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One Large Kindred Excludes a Locus for Multiple Endocrine
Neoplasia Type 2A from about 25% of the Human Autosomal

Genetic Map

Andrew J. Pakstis, Judith R. Kidd, Carmela M. Castiglione, Beth A. Pletcher,
Patricia D. Murphy, Lindsay A. Farrer, Myron Genel, and Kenneth K. Kidd"

This report presents pairwise linkage results from our search for the locus of the gene (MEN2A) for the
multiple endocrine neoplasia type 2A (MEN-2A) syndrome in one large kindred (the N kindred),
clearly segregating for an autosomal dominant form. About 25% of the autosomal genome is excluded
when these new results are combined with those we have published previously. The genetic markers
employed are distributed across at least 19 of the 22 autosomes. Seven genetic markers whose
chromosomal locations are not yet established have also been studied. (Henry Ford Hosp Med J

1987;35:164-7)

ultiple endocrine neoplasia type 2A (MEN-2A) is a syn-

drome characterized by medullary thyroid carcinoma
(MTC), pheochromocytoma, and hyperparathyroidism. It is in-
herited in an autosomal dominant manner with almost complete
penetrance by the age of 40 (1). The etiology of the disorder is
unknown and no strongly supported hypotheses exist. Although
screening tests permit early detection of the tumors, these tests
cannot detect carriers of the gene until pathogenetic changes oc-
cur. Thus, the disorder is an excellent candidate for a linkage
study. Identification of a closely-linked genetic marker would
identify those family members actually carrying the MEN-2A
gene (MEN2A) and would consequently improve screening and
genetic counseling. In addition, location of MEN2A would per-
mit studies, including cloning of the gene, which may clarify the
nature of tumorigenesis in this disorder.

Linkage studies to date have failed to identify a marker linked
to the MEN2A locus. Simpson (2) has reviewed several of the
early studies. Slightly positive results obtained for some loci in
some studies have been offset by negative results for these same
loci in other studies. However, the possibility of genetic hetero-
geneity must be considered; abnormal alleles at different loci
may be the cause of MEN-2A in different families. This diffi-
culty may be circumvented by studying single large families
since within any such family affected individuals will represent
the same genetic etiology.

The advent of large numbers of DNA markers now makes
it certain that we can find the MEN2A locus if we look hard
enough. The first DNA marker was identified in 1978 (3). In
1980 Botstein et al (4) coined the term RFLP for restriction frag-
ment length polymorphisms and discussed the value of RFLPs
in mapping the genome and locating genes for inherited disor-
ders such as MEN-2A. Of the more than 1,000 RFLPs known
(5), over 400 have been individually described and cataloged
(6). Their value has been amply demonstrated by the location of
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the gene for Huntington’s disease (7) and Duchenne muscular
dystrophy (8), among a growing list.

Our recent pairwise linkage studies (9-12) used only one large
family, the N kindred, in which MEN-2A is inherited in a classic
autosomal dominant pattern. Another recent study (13) used this
same family and one other large family. These studies excluded
linkage of MEN2A with several classical markers (10), some
DNA markers from chromosome 11 (9), and some assorted
DNA markers (11-16).

Methods

Laboratory methods

Lymphoblastoid cell lines were established on 52 individuals
in the N kindred. The full kindred was illustrated in Kruger et al
(10). Standard methods for establishing cell lines, extracting
DNA, and typing for RFLPs were used as described in previous
publications (9,12,13,15). The RFLPs that we studied are shown
in Table 1(7,14,17-43), which also indicates the individuals who
have been kind enough to share their probes with our group.

Linkage methods

Pairwise linkage analyses were carried out as described in
Kruger et al (10) and Kidd et al (12). Age-dependent penetrances
similar to those employed with LIPED were incorporated into
the four-point analysis. The multipoint linkage results were gen-
erated using a version of the LINKMAP program of Lathrop et al
(44), which was adapted for use on a Cray X-MP computer.

Submitted for publication: March 13, 1987.

Accepted for publication: April 13, 1987.

