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ABSTRACT
Natural multiple pregnancy in women leading to dizygotic (DZ)

twins is familial and varies across racial groups, suggesting a genetic
predisposition. Mothers of DZ twins have a higher incidence of spon-
taneous multiple ovulation and elevated FSH concentrations. FSH
release is controlled by feedback of inhibin peptides from the ovary,
and immunization against inhibin a-subunit results in an increased
ovulation rate in animals. The inhibin a-subunit is therefore a can-
didate gene for mutations that may increase the frequency of DZ
twinning. Restriction digests of a PCR product from exon 1 with the
enzyme SpeI detects a C/T polymorphism at bp 128 with two alleles
of 447 and 323/124 bp. The polymorphism was typed in 1125 indi-
viduals from 326 pedigrees with 717 mothers of spontaneous DZ
twins. The a-inhibin locus mapped within 3 centimorgans of D2S164,

and linkage with DZ twinning was excluded [decimal log odds ratio
(LOD) score, 22.81 at u 5 0]. There was complete exclusion of linkage
(LOD, less than 22) of a gene conferring relative risk 1.8 (ls, .1.8)
across the chromosome, except at the p-terminus region and a small
peak (maximum LOD score, 0.6) in the region of D2S151-D2S326.
Analysis using either recessive or dominant models excluded linkage
with DZ twinning in this population (LOD score, less than 22.5)
across chromosome 2. We conclude that dizygotic twinning is not
linked to variation in the a-inhibin locus. The results also suggest that
mutations in other candidates on chromosome 2, including the re-
ceptor for FSH and the bB-inhibin subunit (INHBB) cannot be major
contributors to risk for DZ twinning. (J Clin Endocrinol Metab 85:
3391–3395, 2000)

NATURAL MULTIPLE pregnancy in women leading to
dizygotic (DZ) twins is familial and varies across

racial groups, suggesting a genetic predisposition. Female
DZ twins and sisters of DZ twins have an increased fre-
quency of twins compared with male DZ twins or brothers
of DZ twins (1). Genetic effects on DZ twinning have been
confirmed in subsequent investigations, but the estimated
effects and modes of inheritance vary between studies (2–4).
Analysis of families of 6596 twin pairs from the Australian
Twin Registry found significantly higher frequencies of DZ
twins in female relatives of DZ probands compared with MZ
probands (4). The relative risks of DZ twin pregnancy for
sisters of women with DZ twins and for female offspring of
DZ probands were 1.7 and 2.5, respectively (4). Bulmer (2)
postulated a recessive model of inheritance for DZ twinning,
with a frequency of 0.5 and a penetrance of 5% in susceptible
women, based on the data pooled from several studies. Seg-

regation analysis of a Belgian/Dutch population-based
study of twinning pedigrees suggests a dominant model of
inheritance, with a gene frequency of 0.03 and a penetrance
of 10% (3).

DZ twinning results from the release and fertilization of
multiple oocytes, and mothers of DZ twins have a higher
incidence of spontaneous multiple follicle growth and mul-
tiple ovulation (5, 6). Several studies report increased con-
centrations of FSH during the menstrual cycle in mothers of
DZ twins (7–9). The higher FSH concentration appears to
result from an increase in the number of spontaneous FSH
pulses without concurrent LH pulses (10).

FSH release is controlled in part by feedback from inhibin
peptides secreted from the ovary. Inhibin peptides are het-
erodimers of a common a-subunit and either bA- or bB-
inhibin subunit, linked by disulfide bonds (11, 12). The two
forms of inhibin (A and B, respectively) appear to have sim-
ilar biological properties, but are secreted differently during
the cycle (13). Inhibin B is secreted mainly during the early
follicular phase, whereas inhibin A increases gradually to
peak concentrations during the luteal phase. A related family
of peptides, the activins, is formed from homo- and het-
erodimers of the bA- or bB-inhibin subunit (14, 15). Activin
stimulates FSH secretion from cultured pituitary cells. How-
ever, most activin in human serum is bound to circulating
proteins, particularly follistatin.

