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Possible role of imprinting in the Turner
phenotype

C E Chu, M D C Donaldson, C J H Kelnar, P J Smail, S A Greene, W F Paterson,
J M Connor

Abstract
We have attempted to investigate the role
ofimprinting in the phenotype ofTurner's
syndrome. Sixty-three patients were in-
vestigated for parental origin of the re-
tained normal X chromosome; 43 were
found to retain the maternal X (XM) and
20 the paternal (Xe). The relationship be-
tween a child's pretreatment height centile
and parental height centiles was examined
in 36 patients. No significant correlation
was found between child and parental
height centiles for X' or child and paternal
height centiles for XM (p>005) but a strong
correlation was found between child's
height centile and maternal height centile
(p<0O01) for XM.
Using pooled data from this and other

studies there was no significant correlation
with renal anomalies but a strong cor-
relation between cardiovascular ab-
normalities and XM (001>p>0-001) and
neck webbing and XM (p<005).
We conclude that imprinting may play a

part in the Turner's syndrome phenotype,
especially with respect to pretreatment
height, cardiovascular anomalies, and
neck webbing.

(J Med Genet 1994;31:840-842)

The phenotype in Turner's syndrome is ex-
tremely variable even in those patients with
a supposedly non-mosaic karyotype and the
reasons for this variability are not clear. Several
studies have shown a bias for loss ofthe paternal
sex chromosome in Turner's syndrome'2 and
this has led to speculation that the Turner's
syndrome phenotype may be influenced by the
paternal origin of the retained X chromosome.
Studies to date have not supported this hy-
pothesis,35 but these have included relatively
few patients.
The height of Turner's syndrome patients

has been shown to correlate with mid-parental
height6 and there is statistical evidence of a
stronger correlation with maternal than pa-
ternal height,7 but there have been no ex-
perimental data to confirm this.

Table I Parental origin of the normal X chromosome in patients with different
karyotypes

Karyotype No Normal X maternal Normal X paternal
XAI (%/) XP (%.)

45,X 32 23 (72) 9 (28)
45,X/46,Xi(Xq) 10 4 (40) 6 (60)
45,X/46,Xr(x) 10 7 (70) 3 (30)
Other 11 9 (73) 2 (25)
Total 63 43 (68) 20 (32)

In the present study we have examined a
large number of liveborn Turner's syndrome
patients to determine the parental origin of
the retained normal X chromosome and to
correlate this with the phenotype.

Patients and methods
Patients were seen in one of the four specialist
growth clinics in Scotland or in the Medical
Genetics Department in Glasgow. Samples
were obtained from 63 patients and both par-
ents, and genomic DNA was extracted from
peripheral blood lymphocytes by standard
methods.
DNA was subjected to double digest with

KpnIlMspI and electrophoresis was carried out
through 0-6% agarose gels for 48 hours to
ensure maximum separation of bands. South-
ern blotting and 32p labelling of probe M27 ,
kindly provided by Dr I Craig, by the random
primed method, hybridisation, and auto-
radiography were carried out according to
standard procedure.
The karyotypes of the patients were as fol-

lows: 32 45,X; 10 45,X/46,Xi(Xq); 10 45,X/
46,Xr(X); three 45,X/46,XX; and eight other
karyotypes.

Pretreatment height of the child was plotted
on Turner's syndrome centile charts8 and the
parental heights plotted on normal female
charts (after subtracting 12-5 cm from the pa-
ternal height to correct for sex difference).
Three phenotypic features were also ana-

lysed, heart anomalies (coarctation of aorta and
bicuspid aortic valves), neck webbing, and renal
abnormalities. Cardiac anomalies were dia-
gnosed clinically with confirmation by echo-
cardiograms. Renal anomalies were screened
for using ultrasound and the 10 patients who
did not have scans were not included in the
analysis.

Correlation analysis was carried out using
the MINITAB programme.

Results
Using this approach the parental origin of the
normal X could be determined in every patient.
Overall the normal X chromosome was ma-
ternal in 43 (68%) and paternal in 20 (32%)
patients. Table 1 shows the parental origin
with respect to karyotype. No unexpected X
mosaicism was found in any patient.
Growth data were available for 36 patients

and their parents of whom 24 retained the
maternal X (XM) and 12 the paternal (Xe) X
chromosome. Correlations between maternal
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Table 2 Correlation of child s height with parental height
and mid-parental height (MPH) in Turner's syndrome

Origin of Correlation with Cormlation with Correlation with
X maternal ht paternal ht MPH

XM r=0-607 r=0-117 r=0-52
(p<O-01) (p>0 05) (p<O-01)
r= -0-259 r= 0-225 r= -0-02
(p>0-05) (p>0 05) (p>0 05)

height centile, paternal height centile, and mid-
parental height centile were determined for the
XM and X' groups and are shown in table
2. There was a highly significant correlation
between child height centile and maternal
height centile for XM but not for X. The
correlation between child height centile and
paternal height centile was not significant for
X' or X'. Child and mid-parental height centile
correlated significantly for XM but this was a less
significant correlation than that for maternal
height centile. There was no significant cor-

relation between mid-parental and child height
centile for X'.

