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SUMMARY

BACKGROUND/OBJECTIVES A short neck and low posterior hairline are characteristics of Noonan syndrome
(NS) and are hallmarks of basilar invagination/impression. However, it is seldom that NS has been directly
linked with this symptom. Thus, this study aimed to investigate basilar impression in NS subjects com-
pared with control subjects and individuals exhibiting Turner Syndrome (TS).

SUBJECTS/METHODS The degree of basilar impression and vertical positional differences of the third
and fourth cervical vertebrae and hyoid bone in NS (n =9, mean age: 12.1 years), TS (n = 9, mean age:
12.1 years), and control subjects (n = 9, mean age: 12.0 years) were investigated using lateral cephalo-
metric radiographs. Differences between the three groups were compared using the Steel-Dwass test.
Vertical positional differences in the anatomical structures within each group were compared using the
Wilcoxon signed-rank test accompanied by a Bonferroni-Holm correction.

RESULTS The distance by which the odontoid tip extended past McGregor's line in subjects with NS was
significantly greater compared with TS and control subjects. The third and fourth cervical vertebrae were
positioned significantly superiorly in subjects with NS compared withTS and control subjects and, in NS,
were also significantly superior to the hyoid bone. There was no difference in the position of the hyoid
bone itself between the groups.

CONCLUSION/IMPLICATION These results suggest that basilar impression may be a frequently found symp-

tom of NS.

Introduction

Noonan syndrome (NS; OMIM 163950) is an autosomal dom-
inant condition in which approximately 50 per cent of cases
are caused by missense mutations in the PTPN11 gene that
encodes Shp-2, a regulatory component of the Ras-mitogen-
activated protein kinase (Ras-MAPK) signalling network.
In contrast, genetic anomalies in other Ras-MAPK pathway
genes, such as KRAS, SOS1, and Raf-1, play only a minor
role in the molecular pathogenesis of the disease (Ferrero
et al., 2008). NS is characterized clinically by a pattern of
typical facial dysmorphism, malformations including con-
genital cardiac defects, short stature, abnormal chest shape,
a broad or webbed neck, and a variable learning disability
(Turner, 2011; van der Burgt, 2007). Other characteristics are
a short neck and low posterior hairline (van der Burgt, 2007).
Reduced neck length and low hairline have been recognized
as hallmarks of basilar invagination for several decades,
and reduced neck length is considered a diagnostic feature
of basilar invagination (Goel and Shah, 2009). In a previous
study, patients with basilar invagination underwent atlanto-
axial joint distraction as a putative treatment modality, with
clinical and radiological analysis of the resultant physical and
morphological changes in the neck. These experiments sug-
gested that an asymptomatic short neck could be indicative of
basilar invagination (Goel and Shah, 2009).

Another reported characteristic feature of NS is maloc-
clusion (Collins and Turner, 1973; Horowitz and Morishima,
1974; Shaw ef al., 2007). Thus, patients with NS often have
need for orthodontic consultation. Several clinical reports
describing such consultations have been published (Asokan
et al., 2007; Emral and Akcam, 2009; Ierardo er al., 2010).
Other orthodontic studies have reported abnormal radio-
graphic findings in the cervical vertebrae, such as basilar
invagination/impression (Vastardis and Evans, 1996; Soni
et al., 2008). Such findings during cephalometric analysis
were made possible because radiological diagnosis of basi-
lar invagination/impression can be established using con-
structed lines on the lateral cephalogram (Soni et ¢l., 2008).

It has been previously reported that the Arnold-Chiari
malformation is also a characteristic of NS (Peiris and Ball,
1982; Gabrielli er al., 1990; Holder-Espinasse and Winter,
2003; Galarza ef al., 2010), but there is only one case study
directly linking NS with basilar invagination (Miyoshi
et al., 2011). Thus, it is unclear whether basilar invagina-
tion/impression is a characteristic of NS.

Turner Syndrome (TS) is a phenotypically similar
disorder to NS and shares several NS characteristics, such
as short stature, webbed neck, low posterior hairline, and
partially similar facial features (Gardner et al, 2007),
although the presence of chromosomal defects in the
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aetiology of TS distinguish it from NS (van Der Burgt and
Brunner, 2000; Delgado-Lépez et al., 2007). Therefore,
the aim of this study was to systematically investigate
basilar invagination/impression in NS compared with
control subjects (lacking any congenital anomalies) and
individuals with TS.

Subjects and methods
Subjects

Twenty-seven Japanese subjects participated after giving
fully informed consent as required by the protocol, which
was approved by the institutional ethics committee (approval
#419). Participants were classified into three groups (n =9
in each group): the NS group comprised subjects with NS
(five males, four females; mean age: 12.1+2.3 years), the
TS group comprised subjects with TS, age-matched to the
NS subjects (nine females; mean age: 12.1+£2.4 years),
and the control group comprised subjects with no con-
genital anomalies and were age- and gender-matched with
subjects in the NS group (five males, four females; mean
age: 12.0+2.2 years). Patients with NS and TS were diag-
nosed at hospitals containing a paediatric department. The
karyotypes of TS subjects were unknown. All subjects were
devoid of any missing erupted and successional permanent
teeth (except for the third molars) and had no cleft lip and/
or palate.

Cephalometric analysis

Lateral cephalometric radiographs were taken using a ceph-
alostat (AXIOM Aristos MX/VX; Siemens, Tokyo, Japan).
Patients were positioned with teeth in the intercuspal posi-
tion and with a standing mirror-guided natural head posi-
tion checked by dental radiologists, such that the degree of

J. 1. MIYAMOTO ET AL.

basilar impression and any vertical differences in the posi-
tion of the third and fourth cervical vertebra and the hyoid
bone could be simultaneously evaluated. In this study, we
measured actual length. The magnification in the lateral
cephalometric radiographs is 1.1 times and the results took
into account the magnification.

The degree of basilar impression was measured as
the distance by which the odontoid tip extended past
McGregor’s line, drawn from the posterior hard palate to
the lowest point on the midline occipital curve (Figure 1).
Basilar impression is defined as odontoid tip migration of
4.5mm or more past McGregor’s line (McGregor, 1948).

The vertical positions of the third and fourth cervical ver-
tebra (C3 and C4, respectively) and the hyoid bone (H) were
measured by extending a horizontal line from a reference
point on each to intersect with a vertical (superior-inferior)
line dropped from the sella turcica (S) (Figure 2). These ref-
erence points were derived from a previous report describing
C3 and C4 references as being the most antero-inferior point
of the body of these vertebrae, while the H reference was
the most antero-superior point of the body of the hyoid bone
(Kollias and Krogstad, 1999; Ricketts, 1989) (Figure 2).

