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Abstract

Widely distributed osteosclerosis is an unusual radiographic finding with multiple causes. A 42-
year-old pre-menopausal Spanish woman gradually acquired dense bone diffusely affecting her
axial skeleton and focally affecting her proximal long bones. Systemic lupus erythematosus
diagnosed in adolescence had been well controlled. She had not fractured or received
antiresorptive therapy, and was hepatitis C virus antibody negative. Family members had low bone
mass. Lumbar spine BMD measured by dual-photon absorptiometry at age 17 years, while
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receiving glucocorticoids, was 79% the average value of age-matched controls. From ages 30 to 37
years, DXA BMD z-scores steadily increased in her lumbar spine from +3.8 to +7.9, and femoral
neck from -1.4 to -0.7. Serum calcium and phosphorus levels were consistently normal, 250HD
<20 ng/mL, and PTH sometimes slightly increased. Her reduced eGFR was 38-55 mls/min.
Hypocalciuria likely reflected positive mineral balance. During increasing BMD, turnover markers
(serum bone-ALP, PINP, osteocalcin, and CTX, and urinary NTX) were 1.6- to 2.8-fold above the
reference limits. Those of bone formation seemed increased more than those of resorption.
FGF-23 was slightly elevated, perhaps from kidney disease. Serum OPG and TGFB1 levels were
normal, but sclerostin (SOST) and RANKL were elevated. Serum multiplex biomarker profiling
confirmed a high level of SOST and RANKL, whereas DKK-1 seemed low. Matrix
metalloproteinases-3 and —7 were elevated. lliac crest biopsy revealed tetracycline labels, no
distinction between thick trabeculae and cortical bone, absence of peritrabecular fibrosis, few
osteoclasts, and no mastocytosis. Then, for the past three years, BMD z-scores steadily decreased.
Skeletal fluorosis, mastocytosis, myelofibrosis, hepatitis C-associated osteosclerosis, multiple
myeloma, and aberrant phosphate homeostasis did not explain her osteosclerosis. Mutation
analysis of the LRP5, LRP4, SOST, and osteopetrosis genes was negative. Microarray showed no
notable copy number variation. Perhaps her osteosclerosis reflected an interval of autoimmune-
mediated resistance to SOST and/or RANKL.

Keywords

autoimmunity; bone turnover markers; lupus; matrix metalloproteinases; RANKL; sclerosing
bone; sclerostin

I) Introduction

Widely distributed osteosclerosis is an unusual radiographic finding with multiple causes
(Supplementary Appendix, Table 1).2-3) In adults, the most likely explanation is
metastatic disease within the skeleton, especially prostate cancer in men and breast cancer in
women.(2-6) Other relatively common etiologies include marrow-centric disorders like
myelofibrosis or mastocytosis.(1:3:5) Hematologic, metabolic, and infectious disorders are
further possibilities.(1:3.7)

We report a middle-aged woman with systemic lupus erythematosus (SLE) and idiopathic
acquired osteosclerosis, involving diffusely her axial skeleton and focally her appendicular
skeleton, that progressed over at least one decade but now is decreasing.

[Il) Material and Methods

Informed written consent for the research studies was obtained from the patient according to
the Ethics Committee of the Hospital Clinic of Barcelona.

A) Case Report
This 42-year-old premenopausal Spanish woman had been referred to the Department of
Rheumatology, Hospital Clinic, Barcelona in 1990 when she was 17 years-of-age for SLE
and low bone mineral density (BMD). At that time, lumbar spine BMD assessed by dual
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photon absorptiometry was 79% the average value for age-matched controls while she was
receiving glucocorticoid treatment.

SLE was diagnosed at 12 years-of-age in the context of fatigue, malar rash and
photosensitivity, episodes of fever and arthralgias, and positive antinuclear and double-
stranded DNA antibodies, as well as low serum complement levels.

At 20 years-of-age, kidney biopsy revealed lupus nephritis type I11. She received
hydroxychloroquine, azathioprine, and low-dose glucocorticoids. Five years later, worsening
renal function with serum creatinine 1.6 mg/dl (NI: 0.3-1.3 mg/dl) and re-biopsy led to
intravenous cyclophosphamide therapy given monthly for eight months. The SLE became
controlled and renal function stabilized while she received low-dose glucocorticoids,
azathioprine, hydroxychloroquine, lisinopril, and saccharose-iron intravenously for periodic
anaemia.

