Jpn. J. Human Genet. 36, 313-316, 1991

RAPID DETECTION OF A POINT MUTATION IN
THYROID-STIMULATING HORMONE s-SUBUNIT
GENE CAUSING CONGENITAL ISOLATED
THYROID-STIMULATING HORMONE DEFICIENCY

Ryogo Mori,' Tomoko Sawar! Ei-ichi KiNOSHITA,!
Tsuneyoshi BApa,! Tadashi MATsuMOTO,! Masaaki YOSHIMOTO,!
Yoshiro Tsui,! Yukishige SATAKE,? and Kei SAWADA?

¥ Department of Pediatrics, Nagasaki University School of Medicine,
Sakamoto-machi 7-1, Nagasaki 852, Japan
2 Department of Pediatrics, Kochi Prefectural Seinan Hospital, Uyama 1973,
Nakamura, Kochi 797, Japan

Summary Previous study showed that congenital isolated TSH de-
ficiency in Japan is resulted exclusively from a G-A transition at nucleotide
145 in exone 2 of the TSHg-subunit gene. All reported cases were from
the inbred in Shikoku Island. We describe here a 10-year-old boy with
hereditary TSH deficiency in the same area. The patient was born with
a weight of 3,225 g to non-consanguineous parents. Evaluation at age
2 months revealed typical manifestations of cretinism without goiter. Serum
T4, T3, and TSH values were 2.53 pg/dl, 107 ng/dl, and 0.5 pU/ml, respec-
tively. A TRH stimulation test showed no increment of serum TSH value.
Other anterior pituitary hormone levels were all within the normal range.
Two oligonucleotide primers Tla and Tlb were synthesized according
to the sequence data. Amplified 169 bp nucleotides in exon 2 of the TSHg
gene with this primer set were digested with Mael. Both the phenotyp-
ically normal brother and normal controls showed only the 169 bp fragment,
whereas the proband showed 140 and 29 bp fragments and both parents
showed three fragments; 169, 140, and 29 bp. These results were con-
sistent with the point mutation of TSHg gene in Japanese patients with
congenital isolated TSH deficiency. Our PCR method with Mael digestion
contributes to the rapid detection of the homozygous patient and the
heterozygous carrier.
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INTRODUCTION

Congenital isolated thyroid-stimulating hormone (TSH) deficiency (CITD)
originally described Miyai et al. (1971) is a rare autosomal recessive disorder. It
is known that Japanese families with CITD are all from the inbred within the western
district in Shikoku Island (Hayashizaki ef al., 1990). TSH is a heterodimer molecule
consisting of a specific g-subunit and an e-subunit common to other glycoprotein
hormones. The human TSH g-subunit (TSHpJ) gene was recently cloned by Haya-
shizaki er al. (1985). It was disclosed that the identical single nucleotide substi-
tution in the TSHp gene is the cause of all CITD in Japan (Hayashizaki et al., 1990).
In the present report, we describe another Japanese male patient with CITD from
the same area, together with a successful rapid method for identification of the
supposed mutation in the TSH} gene with polymerase chain reaction (PCR) followed
by restriction endonuclease digestion.

CASE REPORT

The patient was born uneventfully with a weight of 3,225 g.  His parents were
from the western district of Shikoku Island, but were said to be non-consanguineous.
Since neonatal period, decreased activity, poor sucking, failure to thrive and pro-
longed hyperbilirubinemia had appeared. The first evaluation at age 2 months
revealed typical manifestations of cretinism, such as dried and pale skin, a macro-
glossia, an umbilical hernia, hypothermia, and muscular hypotonia. He had no
goiter. Basal values of serum T4, T3, TSH, and free T4 index were 2.53 p/dl, 107
ng/dl, 0.5 zU/ml, and 0.84, respectively. A TRH stimulation test showed no in-
crement of serum TSH value and normal increment of serum prolactin value. Both
conventional insulin and LHRH stimulation tests revealed normal increment of
serum growth hormone, LH, FSH, and plasma ACTH values. The ™I thyroid
scintigram showed no thyroidal uptake of iodide. The diagnosis of CITD was
made and the administration of 1-thyroxine was initiated at age 2 months. He
is now 10 year old and normal in physical and mental development.

METHODS AND RESULTS

We assumed that the present case would have the gene mutation identical to
that in other Japanese patients, and attempted to detect the mutation by PCR fol-
lowed by Mael digestion. Genomic DNA was extracted from peripheral blood
leukocytes of the proband, parents, a phenotypically normal brother and of control
individuals. Oligonucleotide primers Tla (5-ACTGCTCTCTTTCTGATGTC-3')
and T1b (5-TTGATGTATGGGCACAGTA-3) were synthesizeda ccording to the
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Fig. 1. PCR products of family members. Amplified DNAs from both parents, the
proband and the brother were digested with a restriction endonuclease Mael.
Size marker (m) is Alul digests of pUCIS8 plasmid.

sequence data by Hayashizaki et al. (1985). By the PCR with this primer set, a
169 bp fragment in exon 2 of the TSHJ gene was amplified. The mutation de-
scribed by Hayashizaki er al. (1990) exists in this exon. If the same point mutation
exists at the expected codon in exon 2, the amplified DNAs could be digested to
140 and 29 bp fragments by the restriction endonuclease Mael. PCR amplification
of genomic DNA (0.5 pg), electrophoresis and extraction of amplified DNA was
performed as described elsewhere (Kinoshita er «l., 1991). Amplified DNA (10
¢l) was digested with a restriction endonuclease Mael at the condition of manufac-
turer’s recommendation. Digested DNA was electrophoresed in 6% polyacryl-
amide gel, then stained with ethidium bromide and photographed.

After amplification of genomic DNA, a 169 bp fragment was detected in all
the samples. When the DNA was digested with Mael, both the brother and normal
controls showed only a 169 bp fragment, whereas the proband showed 140 and
29 bp fragments. Both of the parents showed three fragments: 169, 140, and 29

bp (Fig. 1).
DISCUSSION

Of six families with CITD described in the literature, three are from Japan
(Hayashizaki et al., 1990), one from France (Labbe ef al., 1984), and two from Greece
(Dacou-Voutetakis ef al., 1990). To date, two different gene mutations causing
CITD were reported. In the Japanese families, a G-A transition at nucleotide 145
in the TSHp gene, coding the so-called “CAGYC” region which are conserved
among almost all g-subunits of mammalian glycoprotein hormones, alters the
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molecular conformation of the 3-subunit to interfere the association with the «-
subunit (Hayashizaki ef al., 1989). On the other hand, in the Greek families, a
G-T transversion at nucleotide 94 in exon 2 caused a nonsense mutation (Dacou-
Voutetakis ef al., 1990). Digested DNA fragments patterns after PCR amplification
in the present study confirmed the identical mutation in this family with that in
other Japanese families, i.e., the proband was homozygous and each parent was
heterozygous for this mutation, while the brother had two normal alleles.

The results in the patient, together with previous reports, strongly supported
that the gene mutation in this district has been originated from a single founder.
Adding the patient to the previous reports, the gene frequency and frequency of
heterozygous carriers increase more than those estimated by Miyai et al. (1988).
In most parts of Japan including Shikoku Island, neonatal mass-screening for
congenital hypothyroidism is performed by only TSH measurement to find the
patients due to primary hypothyroidism. Thus, it needs to screen with both TSH
and T4 measurements in Shikoku Island, particularly in the western district. Our
PCR method with Mael digestion is very convenient and useful to diagnose patients
homozygous for the mutant gene and heterozygous carriers. [t may also apply to
the prenatal diagnosis of the disorder.
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