Passive and active immunizations against inhibin
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a-subunit in animals result in increased ovulation rate
(16 –19). Immunization against inhibin-a in ewes increases
the ovulation rate and the concentration of FSH (17, 18);
similar increases are observed in cattle (20). A rise in FSH
concentration does not always accompany the increase in
ovulation rate seen after immunization against inhibin-a,
and the mechanism for increased ovulation rate could also
involve changes in the concentrations of activins within
the follicle (21).

Genes in the pathway controlling the synthesis and release
of FSH may be candidates for increased twinning frequency.
Mutations in the gene for inhibin a-subunit (INHA) that
decrease the expression or activity of inhibin-a may increase
the frequency of DZ twinning in women. The aim of these
studies was to identify a polymorphism in the human INHA
locus and analyze linkage to DZ twinning in women.

Subjects and Methods
Study subjects

The study protocol was reviewed and approved by the Bancroft
Center research ethics committee established under guidelines from the
Australian National Health and Medical Research Committee. Partici-
pation was voluntary, and each patient gave informed consent. Study
subjects were pairs of sisters who had each given birth to spontaneous
DZ twins. These were ascertained through records from our genetic
epidemiology studies using twins and their families in Australia (4),
through organizations for mothers of twins in Australia and New Zea-
land, and through appeals in the media in both countries. In Holland,
ascertainment was population based through community records as part
of a systematic recruitment to the Netherlands Twin Register (3, 22).
Mothers were explicitly asked about fertility treatments, and all cases
involving fertility treatment were excluded. Women were also excluded
if the zygosity of the twins could not be confirmed based on a difference
in sex or clear phenotypic differences in coloring or appearance. In some
equivocal cases, zygosity was confirmed by genetic marker analysis of
buccal or lymphocyte DNA.

Laboratory methods

Genomic DNA was extracted (23) from peripheral venous blood
samples obtained from consenting family members. Primer sequences
were designed to amplify exon 1 of the INHA locus (primer F, 59-
GGAAGACTGGATGAGAAGG-39; primer R, 59-GCTTTTTCT-
CAAAGTCATCC-39). PCR reactions were carried out in a 25-mL volume
containing 1.5 mmol/L MgCl2, 200 mmol/L deoxy-NTPs, and 25 pmol
of each primer. PCR amplification was performed in a Selby thermo-
cycler (Selby-Bioloab, Clayton, Australia). There was an initial dena-
turation step of 5 min at 95 C, followed by 35 cycles: 45-s denaturation
at 95 C, 45-s annealing at 60 C, and 90-s extension at 72 C. The final
extension step was carried out for 5 min at 72 C. Ten microliters of PCR
product were digested with the restriction enzyme SpeI (New England
Biolabs, Beverly, MA) at 37 C for 2 h. The products were separated on
a 2% agarose gel, and bands were visualized on a UV transilluminator.

Genomic DNA was typed for 25 highly polymorphic fluorescent
microsatellite markers across chromosome 2 (see Fig. 3), as described by
Hall and Nanthakumar (24). In brief, individual DNA samples were
arrayed in 96-well microtiter plates, and samples were amplified by PCR
with primers for individual markers. The amplified products were
pooled, heat denatured, and subjected to electrophoresis on denaturing
polyacrylamide gels. Data were collected using ABI 377 automated DNA
sequencers (Applied Biosystems, Inc., Foster City, CA), with data anal-
ysis performed using GENESCAN (version 2.1) and GENOTYPER (ver-
sion 1.1.1) software. Allele analysis and allele calling were performed
and genotype errors as a result of non-Mendelian segregation in ped-
igrees were detected and corrected as described in Hall and Nantha-
kumar (24).