To eliminate experimental errors, the same investigator
traced all cephalometric radiographs, and the method error
for each parameter was calculated by comparing duplicate
tracings at an interval of at least 2 weeks. Errors for a single
measurement of linear variables were calculated using the
following formula (Dahlberg, 1940):

e
Method error = Z 2—
n

where d is the difference between measured pairs and # is
the number of pairs.

- Fowinrns Hod Salate

Figure 1  Illustration showing the odontoid tip and McGregor’s line, which is used to assess superior odontoid migration. The dashed-dotted lines show
McGregors line, and the distance by which the odontoid tip extends past McGregor’s line is indicated by an arrow.
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Figure2 Cervicocraniofacial skeletal reference points used in this study.
‘C3’, ‘C4’, and ‘H’ denote the third cervical vertebra, fourth cervical verte-
bra, and hyoid bone, respectively. Solid lines show a horizontal line parallel
to the floor and a vertical line perpendicular to this horizontal line passing
through the sella tarcica (S), against which the vertical position of C3, C4,
and H can be measured.

Statistical analysis

Differences in linear measurements in the NS, TS, and con-
trol groups were examined using a Kruskal-Wallis test with
post hoc Steel-Dwass analysis, a non-parametric multiple
comparison procedure. Differences within each group with
regard to the vertical positions of C3, C4, and H were sta-
tistically evaluated using the Friedman test and post hoc

CERVICAL CHARACTERISTICS OF NOONAN SYNDROME  Page 3 of 7

analysis using the Wilcoxon signed-rank test accompanied
by a Bonferroni-Holm correction, a non-parametric sta-
tistical hypothesis test used when comparing two related
or matched samples. A threshold of P < 0.05 was consid-
ered statistically significant for the Kruskal-Wallis, Steel-
Dwass, and Friedman tests, and adjusted P-values were
compared with 0.05 using a Wilcoxon signed-rank test with
a Bonferroni-Holm correction (Chan ef «f., 2007).

Results

Representative lateral cephalometric radiographs from the
NS, TS, and control groups are shown in Figure 3, with
McGregor’s line and anatomical structures indicated on
each. In the NS group, the odontoid tip, C3, and C4 were
all located superiorly to their respective positions in the TS
and control groups.

Clinical features of the subjects

Three NS subjects had a short neck and six had a low
posterior hairline. In contrast no TS subjects had a short
neck, but three TS subjects had a low posterior hairline. Two
NS subjects had both symptoms.

Method error

Overall, the mean and standard deviation of the method
error was 0.35+0.09mm for linear measurements. When
compared with previous studies (Hiyama ef «l., 2001), no
systematic errors were found.

Degree of basilar impression

Basilar impression is defined as extension of the odon-
toid tip 4.5mm or more past McGregor’s line (McGregor,
1948). This was the case for seven subjects in the NS group,
one subject in the TS group, and no subjects in the control

W3

5 | Control

Figure 3  Representative lateral cephalometric radiographs of subjects in the NS, TS, and control groups. White lines denote McGregor’s line for each

subject. NS, Noonan syndrome; TS, Turner syndrome.
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group. The median distance by which the odontoid tip
extended past McGregor’s line in the NS, TS, and control
groups was 7.0, 3.0, and 1.5mm, respectively (Figure 4A).
Statistical analysis using the Kruskal-Wallis test and Steel—
Dwass post hoc test revealed significant differences between
the groups, specifically between the NS and TS or NS and
control groups. However, there was no significant difference
between the TS and control groups. Between-group com-
parisons, adjusted for multiple testing by the Steel-Dwass
test, are shown in Figure 4B.

Vertical position of the third and fourth cervical
vertebrae and the hyoid bone

The Kruskal-Wallis test revealed significant differences
between the groups with regard to the vertical position of
C3 and C4 but not H. Steel-Dwass comparison showed that
the vertical position of C3 was significantly more superior
in the NS group compared with the TS and control groups.
The same analysis demonstrated no significant difference
between the TS and control groups. A similar comparison
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Figure 4 Distance by which the odontoid tip extends past McGregor’s
line in the NS, TS, and control groups. A, Individual data from all sub-
jects. The horizontal line represents the criterion value of basilar invagi-
nation (4.5mm). B, Data from A are represented as the median value
enclosed by the 25th and 75th percentiles (box). Error bars represent 1.5
times the interquartile range of the lower and upper quartile. Data not
included between the error bars are plotted as outliers (closed circle).
*denotes a significant difference between the groups indicated (P < 0.05).
NS, Noonan syndrome; TS, Turner syndrome.
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of the vertical position of C4 revealed it to be significantly
more superior in the NS group compared with the TS
and control groups. The same analysis demonstrated no
significant difference between the TS and control groups.
There were no significant differences between the groups
with regard to the vertical position of the hyoid bone (H)
(Figure 5).

The Freidman test revealed significant differences within
each group with regard to the vertical anatomical positions
of C3, C4, and the hyoid bone. Comparison of the vertical
positions using the Wilcoxon signed-rank test accompanied
by a Bonferroni-Holm correction revealed that, in all
groups, C3 was located significantly superior to C4. In the
NS group, C3 and C4 were located significantly superior
to the hyoid bone (Figure 5). In the TS group, C3, but not
C4, was located significantly superior to the hyoid bone,
whereas in the control group, C3 and C4 were significantly
superior and inferior, respectively, in relation to the hyoid
bone (Figure 5).

Discussion

The present study describes cephalometric analysis aimed
at evaluating the position of the cervical vertebrae in NS,
TS, and control subjects.

The terms ‘basilar impression’ and ‘basilar invagina-
tion” have been used synonymously. Kovero and colleagues
defined basilar invagination as a protrusion of the odontoid
process into the foramen magnum. This anomaly is apparent
from the relation of the dens point to the foramen magnum
line (McRae line). The area of the odontoid process that lies
above one or several of the reference lines (Chamberlain line,
McGregor line, or the baseline for the perpendicular dis-
tance from the tip of the odontoid process to a line parallel to
the nasion-sella line and drawn through the lowermost point
of the posterior cranial base) indicates basilar impression
(Kovero et al., 2006). Thus, the term relevant to our results
is specified as ‘basilar impression’, those used in a general
sense are specified as ‘basilar invagination/impression’.

In the present study, there were three TS subjects with
a low posterior hairline, but without basilar impression.
Conversely, there were six NS subjects with a low posterior
hairline and three with a short neck. Among them, two sub-
jects had both symptoms. One subject with both symptoms
and four subjects with a low posterior hairline had basilar
impression. In this study, NS subjects with a low posterior
hairline were associated with a high probability of basilar
impression.

