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X-linked hypophosphatemia is the most prevalent inherited form
of rickets. In this disorder, rickets results from hyperphosphaturia
and inappropriately normal levels of 1,25(OH),-vitamin D. Current
therapy with oral phosphate and vitamin D improves the rickets,
but has significant morbidity and does not significantly affect the
short stature and hypophosphatemia. In the present study, we
demonstrate that Hyp mice, which have a mutation homologous to
that in patients with X-linked hypophosphatemia, have a 2-fold
greater urinary prostaglandin E; (PGE;) excretion than C57/B6
mice. To determine whether PGs were involved in the pathogen-
esis of this disorder, Hyp and C57/B6 mice received i.p. injections
with vehicle or indomethacin (1 mg/kg of body weight twice daily
for 4 days) and were studied ~12 h after the last dose of indo-
methacin. In the Hyp mice, indomethacin treatment decreased the
fractional excretion of phosphate from 13.0 = 3.2% t0 2.2 + 1.1%
(P < 0.05), and increased serum phosphate from 2.9 + 0.2 mg/dl to
4.1 = 0.2 mg/dl (P < 0.05). There was no effect of indomethacin in
C57/B6 mice. Indomethacin did not affect serum creatinine or
inulin clearance, demonstrating that the normalization of urinary
phosphate excretion was not caused by changes in glomerular
filtration rate. Indomethacin treatment increased renal brush bor-
der membrane vesicle NaPi-2 protein abundance in Hyp mice to
levels comparable to that of C57/B6 mice, but had no effect in
C57/B6 mice. In vitro isolated perfused proximal tubule studies
demonstrate directly that 10-¢ M bath indomethacin normalized
the phosphate transport defect in Hyp mice but had no effect on
C57/B6 mice. In conclusion, there is dysregulation of renal PG
metabolism in Hyp mice, and indomethacin treatment normalizes
the urinary excretion of phosphate by a direct tubular effect.

X-linked hypophosphatemia | rickets | sodium/phosphate cotransporter
NaPi-2

-linked hypophosphatemia is the most common inherited

cause of rickets (1). Children with this disorder have marked
short stature, dental abscesses, and rickets. X-linked hypophos-
phatemia is inherited as an X-linked dominant disorder charac-
terized by hypophosphatemia, normocalcemia, and a relative
deficiency of 1,25(OH),-vitamin D (1). The hypophosphatemia
is caused by impaired proximal tubule phosphate reabsorption
(1-6). The vitamin D deficiency is caused by decreased 25(OH)-
vitamin D-1a-hydroxylase activity (7-10). Conventional therapy
consists of oral administration of pharmacologic doses of vita-
min D and phosphate, though hypercalciuria and nephrocalci-
nosis are frequent complications of such therapy (11-15).
Nephrocalcinosis can lead to renal insufficiency and renal tu-
bular acidosis (15). Furthermore, although this therapy is effec-
tive for treating rickets and bone pain, these patients have short
stature, hypercalciuria, and hypophosphatemia (16).

Much of our understanding of the pathophysiology of X-
linked hypophosphatemia has come from studies using the Hyp
mouse, which has a mutation homologous to that in patients with
this disorder (17-23). Substantial evidence points to a humoral
factor mediating the aberrant proximal tubule phosphate trans-
port in this disorder. Transplantation of a normal kidney into a

11098-11103 | PNAS | September 16,2003 | vol. 100 | no.19

Hyp mouse results in hyperphosphaturia (24), whereas trans-
plantation of a Hyp mouse kidney into a control mouse leads to
normal phosphate levels and rates of phosphate excretion (24).
In addition, immortalized proximal tubule cells from Hyp mice
have normal rates of phosphate transport (25, 26). Thus, there
does not appear to be an intrinsic proximal tubule defect in
X-linked hypophosphatemia. The circulating factor that inhibits
proximal tubule phosphate transport may be liberated from
bone, and it has at present been designated as phosphatonin (27).
It is possible that the rate of proximal tubule phosphate transport
in this disorder can be altered by using techniques that do not
directly affect the underlying abnormality.

Prostaglandin E, (PGE,) has been shown to selectively inhibit
phosphate transport in the proximal tubule (28). Thus, PGs
could theoretically play a role in the pathogenesis of phosphate
wasting in Hyp mice. This study demonstrates that PGs play a
pivotal role in mediating the phosphaturia in Hyp mice and that
indomethacin corrects the transport defect both in vivo and in
vitro.