At age 30 years in 2003, her first DXA study (Lunar Prodigy, Madison, WI, USA) showed a
lumbar spine BMD z-score of +3.8, and femoral neck and total hip BMD z-scores of —1.4
and —1.1, respectively (Figure 1 and Table 1). She had never fractured. Dietary calcium
intake was no more than 500 mg/day, and she drank 1.5 liters of bottled water of low mineral
content each day. She gave no history of intravenous drug abuse, tattoos, pierced ears, or
blood transfusions. Menstrual cycles were regular since age 15 years. She had aches and
pains but was otherwise healthy, worked as a laboratory technician without exposure to
strontium or heavy metals, and raised her only child born in 2004. She had never received
bone antiresorptive therapy. She took 4 mg of methylprednisolone daily from 2000 to 2012,
and 2 mg per day since 2012. Her mother said that her daughter's dental history was
uneventful during early childhood. There had been no loss of somewhat discolored adult
teeth. Uric acid levels measured yearly since 1995 ranged from 2.9 to 6.4 mg/dL (NI, 1.9 —
7.4). Family history was negative for diseases that cause osteosclerosis. DXA showed her
father's T-score was —1.8 at the lumbar spine, sister's z-score —2.1 at the total hip, and
mother's T-score —3.1 at the lumbar spine. Her brother was not studied.

At age 42 years, physical examination showed a thin woman (height 157 cm; weight 46 Kg)
without skeletal deformities. Her palate and mandible were unremarkable. There was no
tenderness of the skull, ribs, pelvis, or spine. A dermatologist found no signs of
mastocytosis.

B) Radiological Studies

In 1990, her lumbar spine BMD was measured by dual photon absorptiometry utilizing a
DP3 instrument (Lunar, Madison, WI, USA). From 2003 to 2015, BMD was evaluated in the
lumbar spine and proximal femur (neck and total hip) by DXA (Lunar Prodigy, Madison,
WI, USA).

Radiographic skeletal survey at age 37 years in 2010 included anteroposterior (AP) and
lateral images of the skull, thoracic and lumbar spine, and legs, together with AP views of
the pelvis, arms, hands, and femurs. Whole-body bone scintigraphy and whole-body
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magnetic resonance imaging (MRI) and ultrasonography of the abdomen were performed at
ages 34 and 37 years, respectively.

C) Laboratory Studies

Bone turnover markers (BTMs), assayed at the Biochemistry Department of Hospital Clinic,
Barcelona using fasting blood and second-void urine samples collected between 8 and 10
a.m., comprised: serum bone-specific ALP by ELISA (Immunodiagnostic Systems, Boldon,
England), C-terminal crosslinking telopeptide of type I collagen (CTX) and N-propeptide of
procollagen type | (PINP) by electrochemiluminescence automated immunoassays (Elecsys,
Roche), and osteocalcin (OC) by IRMA (Cis Bio, Sorgues, France), and urinary N-terminal
crosslinking telopeptide of type | collagen (NTX) by ELISA (Osteomark® NTX, Alegre,
Scarborough, ME, USA). Serum sclerostin (SOST) was quantited by ELISA (Biomedica,
Wien, Austria) and plasma fibroblast growth factor-23 (FGF-23) by enzyme immunoassay
(Immunotopics, San Clemente, CA, USA). Reference values were from our study of 164
healthy premenopausal Spanish women aged 35-45 years.(®) SOST reference values were
from a similar group of 22 women.® To exclude specific osteosclerotic disorders, additional
laboratory tests were performed (see Results).

D) Serum Multiplex Biomarker Profiling

Serum Multiplex Biomarker Profiling (SMBP) was carried out in 2013 in one
comprehensive “batch” assay at Amgen, Inc. (Thousand Oaks, CA, USA) using our
published methodology (Supplementary Appendix, Methods and Table 2)(19) including
patient fasting serum from 2011 shipped frozen to Amgen, Inc. and from 8 healthy women
33 to 45 years-of-age ascertained in St. Louis in 2012.

E) Bone Marrow and Transiliac Bone Biopsy

When the patient was 38-years-old, an iliac crest specimen was obtained using a 7 mm inner
diameter Bordier trephine and fixed in 70% ethanol, dehydrated, embedded in
methylmethacrylate, and sectioned for non-decalcified histologic examination including von
Kossa staining. Oxytetracycline, 250 mg thrice daily for three days, had been given twice
before biopsy, with an interval of 11 days. Additional iliac crest specimens were decalcified,
embedded in paraffin, and stained with Hematoxylin and Eosin. A bone marrow biopsy was
also obtained during the procedure.

