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Sodium-dependent phosphate transporter NaPi2b is involved in transport of inorganic phosphate and the main-
tenance of phosphate homeostasis in human body. NaPi2b was recently identified as a marker of ovarian cancer,
termed MX35. Monoclonal antibody (mAb) against transporter NaPi2b, called MX35, demonstrated therapeutic
efficacy in radioimmunotherapy of patients with ovarian cancer. Aim. The present experiments explored whe-
ther MX35 antibody can affect function of NaPi2b to transport inorganic phosphate ions in cellular models.
Methods. HEK293 cells stably expressing wild type NaPi2b and mutant NaPi2b_T330V, which could not be re-
cognized by MX35 antibody, were incubated with MX35 antibody and analyzed by phosphate uptake assay.
Results. Cells expressing wild type NaPi2b showed reduced phosphate uptake after incubation with MX35 an-
tibody at concentration 50 ug/ml. No significant changes in phosphate transport were detected for cells expres-
sing NaPi2b T330V at the same experimental conditions. Conclusions. Our results demonstrate 1,8-fold de-
crease of NaPi2b-mediated phosphate transport in HEK293 cells stably expressing wild type NaPi2b after

MX35 antibody application, which can be considered as a specific inhibitor of NaPi2b function.

Keywords: NaPi2b, MX35 antibody.

Introduction. Sodium-dependent phosphate transpor-
ter NaPi2b (SLC34A42, NaPillb, Npt2) is normally ex-
pressed in mammalian small intestine at the apical side
of enterocyte’s brush-border membranes. NaPi2b par-
ticipates in the transcellular inorganic phosphate (P,)
absorption, contributing to the maintenance of phos-
phate homeostasis in the organism [1-3]. The studies
on conditional knockout mice demonstrated that
NaPi2b contributes to > 90 % of total active phosphate
absorption [4].

The attempts to generate NaPi2b homozygous de-
ficient mice resulted in death of embryos in uterus soon
after implantation, indicating that NaPi2b is the major
P, transporter during mouse embryonic development

[5].

© Institute of Molecular Biology and Genetics, NAS of Ukraine, 2011

The expression of NaPi2b mRNA was revealed by
Northern blot analysis in many human normal tissues
including lung, kidney, liver, prostate, pancreas, testis,
ovary, thymus [1, 2]. The expression of NaPi2b on pro-
tein level has been detected in normal human salivary
glands by Western blotting with polyclonal antibodies
against NaPi2b [6].

It was reported that alterations in NaPi2b expres-
sion are linked to several human abnormalities. In
lungs, NaPi2b is the only phosphate transporter that is
highly expressed, and it is involved in uptake of phos-
phate for synthesis of surfactant proteins. Deregulation
of the NaPi2b transporter function as a result of muta-
tions in SLC34A42 gene may lead to the pulmonary
alveolar microlithiasis, autosomal recessively inherited
disease, characterized by deposition of calcium-phos-
phate precipitates in lungs [7, 8].
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The increased expression of SLC34A2 gene in can-
cer was detected in ovarian and papillary thyroid tu-
mors [9, 10]. Recently, it has been demonstrated that
the expression level of SLC34A42 gene is increased in
human breast tumors [11]. Low dietary P,uptake, well-
known regulator of NaPi2b expression and function,
was shown to cause lung tumorigenesis in K-ras (LA1)
model mice on the background of increased NaPi2b
expression [12].

Previously, we identified NaPi2b as an ovarian
cancer antigen MX35 by screening cDNA library from
OVCAR3 cells with the MX35 antibody [13]. This
antibody was generated from mice immunized with a
cocktail of human ovarian carcinoma cells and showed
reactivity with approximately 90 % samples of human
epithelial ovarian cancers [14]. Heterogeneous expres-
sion profile of MX35/NaPi2b protein was further con-
firmed for epithelial ovarian tumors of different histo-
morphological types [15]. The radiolabelled MX35
antibody was used in clinical trials and was shown to
possess the therapeutic effect in patients with ovarian
cancer [16, 17]. However, the unlabelled MX35 anti-
body did not have any therapeutic effect on tumor gro-
wth in model mice [18].

