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ABSTRACT

OBJECTIVE. Individuals with congenital central hypoventilation syndrome have char-
acteristic variants in the PHOX2B gene (primarily polyalanine expansion muta-
tions). The PHOX2B gene acts as a transcriptional activator in the promotion of
pan-neuronal differentiation in the autonomic nervous system during early em-
bryologic development, with a primary role in the sympathetic noradrenergic
phenotype in vertebrates. Because sympathetic innervation has been hypothesized
to affect the development of dermatoglyphic pattern types, we hypothesized that
individuals with PHOX2B-confirmed congenital central hypoventilation syndrome
would have characteristic dermatoglyphic patterning and that the dermatoglyphic
phenotype would be related to the disease-defining PHOX2B genotype.

METHODS. Dermatoglyphic pattern type frequency, left/right symmetry, and geno-
type/phenotype correlation were assessed for 33 individuals with PHOX2B-con-
firmed congenital central hypoventilation syndrome and compared with published
control data.

RESULTS. Dermatoglyphic pattern type frequencies were altered in congenital central
hypoventilation syndrome cases versus controls. In particular, there was an in-
crease of arches in females and ulnar loops in males, with the largest differences for
the left hand and for individuals with both congenital central hypoventilation
syndrome and Hirschsprung disease. Dissimilarity scores between the congenital
central hypoventilation syndrome and congenital central hypoventilation syn-
drome + Hirschsprung disease cases were not significantly different, nor were
dissimilarity scores between all of the female and all of the male cases. No
significant association was found between the number of polyalanine repeats in
the PHOX2B genotypic category and dermatoglyphic pattern frequencies in the
congenital central hypoventilation syndrome study groups.
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CONCLUSIONS. These results represent the first report de-
scribing specific dermatoglyphic patterning in congenital
central hypoventilation syndrome and suggest a rela-
tionship between PHOX2B and the expression of der-
matoglyphic pattern types. An expanded congenital cen-
tral hypoventilation syndrome data set to include the
full spectrum of PHOX2B mutations is necessary to fur-
ther delineate the role of PHOX2B in dermatoglyphic
patterning.

C HILDREN WITH CONGENITAL central hypoventilation
syndrome (CCHS) characteristically present in the
neonatal period with alveolar hypoventilation “in the
absence of primary neuromuscular, lung, or cardiac dis-
ease, or an identifiable brainstem lesion.”! They demon-
strate attenuated/absent responses to hypoxemia and
hypercarbia, and related evidence of autonomic nervous
system (ANS) dysfunction/dysregulation that may in-
clude Hirschsprung disease (HD) and/or tumors of neu-
ral crest origin.! Children with CCHS are heterozygous
for a polyalanine expansion mutation in the paired-like
homeobox (PHOX)2B gene,>7 although a subset of pa-
tients has unique mutations in PHOX2B. Recently, a
characteristic facial phenotype in CCHS has been de-
scribed,® with a pattern compatible with the develop-
mental expression of PHOX2B. Long thought to be a rare
disorder, CCHS is being diagnosed with increased fre-
quency, since genetic testing for the PHOX2B mutation
became clinically available in 2003.2 As a result, general
pediatricians may be caring for affected children in their
practice.

The PHOX2B gene encodes a highly conserved ho-
meobox domain transcription factor* with an early em-
bryologic action as a transcriptional activator in the pro-
motion of pan-neuronal differentiation in the ANS and
a separate role wherein it represses expression of in-
hibitors of neurogenesis.®"> PHOX2B is considered to
regulate the sympathetic noradrenergic phenotype in
vertebrates.!%!4 Sympathetic innervation has been hy-
pothesized to affect the development of dermatoglyphic
pattern types in primates, including humans,!>!¢ with
dermatoglyphics defined as the study of the morphol-
ogy and distribution of ridged skin patterns on the
palmar surface of the hands and feet. We sought to
more fully characterize the phenotype of CCHS by eval-
uating dermatoglyphics, an accessible phenotypic mea-
sure of embryologic development. We hypothesized that
individuals with PHOX2B-confirmed CCHS would have
characteristic dermatoglyphic patterning and that these
pattern differences would vary with the clinical severity
of CCHS (characterized by the presence or absence of
HD) and the disease-defining PHOX2B genotype.