Data analysis

The dataset comprised 416 sibships from 326 families for which ge-
notype data were available for at least 1 marker. The number of families
from Australia, New Zealand, and The Netherlands were 155, 59, and
112, respectively. Genotype data for the INHA locus were obtained from
717 mothers of DZ twins. There were 267 sibships with 2 sisters who had
given birth to DZ twins and 17 sibships with 3 affected sisters. In
addition, data were obtained from 132 sibships with a single individual
drawn from families in which at least one third degree relative had given
birth to a set of DZ twins. Among the sibships there were 106 and 105,
respectively, with 1 or both parents typed for the INHA locus. Genotype
data for the 25 microsatellite markers were obtained from 383 mothers
of DZ twins, 166 sister pairs, and 17 sets in which 3 sisters had DZ twins.

Two-point decimal log odds ratio (LOD) scores and multipoint anal-
ysis for linkage between INHA and microsatellite markers from chro-
mosome 2 were calculated using the VITESSE program (25). Linkage
between INHA and DZ twinning was tested using VITESSE, and mul-
tipoint analysis was carried out with GENEHUNTER (26). Genetic mod-
els tested for linkage to DZ twinning were a recessive model with a gene
frequency of 0.5 and a penetrance of 5% (2) and a dominant model with
a gene frequency of 0.04 and a penetrance of 10% (3). Allele sharing and
linkage mapping with affected sister pairs were analyzed using the
ASPEX package (27).

Results

Two polymorphisms were identified within the coding
region of the INHA gene. Both polymorphisms were C to T
transitions and were located at position 129 in exon 1 and
position 675 in exon 2. PCR products for exons 1 and 2 were
amplified and sequenced from samples of 21 individuals.
Within this group, all samples with the single base change at
position 675 in exon 2 also contained the single base change
at position 129 in exon 1. PCR for exon 1 generates a product
of 447 bp. The C to T transition at position 129 in the exon
1 fragment generates a restriction enzyme site for the enzyme
SpeI. Chromosomes with a C at position 129 remain uncut,
with a single band of 447 bp. Chromosomes with a T at
position 129 are cut with SpeI and produce two bands of 323
and 124 bp (Fig. 1).

The polymorphism was typed in 1125 individuals from
326 pedigrees. Allele frequencies for the 447- and 323/124-bp
alleles were 0.802 and 0.198, respectively, and the heterozy-
gosity was 0.318. The allele frequencies in Australian and
New Zealand families were similar to frequencies in the
Dutch families.

The location of INHA was determined by linkage map-
ping. Based on the two-point LOD scores, INHA was closely
linked to D2S164 [maximum LOD score, 6.03 at a recombi-
nation fraction (u) of 0.01], and preliminary analysis placed
INHA between markers D2S325 and D2S126. Multipoint
mapping with markers D2S117, D2S325, D2S164, and D2S126
confirmed the location of INHA close to D2S164 (Fig. 2). The
maximum LOD score was 8.93, and the one LOD support
interval placed INHA within 3 centimorgans (cM) of D2S164.

Linkage between the INHA locus and DZ twinning was
excluded in this population (LOD score, 22.81 at u 5 0).
Multipoint analysis excluded linkage in the region of marker
D2S164 (Fig. 3), the region containing the INHA locus. Using
the affected sibpair approach, there was complete exclusion
of linkage (LOD, less than 22) of a gene conferring relative
risk of 1.8 (ls, .1.8) across the chromosome, except at the
p-terminus region and a small peak (maximum LOD score,
0.6) in the region of D2S151-D2S326 (Fig. 3). Under genetic
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models of recessive (2) or dominant (3) inheritance of a gene
for DZ twinning, there was complete exclusion of linkage
(LOD, less than 22.5) across chromosome 2.

Discussion

The number of follicles that ovulate during reproductive
cycles is characteristic for each mammalian species. The
dominant follicle(s) that subsequently ovulates is selected at
a time of rising concentrations of FSH around luteal regres-
sion (28, 29). Current views suggest that concentrations of
FSH exceeding some threshold around the time of follicle
selection lead to multiple follicle growth and multiple ovu-
lation (28–30). Strong evidence for major genes influencing
the ovulation rate and multiple birth comes from animal
models (31–35). These models also suggest that intraovarian
factors play a role in control of the ovulation rate (36, 37).

