
Genetic Considerations in the Patient with Turner Syndrome—
45,X with or without Mosaicism

Quincy Zhong, B.S. and Lawrence C. Layman, M.D.
Section of Reproductive Endocrinology, Infertility, & Genetics, Department of Obstetrics &
Gynecology; Institute of Molecular Medicine and Genetics; Neuroscience Program; Georgia
Health Sciences University, Augusta, GA 30912

Abstract
Turner syndrome (TS) is a complex developmental disorder in individuals with short stature who
possess a 45,X cell line, with or without mosaicism. Since the single X chromosome is maternally
derived in 80%, the genesis of the 45,X karyotype is due to instability of the Y chromosome
leading to its loss during meiosis. Phenotypic features vary depending upon the mode of
ascertainment, with postnatal presentation usually generating a more severe phenotype than a
prenatal one. Although patients with pure 45,X present with delayed puberty more often than
those with 46,XX or 47,XXX cell lines, the chromosomal complement cannot reliably predict the
clinical presentation. Most living TS patients are mosaics, while nearly all first trimester TS
fetuses have single 45,X cell line. Exclusion of a Ycell line, the presence of which increases the
risk of gonadoblastomas and subsequent gonadal germ cell tumors, is best accomplished by
karyotype, fluorescent in situ hybridization, and DNA analysis if necessary. The precise genetic
etiology of TS has not been elucidated, but it does appear that deletion of the short arm of the X
chromosome is sufficient to result in the TS phenotype, thereby implicating haploinsufficiency of
multiple genes including SHOX.

Turner Syndrome and the 45,X Karyotype
Turner syndrome (TS), as originally described by Henry Turner in 1938 prior to the advent
of chromosome analysis, consisted of a constellation of phenotypic findings—short stature,
sexual infantilism, webbed neck, and cubitus valgus.1 Only later, did Ford et al2 identify that
TS was due to a missing X chromosome. Nowadays, Turner syndrome (TS), also called
gonadal dysgenesis, usually applies to females with short stature and 45,X cell line, either
singly or in combination with another mosaic cell line. Here we will review genetic aspects
of this important multisystem, reproductive developmental disorder and address some
common notions about Turner syndrome and the supportive evidence for this.

© 2012 American Society for Reproductive Medicine. Published by Elsevier Inc. All rights reserved.

Correspondence should be addressed to: Lawrence C. Layman, M.D., Robert B. Greenblatt, M.D. Chair in Endocrinology, Section of
Reproductive Endocrinology, Infertility, & Genetics, Department of Obstetrics & Gynecology, Georgia Health Sciences University,
1120 15th Street, Augusta, GA 30912, USA., Phone: (706) 721-7591; Fax: (706) 721-0340; llayman@georgiahealth.edu.

Disclosure: The authors have nothing to disclose.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Fertil Steril. Author manuscript; available in PMC 2013 October 01.

Published in final edited form as:
Fertil Steril. 2012 October ; 98(4): 775–779. doi:10.1016/j.fertnstert.2012.08.021.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



What is the Phenotype of Turner Syndrome—Is There a Karyotype/
Phenotype Correlation?

The classic phenotypic presentation of TS includes short stature most commonly (with
nearly all patients being less than 5 feet in stature) and delayed puberty in 60–90%.1,3–8

Additional features are quite variable but include edema of hands or feet, webbed neck, low
posterior hairline, nail dysplasia, rotated ears, small mandible, nail hypoplasia, hyperconvex
nails, multiple pigmented nevi, characteristic facies, broad shield chest, cubitus valgus, short
fourth metacarpal, and high arched palate. 9–10 However, it is the left-sided cardiac
anomalies (including coarctation, bicuspid aortic valve, dilated aortic root), which occur in
about 50%,11–12 and renal anomalies (horseshoe kidney, double or cleft renal pelvis, or
others), seen in one-third,13 that may have the greatest impact upon health. There may also
be an increased risk of Hashimoto’s thyroiditis and hypothyroidism, 10 particularly if an
isochromosome of X is present.10 These somatic features may be present regardless of the
presence or absence of mosaicism or the degree of mosaicism.