Methods

Clearance Studies. Male C57/B6 and Hyp mice were obtained
from The Jackson Laboratory and were of the same genetic
background. They were allowed free access to food and water
until the time of study. C57/B6 and Hyp mice received i.p.
injections with either 1 mg/kg of body weight indomethacin or
vehicle. Both groups were injected twice each day for 4 days.
Approximately 12 h after the last injection, urine was collected
from the mice, they were then anesthetized by using isoflurane,
and blood was collected by cutting the tips of their tails. Blood
and urine creatinine and phosphate were measured by using a
CX9 analyzer (Beckman Coulter). Urinary PGE, was measured
by using ELISA (Amersham Pharmacia). Fractional excretion of
phosphate was calculated by using the following equation:
FEpo, = [(urine phosphate/serum phosphate)/(urine creati-
nine/serum creatinine)] X 100,

For measurement of glomerular filtration rate (GFR), mice
were first anesthetized with Nembutal (70 pg/g of body weight;
Abbott). The mice were maintained at 37°C by using a heated
surgical table. A tracheostomy was performed, the trachea was
cannulated with polyethylene (PE) 50 tubing (Intramedic, Clay
Adams), and 100% O, was blown over the tracheostomy. An
arterial line was placed in the carotid artery by using stretched
PE 10 tubing for blood sampling. A PE 10 i.v. line was placed in
the jugular vein for infusion of [*H]methoxyinulin (New England
Nuclear), and PE 20 tubing was placed in the bladder for urine
collection. All blood removed was replaced with an equal volume

This paper was submitted directly (Track ) to the PNAS office.
Abbreviations: PG, prostaglandin; BBMV, brush border membrane vesicle.

5To whom correspondence should be addressed at: Department of Pediatrics, University of
Texas Southwestern Medical Center, 5323 Harry Hines Boulevard, Dallas, TX 75235-9063.
E-mail: michel.baum@utsouthwestern.edu.

© 2003 by The National Academy of Sciences of the USA

www.pnas.org/cgi/doi/10.1073/pnas. 1834060100



z
/|
~ |

20
PGE,

(ng/mg creatinine) 15 1 T

10 4

5 -

9) {9
0
C57/B6 Hyp

Fig. 1. Urinary PGE,/creatine ratio in C57/B6 mice compared with Hyp mice.
The same results were obtained when PG was normalized to urine volume. The
number of measurements is given in parentheses in this and all figures. *, P <
0.05 vs. C57/B6.

of 4% albumin. Inulin was infused at a rate of 25 ul/min per 100
g of body weight. After a 45-min equilibration period, three
20-min urine collections were performed. Midway through each
collection period 100 wl of blood was removed for liquid
scintillation counting.

In Vitro Microperfusion Flux Studies. Isolated segments of superfi-
cial proximal straight tubules were perfused as described (29—
31). Briefly, tubules were dissected in Hanks’ balanced salt
solution containing 137 mM NaCl, 5 mM KClI, 0.8 mM MgSO,,
0.33 mM Na,HPOy, 0.44 mM KH,PO,4, 1 mM MgCl,, 10 mM
Tris-HCI, 0.25 mM CaCl,, 2 mM glutamine, and 2 mM L-lactate
at 4°C. Tubules were transferred to a 1.2-ml temperature-
controlled bath chamber. The tubules were perfused by using
concentric glass pipettes at 37°C.

Proximal straight tubules were perfused at ~10 nl/min. The
perfusion solution was an ultrafiltrate-like solution containing
115 mM NacCl, 25 mM NaHCO3, 4.0 mM Na,HPO,, 10 mM
sodium acetate, 1.8 mM CaCl,, 1 mM MgSO,4, 5 mM KCI, 8.3
mM glucose, and 5 mM alanine. The bathing solution contained
6 g/dl BSA. The osmolality of these solutions were adjusted to
295 milliosmoles/kg of H,O. The pH and osmolality of the
bathing solution were maintained constant by continuously
changing the bath at a rate of 0.5 ml/min. Net volume absorption
(Jv, in nl'mm~!“min~') was measured as the difference between
the perfusion rate (Vo) and collection rates (V1), both in nl/min,
normalized per millimeter of tubular length (L). The collection
rate was measured with a 50-nl constant-volume pipette. Ex-
haustively dialyzed [*H]methoxyinulin was added to the perfus-
ate at a concentration of 75 uCi/ml (1 Ci = 37 GBq) so that the
perfusion rate, and thus the volume absorption, could be cal-
culated. The length (in mm) was measured with an eyepiece
micrometer. Tubules were incubated for at least 20 min before
initiation of the control period. Phosphate transport was deter-
mined by using the following equation:

JPO4 = [(VoCﬁ - VLCf)/L]Po/Ci s

where P, is the phosphate concentration in the perfusate in mM
and C% and C7 are the phosphate concentrations in the perfusate
and collected fluids, respectively, in cpm/nl.