There are currently no reports describing basilar invagi-
nation/impression in TS patients. A previous study of basi-
lar invagination/impression in osteogenesis imperfecta
(OI) compared 54 OI patients with 108 healthy subjects
(Kovero et al., 2006) and found a mean distance of odon-
toid tip extension past McGregor’s line of 2.3 mm in healthy
subjects. In the present study, we calculated an equivalent
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Figure 5  Positions of C3, C4, and H relative to the vertical reference line in the NS, TS, and control groups. The origin of the coordinate axes is the
sella turcica and the more inferior the position of the projected point relative to this origin, the smaller the value assigned to it. Data are represented as the
median value enclosed by the 25th and 75th percentiles (box). Error bars represent 1.5 times the interquartile range of the lower and upper quartile. Data
not included between the error bars are plotted as outliers (closed circle). Asterisk denotes a significant difference between the indicated groups (P < 0.05).
Dagger symbol denotes a significant difference in the vertical positions between C3 or C4 and the hyoid bone within each group. There were significant
differences between C3 and C4 among all groups, but these are omitted from the figure. NS, Noonan syndrome; TS, Turner syndrome; C3, third cervical

vertebra; C4, fourth cervical vertebra; H, hyoid bone.

median distance of 1.5mm in the control group, in reason-
able agreement with this previous study, suggesting that our
results are comparable to published data.

There is currently only a single report directly linking
basilar invagination with NS (Miyoshi ef a/., 2011). In the
present study, the odontoid tip in seven out of nine subjects
in the NS group extended 4.5 mm or more past McGregor’s
line, and the distance by which the odontoid tip extended
past McGregor’s line in this group was significantly greater
compared with the TS and control groups. There are stud-
ies that have evaluated basilar invagination/impression
using McGregor’s line as a reference line. Basilar invagi-
nation/impression has been variably defined as the tip of
the odontoid process located more than 4.5 (McGregor,
1948), 5 (Soni et al., 2008), and 7mm (Sillence, 1994)
beyond McGregor’s line. In the present study, there were
seven out of nine subjects (77.8 per cent) with odontoid
tip migration of 4.5 mm or more in the NS group, six out
of nine subjects (66.7 per cent) with migration more than
5Smm (except one subject with exactly 5mm), and three
out of nine subjects (33.3 per cent) with migration more
than 7mm (except two subjects with exactly 7mm). In a
previous study, it was stated that the odontoid apex should
not lie above the criterion distance from McGregor’s line

in 90 per cent of individuals (Yochum and Lindsay, 2005).
In other words, only 10 per cent of subjects would have
the odontoid apex below it in the general population. In
this study, the percentages of NS subjects with the odon-
toid apex above it were higher with regard to any of the
criteria above.

Basilar invagination/impression is indicative of a ceph-
alad position of the upper cervical vertebra relative to the
base of the skull (Guebert ef al., 2005). Common signs and
symptoms include muscle weakness, neck pain, posterior
column dysfunction, bowel and bladder disturbance, and
paraesthesia (Goel ez al., 1998). However, a large proportion
of deformities of the craniovertebral junction, particularly
skeletal anomalies, are asymptomatic. Indeed, symptoms
were absent in 60 per cent (of 52 cases) of radiologically
demonstrable cases of basilar impression (Burrows, 1981),
and in 100 per cent of the NS subjects in the present study.
The lack of literature reporting coincident NS and basilar
invagination/impression may stem from the fact that most
NS patients with basilar invagination/impression, being
asymptomatic, fail to consult a neurologist.

We found that the positions of C3 and C4, but not the
hyoid bone, in the NS group were significantly superior
to those in the TS and control groups, suggesting that
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basilar impression might be a frequently found symptom
of NS. Although the relationship between the positions
of the cervical vertebrae and the hyoid bone has not been
reported in TS, it has been investigated in healthy subjects
(Moore and Dalley, 1999; Standring, 2008). We found
that in the control group using the horizontal line, C3
was significantly superior to the hyoid bone, whereas C4
was significantly inferior to the hyoid bone. In a previous
study using CT images and the FH plane as a reference,
the centre of the body of the hyoid bone was most often at
the level of C4, despite the hyoid bone being consistently
described in contemporary anatomy textbooks as being
level with C3 (Mirjalili ez al., 2012). The authors postulated
that this disparity might relate to the use, by anatomy
textbooks, of both the body and greater horn of the hyoid
bone to describe its vertebral level, whereas they measured
only from the centre of the body of the hyoid bone. The
authors also pointed out that the vertebral level of the body
of the hyoid bone seen in tracings of the lateral cervical
radiograph varies depending on which reference plane is
used (Figure 6). We measured the orientation of a horizontal
reference line and FH plane in the control group according
to Madsen’s method (Madsen ef al., 2008) and confirmed

Figure 6  The vertebral level of structures in the neck depends in part on
the choice of the reference plane. The solid line parallel to the Frankfort
horizontal (FH) plane is not identical to the dashed line based on the incli-
nation of the hyoid bone. The dashed-dotted lines show the FH plane and
the reference line perpendicular to this originating in the sella turcica.
Abbreviations: S, Sella; C3, the most antero-inferior point of the third cer-
vical vertebra; C4, the most antero-inferior point of the fourth cervical ver-
tebra; H, the most antero-superior point of the hyoid bone.

J. J. MIYAMOTO ET AL.

that the average orientation was —3.28 +4.01 degrees similar
to that reported in Madsen et al (—4.82 +4.63 degrees in that
study). In agreement with the Mirjalili study, there was no
difference in the statistical results when the FH plane was
used instead (data not shown) or in the centres of both the
hyoid bone and C4 as references, the reference point H in
eight control subjects was located approximately level with
the fourth cervical vertebra (data not shown). However,
because in the present study we used alternative reference
points for C3 and C4 (i.e. their most antero-inferior points)
and the hyoid bone (i.e. its most antero-superior point)
(Figure 6), the reference point of H was located significantly
superior to the reference point in C4, despite the anatomy
being demonstrably normal and in agreement with previous
studies. We believe that this accounts for any discrepancy
between our data and previous studies.

In this study, the number of subjects was small. However,
it is difficult to recruit sufficient numbers of NS and TS
subjects because they are rare syndromes. Further studies
should investigate the results found here in a larger number
of NS subjects. However, most previous studies listing cer-
vical spine malformations commonly found in a variety of
syndromes (Vastardis and Evans, 1996; Soni et al., 2008)
did not include NS in their analysis, depriving clinicians of
an easy reference for recognizing and diagnosing NS in rela-
tion to other conditions affecting the cervical vertebrae. Our
findings may help orthodontists recognize NS through the
detection of basilar impression, a frequently found symp-
tom of this syndrome, using cephalograms when patients
attend orthodontic clinics for correction of malocclusion.

