
Cartilage-hair hypoplasia (CHH), also known as

McKusick type metaphyseal chondrodysplasia

(MIM 250250), is an autosomal-recessive disor-

der first described in 1965 (McKusick et al. 1965).

CHH is prevalent in genetically isolated popula-

tions, such as the Amish and Finns, due to a

founder effect, but very rare in other ethnic groups

(Ridanpää et al. 2002). There is a remarkable vari-

ability in the phenotype, including different organ

involvement and its clinical severity. Its main fea-

tures are: short-limbed dwarfism with primary

metaphyseal involvement, fine sparse hair, and

immune deficiency (Mäkitie 1992). Most patients

have some degree of defective cell-mediated im-
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Abstract. Cartilage-hair hypoplasia (CHH) is a rare autosomal-recessive disorder characterized by short-limbed

dwarfism, sparse hair, and immune deficiency. It is caused by mutations in the RMRP gene, which encodes the

RNA component of the mitochondrial RNA-processing ribonuclease (RNase MRP). Several mutations have

been identified in its promoter region or transcribed sequence. However, homozygous mutations in the promoter

region have been only reported in a patient with primary immunodeficiency without other features of CHH. We

report on a Thai girl who first presented with chronic diarrhea, recurrent pneumonia, and severe failure to thrive,

without apparently disproportionate dwarfism. The diagnosis of CHH was made after the severe wasting was cor-

rected, and disproportionate growth became noticeable. The patient had the typical features of CHH, including

sparse hair and metaphyseal abnormalities. The immunologic profiles were consistent with combined immune

deficiency. Mutation analysis identified a novel homozygous mutation, g.-19_-25 dupACTACTC, in the pro-

moter region of the RMRP gene. Identification of the mutation enabled us to provide a prenatal diagnosis in the

subsequent pregnancy. This patient is the first CHH case with the characteristic features due to the homozygous

mutation in the promoter region of the RMRP gene. The finding of severe immunodeficiency supports that pro-

moter mutations markedly disrupt mRNA cleavage function, which causes cell-cycle impairment.
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munity, and a third of patients show abnormal

humoral immunity (Mäkitie and Kaitila 1993).

CHH results from mutations in the RMRP gene,

which is located on chromosome 9p13. The RMRP

gene encodes the RNA component of the mito-

chondrial RNA-processing ribonuclease (RNase

MRP). RNase MRP has many roles in cell func-

tion, including mitochondrial DNA replication by

processing mitochondrial RNA primers, ribo-

somal biogenesis by cleaving the rRNA, and cell

cycle control by cleaving cyclin B mRNA (re-

viewed by Notarangelo et al. 2008). Mutations in

the RMRP gene probably cause disruption of the

cell cycle and mitochondrial replication, resulting

in defective proliferation of rapidly dividing cells

in various organs, such as bone marrow, hair, and

cartilage. Recently, the RMRP gene product has

been found to form a ribonucleoprotein complex

with the human telomerase reverse transcriptase

catalytic subunit (hTERT), which is involved in

elongation of telomeres, and its defects cause an-

other bone marrow failure syndrome, namely

dyskeratosis congenita (Maida et al. 2009). This

observation suggests that both RMRP and TERT

have a critical role in regulation of telomeres and

stem cell biology. Approximately 90 mutations of

the RMRP gene have been described to date (Thiel

et al. 2007). The mutations are located in both the

promoter region and transcribed sequence. Until

recently, all duplications/insertions in the pro-

moter region had been found in compound

heterozygosity with a milder mutation in the tran-

scribed region. Therefore promoter mutations in

both alleles had been previously thought to be le-

thal (Ridanpää et al. 2001). This speculation was

disproved when insertions in the promoter region

of the RMRP gene have been identified on both al-

leles of a patient with combined immune defi-

ciency and CD8 lymphopenia, but without other

features of CHH, such as metaphyseal dysplasia or

sparse hair (Kavadas et al. 2008). In this report, we

describe for the first time a patient with severe im-

mune deficiency and other typical features of

CHH caused by a novel homozygous mutation in

the promoter region of the RMRP gene.

