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Osteopetrosis in a six-month-old infant
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Abstract
Osteopetrosis is a severe and frequently fatal condition characterized by the formation of thick, dense bone, with a concomitant
loss of bone marrow spaces secondary to defective osteoclast function or development. Clinical symptoms include pancytopenia,
hepatosplenomegaly, fractures, cranial nerve impingement, and increased cranial pressure, among others. The condition requires
rapid diagnosis and clinical intervention, as hematopoietic stem cell transplantation performed early in life can be curative in the
majority of cases and can prevent the irreversible neurological impairment associated with the disease.We report a six-month-old
male with osteopetrosis where bone marrow examination and molecular studies allowed a definitive diagnosis. Microscopic
examination of a bonemarrow biopsy demonstrated increased bone formation at various stages of ossification, decreased marrow
spaces, and increased osteoclasts rimming the bone. Next-generation sequencing (NGS) demonstrated that the patient was
homozygous for mutations in the TCIRG1 gene, which encodes an osteoclast vacuolar proton pump and is the most common
mutation associated with the autosomal recessive or infantile malignant form of osteopetrosis. The patient underwent a cord
blood stem cell transplant, but unfortunately expired four months after diagnosis. This case highlights the importance of bone
marrow biopsy evaluation as part of the integrated approach to diagnosing osteopetrosis.
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Introduction

Osteopetrosis, also known as “marble bone disease” or
Albers-Schonberg disease, is a rare genetic disorder character-
ized by defective osteoclast function or development and im-
paired bone resorption that results in generalized sclerosis of
bones with a reduction of marrow spaces. Osteopetrosis is
categorized into three types based on the pattern of inheri-
tance: (1) an autosomal recessive (infantile malignant) form;
(2) an autosomal dominant (adult) form; and (3) an X-linked
form [1]. The autosomal recessive form of osteopetrosis can
be further subdivided into osteoclast-rich and osteoclast-poor
forms based on the number of osteoclasts present. These
forms correspond to defects in osteoclast function
(osteoclast-rich) or osteoclast development (osteoclast-poor)
and are associated with distinct mutations [2]. The autosomal

recessive form of osteopetrosis is associated with early onset
and a poor prognosis, whereas the autosomal dominant form
manifests in later childhood and is typically discovered as an
incidental radiographic finding. While autosomal recessive
osteopetrosis is very rare with an incidence of approximately
1:200,000–1:300,000, autosomal dominant osteopetrosis is
more common with an incidence of 1:20,000 [3]. There are
various tests that can be used to diagnose osteopetrosis includ-
ing radiographic studies, bone marrow biopsy, and molecular
studies.

Materials and methods

Specimen collection and processing

Peripheral blood and bone marrow were submitted and proc-
essed in the Department of Pathology, University of Utah, and
ARUP Laboratories according to established protocols. For
the bone marrow specimen, an aspirate, clot section, and tre-
phine biopsy were prepared. The aspirates were distributed
into the appropriate anticoagulant (EDTA- or sodium
heparin–containing tubes) for ancillary studies (flow

* Timothy M. Hanley
timothy.hanley@aruplab.com

1 Department of Pathology, University of Utah, Salt Lake City, UT,
USA

2 ARUP Laboratories, Inc., Salt Lake City, UT, USA

https://doi.org/10.1007/s12308-020-00399-4

/ Published online: 27 May 2020

Journal of Hematopathology (2020) 13:193–196

http://crossmark.crossref.org/dialog/?doi=10.1007/s12308-020-00399-4&domain=pdf
https://orcid.org/0000-0002-6253-6850
mailto:timothy.hanley@aruplab.com


cytometry, cytogenetics, molecular), and the bone marrow
core biopsy and aspirate clot were submitted in containers
containing 10% neutral-buffered formalin. The clot section
and biopsy were processed and stained with hematoxylin
and eosin or immunohistochemical stains, as required.