Conclusion

In the current study, we found that the odontoid tip extended
significantly further past McGregor’s line in the NS group
compared with the TS and control groups, and that the posi-
tions of the third and the fourth cervical vertebrae in the
NS group were significantly superior to those in the TS and
control groups. Together, these data support a conclusion
that basilar impression may be found frequently as a char-
acteristic feature of NS.
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CASE REPORT

Surgical Treatment for Scoliosis in Patients
With Shprintzen-Goldberg Syndrome

Kota Watanabe, MD,*t Eijiro Okada, MD,t Kenjiro Kosaki, MD,}
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Background: Shprintzen-Goldberg syndrome (SGS) is charac-
terized by craniosynostosis and marfanoid habitus. The clinical
findings of SGS include neurological, cardiovascular, connective
tissue, and skeletal abnormalities. Among these skeletal findings,
developmental scoliosis is recognized in half of all patients with
SGS. However, no earlier reports have described the surgical
treatment of scoliosis associated with SGS.

Methods: Four patients (2 boys and 2 girls; mean age at the time
of surgery, 7.3 £ 44y) with SGS who underwent surgical
treatment for progressive scoliosis were reviewed. The radiologic
findings, operative findings, and perioperative complications
were evaluated.

Results: The mean preoperative Cobb angle was 102.8 £ 16.9
degrees. The curve patterns were a double curve in 2 cases and a
triple curve in 2 cases. Local kyphosis at the thoracolumbar area
was recognized in all the cases with a mean kyphosis angle of
49 & 16 degrees. Growing rod procedures were performed in 2
patients, and posterior correction and fusion were performed in
2 patients. The mean correction rate was 45% in the patients
who underwent the growing rod procedures at the time of
growing rod placement and 51% in the patients who underwent
posterior correction and fusion. Dislodgement of the proximal
anchors occurred in 3 of the 4 patients. One patient developed
pseudoarthrosis. Two patients developed deep wound infec-
tions, and implant removal was necessary in 1 patient.
Conclusions: Surgical treatment for scoliosis in patients with SGS
was associated with a high incidence of perioperative and post-
operative complications including implant dislodgements and deep
wound infections attributable to poor bone quality and a thin
body habitus, which are characteristic clinical features of this
syndrome. Careful preoperative surgical planning and postopera-
tive care are critical for the surgical treatment of scoliosis
associated with SGS, especially in infants requiring multiple
surgeries.
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hprintzen-Goldberg syndrome (SGS), which is char-

acterized by craniosynostosis and marfanoid habitus,
was first reported by Shprintzen and Goldberg! in 1982.
To date, approximately 40 cases of SGS have been
reported.”® An abnormality in the FBNI gene, which
is related to Marfan syndrome,® is regarded as 1 of
susceptible genes for SGS,7? although this remains to be
clarified in further genetic studies.””!®%!" The clinical
features of SGS include neurological, cardiovascular,
connective tissue, and skeletal abnormalities. The skeletal
features of SGS, such as a tall stature, arachnodactyly,
foot deformity, joint hypermobility, and developmental
scoliosis are similar to those of Marfan syndrome. The
characteristic features that distinguish SGS from Marfan
syndrome are craniofacial anomalies such as hypertelor-
ism, downward-slanting palpebral fissures, a high-arched
palate, micrognathia, low-set and posteriorly rotated ears,
dolichocephaly, and a high prominent forehead caused by
cranjosynostosis.>> Among these skeletal findings, devel-
opmental scoliosis is recognized in 50% of all patients
reported with SGS.* However, to the authors’ knowledge,
the surgical treatment of scoliosis in patients with SGS
has not been reported to date. In this study, we report 4
patients with SGS who underwent surgical treatments for
progressive scoliosis.

METHODS

Four patients (2 male and 2 female; mean age at
time of surgery, 7.3 £4.4y) who underwent surgical
treatments for severe scoliosis were included in this study.
The diagnoses of SGS were made by a pediatrician
specializing in genetic diseases based on the combinations
of specific, earlier reported clinical features.?*> In 1 of the
4 patients (patient 2), a missense mutation in the FBNI
gene was identified using a polymerase chain reaction
analysis. The patients were followed for 4.4 + 1.5 years
(range, 2.5 to 6y) after their first surgeries. The medical
charts and radiographs of all the patients were reviewed

| Pediatr Orthop ¢ Volume 31, Number 2, March 2011

— 245 —



| Pediatr Orthop * Volume 31, Number 2, March 2011

Scoliosis in Patients With Shprintzen-Goldberg Syndrome

retrospectively, and the preoperative treatment, preo-
perative clinical findings, radiographic findings, surgical
treatment, and perioperative and postoperative complica-
tions were investigated.

RESULTS

The clinical findings, radiologic findings, clinical
courses, and surgical outcomes of the patients are
summarized in Tables 1, 2, and 3. In 3 of the 4 patients,
trunk deformities were recognized soon after the child
began to sit or stand (patients 1, 2, and 3). However, one
patient (patient 2) did not visit a pediatrician until the
age of 4 years, and another patient (patient 1) was not ref-
erred to an orthopaedic surgeon until the age of 3 years, at
which time the deformity had deteriorated to an extremely
severe condition. The parents of patient 3 refused any
treatment for scoliosis, although the patient was seen by a
plastic surgeon until the age of years. Thus, none of the
patients received brace treatment before surgery, and the
Cobb angles at the time of the first recognition of the
deformities could not be evaluated. In the radiographic
evaluations, a double major curve pattern and a triple
major curve pattern were recognized in 2 patients each

TABLE 1. Clinical Findings of 4 Cases
Casel Case2 Case3 Cased

Sex Female Male Female Male
Weight at operation 124kg 11.5kg 33kg 44kg
Centile —14SD —-1.18SD -0.1 SD0.1 SD
Hight at operation 103cm 98cm 146cm 164cm
Centile 1.6SD 1.5SD 1.6SD 198D
Craniofacial
Dolichocephaly + + + +
Fine/sparse hair +
High/prominent forehead + + + +
Ocular proptosis + + + +
Hypertelorism + + + +
Downslanting palpebral fissures + + + +
Strabismus + +
High, narrow palatal arch + +
Dental malocclusion + + + +
Micrognathia + +
Skeletal
Arachnodactyly + + + +
Camptodactyly + + +
Foot deformity + + +
Pectus carinatum +
Joint hypermobility + + +
Craniosynostosis + + + +
Scoliosis + + + +
Cardiovascular
Aortic root dilation + +
Mireal prolapse +
Mitral regurgitation +
Arterial septal defect +
Tricuspid regurgitation +
Neurological
Mental retardation + + +
Other
Minimal subcutaneous fat + + + +
Skin hyperelasticity + + + +
Myopia =+ astigmatism + +

SD indicates standard deviation.