The patient was the first child of a consanguine-

ous Thai couple originating from the Thai-Ca-

mbodian border. A prenatal ultrasound examination

at 30 weeks’ gestation showed the slightly shortened

limbs of the fetus. She was born at full term with a

birth weight of 2560 g (3rd percentile) and birth

length of 46 cm (between -3 and -4 standard devia-

tions). On day 8 of life, she developed a severe

varicella infection contracted from the mother.

It resolved after intravenous acyclovir. She was

otherwise well until 8 months of age, when she de-

veloped recurrent pneumonia and chronic diar-

rhea. Then she was referred to Siriraj Hospital,

Bangkok, Thailand, for an evaluation of recurrent

infections at 12 months. At that time, the physical

examination revealed severe failure to thrive, with

a weight of 5.7 kg (-6 standard deviations), and

length of 66.5 cm (-4 standard deviations). The pa-

tient had tachypnea and crepitation at both lungs.

The liver was palpable at 3 cm below the right

costal margin without splenomegaly. The immu-

nological evaluation (Table 1) showed a decreased

CD4+ T-cell count, which led to a decreased total

count of T-lymphocytes (CD3+) and a subnormal

CD4+/CD8+ T-cell ratio. A CD19+ lymphocyte

(B-cell) count and initial IgG level were also de-

creased. The proliferative response to phytohe-

magglutinin (PHA) was below normal. There was

no response to specific antigens to tuberculin, teta-

nus, and streptase. During hospitalization, the pa-

tient had recurrent pneumonia, sepsis, and chronic

watery diarrhea. The stool examinations were nega-

tive for parasites or opportunistic infections. The

esophagogastroduodenoscopy and colonoscopy

showed chronic enterocolitis with lymphoid hyper-

plasia. The tissue biopsies from the stomach, duo-

denum, and colon were positive for

cytomegalovirus (CMV) antigen, DNA, and viral

isolation. The CMV viral load from blood was
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Table 1. Immunologic parameters of the patient at the

age of 12-21 months

Parameter
Age (months) Reference range

(12–24 months)12 18 21

Neutrophils
(cells µL–1)

5020 1400 730 1800–7700

Lymphocytes
(cells µL–1)

2695 1691 1669 2190–8270

CD3+ (%) 58 55 38 53–81

(Cells µL–1) 1166 934 636 1460–5440

CD4+ (%) 7 19 19 31–54

(Cells µL–1) 147 326 312 1020–3600

CD8+ (%) 52 32 15 36–38

(Cells µL–1) 1042 543 251 570–2230

CD4+/CD8+ ratio 0.14 0.6 1.25 1–3

B cells (%) 17 ND 23 19–31

(Cells µL–1) 348 ND 389 500–1500

NK cells (%) 23 ND 32 8.3–17.5

(Cells µL–1) 454 ND 538 309–837

IgG (mg dL–1) 396 1430 1040 553–971

IgA (mg dL–1) 53 60 36 26–74

IgM (mg dL–1) 139 178 94 35–81

IgE (IU dL–1) <5 ND <4.25 1.9–37

ND = no data. Bold values are below the reference ranges.



213 000 copies/mm3. The patient was treated with

ganciclovir (daily dose 10 mg/kg). Although the

CMV viral load gradually decreased to less than

400 copies/mm3 after 9 months of treatment, she

still had diarrhea with persistent CMV isolations

from the gastrointestinal tract. Intravenous immu-

noglobulin administrations normalized the IgG

level but did not improve the diarrhea. At 18

months of age, she developed neutropenia and

progressive decline of a CD8
+ T-cell count. Dis-

proportionate growth deficiency had been unno-

ticeable until 18 months of age, when severe

wasting was greatly improved by parenteral nutri-

tion. At that time, the weight was 11 kg (50th-75th

percentile), and height was 70 cm, between -2 and

-3 standard deviations for the normal Thai chil-

dren growth curves and between 75th and 90th

percentile for the CHH growth curves (Mäkitie

et al. 1992). The dysmorphology examination

showed normal craniofacial appearance, fine and

sparse hair, disproportionately short limbs, mildly

short fingers, and loose finger joints (Figure 1A).

