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FGF23-related hypophosphatemic rickets preceding the
onset of systemic lupus erythematosus: A juvenile case
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related hypophosphatemia with systemic lupus erythematosus (SLE), although
FGF23-related hypophosphatemia preceding the onset of SLE has never been
described. Here, we report the case of a 9-year-old female with FGF23-related
hypophosphatemic rickets preceding the onset of SLE. The patient presented to
us with arthralgia in the lower extremities and abnormality of gait lasting for
8 months. She was diagnosed with FGF23 hypophosphatemic rickets due to the
presence of hypophosphatemic rickets symptoms and high serum levels of FGF23.
Additional examination excluded hereditary diseases and tumor-induced osteo-
malacia. Three months after diagnosis of FGF23-related hypophosphatemic rick-
ets, she developed nephritis and was diagnosed with SLE. She was treated with
prednisolone, hemodialysis, and disease-modifying drugs, as well as oral sodium
phosphate to improve hypophosphatemia. Serum anti-double-stranded DNA an-
tibody (dsDNAab) and plasma tumor necrosis factor-o (TNF-a) were elevated at
FGF23-related hypophosphatemic rickets diagnosis. During the clinical course,
serum FGF23 correlated with dsDNAab and TNF-a serum levels, which are in-
volved in SLE disease activity. In this case, FGF23-related hypophosphatemic
rickets without hereditary diseases or tumor-induced osteomalacia occurred be-
fore the appearance of juvenile SLE symptoms, and serum FGF23 represented
disease activity in SLE.
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1 | INTRODUCTION

Fibroblast growth factor 23 (FGF23) is a bone-derived
hormone that is essential for regulating extracellular
phosphate concentration. Excess production of FGF23
is the hormonal basis for several musculoskeletal syn-
dromes characterized by hypophosphatemia due to renal
phosphate wasting. FGF23-related hypophosphatemia is
observed in both genetic diseases and acquired disorders.
Inflammatory diseases elevate serum FGF23 concentra-
tion."™ FGF23 is elevated in patients with primary lupus
nephritis,” and hypophosphatemia occurs at diagnosis
and during the course of systemic lupus erythematosus
(SLE).® However, there have been no reports of FGF23-
related hypophosphatemic rickets preceding SLE, and the
correlation between serum FGF23 level and disease activ-
ity of SLE is not clearly understood. We report a juvenile
case of FGF23-related hypophosphatemic rickets preced-
ing the onset of SLE.

2 | CASE PRESENTATION

A 9-year-old female was referred to our clinic due to an
8-month history of arthralgia in the knee and hip joints
and abnormality of gait. Simple radiographs revealed
X-leg and opened epiphyseal lines. Serum calcium and
serum phosphorous were 9.4mg/dL and 2.3mg/dL,
respectively. Peripheral blood counts showed hemo-
globin of 12.4g/dL and white blood cell count of 5300/
pL. Erythrocyte sedimentation rate was 12mm/h. Serum
1,25-dihydroxyvitamin D; and serum intact-parathyroid
hormone (i-PTH) were 33pg/L and 45.3pg/mL, respec-
tively. Urinary protein and urinary occult blood were neg-
ative. Estimated glomerular filtration rate was 166.8 mL/
min/m” The level of phosphate tubular maximum per
volume of filtrate (Tmp/GFR) was low (2.37mg/dL). She
was diagnosed with FGF23-related hypophosphatemic
rickets due to an elevation in the level of serum FGF23
(106 pg/mL, See Appendix S1 for the kit utilized to meas-
ure FGF23). Additional simple radiographs revealed a
periosteal reaction at the distal end of the right femur, and
partial lucency of the zone of provisional calcification at
both femoral condyles and both tibial plateaus of bilateral
knees (Figure 1A). Radiograph of wrist demonstrated fray-
ing and concavity of the metaphyseal margins of both the
radius and ulna (Figure 1B). A score of two points each
was given for both the femur and the tibia, and a score of
two points each was given for the radius and ulna giving
the rickets-severity scale of eight points.” We suspected
tumor-induced osteomalacia, but bone scintigraphy and
somatostatin receptor scintigraphy findings ruled this out.
The periosteal reaction was the obsolete fracture by the
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FIGURE 1 (A) Simple radiographs at diagnosis of FGF23-
related hypophosphatemic rickets revealed a periosteal reaction at
the distal end of the right femur, and partial lucency of the zone
of provisional calcification at both femoral condyles and both
tibial plateaus of bilateral knees. (B) Simple radiographs of wrist
at diagnosis of FGF23-related hypophosphatemic rickets revealed
fraying and concavity of the metaphyseal margins of both the
radius and ulna.

bone fragility. Analysis of the protein coding region of the
PHEX, FGF23, DMP1, ENPP1, FAM20C, FGFRI1, PTHIR,
SLC34A3, SLC9A3RI1, CLCN5, OCRL, CYP2R1, HNRNPC,
CYP3A4, NF1, SLC34A1, and the splice site region at
both ends of these genes by next-generation sequencing
showed no mutations. Although arthralgia subsided over
a few months, hypophosphatemia persisted, and symp-
toms of rickets worsened.

