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To the Editor:

Hereditary and acquired forms of hypophospha-
temia result in metabolic bone disease with signifi-
cant degrees of disability in children, adolescents and
adults. Linear sebaceous nevus syndrome (LSNS) is a
rare sporadic congenital phakomatosis of unknown
etiology with a variable phenotype that includes
hypophosphatemia [Carey et al., 1986].

We have previously reported on a patient with
LSNS and hypophosphatemia where the plasma
phosphatonin, fibroblast growth factor-23 (FGF-
23), was inversely related to the serum phosphorous
prior to and after treatment with octreotide and
excision surgery [Hoffman et al., 2005]. We now
extend that observation by reporting on the positive
correlation between serum phosphorus and matrix
extracellular phosphoglycoprotein (MEPE), a down-
stream member of phosphate homeostasis and
mineralization.

Briefly, the patient, a 7-year-old boy of Korean
ancestry with LSNS (which followed Blaschko’s lines
and involved the left side of his face, trunk, upper
and lower extremities and epidermal nevi of the
limbus) began treatment for hypophosphatemic
rickets with phosphate and calcitriol for vitamin D-
resistant rickets. Octreotide (Sandostatin LAR) was
added to the phosphate and calcitriol therapy when
he was 16 years of age, due to increasing muscu-
loskeletal symptoms and frequent stress fractures
and persistent hypophosphatemia [Hoffman et al.,

2005]. Further details of the treatment protocol are
given in the legend for Figure 1. The competitive
enzyme-linked immunosorbent (ELISA) assays for
MEPE were performed as previously described [Jain
et al., 2004]. The antibody employed in the com-
petitive ELISA (LF-155, a kind gift of Dr. L.W. Fisher,
N.I.D.C.R., N.I.H.) was raised against exon 4, the last
coding exon of human MEPE, and was affinity-
purified using recombinantly expressed protein. The
assay entails an anion exchange column chromatog-
raphy step to clean up the sample and detects intact,
full length MEPE. The bioactive acidic serine-
aspartate-rich MEPE (ASARM) peptide was assayed
by a competitive ELISA specific for ASARM-peptide
epitopes [Bresler et al., 2004] in the laboratory ofDr. P
Rowe. Associations between MEPE and phosphorus
were analyzed by Pearson regression analysis.

FGF-23 decreased within 1 month following the
first injection of depot octreotide, was suppressed
during the 4 months of injections, and remained in
the normal range over the following 6 months. After
a further decrease following surgery, FGF-23
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increased 2 months post-surgery and remained
stable for the next 2.5 years during phosphate and
calcitriol therapy and in the absence of octreotide
(Fig. 1). This somewhat elevated level of FGF-23 was
most likely due to incomplete excision of the tumor
[Zimering et al., 2005]. It is of interest that tubular
reabsorption of phosphate became normal 4 months
after octreotide; serum phosphorus did not increase
during octreotide, but began increasing immediately
after octreotide, remained slightly below normal
until after surgery, and remained normal throughout
the remainder of follow up [Hoffman et al., 2005].
Thus phosphaturia continued after FGF-23 had
returned to normal. The initial level of MEPE prior
to octreotide was 464 ng/ml when serum phospho-
rus was 1.9 mg/dl. This MEPE value was significantly

below aged-matched normal subjects whose mean
values were 880� 160 ng/ml [Jain et al., 2004]. MEPE
increased throughout the depot octreotide therapy,
continued to increase and reached a maximal value
of 760 ng/ml 2 months after incomplete excisional
surgery for cosmetic reasons. MEPE was decreased
6 months after surgery and continued to gradually
decline, reaching a pre octreotide level 2.5 years after
surgery (Fig. 1). MEPE and phosphorus had a
significant positive correlation prior to and through-
out treatment (Fig. 2). During octreotide treatment
intact MEPE was increasing, indicating that unlike
FGF-23, MEPE was not suppressed by octreotide,
suggesting a differential effect of octreotide on
the phosphatonins and that MEPE had a phosphatu-
ric effect. The latter seems unlikely since the MEPE

FIG. 1. Treatment effects on MEPE, FGF-23 and phosphorus. At 16 years of age, with a history of hypophosphatemia, musculoskeletal symptoms, recurrent
insufficiency fractures and an elevated plasma level of FGF-23, octreotide therapy (Oct TX) was begun along with ongoing phosphate and calcitriol therapy. Initially
octreotide acetate 50 mg was administered subcutaneously daily for 3 days, followed by Sandostatin LAR depot 10 mg intramuscularly every 2 weeks for 4 months.
Six months after completing the Sandostatin LAR, excision surgery was performed for cosmetic reasons. The levels of FGF-23 (open circle), serum phosphorus (open
triangle), calculated TmP/GFR (solid triangle) (panel a) and total plasma MEPE (solid square) and ASARM peptide (open square) (panel b) were followed for up to
2.5 years after surgery.
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values did not exceed the reported normal range
[Jain et al., 2004].

However, it is of interest that serum ASARM, the
biological active fragment of MEPE, exceeded
the normal range of 3,250 ng/ml and paralleled the
increase of MEPE, which could explain the phos-
phaturia [Bresler et al., 2004]. An alternative possi-
bility is the presence of an additional phosphaturic
peptide [White et al., 2006]. This possibility has
recently been suggested by Elston et al. [2007] to
explain persistent hypophosphatemia in a patient
with oncogenic osteomalacia after a 5-day course of
octreotide had suppressed FGF-23. It is important to
note that in the report of Elston et al., although the
intact FGF-23 was suppressed, the C-fragment of
FGF-23 increased for 16 days following surgery and
then decreased over the following 5 months. Follow-
ing octreotide treatment, our patient had significant
improvement in the musculoskeletal symptoms, and
no further stress fractures occurred. By the age of 20,
the patient’s T-Score of bone density had improved
by �1.2 in the lumbar spine (from �3.2 to �2.1); by
�1.0 in the femoral neck (from�4.4 to�3.4); and by
�0.8 in the total hip (from �3.8 to �3.0). However,
the values remained in the osteopenic (�1.0 to�2.5)
and osteoportic (below �2.5) ranges.