Playing an essential role in phosphate homeostasis
in a human body NaPi2b is considered as a target for in-
hibition of hyperphosphatemia in patients with chronic
renal failure [19]. There are some P -containing com-
pounds that have been reported as inhibitors of sodium-
dependent phosphate transport including phospho-
noformic acid, 2V-phosphophloretin, and JTP-59557
[20-22]. But all mentioned inhibitors are not strictly
specific for sodium-dependent phosphate transport me-
diated by NaPi2b.

The identification of MX35 ovarian cancer antigen
as sodium-dependent transporter NaPi2b gave an op-
portunity to investigate the impact of specific antibody
MX35 on the transport function of NaPi2b. This study
aimed to analyze the effect of MX35 antibody on the
functioning of sodium-dependent phosphate transpor-
ter NaPi2b using cellular models and to determine whe-
ther this antibody can function as a specific inhibitor of
NaPi2b-mediated phosphate transport.

Materials and methods. Constructs, stable cell
line generation. Generation of HEK293 cells stably ex-
pressing wild type and mutant forms of NaPi2b was
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previously described [23]. Briefly, human NaPi2b
cDNA (NaPi2b WT) was cloned into pcDNA3.1(+)
(«Invitrogen», USA) in the frame with EE-tag. A mu-
tant form of NaPi2b (pcDNA3.1(+)/NaPi2b_T330V)
was obtained by site-directed mutagenesis. HEK293
cells were transfected with recombinant plasmids
(pcDNA3.1(+)/NaPi2b_ WT, pcDNA3.1(+)/NaPi2b_
T330V or empty vector) using FuGene («Roshey,
Switzerland). Cells were cultured in the presence of
G418 antibiotic («Gibcoy», UK) at the concentration of
1 mg/ml for 7-10 days to eliminate nontransfected cells
before splitting.

Phosphate uptake analysis. HEK293 cells were
placed on 96-well plate at 3-10* cells/well and incubated
with the MX35 antibody for different time (6, 12, 24,
48,96 h). The MX35 antibody was kindly provided by
Dr. Gerd Ritter (Ludwig Institute for Cancer research,
USA). After medium was removed cells were washed 3
times with 200 pl of wash solution (137 mM NaCl,
5.4 mM KCl, 2.8 mM CaCl,, 1.2 mM MgSO,, 14 mM
Tris HCI (pH 7.4)). 50 ul of assay solution (0.1 mM
KH,PO,, 137 mM NaCl, 5.4 mM KCI, 2.8 mM CaCl,,
1.2 mM MgSO,, 14 mM Tris HCI (pH 7.4)) with [°P]
orthophosphate (1 uCi/ml) was added to each well and
incubated at room temperature. Then, assay solution
was removed and cells were rinsed 3 times with 150 pl
of ice-cold stop solution (137 mM NaCl, 14 mM Tris
HCI (pH 7.4)). Cells were lysed in 50 ul of lysis buffer
(0.01 M Tris HC1, pH 7.5,0.15 M NaCl, 0.01 M MgCl,,
0.5 % NP-40) and 25 pl of cell lysate was used to de-
termine radioactivity in a liquid scintillation counter
(«Perkin Elmer», USA). The rest of cell lysate was
used to determine protein concentration using BCA
protein assay kit («Pierce Biotechnology», USA). To
inhibit sodium-dependent phosphate transport phos-
phonoformic acid («Sigmay, USA) was added to the
assay solution at 5 mM concentration.

