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Cartilage-hair hypoplasia syndrome (CHH) is a rare autosomal
recessive condition characterized by metaphyseal chondrodys-
plasia and characteristic hair, together with a myriad of other
symptoms, being most common immunodeficiency and gastro-
intestinal complications. A 15-year-old Mexican male initially
diagnosed with Hirschsprung disease and posterior immunode-
ficiency, presents to our department for genetic and comple-
mentary evaluation for suspected CHH. Physical, biochemical,
and genetic studies confirmed CHH together with IGF-1 defi-
ciency. For this reason, we propose IGF-1 replacement therapy
for its well-known actions on hematopoiesis, immune function
and maturation, and metabolism. © 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Cartilage-hair hypoplasia syndrome (CHH) is a rare autosomal
recessive condition that was originally described by McKusik in
1964 in Amish children. In this population, it accounts for one in
1,300 newborns [McKusick et al., 1965], while in the Finnish
population it accounts for one in 23,000 newborns [Makitie and
Kaitila, 1993]. Outside those populations it is extremely rare, with
no incidence data available [Makitie and Kaitila, 1993]. The genetic
locus for this disease falls within the RNA Component Of Mito-
chondrial RNA Processing Endoribonuclease (RMRP) gene, local-
ized in chromosome 9p12, which codes for the RMRP, believed to
be required for cell cycle, mtDNA replication and rRNA processing
[Ridanpad et al., 2001; Hermanns et al., 2005; Thiel et al., 2005;
Martin and Li, 2007]. The RMRP RNA product associates with at
least seven proteins whose interactions and roles remain to be
discovered [Welting et al., 2004].

The hallmark of this condition is a metaphyseal chondrodys-
plasia and characteristic hair (fine, sparse with scalp, blond
eyelashes—93%), with other several signs and symptoms includ-
ing short stature and skeletal dysplasia (100%) with varum
deformation of lower extremities, hypoplastic anemia during
childhood (79%), immunodeficiency (during childhood they
may present different recurrent infections secondary to an
immunodeficiency that may be humoral, B-cell or T-cell, or
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combined—56%) [Pierce and Polmar, 1982; Mikitie et al.,
1998, 2000b; Baradaran-Heravi et al., 2008] with higher risk of
malignancies, skin and nails abnormalities, gastrointestinal dis-
eases (such as Hirschsprung disease [HD], malabsorption, anal
stenosis and esophageal atresia—18%) [Makitie et al., 2002,
2000a], and failure to thrive [Maikitie et al., 1992; Glass and
Tifft, 1999; Riley et al., 2015]. The growth failure is progressive,
owing, partly, to a weak or absent pubertal growth spurt; pubertal
maturation is normal; testicular size is abnormal in some patients
with normal serum concentrations of testosterone, inhibin B and
gonadotropins [Makitie et al., 2001].

These patients are symptomatic since birth, showing short-limb
dwarfism and short puffy hands, with normal head circumference
[Giedion, 1998]. The final adult heights range from 100.7 to 149 cmin
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males and 103.7 to 137.9 cm in females, most of them are overweight
eventually becoming obese [Riley et al., 2015]. Even though life
expectancy reaches adulthood, an early diagnosis is important in
order to better detect and control possible hematologic and immu-
nologic abnormalities, as well as malignancy development.

A 15-year-old Mexican male with a probable clinical diagnosis of
CHH presents to our department for genetic and complementary
evaluation. He was born at 40 weeks with 3200 g of body weight,
45 cm and a cephalic perimeter of 36 cm, from non-consanguine-
ous healthy parents of the same race. At birth, he was diagnosed
with HD and treated surgically without complications. During his
early childhood, he suffered multiple episodes of otitis media, two
pneumonias, several gastroenteric infections, and failure to thrive.
At the age of 4, he was diagnosed humoral immunodeficiency (IgA
and IgG deficiency with normal cellular response) and he begun
treatment with intravenous gamma globulin until present. During
the following years, he developed varus curvature of both lower
extremities and intermittent claudication with shortened limbs and
femurs along varus hands with short fingers. He was evaluated by a
pediatric orthopedist without surgical outcome.

At age 7, and taking into account the abovementioned progres-
sion, a plausible diagnosis of CHH was coined, with no genetic
confirmation; immunological treatment was continued.

Upon admission to our department he was re-assessed: new
clinical, physical, biochemical, and radiological findings are shown
in Table SI. Clinically, he has a normal cognitive development. He
displays, at present, short stature and several skeletal complica-
tions, with no cardiac, respiratory, digestive, or urinary specific
symptoms. Moreover, since the onset with gamma globulin treat-
ment he refers an improvement in the frequency of recurrent
infections. His last infection was on September 2015: nail abscess,
without further complications.

A 15-year-old male with 103.5 cm height (<9 SD below 3rd centile
for age) and a weight of 19.5kg (— 4 SD below 3rd centile for age).
Short-limbs, limited elbow extension, short and pudgy hands,
lumbar lordosis, and genu varum were present. He has thin, sparse,
and brittle hair, as well as very fine and sparse eyelashes; without
any dental, skin, or nails abnormalities. Genital examination
revealed small testicular size for his age (6.91cc, Tanner stage
IT), while the penis size was normal for his age (6.5 cm, Tanner stage
V). Radiological studies showed disproportionate short-limbs, as
well as coxa vara and femoral bowing. Lumbar lordosis was also
observed; no subluxations or rotations were found (Fig. 1B-D).