© 2011 Lippincott Williams & Wilkins
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TABLE 2. Radiological Findings of 4 Cases
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TABLE 3. Surgical Results of 4 Cases

Correction

Estimated
Blood
Loss (g)*

Operative
Time
(Min)*

Age at
Surgery*

Operative

Case  Sex Method

Rate of

Main

Thoracic

Curve
)t

Present

Complication Treatment

1 F 3y 7mo  Growing rod 235 80

4y 10mo  Growing rod 325 168

10y Posterior 300 660

correction
and fusion

12y Posterior 298 1080

correction
and fusion

67 Implant failure at cranial anchors
after first rod elongation
Fourth replacements of distal
anchors performed
Deep wound infection that was
successfully treated
Proximal junctional kyphosis of 74
degrees
55 Intraoperative left facet hook
dislodgement at TS
Deep wound infection after first rod
elongation
Distal anchor removal because of
persistent infection
Distal implants removal after revision
of distal anchors because of recurrence
of infection
59 Reduction of motor evoked
potentials during
the curve correction
Pseudarthrosis at distal end (.3/4), which was
treated by posterior intervertebral fusion at
L3/4 and L4/5
89 Intraoperative bilateral T1
transverse processes hook dislodgements
with fracture
Reduction of motor evoked potentials
during the curve correction
Revision surgery of replacing dislodged
hooks with pedicle screws at cranial
ends 6mo after initial surgery
Respiratory insufficiency that required
reintubation for 3d
Distal junctional kyphosis of 13degrees
at L4/5

Growing rod

Brace

Brace

*Initial surgery for growing rod placement in case 1 and 2.

tCorrection rates were calculated as a percentage change from the preoperative measurements.

F indicates female; M, male.

(Table 2). The magnitudes of the preoperative main curves
were severe, with a mean Cobb angle of 102.8 + 16.9
degrees (range, 78 to 113 degrees). The mean flexibility of
the main curve evaluated using supine side-bending films
was 41 £ 16% (range, 25% to 72%). Kyphosis at the
thoracolumbar area was recognized in all the patients, with
a mean kyphosis angle of 49 & 16 degrees (29 to 66
degrees). Dural ectasias were recognized in 3 patients.
Surgical treatments using a growing rod system were
performed in 2 patients (patients 1 and 2), and posterior
correction and fusion surgeries were performed in 2 patients
(patients 3 and 4) (Table 3). The mean correction rate of the
main curve at the time of the initial surgery was 47 £+ 15%
(range, 44% to 51%). The thoracolumbar kyphosis
corrections during the initial surgeries were satisfactory
except in patient 3, who experienced a dislodgement of the
cranial anchor during kyphosis correction. Cefazolin (20 to
40mg/kg) was administrated intravenously as a prophylac-
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tic antibiotic in all the cases at 30 minutes before the start of
the operation, 3 hours after incision, soon after the
operation, and 12, 24, 36, or 48 hours after operation.
Regarding complications, intraoperative implant dis-
lodgement occurred in 2 cases because of fractures of the
facets and transverse process (patients 1 and 4). Post-
operative implant dislodgement occurred in 2 patients
(patients 2 and 4). One patient developed pseudoarthrosis
at distal end of the fusion area (1.3/4) with a correction loss
of 14 degrees and a symptom of severe low back pain at 2
years after surgery (patient 3). She underwent revision
surgery of posterior intervertebral fusion at L3/4 and L4/5.
Deep wound infections occurred in 2 patients (patients 1
and 2), and eventually resulted in implant removal in 1
patient (patient 2). Staphylococcus epidermidis was isolated
from patient 1, and Methicillin-susceptible Staphylococcus
aureus was isolated from patient 2. Postoperative respira-
tory insufficiency requiring reintubation and ventilator

© 2011 Lippincott Williams & Wilkins
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control for 3 days occurred in 1 patient (patient 4). Distal
junctional kyphosis at 1.4/5 without any clinical symptoms
was recognized in 1 case 4 years after the initial surgery
(patient 4). An apparent increase in kyphosis from 10
degrees before surgery to 74 degrees at 6 years after surgery
was recognized in the upper thoracic area (T1-T6) in 1
patient (patient 1).

Patient 1

A female patient was found to have scoliosis at the
age of 6 months. Although she was followed by a
pediatrician for an arterial septal defect, she was not
referred to an orthopaedic surgeon until the age of 3 years,
at which time her scoliosis had deteriorated to 80 degrees.
She was referred to our department at the age of 3 years
and 6 months; at presentation, she weighed 12.4kg (— 1.4
SD) and was 103cm tall (1.6 SD). X-ray films showed a
triple major curve pattern with a Cobb angle of 53 degrees
at T1-T7, 103 degrees at T7-L1, and 60 degrees at L1-5. The
kyphosis angle at the thoracolumbar area (T9-L3) was 57
degrees. Surgical treatment using a growing rod system was
begun at the age of 3 years and 7 months. Claw hooks were
placed at T2 and T3 as proximal anchors, and pedicle
screws were placed at L3 and 1.4 as distal anchors. Four
months after the surgery, soon after the first rod lengthen-
ing, the bilateral proximal anchors were dislodged as a
result of fractures of the transverse processes. Despite
repeated proximal anchor replacements, the hooks dis-
lodged 3 times and the pedicle screws dislodged once.
Finally, the patient is treated by growing rod system with

hooks at 3 levels of T1-3 as proximal anchors. However, the
proximal thoracic kyphosis (T1-7) gradually increased to 74
degrees at S years after surgery. Thus, a brace treatment
that regulated neck flexion was applied to prevent the
progression of proximal thoracic kyphosis beginning 3
years after the first operation. The patient also suffered a
deep wound infection at the proximal anchor site, which
healed successfully after debridement and irrigation at 3
years and 6 months after surgery. S. epidermidis was
isolated from the wound.

Patient 2

A male patient was observed by his mother to have a
trunk deformity when he first stood up at the age of
10 months. However, he did not visit a pediatrician to
receive treatment for his deteriorating trunk deformity until
the age of 4 years and 1 month. He was diagnosed as
having SGS and was referred to our department at the age
of 4 years and 3 months for the treatment of his spinal
deformity. His weight was 11.5kg (— 1.1 SD) and his height
was 98cm (1.5 SD). He presented with the characteristic
features of SGS, listed in Table 1 (Fig. 1). A missense
mutation in the FBNI gene was identified using a poly-
merase chain reaction analysis. X-ray films showed a
double major curve pattern with a Cobb angle of 79 degrees
at T4-T11 and 100 degrees at T11-L4 (Fig. 2A). A kyphosis
of 66 degrees was recognized at the thoracolumbar area
(T11-L3) (Fig. 2B). Surgical treatment using a growing rod
system was started at the age of 4 years and 10 months.
During the first surgery, claw hooks were placed at T4 and

FIGURE 1. Clinical features of patient 2. The patient was a 4-year-old boy with a weight of 12.4kg (— 1.1 SD) and a height of

103cm (1.5 SD).