F) Mutation Analyses

Sanger sequencing of LRP5 (exons 2, 3, and 4) and LRP4 (exons 25 and 26), where high
bone mass-associated mutations are found, as well as SOST (all coding exons and adjacent
MRNA splice sites) was performed in our research laboratory in St. Louis, MO, USA. We
also performed NGS sequencing using the lon Torrent platform (Applied Biosystems,
Carlsbad, CA) for 35 genes involved in bone turnover or function including all
osteopetrosis / high bone mass genes. Copy number microarray (Cytoscan HD, Affymetrix,
Santa Clara, CA) was performed at the GTAC core lab, Washington University School of
Medicine, St Louis, MO.
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IV) Results

A) Radiological Findings
DXA beginning in 2003 and spanning patient ages 30 to 42 years showed lumbar spine z-
scores that steadily increased from +3.8 and peaked at +7.9 in 2010. During this time,
femoral neck and total hip z-scores increased from —1.4 to —0.7 and from —1.1 to +0.6,
respectively (Table 1 and Figure 1). Then, beginning in 2012 without changes in her
lifestyle or diet, the z-scores decreased steadily. During 2012 - 2015, the only changes in her
treatment had been an azathioprine dose lowered from 50 to 25 mg daily, prednisolone
lowered from 4 to 2 mg daily, iron administrated intravenously only once or twice yearly,
and introduction of a progestogen-containing intrauterine device.

The radiographic skeletal survey at age 37 years in 2010 demonstrated diffuse osteosclerosis
of the axial skeleton (ribs, thoracic and lumbar spine, and pelvis) (Figure 2A,B) with a
normal skull. Patchy geographic well-marginated areas of intramedullary sclerosis of a
different character were in the proximal humeri (Figure 2C) and femurs. The appendicular
skeleton was otherwise unaffected. There was no ligamentous calcification or ossification, or
trabecular coarsening to suggest skeletal fluorosis or other halide poisoning. No bone
enlargement or cortical and trabecular thickening was present to indicate Paget's bone
disease. Skeletal metastasis was unlikely given the many years of follow-up without
manifestations from a primary source. No findings suggested renal osteodystrophy, which
seemed unlikely based on the laboratory findings.

Whole-body bone scintigraphy at age 34 years in 2007 showed increased radionuclide
uptake in several thoracic vertebral bodies, and more focally in the right sacrum
(Supplementary Appendix, Figure 1). Diffuse uptake throughout marrow-rich areas of the
axial skeleton was not present.

Whole-body MRI at age 37 years showed two patterns of marrow involvement: 1) diffuse,
severe, T1- and STIR-hypointense marrow in the cervical, thoracic, and lumbar spine, ribs,
scapulae, and pelvis, which could represent marrow deposition disease such as
hemosiderosis, marrow replacement as in myelofibrosis, mastocytosis or Gaucher disease,
diffuse osteoblastic metastasis, or metabolic bone sclerosis; and 2) patchy areas of marrow
replacement in the proximal and midshafts of the long bones, especially the humeri and
femurs, with relative sparing of the epiphyses and apophyses. The signal intensity of these
areas was hyperintense to skeletal muscle and hypointense to subcutaneous fat on T1-
weighted images, and intermediate on STIR sequences, and was most consistent with red
marrow reconversion (Figure 3). There were a few isolated foci within the long bones that
appeared to have central fatty marrow signal intensity, suggesting the possibility of
underlying bone infarcts which would correlate with the patchy intramedullary sclerosis of
the proximal long bones on radiographs.

Ultrasonography of the abdomen showed slight hepatomegaly and normal spleen size (6.5
cm). There were no renal alterations.
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Overall, the skeletal imaging findings were most consistent with a marrow-replacing
process.

B) Laboratory Findings

Table 2 summarizes the laboratory findings. Serum calcium and phosphorus levels were
always normal despite 250HD of < 20 ng/mL (NI > 30 ng/mL) and PTH of 46 — 130 pg/mL
(NI: 10 65 pg/mL). Hypocalciuria of 16 to 30 mg calcium/24 h was present while the eGFR
was 38 — 55 mls/min. Serum iron levels were low or normal (between 37 — 92 mcg/dL) as
were ferritin levels and transferrin saturation. Peripheral blood leukocyte count was normal
with isolated schistocytes.

