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Inherited Primary Hypothyroidism in Mice 

Abstract. A new autosomal recessive mutation that causes hypothyroidism has 
been identiJied in mice. The gene, herein named hypothyroid (hyt), has been mapped 
on chromosome 12 approximately 30 units from the centromere. The mutants are 
characterized by retarded growth, infertility, mild anemia, elevated serum cholester- 
ol, very low to undetectable serum thyroxine, and elevated serum thyroid-stimulating 
hormone. Thyroid glands are in the normal location but are reduced in size and 
hypoplastic. Mutant mice respond to thyroid hormone therapy by improved growth 
and fertility. These findings suggest that the hyt mutant gene results in primary 
hypothyroidism unresponsive to thyroid-stimulating hormone. 

Congenital hypothyroidism is a recog- 
nized cause of retarded somatic and neu- 
rological development in mammals. 
Among human beings, this glandular 
malfunction occurs once in every 3684 
births (I). Approximately two-thirds of 
affected infants have primary hypothy- 
roidism, indicated by findings of de- 
pressed serum thyroxine (T4), elevated 
serum thyroid-stimulating hormone 
(TSH), and hypoplastic or, more rarely, 
ectopic thyroid glands (2). The resulting 
cretinism can be prevented only by im- 
mediate hormone replacement therapy. 
Although the explanation for the triad of 
low serum T4, elevated serum TSH, and 
hypoplastic thyroids is not conclusively 
established, three reports provide impor- 
tant clues to one possible mechanism: 
Stanbury et al. (3) reported on an 8-year- 
old boy with congenital hypothyroidism 
in the absence of goiter, who was unre- 
sponsive to exogenous TSH; Medeiros- 
Neto et al. (4) described a 19-year-old 
male with identical symptoms and 
showed that neither thyroidal radioio- 
dine uptake nor function of adenosine 3', 
5'-monophosphate increased with exoge- 
nously administered TSH; Codaccioni et 
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al. (5) discovered similar features in a 17- 
year-old male and showed that TSH 
receptors were present, but activation of 
thyroid adenylate cyclase was deficient. 
These observations support the idea that 
thyroid hypoplasia and hypofunction in 
some patients may result from failure of 
thyrofollicular cells to respond to endog- 
enous TSH. That such a situation may 
arise from a genetic event has been sug- 
gested in reports of nongoitrogenic hypo- 
thyroidism in siblings or in parents and 
their offspring (6). We now report a new 
recessive mutation in laboratory mice 
(named hypothyroid, gene symbol hyt) 
that causes hypothyroidism in the ab- 
sence of goiter. 

The mutant phenotype was first ob- 
served in a sib-mated pair of RFIJ mice 
(Animal Resources colonies, the Jackson 
Laboratory) when the female failed to 
grow or reproduce. A small research 
colony was established by mating the 
normal male parent to normal RFIJ fe- 
males, followed by backcrossing female 
offspring to the sire and by sibling mat- 
i n g ~  of the original pair. In addition, we 
began the transfer of the mutant gene by 
outcrossing to BALBlcByJ mice to cir- 

Rb5Bnr translocation (7). Of 141 off- 
spring, 102 were of a parental phenotype 
(31, Rb5Bnr + ; 71, + hyt) and 39 were 
of a crossover phenotype (17, Rb5Bnr 
hyt; 22, + +). Therefore hyt is linked to 
the Rb5Bnr translocation and carried at 
the proximal end of chromosome 8 or 12 
at a distance of 27.7 ? 3.8 map units 
from a centromere (8). Since hyt did not 
show linkage to the 0 s  gene located on 
chromosome 8 approximately 25 map 
units from its centromere, we conclude 
that hyt is located on chromosome 12. 

