of glands was 
accumulated for isolation of the thyroglobu- 
lin. Purified thyroglobulin preparations were 
stored at  4" in 0.15 M NaCl with the addi- 
tion of 1 : 10,000 parts of merthiolate. 

Nitrogen determination. Protein nitrogen 
determinations were performed by a modifi- 
cation of the micro-Kjeldahl technique using 
the Technicon AutoAnalyzer ( 10). 

Injection and bleeding of animals. Various 
groups of mice were injected with a mixture 
of equal parts of aqueous preparations of 
human, equine, and bovine thyroglobulins. 
Injections of a similar mixture of heterolo- 
gous (cross-reacting) thyroglobulins were 
very effective in the production of thyroiditis 
in rabbits ( 3 ) .  The mice were injected intra- 
peritoneally with 0.5 mg of a mixture of the 
heterologous thyroglobulins daily for '4 days 
and 1.0 mg was injected on the fifth day. A 
second and third series of injections were 
given with a rest period of 2 weeks between 
each course of injections. The first four injec- 
tions of the second and third series of injec- 
tions were given subcut,aneously and the fifth 
1 .O-mg injections was given intraperitoneal- 
ly. All animals were bled from the axillary 
artery under ether anesthesia 7 days after the 
last injection. 

Antibody analyses. Hemagglutinating anti- 
bodies were ,measured by the Boyden tech- 
nique (1 1) with the use of the Takatsy spi'ral 
loop dilution procedure (12). A 2.5% sus- 
pension of tannic acid-treated sheep erythro- 
cytes was sensitized with 0.5 mg of mouse 
thyroglobulin/ml. Test sera were first heated 
at  56" for 30 min and then absorbed twice 
with an equal volume of packed sheep eryth- 
rocytes. In  order to minimize error due to 
carry-over with the spiral loop dilution 
procedure, high titered sera were first quanti- 
tatively diluted in 0.15 M NaCl containing 
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TABLE I. Production of Thyroiditis and Auto- 
antibody in Complement Intact and Deficient Mice. 

Incidence of Ab titerb 
Strain thyroid lesions’ (mean 2 SE) 

Complement deficient 
A/JAX 22/27 13.8 & 0.18 
B10-D2/SN old line 0/18 7.8 2 0.54 
BSA/2 J 0/14 12.0 t 0.43 

Swiss Webster 11/25 12,4 2 0.28 
B10-D2/SN new line 0/1G 7.6 2 0.62 
DBA/l J 0/14 12.0 2 0.47 

Complement intact 

a Number of animals demonstrating definite thy- 
roid lesions/total number of animals in each group. 

bAntibody titer is determined as the log, of the 
reciprocal of the highest serum dilution showing 
agglutination of sheep erythrocytes sensitized with 
homologous mouse thyroglobulin. Results are ex- 
pressed as the mean titer * the standard error of 
the mean. 

1 : 1 0 0  normal mouse sera previously absorbed 
with washed packed sheep red cells. 

Histological examination. Immediately af- 
ter sacrificing the animals, both lobes of the 
thyroid were removed and fixed in Bouin’s 
solution. Four to five sections through the 
largest part of the thyroid gland lobes were 
stained with hematoxylin and eosin. When 
different degrees of inflammation were ob- 
served in different lobes of the glands, the 
stronger reaction was taken as the result. The 
degree of thyroiditis was arbitrarily graded 
from l+  to 3+ according to the extent of 
infiltration of the cross section of the thyroid 
gland: 1+ = 2 - 4  small infiltration areas; 
2+ = infiltration of 25-50%; 34- = infil- 
tration of 5&75% of the thyroid tissue. 

Results. The average mean hemagglutina- 
ting titers and incidence of thyroid lesions in 
the various groups of mice are given in Table 
I. The sera of the complement intact Swiss 
Webster mice and complement deficient 
A/JAX mice showed the highest mean he- 
magglutinating titer (lo@) to mouse thyro- 
globulin of 12.4 and 13.8, respectively. In 
addition, both the Swiss Webster and A/JAX 
strains were found to be susceptible to thy- 
roid lesions. Twenty-two of a total of 2 7  mice 
in the A/ JAX group showed inflammatory 

lesions of the thyroid glands: 12 mice had 
1+ lesions, 9 had 2+ lesions, and only 1 
mouse demonstrated a 3+ thyroiditis. Eleven 
of 25 Swiss Webster mice showed evidence of 
thyroiditis, 7 animals showed a 1+ lesion 
and 4 animals showed a 2+ thyroiditis. No 
definite correlation between antibody titer and 
severity of thyroid lesions was observed in 
either group. A representative 2+ thyroid 
lesion observed in the mice is shown in Fig. 1 .  
Primarily mononuclear cells were seen in the 
lesions. There were many lymphocytes with 
scattered plasma cells, histiocytes and a few 
polymorphonuclear leukocytes (Fig. 2) .  A 
focal disruption of the thyroid follicular archi- 
tecture with inflammatory cells within the lu- 
men of the follicle was observed. 

