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Cartilage—hair hypoplasia: a spectrum of clinical and

radiological findings

Yoram Faitelson®* and David Manson®

ABSTRACT

Introduction: Cartilage-hair hypoplasia (CHH) is a rare skeletal dysplasia that presents with various degrees of
immunodeficiency, short stature, and a susceptibility to malignancies. Individuals with CHH can present with
severe combined immunodeficiency or combined immunodeficiency and are at risk for severe and unusual infec-
tions irrespective of their laboratory findings. In addition, individuals with CHH can present with variable skeletal
abnormalities, mainly involving the metaphysis of long bones. CHH is a rare disease and familiarity with the vari-
able features is crucial for diagnosis.

Methods: We report the clinical, radiological, and genetic findings for 5 patients with proven diagnoses of CHH.

Results: In this study we describe a cohort of patients with CHH and present their clinical findings and progressions.
In addition, we present the radiological images and the immunological investigations that were done in these patients.
Although all the patients in our cohort had poor cellular immunity, they had a variable clinical course. Three out of
5 patients received a bone marrow transplant (BMT) and 2 out of 5 died at an early age (1 after BMT). Those who
had poor humoral function had a worse prognosis compared with those with good humoral function. The skeletal
findings were characteristic for CHH.

Conclusion: CHH is a disease with a variable presentation. Clinicians should be aware of the characteristic
skeletal and immunological findings to identify the disease as early as possible.

Statement of novelty: We present novel clinical and radiological findings in patients with variable RMRP gene

mutations.

Introduction

Cartilage-hair hypoplasia (CHH) is a rare skeletal
dysplasia inherited as an autosomal recessive trait. It
was first described among the Old Order Amish and
the Finnish population (McKusick et al. 1965) and it is
caused by mutations in the ribonuclease mitochondrial
RNA-processing (RMRP) gene (Sulisalo et al. 1993;
Ridanpdd et al. 2001). The syndrome's hallmarks
include various degrees of immunodeficiency, short
stature, fine sparse hair, Hirschsprung disease, and a

susceptibility to hematologic malignancies. The major
radiographic findings in CHH are short metacarpals
and phalanges; short, wide iliac wings; short, thick
long bones; femoral bowing; and metaphyseal dysplasia
(Kwan et al. 2012).

CHH is caused by mutations in the RMRP (RNA
component of mitochondrial RNA processing endori-
bonuclease) gene that encodes for the untranslated
RNA component of a mitochondrial RNA-processing
endonuclease, a protein-RNA complex that plays a

@Division of Immunology and Allergy, The Hospital for Sick Children, The
University of Toronto, Toronto, ON, Canada; °Department of Diagnostic
Imaging, The Hospital for Sick Children, The University of Toronto, Toronto,
ON, Canada

*Correspondence: Yoram Faitelson/yfaitelson@gmail.com

Submitted 2 June 2015
Accepted 22 June 2015
Available online 25 June 2015

LymphoSign Journal 2:157-164 (2015)
dx.doi.org/10.14785/Ipsn-2015-0009

LymphoSign Journal « Vol. 2, No. 3, 2015.

157



LymphoSign Journal Downloaded from lymphosign.com by 3.21.244.14 on 04/29/24

Faitelson and Manson — Cartilage-hair hypoplasia

role processing of ribosomal RNA (rRNA), cleavage of
mitochondrial RNA (mRNA), and in cell cycle control.
The most prevalent mutation among the Finnish and
the Amish is the 70 A>G (Thiel et al. 2007). In North
America most cases are caused by compound herterozy-
gous mutations that commonly affect the gene's regula-
tory elements (Notarangelo et al. 2008).

CHH can be diagnosed clinically in an individual with
short stature, disproportionally short limbs, and fine
hair, but confirmation of the diagnosis should be done
by genetic analysis of the RMRP gene. Individuals with
CHH can present with severe combined immunodefi-
ciency (SCID) or combined immunodeficiency (CID)
and are at risk for severe and unusual infections irre-
spective of their laboratory findings. Other complica-
tions also include malignancy, and autoimmunity. An
early diagnosis of CHH is crucial to prevent morbidity
and mortality from these immune-related disorders.

The short stature and radiological features are fre-
quently the first clue for the diagnosis. However, recog-
nition of the typical skeletal findings may be delayed as
most clinicians are rarely familiar with CHH.

Therefore, we present here the clinical and radiologi-
cal features of 5 patients with RMRP mutations.

