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Summary We have performed preclinical risk estimation of multi-
ple endocrine neoplasia type 2A (MEN 2A) by using the polymorphic
DNA markers tightly linked to the MEN2A locus. The gene for MEN
2A has been assigned to the pericentromeric region of chromosome 10
by linkage analysis. The preclinical detection of gene carriers in MEN
2A families using tightly linked DNA markers is useful for surgical treatment
at an early stage. The DNA markers, RBP3 (retinol-binding protein 3,
interstitial) and FNRB (fibronectin receptor, beta polypeptide), are both
tightly linked to the MEN2A locus, and are localized to opposite sides of
the MEN2A locus. We have used RBP3 and FNRB as markers for pre-
clinical diagnosis. Of 18 Japanese families with MEN 2A, 6 families are
informative for both loci, and other 10 families are informative for either
RBP3 or FNRB. In one informative family, a 20-year-old female is
predicted to be the gene carrier (probability; about 99%). She should be
carefully followed up till full penetrance age. We conclude that DNA-
based prediction of MEN 2A is an effective procedure for clinical use.
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IMTRODUCTION

Multiple endocrine neoplasia type 2A (MEN 2A) is an autosomal dominant
disease characterized by the association of medullary thyroid carcinoma (MTC),
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pheochromocytoma, and adenoma or hyperplasia of the parathyroid glands. Un-
less MEN 2A patients receive suitable treatment, they can run an unfortunate clinical
course with metastases of MTC and/or hypertensive crisis caused by pheochromo-
cytoma. For surgical removal of the tumor to be curative, early detection of af-
fected individuals is very important. Patients with MTC (or the pre-malignant
state, C-cell hyperplasia) have an elevated basal or stimulated level of serum calci-
tonin. For the purpose of preclinical detection, the calcitonin stimulation test
with calcium and pentagastrin injection has usually been performed on the members
of MEN 2A families. Almost all the gene carriers can be detected by the screening
test before the age of 40 (Gagel et al., 1982). However, the screening test is labor-
ious and expensive.

Although the mechanism of tumorigenesis of MEN 2A has not been clarified
yet, the gene for MEN 2A has been localized to the pericentromeric region of chro-
mosome 10 by linkage studies (Mathew ef al., 1987; Simpson et al., 1987; Sobol et
al., 1988; Yamamoto ef al., 1989). Both RBP3 and FNRB are linked to the MEN-
2A locus, and the MEN2A locus lies between these markers (Meyers er al., 1989).
The linkage data analyzed from Japanese MEN 2A families is consistent with that
of European Caucasian kindreds (Mathew et al., 1987; Simpson ef al., 1987; Yama-
moto et al., 1989; Meyers et al., 1989). The recombination fraction (Om=6f) at
maximum lod scores between MEN2A and these markers is calculated to be 0.045.
for RBP3 (Zpax=13.1), and 0.063 for FNRB (Zpax=13.2) (Wu et al, 1990), re-
spectively. Therefore, accurate detection of gene carriers is possible by DNA
haplotype analysis using these two linked markers.

Here, we report our preliminary experience with preclinical diagnosis of MEN
2A families with RBP3 and FNRB.

MATERIALS AND METHODS

Patients. We have analyzed 165 members of 18 Japanese families with MEN
2A. An individual was classified as affected if the person showed an abnormal
elevation in plasma calcitonin following the stimulation test with calcium or penta-
gastrin and/or showed clinical evidence for MTC or pheochromocytoma.

DNA analysis. DNA was prepared from peripheral blood lymphocytes, or
Iymphoblastoid cell lines with standard methods (Nishisho ef «l., 1986). DNA
(2-5 pg) was digested with one of various restriction endonucleases under conditions
recommended by the manufacturer. Electrophoresis, transfer of DNA restriction
fragments to nylon membranes (Hybond-N, Amersham), hybridization with radio-
active probes, washing of filters and autoradiography were carried out as previously
described (Nishisho et al., 1986). The polymorphisms detected with RBP3 (Liou
et al., 1987) and FNRB (Wu ez al., 1989) are listed in Table 1. RBP3 has been
mapped to ql1.2, and FNRB mapped to pl1.2 (Meyers et al., 1989). Lod scores
were calculated using the computer program LINKAGE (Lathrop, 1984) with
consideration for age-dependent penetrance.
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RESULTS

Sixteen of 18 families were informative for either RBP3 or FNRB and 6 of
them were informative for both markers. In our linkage data from Japanese MEN
2A kindreds, maximum lod scores (Zn,5) between MEN2A and these markers are
as follows: RBP3; Z,.x=5.96, at ©=0.00 and FNRB; Z.,=4.91 at ©=0.10 assum-
ing @m=@f. The one lod unit confidence interval around these markers are RB-
P3; 0.00-0.10, FNRB; 0.02-0.18 (95 %, confidence limit).

Figure 1 shows the segregation in one informative family with MEN 2A of
the marker genotypes for the RBP3 and FNRB loci. A woman (II-2) was the

Table 1. DNA polymorphic markers near the MEN2A locus. The frequencies of the
polymorphic alleles in normal Japanese populations were calculated from our
data. Allele frequency determined from analysis of 72 chromosomes from un-
related individuals.