Immunophenotyping

The bone marrow aspirate specimen for flow cytometry was
collected in sodium heparin tubes and analyzed using a multi-
parameter, 10-color flow cytometer. The antibody panel in-
cluded CD2, CD3, CD4, CD5, CD7, CD8, CD10, CD11b,
CD13, CD14, CD16, CD19, CD20, sCD22, CD33, CD34,
CD38, CD45, CD56, CD117, HLA-DR, kappa light chain,
and lambda light chain.

Molecular and cytogenetic analyses

Next-generation sequencing (NGS) of over 4500 genes was
performed on EDTA-anticoagulated peripheral blood from
the patient and his parents. DNA was extracted using a
Chemagic kit (Perkin Elmer), quantified using a Qubit
(Thermo Fischer Scientific), subjected to library preparation,
and sequenced on an Illumina HiSeq 4000, followed by inter-
pretation by a pathologist. Sanger sequencing was performed
to confirm reported variant(s).

Preparation of metaphase chromosomes for conventional
cytogenetic analysis was performed according to established
methods and analyzed using the MetaSystems Ikaros
karyotyping platform.

Clinical history and results

A six-month-old male, born at term to consanguineous parents
presented with increased fussiness, ocular deviation, abnormal
movements, and persistent bulging of the anterior fontanelle.
AnMRI of the head demonstrated a Chiari malformation with
supratentorial ventriculomegaly. Physical examination re-
vealed hepatosplenomegaly. Laboratory studies demonstrated
an elevated LDH of 862 units/L (normal range 163–452 units/
L) and an elevated alkaline phosphatase of 1203 units/L (nor-
mal range 134–518 units/L). A complete blood count per-
formed at that time demonstrated pancytopenia with a marked
normocytic normochromic anemia (hemoglobin of 5.2 g/dL,
normal range 10.5–13.5 g/dL), a mild leukopenia (WBC of
5.2 k/uL; normal range 5.5–17 k/uL) with an absolute neutro-
penia (ANC of 1.3 k/uL) and a granulocytic left shift, and a
moderate thrombocytopenia (54 k/uL, normal range 150–
400 k/uL). TheWBC differential leukocyte count demonstrat-
ed a granulocytic left shift with 18% segmented neutrophils,
7% bands, 51% lymphocytes, 15% monocytes, 1% basophils,
2% eosinophils, 2% metamyelocytes, and 4% myelocytes.

Frequent (15/100 WBCs) nucleated red blood cells (RBCs)
were present. Peripheral blood smear evaluation (Fig. 1) dem-
onstrated leukoerythroblastic changes including left-shifted
myeloid cells with very rare circulating blasts and nucleated
RBCs. In addition, occasional dacrocytes (tear drop cells) and
schistocytes were present. There was no evidence of
dysplasia.

A subsequent bone marrow biopsy performed to evaluate
pancytopenia demonstrated a markedly hypocellular marrow
(5%) with decreased trilineage hematopoiesis. There were
markedly decreased bone marrow spaces resulting from bone
overgrowth at different stages of ossification (Fig. 2). In addi-
tion, there were increased numbers of osteoblasts and osteo-
clasts surrounding the dense bone formation. There were no
increased blasts or dysplastic changes identified. Overall, the
morphologic findings were most consistent with
osteopetrosis. Flow cytometric evaluation of the bone marrow
aspirate demonstrated no evidence of a hematologic malig-
nancy and chromosome analysis was normal. NGS sequenc-
ing confirmed that the patient was homozygous for a frame-
shift mutation (c.971dupG; p.Cys324fs) in the TCIRG1 gene,
which is associated with autosomal recessive osteopetrosis
[4]. NGS sequencing of the parents showed that both the
mother and father were heterozygous for this mutation. A
skeletal survey demonstrated findings consistent with a skel-
etal dysplasia characterized by markedly increased density of
the bones with a halo of poor mineralization surrounding the
bones, most prominent at the metaphyses. The patient was
treated with packed RBC and platelet transfusions to bridge
to transplant, and eventually underwent an umbilical cord
blood stem cell transplant. Unfortunately, the patient expired
of respiratory failure approximately four months after
diagnosis.