Retarded growth was consistently ob- 
served in RFIJ and BALBlcByJ-N1F2 
outcross mutant mice at weaning (3 
weeks of age). This deficiency became 
more pronounced during the rapid 
growth rate of the pubertal period. 
Weekly body weight data obtained on 18 
BALBlcB yJ-N 1 F2 litters, toe-clipped at 
birth for later genotype identification, 
revealed that hytlhyt mice weighed sig- 
nificantly less than their normal litter- 
mates by 22 days of age (Fig. 1). A study 
of hytlhyt mice and their normal litter- 
mates was conducted to determine 
whether a diet supplemented with desic- 
cated thyroid powder could initiate 
growth and restore fertility, as has been 
demonstrated with Snell's dwarf (dwldw) 
mice (9). Weekly body weight data ob- 
tained from weanling NlF2-hy tlhy t and 
+I-  littermate mice fed either 0.025 
percent desiccated thryoid powder or 
control diet (Fig. 1) showed that (i) thy- 
roid replacement induced rapid catch-up 
growth in hy tlhy t mice, (ii) hy tlhyt mice 
displayed a very low rate of growth 
without thyroid therapy, and (iii) normal 
mice were not affected by the treatment. 
After 4 to 5 weeks of treatment with 
desiccated thyroid, hytlhy t mice were 
phenotypically similar to + I - controls, 
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although not quite as large. Further- 
more, thyroid replacement restored fer- 
tility in both male and female hytlhyt 
mice. 

The efficacy of the thyroid replace- 
ment therapy suggested that the mutant 
gene was involved with thyroid function. 
Gross inspection of the hytlhyt thyroid 
glands in situ revealed a very small bi- 
lobed gland normally situated adjacent to 
the caudal border of the cricoid cartilage 
and beside the first and second tracheal 
rings. The relative reduction in the hytl 
hyt thyroid gland mass became evident 
when thyroid glands from adult mutant 
and normal littermate pairs of both in- 
bred and heterogeneous backgrounds 
(four or five pairs in each group) were 
weighed (RFIJ: hytlhyt, 0.67 + 0.17 mg 
and +I-, 2.48 + 0.09 mg; NlF2: hytl 
hyt, 1.78 + 0.17 mg and +I-,  
4.70 + 0.49 mg). Although the hybrid 
vigor of N1F2 mice is reflected in the 
increased mass of thyroid tissue, the 
reduced mass of hytlhyt thyroid as com- 
pared with +I- thyroid is obvious. 
When histological sections of normal and 
mutant thyroid tissue were examined 

(Fig. 2), the hypoplastic nature of the 
hytlhyt gland became even more appar- 
ent. The tissue was clearly recognizable 
as thyroid, but there were often regions 
deep in the gland that were not organized 
into follicles. The follicles that were 
present were smaller and fewer in num- 
ber than those in the normal thyroid 
gland. Thyrofollicular cells were flat and 
contained very little cytoplasm. Colloid 
was present but lightly stained. Lympho- 
cyte invasion and proliferation were not 
observed in hytlhyt thyroids. 

Additional evidence of hypothyroid- 
ism in these mutant mice was found in 
blood measurements (10). Mild anemia 
and elevated serum cholesterol are char- 
acteristic of thyroid insufficiency within 
the clinical or experimental setting. He- 
matocrit values were significantly lower 
(hytlhyt, 45.6 + 0.7 percent; +I-,  
51.8 + 0.9 percent) and serum choles- 
terol levels were significantly higher 
(hytlhyt, 1.86 + 0.10 mglml; +I-,  
1.40 + 0.08 mglml) in five adult RFIJ 
mutants than the corresponding values in 
normal littermate controls. When serums 
from mutant mice were assayed for T4 

Fig. 1. Growth of female hypothyroid (hytl 
hyt) and normal +I- ( + I +  or +lhyt) litter- 
mate mice during the neonatal and postwean- 
ing period when they were fed desiccated 
thyroid powder. Males exhibited growth pat- 
terns identical to those in females. Weekly 
body weights were obtained throughout the 
experiment. At weaning, the mice in each 
litter were distributed into two groups by 
genotype; one group received the control diet 
(curve a: hytlhyt, N = 6; curve c: +I-,  
N = 17) while the other received the diet 
supplemented with desiccated thyroid powder 
(curve b: hytlhyt, N = 9; curve d: +I-, 
N = 21). Powdered diet (Old Guilford diet 
96, Emory Morse, Guilford, Conn.) was sup- 
plemented each week with 25 mg of desiccat- 
ed thyroid powder (Sigma Chemical, T-1251) per kilogram of diet. Each value represents the 
mean body weights (2 standard error) in grams. The hytlhyt mice weighed significantly less 
than the corresponding +I- controls at 22 days. The mutant mice fed the thyroid-supplement- 
ed diet weighed significantly more than the mutant mice fed the control diet after 1 week (t-test 
at P < .01). 