*Address correspondence to Dr. K. Kidd, Department of Human Genetics, Yale Univer-
sity School of Medicine, 333 Cedar St, New Haven, CT 06510.
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Table 1
RFLPs Studied
Reference
Locus Location Probe Source for RFLP
AT3 1923-q25 ATIII S. Orkin 17)
AMY1 1p21 pEB-8 M. Meisler (18)
REN 1p21-qter HREN J. Chirgwin (19)
‘ NGFB 1p22.1 NGF J. Darby (20)
1 D2S6 2q32-q36 pXG18 P. Szabo (21)
| POMC 2p23 pL26 S. Cohen (22)
; CRYG 2433-q35 p5Gl L.-C. Tsui (23)
D385 3q21-gter DR2 A. Driesel (24)
TFRC 3q26.2-qter pCPTr1 McClelland/Ruddle Unpublished data
DA4S1 4pter-q26 p4c3.6/1.2 Gilliam/Williamson ~ Davies HGM7, unpublished data
D4S14 4q26-qter M6/2.5 R. Williamson (25)
D48S35 4pter-q12 G9-20 Gilliam/Gusella HGM7, unpublished data
FGB 4q26-q28 FbgB D. Chung (26)
D4S10 4pl6 pK082/G8 J. Gusella (7)
ADH2 4q21-q25 pADH36 M. Smith (27)
ADH3 4q21-q25 pADH73 M. Smith (27)
MT2P1 4pl1-q21 pHM6 L.-C. Tsui (28)
D6Z1 6 p308 Jabs/Migeon (29)
D7S8 7q22 pJ3.11 R. Williamson (30)
CA2 8 H25-3.8 R. Tashian (31)
Anonymous 10 p9-12-A McDermid/Simpson Unpublished data
D11S16 11 pL32-1 L. Cavalli-Sforza (32)
CALCI l1pl4-q15 pTT42 B. Nelkin (33)
CAT 11 Scal-SnalCAT R. Gravel (34) |
DI387 13q12 pHU26 T. Dryja (35) ‘
D13S1 13q12-ql4 p7F12 R. White (36)
D13S2 13g22 p9DI11 R. White (36)
DI3S5 13q12-q22 pHUBS T. Dryja (35)
D13S6 13q13 pHU10 T. Dryja (35)
D13S3 13q22-gter po9A7 R. White (36)
APRT 16922 M13-APRT I. Stambrook (37) |
D17Z1 17cen pl7H5 H. Willard (38) |
TK1 17q21-q22 TKHC9 P. Lin (39) 1
D19S11 19p pl13-1-82 M. Litt (40)
D20S5 20pl2 pRI2.21 D. Shaw (14)
D21S1 21ql1.2-q21 pPW228C P. Watkins (41)
D21S8 21q21 pPW245D P. Watkins (41)
D21S11 21ql1.2-g21 pPW236B P. Watkins (41)
Anonymous 21 pG95-11d11 N. Simpson Goodfellow, unpublished data
D22S1 22q.11.2-q13 pMS3-18 R. White (42)
D22S9 22q11 p22/34 A. Duncan (43)
Anonymous 22 p22/13 A. Duncan Unpublished data
Anonymous ? LDR93 A. Roses Unpublished data
Anonymous 1? p308, 4.0 E. Jabs (29)
Anonymous 1? p308, 2.8 E. Jabs (29)
Discussion linkage relationships present among various markers, leads to
Some previously reported lod scores have been revised since the conclusion that abput one f(.)urth of the h:man autosomes has
they were first published. Additional individuals have become ~ been excluded from linkage with MEN2A.
affected with MEN-2A since the earlier findings, and some This multipoint analysis in the region of chromosome 11
younger members of the family have been added to the study. ~ SPanned by calcitonin (CALCI), D11S16, and catalase (%I\T/l) X
However, the lod scores have changed little after incorporat-  cludes the MEN2A locus from about 40 centiMorgans (cM) on
ing these new pieces of information. In general, the portion of ~the proximal (centromeric) side of M Previous analyslf;’s
the autosomes excluded from linkage with MEN2A remains (%) excluded the region on the distal side of CALCI out past the
—— HRASI locus.
The new pairwise linkage results are reported in Table 2, and
new multipoint data on chromosome 11 are displayed in the Fig-
ure. POOhng our preVIOUSIY pUthhed ﬁndlngs as well as those *Editors’ note: See later reference to chromosome 10 linkage provided in the guest edi-
shown in Table 2 and the Figure, while taking into account the torial, p 93.
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Table 2