Western blot analysis. HEK293 cells were lysed in
buffer containing 10 mM Tris-HCI, pH 7.5, 150 mM
NaCl, 10 mM MgCl,, 0.5 % NP-40 and a mixture of
Halt Protease Inhibitor Cocktail («Pierce», USA). Pro-
tein concentration was estimated by Comassie Assay
(«Pierce»). Protein samples were separated by 10 %
SDS/PAGE and electrotransferred on polyvinylidene
difluoride (PVDF) membrane («Millipore», USA).
The membranes were blocked with 3 % BSA in 1 x
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Fig. 1. Western blot analysis of HEK293 cells expressing wild type
NaPi2b (1), mutant form NaPi2b_T330V (2) and cells transfected with
empty pcDNA3.1(+) vector (3) by anti-EE-tag (a¢) and MX35 (b)
antibodies; B-actin was used as a loading control
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Fig. 2. The results of phosphate uptake assay on HEK293 stable cell
lines expressing wild type NaPi2b (7), mutant form NaPi2b_T330V (2)
and cells transfected with empty pcDNA3.1.(+) vector (3) (a); phos-
phate uptake assay of the same cell lines after treatment with phos-
phonoformic acid at 5 mM concentration (). Cells were incubated in
assay solution for 15 min at RT

x PBST for 1 h at RT and incubated with the MX35
antibody at 4 °C overnight. After incubation with
HRP-conjugated goat anti-mouse IgG («Promegay,
USA) the membranes were developed using the ECL
system («Amersham», Sweden) and then exposed to
Agfa X-ray film.

Statistical analysis. Data are provided as means +
+ SEM. All experiments were repeated 3 times; in all
repetitions qualitatively similar data were obtained.

Results and discussion. Sodium-dependent phos-
phate transporter NaPi2b, which plays an essential role
in the maintenance of phosphate homeostasis in the
human body, was revealed as ovarian cancer marker
MX35 [13]. It has been shown that the radiolabelled
MX35 antibody recognizing NaPi2b has therapeutic

effect in patients with ovarian cancer and F(ab), frag-
ments of the MX35 antibody specifically localize in
micrometastatic loci within peritoneal cavity [16, 17].
Knowledge about the function of MX35 antigen pro-
vided the basis for the investigation of the MX35 an-
tibody impact on the phosphate transport function of
MX35/NaPi2b protein.

To investigate the function of NaPi2b as a trans-
porter of inorganic phosphate we applied a phosphate
uptake assay using HEK293 cells expressing the wild
type and mutant form of NaPi2b as well as HEK293
cells transfected with empty pcDNA3.1(+) plasmid as a
control. In the predicted topology of NaPi2b, both N-
and C-terminal tails face cytoplasm, exposing loops of
various length to the extracellular and intracellular
compartments including a large extracellular loop
(188-361 aa). Previously, we have shown that the epi-
tope recognized by MX35 antibody is located within
the predicted extracellular domain (311-340 aa) [13,
24]. Further studies have shown that the mutation
T330V in the large extracellular loop of NaPi2b trans-
porter is crucial for the recognition of NaPi2b by the
MX35 antibody [23]. Western blot analysis of lysates
of cell lines stably expressing the wild type and mutant
form (NaPi2b_T330V) of transporter clearly indicated
that mutant NaPi2b_T330V was not recognized by the
MX35 antibody whereas both wild type and mutant
form were recognized well by the EE-tag specific an-
tibody (Fig. 1).

We applied a phosphate uptake assay to investigate
the NaPi2b transport function in the cells expressing
wild type NaPi2b and in the control cell line. In time-
course study, the human NaPi2b-mediated P,uptake in-
creased linearly up to 30 min, thus 15 min uptake time
was used to evaluate phosphate uptake in further ex-
periments (data not shown).

At this uptake time we observed 2.5-fold increase
in P, uptake in the cells expressing wild type NaPi2b
(10.6 = 0.6 nmol/mg protein) in contrast to the cells
transfected with empty pcDNA3.1(+) plasmid (4.2 +
+ 0.4 nmol/mg protein) (Fig. 2). The cells expressing
the mutant form NaPi2b_T330V transported inorganic
phosphate with the same efficiency as the cells expres-
sing the wild type of NaPi2b (11.5 £ 0.7 nmol/mg
protein) (Fig. 2). The use of well-known inhibitor of
sodium-dependent phosphate transport phosphonofor-
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Fig. 3. The results of phosphate uptake assay on stable cell lines ex-
pressing wild type NaPi2b (a), mutant form NaPi2b_T330V (b) and
control cell line (c¢) without (/) and with (2) MX35 antibody at concen-
tration 50 pg/ml during 24 h

mic acid at 5 mM concentration in assay solution led to
the total abolishment of P, uptake in all the investigated
cell lines (Fig. 2).

