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Abstract B-RAF, a serine/threonine protein kinase, con-
tributes to signaling of insulin-like growth factor IGFI.
Effects of IGF1 include stimulation of proximal renal tubular
phosphate transport, accomplished in large part by Na*-
coupled phosphate cotransporter NaPi-IIa. The related Na*-
coupled phosphate cotransporter NaPi-IIb accomplishes
phosphate transport in intestine and tumor cells. The present
study explored whether B-RAF influences protein abun-
dance and/or activity of type II Na*-coupled phosphate co-
transporters NaPi-Ila and NaPi-IIb. cRNA encoding wild-
type NaPi-Ila and wild-type NaPi-IIb was injected into
Xenopus oocytes with or without additional injection of
cRNA encoding wild-type B-RAF, and electrogenic phos-
phate transport determined by dual-electrode voltage clamp.
NaPi-Ila protein abundance in Xenopus oocyte cell mem-
brane was visualized by confocal microscopy and quantified
by chemiluminescence. Moreover, in HEK293 cells, the
effect of B-RAF inhibitor PLX-4720 on NaPi-Ila cell surface
protein abundance was quantified utilizing biotinylation of
cell surface proteins and western blotting. In NaPi-Ila-
expressing Xenopus oocytes, but not in oocytes injected with
water, addition of phosphate to extracellular bath generated a
current (Ip), which was significantly increased following
coexpression of B-RAF. According to kinetic analysis,
coexpression of B-RAF enhanced the maximal Ip. Coex-
pression of B-RAF further enhanced NaPi-Ila protein
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abundance in the Xenopus oocyte cell membrane. Treatment
of HEK293 cells for 24 h with PLX-4720 significantly
decreased NaPi-Ila cell membrane protein abundance.
Coexpression of B-RAF, further significantly increased Ip in
NaPi-Ilb-expressing Xenopus oocytes. Again, B-RAF
coexpression enhanced the maximal Ip. In conclusion,
B-RAF is a powerful stimulator of the renal and intestinal
type I Na™-coupled phosphate cotransporters NaPi-IIa and
NaPi-IIb, respectively.
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Introduction

Phosphate transport across the apical brush border mem-
brane of proximal renal tubules is accomplished in large
part by the type II Na*-coupled phosphate cotransporter
NaPi-IIa (SLC34A1) (Biber et al. 2009; Murer et al. 2004;
Villa-Bellosta et al. 2009). Renal tubular phosphate reab-
sorption is under tight regulation by phosphate balance,
acid-base status, and several hormones, including para-
thyroid hormone, 1,25-(OH), vitamin D3, FGF23, insulin,
and insulin-like growth factor IGF1 (Allon 1992; DeFronzo
et al. 1976; Feld and Hirschberg 1996; Jehle et al. 1998;
Murer et al. 2000; Nowik et al. 2008; Parkin and Bray
2006). NaPi-Ila-regulating signaling molecules include:
klotho, protein kinases A and C, PI3K/PKB/GSK-3 kinase
cascade, and ERK1/2 (Bacic et al. 2006, 2003; Bhandaru
et al. 2011; Dermaku-Sopjani et al. 2011; Foller et al. 2011;
Hu et al. 2010; Kempe et al. 2010a, b).

In intestine, transport of inorganic phosphate is accom-
plished in large part by the type II Na*-coupled phosphate
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cotransporter NaPi-IIb (SLC34A2) (Marks et al. 2010).
NaPi-IIb expression is highest in the small intestine (Marks
et al. 2010). Mutations in the SLC34A2 gene are leading to
accumulation of phosphate in lung which causes pulmon-
ary alveolar microlithiasis (Ferreira Francisco et al. 2013).
Expression of SLC34A2 was further detected in ovarian,
papillary thyroid, and breast cancer (Chen et al. 2010;
Jarzab et al. 2005; Rangel et al. 2003). Similar to NaPi-Ila,
NaPi-IIb is regulated by growth factors (Xu et al. 2003),
and phosphate transport was shown to play an important
role in cell proliferation (Beck et al. 2009; Nielsen et al.
2001).