BTMs assayed in Barcelona were generally 1.6- to 2.8-fold above our upper limits of normal
(ULN). Those reflecting formation (bone ALP, PINP, and OC) were increased 2.2-, 2.8-, and
2.3-fold, respectively, whereas those reflecting resorption (CTX and NTX) were increased
1.9- and 1.6-fold, respectively. Plasma FGF-23 was slightly increased. Notably, serum SOST
assayed twice in 2010 was 2.5 and 3.5 fold above the ULN (Table 2), and verified by SMBP
(see below). Similar findings were noted for RANKL.

C) Serum Multiplex Biomarker Profiling

SMBP findings (Figure 4, Supplementary Figure 2 and Table 3) included elevated matrix
metalloproteinase (MMP)-3 and -7 levels, whereas MMP-1 and MMP-8 levels were normal.
SMBP verified the high SOST and RANKL levels and, of interest, revealed a slightly low
DKK-1 level.

D) Additional Laboratory Tests

Tests for osteosclerotic disorders included normal serum and urine electrophoresis and
fluoride levels and normal serum retinol and tryptase levels and negative serologic tests for
hepatitis C virus and HIV infection (Table 3). Any sickle cell trait was excluded by
peripheral blood smear and normal hemoglobin electrophoresis. Angiotensin converting
enzyme (ACE) assay to screen for sarcoidosis was not performed.

E) Bone Marrow and Transiliac Crest Biopsy

Decalcified iliac crest specimens showed dense lamellar bone with a lack of distinction
between cortex and spongiosa (Figure 5A). All three hematopoietic lineages were
represented, and osteoclasts and osteoblasts were not increased or morphologically abnormal
(Figure 5B, C). There was no peritrabecular fibrosis, and no granulomas. Mast cells were
not increased, as assessed by CD117 immunostains (not shown).

Undecalcified specimens showed similar changes, with thick trabeculae. Von Kossa staining
did not indicate an increase in osteoid (not shown). Fluorescence microscopy of an unstained
section demonstrated distinct double labels of tetracycline indicative of a normal rate of
mineralization (Figure 5D).
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F) Mutation Analyses

By Sanger sequencing, no mutations were detected in the genes that encode LRP5 (exons 2,
3, and 4), LRP4 (exons 25 and 26), or SOST. NGS sequencing, including known genes
involved in osteopetrosis and high bone mass phenotypes (TNFRSF11A, TNFSF11, CA2,
CLCN7, CTSK, OSTM1, PIEKM1, TCIRGL1, SOST, SLC29A3, LRP4, LRP5, LRP6,
SNX10, FAM20C, FAM123B, TYROBP), was unremarkable. Whole-genome microarray
showed no notable deviations in normal copy number (2), including the region downstream
of SOST, where a 52 kb deletion was reported in patients with van Buchem disease.(1)

V) Discussion

Acquired, widely distributed osteosclerosis affected our middle-aged patient with SLE
diagnosed during adolescence. This skeletal aberration was first detected at 30 years-of-age
using DXA. At age 37 years, radiographic survey revealed diffuse osteosclerosis in the
central skeleton with focal sclerosis in proximal areas of long bones. Nevertheless, extensive
evaluation disclosed no condition that causes generalized or focal increases in skeletal mass.
Her family's negative medical history and DXA results, as well as analyses for some
mutations associated with high bone mass, gave no evidence of an environmental or genetic
basis for this finding.(X2) Iliac crest histopathology showed a large amount of normal-
appearing lamellar bone with unremarkable osteoblasts and osteoclasts, and an absence of
tumor, peritrabecular fibrosis, or mast cell granulomas.(13) Remarkably, her osteosclerosis
progressed for at least 11 years, but now seems to be resolving.

We considered a diagnosis of autoimmune myelofibrosis,(14) however this was excluded.
Although her positive antinuclear antibodies, absence of splenomegaly, and reticulin fibrosis
in some areas of the bone marrow specimen favored this possibility, against this diagnosis
was her absence of an SLE flare during the last few years,(15-16) no cytopenia or major
peripheral blood abnormalities, negative Coombs test, and marrow with the three
hematopoietic precursors, normal cellularity, and absence of lymphoid infiltration.(14-16)
Additionally, her osteosclerosis had diminished recently without specific treatment such as
glucocorticoids at high doses.

