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Effect of Parathyroid Hormone on Intestinal Mucosal Sodium 
Dependent Phosphorus Transporter

Wang Guo, Li-Yan Wang, Xue Han, Wen-Hu Liu

Introduction. Hyperphosphatemia is an important symptom of 
chronic kidney disease-mineral bone disorder (CKD-MBD). Various 
oral phosphate binders have been used, but have not been very 
effective, especially for severe secondary hyperparathyroidism 
(SHPT) in patients undergoing maintenance dialysis. Maintenance 
dialysis patients with severe SHPT can develop hypophosphatemia 
for several months after parathyroidectomy without elevated 
alkaline phosphatase. Based on these clinical phenomena, we 
hypothesized that high levels of parathyroid hormone (PTH) 
might inhibit intestinal phosphorus absorption which mediated 
by sodium-dependent phosphorus transporters. 
Methods. Forty BALB/c mice were divided into four groups. Mice 
in group 1 were given an intravenous injection of normal saline as 
the control group. Mice in groups 2, 3, and 4 were given PTH(1-
34) in doses of 40 μg/100 g, 200 μg/100 g, and 400 μg/100 g body 
weight intravenously, respectively. All mice were euthanized 8 
hours after the injection. The mRNA and protein expression of 
sodium-dependent phosphorus transporter NPT-2b and Pit-1 
on the membrane of the intestinal epithelial cells was detected 
by real-time polymerase chain reaction (PCR) and western blot 
analysis, respectively. 
Results. In group 4, intestinal epithelial NPT-2b and Pit-1 protein 
expression was significantly decreased, whereas in groups 2 and 
3, no significant changes were found. 
Conclusion. A high PTH level decreases the protein expression 
of NPT-2b and Pit-1 in the intestinal mucosa.
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INTRODUCTION
With the increased prevalence of chronic 

kidney disease (CKD), hyperphosphatemia has 
been found to play an important role in CKD 
mineral and bone disorders.1 It is generally 
recognized that as the glomerular filtration rate 
decreases, kidney phosphorus discharge ability 
is decreased. Moreover, when the amount of 
phosphorus uptake from the intestinal exceeds the 
amount of phosphorus excreted from the kidneys, 
hyperphosphatemia occurs. In patients with CKD 

5D stage, and especially in patients with severe 
SHPT undergoing dialysis, hyperphosphatemia 
is more severe and difficult to control. Even 
with various new oral phosphate-binding drugs, 
hyperphosphatemia in dialysis patients is still 
a worldwide clinical problem. Previous studies 
have revealed that in addition to obtaining 
phosphorus from bone metabolism, absorbing 
dietary phosphorus through the intestine can 
increase blood phosphorus also. Thus, current 
strategies for treating hyperphosphatemia in CKD 
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patients include dietary phosphorus restriction and 
oral phosphorus binders. But this treatment is not 
very effective, especially in patients with serious 
SHPT. On the other hand, clinical data show that 
parathyroidectomy in patients with serious SHPT 
may lead to a period of hypophosphatemia 3 to 
6 months after parathyroidectomy, which cannot 
be fully explained by hungry bone syndrome, 
because hypophosphatemia in these patients is not 
accompanied by an increase in alkaline phosphatase 
level.2 These conditions suggest that phosphorus 
absorption in the intestinal tract may be inhibited in 
patients with severe SHPT, and hyperphosphatemia 
in these patients is primarily caused by excessive 
release of phosphorus from the bone into the blood 
due to high PTH. After the parathyroidectomy, 
with the decrease of PTH level, although the 
release of phosphorus from bone tissue is reduced, 
the absorption of phosphorus in the intestinal 
tract is still at a low level, which leads to the 
postoperative phenomenon of hypophosphatemia. 
In the process of intestinal phosphorus absorption, 
more than 50% of phosphorus transport is carried 
out by sodium-dependent phosphorus transporters 
including NPT-2b and Pit-1.3 We hypothesized 
that in patients with severe SHPT, excessive PTH 
concentration inhibits the expression of intestinal 
NPT-2b and Pit-1, thereby decreasing the intestinal 
absorption of phosphorus in these patients. To 
test this hypothesis, we designed the current 
study to determine the effect of different doses of 
PTH on intestinal sodium-dependent phosphorus 
transporters in mice.

