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ABSTRACT. Thirty-seven 45 X Turner syndrome patients with con-
firmed peripheral blood lymphocyte karyotypewereinitially selected to
determine the origin of the retained X chromosome and to correlate it
with their parents’ stature. Blood sampleswere availablein 25 families.
Theparenta origin of the X chromosome was determined in 24 informa-
tivefamiliesthrough the analysis of the exon 1 - CAG repeat variation of
the androgen receptor gene. In 70.8% of the cases, the retained X chro-
mosomewas maternal in origin and 29.2% was paternal. When we clas-
sified the patients according to maternal (Xm) or paternal (Xp) X chro-
mosome, there was a positive correl ation between patients’ and mater-
nal heightsonly in the Xm group. Therewasno correlation with paternal
height in either group, and a significant correlation with target height
wasonly observed in the Xm group. In conclusion, maternal heightisthe
best variable correlating with the height of 45 X Turner syndrome pa-
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tientswho retain the maternal X chromosome, suggesting astrong influ-
ence of genes located on the maternal X chromosome on stature.
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INTRODUCTION

Height remains an important psychosocial determinant, and short stature represents
one of the most frequent complaints in pediatrics and in pediatric endocrinology clinics. Al-
though not always is secondary to a pathological condition, height has been defined as being
under normal limitswhen below -2 standard deviation (SD) for age and sex (Longui, 1998).

A positive correl ation has been found between the height of agiven individual and the
height of his/her parents, and the data suggest a combined influence of multiple genes in the
determination of final height (Reiter and Rosenfeld, 1998). Among these genes, some have been
localized on the short arm of the X chromosome, especially the short stature homeobox-contain-
ing gene - SHOX (Rao et al., 1997).

Familial target height can be calculated as suggested by Tanner et al. (1970). Nonethe-
less, this method of target height determination is not useful if the heights of the father and
mother are discordant (parental height difference greater than 2 SD). In such cases, each
individual seemsto randomly follow the SD stature from the mother or father. Thisphenomenon
could, in part, be related to a predominant gene expression on the X chromosome, representing
the skewed expression of a given parental X chromosome.

Patients with 45 X Turner syndrome (TS) have only one X chromosome of paternal or
maternal origin. Thisrepresentsauniqueclinical model inwhich theinfluence of X chromosome
genes related to their parental origin is manifested.

Previous studies have attempted to correl ate the stature of TS patientswith that of their
parents. The results have been controversial, with this correlation being significant for both
maternal or paternal stature or, in some cases, only with the target height (Salerno and Job 1987;
Massaet al., 1990; Cohen et al., 1995). In some cohorts, contradictory findings can be depend-
ent on theinclusion of different karyotypes.

Theaim of the present study wasto determine the influence of parental origin of the X
chromosome on the stature of patientswith 45 X TS.

PATIENTSAND METHODS

Thirty-seven 45 X TS patients with confirmed peripheral blood lymphocyte karyotype
were initialy selected, after an informed consent form was signed by the parents or guardians
and the study approved by the ethics committee of the institution.

Blood samplesfor DNA extraction were available from the patientsand their parentsin
25families.

The clinical data obtained were gestational age, birth weight and height, weight and
height before treatment with growth hormone, and parental height. Weight and height were
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expressed as standard deviation scores (SDS) according to NCHS-2000 reference data (Cen-
ters for Disease Control and Prevention, 2006). Target height was cal culated according to the
formula described by Tanner et al. (1970) and also expressed as SDS.

Patients or parents with systemic chronic diseases or endocrine or other genetic abnor-
malities with potential influence on stature were excluded. Patients with karyotypes different
from 45 X, even low frequency mosaicism (Longui et al., 2002), were a so excluded.

Molecular analysis

The parental origin of the X chromosome was determined taking advantage of the very
high frequency of polymorphism observed in the exon 1 - CAG repests of the androgen recep-
tor (AR) gene (HUMARA gene, OMIM: 313700; located in the Xg11-12 region).