METHODS

Study Subjects

Diagnosis of CCHS was based on the American Thoracic
Society Statement on CCHS! and confirmed with
PHOX2B genotyping? (patent pending). Dermatoglyphic
prints from 33 white individuals with PHOX2B-con-
firmed CCHS (all heterozygous for a polyalanine expan-
sion mutation in PHOX2B) were analyzed, including 28
cases of isolated CCHS (14 females) and 5 cases with
both CCHS and HD (2 females). CCHS subject age range
was 3.0 to 20.75 years (mean: 13.6 *£ 4.9 years).
PHOX2B expansion mutations ranged from 25-33 re-
peats (mean: 27 * 2 repeats). Control data were ob-
tained from a published data set'” including 720 white
children aged 7 years (360 females). This control data set
was designed with the intent to provide a comparison
sample for investigators studying dermatoglyphics in in-
dividuals with disease or congenital anomalies. Because
fingerprints do not change during postnatal life, ages did
not need to be matched. The study was approved by
Rush University Medical Center and University of Pitts-
burgh institutional review boards. Informed consent and
Health Insurance Portability and Accountability Act au-
thorization were obtained from subjects and/or their
parents or legal guardians.

Printing Technique and Dermatoglyphic Protocol
Fingerprints were obtained using a standard inkless
technique'® using INFA-PRINT Inkless Imprint Wipes
(Kansas City, MO). Three trained raters (E.S.T.,
N. M. S., D.E. W-M.) independently categorized the
dermatoglyphic prints as arch, ulnar loop, radial loop, or
whorl." Figure 1 provides examples of each of these
print types. Data sets were then merged, and any dis-
agreements were reevaluated. Determination was made
of each pattern frequency by specific study group (ex-
pressed as percentage of total digits evaluated in the
group), by identification of subjects who are arch posi-
tive (=1 arch on either hand), and by identification of
subjects with =4 arches. These 3 determinations were
conducted to allow for comparison to the control group
data, as well as to the literature.

Statistical Analysis
x2 analysis was used to compare pattern frequencies for
cases versus published control data,!” grouped by CCHS

FIGURE 1

This figure provides representative examples of dermatoglyphic patterns. These are from
a right hand with the radial side of each print being to the left and the ulnar side to the
right. A, Arch; B, Ulnar loop; C, Radial loop; D, Whorl.
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status (all CCHS, isolated CCHS, or CCHS + HD), then
stratified for gender and hand (left or right). Asymmetry
was measured by dissimilarity scores, which were calcu-
lated by comparing prints on the paired homologous
fingers of the left and right hands (eg, left index finger
compared with right index finger). Paired fingers with
dissimilar dermatoglyphic pattern types were given a
score of 1, whereas paired fingers with the same pattern
types were given a score of 0. Scores were then summed
across all 5 finger pairs, thus, dissimilarity scores may
range from 0 (having no dissimilarity) to 5 (having all 5
pairs of fingers dissimilar). The results were compared
using the Wilcoxon-Mann-Whitney test. In addition,
PHOX2B repeat number was compared with frequency
of pattern type using linear regression with the contin-
uous repeat number and logistic regression with repeat
number divided into 2 categories: <29 repeats and =30
repeats. Dissimilarity scores were also compared be-
tween the 2 categories of PHOX2B repeat number using
a Wilcoxon-Mann-Whitney test.2° Results were consid-
ered significant if P < .05.

RESULTS

Dermatoglyphic Results

Pattern frequencies in CCHS cases and controls are pro-
vided in Table 1. Pattern frequencies in the text and table
are shown as percentages of the total number of digits
evaluated in each group. Gender differences in pattern
frequency for cases, as well as arch positivity results, are
provided below. Control values for arch positivity/mul-
tiple arches are unavailable, thus, no comparisons to
controls could be made.

All CCHS Cases

Female cases had a higher arch frequency versus male
cases (10.8 vs 3.6; P = .01) and a higher left-hand arch
frequency versus male cases (14.1 vs 3.6; P = .02). Arch
positivity (the presence of =1 digital arch) was seen in
30% of cases, with 60% of the arch-positive cases being
female. Multiple arches (=4, no case had 3 arches) were
identified in 12.1% of cases, with 75% of these being
female.

Isolated CCHS

Arch positivity was seen in 25% of cases, with 57.1% of
the arch-positive cases being female. Multiple arches
were identified in 7.1% of cases, with 50% of these
being female.

CCHS+HD

Female cases had a higher arch frequency versus male
cases (both hands: 40.0 vs 0, P = .002; left hand: 40.0 vs
0, P = .025; right hand: 40.0 vs 0, P = .025). Arch
positivity was seen in 60% of cases, with 66.7% of the
arch-positive cases being female. Multiple arches were
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identified in 40% of cases, with 100% of these being
female.

Dissimilarity Scores

Dissimilarity scores between the CCHS and CCHS + HD
cases were not different (1.11 and 0.75, respectively),
nor were dissimilarity scores between all of the female
cases and all of the male cases (mean: 1.0 and 1.13,
respectively). Control values for dissimilarity scores are
unavailable, thus, no comparisons to controls could be
made.