The skeletal radiographs demonstrated irregular-

ity, sclerosis, and flaring of the metaphyseal

edges, especially at the distal femurs and proximal

tibiae (Figure 1B). The phalanges were short, with

early development of cone-shaped epiphyses (Fig-

ure 1C). There was no abnormality of the spine or
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Figure 1A. Clinical and radiographic features of the

patient. The patient at the age of 18 months; note the

disproportionately short limbs.

Figure 1B. Clinical and radiographic features of the

patient. Radiographs of the lower extremities and hand at

the age of 18 months. Note the mild irregularity, sclerosis,

and flaring of the metaphyseal edges at the distal femurs

and proximal tibiae. The phalanges were short with early

development of cone-shaped epiphyses.

Figure 1C. Clinical and radiographic features of the

patient. Radiographs of the lower extremities and hand at

the age of 18 months. Note the mild irregularity, sclerosis,

and flaring of the metaphyseal edges at the distal femurs

and proximal tibiae. The phalanges were short with early

development of cone-shaped epiphyses.



epiphyses. The scanning electron micrograph of

the hair showed a small caliber. Given the combi-

nation of short-limbed dwarfism, immune defects,

abnormal hair, and characteristic radiographic

findings, the patient was diagnosed with carti-

lage-hair hypoplasia. Bone marrow transplanta-

tion was not performed. The patient died at 23

months of age from meningoencephalitis.

Enterovirus was isolated from the cerebrospinal

fluid.

To confirm our clinical diagnosis of CHH, we

performed mutation analysis of the RMRP gene

(informed consent of the parents was obtained

prior to genetic testing). Amplification and se-

quencing of the DNA sequence containing the

RMRP gene with the promoter region were used as

described elsewhere (Hermanns et al. 2006). Se-

quencing analysis revealed a novel homozygous

mutation, which is a duplication of 7 nucleotides

at position -19 from the transcription initiation site

(g.-19_-25 dupACTACTC) (Figure 1D). The mu-

tation is located in the promoter region of the

RMRP gene. At position g.*9 (274), a homozy-

gous T>C substitution, a previously reported poly-

morphism (Thiel et al. 2007) was noted. Both

parents were found to be heterozygous carriers of

the mutation and polymorphism. After the patient

died, the mother became pregnant again. Prenatal

diagnosis was performed by DNA analysis with

tissue obtained by chorionic villous sampling at

14 weeks’ gestation. For prenatal diagnosis,

genomic DNA was extracted from chorionic villi,

and then it was amplified and sequenced by the

same PCR-sequencing method. Molecular testing

of the fetal tissue revealed that the fetus was het-

erozygous for the mutation and unlikely to be af-

fected by CHH. The parents decided to continue

the pregnancy. A 3-dimensional fetal ultrasound

examination at 18 weeks’ gestation confirmed the

normal fetal morphology. The mother decided to

continue her pregnancy, which resulted in a birth

of a healthy female child.

This is the first report of CHH in the Thai popu-

lation. The immunologic phenotype of our patient

is consistent with combined immune deficiency.