Case 1

Patient 1, a female with an Ashkenazi Jewish back-
ground, was born at term to healthy parents with no
known consanguinity. Although her birth weight and
head circumference were around the 50th percentile,
she was relatively short, as her length was below the

10th percentile. Soon after birth she was described as
having fine and sparse hair, short proximal limbs, promi-
nent occiput, overlapping of the digits, and a small umbi-
lical hernia. The tibial and humeri length were equivalent
to 30 and 29 weeks gestational age, respectively. At the
age of 6 months she was found to have low IgG and
was referred to the immunology clinic. At that age she
didn't suffer from severe or recurrent infections and she
showed only mild developmental delay of her gross
motor skills. A skeletal survey showed metaphyseal cup-
ping/scalloping in the distal femora, radial and ulna, as
well as metacarpal foreshortening (Figures 1 and 2).

The initial immunological workup showed a SCID
phenotype of T — B+NK+, absence of the T-cell receptor
excision circle (TREC), poor T-cell function, and a low
T-cell number.

At the age of 8 months the patient was diagnosed with
CHH based on a mutation analysis that showed the
common mutation 70 A>G in the RMRP gene. She
received a bone marrow transplant (BMT) from a
matched unrelated donor at the age of 14 months after
full myeloablative conditioning (Busulfan and Cyclo-
phosphamide) and was engrafted shortly after with no
complications. Other than severe scoliosis that devel-
oped in the 2nd decade of her life (Figure 3), her long-
term engraftment and immune reconstitution remain
excellent.

Case 2

Patient 2, a female of French-Irish and Native
American origin, was born at term with no complica-
tions. Her older sibling was diagnosed with CHH and

Figure 1: Lower extremity plain film of patient 1 at 2 (A) and 4 (B) years of age. The
films demonstrate typical metaphyseal changes of cupping/scalloping and irregular
“cystic” lucencies with sclerotic margins and a fragmented appearance.
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Figure 2: Hand plain film of patient 1 at 4 years of age. The film demonstrates typical
metacarpal foreshortening. More subtle distal radial and ulnar metaphyseal changes
are also seen.

Figure 3: Plain spine posterioranterior and lateral views of patient 1 at the age of 13 years. The fiims
demonstrate multisegmental thoracolumbar scoliosis with upper thoracic levoscoliosis measuring 56°, lower
thoracic dextroscoliosis measuring 68°, and lumbar levoscoliosis at 25°. There is no spondylolisthesis.
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Figure 4: Upper extremity plain film of patient 3 at age 6, 9, 11, and 12 years (A, B, C,
and D respectively). Views of the hands demonstrate typical metacarpal foreshortening.
More subtle distal radial and ulnar metaphyseal changes are also seen.

her antenatal fetal ultrasound showed short limbs at
27 weeks of gestation. Genetic work-up demonstrated
a mutation in the RMRP gene 70 A>G and she was
diagnosed with CHH at the age of 1 month. At the
age of 10 days she suffered from respiratory syncytial
virus pneumonia but recovered after 2 weeks. The
immune work-up in the first few months of life
showed low a TREC number, T- and B-cell lymphope-
nia, normal levels of immunoglobulins, and poor T-cell
function. She also had intermittent neutropenia that
eventually resolved spontaneously. Further evaluation
showed good antibody responses to vaccination with
tetanus and pneumovax, although her T-cell function

continued to be poor. Clinically, she suffered from con-
stipation in the first 3 years of life but she didn't have
severe or recurrent infection or signs of autoimmunity.
Currently she is doing well and treated only with dap-
sone as a Pneumocystis jiroveci pneumonia prophylaxis.

Case 3

Patient 3, a female with an English background, was
born at term to healthy parents with no known consan-
guinity. Family history was remarkable only for a mater-
nal nephew with myotubular myopathy. Her birth
weight was 3.9 kg but she failed to thrive soon after
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Figure 5: Lower extremity plain film of
patient 4 at 7 years of age. Similar to
patient 1, there is diffuse metaphyseal
flaring with irregularity adjacent to the
physis in the metaphyseal regions, particu-
larly around the knees and ankles. There is
diffuse shortening of the long bones, with
relative fibular elongation bilaterally.

birth. With the exception of her failure to thrive, she
was doing well until the age of 2 years when she started
to suffer from recurrent episodes of pneumonia, and
eventually she developed bronchiectasis by the age of
6 years. She was then referred to immunology for
further evaluation. Immunological workup showed a
low T-cell number, poor T-cell function, and poor
response to pneumococcal vaccine. She started treat-
ment with IVIG and prophylaxis antibiotic. Skeletal
films showed the characteristic skeletal changes in the
metacarpals, distal ulna (Figure 4), and distal fibula.

Genetic analysis confirmed the diagnosis of CHH by
identifying 2 mutations in the RMRP gene 146 G>A/
242 A>G, each donated by the father and mother,
respectively. During childhood she suffered from auto-
immune hemolytic anemia. BMT was not done owing
to the lack of an appropriate donor. At the age of 12 years
she presented with acute enchephalitis and cognitive
decline. She was treated with a broad spectrum antibiotic
and anti-viral medication and eventually with immuno-
suppression after an infectious etiology was excluded.
Unfortunately, she didn't recover and passed away a few
months later.