To determine the effect of MX35 antibody on
NaPi2b-mediated transport we performed the phospha-
te uptake experiments for all mentioned cell lines after
incubation with the MX35 antibody at different con-
centrations (5, 10, 20, and 50 pg/ml) and different time
(6, 12, 24, 48, 96 h) (data not shown). We detected a
considerable inhibition of phosphate uptake in the cells
expressing wild type of NaPi2b incubated for 24h with
the MX35 antibody at concentration of 50 pg/ml. In
this case 1,8-fold decrease in sodium-dependent phos-
phate uptake was observed for the wild type NaPi2b
(incubation with antibody — 10.52 + 0.65 nmol/mg;
incubation without antibody — 5.6 £ 0.45 nmol/mg). At
the same time phosphate transport in the cell line trans-
fected with empty pcDNA3.1(+) plasmid remained
unchanged (incubation with antibody —4.5 £ 0.3 nmol/
mg protein; incubation without antibody — 4.2 +
+ 0.4 nmol/mg) (Fig. 3).

To confirm the specificity of this inhibition we
evaluated the effect of MX35 antibody on the cells ex-
pressing the mutant form NaPi2b_T330V, which is not
recognized by the MX35 antibody. No significant
changes were detected in the phosphate uptake mea-
surements in the cells expressing NaPi2b_T330V after
incubation with the MX35 antibody (11.5 + 0.7 nmol/
mg protein; 10 + 0.5 nmol/mg protein) (Fig. 3). Our
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data clearly demonstrate that the MX35 antibody spe-
cific to NaPi2b transporter significantly decreased so-
dium-dependent phosphate uptake in the cellular mo-
dels used in this study.

The mechanism of remarkable inhibition of so-
dium-dependent phosphate transport by the antibody
specific to extracellular domain of NaPi2b still remains
unknown. It should be further investigated whether the
incubation of the cells expressing NaPi2b with the
MX35 antibody may lead to down regulation of
NaPi2b protein decreasing the number of transporter
units on cell surface or the binding of MX35 antibody
can cause conformational changes in transporter struc-
ture affecting its function and vice versa it can prevent
conformational changes necessary for transporter func-
tioning.

Conclusions. Using cellular models expressing the
wild type and mutant NaPi2b_T330V transporter we
showed that the MX35 antibody directed against
NaPi2b significantly decreased phosphate uptake me-
diated by NaPi2b and, thus, can be considered as a spe-
cific inhibitor of NaPi2b transport function.
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B. C. I'puwrkosa, B. B. @inonenxo, P. I'. Kismosa

IuribyBanns QyHkuii HaTpiii-3anexxHoro TpaHcnoprepa ¢ocdaris

NaPi2b cnetudivaumu anrutinamu MX35

Pesrome

Hampiii-3anesicnuti mpancnopmep gpocgpamy NaPi2b 6epe yuacmo y
nepeHecenHi HeopeaniuHo2o gochamy ma niompumanui gpocphamuo-
20 2omeocmasy 6 opeawizmi aroounu. Hewooaeno NaPi2b onucano sk
mapkep paxy seunuxka MX35. Mownoknonanvui anmumina (MKAT)
npomu mpaucnopmepa NaPi2b, axi ompumanu nazey MX35, eusens-
10Mmy mepanesmuiny egpeKmueHicms npu AiKy8aHHI X6OPUX HA PAK
saeynuxa. Mema oanoi pobomu nonseana 8 momy, woo 3 ’acyeamu, yu
snaugac 36 ’a3ysanns MKAT MX35 3 NaPi2b na iiozo ¢pynkyiio mpanc-
nopmyeamu ioOHU Heopeaniynoeo gocoamy 8 KIimuHHUX MOOENsX.
Memoou. Knimunu ninii HEK293, wo cmabinvho excnpecyroms Ouxuil
mun NaPi2b ma mymaumuy ¢popmy NaPi2b T330V, sxa ue pos-
nisnaemuvcs anmuminamu MX35, inkyoyeanu 3 anmuminamu MX35,
NiCAsA 4020 AHANIZYEANU NOIUHAHHA KITMUHAMU PA0ioOaKMUHo Mive-
Ho2o ghocghamy. Pesynomamu. [licns inkyoayii 3 anmuminamu MX35
y konyenmpayii 50 mxe/Mn 8ioMiveHo 3Haune 3SMeHUeH s, ROTUHAHHS
Gdochamy knimunamu, sxi excnpecyromo Oouxuti mun NaPi2b. [{ns
KAimuH, wo excnpecyioms mymanmuy ¢opmy NaPi2b_T330V, 3a ana-
JO2TYHUX eKCNePUMEHMATbHUX YMO8 3HAYHUX 3MIH Y NOTUHAHHT (oc-
¢amy ne suseneno. Bucnoeku. Hawi oani céiouame npo 1,8-pazoge
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sHudicenHs NaPi2b-3anexcnozo mpancnopmy ¢hocghamy 6 pesynomami
inkybayii 3 MKAT MX35, saki moocyms ciyeyeamu cneyugpivHum inei-
b6imopom ¢hynxyii NaPi2b.