The a-subunit of inhibin has important roles in the control
of ovarian function through feedback mechanisms on pitu-
itary FSH release and through the effects of an altered bal-
ance between activins and inhibin in intraovarian regulation

(15, 38). Immunization against inhibin a-subunit in animals
results in an increased ovulation rate (16–19). We identified
2 polymorphisms in the coding region of INHA. The C to T
transitions (positions 129 and 675) were in complete linkage
disequilibrium in the 21 mothers of DZ twins analyzed. The
2 variants were silent mutations that did not alter the protein
sequence for inhibin-a. The C to T transition at position 129
generates a SpeI restriction polymorphism and was relatively
common in our families. Physical mapping data place the
INHA locus at chromosome 2q33-q34 (39, 40). In the present
study, linkage analysis with chromosome 2 markers located
INHA close to D2S164 between markers D2S325 and D2S126.

Linkage and association studies provide a valuable ap-
proach to understanding the contributions of individual
genes to variation in twinning frequency. Results from the
present study exclude linkage between the INHA locus and
DZ twinning in our families. A LOD score of 22 is considered
significant evidence against linkage [odds of 100:1 against
(41)]. LOD scores of less than 22 were observed for linkage
between DZ twinning and the INHA locus for all genetic
models tested in our families. The exclusion with the INHA
locus was supported from multipoint linkage analysis with
markers from distal end of chromosome 2 including D2S164,
which maps close to INHA. Although our studies exclude a
direct role for mutations in the INHA locus influencing vari-
ation in DZ twinning, genetic variation in DZ twinning could
act through pathways that include the inhibin-a protein. For
example, mutations in genes located elsewhere in the ge-
nome could influence the synthesis or stability of inhibin-a
(messenger ribonucleic acid or protein), alter relative con-
centrations of inhibins and activins, or modify physiological
actions of inhibin proteins.

The 25 microsatellite markers provided adequate coverage
across chromosome 2, with an average distance between
markers of 9.4 cM and the largest gap being 20.1 cM. Mul-
tipoint analysis excluded linkage to a twinning gene confer-
ring a relative risk of 1.8 across the whole chromosome except
for the p-terminus and a small peak in the region of 2q24
(D2S151-D2S326). Across the chromosome, there was com-
plete exclusion of linkage to DZ twinning at odds of 300:1
under genetic models of recessive or dominant inheritance.
Two additional candidate genes on chromosome 2 that could

FIG. 1. Segregation of a PCR restric-
tion fragment length polymorphism at
the INHA locus. The C to T transition at
position 129 in exon 1 generates a re-
striction enzyme site for the enzyme
SpeI. Chromosomes with a C at position
129 remain uncut, with a single band of
447 bp. Chromosomes with a T at posi-
tion 129 are cut with SpeI and produce
two bands of 323 and 124 bp.

FIG. 2. Multipoint mapping of the INHA polymorphism with mark-
ers D2S117, D2S325, D2S164, and D2S126 from chromosome 2.
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influence multiple ovulation and twinning frequency are the
receptor for FSH (FSHR) and the bB-inhibin subunit (IN-
HBB). FSHR is located at 2p21-p16 (42, 43), and INHBB is
located at 2cen-q13 (39). The locations of both loci lie outside
the small peak between D2S142 and D2S326.

A linkage study of this sort cannot exclude mutations with
small effects, but does exclude mutations of moderate effect
present in the majority of our families. Gain of function
mutations in the human LH receptor gene have been found
to be the basis of familial male-limited precocious puberty
(44). Gain of function mutations in the FSH receptor gene,
like the loss of function mutants in the inhibin subunit genes,
could be associated with increased incidence of dizygotic
twinning. However, exon 10 of the FSH receptor gene was
sequenced in 21 mothers of DZ twins studied here, including
individuals from families in which DZ twins were born to
three sisters. No sequence differences in the transmembrane
region of the FSH receptor gene were found (Kudo. M., and
A. Hsueh, unpublished observations). Variation in twinning
frequency could still act through pathways of FSH action.

