Case Report

Gaucher Disease: An Unusual Cause of Knee Pain
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ABSTRACT

Introduction: Gaucher disease (GD) is a genetic lysosomal disorder
leading to storage of the glycolipid molecule glucocerebroside in
macrophages, causing multiorgan dysfunction. Bone marrow
involvement may result in painful bone crisis and hematologic
disturbance.

Case Report: \We present a case of a 13-year-old adolescent boy with
right knee pain. Radiograph and magnetic resonance imaging of the
distal femur indicated possible osteomyelitis or bone tumor. However,
histologic examination of bone biopsy material suggested the
diagnosis of GD, which was confirmed by detection of decreased
B-glucocerebrosidase activity and identification of the exact gene
mutation.

Discussion: Many visceral and bone abnormalities of GD have been
described. The diagnosis of GD is based on clinical and laboratory
findings and is established by the measurement of
B-glucocerebrosidase dysfunction and the study of GBA gene
mutations. Treatment is currently based on enzyme replacement and
substrate reduction.

Conclusion: Thisis arare case of GD presenting initially with knee pain.
Because early diagnosis is important for the treatment of this condition,
orthopaedic surgeons should consider this uncommon cause in the
differential diagnosis of joint pain.

aucher disease (GD) is the most common hereditary lysosomal stor-

age disorder. It is an autosomal recessive genetic disease caused by a

mutation in the GBA gene in chromosome 1, with more than 300
described variants, which was first described by Philippe Gaucher in 1882.!
The incidence of GD is around 1 in 50,000 to 100,000 births in general
population, with a more frequent occurrence in the Ashkenazi Jewish
population, reaching 1 in 850 births.? GD is characterized by the deficiency
of the enzyme B-glucocerebrosidase, also known as B-glucosidase. This re-
sults in the storage of its substrate, glucocerebroside, in macrophages, which
accumulate mainly in the liver, spleen, bones, and bone marrow, causing
multisystemic manifestations.> These modified macrophages, called
“Gaucher cells,” are typical in GD and can be detected in bone marrow
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Gaucher Disease

aspirate and liver or spleen biopsy.* Three types of GD
have been described. Type 1 is characterized by hep-
atosplenomegaly and hematologic bone and bone marrow
abnormalities in different combinations. Occasionally,
peripheral neuropathy, pulmonary disease, malignancy
predisposition, and immunologic disorders may develop.
Type 2 presents in infants causing severe visceral and
neurologic dysfunction and progresses to death by the age
of 2 or 3 years. Type 3 appears in childhood, is mainly
neurologically compromising, and responds to enzyme
treatment with life expectancy reaching the fifth or sixth
decade.®

In this article, we report a case of an adolescent with a
painful knee joint as the initial symptom. The imaging
and laboratory findings resulted in the diagnosis of GD.
Knee pain is usual in young patients visiting orthopaedic
surgeons. Acute onset and no history of trauma should
increase suspicion for additional investigation. We pre-
sented this case because early diagnosis is important
because GD is rare and adequate therapy is essential.

Case Report

A 13 year-old adolescent boy visited his family physician
complaining of mild pain and swelling around his right
knee. In the suspicion of a cutaneous infection, he was
prescribed oral cefuroxime and analgesics. Because the pain
and edema were gradually worsening, MRI of his right knee
was conducted illustrating a fluid collection on the posterior
aspect of the distal femur, diffuse soft-tissue edema, elevated

Figure 1

metaphyseal periosteum, and mild bone marrow hetero-
geneity (Figure 1, A—C). These findings were compatible
with the diagnosis of osteomyelitis or bone tumor.

Therefore, the patient was referred to our orthopaedic
department for additional investigation and adequate
treatment. He denied any recent injury, and he was free of
any known hereditary or acquired disease. His parents
also had no remarkable medical history. Physical exami-
nation revealed a significantly swollen right knee with
painful, restricted range of motion. The body temperature
was normal; however, the patient reported low-grade
fever (37.4°C) on the day before admission. His blood
test results were notable for anemia (hemoglobulin: 10.9
gr/dL, hematocrit: 32%) and an elevated erythrocyte
sedimentation rate (55 mm/hr, normal: <10 mm/hr) and
C-reactive protein (1.65 mg/dL, normal: <0.5 mg/dL).
Distal right femur and knee radiographs were notable
of the “Erlenmeyer flask deformity” of the distal femur
(Figure 2). His right lower extremity was immobilized
in a posterior long leg splint, and he was hospitalized for
further investigation.