Approximately 45% of postnatal TS patients have a pure 45,X cell line without any
detectable mosaicism.9 Other karyotypes that may be mosaic with 45,X most commonly
include: 46,X,i(Xq), 46,XX, 47,XXX, 46,X,del(Xp), or 46,XY (Table 1). Typically the
isochromosome of the X, consisting of two long arms of X and designated 46,X,i(Xq), is the
most frequent of the mosaic cell lines.9–10,14 The presence of a 46,XY cell line may occur in
5–10% and has clinical significance because of the risk of gonadoblastomas and subsequent
germ cell tumors, which necessitates removal of the gonads.15 Any marker chromosomes
also need to have proper identification to exclude a Y. Some 45,X/46,XY mosaics may be
detected by molecular techniques (see below).16

Short stature is the only consistent phenotypic finding (Table 1). However, available
evidence indicates that a higher probability of menstruation and pregnancy occurs in mosaic
TS patients. Sybert et al7 reviewed the literature and found that 13/123 (11%) of 45,X
patients had spontaneous menses compared to 11/32 (34%) 45,X/46,XX and 30/44 (68%)
45,X/46,XX/47,XXX patients.7 Eleven of 13 (84%) of 45,X/47,XXX patients also had
spontaneous menses. The length of time that menstrual function persisted was highly
variable, but not quantified in this review. 7 Fertility rates were lower in the patients with
non-mosaic 45,X (1/123 = 0.8%) compared with 6/32 (19%) for 45,X/46,XX, 20/44 (45%)
for 45,X/46,XX/47,XXX, and 9/13 (69%) 45,X/47,XXX.7 When TS patients conceive
spontaneously, there is an increased risk of spontaneous abortion, stillborn, congenital
anomalies, and aneuploidy.17–19 Interestingly, the risk of Down syndrome approximates 5%
and the recurrence risk of a 45,X fetus is about 10%.17–19

Lippe et al8 studied 141 TS patients and found that 7/79 (8.8%) 45,X patients had ovarian
function, which was less than any of the mosaic TS patients—8/10 (80%) in 45,X/46,XX,
7/22 (32%) in 45,X/46,X,i(Xq), and 3/10 (30%) in 46,X,i(Xq). Other categories were too
small to make meaningful comparisons, but of note, none of four with a 46,XXp- had
puberty. However, in this publication, clinical evidence of ovarian function was defined as
breast development and menses, whether it was transient or longer term.8 In fact, all 29
patients with ovarian function in the study by Lippe et al8 had at least Tanner III breasts,
with menses occurring at least once in all 25/29 (86%). However, regular menstruation only
persisted into adulthood in 15/29 (52%). So although it may be more likely that patients who
are 45,X mosaics have ovarian function, a 45,X cell line does not preclude spontaneous
menstruation and fertility. 3,6 In both mosaic and nonmosaic forms, however, the presence
of ovarian function does not necessarily indicate persistent ovarian function. There also does
not seem to be any correlation of somatic TS anomalies with the presence or absence of
ovarian function. However, differences in ascertainment probably contribute to the
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prevalence of detectable somatic anomalies and reproductive dysfunction in these patients
(see below).

If a Y cell line is present in combination with 45,X (45,X/46,XY), the patient may have a
variable, unpredictable phenotype (Table 1).20 In addition to the above mentioned
phenotypic features, a phenotypic female may have no evidence of any androgen effect (if
she has bilateral intra-abdominal streak gonads). Therefore, she will present as a phenotypic
female with sexual infantilism. However, if there is an intra-abdominal testis and
contralateral streak, clitoromegaly may be present, but if there is an intra-abdominal streak
and descended testis, frank ambiguity will be observed.20 Some patients with a 45,X/46,XY
karyotype will have bilaterally descended testes and be phenotypic males, with even the
presence of sperm.21 Therefore, the TS phenotype cannot predict the presence of a Y cell
line. Indeed, phenotypic females without any signs of masculinization may have a 46,XY
cell line and gonadoblastomas, which predisposes to germ cell tumors.20 Cools et al15 have
summarized the literature and found the overall prevalence of germ cell tumors in 45,X/
46,XY patients to be 18/119 (15%). Although a gonadoblastomas locus has been proposed
to reside in the pericentromeric region of Y,22–23 evidence for a causative gene remains
elusive.