MATERIALS AND METHODS
Animals and Experimental Design

Eight-week old BALB/c male mice were obtained 
from the Academy of Military Medical Sciences 
(AMMS). The mice were housed in cages in a 
climate-controlled room with a 12-hour light/dark 
cycle at a temperature of 25°C. The mice were 
allowed free access to standard food and water. 
After 1 week of acclimation, the mice were randomly 
assigned to different groups with 10 mice in each 
group as follows: group 1 (control) received saline 
injections through the tail vein; group 2 received 
PTH(1-34) (MB10333, Dalian Meilun Biotechnology 
Co, LTD) of 40 μg / 100 g body weight injections; 
group 3 received PTH(1-34) of 200 μg / 100 g body 
weight injections; group 4 received PTH(1-34) of 

400 μg / 100 g body weight injections. The mice 
in all groups were euthanized under isoflurane 
anesthesia 8 hours after injections. The segment of 
the small intestine was removed and washed with 
0.9% saline, and the segment length was recorded. 
Five-centimeter-long segments of the duodenum 
(first 5 cm from the pylorus) and jejunum (5 cm 
from the ligament of Treitz or ileum (last 5 cm) were 
cannulated and flushed with warm 0.9% saline. 

Western Blotting
Polyclonal antibodies for NPT-2b were raised 

in rabbit against a 16 amino-acid-peptide near the 
center of the NPT-2b (Abcam Cambridge, UK). 
Mouse monoclonal antibody was raised against 
a synthetic peptide corresponding to amino acids 
30-146 of Pit1 (Abcam Cambridge, UK). Mouse 
monoclonal antibodies raised against synthetic 
peptide corresponding to the N-terminal of human 
β-actin (ACTB) conjugated to KLH were used 
as a loading control (TA-09, ZSGB-Bio, China). 
For western blot analysis, 30 μg protein samples 
were used. The electrophoresis conditions were 
as follows: concentrated gel constant pressure 
90 V, for approximately 20 minutes; the gel was 
separated at a constant pressure of 120 V, and the 
electrophoresis stopping time was determined by 
the prestained protein marker. The proteins were 
transferred to nitrocellulose membranes by semidry 
electrophoretic blotting for 60 minutes at a constant 
current of 1 mA / cm-2. Non-specific protein-binding 
sites were blocked with 5% SA-tris-buffered saline 
tween (TBST) for 1 hour at room temperature. 
The membranes were incubated with NPT-2b (1: 
1000), Pit1 (1: 50), and β-actin antibodies (1: 1000) 
for 16 hours at 4°C. The filters were then washed 
(3 × 10 min) with TBST and incubated with goat 
anti-rabbit immunoglobulin G (IgG), rabbit anti-
goat IgG, and goat anti-mouse IgG conjugated to 
horseradish peroxidase for 40 minutes at room 
temperature and finally washed again with TBST. 
Bound antibodies were detected by an enhanced 
chemiluminescence system and visualized and 
quantified using a Fluor-S MultiImager System. 
The ratio of NPT-2b to β-actin was established for 
each sample and expressed in arbitrary units (a.u.).

Real-Time Polymerase Chain Reaction (PCR)
Quantitative PCR was performed using ABI 

7500 (Applied Biosystems, USA). The reaction 
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mixture comprised 10 μL SYBR Master Mix 
(2x)  Universa l  and ROX Reference  Dye I I 
with specific primers. We determined mRNA 
levels using the following primers: NPT-2b 
[ACTGGCTCTCTGTGTTCGTG (forward) and 
TTATCAGTCGAGGGGACGGT (reverse)], Pit-1 
[GAGAAGGTGGGAGCAAACGA (forward) and 
TCAGCCATCCGCATGATCTC (reverse)], and 
β-actin [CCACCATGTACCCAGGCATT (forward) 
and CGGACTCATCGTACTCCTGC (reverse)]. The 
PCR reaction mixtures were pre-incubated at 95°C 
for 10 minutes, amplified at 95°C for 10 seconds, 
and 59°C for 60 seconds. Analyses of mRNA 
expression data were conducted using the 2-△△CT 
methods as described previously.