© 2011 Lippincott Williams & Wilkins
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FIGURE 2. Preoperative radiographs of Patient 2. A double curve pattern with Cobb angles of 79 and 100 degrees (A) and local
kyphosis of 66 degrees at the thoracolumbar junction are shown (B).

TS5 as the proximal anchors and pedicle screws were placed
only at L4 as distal anchors, as the patient was too thin to
accommodate multiple screws. However, the hooks at TS
dislodged with fractures of the facets, possibly because of
the poor bone quality, at the time of kyphosis correction
using the cantilever technique. Postoperatively, the curves
were corrected to 49 degrees at T4-T11 and 57 degrees at
T11-L4, with correction rates of 38% and 45%, respectively
(Fig. 3A). The kyphosis at the thoracolumbar area was
corrected to 42 degrees (Fig. 3B). Five months after the
surgery, the discharge of pus was recognized from a skin
sore in the lumbar area just above the pedicle screws. As the
infection did not subside after 2 surgical debridements, the
distal anchors were removed at 9 months after the first
surgery. Six months after their removal, growing rod
treatment was restarted by placing distal anchors at LS.
However, the deep wound infection recurred, and the
implants were finally removed at 22 months after the first
operation. At present, 6 years after the first surgery, the
patient is being treated with a brace, and the Cobb angle of
the main curve is 87 degrees (Fig. 3C) with a kyphosis of
125 degrees (Fig. 3D).

Patient 3
A female patient was found to have scoliosis at the
age of 10 months. Although her scoliosis was pointed out
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by a plastic surgeon, her parents refused brace or surgical
treatment for her. At the age of 11 years and 2 months, she
was referred to our department for severe spinal deformity.
She presented with the characteristic features of SGS, as
listed in Table 1 (Fig. 4). X-ray films showed a double
major curve pattern with a Cobb angle of 113 degrees at
T5-T11 and 105 degrees at T11-L4 (Fig. 5A). A kyphosis of
44 degrees was recognized at the thoracolumbar area (T10-
L3) (Fig. 5B). The Risser sign was 0, and the triradiate
cartilages were closed. Posterior correction and fusion sur-
gery were performed at the age of 11 years and 4 months.
As her bone quality was poor, many segmental pedicle
screws as possible were used to avoid implant dislodgement.
Although an adequate number of pedicle screws were
placed, the dislodgement of a few pedicle screws was
observed on the concave side during curve correction.
Moreover, a reduction in the motor-evoked potentials,
which was restored after reversing the correction, was
recognized during the curve correction. Thus, the endeavor
to obtain a maximum correction was abandoned, and the
main curves were corrected to Cobb angles of 50 and 52
degrees, respectively (Fig. 5C). The kyphosis at the
thoracolumbar junction was corrected to 6 degrees (Fig.
5D). At 2 years after surgery, she developed pseudarthrosis
at distal end of the fusion area (L3/4) with a correction loss
of 14 degrees and a symptom of severe low back pain. She

© 2011 Lippincott Williams & Wilkins
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FIGURE 3. Postoperative radiographs of Patient 2. Growing rod treatment was started at the age of 4 years and 10 months (A, B).
Postoperatively, the curves were corrected to 49 and 57 degrees (A). Kyphosis at the thoracolumbar area was corrected to 42
degrees (B). The distal anchors were finally removed due to deep wound infection at 22 months after the first operation. At
present, 5 years after the first surgery, the Cobb angle of the main curve is 87 degrees (C) and the kyphosis is 125 degrees (D).

underwent revision surgery of posterior intervertebral
fusion at 1.3/4 and L4/S. She was applied bed rest for
4 weeks and then trunk cast for 6 weeks after surgery.

Patient 4

A male patient was referred to our hospital at the
age of 12 years and 6 months with a weight of 44 kg (0.1
SD) and a height of 164cm (1.9 SD). Although he had
been followed by a pediatrician for a cardiovascular
problem and scoliosis was pointed out at the age of 7

years, he was not referred to an orthopaedic surgeon until
the age of 12 years and 3 months; thus, no brace
treatment was performed preoperatively. X-ray films
showed a triple major curve pattern with a Cobb angle
of 64 degrees at T1-T7, 78 degrees at T7-L1, and 52
degrees at LI1-L5. A kyphosis of 29 degrees was
recognized in the thoracolumbar area (T9-L3). The Risser
sign was 0, and the triradiate cartilages were closed.
Posterior correction and fusion surgery were performed at
the age of 12 years and 9 months. As his bone quality was

FIGURE 4. Clinical features of Patient 3. The patient was a 10-year-old girl with a weight of 33kg (—0.1 SD) and a height of

146 cm (1.6 SD).

© 2011 Lippincott Williams & Wilkins
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FIGURE 5. Radiographical findings of Patient 3. A double curve pattern with Cobb angles of 113 and 105 degrees (A) and local
kyphosis of 44 degrees at the thoracolumbar junction are shown (B). Postoperatively, the main curves were corrected to Cobb
angles of 50 and 52 degrees (C), and the kyphosis was corrected to 6 degrees (D).

poor, segmental anchors (screws, hooks) were placed at as
many sites as possible to avoid implant dislodgement.
However, the hooks at T1 were dislodged because of
fractures of the transverse processes during curve correc-
tion. Ultrahigh molecular weight polyethylene fiber tapes
(Alfresa Pharma, Osaka, Japan) were used to fix the rods
to the T1 lamina, instead of using hooks. A reduction in
motor-evoked potentials, which was restored after rever-
sing the correction, was recognized during the curve
correction. Postoperatively, the patient developed re-
spiratory insufficiency requiring reintubation and assisted
respiration for 3 days. Six months after the surgery,
because of marked correction loss arising from the
dislodgement of the proximal anchors, a revision surgery
was performed and pedicle screws were placed at the right
T1 and T2 and the left T2. Finally, the curves were
corrected to 31degrees at T1-T7, 17 degrees at T7-L.1, and
3 degrees at L1-L5. The thoracolumbar kyphosis was
corrected to 42 degrees. The development of a junctional
kyphosis of 13 degrees at L4/5, without any complaints,
was recognized at 4 years after the first surgery.