We conclude that dizygotic twinning is not linked to vari-
ation in the a-inhibin locus and that it is unlikely that there
are genes with a large effect on twinning present on chro-
mosome 2.

Acknowledgments

We thank Sue Healey, Diana Phipps, Shedo Sadrzadeh, Joy Brown,
and Anne Beattie for identification and collection of families; Anna
Marsh for assistance with the genotyping; and the mothers of twins in
Australia, New Zealand, and Holland for their enthusiastic cooperation.

References

1. White C, Wyshak G 1964 Inheritance in human dizygotic twinning. N Engl
J Med. 271:1003–1005.

2. Bulmer MG. 1970 The biology of twinning in man. Oxford: Oxford University
Press.

3. Meulemans WJ, Lewis CM, Boomsma DI, et al. 1996 Genetic modelling of
dizygotic twinning in pedigrees of spontaneous dizygotic twins. Am J Med
Genet. 61:258–263.

4. Lewis CM, Healey SC, Martin NG. 1996 Genetic contribution to DZ twinning.
Am J Med Genet. 61:237–246.

5. Martin NG, Shanley S, Butt K, Osborne J, O’Brien G. 1991 Excessive follicular
recruitment and growth in mothers of spontaneous dizygotic twins. Acta
Genet Med Gemellol. 40:291–301.

6. Gilfillan CP, Robertson DM, Burger HG, Leoni MA, Hurley VA, Martin NG.
1996 The control of ovulation in mothers of dizygotic twins. J Clin Endocrinol
Metab. 81:1557–1562.

7. Nylander PP. 1973 Serum levels of gonadotrophins in relation to multiple
pregnancy in Nigeria. J Obstet Gynaecol Br Commonw. 80:651–653.

8. Martin NG, Olsen ME, Theile H, El Beaini JL, Handelsman D, Bhattnagar
AS. 1984 Pituitary-ovarian function in mothers who have had two sets of
dizygotic twins. Fertil Steril. 41:878–880.

9. Martin NG, Robertson DM, Chenevix-Trench G, de Kretser DM, Osborne
J, Burger HG. 1991 Elevation of follicular phase inhibin and luteinizing hor-
mone levels in mothers of dizygotic twins suggests nonovarian control of
human multiple ovulation. Fertil Steril. 56:469–474.

10. Lambalk CB, Boomsma DI, De Boer L, De Koning CH, Schoute E, Popp-
Snijders C, Schoemaker J. 1998 Increased levels and pulsatility of follicle-
stimulating hormone in mothers of hereditary dizygotic twins. J Clin Endo-
crinol Metab. 83:481–486.

11. Burger HG, Farnworth PG, Findlay JK, et al. 1995 Aspects of current and
future inhibin research. Reprod Fertil Dev. 7:997–1002.

12. Vale W, Rivier C, Hsueh A, et al. 1988 Chemical and biological character-
ization of the inhibin family of protein hormones. Recent Prog Horm Res.
44:1–34.

13. Groome NP, Illingworth PJ, O’Brien M, et al. 1996 Measurement of dimeric
inhibin B throughout the human menstrual cycle. J Clin Endocrinol Metab.
81:1401–1405.

14. Ling N, Ying SY, Ueno N, et al. 1986 Pituitary FSH is released by a heterodimer
of the beta-subunits from the two forms of inhibin. Nature. 321:779–82.

15. Woodruff TK. 1998 Regulation of cellular and system function by activin.
Biochem Pharmacol. 55:953–963.

16. King BF, Britt JH, Esbenshade KL, et al. 1993 Ovulatory and endocrine
responses after active immunization of gilts against a synthetic fragment of
bovine inhibin. J Anim Sci. 71:975–982.