Three months after the diagnosis of FGF23-related
hypophosphatemic rickets, she developed urinary occult
blood (80/HPF) and overt proteinuria (>0.5g/day) which
caused hypoalbuminemia. She was diagnosed with SLE
based on the results of autoantibodies (antinuclear anti-
body titer 1:640 and anti-ds-DNA IgG antibody (dsDNAab)
2650IU/mL) and serum complement levels (C3 43.0mg/
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dL, C4 5.0mg/dL, CH50<14.0IU/mL). Five months after
the diagnosis of FGF23-related hypophosphatemic rickets,
we initiated treatment with oral sodium phosphate and al-
facalcidol for hypophosphatemia (1.6 mg/dL). At the same
time, we also started treatment with prednisolone and
methylprednisolone pulse therapy for SLE; however, the
proteinuria did not improve. Temporary extracorporeal ul-
trafiltration and hemodialysis were required for the man-
agement of progressive edema. Additional treatment with
mycophenolate mofetil and intravenous cyclophospha-
mide gradually decreased her urinary protein and serum
dsDNAab levels (Figure 2). After Smonths of SLE treat-
ment, serum FGF23 level decreased to 46.5pg/mL from the
pretreatment level of 197 pg/mL (peak value) and serum i-
PTH level increased. After 8 months of SLE treatment, rick-
ets healed and the periosteal reaction of the distal end of
the right femur disappeared (Figure 3). Simple radiographs
showed normal wrists and normal knees (Figure 3B), re-
sulting in a score of zero point on the rickets-severity scale.
Serum phosphorus level and i-PTH level remained within
the normal range after discontinuing the phosphorus
preparation. Serum dsDNAab and plasma tumor necrosis
factor-a (TNF-a) were elevated at the time of diagnosis of
FGF23 hypophosphatemic rickets (See Appendix S1 for the
kits utilized to measure TNF-q, interleukin 6 and monocyte
chemotactic protein-1.). During the clinical course, serum
FGF23 correlated with dsDNAab and TNF-«, which have
been shown to be involved in SLE disease activity.

3 | DISCUSSION

It has been reported that serum FGF23 is elevated in pa-
tients with newly diagnosed lupus nephritis’® and that

months after diagnosis of FGF23-related hypophosphatemic rickets

hypophosphatemia occurs at the time of diagnosis and dur-
ing the course of SLE. In addition to SLE, elevated serum
FGF23 has been reported in other pro-inflammatory dis-
eases.® However there have been no reports of hypophos-
phatemic rickets preceding the onset of pro-inflammatory
diseases. The patient in our case had no symptoms of SLE,
except for arthralgia in the knee and hip joints, when she
was diagnosed with FGF23-related hypophosphatemic
rickets. Therefore, FGF23-related hypophosphatemic rick-
ets may be noted as a very early symptom of SLE.

The role of cytokines in the diagnosis and treatment
of SLE has been studied extensively.” Pro-inflammatory
cytokines such as plasma TNF-a and interleukin 6 (IL-
6) have been reported to correlate with the severity of
SLE.”" Further, Fujiwara et al. reported that elevated
levels of plasma TNF-a and IL-6 are associated with hy-
pophosphatemia.® Urine monocyte chemotactic protein-1
(MCP-1) has been identified as a biomarker of lupus ne-
phritis."* Yung et al. also reported increased expression
of IL-6 and TNF-« in renal tissues of lupus nephritis pa-
tients.'* Regarding the relationship between serum FGF23
and pro-inflammatory cytokines, Resende et al. reported
that serum FGF23 was elevated in patients with newly
diagnosed lupus nephritis, and serum FGF23 correlated
with urine MCP-1.° Furthermore, the authors stated that
serum FGF23 may be a new marker for lupus nephritis.
However, the correlation between serum FGF23 and dis-
ease activity in SLE is not clear. In this case, serum FGF23
was decreased in correlation with decrease in urinary
protein, serum dsDNAab, and pro-inflammatory cyto-
kines such as serum plasma TNF-a, IL-6, and MCP-1. In
addition, at the time of diagnosis of FGF23-related hypo-
phosphatemic rickets, serum FGF23 was increased before
plasma IL-6 and MCP-1 was elevated.
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FIGURE 3 (A)Simple radiographs of knee after 8 months

of SLE treatment did not reveal a periosteal reaction at the distal
end of the right femur. Simple radiographs showed normal knees.
(B) Simple radiographs after 8 months of SLE treatment showed
normal wrists.

In this case, FGF23-related hypophosphatemic rickets
occurred before the appearance of SLE symptoms, and
serum FGF23 decreased in correlation with decreased
SLE disease activity. Further case accumulation and in-
vestigation are required to reveal the association between
serum FGF23 level and disease activity in SLE.
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SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
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