DISCUSSIONS

The present series of patients with SGS indicated
that the natural history of spinal deformity might start
during infantile, and then finally would progress to very
severe extent requiring surgical treatment. Unfortunately,
none of the patients in this series had received brace
treatment because the patients had been followed by
doctors who might not have suspected the spinal
deformities; thus, we could not know how effective brace
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treatment would be if brace treatment was applied within
the extent of conservative treatment. However, as surgical
treatment has a high risk of complications, we propose
that thorough nonsurgical treatment including brace
treatment or trunk cast be considered as alternative
treatments to postpone surgical treatment as long as
possible, especially in young kids as patient 1 or 2. If
surgical treatments were not avoidable, preoperative
evaluation by a pediatric cardiologist was compulsory
as majority of the patient would accompany cardiac
diseases. In addition, pulmonary function test including
blood gas assessment should be performed suspecting
restricted pulmonary dysfunctions or other malfunctions
of respiratory system. The mean postoperative correction
rate for the main curves (47%) was relatively low,
compared with reported rates for severe scoliosis second-
ary to other diseases treated by pedicle screw construct.!?
One reason for this difference might be the poor bone
quality, which prohibited large stresses on the anchors
during correction. Another reason might be the rigidity
of the curves in adolescents. The preoperative flexibilities
were higher in the infants and much lower in the
adolescents.

Intraoperative spinal cord monitoring of motor or
sensory spinal evoked potentials should be performed
during surgical treatment because the risk of injuring the
spinal cord might be relatively high, as the correction of
thoracolumbar kyphosis might increase the risk of
neurological damage. In this study, reductions in motor-
evoked potentials were recognized during curve correc-
tions in 2 of the 4 cases. To prevent intraoperative
neurological complications and/or to assess neurological

© 2011 Lippincott Williams & Wilkins
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vulnerability preoperatively, halo gravity treatment!® or
extension over a bolster x-ray, may be a useful addition to
the preoperative evaluations to determine the extent of
the “safe” extension correction that can be achieved.

The surgical treatments for scoliosis in patients with
SGS in our series were associated with a high complica-
tion rate. One such complication was implant dislodge-
ment that was attributed to the extremely poor bone
quality of the spine. In fact, hook or pedicle screw
dislodgement was recognized during or after surgery in 3
of the 4 patients in this study. Such poor bone quality in
patients with SGS might be related to an abnormality in
fibrillin, which is considered to be associated with Marfan
syndrome.!*!> Kyphosis at the thoracolumbar area might
also increase the risk of anchor dislodgement, as the
correction of kyphosis places an excessive pull-out force
on the anchors. Moreover, frequently observed dural
ectasia associated with a narrowed pedicle and lamina can
also increase the risk of anchor dislodgement. To prevent
implant dislodgement, as many segmental anchors
(screws, hooks, wires) as possible should be used. Hooks
might be preferable to pedicle screws as proximal anchors
when the pedicles are too narrow to accommodate pedicle
screws. Additional sublaminar wiring or taping using
ultrahigh molecular weight polyethylene fiber tapes
should also be considered to reduce the risk of implant
dislodgement. For growing rod treatment, anchor place-
ments with abundant graft bone 3 to 4 months before
curve correction with rod placement might be effective
for patients with poor bone quality or severe kyphosis .
Other techniques, such as preoperative halo gravity
treatment,!® anterior release, or intraoperative halo
femoral traction,'¢ which are often used for the surgical
treatment of patients with severe deformities, should be
considered. Postoperative brace application should also
be considered to reduce the risk of implant dislodgement
or pseudoarthrosis.

In our series, the 2 patients who were treated with
growing rod systems developed deep wound infections
after rod lengthening. The deep wound infections might
have been associated with skin sores. All the 4 patients
were skeletally very thin, with heights ranging from 1.5 to
1.9 SD for their ages and weights ranging from — 1.4 to
0.1 SD. The prominence of implants caused by sub-
optimal implant coverage by the skin and subcutaneous
tissues is a risk factor for wound infections, especially in
patients treated with growing rod systems that require
multiple surgeries. Thus, soft tissues should be handled
with extreme care to prevent skin sores.

© 2011 Lippincott Williams & Wilkins

In conclusion, 4 patients with SGS who underwent
surgical treatment for severe scoliosis are reported.
Surgical treatment was associated with a high incidence
of complications including implant failures and deep
wound infections attributable to the poor bone quality
and thin bodily habitus, which are characteristics of this
syndrome.
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our data provide proof of concept support for targeting this molecule
and its multi-cellular functions in psoriatic skin. Targeting VEGF
topically may provide an effective new approach for treating mild-
to-moderate psoriasis skin lesions by inhibiting angiogenesis and
reducing leukocyte infiltration and KC proliferation.
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Letter to the Editor

Co-existence of mutations in the FBN1 gene and
the ABCC6 gene in a patient with Marfan
syndrome associated with pseudoxanthoma
elasticum

To the Editor,

Marfan’s syndrome (MFS) is a disease with an autosomal
dominant mode of inheritance that is manifested by characteristic
skeletal abnormalities, including arachnodactyly, cardiovascular
lesions (such as aortic dilatation), and ocular manifestations (such
as ectopia lentis) [1]. The FBNT gene [2], which encodes fibrillin-1
(a component of elastic fibers), has been identified as the
responsible gene. Pseudoxanthoma elasticum (PXE) is an autoso-
mal recessive disorder that causes the ectopic mineralization of
elastic fibers in soft connective tissues and mainly affects the eyes,
skin, and cardiovascular system. The precise pathomechanisms of
elastic fiber degeneration in PXE have not been fully elucidated
despite a number of extensive studies {3]. The disease is linked to
mutations in the ATP-binding cassette sub-family C member 6
(ABCC6) gene [4,5). Here, we report the case of a patient who
exhibited the clinical manifestations of both MFS and PXE and in
whom pathological gene mutations were detected in both the FBN1
gene and the ABCC6 gene.

In 2003, a 64-year-old, tall Japanese woman presented with
skin eruptions in her nuchal area, axillae, and groin. She had
previously experienced angina pectoris and had undergone bypass
surgery for coronary stenosis. The patient’s family history revealed
that her mother had been tall and had died of heart disease when
the patient was a small child. A history and physical examination of

her father revealed that he had no noteworthy clinical findings. The
patient was the 5th of 5 siblings, and the eldest sister and the 4th
sister had both been tall. The eldest sister had suddenly died of
unknown causes in early childhood, and the 4th sister had died of
aortic dissection. The patient had two children, a 38-year-old son
and a 36-year-old daughter, and both had skeletal abnormalities
that included a tall stature and arachnodactyly. Her son had
undergone a Bentall operation for aortic dissection and aortic valve
regurgitation as a child. Dermatological and ophthalmological
examinations revealed no evidence of PXE in either child. The
patient’s family tree is shown in Fig. 1A.