Brush Border Membrane Vesicle (BBMV) Isolation. C57/B6 and Hyp
mouse kidneys were removed and placed in an ice-cold isolation
buffer containing 300 mM mannitol, 16 mM Hepes, and 5 mM
EGTA titrated to pH 7.4 with Tris. The isolation buffer con-
tained aprotinin (2 wg/ml), leupeptin (2 pg/ml), and phenyl-
methylsulfonyl fluoride (100 pg/ml). The cortex was homoge-
nized with 20 strokes of a Potter-Elvehjem homogenizer at 4°C.
BBMYV were then isolated by differential centrifugation and
magnesium precipitation as described (32). The final BBMV
fraction was resuspended in isolation buffer. Protein was assayed
by using the bicinchoninic acid (BCA) method (Pierce).

SDS/PAGE and Immunoblotting. Brush border membrane proteins
(25 pg per lane) were denatured and then separated on a 7.5%
polyacrylamide gel by using SDS/PAGE as described (32). The
proteins were transferred overnight to a poly(vinylidene diflu-
oride) membrane at 120-140 mA at 4°C. The blot was blocked
with fresh Blotto (5% nonfat milk/0.1% Tween 20 in PBS, pH
7.4) for 1 h followed by incubation with primary antibody to the
sodium/phosphate cotransporter NaPi-2. NaPi-2 antibody, a
generous gift from Jurg Biber (University of Zurich), was added
at 1:1,000 dilution overnight at 4°C. The blot was then washed
extensively with Blotto. The secondary antibody, horseradish
peroxidase-conjugated donkey anti-rabbit Ig, was added at
1:10,000 dilution and incubated in room temperature for 1 h. The
blot was again washed with Blotto, and enhanced chemilumi-
nescence was used to detect bound antibody (Amersham Phar-
macia). The NaPi-2 protein abundance was quantitated by using
densitometry. Equal loading of the samples was confirmed by
using an antibody to B-actin at a 1:5,000 dilution (Sigma).

Proximal Tubule cAMP Content. To determine whether the effect of
indomethacin could be mediated by changes in cAMP, we
measured CAMP generation in proximal straight tubules from
Hyp and C57/B6 mice. Tubules were dissected, measured with
an eyepiece micrometer, and transferred to an Eppendorf tube
with 50 ul of Hanks’ solution. Tubules were incubated in the
presence of IBMX (3-isobutyl-1-methylxanthine; 1 mM) and
either indomethacin (10~° M) or vehicle in a final volume of 180
wl for 30 min at 37°C. Lysis buffer (20 ul, provided in the kit;
Amersham Pharmacia cAMP ELISA kit) was added, and the
tube was vortexed and allowed to stand at room temperature for
10 min to complete the cell lysis. The supernatant was then
assayed (per manufacturer’s protocol) for ;cAMP and expressed
as fmol/mm of tubular length per 30 min. The assay was found
to be linear at that time. To ensure that the difference in cAMP
content was not caused by a difference in protein content
between C57/B6 and Hyp mouse proximal tubules, the protein
content was measured in seven samples of tubules in both Hyp

Table 1. Effect of indomethacin on serum phosphate and urinary phosphate excretion in C57/B6 and Hyp mice

Serum Serum Urine Urine
creatinine, phosphate, creatinine, phosphate,
Mice Treatment mg/dl mg/dl mg/dl mg/dl FEpo, %
C57/B6 Vehicle 0.2 £0.1 7.2+04 305 25.7 = 12.0 2.7 £1.2
C57/B6 Indomethacin 0.3 £0.1 80=*04 40 = 3 15.1 £ 5.7 2.6 £ 0.6
Hyp Vehicle 0.2 = 0.1 2.9 + 0.2* 47 = 6 80.3 = 32.5 13.0 = 3.2*
Hyp Indomethacin 0.2 +0.2 4.1 +0.2F 47 £ 6 225+ 11.4 22+ 11

In all cases, n = 6. *, P < 0.05 vs. other groups; 1, P < 0.05 vs. C57/B6, C57/B6 indomethacin, and Hyp vehicle.
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Fig. 2. Effect of indomethacin or vehicle treatment on FEpo, in C57/B6 and

Hyp mice. Indomethacin treatment normalized the urinary phosphate excre-
tion in Hyp mice but had no effect on C57/B6 mice. Urinary phosphate and
creatinine were determined ~12 h after the last dose of indomethacin. *, P <
0.05 vs. other groups.

and C57/B6 mice with 20 mm of tubules in each sample by using
the bicinchoninic acid method. The protein content in proximal
tubules was 0.40 = 0.04 wg/mm in C57/B6 mice and 0.45 = 0.04
wpg/mm in Hyp mice (P = not significant).