Discussion

Bone marrow core biopsy evaluation is an essential part of the
diagnostic work-up for osteopetrosis because of the associated
pancytopenia. Due to the rare nature of the disorder, there
have been no large studies evaluating the morphology of bone
marrow core biopsies in osteopetrosis patients; however, sev-
eral smaller case series and case reports of osteopetrosis de-
scribe bone marrow biopsies that typically demonstrate in-
creased bone density with new woven bone formation at vary-
ing stages of ossification, as well as significant narrowing of
bone marrow spaces with both marked hypocellularity and
suppressed trilineage hematopoiesis [5–12]. In addition, there
is abnormal bone formation with thickened, disorganized
bony trabeculae [13–15]. Areas of patchy reticulin fibrosis
can also be seen [16]. The characteristically abnormal bone
formation seen in osteopetrosis leads to decreased marrow
spaces and interferes with normal medullary hematopoiesis.
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This manifests as cytopenias, which can be severe, and in-
creased susceptibility to infections [17]. The loss of normal
medullary hematopoiesis also leads to extramedullary hema-
topoiesis, resulting in a leukoerythroblastic blood smear and
hepatosplenomegaly. Cytopenias, leukoerythroblastic periph-
eral blood smears, and extramedullary hematopoiesis are con-
sistently present in patients with autosomal recessive
osteopetrosis.

The characteristic bone findings in osteopetrosis may result
from mutations in a number of genes important for osteoclast
function and development, including TCIRG1, CLCN7,
OSTM1, SNX10, PLEKHM1, TNFSF11, TNFRSF11A, and
SLC29A3. This case of osteopetrosis demonstrated a patho-
genic frameshift mutation in the TCIRG1 gene, which is the
most commonly mutated gene in autosomal recessive,
osteoclast-rich osteopetrosis and encodes a subunit of the os-
teoclast vacuolar proton pump. Other common mutations in
autosomal recessive, osteoclast-rich forms of osteopetrosis in-
volve genes encoding a chloride channel protein (CLCN7) and
a transmembrane protein (OSTM1) that stabilizes the chloride

channel protein. All of these mutations interfere with the acid-
ification of resorption lacunae within bone, which are neces-
sary for the dissolution of mineralized bone matrix during
bone resorption [18]. Autosomal recessive, osteoclast-poor
forms of osteopetrosis which demonstrate a complete or
near-complete absence of osteoclasts in bone marrow biopsies
are most often associated with mutations in the genes
TNFSF11 and TNFSF11A, which encode the proteins
Receptor Activator of Nuclear Kappa B Ligand (RANKL)
and RANK, respectively; two proteins essential for the normal
development of osteoclasts.

Treatments for osteopetrosis involve either stimulation of
osteoclast function or osteoclast replacement through hemato-
poietic stem cell transplant. Calcitriol (1,25-dihydroxy
vitamin D3) is one therapeutic agent that can be used to stim-
ulate osteoclasts to resorb bone; however, administration typ-
ically produces only modest clinical improvement.
Recombinant interferon-gamma is an additional medical treat-
ment that improves white blood cell function and decreases
trabecular bone volume. The definitive treatment is

a b
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Fig. 2 Bone marrow core biopsy.
a, b Disorganized bony
trabeculae, markedly decreased
marrow spaces, and decreased
trilineage hematopoiesis. c
Numerous osteoclasts rimming
trabecular bone. d CD68
immunohistochemical stain
highlighting osteoclasts

a b c

Fig. 1 Peripheral blood smear. a, b Leukoerythroblastic changes including granulocytic left shift and circulating nucleated RBCs. c Rare circulating
blasts
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hematopoietic stem cell transplant, which is curative in pa-
tients with defects of osteoclast function or development with
five-year disease-free survival rates of approximately 80–90%
depending upon the donor type [19].

Although a rare disease, osteopetrosis should be a consid-
eration in infants who present with a leukoerythroblastic pe-
ripheral blood smear, cytopenias, and hepatosplenomegaly.
Despite conflicting recommendations [19, 20], this case high-
lights the importance of bone marrow biopsy evaluation as
part of an integrated approach to diagnosing osteopetrosis.
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