17. Kusina NT, Meyer RL, Carlson KM, Wheaton JE. 1995 Effects of passive
immunization of ewes against an inhibin-peptide on gonadotropin levels,
ovulation rate, and prolificacy. Biol Reprod. 52:878–884.

18. Kusina NT, Meyer RL, Carlson KM, Wheaton JE. 1995 Passive immunization
of ewes against an inhibin-like peptide increases follicle-stimulating hormone
concentrations, ovulation rate, and prolificacy in spring-mated ewes. J Anim
Sci. 73:1433–1439.

19. Hillard MA, Wilkins JF, Cummins LJ, et al. 1995 Immunological manipula-
tion of ovulation rate for twinning in cattle. J Reprod Fertil. 49(Suppl):351–364.

20. Akagi S, Kaneko H, Nakanishi Y, Takedomi T, Watanabe G, Taya K. 1997
Ovarian response and FSH profile in cows following injection of various doses
of inhibin antiserum. J Vet Med Sci. 59:1129–1135.

21. Tannetta DS, Feist SA, Bleach EC, Groome NP, Evans LW, Knight PG. 1998
Effects of active immunization of sheep against an amino terminal peptide of
the inhibin a C subunit on intrafollicular levels of activin A, inhibin A and
follistatin. J Endocrinol. 157:157–168.

22. Boomsma DI. 1998 Twin registers in Europe: an overview. Twin Res. 1:34–51.
23. Miller SA, Dykes DD, Polesky HF. 1988 A simple salting out procedure for

extracting DNA from human nucleated cells. Nucleic Acids Res. 16:1215.

FIG. 3. Multipoint analysis of DZ twin-
ning with markers on chromosome 2.

3394 MONTGOMERY ET AL. JCE & M • 2000
Vol. 85 • No. 9



24. Hall J, and Nanthakumar E. 1997 Automated fluorescent genotyping. In: Boyle
AL, ed. Current protocols in human genetics. Wiley & Sons: New York;
2.8.1–2.8.19.

25. O’Connell JR, Weeks DE. 1995 The VITESSE algorithm for rapid exact mul-
tilocus linkage analysis via genotype set-recoding and fuzzy inheritance. Nat
Genet. 11:402–408.

26. Kruglyak L, Daly MJ, Reeve-Daly MP, Lander ES. 1996 Parametric and
nonparametric linkage analysis: a unified multipoint approach. Am J Hum
Genet. 58:1347–1363.

27. Hauser ER, Boehnke M, Guo SW, Risch N. 1996 Affected-sib-pair interval
mapping and exclusion for complex genetic traits: sampling considerations.
Genet Epidemiol. 13:117–137.

28. Baird DT. 1983 Factors regulating the growth of the preovulatory follicle in the
sheep and the human. J Reprod Fertil. 69:343–352.

29. Campbell BK, Scaramuzzi RJ, Webb R. 1995 Control of antral follicle devel-
opment and and selection in sheep and cattle. J Reprod Fertil. 000(Suppl):
335–350.

30. Fauser BC, Van Heusden AM. 1997 Manipulation of human ovarian function:
physiological concepts and clinical consequences. Endocr Rev. 18:71–106.

31. Davis GH, McEwan JC, Fennessy PF, Dodds KG, Farquhar PA. 1991 Evidence
for the presence of a major gene influencing ovulation rate on the X chromo-
some of sheep. Biol Reprod. 44:620–624.

32. Montgomery GW, Crawford AM, Penty JM, et al. 1993 The ovine Booroola
fecundity gene (FecB) is linked to markers from a region of human chromosome
4q. Nat Genet. 4:410–414.

33. Rathje TA, Rohrer GA, Johnson RK. 1997 Evidence for quantitative trait loci
affecting ovulation rate in pigs. J Anim Sci. 75:1486–1494.

34. Rohrer GA. 1999 Mapping four genes from human chromosome 4 to porcine
chromosome 8 further develops the comparative map for an economically
important chromosome of the swine genome. Anim Genet. 30:60–62.