Statistics. Data are expressed as the mean = SEM. Data com-
paring more than two groups were analyzed by using ANOVA
unless otherwise designated. Studies comparing two groups were
analyzed by using paired or unpaired Student’s ¢ test, whichever
was appropriate.

Results

Urinary PG Excretion. PGE; has been shown to inhibit phosphate
transport in the proximal tubule (28). We first examined whether
there was a difference in urinary PGE, excretion in C57/B6 and
Hyp mice. As shown in Fig. 1, urinary PGE,; excretion was 2-fold
higher in Hyp mice than in C57/B6 mice. This finding demon-
strates that there is a difference in PGE; excretion in Hyp mice
compared with C57/B6 mice, which may play a role in the
pathogenesis of the hyperphosphaturia in Hyp mice.

Clearance Studies. To examine whether PGs had an effect in
mediating the phosphaturia in Hyp mice, we studied mice treated
with indomethacin. The effects of indomethacin in C57/B6 and
Hyp mice are shown in Table 1 and Figs. 2 and 3. Indomethacin
treatment resulted in a significant decrease in the FEpo, to levels
comparable to that seen in C57/B6 mice and a significant
increase in serum phosphate compared with vehicle-treated Hyp
mice. Indomethacin treatment did not affect the serum creati-
nine in either C57/B6 or Hyp mice.

Although there was no change in serum creatinine (Table 1),
we wanted to examine more precisely whether this dose of
indomethacin affected the glomerular filtration rate. Inulin
clearance in C57/B6 mice and Hyp mice treated with vehicle and
indomethacin is shown in Fig. 4. As can be seen, indomethacin
treatment had no effect on inulin clearance in Hyp or C57/B6
mice.

Effect of Indomethacin on Renal BBMV NaPi-2 Abundance. In the next
series of experiments, we examined the effect of indomethacin
on renal brush border membrane NaPi-2 protein abundance in
C57/B6 and Hyp mice. C57/B6 and Hyp mice received i.p.
injections using the same protocol described for our clearance
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Fig.3. Effectofindomethacintreatmentonserum phosphate in C57/B6 and
Hyp mice. Indomethacin treatment increased the serum phosphate levels in
Hyp mice but had no significant effect on C57/B6 mice. Levels were deter-
mined ~12 h after the last dose of indomethacin. *, P < 0.05 vs. other groups;
+, P < 0.05 vs. Hyp.

studies. As is shown in Fig. 5, BBMV from Hyp mice that received
vehicle had significantly less NaPi-2 protein abundance than
C57/B6 mice. Treatment with indomethacin had no effect on
BBMYV NaPi-2 abundance in C57/B6 mice, but increased NaPi-2
abundance in Hyp mice.

Microperfusion Studies. In the first set of studies, we examined
whether the rate of volume absorption and phosphate transport
was stable in C57/B6 mouse proximal tubules perfused in vitro.
Measurements of phosphate transport and volume absorption
were performed after 15 min of incubation and repeated after at
least 1 h of incubation. The rate of phosphate transport was 3.3 =
0.53 and 2.9 = 0.35 pmol/mm-min in the two periods, respec-
tively (n = 7, P = not significant). Volume absorption was 0.44 =
0.09 and 0.40 = 0.11 nl/mm-min in the two periods, respectively
(n = 7, P = not significant). Thus volume absorption and
phosphate transport is stable in proximal tubules from C57/B6
mice.