Does the Age at Diagnosis Influence the Phenotypic Findings?
It is very likely that the ascertainment bias of TS plays a considerable role in how clinicians
view the diagnosis. The pediatrician, pediatric endocrinologist, or pediatric geneticist is
more likely to see the child with short stature with or without somatic anomalies—
lymphedema, cystic hygroma/webbed neck, cubitus valgus, shield chest, etc.7 The
gynecologist or reproductive endocrinologist is much more likely to first see the adolescent
with normal phenotypic features, but absent pubertal development—although short stature
will invariably be present.5–6,10

A 45,X karyotype has been observed in 1–2% of human conceptions, 10% of first trimester
pregnancy losses, 1% of stillbirths, and 1/2500 liveborns.24 Interestingly, more than 99% of
45,X fetuses abort, typically by 28 weeks gestation. This has led to the long-held hypothesis
that all living 45,X individuals must have mosaicism for another cell line.24 If a 45,X cell
line is ascertained by amniocentesis at the time of prenatal diagnosis, the eventual postnatal
phenotype may not be easy to predict.25–26 In fact, in a study by Chang et al26 in which 76
fetuses identified as 45,X/46,XY prenatally, ~ 95% of the fetuses delivered had normal male
external genitalia. However, 5% demonstrated some degree of sexual ambiguity and 27% of
the small number evaluated (3 of 11) had abnormal gonadal histology.26 Hsu27 reviewed 54
cases of 45,X/46,XY ascertained at the time of prenatal diagnosis. The phenotype
postnatally was known for 47 cases and was found to be that of a normal male in 42 cases
(89%), while three (6%) had mixed gonadal dysgenesis and two were questionably
abnormal. Follow up postnatal cytogenetic studies of the fetus or placenta indicated
confirmation of 45,X/46,XY in 70% of 40 cases.27 If no somatic anomalies are seen by
ultrasound, the majority of fetuses will appear normal at birth. However, a postnatal
karyotype should be done and long-term follow up is necessary into adulthood to identify
somatic anomalies and to determine gonadal function.

More frequently a 45,X/46,XX karyotype may be identified at the time of amniocentesis
(estimated at 1/3,000).28 In a small study of 12 such amniocentesis cases compared with 41
postnatal 45,X/46,XX cases, the phenotype was much milder in the prenatally diagnosed
group.28 Nine of 12 appeared normal at birth and most did not have elevated gonadotropins
in the neonatal period.28 Certainly, long-term studies are necessary, but it appears that the
prenatal diagnosis of 45,X/46,XX portends a potentially milder phenotype.
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How is Mosaicism Appropriately Detected?
Prenatal Diagnosis

When a 45,X cell is identified in amniotic fluid or at the time of chorionic villus sampling,
there are guidelines published by the American College of Medical Genetics,9 which were
largely based upon the work of Hsu and Ben.29 Briefly, if a 45,X cell line is identified, 20
additional cells from a different cell culture or 12 colonies from coverslips other than the
one with the abnormality should be evaluated. If a structurally abnormal X chromosome or
marker chromosome is identified, additional cultures should also be assessed.9,29 If a marker
chromosome is found, additional FISH testing with X and Y centromere probes is
recommended.9

Postnatal Diagnosis
In the patients with suspected TS, a karyotype should be obtained from peripheral
leukocytes, but additional cells should have the total number of chromosomes counted. As
reported by Hook,30 to detect 10% mosaicism with 95% confidence, ≥ 29 metaphases are
needed to exclude a mosaic cell line (such as 45,X). To detect 5% and 1% mosaicism with
95% confidence, ≥ 59 and ≥299 metaphases, respectively, are needed.30 Additionally,
interphase FISH for X and Y probes may be useful to determine low level mosaicism. If
there is low-level mosaicism, it is important to take the phenotype into account—short
stature in particular, and recognize that there is an age-related loss of the X chromosome,
which can complicate the analysis.31

In the patient with an apparent nonmosaic 45,X karyotype, it is prudent to exclude a Y cell
line utilizing FISH. Normal male and normal female controls should be studied to set the
cutoff for the limits of detection. As reported by Wiktor et al,32 at the 95% confidence level,
if 500 nuclei are scored, the presence of five or more cells with two X signals is required to
establish the presence of an XX cell line, whereas three or more Y signals are needed to
document a 46,XY cell line.32 It is possible that these exact cutoffs could vary somewhat
from laboratory to laboratory, but the important concept is that validated control guidelines
should be established by the laboratory.