35. Wilkie PJ, Paszek AA, Beattie CW, Alexander LJ, Wheeler MB, Schook LB.
1999 A genomic scan of porcine reproductive traits reveals possible quanti-
tative trait loci (QTLs) for number of corpora lutea. Mamm Genome.
10:573–578.

36. Montgomery GW, McNatty KP, Davis GH. 1992 Physiology and molecular
genetics of mutations that increase ovulation rate in sheep. Endocr Rev.
13:309–328.

37. Baird DT, Campbell BK. 1998 Follicle selection in sheep with breed differences
in ovulation rate. Mol Cell Endocrinol. 145:89–95.

38. Hillier SG, Miro F. 1993 Inhibin, activin, and follistatin. Potential roles in
ovarian physiology. Ann NY Acad Sci. 687:29–38.

39. Barton DE, Yang-Feng TL, Mason AJ, Seeburg PH, Francke U. 1989 Mapping
of genes for inhibin subunits a, bA, and bB on human and mouse chromo-
somes and studies of jsd mice. Genomics. 5:91–99.

40. Lu-Kuo J, Ward DC, Spritz RA. 1993 Fluorescence in situ hybridization map-
ping of 25 markers on distal human chromosome 2q surrounding the human
Waardenburg syndrome, type I (WS1) locus (PAX3 gene). Genomics. 16:173–9.

41. Ott J. 1991 Analysis of human genetic linkage, 2nd Ed. Baltimore: Johns
Hopkins University Press.

42. Rousseau-Merck MF, Atger M, Loosfelt H, Milgrom E, Berger R. 1993 The
chromosomal localization of the human follicle-stimulating hormone receptor
gene (FSHR) on 2p21–p16 is similar to that of the luteinizing hormone receptor
gene. Genomics. 15:222–224.

43. Gromoll J, Ried T, Holtgreve-Grez H, Nieschlag E, Gudermann T. 1994
Localization of the human FSH receptor to chromosome 2 p21 using a genomic
probe comprising exon 10. J Mol Endocrinol. 12:265–271.

44. Laue L, Chan WY, Hsueh AJ, et al. 1995 Genetic heterogeneity of consti-
tutively activating mutations of the human luteinizing hormone receptor in
familial male-limited precocious puberty. Proc Natl Acad Sci USA. 92:
1906 –1910.

The Foundation for Advanced Education in the Sciences, Inc.
at the National Institutes of Health presents:

A Review of Endocrinology: Diagnosis and Treatment

October 23–27, 2000
Bethesda, Maryland

Organizers: Derek LeRoith, M.D., Ph.D., Stephen Marx, M.D., Lynnette Nieman, M.D., and Monica C.
Skarulis, M.D.

Participants will receive up-to-date, state-of-the-art information on clinical endocrinology, with an em-
phasis on pathophysiology, diagnosis and treatment. Detailed lectures and case studies will review: diabetes;
thyroid function and diseases; disorders of calcium regulation; disorders on the adrenal cortex, growth and
reproduction; and reproductive endocrinology. Lecturers include leading endocrinologists from the National
Institutes of Health and other renowned institutions.

The course is intended both for physicians who are preparing for the endocrinology subspecialty board
examination and for those certified in endocrinology who wish to keep abreast of current advances in the field.

Tuition for the course is $700 for physicians and $375 for residents and fellows who verify their status.

For more information and a course brochure contact: FAES, One Cloister Court, #230, Bethesda, Maryland
20814-1460; Phone: (301) 496-7975; fax: (301) 402-0174; E-mail: martinza@mail.nih.gov.

The NIH/FAES is accredited by the Accreditation Council for Continuing Medical Education to sponsor
continuing medical education for physicians. The NIH/FAES designates this education activity for a maximum
of 40 hours in category 1 credit towards the AMA Physician’s Recognition Award. Each physician should claim
only those hours of credit that he/she actually spent in the educational activity.

DIZYGOTIC TWINNING IS NOT LINKED TO a-INHIBIN 3395