The absence of an effect of indomethacin to decrease the
glomerular filtration rate, and thus decrease the filtered load of
phosphate, left the possibility that indomethacin was acting to
increase the rate of phosphate transport by a direct tubular
mechanism. To directly examine this, we perfused proximal
tubules from C57/B6 mice and Hyp mice in vitro. The rates of
volume absorption were 0.41 = 0.09 and 0.27 = 0.07 nl/mm-min
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Fig. 4. Effect of indomethacin (INDO) treatment on glomerular filtration
rate measured as inulin clearance in C57/B6 and Hyp mice.
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Fig. 5. (A) The immunoblot demonstrates the effect of vehicle or i.p.
indomethacin (INDO) on NaPi-2 brush border membrane abundance in
C57/B6 mice and Hyp mice. The last dose of indomethacin was administered
~12 h before sacrifice. As is shown, there is no difference in brush border
membrane NaPi-2 abundance in C57/B6 mice with indomethacin treatment,
whereas there is an increase in brush border membrane NaPi-2 abundance in
Hyp mice. (B) As is shown, C57/B6 male mice had significantly greater BBMV
NaPi-2/B-actin abundance compared with Hyp mice treated with vehicle, but
this difference was not present after indomethacin treatment. *, P < 0.05 vs.
other groups.

in the C57/B6 mice and Hyp mice, respectively, and 0.25 *+ 0.04
and 0.14 = 0.06 nl/mm'min in the C57/B6 and Hyp mouse
proximal tubules incubated with 10~ M bath indomethacin (n =
7 in each group). There was no difference in the rate of volume
absorption by ANOVA or Student’s ¢ test. The effect of 1076 M
bath indomethacin or vehicle on phosphate transport is shown in
Fig. 6. As is apparent, addition of indomethacin to the bathing
solution resulted in a complete normalization of the rate of
phosphate transport in Hyp mice to that seen in C57/B6 mice.
In the final series of experiments, we compared the rate of
cAMP generation in dissected proximal tubules from C57/B6
and Hyp mice incubated with vehicle or 107°® M indomethacin.
The results are shown in Table 2. There was no difference in the
rate of cAMP generation between proximal tubules from
C57/B6 and Hyp proximal tubules. Indomethacin resulted in
~10-20% reduction in cAMP generation in both Hyp and
C57/B6 mouse proximal tubules, but this small change was not
statistically significant. Thus the increase in phosphate transport
with indomethacin in Hyp mice was not mediated by cAMP.

Discussion

X-linked hypophosphatemia is caused by a mutation in the
PHEX gene (18-23). The PHEX gene is a phosphate-regulating
gene encoding a protein with endopeptidase activity, which is
located on the X chromosome. It is postulated that inactivation
of PHEX in Hyp mice and patients with X-linked hypophos-
phatemia somehow increases the serum concentration of a
putative phosphaturic hormone, phosphatonin (33). Both fibro-
blast growth factor 23 (FGF 23) and frizzled-related protein 4

Baum et al.
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Fig. 6. Effect of 107¢ M bath indomethacin or vehicle in isolated perfused
proximal tubules from C57/B6 and Hyp mice. As can be seen, Hyp mice have
a lower rate of phosphate transport than C57/B6 mice. Hyp proximal tubules
with indomethacin in the bathing solution had rates of phosphate transport
comparable to C57/B6 mice. *, P < 0.05 vs. other groups.

(FRP 4) have been identified as potential candidates for phos-
phatonins (34, 35).

The kidney produces PGs, which have a myriad of effects on
renal function (36, 37). The major PG produced is PGE, (38).
The distal nephron production of PGs far exceeds proximal
tubule production (38—40). However, studies have demonstrated
that the glomerulus and all nephron segments produce PGs to
some extent (38—40).

PGs oppose vasoconstrictor hormones that reduce the glo-
merular filtration rate (36, 37, 41-43). Thus, indomethacin could
potentially reduce phosphate excretion by reducing the filtered
load of phosphate delivered to the proximal tubule. However, at
the doses used in this study, there was no change in the serum
creatinine or inulin clearance. Thus, the reduction in phosphate
excretion was not caused by a decrement in glomerular filtration
rate. PGs produced by the kidney can affect tubular transport in
an autocrine or paracrine fashion (44). Of importance to this
study, PGE; has been shown to inhibit phosphate transport when
added to the bathing solution of rabbit proximal straight tubules
perfused in vitro (28). Consistent with a tubular mechanism to
explain the reduction in phosphate excretion was the dramatic
fall in FEpo, with indomethacin treatment in Hyp mice. In
addition, as shown in Fig. 5, indomethacin treatment resulted in
an increase in BBMV NaPi-2 protein abundance in Hyp mice, but
had no effect on C57/B6 mice. Thus, the effect of indomethacin
to reduce the phosphaturia in Hyp mice was paralleled by an
increase in renal BBMV NaPi-2 transporter abundance in Hyp
mice.