A CT scan of the right knee illustrated a medium-density
structure at the posterior surface of the distal femur, pos-
sibly full of fluid, without any bone erosion (Figure 3, A and
B). In the scanogram, the Erlenmeyer flask deformity of the
distal femur was also recognized bilaterally.

An abdominal ultrasonography was also conducted.
The only noteworthy finding was spleen size near the
highest normal values (nv), measuring 12.2 cm.

A Tc??m_HDP bone scan was conducted, where a “hot
spot” at the posterior surface of the right distal femur

MRI of the right knee. Distal femur sagittal (A) and transverse (B) views, which demonstrate the large fluid collection on the posterior
surface of the distal femur and diffuse soft-tissue edema. Distal femur coronal (C) view, which shows bone marrow heterogeneity and
elevated metaphyseal periosteum.
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Figure 2

Radiograph showing the Erlenmeyer flask deformity of the
distal femur.

with a “cold” center was detected. Osteomyelitis with
sequestrum was the most likely diagnosis; however, a
rapidly progressive tumor could not be excluded.
Because of all these findings, an open biopsy of the
distal femoral lesion was conducted. The specimen was

Figure 3
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sent for cultures and histologic examination. The cul-
tures were negative for aerobic and anaerobic bacterial
growth. The patient was discharged from the hospital
and prescribed antibiotics (cefixime and clindamycin).
A week later, he was examined at the outpatient clinic
and his symptoms had markedly improved, with slightly
painful weight bearing, no edema, and full range of knee
motion.

Histologic examination of the bone biopsy specimen
revealed mixed inflammatory infiltrates in the marrow
spaces, composed of histiocytes, lymphocytes, and neu-
trophils (Figure 4, A). These were accompanied by a
fibroblastic reaction, necrobiotic material, loss of os-
teocytes, and bone resorption. A cluster of histiocytes
with features suggestive of Gaucher cells was noticed
(Figure 4, B). Microorganisms were not identified on
PAS, Giemsa, and Ziehl-Neelsen stains. Therefore, a
histologic diagnosis of an inflammatory process was
made, and the possibility of underlying GD was
considered.

Additional investigation was decided, although the
patient’s clinical status had fully improved, because it
was important to confirm or reject the possible diag-
nosis of GD. First, the serum enzyme chitotriosidase was
measured because it is increased in patients with GD. A
sample was sent to a laboratory specialized in GD
diagnosis, and a very high value of 6696 nmol/mL/h (nv:
0 to 150 nmoles/mL/h) was found.

Subsequently, the enzyme B-glucocerebrosidase was
measured, and the result of 4 nmoles/mg of protein/h
(nv: 6 to 23 nmoles/mg of protein/h), that is, a decreased
value, confirmed the diagnosis of GD. DNA testing for

CT scan showing sagittal (A) and transverse (B) views of the distal femur. A medium-density structure in the posterior surface is

identified.
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Gaucher Disease

Figure 4

Images showing histologic findings of the bone biopsy specimen: (A) On low-power examination, a mixed inflammatory cell infiltrate,
accompanied by fibroblastic reaction, is found in the bone marrow. (B) On high-power examination, a cluster of histiocytes with

“crinkled-paper” cytoplasm is seen, suggesting the diagnosis of Gaucher disease. A and B, Hematoxylin-eosin stain (A:

the mutation of the GBA gene was also done. PCR re-
vealed two heterozygous mutations, N370S and 1.444P.
Thus, the diagnosis of GD was confirmed, and the
patient was referred to a pediatric hematologist for
follow-up and treatment.