DNA sampleswere submitted to PCR amplification, employing primerstargeted to the
exon 1 of the AR gene. The sense primer was labeled with 6-FAM (6-carboxy-fluorescein) and
synthesized asfollows. 5' 6-FAM - GGG TAA GGGAAG TAG GTG GAA 3 (Invitrogen Corpora
tion, Carlsbad, CA, USA). The non-labeled antisense primer was. 5 ACT GCG GCT GTG
AAG GTT 3. PCR included 5 pmol of the |abeled sense primer, 20 pmol of non-labeled anti-
sense primer, 200 pmol of each dNTPR, 10X buffer, 0.1 U Tag DNA polymerase (GeneAmp - PCR
reagent kit with AmpliTag DNA polymerase- Perkin Elmer, Branchburg, NJ, USA), 50 mM MgCl,,
and ddH,O to obtain afinal volume of 50 L. PCR was run in a GeneAmp PCR System 9700
(Applied Biosystem, Foster City, CA, USA) thermocycler under the following conditions: initial
denaturing step at 94°C for 3 min, followed by 30 cycles of denaturation, annealing and exten-
sion (0.5, 1 and 1 min, respectively). A final extension at 72°C for 7 min was also performed.

The PCR product obtained (395-bp fragment) was then submitted to capillary gel elec-
trophoresisin an ABI PRISM 310 automated analyzer (Applied Biosystems) under the follow-
ing conditions: temperature of 60°C, 7-9 pA° for 28 min for each sample. The results were
analyzed employing GeneScan softwarewhich isableto determinetherel ative size of theamplified
fragment, wherethelatter variable depends on the number of CAG repeats present in the exon 1 of
the AR gene. Using this method, the parental origin of the X chromosome can be determined,
comparing the patient’s allele size to the alleles observed in the respective mother and father.

Satistical analysis

Statistical analyses were performed employing the SPSS for Windows software, ver-
sion 10.0.1 (SPSS Inc., Chicago, IL, USA). Student t-test was used to compare variables be-
tween the two groups of patients, established according to maternal or paternal origin of the X
chromosome. Spearman’s correl ation coefficient between the patient’s height and the mother’s
or father’s stature was established for each study group. The frequencies of other clinical
variables, such as cardiac, renal and orthopedic diseases and Hashimoto'sthyroiditis were also
compared between the two groups.

RESULTS

Of the 25 families in which DNA samples were available, only one was considered
non-informative because the maternal and paternal alleles were found to be the same size.
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Therefore, the results of this study are based on the remaining 24 informative families.

All TS patients had short stature compared to the normal population or target height.
Mean SDS height (SD) was-3.5 (1.0). At birth, mean (SD) weight and height were 2610 (522)
g and 46 (2.4) cm, respectively. After correcting the gestational age, 3/22 (13.6%) and 13/19
(68.4%), patients were found to be below -2 SDSfor birth weight and height, respectively. The
mean (SD) for maternal height SDSwas observed to be-1.1(0.9), -0.7 (0.9) for paternal height
SDS and -0.8 (0.9) for target height SDS.

A significant decrease was seen in patient height when compared with maternal, pater-
nal or target height (Table 1).

Table 1. Mean standard deviation score (SDS (SD)) height of 45 X Turner syndrome patients and of their respective
mother and father and target height.

Patients Mother Father Target height
Turner syndrome (total) -3.5(1.02 -1.1(0.9) -0.7 (0.9 -0.8(0.9)
Xm -3.6 (0.9)° -1.1(1.0) -0.7(0.9) -0.8(1.0)
Xp -3.1(1.2)¢ -0.9(0.6) -0.6 (0.8) -0.7 (0.5)

a comparison between mean height SDS of the patients and that of their mother and father, and target height; (the whole
group) paired t-test, P < 0.001; b: comparison between mean height SDS of the patients and that of their mother and
father, and target height; (maternal X chromosome group) paired t-test, P < 0.001; c: comparison between mean height
SDS of the patients and that of their mother and father, and target height; (paternal X chromosome group) paired t-test,
P < 0.001.

Maternal origin of the X chromosome was detected in 17/24 TS patients (70.8%), and
paternal origin detected in the remaining 7/24 cases (29.2%). When the patients were divided
into two groups, according to materna (Xm) or paternal (Xp) origin of the X chromosome, there
were no significant differences between the two groups regarding chronological age, birthweight
and height, and SD scores for maternal, paternal or target height.

