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Phosphate reabsorption in the kidney: NaPi-llb or not llb
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Phosphate is an essential component of nucleic acids, cell
membranes and bones, and is important for enzymatic inter-
actions, synthesis of ATP and other signalling and metabolic
pathways. The level of inorganic phosphate (Pi) in serum is
tightly regulated involving intestinal uptake of dietary P1, stor-
age in bone and excretion of excess Pi in the kidney. Even
slight disruptions in the balance of serum Pi can lead to major
disorders ranging from cardiovascular and kidney disease if
serum phosphate is too high to bone demineralisation if serum
Pi is too low [5]. Two protein families of Na-dependent Pi
transporters, SLC34A1, SLC34A2 and SLC34A3 (NaPi-lla,
NaPi-1Ib, NaPi-Ilc) as well as SLC20A1 and SLC20A2 (Pit-1
and Pit-2) are central to maintaining Pi homeostasis [2]. Since
the molecular identification of these transporters, SLC34A1
and SLC34A3 have emerged as the ‘renal’ isoforms,
SLC34A2 as the ‘intestinal” isoform and SLC20A1/2 as wide-
ly expressed ‘housekeeping’ transporters [2].

The main mechanism of regulating serum Pi is via modi-
fying the reuptake of Pi in the proximal tubule of kidneys.
SLC34A1 (NaPi-lla) is the main transporter involved in Pi
reuptake, SLC34A3 (NaPi-llc) plays an essential role during
growth whereas SLC20A2 (PiT-2) contributes to a lesser ex-
tent [7]. Pi reabsorption in the distal parts of the renal tubule,
‘fine-tuning Pi excretion in the urine’ has long been
established, though the molecular mediators of distal Pi up-
take have not been identified [1]. The findings from Carsten
Wagner’s lab published in this issue demonstrating the expres-
sion of SLC34A2 in distal parts of the renal tubule appear to
close this knowledge gap (Fig. 1).

In their comprehensive study, Sarah E. Motta and
Pedro Henrique Imenez Silva et al. compare the
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expression of sodium phosphate transporters in kidneys
of humans, mice and rats. Not surprisingly, they find that
the most abundant transporter in all three species was
SLC34A1. SLC34A1 and SLC34A3 were expressed in
overlapping areas in the proximal tubule, whereas
SLC34A2 appears to co-localize with uromodulin in the
thick ascending loop of Henle and does not overlap with
the expression of SLC34A1 or SLC34A3.

Motta and Silva et al. also demonstrate that mice fed a high
Pi diet did not appear to have altered Pi transporter mRNA
levels compared with those fed a low Pi diet. They suggest
that adaptive changes in response to dietary Pi may occur at
the protein level, rather than at a transcriptional level in agree-
ment with previous reports [6]. Moreover, mice lacking
Slc34a2 and Slc34a3 did not show compensatory mRNA up-
regulation of other Pi transporters.

Finally, when kidney damage was induced in mice by ad-
ministering a high oxalate diet, a common murine model for
chronic kidney disease [3, 4], Motta and Silva et al. show that
whilst Slc34al and Slc34a3 are downregulated, these mice
upregulate Slc34a2. This finding may have interesting impli-
cations in managing hyperphosphataemia in patients with
chronic kidney disease. A first step will be to assess whether
patients with kidney disease show an upregulation in
SLC34A2. Moreover, it will be interesting to see how drugs
that increase urinary Pi excretion and primarily act in the distal
tubule such as diuretics affect intracellular location or trans-
port functions of SLC34A2.

To conclude, these findings are an important contribution
to the overall knowledge of Pi homeostasis, particularly with
regard to the expression of SLC34A2 in the kidney and the
comparative mapping of the different Pi transporters. It would
be commendable to expand similar studies to include groups
of various ages throughout the entire lifespan to monitor
growth-related expression changes. Such information is cru-
cial to evaluate the complex phenotypes presented in patients
with mutated Pi transporters and to understand how our body
strikes the fine balance between too little Pi at young age and
too much Pi during adulthood.
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Fig. 1 Pi reabsorption in the a
kidney of humans, rats and mice.

a Data adapted from Motta and

Silva et al. illustrates that

SLC34A1 is by far the most

abundant sodium phosphate

transporter in the kidneys of all

three species examined. In mice

with oxalate-induced kidney

damage, the proportion of

Humans

Rats Mice (Control) Mice (Oxalate)

Slc34a2 increases considerably. b BSLC34A1 1 SLC34A2 1uSLC34A3 ® SLC20A1 mSLC20A2
SLC34A1, SLC34A3 and

SLC20A2 are expressed in cells

in the proximal tubule (PCT), b

whereas SLC34A2 co-localizes

with uromodulin in cells of the Proximal
thick ascending loop of Henle convoluted

(TAL) tubule, PCT

SLC34A1

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Amiel C, Kuntziger H, Richet G (1970) Micropuncture study of
handling of phosphate by proximal and distal nephron in normal
and parathyroidectomized rat. Evidence for distal reabsorption.
Pflugers Arch 317:93-109

@ Springer

Thick Collecting
ascending duct, CD
limb, TAL
SLC34A3
SLC20A2 Uromodulin
b g
SLC34A2

Loop of Henle, LoH

2. Biber J, Hernando N, Forster I (2013) Phosphate transporters and
their function. Annu Rev Physiol 75:535-550

3. KnaufF, Asplin JR, Granja I, Schmidt IM, Moeckel GW, David RJ,
Flavell RA, Aronson PS (2013) NALP3-mediated inflammation is a
principal cause of progressive renal failure in oxalate nephropathy.
Kidney Int 84:895-901

4. Mulay SR, Kulkarni OP, Rupanagudi KV, Migliorini A, Darisipudi
MN, Vilaysane A, Muruve D, Shi Y, Munro F, Liapis H, Anders HJ
(2013) Calcium oxalate crystals induce renal inflammation by
NLRP3-mediated IL-1beta secretion. J Clin Invest 123:236-246

5. Prie D, Friedlander G (2010) Genetic disorders of renal phosphate
transport. N Engl J Med 362:2399-2409

6. Ritthaler T, Tracbert M, Lotscher M, Biber J, Murer H, Kaissling B
(1999) Effects of phosphate intake on distribution of type II Na/Pi
cotransporter mRNA in rat kidney. Kidney Int 55:976-983

7. Sabbagh'Y, Giral H, Caldas Y, Levi M, Schiavi SC (2011) Intestinal
phosphate transport. Adv Chronic Kidney Dis 18:85-90

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/

	Phosphate reabsorption in the kidney: NaPi-IIb or not IIb
	References