Normal hemoglobin (14.5 g/dl) and total cell count (leucocytes 7.200
per pl), normal levels of inhibin A (1.2 pg/ml) and testosterone
(28.4ng/dl), with high levels of sex steroid-binding globulin
(84.8 nmol/L). Regarding the immunological study, he showed de-
creased levels of IgA, IgM, and IgG. He showed decreased circulating
IGF-1 levels (79 ng/ml, normal range for his age:187-599 ng/ml) and
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IGFBP-3 (2.3 mg/L, normal range for his age: 3.3—10 ng/ml), together
with high basal GH levels (3.98 ng/ml).

Sequencing of the patient’s DNA (Illumina TruSight One, CA)
revealed an upstream single nucleotide variant and a nucleotide
insertion for the RMRP gene (NM_174923.2c.-542C > C/T;
NM_174923.2¢.-380_-379insT, respectively). There are no single
nucleotide polymorphisms (SNP) reported for these positions in
the NCBI SNP database.

In addition, a heterozygous missense variant of Growth Hor-
mone Receptor (GHR) gene was identified (NM_001242399.2:
c.1651A > C), already reported in the NCBI SNP database as
rs6180. Such mutation affects a cytoplasmic domain of the receptor
and hence no growth hormone binding protein (GHBP) was found
inblood. Aditionally, a heterozygous missense variant of JAK2 gene
was identified in this patient (NM_004972.3:¢.3170C > T), with
possible deleterious effects as determined by sift (0) and PolyPhen
(1) algorithms, which has not been previously reported in the NCBI
SNP database.

As previously mentioned, CHH is a rare autosomal recessive disease
with several distinctive features with our patient presenting most of
them. At present, this patient does not have any gastrointestinal
problems. Despite at birth he was diagnosed with HD, it was treated
surgically with any further symptoms. However, some studies have
shown that those with CHH and HD have a higher predisposition to
amore severely immunocompromized outcome that patients with-
out HD [Makitie et al., 2002]. In this aspect, cellular immunity,
humoral immunity, or both can be impaired, leading to several
recurrent infections, without apparent correlation between labora-
tory findings and infection susceptibility [Makitie et al., 2000b].
Even though the most frequent finding is cellular immune defi-
ciency, this patient presents a partial humoral immunodeficiency,
well controlled with gamma globulin treatment.

Another common finding during childhood is anemia, which is
secondary to defective erythropoiesis and found related to the IGF-1
system [Makitie et al., 2000a]. At present, this patient has normal
hemoglobin without any past history of anemia.

A normal pubertal maturation has been described; even
though a lack of pubertal growth spurt is present. Only one
report of spermatogenesis has been published so far, demon-
strating abnormal semen analysis with low sperm count, de-
creased motility, and morphological changes [Maikitie et al.,
2001]. Some patients showed small testicular size, but normal
hormone levels, so neither infertility nor erectile dysfunction
were present. This patient presents small testicular size, being
classified as Tanner II, but with normal penis size, as well as
normal inhibin and testosterone levels.

Clinical features, except short stature, vary among these patients
and over the time, it is thus recommended a genetic characteriza-
tion to achieve a robust diagnosis. It is well described the mutation
in the RMRP gene, that functions as a structural RNA subunit of the
mitochondrial RNA processing ribonuclease (RMRP), believed to
be required for cell cycle, mtDNA replication and rRNA processing
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FIG. 1. A) Patient profiles at age 15. Short stature, scarce hair, genu varum and lordosis can be appreciated. B) Radiographic features of CHH
patient at 9 years of age: genu varum (arrow) with metaphyseal sclerotic irregularities (arrow). C) Radiographic features of CHH patient at
10 years of age: Metaphyseal ends are flared, scalloped, and irregularly sclerotic with cystic areas (arrow). D) Radiographic features of CHH
patient at 8 years of age: Increased lumbar lordosis (arrow) and a marked bowel dilatation and fecal impaction can observe (arrow). [Color

figure can be viewed at wileyonlinelibrary.com].

[Ridanpai et al., 2001; Hermanns et al., 2005; Thiel et al., 2005;
Martin and Li, 2007]. Such gene was found mutated in this patient,
hence confirming the pathology. Together with this, mutations in
the IGF-1 system where found (GHR and JAK2) which could
explain such low circulating levels of IGF-1 and high GH, as
GH is responsible for liver stimulation and secretion of ~75%
circulating IGF-1 and, contrarily, IGF-1 acts to negatively regulate
GH secretion in the brain [Buul-offers and Kooijman, 1998]. JAK2
is an adaptor protein with SH2 homology domains used by GHR to
phosphorylate and activate several STATSs, which in turn are
responsible for IGF-1 mRNA transcription in the liver and several
immune functions [Clark, 1997; Donaghy et al., 2002] (Fig. S1).
These mutations could not only help explain short stature, but also
immune dysfunction.

We, thereby, suggest that IGF-1 replacement therapy would be
very beneficial to this patient, accounting to the multiple positive
effects related to IGF-1: longitudinal bone growth, immune func-
tion, erythropoiesis, metabolic, antioxidant (aiming for cancer
prevalence found in some CHH patients), antiinflammatory, hypo-
gonadism, hepato-, neuro-, and mitochondrial protection
[Claustres et al., 1987; Kurtz et al., 1988; Pascual et al., 2000;
Garcla-Ferndndez et al., 2003; Conchillo et al., 2005; Puche et al.,

2008; Smith, 2010; Castilla-Cortdzar et al., 2011, 2015; Puche and
Castilla-Cortazar, 2012; Aguirre et al., 2016].

To sum up, the patient carries a mutation related to CHH,
confirmed by clinical findings and literature reports. Due to the
positive effects attributed to IGF-1, only when levels are below
physiological ones, and because our patient harbors mutations in
the signaling pathway of its synthesis, we recommend its replacement
therapy with rhIGF-1 (Mecasermin or Increlex). It happens that much
of the IGF-1 positive effects match with most of the symptoms of these
patients, hence, potentially being advantageous for his condition.
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