Faitelson and Manson — Cartilage-hair hypoplasia

Case 4

Patient 4, a male from French-Irish and Native
American origin, was born at term with a weight of
3.4 kg. At 30 weeks of gestation, an ultrasound revealed
small long bones and a bell-shaped chest. An amnio-
centesis was not diagnostic but genetic investigation
after birth confirmed the diagnosis of CHH at the age
of 7 months with the finding of the common mutation
70 A>G in the RMRP gene. Other features of CHH
included fine sparse hair, constipation (with no
evidence of Hirschsprung disease), and bowed legs
(Figure 5).

His immunological investigation showed a normal
level of immunoglobulins as well as adequate levels of
antibodies to vaccination, but his T-cell number and
function were poor on several occasions. At the age of
4 years, his bloodwork showed a restricted T-cell reper-
toire with clonal expansion of the VB12 and VBI3
families for CD4+ cells and expansion of the VB1 family
for CD8+ cells. Interestingly, the patient didn't have any
severe or recurrent infections, nor did he suffer autoim-
mune manifestations.

Considering the patient’s poor T-cell function, he had
a BMT from a matched sibling donor at the age of
4.5 years. Following the transplant, at first he developed
only minor acute skin graft versus host disease
(GVHD), which was controlled with immunosuppres-
sion. However, a year later, he was diagnosed with
chronic skin GVHD. The rash subsided with a course
of steroids and methotrexate, but since then he con-
tinues to have contractures of the hands and feet. The
patient continues to function well, engraftment
is complete, and long-term immune reconstitution is

solid.

Case 5

Patient 5, a male, was born to consanguineous parents
of French Canadian origin. His birth height was below
the 3rd percentile while his weight was at the 25th percen-
tile. At the age of 8 weeks he developed Omenn syndrome
with generalized erythroderma, lymphadenopathy, diar-
rhea, and irritability. His immune work-up showed low
levels of immunoglobulins, clonal expansion of the
CD4+ T cell, and absent CD8+ T cells. In addition, in vitro
responses to mitogens were poor.

Genetic analysis revealed 2 mutations in the RMRP
gene, 154 G>C and 15 nucleotide duplication at position
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Table 1: Summary of immunological findings.

Case Proliferation compared

number Mutation TREC Immunophenotype with control (%) Immunoglobulins

1 70 A>G 0 T-B+NK+ 16 IgA deficiency, normal function
2 70 A>G 222 TIOWB'OWNK+ 30 Normal levels and function

3 146 G>A / 242 A>G N/A TOWB_NK+ 3 Low levels and poor function
4 70 A>G 305 TOB+NK+ 41 Normal levels and function

5 —25 dupACTACTCTGTGAAGC/ 0 TOWBOWNK+ 24 Low levels and poor function

154 G>C

Note: Proliferation was done with PHA as mitogen. (T — <500 CD3+ cells/uL; B — <100 cells/uL; T'°% <1000 CD3+ cells/uL; B'®" <300 cells/ uL; N/A, not available.)

— 25, each donated by the mother and father, respectively.
At the age of 8 months he received a matched unrelated
donor BMT but developed severe GVHD post-transplant.
He suffered from severe skin involvement of his GVHD,
acute respiratory distress syndrome with pulmonary
vasculopathy, hypertension, renal failure, and sec-
ondary hypertrophic cardiomyopathy. He was treated
with multiple agents against GVHD but continued to
have recurrent exacerbations of GVHD and deteriora-
tion of his cardiorespiratory status. He died at the age
of 3 years and 4 months from multi-organ failure.

Table 1 summarizes the immunological findings of
Cases 1-5.

Discussion

CHH is a rare autosomal recessive skeletal dysplasia
with severe short stature; characteristic skeletal changes
affecting mainly the metaphysis; and extraskeletal fea-
tures involving the immune, hematologic, and the gas-
trointestinal system. The phenotypic features correlate
with the degree of reduced rRNA or mRNA cleavage.
RMRP mutations that reduce rRNA cleavage are asso-
ciated with bone dysplasia, whereas defects that
decrease mRNA cleavage are associated with hair hypo-
plasia, immunodeficiency, and hematologic abnormal-
ities (Thiel et al. 2007; Notarangelo et al. 2008). The
characteristic skeletal changes seen in CHH involve
mainly the metaphysis with the findings of metaphyseal
splaying, coarse irregularity, and lucent “cyst”-like
lesions most prominent in the knees and ankles
(Conwell et al. 2008). The epiphysis can also show
some changes with rounding and a globular appearance.
In addition, many other skeletal findings have been
described including short metacarpals and phalanges;
lumbar lordosis; short, wide iliac wings; femoral bowing;
and scoliosis. Mild scoliosis was observed in one-fourth
of the patients in 1 study and the incidence increased

with age (Mikitie et al. 1992). Indeed, 1 of our patients
developed scoliosis in the 2nd decade of life in accor-
dance with previous studies (McKusick et al. 1965; Ray
et al. 1975).