In this cohort 10 patients had cardiac an-

omalies (coarctation or bicuspid aortic valves
or both) diagnosed clinically, of whom nine
were XM and one X. Neck webbing was present
in seven patients all of whom were XM. Eight
patients had abnormal kidneys (three horse-
shoe, two duplex, and three dysplastic); six
were XM and two were X. The 10 patients
who had not had renal imaging were excluded
from the analysis. There was no statistical
difference between the XM and X' groups using
Fisher's exact probability test, but since the
numbers were small analysis was carried out
after pooling data from other studies."5 Using
this method and applying the x2 test with Yates's
correction (table 3), there was a highly sig-
nificant difference between XM and X' for car-

diovascular anomalies (0 01>p>O0001), a less
significant difference for neck webbing
(p<005), and no significant difference for renal
anomalies (p>0 05).

Discussion
We have shown in this study that the pre-
treatment height of girls with Turner's syn-
drome correlates more strongly with maternal
than paternal height for children retaining the
normal maternal X chromosome. The results
for those children retaining the paternal X
show poor correlation with either maternal or

paternal height centiles, although this may be
because of the small numbers of X' patients.
These results are consistent with the ob-
servation by Salerno et al7 that the final height
in 67 Turner's syndrome patients showed a

strong correlation between patient's height and

maternal height (r=0-607). They suspected
that this was because of the bias for retention
of the maternal X but did not perform studies
of origin of the normal X on their patients. We
have chosen to compare pretreatment height
centiles of patients and parents using corrected
paternal heights so that younger patients could
be included in the analysis. Lyon et at have
shown that Turner's syndrome patients remain
on the same centile line if untreated and pro-
jecting final height using these charts is gen-
erally accepted. These results may have clinical
implications for better counselling of newly
diagnosed patients as to height prognosis.
The present findings also indicate that im-

printing may play a part in both cardiovascular
anomalies and neck webbing but not renal
anomalies. This would be consistent with the
proposed mechanism for formation of both
neck webbing and cardiac abnormalities owing
to abnormal development of the lymphatic sys-
tem. Clark9 found in the chick that disordered
lymphatic drainage leads to distension of the
cardiac lymphatics which may encroach on the
ascending aorta and alter intracardiac blood
flow and lead to structural abnormalities of the
aorta and aortic valves. Abnormality of lymph-
atic drainage may also lead to cystic hygroma
and neck webbing in the child. However, the
mechanism for renal abnormalities is likely to be
different resultingfrom abnormalities in ureteric
or metanephric budding or vascular dysplasia. 0

Imprinting of areas of the X chromosome
has been postulated in the mouse where XO
mice retaining the paternal X are de-
velopmentally retarded and smaller than their
XX sibs, whereas XO mice retaining the ma-

ternal X are significantly larger than their XX
sibs." Also of interest is the fact that mouse

androgenetic cell lines contribute more to the
mesodermal derivatives, such as muscle, skel-
eton, kidney, heart, and dermis, but less to the
ectodermal derivatives, such as brain."2

This study has shown that some aspects
of the Turner's syndrome phenotype may be
influenced by imprinting of some areas of the
X chromosome. However, cryptic X mosaicism
and anomalous X inactivation of structurally
abnormal X chromosomes may be com-

plicating factors in some patients. Although no
evidence was found for unexpected X mo-
saicism in the present study in blood, this factor
may modify the phenotype in those patients
who do not appear to fit this imprinting model.
Further studies of larger numbers of patients
analysing multiple tissues for bothX mosaicism
and X inactivation patterns may clarify the
relationship of imprinting, X inactivation, and
cryptic mosaicism.

Table 3 Pooled data fiom four studies of various phenotypic features in Turner s syndrome

Study Cardiac anomalies Neck webbing Renal anomalies

Affectedltotal Affectedltotal Affectedltotal Affectedltotal Affectedltotal Affectedltotal

Ross et al' 11/17 0/7 12/17 3/7 3/17 1/7
Mathur et al4 7/18 3/7 3/18 0/7 3/18 0/7
Lorda-Sanchez et al3 7/12 0/4 11/20 3/5 10/19 2/2
Present study 9/43 1/20 7/43 0/20 6/38 2/15
Total 34/90 4/38 33/98 6/39 22/92 5/31
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