Kniouosi cnoea: NaPi2b, monoknonanvni anmumina MX35.

B. C. I'puwxosa, B. B. Qunonenxo, P. I'. Kuamosa

Murubuposanue GpyHKINHM HATPUIH-3aBUCUMOT0 TPAHCIIOPTEPa
tdocdaros NaPi2b cneunduueckumu anturenamu MX35

Pesrome

Hampuii-3asucumuiii mpancnopmep ocpama NaPi2b yuacmeyem 6
nepeHoce Heopaanuueckozo ghocghama u nodoepiicanuu Gocghamnozo
2comeocmasa 6 opeanusme uenogeka. Heoaeno NaPi2b onucan xax
mapkep paxa auyHuka MX35. Monoknonanvusie anmumena (MKAT)
npomug mpancnopmepa NaPi2b, nazeanuvie MX35, nposeiarom me-
panesmuueckyio dghpexmusnocme npu ieveHuu OOIbHLIX PAKOM AUY-
nuka. Llenv 0annoii pabomol cocmosina 8 8bIACHEHUU MO0, GlUAEN U
cesizvieanue MKAT MX35 ¢ NaPi2b na eco ¢pynxyuio mpanchopmupo-
8amb UOHBL HEOP2AHUYECKo20 ocpama 6 Kiemounvix mooensax. Me-
moowl. Knemxu nunuu HEK293, cmabunvho skcnpeccupyrowjue Ouxkui
mun NaPi2b u mymanmuyio ¢popmy NaPi2b_T330V, ne pacnosznasae-
myro aumumenamu MX35, unkyouposanu c anmumenamu MX35, nocne
Yyeeo aHAIU3UPOBANU NO2NOWjeHUe KIemKaMU PAOUOAKMUBHO MedeH-
noeo ¢pocpama. Pesynemamur. Ilocne unkybayuu ¢ anmumenamu
MX35 6 konyenmpayuu 50 mre/Mi ommeueHo 3HaAYUMeENIbHOE YMeHb-
wenue no2nowjerust pocghama Kiemrkamu, IKCAPeccupyroumuMu OUKUL
mun NaPi2b. [{ns kniemok, sKcnpeccupyiowux Mymaummuyio @opmy
mpancnopmepa NaPi2b T330V, ne 6visigneno cyujecmeenmvix usme-
Henull 8 no2noweHul pocama npu ananoUIHLIX IKCNEPUMEHMANb-
Holx yenosusx. Beteoow. Hawu pesynomamer ceudemenscmeyiom o
1,8-kpamnom cnusicenuu NaPi2b-3aeucumozo mpancnopma ¢gocga-
ma 6 pezynomame unkyoayuu ¢ MKAT MX35, komopuie mooicno pac-
cmampusame Kak cneyupuyeckutl uneubumop gynxkyuu NaPi2b.
Knrouesvie cnosa: NaPi2b, monoxnonanvuvie anmumena MX35.
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