Growth factor signaling involves B-RAF (Murillo-Cuesta
et al. 2011), a serine/threonine kinase, upregulated in a
variety of tumor cells (Davies et al. 2002; De Luca et al.
2012; Kamata and Pritchard 2011; Roring and Brummer
2012). The kinase plays a critical role in the activation of the
RAS/RAF/MEK/ERK pathway, which participates in the
regulation of cell proliferation, differentiation, and survival
(Eisenhardt et al. 2011). B-RAF is activated by point muta-
tions in human cancer, in 90 % of the cases having a valine
replaced by glutamate in the activation segment, now refered
to as V60OE (Davies et al. 2002; Wan et al. 2004). Growth of
cancer cells with the V60OE mutation does not require
activation of RAS (Davies et al. 2002). In kidney, B-RAF
participates in the pathophysiology of polycystic kidney
disease (PKD) (Wallace 2011). PKD cells lack the Ca®" and
AKT-dependent inhibition of B-RAF leading to enhanced
activity of B-RAF and subsequent stimulation of cell pro-
liferation (Wallace 2011). Considering the role of B-RAF in
tumors and in the pathophysiology of polycystic kidney
disease, we hypothesized that B-RAF may participate in the
regulation of the type II sodium-dependent phosphate
cotransporters.

The present study thus explored the putative role of
B-RAF in the regulation of NaPi-Ila or NaPi-IIb. To this
end, NaPi-Ila or NaPi-IIb was expressed in Xenopus
oocytes with or without additional coexpression of B-RAF
and the phosphate-induced current, reflecting electrogenic
phosphate transport across the cell membrane, determined
utilizing dual-electrode voltage clamp. As a result, coex-
pression of B-RAF indeed enhanced phosphate-induced
currents in NaPi-Ila- or NaPi-IIb expressing Xenopus
oocytes. Immunocytochemistry with confocal microscopy
and chemiluminescence revealed that B-RAF increased the
NaPi-Ila protein abundance in the cell membrane. More-
over, biotinylation of cell surface proteins has been
employed to quantify the effect of B-RAF inhibitor PLX-
4720 on NaPi-Ila cell membrane expression in HEK293
cells which have previously been shown to express NaPi-
Ila transporters (Tanner et al. 2007). As a result, B-RAF
proved to upregulate the protein abundance of the type Ila
Na*-coupled phosphate cotransporter.
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Materials and Methods
Constructs

For generation of cRNA, constructs were used encoding
wild-type human NaPi-Ila (Busch et al. 1995), wild-type
mouse NaPi-IIb (Dermaku-Sopjani et al. 2011; Hilfiker
et al. 1998), and wild-type human B-RAF (Pakladok et al.
2012). The constructs were used for generation of cRNA,
as described previously (Broer et al. 1994; Hosseinzadeh
et al. 2013b).