Probe Restriction Allele Allele Allele
endonuclease size (kb) frequency
RBP3 Bglll R 6.3 0.75
P 4.3 0.25
FNRB Kpnl A 5.8 0.15
B 4.4 0.85
Hinfl C 33 0.40
D 2.2 0.60
I [ —
I
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+] - +]+ +1+ |+
RIRRIP PP P|P

Fig. 1. Segregation of DNA haplotypes with one MEN 2A family. MEN 2A patients
are demonstrated as solid symbols (MTC, right side; pheochromocytoma, left side
Arrow indicates a proband. —, MEN 2A affected allele; +, normal allele.
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proband, and was found through hypertensive attacks due to pheochromocytoma.
Her brother (I1-3) had MTC. They (II-2, II-3) had elevated serum calcitonin levels,
and both underwent surgery. Their mother (I-2) who had died of metastatic
pulmonary cancer seemed to be affected. We performed calcitonin stimulation
test on other members of this family, but all had serum calcitonin levels within the
normal range. We determined the most probable haplotypes of all members of
the family. Haplotypes are shown with alleles at FNRB (Kpnl), FNRB (Hinf),
MEN2A locus, and RBP3 locus downward. The woman (I-2) is already dead,
but her haplotype could be deduced from haplotypes of her husband and three
children. It is most likely to think that the gene for MEN 2A is segregating to-
gether with the haplotype “BCR” in the woman I-2. Her son (II-3) was affected
because he had inherited haplotype “BCR” from her. Although II-2 seems to
have inherited haplotype “ACR” from her mother, she was affected. This fact
indicates that the crossover event had occurred between FNRB and MEN2A locus.
Moreover, haplotype “ACR” in person II-2 was also inherited by one of her daugh-
ters (III-1). Therefore, the female (I1I-1) is predicted to be the gene carrier. From
a recombination fraction between MEN2A and these markers, the risk calculation
gives about 99 % chance that she is the gene carrier. She is 20 years old, and we
must carefully follow up by clinical data and calcitonin stimulation test.

In the other informative families, we also used the markers for improved risk
estimates, but could not find other individuals likely to be presymptomatic gene
carriers. A crossover between the MEN2A locus and FNRB was not detected in
the other families.

DISCUSSION

In the past few years, diagnosis of genetic disecase using closely linked poly-
morphic DNA markers has been atiempted, such as cystic fibrosis and myotonic
dystrophy (Antonarakis, 1989; Cooper and Schmidtke, 1987). Recently, also
in MEN 2A, detecting of the carrier state by RFLP analysis was attempted (Sobol
et al., 1989).

The great advantage of DNA-based estimation of the probability of a family
member being a carrier of the allele for MEN 2A is its simplicity. The calcitonin
stimulation test must be performed frequently until the age that the penetrance
reaches almost 1009, but DNA diagnosis does not have to be performed repeatedly.
Then, we can select the high risk group among members of each MEN 2A family
and carefully follow-up only this group with the clinical tests such as calcitonin
stimulation test. Therefore, it is possible to save significantly on labor and cost.
However, the genetic risk calculation by RFLPs analysis may not be feasible in
every family. For instance, when the affected parent is homozygous with some
DNA markers, DNA diagnosis for gene carrier is impossible. In such a case, sup-
plementary polymorphic probes are required.

DNA-based risk estimate mainly depends on the genetic distance between
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the markers and the disease locus and on the orientation of markers and the disease
locus. Recombination fractions at maximum lod scores between MEN2A and
RBP3 or FNRB are &m=0.000, 6f=0.097 (RBP3) and &m=0.059, &f=0.085 (Wu
et al., 1990) (FNRB). In consideration of sex difference in recombination fre-
quency, if a patient is informative for either RBP3 or FNRB, then the MEN2A
allele can be followed with about 909 in female and almost 1009 in male (RBP3),
and about 919 in female and about 94 % in male (FNRB) accuracy, respectively.
Since RBP3 is on one side and FNRB is on the other side of the MEN2A locus,
the estimated percentage of double 1ecombinations will be about 1% in females.
If both markers are informative, we could gain almost 1009, accuracy from males
and about 999 from females.

Apparent recombination events occurred in family A between FNRB and
MEN2A locus (Fig. 1), indicating a slight degree of inaccuracy in the prediction.
Given the inherently probabilistic nature of the method, the risk estimates need
to be interpreted cautiously. So, the isolation and availability of additional flank-
ing polymorphic DNA markers for the MEN2A locus would enhance the accuracy
of preclinical diagnosis. Of course, the identification of the MEN 2A gene itself
will allow completely accurate diagnosis. FEarly diagnosis and early treatment is
useful for increasing the survival rate of patients with MEN 2A. Moreover, the
RFLP analysis will be helpful in the calculation of risks for future generations.
We conclude that DNA-based prediction is a very useful procedure for predicting
the gene carriers of MEN 2A.
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