Asobserved for thewhole group, the patients' height SDS of the Xm or Xp groups also
differed significantly from maternal, paternal or target height (Table 1). Spearman’s correlation
coefficients between the height of TS patients and their parents’ or target height are presented
in Table 2. In the Xm group, there was a positive correlation between the patients and respec-
tive maternal height, but not with paternal height. No similar correlation was observed in pa-
tients with Xp origin. Neither of the groups showed a significant correlation between patient
height and respective paternal height. A significant correlation with target height was observed
only inthe Xm group, although atendency toward asignificant differencewasa so observedin
the Xp group.

Table 2. Correlations (r) between height SDS of patients and of their mother and father and target height, in the
maternal X chromosome (Xm) and paternal X chromosome (Xp) groups.

Mother Father Target height
Xm patients r =0.637 (P =0.006) r=0.372(P=0.14) r=0.573 (P=0.016)
Xp patients r=0.643 (P =0.09) r=0.286 (P =0.49) r=0.685 (P=0.07)

(r) Spearman’s correlation coefficient.
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Therewere no significant differences between the patients of the Xm and Xp groupsin
the frequency of cardiac, renal and orthopedic abnormalities or Hashimoto's thyroiditis. The
frequencies of low-birth weight and height SDS were also similar in both groups.

DISCUSSION

Anincreasing number of genes have been identified as being involved in the modul ation
of growth, and after reports of SHOX mutations, the influence of other X chromosome genes
have been studied (Page et a., 1987; Luoh et al., 1997).

On the other hand, there is no general consensus that sex chromosome-related genes
are the major determinants of final height, and other autosomal genes have been implicated in
growth modulation (Arinami et a., 1999; Deng et a., 2002; Wiltshireet al., 2002). The origin of
the X chromosome and, consequently, the stature of the respective parent can be one of the
factorsdetermining thefinal height of anindividual.

In the cohort examined in the present study, which included only 45 X TS patients,
around 70% received the X chromosome from the mother (maternal monosomy); similar results
were observed by others (Mathur et al., 1991; Lorda-Sanchez et al., 1992; Chu et al., 1994;
Jacobset al., 1990, 1997; Monroy et a., 2002; Uematsu et al., 2002). In the series described by
Loughlin et al. (1991), all patients preserved the Xm chromosome, athough in the cases re-
ported by Tsezou et al. (1999), the X chromosome was of maternal origininonly 7/16 (43.7%).
Inthe mgjority of previously reported studies, more |aborious and | ess sensitive assays, such as
Southern blotting or restriction fragment length polymorphism analysis, were employed. More
recently, Monroy et al. (2002) used a PCR-amplified |abeled fragment to detect parental
origin of the X chromosome, but several polymorphic markers were needed for accurate
identification. In our study employing GeneScan methodology aimed at the characteriza-
tion of the AR gene polymorphism, the origin of the X chromosome could not be definedin
only one of the 25 families, demonstrating the high sensitivity and precision of this method.
Additionally, thismethod hasthe advantage of being rapid and sensitiveto rule out the presence
of low-frequency X0/X X mosaics, even when employing only one polymorphic marker of the X
chromosome.

We also confirm that thereis a significant correlation between TS patients’ height and
maternal height in cases with Xm origin. There was no correlation with the paternal stature for
both Xm and Xp patients.

Similar resultswere also found in the TS patients described by Chu et al. (1994), despite
the fact that the authors did not classify the patients according to their karyotype. Othersfound
acorrelation with maternal staturein patientswith either Xmor Xp origin (Tsezou et al., 1999).
However, the karyotype was also not considered in the latter study, and the patients' SDSwere
calculated employing the reference data of patients with TS, which could overestimate the
patient’s SDS. Although the mean final height of patientswith TStendsto beinanarrow range,
asubstantial individual variability can be observed in the TS patient’s height. This can be ex-
plained, at least in part, by the frequently observed variability in parental height SDS.

The conclusion of the present study evaluating the stature of patientswith 45 X TSis
that the best correlation is observed in TS patients that retain the Xm chromosome and their
maternal height, suggesting the strong influence of genes located on the maternal X chromo-
somein the modulation of growth and the determination of final height.
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