Voltage Clamp in Xenopus Oocytes

Xenopus oocytes were prepared, as previously described
(Munoz et al. 2013; Shojaiefard et al. 2012). The oocytes
were injected with 10 ng cRNA encoding wild-type NaPi-
ITa or 15 ng cRNA encoding wild-type NaPi-IIb and 10 ng
cRNA encoding wild-type B-RAF on the same day (Al-
milaji et al. 2013a; Hosseinzadeh et al. 2013a). For control,
the oocytes were injected with the respective volumes of
water. The oocytes were maintained at 17 °C in ND96
solution containing in mM: 96 NaCl, 2 KCl, 1.0 MgCl,, 1.8
CaCl,, 5 HEPES, 0.11 tetracycline (Sigma, Steinheim,
Germany), 4 uM ciprofloxacin (Fresenius, Bad Homburg,
Germany), 0.2 refobacin (MerckSerono, Darmstadt, Ger-
many), and 0.5 theophylline (Takeda, Singen, Germany) as
well as 5 mM sodium pyruvate (Sigma, Steinheim, Ger-
many) (Almilaji et al. 2013b; Bogatikov et al. 2012). The
pH was adjusted to 7.4 by addition of NaOH. The voltage
clamp experiments were performed at room temperature,
3—4 days after injection. Two-electrode voltage clamp
recordings (Strutz-Seebohm et al. 2011) were performed at
a holding potential of —60 mV. The data were filtered at
10 Hz, and recorded with a Digidata A/D-D/A converter
and Clampex 9.2 software for data acquisition and analysis
(Axon Instruments). The control superfusate (ND96) con-
tained 96 mM NaCl, 2 mM KCl, 1.8 mM CaCl,, 1 mM
MgCl,, and 5 mM HEPES, pH 7.4 (Alesutan et al. 2012;
Hosseinzadeh et al. 2012a). Phosphate was added to the
solutions at a concentration of 1 mM, unless otherwise
stated. The flow rate of the superfusion was approx. 20 ml/
min, and a complete exchange of the bath solution was
reached within about 10 s (Henrion et al. 2012; Hossein-
zadeh et al. 2012b).

Detection of NaPi-Ila Cell Surface Expression
by Chemiluminescence

To determine NaPi-Ila cell surface expression by chemilu-
minescence (Alesutan et al. 2011), the oocytes were incu-
bated with primary rabbit anti-human SLC34A1 (NaPi-IIa)
polyclonal antibody (1:500, Life Span Biosciences, WA,
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USA) and subsequently with secondary HRP-conjugated
goat anti-rabbit IgG antibody (1:1000, Cell Signaling
Technology, MA, USA). Individual oocytes were placed in
96 well plates with 20 pl of SuperSignal ELISA Femto
Maximum Sensitivity Substrate (Pierce, Rockford, IL,
USA), and chemiluminescence of single oocytes was quan-
tified in a luminometer (Walter Wallac 2 plate reader, Perkin
Elmer, Juegesheim, Germany) by integrating the signal over
a period of 1 s (Warsi et al. 2013). Results display normal-
ized relative light units (Alesutan et al. 2010). Integrity of the
measured oocytes was assessed by visual control after the
measurement to avoid unspecific light signals from the
cytosol.

Immunocytochemistry and Confocal Microscopy

After 4 % paraformaldehyde fixation for at least 4 h, oocytes
were cryoprotected in 30 % sucrose, frozen in mounting
medium and placed on a cryostat (Pakladok et al. 2013).
Sections were collected at a thickness of 8 um on coated
slides and stored at —20 °C. For immunostaining, sections
were dried at room temperature, fixed in acetone/methanol
(1:1) for 15 min, washed in PBS, and blocked for 1 hin1 %
bovine serum albumin in PBS. The primary antibody used
was rabbit anti-human SLC34A1 (NaPi-Ila) polyclonal
antibody (1:100, Life Span Biosciences, WA, USA). Incu-
bation was performed in a moist chamber overnight at 4 °C.
The binding of primary antibody was visualized with FITC-
conjugated goat anti-rabbit IgG (1:1000, Invitrogen,
Molecular Probes, Eugene, OR, USA). Next, oocytes were
analyzed by the fluorescence laser scanning microscope
(LSM 510; CarlZeiss Microlmaging, Gottingen, Germany)
with A-Plan 40x/1.2 W DICIII (Mia et al. 2012). Brightness
and contrast settings were kept constant during imaging of all
oocytes in each injection series.

Cell Culture of HEK293 Cells

Human embryonic kidney cells (HEK293) were cultured in
Dulbecco’s Modified Eagle Medium DMEM, containing
4.5 g/l glucose (Gibco, Life Technologies GmbH, Germany),
supplemented with 2 mM L-glutamine (PAA Laboratories
GmbH, Germany), 10 % FBS (PAA Laboratories GmbH,
Germany), 100 U/ml penicillin, and 100 pg/ml streptomycin
(PAA Laboratories GmbH, Germany). Where indicated, cells
were treated 24 h with 10 pM B-RAF inhibitor PLX-4720
(Selleck Chemicals, USA) dissolved in DMSO. Equal
amounts of DMSO were used as control.