Thyroid therapy. 
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Fig. 2. Photomicrographs of 
sections from thyroid glands 
of normal (+ I - )  and hypothy- 
roid (hytlhyt) mice ( X  125). 
Thyroid glands of 8-week-old 
RFIJ mice were fixed in 
Bouin's solution, embedded in 
paraffin, sectioned at 8 pm, 
and stained with hematoxylin 
and eosin. (a) Normal thyroid 
showed typical follicular 
structure, ample colloid within 
follicles, and thyrofollicular 
cells with abundant cyto- 
dasm. Onlv a moderate wr- 
iion of the section from the normal thyroid gland could be presented for comparison with the 
section from the thyroid of the hytlhyt mouse (scale bar, 500 pm). (b) Mutant thyroid gland at 
same magnification showed small sparse follicles, areas not clearly organized into follicles, and 
thyrofollicular cells poorly endowed with cytoplasm. 

levels, the hormone was undetectable 
(less than 2.0 pgldl), whereas in normal 
littermates, the hormone levels were 
5.8 + 0.5 pgldl. Virtually identical data 
were recorded for N1F2 mutant and nor- 
mal mice. 

Hypothyroidism can arise from (i) dis- 
turbed follicular cell processes responsi- 
ble for synthesis and release of thyroid 
hormones (primary hypothyroidism), (ii) 
pituitary TSH deficiency or molecular 
abnormality (secondary' hypothyroid- 
ism), or (iii) hypothalamic thyrotropin- 
releasing hormone deficiency or abnor- 
mality (tertiary hypothyroidism). We be- 
lieve that the hytlhyt mutant mouse most 
clearly fits within the classification of 
primary hypothyroidism. With respect to 
morphology, classic primary hypothy- 
roidism is often typified by TSH-induced 
goiter; however, it is also possible for 
this disorder to result from a hypoplastic 
thyroid, unresponsive to TSH (3-5). The 
hytlhyt thyroid is of the hypoplastic type 
and is similar to thyroids from dwldw 
mice (9),  a genetic mutant with known 
secondary hypothyroidism. With respect 
to function, dwldw mice are genetically 
deficient in TSH and have thyroids ca- 
pable of responding to exogenous TSH 
treatment with iodine uptake (ll) ,  
whereas hytlhyt mice have tenfold or 
greater elevation in serum TSH and have 
thyroids incapable of responding to ex- 
ogenous TSH treatment with iodine up- 
take (12). Thus, morphological and func- 
tional features of thyroids in hytlhyt mice 
are indicative of primary hypothyroidism 
resulting from failure to respond to TSH 
stimulation. 

WESLEY G. BEAMER 
EVA M. EICHER 

LOIS J. MALTAIS 

Jackson Laboratory, 
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27 October 1980; revised 16 December 1980 When F I  animals are backcrossed to 
SMIJ, two activity classes are obtained, 
one intermediate and one low. In both 
crosses, liver neuraminidase activity 

Gene for Neuraminidase Activity on Mouse Chromosome 17 
Near H-2: Pleiotropic Effects on Multiple Hydrolases 

Abstract. The low activity of liver neuraminidase that is characteristic of mouse 
strain SMIJ is inherited as a single gene on chromosome 17, near the major 
histocompatibility complex. This gene, neuraminidase-1 (Neu-1), is represented by 
the low activity allele Neu-lS in SMIJ and the high activity allele ~ e u - l b  in C57BLl6J 
and most other strains. Previously described variations in the posttranslational 
processing of acid phosphatase, a-mannosidase, arylsulfatase-B, and a-glucosidase 
are attributed to pleiotropic effects of this gene. 