The role of Y chromosome detection by PCR has been reported in a number of studies, but
there have been concerns of false positives,33 which would result in unnecessary surgery.
When Cools et al15 reviewed 11 studies containing 541 TS patients without a Y by
karyotype, 27 (5%) had Y chromosome mosaicism by PCR. If a marker chromosome (mar)
was present in the original karyotype, nearly all had Y DNA. Including patients from these
11 studies who had cytogenetic evidence of a Y, 43/557 (11.6%) TS patients had
gonadoblastomas.15 McDonough and Tho34 recommend that a karyotype analyzing 30–50
metaphases should be the first step to detect Y DNA in 45,X patients. If a marker
chromosome of unknown origin is identified, reflex metaphase FISH should be performed
with centromeric X (DXZ1) and Y (DYZ3) centromeric probes to confirm the marker
identity.34 If nonmosaic 45,X, nonmosaic 46,XY, or nonmosaic 47,XYY cell lines are
identified, reflex interphase FISH should be done on 500 nuclei to search for a Y (or 45,X)
cell line. FISH results, whether positive or negative, should be confirmed with PCR analysis
for DYZ3, SRY, DYZ4 A, and DYZ4 B using sequence tagged sites (STS) if DNA is still
available.34

Sex chromosome mosaicism is very variable in TS patients and depends upon the
methodology and the criteria used for its determination. The number of cells that are
counted; the number of tissues that are tested (blood, skin, etc.); the technique (karyotype,
FISH), and the standards that are used for its interpretation all affect the presence of
mosaicism. Most living TS patients have documented mosaicism if cytogenetics and
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interphase FISH are utilized. Held et al35 studied lymphocyte and fibroblast cultures in 87
TS patients and found mosaicism in 58/87 (67%), no mosaicism in 18/87 (21%), and
nonmosaic structural abnormalities of the X chromosome in 11/87 (13%). Fernandez-Garcia
et al36 detected mosaicism in 37/41 (90%) of TS patients using the combination of
cytogenetics, extensive FISH analysis, PCR, and sequencing for SRY.

What is the Genetic Basis of Turner Syndrome?
Turner syndrome is normally a sporadic condition that is unrelated to advanced maternal
age. In fact, the missing X chromosome more typically is paternal in origin for ~75% of
liveborns who are 45,X, as repeatedly determined using a number of different methods—Xg
blood grouping, restriction-fragment length polymorphism (RFLP) and single nucleotide
polymorphism (SNP) in parents.37 Hassold et al38 first studied 35 nonmosaic 45,X patients
and found that 80% of patients had a maternal X chromosome. Uematsu et al37 studied 50
unselected TS without regard to karyotype and found that 76.2% of pure 45,X and 72.4% of
45,X/mosaic patients had a maternal X chromosome. They also summarized the literature,
which has been remarkably consistent for 45,X—227/303 (74.9%) had a maternal X
chromosome. Although the numbers were smaller, similar findings were found for the origin
of ring chromosomes, marker chromosomes, or Xp deletions.37

The one exception seems to be the 46,X,i(Xq) mosaic cell line. First reported by Callen et
al39 in five patients with X isochromosomes, and studied in larger sample sizes by other
investigators, the likelihood of a maternal or paternal i(Xq) was similar. Jacobs et al14

studied the most 45,X/46,X,i(Xq) patients and found that 15 had a maternal X and 20 had a
paternal X. This is a fairly consistent observation in the literature as reported by Uematsu et
al37 who summarized a number of studies and found that of 131 45,X/46,X,i(Xq) patients,
the i(Xq) was maternal in 46% and paternal in 54%.

The observation that 45,X does not increase with maternal age argues against a maternal
meiotic error, and the finding that 75% of TS patients have a maternal X suggest that a
paternal meiotic error generates abnormal sex chromosomes.37 These in turn predispose to
mitotic loss by anaphase lag for a pure 45,X cell line or nondisjunction if a mosaic cell line
is present (such as a 47,XXX). This seems true for nonmosaic 45,X, or 45,X with other
mosaic cell lines such as 46,X,del(Xp), 46,X,r(X), and 46,X,mar(X).37 Certainly, the
presence of a Y cell line is paternal in origin as well. However, the etiology may be different
for 45,X/46,X,i(Xq). Since there is an equal likelihood of a maternal or paternal i(Xq), this
indicates a gametogenic error could occur with equal frequency. It is also possible that 45,X/
46,Xi(Xq) occurs postzygotically, and if so, it should be at the first mitotic division. In fact,
45,X/46,XX/46,Xi(Xq) mosaics, which would occur at later cell divisions, are extremely
uncommon.14 As mentioned above, ~99% of pure 45,X are lost in the first trimester and that
most living TS patients are mosaics.24