Biotinylation of Cell Surface Proteins

To analyze NaPi-Ila cell membrane abundance, HEK293
cells were washed twice with ice-cold PBS and labeled with

250 pg/ml Sulfo-NHS-LC-biotin (Pierce, Rockford, IL,
USA) in PBS for 30 min at 4 °C. The Sulfo-NHS-LC-biotin
bound to the membrane proteins was quenched with 50 mM
Tris—HCl buffer pH 7.4. After washing, HEK293 cells were
lysed with ice-cold RIPA buffer (Cell Signaling, Danvers,
MA, USA), supplemented with complete protease and
phosphatase inhibitor cocktail (Thermo Fisher Scientific,
Rockford, IL, USA). After centrifugation at 10,000 rpm for
5 min, 300 pg of proteins were supplemented with 50 pl
washed immobilized Neutravidin Agarose beads (Pierce,
Rockford, IL, USA) and incubated at 4 °C overnight on a
rotator. The beads were then pelleted by a 1 min centrifuga-
tion at 13,000 rpm and washed 3 times in PBS containing 1 %
NP-40/0.1 % SDS and twice in 0.1 % NP-40/0.5 M NaClL
Proteins were solubilized in Roti-Load1 buffer (Carl Roth
GmbH, Karlsruhe, Germany) at 95 °C for 10 min, separated
on 10 % SDS—polyacrylamide gels and transferred to PVDF
membranes. After blocking with 5 % nonfat dry milk in TBS
0.1 % Tween20 for 1 h at room temperature, the blots were
incubated overnight at 4 °C with rabbit anti-human
SLC34A1 (NaPi-1IIa) polyclonal antibody (diluted 1:500, Life
Span Biosciences, WA, USA). After washing (TBST), blots
were incubated with anti-rabbit HRP-conjugated antibody
(diluted 1:1000, Cell Signaling, Danvers, MA, USA) for 1 hat
RT. Antibody binding was detected with the ECL detection
reagent (Amersham, Freiburg, Germany). Bands were
quantified with Quantity One Software (Bio-Rad, Muenchen,
Germany) and results are shown normalized to the control
treated group.

Statistical Analysis

Data are provided as mean = SEM, n represents the
number of oocytes investigated. All experiments were
repeated with at least three batches of oocytes; in all rep-
etitions qualitatively similar data were obtained. All data
were tested for significance using Kruskal-Wallis test or
unpaired Student’s ¢ test, where appropriate. Only results
with p < 0.05 were considered statistically significant.

Results

In the first series of experiments, we explored whether
B-RAF influences the activity of the renal type II Na*-
coupled phosphate cotransporter NaPi-Ila. To this end, the
cotransporter was expressed in Xenopus oocytes with or
without additional coexpression of wild-type B-RAF.
Phosphate transport was estimated from the current gener-
ated, following addition of phosphate to extracellular fluid.
The substrate-induced current was determined utilizing
dual-electrode voltage clamp. As illustrated in Fig. 1,
addition of phosphate (1 mM) to the bath solution did not
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Fig. 1 Coexpression of B-RAF increased electrogenic phosphate trans-
port in NaPi-Ila-expressing Xenopus oocytes. a Representative original
tracings showing phosphate-induced current (1 mM) (/p) in Xenopus
oocytes injected with water (Water), expressing NaPi-Ila without (NaPi-
IIa) or with additional coexpression of wild-type B-RAF (NaPi-Ila 4+ B-

induce an appreciable inward current in water-injected
Xenopus oocytes. Thus, Xenopus oocytes do not express
appreciable endogenous electrogenic phosphate transport-
ers. In Xenopus oocytes expressing NaPi-Ila, however,
phosphate induced an inward current (/p) reflecting elec-
trogenic entry of Na™ and phosphate. As shown in Fig. 1, Ip
was significantly enhanced by additional coexpression of
wild-type B-RAF in NaPi-Ila-expressing Xenopus oocytes.