Finally, 2 months after the onset of symptoms, the
patient underwent a new MRIwhich confirmed a decrease
in the quantity of fluid at the posterior aspect of the distal
femur, decreased soft-tissue edema, and residual elevated
periosteum. However, more distinct heterogeneity of the
bone marrow was obvious (Figure 5, A-C).

Discussion

We presented a rare case of GD in an adolescent mani-
festing with knee pain as the first symptom. The persis-
tence of symptoms necessitated additional investigation,
first with MRI and subsequently with biopsy, which
introduced the suspicion of the disease. The diagnosis of

Figure 5

: x100, B: x400)

GD was confirmed by the disease-specific blood test re-
sults and DNA analysis.

GD is a rare autosomal recessive genetic disorder.
It is caused by the functional deficiency of B-glucocer-
ebrosidase, an enzyme that hydrolyzes glucocerebroside
(also called glucosylceramide) into ceramide and glu-
cose. Glucocerebroside’s accumulation in macrophages
causes characteristic changes in their appearance. The
modified macrophages are called
However, similar cells, the “pseudo-Gaucher cells,”
may appear in other conditions, such as sickle cell
anemia, acute lymphoblastic leukemia, multiple mye-
loma, myelodysplasia, Hodgkin lymphoma, thalasse-
mia, and disseminated mycobacterial infection. Gaucher
and pseudo-Gaucher cells can be differentiated by iron
staining, where the former are well stained in contrast to
the latter, and with examination under the electron
microscope, which demonstrates the characteristic
tubular cytoplasmic inclusions of Gaucher cells.®” In

“Gaucher cells.”

MRI of the right knee 2 months after the onset of symptoms. Distal femur sagittal (A) and transverse (B) views, which show decreased
fluid collection on the posterior surface of the distal femur and decreased soft-tissue edema. Distal femur coronal (C) view shows
intense bone marrow heterogeneity and the tunnel of the previous open biopsy procedure (white arrow).
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our case, the pathologist identified a cluster of histiocytes
with features of Gaucher cells in the bone biopsy speci-
men, and this was crucial for additional laboratory
investigation and final confirmation. Nonetheless, biopsy
is not usually necessary for the diagnosis of the disease.

The clinical presentation of GD includes a wide variety
of symptoms and signs. Hepatomegaly and splenomegaly
are common manifestations of GD. The latter is associated
with hypersplenism and consequential thrombocytope-
nia, which may result in bleeding disorders.® The spleen
size in our case was near the upper limits; still, no
thrombocytopenia was found.

Bone involvement of GD includes alterations of both
the mineralized components and the bone marrow. As
Gaucher cells gradually replace the normal mesenchymal
cells of the bone marrow, osteoblastic and endothelial
cell function and hematopoiesis are compromised. This
may result in abnormalities in bone formation and re-
modeling, manifested as the long bone Erlenmeyer flask
deformity, osteoporosis, bone infarction, osteonecrosis,
and anemia. Bone crisis, as a result of ischemia, presents
with acute, severe pain, usually around the joints.” In our
case, the complete blood count revealed anemia and
knee radiograph demonstrated the Erlenmeyer flask
deformity of the distal femur. These findings suggested
the need of additional investigation. In addition, after
making the diagnosis, we concluded that the persistent
periarticular knee pain, which was the main symptom of
our patient, was the result of a bone crisis.

Neurologic symptoms in GD include a variety of
manifestations. Central nervous system symptoms are
usually present in patients with type 3 GD, manifested as
seizures or epilepsy. Peripheral neuropathy and parkin-
sonism are associated with tremor, decreased finger dex-
terity, instability, and deafness and may be sometimes
recognized in type 1 disease.!0 Patients with peripheral
neuropathy may also feel pain, mainly on the extremities,
because of the setup of a modified sensation. It is
important to differentiate the pain origin because bone
pain suggests the need of enzyme replacement therapy
(ERT) modification while neurologic pain responds well
to analgesics.!! In some cases, ocular involvement with
horizontal supranuclear gaze palsy has been reported.'?
In addition, accumulation of Gaucher cells in the bone
marrow and hypersplenism may cause inhibition of cy-
togenesis and progressive cytopenia resulting in myelo-
dysplastic syndrome. This is the reason why a bone
marrow examination is important in such patients.'3
Rarely, the lungs, kidneys, skin, myocardium, and pan-
creas may be involved.® In our case, no symptom other
than knee pain was reported. However, the presence of
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anemia indicated the need for future bone marrow
function monitoring to early diagnose the possible
development of myelodysplastic syndrome.