The complement intact and deficient 
B10-D2/SN new and old line, DBA/lJ and 
DBA/2J strains demonstrated a definite im- 
mune response to injections of the heterolo- 
gous thyroglobulins with production of he- 
magglu tina ting antibody to homologous 
mouse thyroglobulin. The mean antibody 
titers within each of the respective BlO-D2/ 
SN and DBA groups were similar and not sig- 
nificantly different. Both DBA/lJ and DBA/ 
2 J groups of mice showed a similar mean anti- 
body titer of 12.0 which was significantly 
higher than the mean titers of 7.6 and 7.8 
found in BlO-D2/SN new and old line, re- 
spectively. None of the BlO-D2/SN and 
DBA strains showed any definite thyroid le- 
sion. 

Discussion. The above data demonstrate 
thyroiditis can be induced in certain comple- 
ment intact and deficient strains of mice by 
multiple injections of a mixture of heterolo- 
gous (cross-reacting) thyroglobulins without 
adjuvant. The complement deficient A/JAX 
mice demonstrated the highest incidence of 
thyroiditis, and the highest mean hemagglu- 
tinating antibody titer to mouse thyroglobu- 
lin was observed in their sera. The comple- 
ment deficient mice lack C’5 activity (8), 
while having normal C’l, C’4, C’2, and C’3 
activities. Present data do not substantiate a 
necessary role for components which are ac- 
tivated after C’3 in the production of thy- 
roiditis. In a study of nephrotoxic serum 
nephritis in mice, i t  also was observed that 
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FIG. 1. Thyroid lesion in A/JAX mouse following injections of an aqueous mixture of heterolo- 
gous thyroglobulins. H and E stain, magnification 36 X , 

FIG. 2. Microphotograph of thyroid lesion observed in mice. Primarily mononuclear inflammato- 
ry cells with focal disruption of the follicles were seen. H and E stain, magnification 125X. 
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all complement intact and deficient mice, re- 
gardless of strain variation, developed a 
membranous glomerulonephritis during the 
autologous phase; and the severity of nephri- 
tis did not appear to be related to the 
presence or absence of a complete comple- 
ment system (13). However, in a subsequent 
study, small differences in the severity of 
nephrotoxic serum nephritis were noted when 
complement containing progeny from the 
hybridization of B10-D2 old line females 
with B10-D2 new line males were compared 
to the complement deficient B10-D2 old line 
strain (14). A similar role of the late-acting 
components of complement in the minor in- 
tensification of thyroiditis cannot be ruled 
out by the present experiments. 

The severity of the immune response and 
incidence of thyroid lesions in mice varied 
from strain to strain. The Swiss Webster and 
A/JAX strains had the highest mean hemag- 
glutinating antibody titer to mouse thyro- 
globulin in their sera in addition to being 
susceptible to thyroid lesions. However, there 
was no correlation between antibody level 
and severity of thyroid lesions in the mice 
within these strains. Similar lack of correla- 
tion of antibody level and severity of thyroid 
lesions has been observed in other species 
(2 ,  15). All of the complement intact and 
deficient strains of B 10-D2/SN new line, 
DBA/1 J, BlO-D2/SN old line and DBA/2 J 
produced autoantibody to thyroglobulin; 
however thyroid lesions were not observed in 
any of these strains. Such genetic differences 
in susceptibility to immune injury have been 
reported in experimental thyroiditis of guinea 
pigs (16)  and nephrotoxic serum nephritis 
in mice (13). 

Summary. Experimental thyroiditis and 
thyroglobulin autoantibodies have been pro- 
duced in both complement intact and defici- 
ent mice by injections of a mixture of hetero- 
logous (cross-reacting) thyroglobulins with- 
out adjuvant. The severity of the immune 
response and incidence of thyroid lesions in 
mice varied from strain to strain. The Swiss 

Webster and A/JAX strains had the highest 
mean hemagglutinating antibody titer to ho- 
mologous thyroglobulin in addition to being 
susceptible to thyroid lesions, whereas the 
complement intact and deficient strains of 
BlO-D2/SN new line, DBA/l J, B10-D2/SN 
old line and DBA/2J showed autoantibody 
production without any definite thyroid le- 
sions. Present data do not substantiate a nec- 
essary role for components of complement 
which are activated after the third component 
of complement in the production of either thy- 
roiditis or autoantibodies in mice. 
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