In theory, B-RAF could have been effective by increasing
maximal transport rate or by enhancing the affinity of the
carrier. To discriminate between those two possibilities,
kinetic analysis of the phosphate-induced currents was per-
formed. As illustrated in Fig. 2, phosphate transport was
saturable at increasing substrate concentrations. Kinetic
analysis yielded a maximal Ip of 16.25 & 0.12 nA (n = 12)
in Xenopus oocytes expressing NaPi-Ila alone. Coexpression
of wild-type B-RAF, significantly enhanced the maximal /p to
29.09 £ 0.30 nA (n = 12). Calculation of the phosphate
concentration required for halfmaximal Ip (Kyy) yielded val-
ues of 1046.61 £ 43.96 pM (n = 12) in Xenopus oocytes
expressing NaPi-Ila alone and of 785.60 + 21.94 yM
(n = 12) in Xenopus oocytes expressing NaPi-Ila together
with B-RAF, values again significantly different. As a result,
coexpression of wild-type B-RAF enhanced NaPi-Ila activity
by increasing the maximal current and by enhancing the
affinity of the carrier.
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RAF). b Arithmetic mean + SEM (n = 14—17) of normalized phosphate-
induced current (/p) in Xenopus oocytes injected with water (white bar),
expressing NaPi-Ila without (gray bar) or with additional coexpression of
wild-type B-RAF (black bar). **p < 0.01 indicates statistically significant
difference from Xenopus oocytes expressing NaPi-Ila alone
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Fig. 2 Coexpression of B-RAF increased maximal phosphate trans-
port rate in NaPi-Ila-expressing Xenopus oocytes Arithmetic
mean = SEM (n = 12) of phosphate-induced current (/p, nA) as a
function of phosphate concentration in Xenopus oocytes expressing
NaPi-Ila without (open circles) and with additional coexpression of
wild-type B-RAF (closed circles). ***p < 0.001 indicates statistically
significant difference from Xenopus oocytes expressing NaPi-Ila
alone at the respective phosphate concentrations

Enhanced maximal NaPi-Ila activity could have resulted
from increased carrier protein abundance in the plasma
membrane. Immunocytochemistry with confocal micros-
copy was thus employed to visualize the NaPi-Ila protein
abundance in the cell membrane. As shown in Fig. 3a, the
coexpression of wild-type B-RAF was followed by an
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Fig. 3 Coexpression of B-RAF enhanced NaPi-Ila protein abundance
at the cell surface in NaPi-Ila-expressing Xenopus oocytes. a Confocal
images reflecting NaPi-Ila membrane protein abundance in Xenopus
oocytes injected with water (Water), expressing NaPi-Ila without
(NaPi-Ila) or with additional coexpression of wild-type B-RAF
(NaPi-Ila+B-RAF). The images are representative for three

increase of NaPi-Ila protein abundance within the oocyte
cell membrane. The protein abundance was quantified
utilizing chemiluminescence. As shown in Fig. 3b, the
coexpression of wild-type B-RAF was followed by a sig-
nificant increase of chemiluminescence, again pointing to
enhanced cell membrane NaPi-Ila protein abundance fol-
lowing coexpression of B-RAF in NaPi-Ila-expressing
Xenopus oocytes.

In another series of experiments, we explored whether
B-RAF similarly regulates the protein abundance of NaPi-
IIa in HEK293 cells. To this end, HEK293 cells were
treated for 24 h with 10 uM of the B-RAF inhibitor PLX-
4720, and NaPi-Ila cell membrane protein abundance was
analysed by biotinylation of the cell surface proteins with
subsequent western blotting. As illustrated in Fig. 4a, b,
treatment of HEK?293 cells with B-RAF inhibitor PLX-
4720 was followed by a statistically significant decrease in
NaPi-Ila cell membrane protein abundance as compared
with HEK293 cells treated with vehicle alone. Thus, PLX-
4720 treatment decreased NaPi-Ila cell membrane protein
abundance in HEK293 cells.