We also considered whether the osteosclerosis was drug-induced, particularly when her
BMD decreased after the dose of azathioprine and IV infusions of iron were diminished.
However, to our knowledge, azathioprine has not been linked with metabolic bone diseases,
including osteosclerosis, although rats given azathioprine acquire inhibited bone formation
and mineralization.(1”) Saccharose iron administered intravenously has caused FGF-23-
mediated hypophosphatemic osteomalacia,18-19) but our patient's plasma FGF-23 level was
normal or only slightly increased when her eGFR was 48 mls/min, urinary excretion of
phosphorus was consistently normal, and bone formation was active on iliac crest biopsy.
BTMs usually showed elevated values (formation higher than resorption), but were normal
in the one evaluation by SMBP. We do not know if the elevated BTMs could be partly
attributed to her elevated bone mass per se. We and others have reported a similar increase in
BTMs in Camurati-Engelmann disease, a sclerosing bone dysplasia featuring rapid bone
turnover in which BTM levels correlate with disease activity assessed by bone
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scintigraphy.(20-21) Qur patient's BMT levels seemed consistent with her sequential DXA
findings.

A striking and consistent finding was her elevated serum SOST and RANKL levels. This
seemed associated with a slightly decreased level of another Wnt-signaling antagonist,
DKK-1. Although we cannot exclude a compensatory lowering of circulating DKK1 due to
her elevated SOST,(®22) previous data suggest independent effects of these Wnt-
antagonists.(23) We did consider whether her elevated BTMs and especially SOST levels
reflected her compromised renal function.(?4) Circulating SOST is increased in chronic
kidney disease, with levels about 2-3 fold elevated and paralleling the rise in PTH and
FGF-23 before kidney transplantation.(?%) However, her eGFR between 38 and 55 ml/min
through 2003 and 2015 was not sufficiently impaired to account for her hypersclerostinemia.
SOST is secreted predominantly by osteocytes and inhibits bone formation by
osteoblasts.(?6) In two sclerosing bone dysplasias, sclerosteosis and van Buchem disease,
there is genetically-based SOST deficiency causing excessive osteoblast activity.(26-28)
Hence, our patient's hypersclerostinemia could seem paradoxical. In the high-bone-mass
disorder due to activating mutations within LRP5 causing increased WNT signalling, (29
circulating SOST levels are normal(29-30) or increased. (L) For our patient, mutation analysis
was negative for SOST, LRP5, LRP4, and osteopetrosis genes. There was no deviation in
normal copy number near the SOST gene, so our patient did not have a deletion similar to
the 52 kb deletion reported in van Buchem disease patients. The cause of her
hypersclerostinemia is unknown, but could represent an unsuccessful compensatory effect
for her high bone mass. Alternatively, peripheral resistance to SOST with accelerated bone
remodeling including exuberant bone acquisition could be causing her osteosclerosis(3?) and
account for her hypersclerostinemia, while circulating DKK-1 is in turn low. However,
others have reported no association between total-body bone mineral content and serum
SOST levels between ages 20 to 39 years.(33) Of interest, Tsui et al(34) recently described in
ankylosing spondylitis a relationship between autoimmunity and neo-ossification, perhaps
mediated by 1gG autoantibodies to SOST leading to reduced functional SOST.
Unfortunately, we were unable to test for autoantibodies to SOST, DKK-1, or other
components of WNT signalling. Additionally, her serum RANKL levels were elevated,
suggesting that her high bone mass perhaps also reflected a block in RANKL action. In fact,
in 2009, Riches et al.(39) reported high-turnover osteoporosis associated with anti-
osteoprotegerin antibodies in patients with celiac disease.