The diagnosis of GD is mainly based on the laboratory
findings. Yet, clinical signs, such as hepatosplenomegaly
and distinct bone pathology; neurological symptoms; and
blood test abnormalities, such as thrombocytopenia or
anemia, may guide to additional investigation and correct
diagnosis.® Bone marrow biopsy is not necessary for the
diagnosis of GD; still, it is useful for differential diagnosis
of patient’s early symptoms. In addition, the discovery of
Gaucher cells is important for the course of the investi-
gation. Furthermore, many serum proteins may be ele-
vated. Chitotriosidase, angiotensin-converting enzyme,
tartrate-resistant acid phosphatase, and CCL18 are
included. Yet, GD is confirmed by the measurement of
decreased B-glucocerebrosidase activity in peripheral
blood leukocytes and DNA analysis, which may detect
relevant mutations of the GBA gene; these are useful for
family screening too.'# The most common variants are
L44P, associated with all three types of GD, and N307S,
encountered in type 1, commonly in the Ashkenazi
Jewish population.’> Heterozygous mutations 1L444P
and N370S were found in our patient, resulting in a
phenotype of type 1 disease.

Treatment options of GD include two major catego-
ries: ERT and substrate reduction therapy (SRT). ERT
corrects the underlying deficiency and is effective in all
age groups, administrated before irreversible visceral and
bone complications. However, because the available
agents do not pass the blood-brain barrier, they have no
effect in controlling the central nervous system symptoms
of GD types 2 and 3. Contrarily, oral SRT acts by in-
hibiting glucocerebroside synthesis and is usually used in
patients unwilling to receive intravenous therapy or
with a history of adverse events after ERT. SRT can be
administrated in combination with the latter for the
improvement of neuropathic features. Apart from these
two options, bone marrow transplantation, especially
before ERT; splenectomy after symptomatic spleno-
megaly; and orthopaedic surgeries, mainly arthroplasty
after arthritis because of osteonecrosis, may be necessary
as additional procedures. Finally, as in every hereditary
disease, gene therapy and genome editing is the future for
the treatment of this autosomal recessive genetic dis-
ease.'® After pediatric hematologist assessment, our
patient has been administered ERT.

Bone pain may be an early manifestation in patients
with GD, especially in childhood and adolescence.
Because it generally occurs along with elevated inflamma-
tory markers and signs of local inflammation, a possible
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Gaucher Disease

misdiagnosis of osteomyelitis may delay adequate therapy
and allow progression of bone involvement.!” The differ-
ential diagnosis between these two conditions is chal-
lenging. During bone crisis in GD, MRI illustrates high
signal intensity of the bone marrow in T2-weighted images
because of edema; however, osteomyelitis has similar
imaging.'® Most frequently, the only clue in favor of GD is
negative cultures after a biopsy. Still, diagnostic suspicion
of GD may prompt measurement of 3-glucocerebrosidase,
which in combination with DNA analysis can confirm the
diagnosis, without any orthopaedic intervention.!®

Conclusion

GD is a hereditary lysosomal storage disorder resulting in
B-glucocerebrosidase deficiency. It usually presents with
visceral and skeletal abnormalities. Bone manifestations are
frequently expressed as acute disabling pain, usually near
the joint. This is the main symptom of patients with GD
who visit orthopaedic surgeons for investigation and
adequate treatment. In the event of nontraumatic pain with
acute onset, except for osteomyelitis and malignancy, it is
important to also look for more unusual diseases, when the
clinical and laboratory findings are controversial. GD is
such a rare disease, and it is important to be successfully
diagnosed because early therapeutic agent introduction is
crucial for the final outcome and life expectancy.
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