NaPi-lla

NaPi-lla + B-RAF

NaPi-lla +
B-RAF

independent experiments. b Arithmetic mean & SEM (n = 44-63)
of the chemiluminescence of NaPi-Ila cell surface protein abundance
in Xenopus oocytes injected with water (white bar), expressing NaPi-
Ila without (gray bar) or with additional coexpression of wild-type
B-RAF (black bar). **p < 0.01 indicates statistically significant
difference from Xenopus oocytes expressing NaPi-Ila alone

Further experiments explored whether B-RAF similarly
influences the activity of the related type II Na*-coupled
phosphate cotransporter NaPi-IIb. As illustrated in Fig. 5,
addition of phosphate (1 mM) to the bath solution again
did not induce an appreciable inward current in water-
injected Xenopus oocytes. In Xenopus oocytes expressing
NaPi-IIb, however, phosphate induced an inward current
(Ip), which was significantly increased by additional
coexpression of wild-type B-RAF.

As illustrated in Fig. 6, phosphate transport was satu-
rable at increasing substrate concentrations. Kinetic ana-
lysis yielded a maximal Ip of 15.45 £ 0.80 nA (n = 10) in
Xenopus oocytes expressing NaPi-IIb alone. Coexpression
of wild-type B-RAF again significantly enhanced the
maximal /p to 24.48 £ 0.93 nA (n = 8-10). Calculation of
the phosphate concentration required for halfmaximal Ip
(Kn) yielded values of 828.96 £ 22.83 uM (n = 10) in
Xenopus oocytes expressing NaPi-IIb alone and of
64540 £ 14.03 pM  (n = 8-10) in Xenopus oocytes
expressing NaPi-IIb together with B-RAF, values again
significantly different. As a result, coexpression of wild-
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Fig. 4 B-RAF inhibitor PLX-4720 decreased NaPi-Ila protein abun-
dance at the cell surface in HEK293 cells. a Representative original
western blot showing NaPi-Ila membrane protein abundance analysed
by cell surface biotinylation in HEK293 cells after 24 h treatment
with vehicle alone (Control) or with 10 uM B-RAF inhibitor PLX-
4720 (PLX-4720). b Arithmetic mean = SEM (n = 6) of normalized
NaPi-Ila membrane protein abundance analysed by cell surface
biotinylation in HEK293 cells after 24 h treatment with vehicle alone
(white bar) or with 10 uM B-RAF inhibitor PLX-4720 (black bar).
*p < 0.05 indicates statistically significant difference from HEK293
cells treated with vehicle alone

Fig. 5 Coexpression of B-RAF A
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phosphate transport in NaPi-IIb- < |
expressing Xenopus oocytes. 2

a Representative original
tracings showing phosphate-
induced current (1 mM) (/p) in
Xenopus oocytes injected with
water (Water), expressing NaPi-
IIb without (NaPi-IIb) or with
additional coexpression of wild-
type B-RAF (NaPi-1Ib + B- B

RAF). b Arithmetic 2

mean + SEM (n = 14) of
normalized phosphate-induced
current (Ip) in Xenopus oocytes
injected with water (white bar),
expressing NaPi-IIb without
(gray bar) or with additional
coexpression of wild-type
B-RAF (black bar). *p < 0.05
indicates statistically significant
difference from Xenopus
oocytes expressing NaPi-IIb
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type B-RAF enhanced NaPi-IIb activity by increasing the
maximal current and by enhancing the affinity of the
carrier.