This study examined proximal tubular transport directly in Hyp
mice compared with C57/B6 mice. We show that the rate of
phosphate transport in Hyp mice is far less than the rate in
C57/B6 mice. This directly demonstrates that Hyp tubules have
a phosphate transport defect that is maintained when the tubules
are perfused in vitro. This apparent discrepancy between studies

Table 2. Effect of 10-¢ M indomethacin on cAMP production in
C57/B6 and Hyp proximal tubules in vitro

cAMP, fmol/mm per 30 min

Proximal tubules Vehicle Indomethacin
C57/B6 943 + 84 755 = 43
Hyp 819 + 68 717 + 48

For all groups, n = 16.
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that have shown that there is not an inherent proximal tubule
transport defect is likely caused by a well described memory
effect where the tubule maintains its transport characteristics for
a time after it is removed from the in vivo environment (45-48).
This may be caused by the phosphatonin adhering to the receptor
or maintenance of the signal transduction activation by a phos-
phatonin for a time after removal of the tubule.

The regulation in phosphate transport in Hyp mice by a
circulating phosphatonin may be analogous to parathyroid hor-
mone (PTH) regulation of the NaPi-2 cotransporter (49-51).
Administration of PTH for as little as 2 h to parathyroidecto-
mized rats results in a reduction in NaPi-2 mRNA abundance,
demonstrating transcriptional regulation (49). PTH also affects
phosphate transport by regulating NaPi-2 cotransporter traffick-
ing (50, 51). As speculation, the circulating phosphatonin in Hyp
mice might similarly have an effect on posttranscriptional reg-
ulation of the NaPi-2 transporter that could be affected by
indomethacin to explain the acute increase in phosphate trans-
port in Hyp proximal tubules.

Previous studies have examined the role of cAMP and protein
kinase A in the pathogenesis of the hyperphosphaturia in Hyp
mice (52-54). Although basal urinary cAMP levels are slightly
but significantly higher in Hyp mice (52), there is no significant
difference in cAMP production in cortical slices between Hyp
and C57/B6 mice (53). Furthermore, protein kinase A activity
is comparable in the two strains, as is the apparent K, for cAMP
(54). The present study compared cAMP production in dissected
proximal tubules from Hyp and C57/B6 mice. If cAMP were
mediating the lower rates of phosphate transport in Hyp mice
proximal tubules, we would have expected a greater rate of
production in Hyp mouse proximal tubules than in C57/B6 mice,
and a significant reduction in cAMP production in Hyp proximal
tubules incubated with indomethacin. However, our data are in
concordance with studies showing that higher rates of cAMP
production do not explain the phosphate transport defect in Hyp
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mice. Furthermore, we found no significant effect of indometh-
acin on cAMP production in either Hyp or C57/B6 tubules.
Thus, the increase in proximal tubule phosphate transport with
indomethacin is not mediated by cAMP.

In the present study, there was a dramatic fall in FEpo,
measured ~12 h after the last dose of indomethacin in Hyp mice
to levels seen in C57/B6 mice. Furthermore, there was a
significant increase in serum phosphate, although not to levels of
C57/B6 mice. The question remains as to why indomethacin
treatment resulted in a decrease in the FEpo, and an increase in
serum phosphate in Hyp mice, while having no effect in C57/B6
mice. There are several possible explanations: First, FEpo, in
C57/B6 mice was extremely low, and tubular transport may have
been at a maximum. Thus, indomethacin may not be able to
increase phosphate transport further, whereas an augmentation
was possible with indomethacin therapy in Hyp mice that had low
rates of phosphate reabsorption. It is also possible that the rate
of renal PG production was higher in Hyp mice or that Hyp mice
respond to the normally produced PGs in an augmented fashion
compared with C57/B6 mice. Although there was a significant
increase in serum phosphate levels in Hyp mice with indometh-
acin treatment, it is also unclear, at present, why the serum
phosphate did not normalize to levels comparable to C57/B6
mice, despite the marked improvement in phosphate excretion.
As speculation, it is likely that much of the phosphate reabsorbed
went into phosphate-depleted bones of the Hyp mice.

In summary, the present study shows that indomethacin can
reduce phosphate excretion and increase serum phosphate in
Hyp mice. The data are consistent with indomethacin having a
direct tubular action to increase phosphate transport in Hyp
mice. These studies suggest that indomethacin may be an effec-
tive form of therapy in humans with X-linked hypophos-
phatemia.
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