Much of the total genetic variation 
affecting the phenotypic expression of 
mammalian enzyme activity involves 
some form of posttranslational modifica- 
tion ( I ) .  Several such genes controlling 
the sialylation of acid hydrolases have 
been described and mapped on mouse 
chromosome 17, near the major histo- 
compatibility (H-2) .complex (2-6). The 
presence in SMIJ mice of a specific allele 
for excessive sialylation was implied in 
each of these studies because differences 
in the electrophoretic mobilities of the 
enzymes were neutralized by incubation 
in vitro with bacterial neuraminidase. In 
this report we demonstrate that liver 
neuraminidase deficiency (7) is charac- 
teristic of mice of strain SMIJ and is 
inherited as a single gene on chromo- 
some 17, near H-2. Genetic recombina- 
tion with the "processing genes" for 
liver acid phosphatase (Apl) and a-man- 
nosidase (Map-2) did not occur in the 
production of backcross and F2 genera- 
tions or in the development of the con- 
genic strain BlO.SM(70NS)lSn (8). We 
propose that neuraminidase deficiency is 
a primary genetic lesion with pleiotropic 
effects on the posttranslational process- 
ing of these and possibly other acid hy- 
drolases on the basis of (i) the lack of 
genetic recombination between neur- 
aminidase activity and processing genes, 
(ii) the prefect correlation among strains 
of neuraminidase deficiency and hyper- 
sialylated hydrolases, and (iii) the obser- 
vation that incubation in vitro with bac- 
terial neuraminidase equalizes the hy- 
drolases of SMIJ and other strains (2-4). 

We have assayed liver neuraminidase 
activity in 20 inbred strains, in F1 and 
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F2 offspring generated from a cross of 
SMIJ x C57BL/6J, in backcross off- 
spring from (SMIJ x C57BL16J)F1 x 
SMIJ, and in the congenic strain 
BlO.SM(70NS)lSn (8). F1, F2, back- 
cross, and B lO.SM(70NS)lSn animals 
were also tested for Apl and Map-2 by 
electrophoretic methods (3, 6). 

Strain SMIJ is unique among the in- 
bred strains tested for a marked deficien- 
cy in liver neuraminidase (Table 1). The 
difference in enzyme activity between 

segregates independently of sex. These 
data demonstrate the presence of an 
autosomal locus controlling liver neur- 
aminidase activity in mice. We have des- 
ignated the locus neuraminidase-1 (Neu- 
I) with an allele Neu-IS responsible for 
reduced activity in strain SMIJ. The high 
enzyme activity in strain C57BLl6J is 
attributed to the alternative ~ e u - l b  al- 
lele. Other strains with high activity have 
either the ~ e u - l b  allele or alleles respon- 
sible for comparable levels of neuramini- 
dase activitv 

Liver neuraminidase activity in the 
congenic strain BlO.SM(70NS)lSn is in- 
distinguishable from that of strain SMIJ 
(Table 1). The ~ e u - l b  allele has appar- 
ently been retained, along with the SMIJ 
haplotype for H-2 on chromosome 17, in 
the construction of this congenic strain. 

These data suggest the location of 
Neu-1 on chromosome 17, near the H-2 
region. Furthermore, we observed no 
recombination between Neu-1, A p l ,  and 

Table 1. Specific activity of liver neuraminidase, expressed as micromoles of 4-methylumbelli- 
ferone released per hour per gram of protein, in 20 inbred strains of mice, one F ,  hybrid, and 
one congenic strain. Two assays were conducted per mouse. The neuraminidase assay methods 
are described by Potier et al. (7). The methods used for Apl and Map-2 are from Lalley and 
Shows (2) and Dizik and Elliot (3). 

Number of Activity A P ~  Map-2 
Strain mice tested allele allele 

MOLiWo 
C57BWcdJ 
S WRiJ 
KKiWo 
CEiJ 
SJLiJ 
C57BLI6J 
C57LIJ 
DBAI2J 
SKiCam 
AIJ 
C57BLilOJ 
BALBicJ 
PIJ 
AKRiJ 
RFIJ 
C3HIHeJ 
PLiJ 
CBAIJ 
(SMIJ X C57BLi6J)Fl 
BlO.SM(70NS)iSn 
SMIJ 

*Significantly different from all other means at P < .01. Wgnificantly different from all other means at P 
< .01 but not different from each other. 
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