The term ‘‘phosphatonin’’ was introduced in 1994
for the protein which has since come to be known as
FGF-23 [Econs and Drezner, 1994]. MEPE, also

known as osteoclast/osteocyte factor 45, is a glyco-
protein which has more recently been identified
as a putative phosphatonin [Rowe et al., 2000]
based on its ability to inhibit phosphate-uptake
and mineralization in vivo and in vitro [Rowe
et al., 2004]. These phosphate-regulating hormones
have rapidly gained recognition for their importance
in influencing phosphate homeostasis and mineral-
ization through a bone-kidney axis. MEPE and
FGF-23 mediate the molecular mechanisms of the
bone-kidney axis of phosphate metabolism by
controlling the genes encoded for sodiumphosphate
cotransporters such as Npt2a [Rowe et al., 2004;
Marsell et al., 2008], and by regulating vitamin D-
1alpha-hydroxylase activity [Barthel et al., 2007;
Sommer et al., 2007].

As with many peptide-hormones the biological
functions of MEPE are linked to specific peptide
fragments thatdifferentially influenceprocessingand
handling of phosphate by the kidney [Martin et al.,
2008]. Cleavage of MEPE releases acidic serine-
aspartate-rich motif (ASARM peptide), the carboxy-
terminal peptide that is responsible for MEPE activity
in vivo [Rowe et al., 2005]. The positive correlation
that we observed between MEPE and serum phos-
phorus prior to and following octreotide therapy is
consistent with a cross-sectional study of normal
subjects [Jain et al., 2004]. Also the hyperphosphate-
mia in a MEPE-TRG model correlates with up-
regulation of Npt2a [Rowe et al., 2004] and contrasts
with infusions of recombinant intact MEPE which
result in increased fractional excretion of phosphate
and hypophosphatemia in mice and rats [Dobbie
et al., 2008].

We have no direct data to support that the positive
correlation between MEPE and serum phosphorus is
due to octreotide influencing the processing of
MEPE. However MEPE, ASARM and serum phos-
phorus all increased with the initiation of octreotide
treatment and decreased following excision of
the LSN tumor. We posit the following sequence
occurred in this case: first, octreotide resulted in a
significant reduction in FGF-23 and a gradual
increase in serum phosphorus; second, the dramatic
decrease of FGF-23 resulted in an overcompensation
of MEPE expression due to chronic and excessive
suppression by FGF-23; (An additional explanation
for the increase in MEPE could be that octreotide
influences the processing of MEPE and possibly
increases its expression.); and third, partial excision
of the nevus resulted in a decrease and stabilization
ofMEPE, and after a brief decrease, FGF-23 stabilized
followed by gradual stabilization of serum phospho-
rus, and urine phosphate excretion. Whether this
stabilization is a long-term result of octreotide
treatment [Eriksson and Oberg, 1999; Garcia de la
Torre et al., 2002; Lattuada et al., 2002] and/or the
result of the natural course of the disease is uncertain.
While the number of points studied for ASARM is

FIG. 2. MEPE, but not FGF-23, correlates with serum phosphorus. Deter-
mined values for serum phosphorus (P) and total MEPE across the 3-year
follow-up were analyzed by regression analysis.
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limited, the correlation between MEPE and ASARM
prior to and following surgery supports that octreo-
tide directly or indirectly influenced the processing
ofMEPE. The twovalues at 6months (12months after
octreotide therapy) and 24 months post-partial
excisional surgery suggest that MEPE and ASARM
had different processing after an increased period off
octreotide therapy.

It has been posited that phakomatoses are caused
by dysregulation of cellular paracrine growth factors
and the extracellular matrix [Kousseff, 1992]. The
phosphatonins are an example of such growth
factors. FGF-23, and to a somewhat lesser extent,
MEPE, have been extensively studied in conditions
of abnormal phosphate metabolism including the
phakomatoses McCune-Albright syndrome [Yama-
moto et al., 2005] and phakomatosis pigmentoker-
atotica [Saraswat et al., 2003; Bouthors et al., 2006].
The latter condition, along with LSNS [Heike et al.,
2005; Hoffman et al., 2005], belongs to the group of
epidermal nevus syndromes (ENS) which have a
high prevalence of hypophosphatemic rickets
[Vidaurri-de la Cruz et al., 2004]; and therefore, the
phosphatonins likely have increased relevance in
the abnormal phosphate metabolism. Whether the
phosphatonin phenotypes are the same in the
various forms of ENS remains to be determined.

This follow-up report is the first longitudinal
measurement of both MEPE and FGF-23 and their
response to medical and surgical treatment in tumor-
induced hypophosphatemia, and illustrates the
advances in the understanding of phosphate metab-
olism beyond that of parathyroid hormone and 1,25-
dihydroxyvitamin D [Rowe, 2004]. The follow-up
also indicates the need for continued close monitor-
ing of urine phosphate excretion and serum phos-
phorus in patients who have FGF-23 (phosphatonin)
tumor-induced hypophosphatemia, such as LSNS, to
determine the short- and long-term benefit of
octreotide when complete excision is not possible.
Additional considerations are including FGF-23 and
MEPE as part of the initial evaluation of hypophos-
phatemia and/or rare forms of chondrodysplasias
[Zeger et al., 2007], as well as to direct and monitor
treatment plans [Garabedian, 2007].
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