Later the patient had a progressive decline of

CD8+ T-cell numbers, which was also observed in

the patient with insertions in the promoter region

on both alleles (Kavadas et al. 2008). In addition to

combined T-cell and B-cell defects, our patient

also had neutropenia. These severe immune de-

fects led to opportunistic infections including sys-

temic CMV infection. There has been a report of a

CHH patient with CMV infection in which immu-

noglobulin administration could effectively pre-

vent complications (Rubie et al. 1989). In our

patient, intravenous immunoglobulin (IVIG)

could normalize immunoglobulin levels but could

not eradicate the CMV infection despite treatment

with ganciclovir. Moreover, CMV infection could

complicate the immune deficiency in this patient

by causing CMV-induced immunosuppression

and neutropenia. Finally, the progressive immune

defects led to enteroviral meningoencephalitis,

which was a cause of her death.

The immune deficiency in our patient was

scored as severe according to the phenotype scor-

ing of CHH proposed by Thiel et al, (2007). Con-

trary to the severe immunologic phenotype, the

height at the 75th-90th percentile for the CHH

growth curves was consistent with the mild skele-

tal manifestations. Several studies have demon-

strated the inconsistency of severity of skeletal

manifestations and extraskeletal manifestations in

CHH (Bonafé et al. 2005, Thiel et al. 2007,

Kavadas et al. 2008). The diagnosis was delayed

in this patient because the skeletal manifestations

were mild and obscured by severe wasting from

chronic diarrhea. The clinical diagnosis was con-

firmed by identification of a homozygous muta-

tion (g.-19_-25 dupACTACTC) in the promoter

region of the RMRP gene. Identification of the mu-

tation enabled us to give more genetic counseling,

and made an early prenatal diagnosis possible for

the subsequent pregnancy. A fetal ultrasound ex-
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Figure 1D. Clinical and radiographic features of the

patient. The reference DNA sequence of the promoter

region of the RMRP gene and the mutation found in the

patient.



amination may not be able to detect the skeletal

abnormalities of CHH until the second trimester

(Lam et al. 2006). The prenatal diagnosis by fetal

DNA analysis in the first trimester enabled the

couple to make an early decision about the preg-

nancy.

Mutations of the RMRP gene can be classified

into duplications/insertions in the promoter region

and mutations within the RMRP transcript. The

first group of mutations leads to an increased dis-

tance between the TATA box and the transcription

initiation site, which is conserved at 24-26 nucleo-

tides and critical for efficient transcription

(Ridanpää et al. 2001). Thus the 7-nucleotide du-

plication of the promoter region in both alleles in

our patient caused an increase in the distance be-

tween the TATA box and the transcription initia-

tion site to 32 nucleotides. This markedly reduced

the RMRP transcription and led to complete or

nearly complete loss of RNase MRP functions,

which are critical for cell viability (Schmitt and

Clayton 1992).

To the best of our knowledge, the girl de-

scribed here is the first reported patient with both

metaphyseal dysplasia and immunodeficiency

caused by a homozygous mutation in the promoter

region of the RMRP gene. Genotype-phenotype

correlation between RMRP mutations and its re-

lated disorders has been demonstrated: mutations

leading to a decrease in rRNA cleavage function

are associated with severe bone dysplasia; and

those leading to a decrease in mRNA cleavage

function, which causes cell-cycle impairment, are

associated with immunodeficiency (Thiel et al.

2007). Thus we hypothesize that the promoter mu-

tations of the RMRP gene slightly affect the rRNA

cleavage functions but markedly disrupt the

mRNA cleavage functions. However, more pa-

tients with similar mutations and functional assays

need to be studied to confirm this hypothesis.

In conclusion, we have expanded the genotype

and phenotype spectrum of CHH by identifying a

novel homozygous mutation in the promoter re-

gion of the RMRP gene in a Thai patient with both

metaphyseal dysplasia and severe immunodefi-

ciency. The reported case confirms that CHH

should be considered as a differential diagnosis in

patients with primary T-cell or combined immune

defects, even if no disproportionate dwarfism is

apparent. In addition, more knowledge of geno-

type-phenotype correlations will lead to a better

understanding of the genetic mechanism of CHH

and allelic disorders, and more accurate genetic

counseling for the patients and their families.
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