What Genes Cause Turner Syndrome?
Turner syndrome with a pure 45,X cell line is thought to result from haploinsufficiency of
multiple genes on the X chromosome (or loss of the Y chromosome) that affect embryologic
development, stature, and gonadal function. The short stature, and perhaps the bony
abnormalities (at least in part), likely result from the deletion of one allele of SHOX (short
stature homeobox gene), a transcription factor on Xp22 that is primarily expressed in
osteogenic cells.40 Interestingly, patients with idiopathic short stature (without Turner
syndrome) may harbor mutations in SHOX, of which the type of mutation may affect the
phenotype. Langer mesomelic dysplasia results from SHOX deletions, while Leri-Weill
dyschondrosteosis, a skeletal dysplasia with disproportionate short stature, mesomelic limbs,
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and the Madelung deformity (a radial bone anomaly), results from SHOX nonsense
mutations. 40–41 The Madelung deformity may sometimes be seen in Turner syndrome.

Structural alterations of the X chromosome affect ovarian function and may affect stature.
Partial deletions of the X chromosome may also impair ovarian function. In general,
deletions affecting Xp11 result in ovarian failure in about half of patients, while the other
half have menstrual function.42 With more distal deletions, such as at Xp21, the phenotype
is usually less severe. Most women with Xp deletions are short, regardless of ovarian
function, further supporting that other statural determinant genes could reside within these
regions. Several families with Xp deletions have also been reported.42 Available evidence
suggests that a complete deletion of the short arm of the X (Xp-) is sufficient result in the TS
phenotype since a pure cell line of 46,X,i(Xq), which consists of two Xq and no Xp arms, is
found in some TS patients.

Deletions of Xq may also result in ovarian failure. Similar to Xp deletions, proximal Xq
(such as Xq13) deletions are usually more severe, and these patients have absent breast
development, primary amenorrhea, and gonadal failure. In fact, the Xq26-q28 region has
been designated POF1 while Xq13.3-q21.1 has been identified as POF2, as both of these
regions were proposed to contain ovarian determinant genes. Identified genes on the X
chromosome that affect ovarian function include FMR143 and BMP1544 since mutations in
either results in hypergonadotropic hypogonadism. Chromosomal rearrangements involving
the X chromosome have also been reported to disrupt ovarian gene function.42

Conclusions
Turner syndrome is a complex reproductive developmental disorder. Postnatal presentation
is more likely to demonstrate a more severe phenotype than if it is ascertained prenatally.
However, it should be remembered that long-term follow-up of patients diagnosed
prenatally is necessary; and this follow-up is lacking in the literature. Most first trimester TS
karyotypes are pure 45,X, while most postnatal, living TS are mosaics. Ascertainment of TS
patients is clearly biased—practitioners taking care of children are more likely to find
patients with short stature and somatic anomalies, while health care workers seeing
adolescents and adults will more commonly identify TS patients with short stature and
menstrual abnormalities. These biases contribute to the great variation of phenotypic and
karyotypic differences. Pubertal development and reproductive function are clearly
impaired, and should the TS patient conceive spontaneously, there is an increased risk of
reproductive loss, congenital anomalies, sex chromosome abnormalities, and Down
syndrome.

The precise genetic basis of TS is not clear, but it appears that deletion of Xp (or loss of the
Y) is sufficient to cause the full syndrome, thereby implicating haploinsufficiency of a
variety of genes including SHOX. Turner syndrome is not related to advanced maternal age;
and in fact, is more likely due to instability of the Y chromosome leading to its loss during
male meiosis since 75–80% of X chromosomes in TS patients are maternal in origin.
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Table 1

Sexual development and differentiation in Turner Syndrome

Genotype Phenotype

45,X
Sexual infantilism (90%)

Normal puberty and menses (10%)

45,X mosaic (without Y) (46,XiXq, 46,XX, 47,XXX, 46,X,del(Xp))

Sexual infantilism (30–58%)

Normal puberty and spontaneous menarche (70%)* (Sybert7)

Normal puberty and spontaneous menarche (42%); only half (21%) had
consistent menses in adulthood (Lippe et al8)

45,X/46,XY mosaic with:

 Bilateral intraabdominal streak gonads Sexual infantilism

 Intraabdominal streak + intraabdominal testis Clitoromegaly

 Intraabdominal streak + scrotal testis Sexual ambiguity

 Bilatral scrotal testes Normal male with infertility

*
Ovarian and menstrual function may be short-lived indicating a high degree of gonadal dysfunction.
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