Lod Scores for MEN2A*

Recombination Fraction (Male Theta = Female Theta)
CHR Marker 0.000 0.001 0.050 0.100 0.150 0.200 0.300 0.350 0.400
1 AMY —1.20 =115 —0.34 -0.12 —-0.03 0.02 0.02 0.01 0.00
1 REN —-7.27 —4.96 -1.70 —1.04 —0.66 —0.41 -0.14 —-0.07 —-0.03
1 AT3 —8.61 —8.05 —3.00 —1.84 =1.18 =0.75 -0.26 —-0.13 —0.06
1 DR10 —7.46 —6.82 —1.17 -0.07 0.42 0.63 0.62 0.48 0.28
1? p308, 4.0 0.05 0.05 0.05 0.05 0.04 0.04 0.03 0.02 0.01
1? p308, 2.8 0.06 0.06 0.05 0.05 0.04 0.04 0.03 0.02 0.01
2 CRYG —-2.97 —2.37 —0.64 —0.30 -0.13 -0.03 0.04 0.05 0.04
2 D2S6 —5.48 —4.87 —1.76 —1.05 —-0.67 -0.43 -0.17 —0.10 —-0.05
3 D385 —-7.47 -5.19 -1.74 —-0.93 =0.51 =0.27 —0.05 -0.02 —0.00
4 D4S10 —-9.75 -1.72 —2.77 —1.85 —-1.32 -0.96 —-0.47 —0.30 —-0.18
4 D4S35 —11.42 —-9.45 —4.96 —3.24 -~2.24 -1.57 —-0.74 —-0.47 —-0.26
4 MT2P1 —8.13 —5.48 —-2.00 =1.23 —-0.79 -0.50 —0.18 —0.10 —0.05
4 D4S1 —4.09 —3.86 —1.36 —-0.78 —0.47 —0.28 -0.07 —0.03 —0.00
4 ADH3 —4.32 —4.06 =1.95 —-1.32 —0.94 —0.68 -0.34 -0.23 —0.14
4 ADH2 —5.64 —4.66 —1.38 —-0.69 -0.32 —0.10 0.07 0.07 0.05
4 FGB —0.30 -0.30 -0.18 —-0.10 -0.05 —-0.02 0.02 0.02 0.02
4 D4S14 —5.47 =3.02 —-0.47 —0.11 —-0.01 -0.01 —-0:12 -0.15 -0.14
6 D6Z1 —-2.82 -2.16 -0.70 —0.50 —-0.40 —i0.32 -0.21 —0.15 —0.10
7 D7S8 -5.03 —4.65 -1.93 —1.41 -1.12 —0.91 —0.56 —-0.41 -0.26
10 p9-12-A —5.96 —4.26 —1.14 —0.66 —-0.42 —-0.29 -0.14 —-0.09 —0.05
11 CALC1 —3.55 —2.57 —0.66 -0.35 —-0.23 -0.17 —=0.12 -0.10 -0.07
11 D11S16 —4.62 -3.72 -0.87 -0.44 —0.25 —0.16 —0.08 —0.06 —-0.04
T11 CAT ~7.62 —6.79 =251 —1.55 —1.01 —0.66 -0.25 -0.14 —0.06
13 D13S2 —6.97 —6.41 —-3.20 -2.11 —1.51 —1.11 -0.59 —0.40 -0.24
13 D13S3 =2.61 —-0.70 0.69 0.69 na 0.44 0.19 na 0.04
13 D13S5 —2.53 -2.23 -0.69 -0.32 —-0.12 —0.00 0.07 0.05 0.02
13 D13S6 —8.54 —6.68 -2.19 —-1.16 —-0.62 —0.31 -0.02 0.03 0.04
13 D13S7 —6.48 —-4.93 =1.32 —0.64 —-0.30 —i0.12 0.04 0.05 0.04
13 D13S1 —10.05 —6.74 —2.00 —1.10 —0.64 —-0.36 —-0.09 —-0.04 —-0.02
17 D17Z1 —8.53 —8.21 —4.43 —2.63 —1.68 —-1.09 -0.47 -0.30 -0.19
17 TK1 —=2.55 =2.22 -0.07 0.37 0.52 0.53 0.36 0.24 0.13
19 D19S11 -7.57 —7.15 -3.16 —-2.18 —1.60 —1.18 -0.59 —=0.37 =0.20
20 D20S4 —6.83 —6.15 —3:23 —-2.15 —1.53 —1.12 -0.56 —0.37 -0.21
20 D20S5 —7.85 na —0.95 -0.16 0.15 0.27 0.24 0.17 0.10
20 D20S6 -2.97 —1.68 -0.16 0.00 0.05 0.07 0.06 0.04 0.02
121 D21S8 —3.56 —2.48 —0.81 —0.51 —-0.34 -0.23 —0.09 —0.05 —-0.03
121 D21S1 0.13 0.12 0.10 0.07 0.05 0.04 0.02 0.02 0.01
121 D21S11 0.13 0.14 0.17 0.17 0.14 0.11 0.04 0.02 0.00
121 “pG95-11d11~ —5.66 —5.24 —1.81 -1.02 —0.60 ~i0.35 —0.11 -0.07 —-0.04
122 D22S9 —-9.28 —6.78 =2.33 —1.59 =1.17 —-0.85 -0.39 -0.23 —0.11
122 “p22/13” —-7.23 —5.51 —1.65 -0.91 —-0.51 —0.27 —-0.04 —0.00 0.01
17 “LDR93” —7.08 —i6.52 —-2.102 —-0.82 —0.22 0.10 0.28 0.24 0.15

*New pairwise lod scores (LIPED) screening for MEN2A locus in kindred N (92 cases). All analyses employed straight line age correction. Lod
scores marked with a dagger are based on 69 of the 92 cases. AMY haplotype combines AMY1 and AMY2.
CHR = chromosome.

Multipoint Linkage September 1986 MEN2A—N Pedigree
MEN2A vs CALC1 =0.00M, D11S16 =0.25M, CAT =0.25M
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Figure (left)—September 1986 multipoint analysis excluding
MEN2A from chromosome 11 region encompassed by CALCI,
DI11S16, and CAT.
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