The skeletal findings in CHH are not only variable
but can also be misleading as they are not always evi-
dent in infancy (Glass and Tifft 1999) and might even
disappear after a short period of time (Kwan et al.
2012). The characteristic metaphyseal irregularities
and cystic lesions typically do not appear until after
2 years of age. After the epiphysis closes, the metaphysis
may remain flared, angulated, and eroded (Mikitie and
Kaitila 1993) or may be normal (van derBurgt et al.
1991; Makitie et al. 1995). Our patients demonstrate
the variable skeletal findings with classical metaphyseal
changes and metacarpal foreshortening.

Although metaphyseal changes are the most common
skeletal finding in patients with CHH, they are not
restricted to this disorder as some other primary immu-
nodeficiencies (PID) may present with multiple skeletal
finding. Patients with Adenosine Deaminase Deficiency
can develop different skeletal abnormalities with meta-
physeal changes including prominent costochondral
junctions (rachitic rosary), flaring of the anterior rib
ends, pelvic dysplasia, squared off inferior scapula, or
flattened vertebral bodies (platyspondyly) (Cederbaum
et al. 1976). Patients with Schwachman—Diamond syn-
drome can present with metaphyseal chondrodysplasia
in addition to bone marrow failure and pancreatic insuf-
ficiency (Maikitie et al. 2004). Patients with Roifman
immunoskeletal syndrome (spondyloenchondrodyspla-
sia with immune dysregulation) have been described
with metaphyseal and vertebral bone lesions with
immune dysfunction and autoimmunity (Roifman and
Melamed 2003). In addition, there are some reports
of metaphyseal erosions in patients with deficiency of
IL-1 receptor antagonist, a rare PID characterized
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with bone and skin abnormalities (Aksentijevich et al.
2009). It is important to mention that metaphyseal
changes are not the only skeletal abnormalities seen in
PID. Other skeletal changes such as spondyloepiphyseal
dysplasia can be seen in Schimkes immuno-osseous
dysplasia (short-trunk dwarfism as a result of spondyloe-
piphyseal dysplasia and immunologic abnormalities)
(Hunter et al. 2010) and in Roifman syndrome (spondy-
loeiphyseal dysplasia, microcephaly, intrauterine growth
restriction, growth retardation, and humoral immunode-
ficiency) (Roifman 1999).

Similar to the variability in the skeletal finding, the
immune system in CHH can display a mild array of
findings (Kavadas et al. 2008). Abnormal cellular immu-
nity is present in the majority of CHH patients (van der
Burgt et al. 1991; Maikitie and Kaitila 1993), although
there may be imperfect correlation between laboratory
findings and susceptibility to infections (Makitie et al.
1998). In the Amish population, only 32% of the
patients had severe or recurrent infections and only
8% of these children underwent BMT for CID (Rider
et al. 2009). Irrespective of clinical phenotype, most
patients in that study had lymphopenia and reduced
lymphocyte proliferation in response to mitogens. In
our small cohort, all the patients showed poor T-cell
function with poor response to mitogen and a low
TREC number, but only 2 patients had poor humeral
function. Three out of the 5 patients had a BMT and
2 out of the 5 passed away in early age (one from
GVHD post-BMT and one from encephalitis). Interest-
ingly, the 2 patients who passed away in our cohort and
the patients who needed BMT in the study by Rider et al.
(2009) are the patients with the poor humeral function,
a finding that suggests that poor humeral function is a
bad prognostic factor in CHH. One of our patients pre-
sented with Omenn syndrome (Roifman et al. 2006),
which is an unusual presentation of CHH that proves
mutations in the RMRP RNA gene might be associated
with a more complex presentation than the classical
one. Involvement of other systems such as the gastroin-
testinal system has been described in CHH patients
(mainly Hirschprung's disease), but was not common
in our cohort. Two of our patients had a history of
constipation but none needed significant intervention.
Malignancy was not seen in our cohort, but our patients
are still young and this complication may appear later
in life.

In summary, we have illustrated the skeletal changes
typical of CHH. When present they should trigger a

Faitelson and Manson — Cartilage-hair hypoplasia

thorough assessment of the immune system, especially
when such patients suffer repeated infections.
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