SMBP also revealed high circulating levels of Cathepsin K, matrix metalloproteinases
MMP-3 and MMP-7 in our patient. This could reflect her high bone remodelling rate,
particularly concerning resorption. Bone cells express a number of MMPs(3®) that act in
remodelling and repair. MMP-3 degrades collagen types 11, 111, IV, IX, and X, proteoglycans,
fibronectin, laminin, and elastin,(37) and can activate other MMPs such as MMP-1, MMP-7,
and MMP-9, rendering MMP-3 crucial in connective tissue remodelling.(38) Additionally,
MMP-3 and MMP-9 are up-regulated in osteoblasts in sclerotic compared to non-sclerotic
bone taken from subchondral bone under mechanical cyclic compression.(39) Nevertheless,
serum MMP levels have not been quantitated in diffuse osteosclerosis.
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Because our patient has SLE, perhaps her osteosclerosis has an autoimmune basis. However,
there are no reports of increased antagonists to, or activation of, Wnt-signaling in SLE to
support this possibility. Furthermore, we do not know of reports of anti-RANKL antibodies
in SLE. Her osteosclerosis appears predominantly axial and not generalized. Thus, its
etiology remains unknown, but her elevated circulating SOST and RANKL levels may
reflect skeletal resistance to these key regulators of bone turnover. Interestingly, antibodies
against SOST (blosozumab and romosozumab) and RANKL (denosumab) have been
investigated as treatments for osteoporosis.(49-42)

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Densitometry Ref: L1-L4 (BMD) Trend: L1-L4 (BMD)

BMD (gicm?)

YA T-score % Change vs baseline

5 214 8
4 202 7
L1 3 1,90 6
1,78 5
2 186 4
1 154 3
L2 0 1,42 2
1,30 1
1 1,18 0
2 105 1
0,94 2
2 S 082 3
4 070 4
5 058 5
L4 60 80 32 3 3 39, 2
Age (years) Age (years)
. BMD Young-Adult Age-Matched
Region {gfcm?) T-score Z-score
L1 1,899 168 64 180 70
L2 1,968 164 64 175 7,0
L3 1,941 162 62 172 6,8
L4 1,413 118 18 126 24
L1-L4 1,776 151 50 161 56
Trend: L1-L4 (BMD) Changed to
BMD Previous Previous
Date Age (gfem?) (%) {%lyear)
21i01i2015 417 1,776 455 83
21105/2014 411 1,880 0, 19
30/04/2014 410 1,878 6.1 4,0
1811012012 395 2,001 3.3 15
081072010 37,2 2,070 3,2 24
23/02/2009 35,8 2,005 58 33
1810512007 341 1,895 18 -
251022005 318 1,693 74 -
26/09/2003 30,4 1,577 - -

Figure 1.
DXA (Lunar Prodigy, Madison, WI, USA) shows a marked and progressive increase in

lumbar spine BMD from ages 30 to 37 years, followed by a steady decrease.
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Figure 3. Whole body MRI
Coronal T1-weighted (A) and STIR (B) whole-body MR images demonstrate severe signal

hypointensity of the scapulae, ribs, spine and pelvis, which could represent marrow
deposition disease such as hemosiderosis, marrow replacement as in myelofibrosis,
mastocytosis or Gaucher disease, diffuse osteoblastic metastasis, or metabolic bone sclerosis
(arrows). Within the proximal long bones, there is T1-isointense and hypointense signal
compared to skeletal muscle and intermediate STIR signal sparing the apophyses and
epiphyses (ellipses), most consistent with red marrow reconversion.
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Figure 4. Serum multiplex biomarker profiling
Serum levels of sclerostin (A), DKK-1 (B), OPG (C), RANKL (D), matrix

metalloproteinases MMP-3 (E), and MMP-7 (F) (arrows) are contrasted with normal control
values plotted by age and gender.
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A

Figure 5. lliac crest biopsies
Hematoxylin and eosin stained sections of the decalcified iliac crest biopsy specimens show

increased and thickened trabeculae that are not well demarcated from cortical bone (A). The
limited amounts of marrow present show trilineage hematopoiesis (B,C). A few
morphologically unremarkable osteoclasts are present (B, arrows). Osteoblasts are also
present with normal morphology (C, asterix). Examination of the nondecalcified biopsy
under fluorescence demonstrates well-defined double tetracycline labels, here seen under a
layer of osteoid (D, yellow bands between arrows). Scale bars (A) 2 mm; (B,C) 100 ym; (D)
100 pm.
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Table 3

Additional Laboratory Testing For Osteosclerotic Disorders

Parameter Normal Range Value
Serum
Fluoride (ug/L) 10-50 33
Retinol (pg/L) 30-70 69
TSH (mIU/L) 0.4-4 0.75
Tryptase (ng/mL) 0-13 10.2
Heavy metals
Al, Cd, Cr, Ni, Pb, Mn - Normal
Protein electrophoresis - Normal
Serology
HbsAg, HbsAb, HbcAb, VHC, HIV - Negative
Urine
Fluoride (ug/L) 156 — 1800 280
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