At the time of the patient’s initial examination, she was
165 cm tall and had an arm span of 185 cm. Dolichocephaly,
pectus carinatum, disproportionately long limbs for her height,
and arachnodactyly were noted (Fig. 1B). Numerous papules
ranging in color from normal to yellow arrayed in a cobblestone
pattern were observed in the nuchal area, axillae, and groin
(Fig. 1C). Ophthalmological examinations revealed angioid
streaks on her retinas. Radiography revealed linear calcifications
in the upper limbs. The pathological findings for skin biopsy
specimens from the affected sites consisted of clumps of
fragmented basophilic fibers in the middle and lower layers
of the dermis (Fig. 1D). Granular deposits that stained positive
with von Kossa stain (Fig. 1E) were observed in specimens from
the same sites.

A genomic DNA analysis of the patient’s blood revealed a
monoallelic nonsense mutation (c. 5454C > A: exon 44,
p.Cys1818Stop) in the FBN1 gene (Fig. 2A). Exon sequencing of
ABCC6 was performed using primers designed to eliminate ABCC6
pseudogenes for exons 1-9 [6] and those designed by Prime 3 for
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Fig. 1. Family tree, clinical findings, and pathological findings. (A) The patient's family tree. (B) Arachnodactyly. (C) Normal flesh color to yellow papules in a cobblestone patternon
the backof the patient’s neck. (D) Clumps of fragmented basophilic fibers that look like thread waste are seen in the middle and lower layers of the dermis (hematoxylin and eosin,
%200). (E) Numerous granular deposits are seen among the clumps of fragmented fibers that have the appearance of thread waste (von Kossa stain, x200).
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Fig. 2. Sequencing data of the patient's FBN1 gene, which encodes fibrillin-1, and the ABCC6 gene, which encodes ATP binding cassette C6 protein. (A) Sequence analysis of
FBN1. A reverse sequence analysis of the portion of FBN1 extending from ¢.5439 to ¢.5460 is shown. A monoallelic nonsense mutation (¢.5454C > A, p.Cys1818Stop) was
detected. (B) Sequence analysis of ABCC6. The results of sequence analyses of the portion of ABCC6 extending from ¢.1116 to ¢.1139 and from 3486 to 3500 are shown.
Compound heterozygous nonsense mutations (¢.1132C > T, p.GIn378Stop and ¢.3490A > T, p.Arg1164Stop) were detected.
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the other exons. The patient had two mutations in the ABCC6 gene:
¢.1132C > T in exon 9, p.GIn378Stop; and ¢.3490A > T in exon 24,
p.Arg1164Stop (Fig. 2B). The patient’s son had only the former
mutation. Therefore, this patient had compound heterozygous
nonsense mutations of ABCC6.

There has been one other report of a case of MFS and PXE in the
same patient besides our own. The case was reported by Hidano
et al. [7], similar to the present case, the previously reported
patient was a member of a Japanese pedigree that exhibited the
skeletal abnormalities associated with MFS, and the patient
developed manifestations of both MFS and PXE. However, no
search for gene mutations was performed in their case. Ours is the
first report ever to describe MFS and PXE occurring in the same
patient in whom mutations were confirmed in both the ABCC6 gene
and the FBNT gene. The concomitant presence of MFS and PXE
seems to have been coincidental, but both conditions are
hereditary diseases that give rise to elastic fiber abnormalities
and to abnormalities in the same organs, including the cardiac
blood vessels, and eyes. We plan to monitor the course of the
presently reported patient to determine how her outcome
compares with the outcome of patients who have only one of
these diseases, either MFS or PXE.
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Letter to the Editor

Birth, life, and death of the MAGE3 hypothesis of

‘& CrossMark
alopecia areata pathobiology -

Dear Editor,

In this distinguished journal, we routinely read discovery
stories that have been ultimately crowned by success. Instead, here
we would like to share our trials and tribulations along a less
felicitous, yet very instructive and educational research journey
that brought us close to what we hoped to be a clinically important
advance in understanding the pathobiology of alopecia areata (AA),
a tissue-specific, T cell-dependent autoimmune disease [1].

Most currently available evidence suggests that, upon interfer-
on (IFN)-y-induced collapse of the hair follicle’s (HF's) physiologi-
cal immune privilege (IP), as yet unidentified follicular
autoantigens are exposed to preexisting autoreactive CD8* T cells
by ectopically expressed major histocompatibility (MHC) class 1
molecules within the epithelium of anagen hair bulbs [1,2].
Peptides derived from melanogenesis-associated autoantigens
expressed only by melanin-producing anagen HFs are persuasive
candidates as key autoantigens in AA [3]. Therefore, focusing on
well-investigated MHC class I-restricted melanocyte-related anti-
gens known to be recognized by CD8* T cells is a sensible AA
research strategy (supplementary text S1).

Supplementary material related to this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jdermsci.2013.
07.014.

We thus hypothesized that it should be possible to detect
cytotoxic CD8" T cells (CTLs) directed against MHC class-I

restricted autoantigens (tyrosinase, MAGE-A2, and MAGE-A3
(MBL)), using pentamer technology [4] (Supplemental text S2).
To test this hypothesis, peripheral blood mononuclear cells
(PBMCs) were obtained from Japanese healthy controls and AA
patients (Supplementary Table S1).

Initially, this approach yielded auspicious results: MAGE-A3-
reactive CD8" T cells were found to be significantly increased in
PBMCs in the acute phase of AA with multifocal lesions (AAM)
and alopecia areata totalis (AAT) compared to healthy controls,
chronic phase of AAM, or AAT/alopecia areata universalis (AU)
(Fig. 1a and Fig. Sla and b and Supplementary text S3)
(p=0.025 by Kruskal-Wallis ANOVA). Furthermore, skin infil-
trating T cells of an acute phase AA lesion from one patient,
which were isolated as previously described [5], also showed an
increased number of MAGE-A3 specific CTLs (Fig. 1b) as that in
peripheral blood nuclear cells (PBMCs) from the same AA
patients (Fig. 1c) compared to the average frequency of MAGE-
A3" T cells in PBMCs from control subjects (Fig. 1a). This pilot
finding suggested an enrichment of MAGE-A3"* CTLs in lesional
AA skin.

Supplementary material related to this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jdermsci.2013.
07.014.

Next, we probed whether such CTLs can produce IFN-vy after
stimulation with MAGE-A3 (supplementary text S4). Indeed,
IFN-y protein expression was significantly increased in CD8* T
cells from acute phase AA patients co-cultured with MAGE-A3
compared to healthy controls (Fig. 1d and supplementary Fig.
S1c and d). Moreover, the percentage of MAGE-A3 specific CTLs
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