Genotype/Phenotype Correlation

No significant association was found by linear regression
or by logistic regression between the PHOX2B genotypic
category (<29 polyalanine repeats versus =30 polyala-
nine repeats on the affected allele) and dermatoglyphic
pattern frequencies in the CCHS study groups (all CCHS
cases, isolated CCHS, and CCHS + HD).

DISCUSSION
These results represent the first report describing der-
matoglyphics in individuals with PHOX2B-confirmed
CCHS. Pattern type frequencies were altered in CCHS
cases versus controls. In particular, there was an increase
in arch and ulnar loop frequencies (typically seen in
female and male cases, respectively), with the largest
differences seen in the left hand and in the individuals
with CCHS + HD. Dissimilarity scores as a proxy for
asymmetry did not differ among the CCHS study groups
or by PHOX2B genotypic category (<29 polyalanine re-
peats or =30 polyalanine repeats). Likewise, no signifi-
cant association was found between the PHOX2B geno-
typic category and dermatoglyphic pattern frequencies.
Dermatoglyphics have been studied in children with
isolated constipation and isolated HD,?'-2> both symp-
toms compatible with ANS dysregulation/dysfunction
and both often reported among children with CCHS.2¢
Gottlieb and Schuster?! reported arch positivity in 53%
of patients and =4 arches in 27% of patients with early
onset constipation (<10 years of age) (vs 13% and 2%
of controls, respectively). Staiano et al?> demonstrated
arch positivity in 38% of patients with constipation (vs
11% of controls) but no relationship between HD and
digital arches. Drongowski and Coran?® identified arch
positivity in 33% of cases with functional chronic con-
stipation, 32% of cases with anatomic chronic constipa-
tion (including HD), and 30% of control cases with
inguinal hernia. Jackson et al** demonstrated arch pos-
itivity in 13% of constipated cases (vs 7% of controls).
Goshima et al*® demonstrated arch positivity in 28% of
constipated patients (vs 24% of controls). The published
results describing arch positivity in constipated patients
are in keeping with our current results in children with
CCHS. The published results describing arch positivity in
patients with HD, however, are distinctly different from
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TABLE 1 Digital Pattern Types and Laterality With CCHS Phenotype
Case Pattern Types (%)
Hand Arch Ulnar Loop Radial Loop Whorl
All CCHS Cases
Female Left 14.1¢ 55.1 38 269
Right 76 64.6 0 278
Both 10.8° 59.9 19 274
Male Left 36 69.9¢ 36 229
Right 36 63.9 24 301
Both 36 66.9 30 265
Total Left 8.72 62.7 37 24.8
Right 56 64.2 1.2 29.0
Both 7.1 63.5 25 269
Isolated CCHS
Female Left 103 544 44 309
Right 30 65.2 0 319
Both 6.6 599 2.2 314
Male Left 4.1 69.9° 14 24.7
Right 4.1 616 14 329
Both 4.1 65.8 14 28.8
Total Left 7.1 624 2.8 27.7
Right 35 63.4 0.7 324
Both 53 62.9 1.8 300
CCHS + HD
Female Left 40.0¢ 60.0 0 0
Right 40.0¢ 60.0 0 0
Both 40.0¢ 60.02 0 0
Male Left 0 70.0 200 100
Right 0 80.0 10.0 10.0
Both 0 75.0p 15.02 10.0
Total Left 20.0¢ 65.0 10.0 15.0
Right 20.0¢ 70.0 5.0 5.0
Both 20.0¢ 67.5 7.5 5.00
Controls
Female Left 46 64.9 34 272
Right 6.2 64.2 4.0 255
Both 54 64.5 37 264
Male Left 42 64.7 54 25.7
Right 38 59.1 50 320
Both 40 62.0 52 288
Total Left 4.4 64.8 44 26.5
Right 50 61.7 45 288
Both 4.7 63.3 4.5 27.6

Pvalues are based on a Bonferroni correction and are a case/control comparison of frequencies. Total indicates female and male cases combined;

Both, left and right hand combined.
ap=01.

bp<.001.

€P < .0001.

our findings in children with CCHS + HD. These differ-
ences may be because of an intrinsic difference in the
etiology and genetic basis of idiopathic HD versus syn-
dromic HD.?” Taken together, these findings extend the
understanding of a relationship between dermatoglyphic
patterning and functional/anatomic bowel disease, con-
ditions that fall within the rubric of ANS dysregulation
and will be encountered by the general care pediatrician.