Discussion

The present study reveals a novel signaling molecule in the
regulation of Na'-coupled phosphate cotransporters. Coex-
pression of the wild-type serine/threonine kinase B-RAF
enhances NaPi-Ila phosphate-induced inward current (/p) in
Xenopus oocytes. Furthermore, B-RAF enhances the NaPi-Ila
protein abundance in the cell membrane, thus increasing the
maximal electrogenic phosphate transport rate in NaPi-Ila-
expressing Xenopus oocytes. Also, B-RAF significantly
modified the substrate affinity of the carrier. Downregulation
of NaPi-IIa protein abundance at the cell surface was observed
in HEK293 cells following treatment with the B-RAF inhib-
itor PLX-4720, an observation again pointing to a role of
B-RAF in the regulation of the Na™-coupled phosphate co-
transporter NaPi-Ila. It must be kept in mind, however, that the
selectivity of the inhibitor may be limited. Coexpression of
B-RAF similarly enhances NaPi-IIb phosphate-induced
inward current (/p) by increasing the maximal electrogenic
phosphate transport rate and by modifying the substrate
affinity of the carrier in NaPi-IIb-expressing Xenopus oocytes.
Thus, B-RAF regulates both members of the type II Na*t-
coupled phosphate cotransporter family.

The present observations did not define the molecular
mechanism involved in the regulation of carrier affinity and

NaPi-llb NaPi-llb + B-RAF

Water

NaPi-llb

NaPi-llb +
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Fig. 6 Coexpression of B-RAF increased maximal phosphate trans-
port rate in NaPi-IIb-expressing Xenopus oocytes Arithmetic
mean £ SEM (n = 10) of phosphate-induced current (/p, nA) as a
function of phosphate concentration in Xenopus oocytes expressing
NaPi-IIb without (open circles) and with additional coexpression of
wild-type B-RAF (closed circles). ***p < 0.001 indicates statistically
significant difference from Xenopus oocytes expressing NaPi-IIb
alone at the respective phosphate concentrations

protein abundance in the cell membrane by B-RAF. In
theory, B-RAF could exert its effects by directly phos-
phorylating the carrier or by phosphorylating other sig-
naling molecules, which in turn modify carrier insertion
and activity.

The present paper did not define the in vivo significance
of B-RAF-sensitive regulation of the renal and intestinal
type II Na™-coupled phosphate cotransporters. B-RAF may
be inhibited by AKT (protein kinase B) (Wallace 2011), a
kinase similarly activated by IGF1 and stimulating the
transport of glucose (Dieter et al. 2004; Ishiki and Klip
2005; Whiteman et al. 2002), amino acids (Carranza et al.
2008; Green et al. 2008; Lim et al. 2008), Ca’" and H*
(Vaughan-Jones and Swietach 2008), Na® (Lee et al.
2007), K™ (Mannack et al. 2008) as well as phosphate
(Foller et al. 2011; Kempe et al. 2010a). Mice lacking Akt2
suffer from phosphaturia (Kempe et al. 2010a), an effect at
least partially due to disinhibition of glycogen synthase
kinase GSK-3 (Foller et al. 2011). Clearly, additional
experimentation will be required to define the putative role
of B-RAF signaling in the regulation of renal tubular and of
intestinal phosphate transport.

B-RAF contributes to the pathophysiology of polycystic
kidney disease (PKD), a disorder with formation of renal
cysts (Wallace 2011). The cysts are enlarged by cAMP,
which is effective by stimulating epithelial cell prolifera-
tion and transepithelial fluid secretion (Wallace 2011). The
influence of cAMP on cell proliferation is apparently sec-
ondary to stimulation of B-RAF, as AKT-dependent inhi-
bition of B-RAF is disrupted in PKD (Wallace 2011).
Whether or not, B-RAF is exclusively involved in the
regulation of cell proliferation or, in addition, participates

in the regulation of renal tubular transport of substrates,
electrolytes, and fluid, remains to be established.

In conclusion, B-RAF increases the cell surface protein
abundance and activity of the type II Na*-coupled phos-
phate transporters NaPi-Ila and NaPi-IIb. The stimulation
of NaPi-Ila may become relevant in polycystic kidney
disease, a disorder with increased B-RAF activity.
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