The embryologic timing of the ridge pattern forma-
tion, between weeks 10 and 24 postfertilization, is asso-
ciated with the type of dermatoglyphic pattern develop-
ment. Early ridge formation is associated with whorls,
late formation with arches, and intermediate formation

with loops. Clinical syndromes that have arrested em-
bryologic development and decreased developmental
maturation tend to have more arches and fewer
whorls.22 For example, an increase in arch and ulnar
loop frequency and a decrease in whorl frequency have
been reported in nonsyndromic female Filipinos with
cleft lip and/or cleft palate.?® Likewise, an increased in-
cidence of arches**>!' and cleft lip and/or cleft palate®2 has
been reported in fetal hydantoin syndrome. Interest-
ingly, female white sudden infant death syndrome
(SIDS) victims have an increased arch frequency com-
pared with the same control population we used.>* Fur-
thermore, male SIDS infants with dysmorphic features
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or anatomic anomalies presented with more ulnar loops
and fewer whorls, not dissimilar to the most affected
cases with CCHS + HD in our study. Recognizing that
children with CCHS have ANS dysregulation and that
infants who have succumbed to SIDS also have ANS
dysregulation, > the finding of altered dermatoglyphic
patterning in CCHS and SIDS supports a relationship
between the developing systems that regulate dermato-
glyphics and altered embryologic development of the
ANS. These interrelationships indicate that the study of
dermatoglyphics provides an accessible means by which
the pediatrician can probe the origin of complex dis-
eases.

Although dermatoglyphic formation has been associ-
ated with many factors, including skeletal growth,?” and
volar pad topography,**# most interesting for the cur-
rent study is that dermatoglyphic fingerprint patterns
have been associated with the sympathetic innervation
of the hand."”!¢ We anticipate that the PHOX2B gene, as
a regulator of the sympathetic noradrenergic phenotype
in vertebrates,'®'* has a role in the determination of
dermatoglyphic patterning, just as it has a role in the
embryologic development of the enteric nervous sys-
tem.!04546 This possibility is supported by our previous
observation that 43% of children with CCHS have se-
vere constipation, 21% of children with CCHS have
HD,?¢ and our current finding of an increased arch and
ulnar loop frequency that is highest among children
with PHOX2B-confirmed CCHS + HD. Our results here
provide tentative support for the hypothesis that poly-
alanine expansion mutations in PHOX2B impact der-
matoglyphic pattern formation, in addition to gut motil-
ity.

Also of interest is the noted gender difference in the
pattern frequency analysis. These differences are notable
in light of the well-recognized male predominance of
isolated HD.*” Recently, a common noncoding RET vari-
ant mutation within a conserved enhancer-like se-
quence has been identified as a contributing factor to the
differences in susceptibility to HD by gender.*® Most
likely, the gender differences in frequency distribution of
dermatoglyphics in CCHS are a result of the multifacto-
rial inheritance of dermatoglyphic patterns, similar to
HD. This is a more likely explanation for gender varia-
tion than a direct influence of the PHOX2B mutation,
because we are unaware of other identified gender dif-
ferences in the CCHS phenotype.

We have identified 2 potential limitations of this
study. First, we relied on the published control data set!”
including 720 white children aged 7 years (360 females)
rather than recruit individual age-matched controls. This
technique was used because it represents a better ap-
proximation of the population norms than a smaller set
of matched controls. Furthermore, dermatoglyphic pat-
terns do not change during an individual’s postnatal life,
unlike other phenotypic features, such as facial charac-
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teristics, which have the potential to change with in-
creasing age. Because of the data set used, we were not
able to compare =1 or =3 to 4 arches with controls,
which would have been useful in comparing our results
with existing literature. Likewise, dermatoglyphic raters
were not blinded to case versus control group, although
it should be noted that the raters were blinded within
CCHS clinical grouping. The second limitation is the
small sample size of CCHS subjects. This may have re-
duced the ability to generalize our findings, but also may
have contributed to the lack of significance when eval-
uated by PHOX2B genotype. In particular, the limited
number of cases with higher numbers of polyalanine
repeats (only 5 cases with 30 to 33 repeats) may have
precluded detection of a significant correlation between
the number of polyalanine repeats and frequencies of
dermatoglyphic patterns.

CONCLUSIONS

Dermatoglyphic pattern frequency is clearly altered in
CCHS cases versus controls, but the role of PHOX2B and
the implication of the frequency differences are still to be
determined. Based on these results, an increased sample
size, including children with PHOX2B-confirmed CCHS
unique mutations and a broad array of the common
polyalanine expansion mutations, should be studied to
fully understand the genotype/phenotype correlation in
CCHS. Children with other disorders of neural crest
origin, such as HD and neuroblastoma, should be studied
to elucidate the relationship between these other disor-
ders and an accessible phenotypic measure of the em-
bryological neural crest. It would also be worthwhile to
evaluate dermatoglyphics of parents and siblings of in-
dividuals with CCHS to look for an absence of familial
tendencies, thus supporting a causative effect of the
PHOX2B mutation on the dermatoglyphic pattern fre-
quencies. In so doing, the dermatoglyphic phenotype of
CCHS will be further characterized, and the contribution
of PHOX2B to both dermatoglyphic patterning and CCHS
will be better understood.
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