Statistical Analysis
Data were analyzed for statistical significance 

using unpaired two-tailed Student t tests and 
two-way ANOVA test. The data are presented 
as means ± standard error of the mean (SE). All 
analyses were performed using Graphpad software 
with P < .05 denoting statistical significance.

RESULTS
The first 5 cm of the small intestine was taken to 

represent the duodenum. The jejunum was taken 5 
cm distal from the ligament of Treitz, and the ileum 
represented the final 5 cm of the small intestine. 

We examine the protein levels of NPT-2b in the 
tissue isolated from the distinct regions of the small 
intestine by western blot analysis. The ratio of the 
protein to β-actin enabled to access the regional 

distribution of the two phosphate transporters. 
Although quantitative examination showed that 
NPT-2b was most expressed in the ileum and least 
expressed in the duodenum, the difference was not 
statistically significant (Figure 1-A). Quantification 
of NPT-2b mRNA expression in the intestine 
mucosa using real-time PCR demonstrated that the 
highest levels of NPT-2b mRNA were detected in 
the jejunum, followed by the ileum and duodenum 
(Figure 1-B). 

Mouse monoclonal antibody against a synthetic 
peptide corresponding to amino acids 30-146 of Pit-
1 was used to examine the protein abundance of 
Pit-1 in the tissue isolated from the three segments 
of the small intestine. Different from NPT-2b, Pit-
1 protein is most expressed in the jejunum and 
least expressed in the duodenum (Figure 2-A). 
In addition, Pit-1 mRNA expression levels were 
highest in the ileum, followed by the jejunum and 
duodenum (Figure 2-B). 

Effect of PTH on NPT-2b Expression
After injection PTH of 40 μg / 100 g body weight, 

there was no significant change in the NPT-2b protein 
and mRNA expression levels in duodenum, jejunum 
and ileum epithelial cells. After the administration 
of 200 μg / 100 g body weight PTH, NPT-2b protein 
expression in the duodenum was unchanged, but 
that in the jejunum and ileum was lower than that 
in the control group; P values were < .05 and < .01, 
respectively (Figure 3 and Figure 4-A). Although 
the expression of NPT-2b protein in the jejunum 
and ileum mucosal epithelial cells was significantly 

Figure 1. NPT-2b protein and mRNA expressed in different small intestine segments in mouse. (A) NPT-2b protein was found in mouse 
duodenum, jejunum, and ileum mucosa. There was no significant difference in protein abundance among the three segments of the 
small intestine. (B) NPT-2b mRNA was most expressed in the jejunum and least expressed in the duodenum (***P < .001, Unpaired two-
tailed Student t test).
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decreased after intravenous injection of 200 μg / 
100 g body weight PTH, there was no significant 
difference in NPT-2b mRNA expression in all three 
small intestine segments by quantitative detection 
of RT-PCR (Figure 4-B). After the administration of 
high-dose PTH (400 μg / 100 g body weight), NPT-
2b protein expression in the duodenal, jejunum, and 
ileum mucosal cells was significantly decreased, 
with P values of < .01, < .05, and < .01; respectively. 
In line with the protein expression measured by 
western blot, after intravenous injection PTH of 
400 μg / 100 g body weight, the NPT-2b mRNA in 
the three intestinal segments showed a significant 
decrease compared with that of the control group, 
with P values of < .001, < .05, and < .001; respectively 
(Figure 4-B).

Figure 2. Pit-1 protein and mRNA expressed in mouse duodenum, jejunum, and ileum. (A) Pit-1 protein expressed in the three 
segments of the small intestine in the mouse. The abundance of the protein is the highest in the jejunum, followed by the ileum. (B) Pit-1 
mRNA expression in ileum mucosa was significantly higher than that in the duodenum and ileum (*P < 0.05, **P < 0.01, ***P < .001; 
Unpaired two-tailed Student’s t test).

Figure 3. Western blot analysis of NPT-2b and Pit-1 protein 
in distinct regions of the mouse small intestine 8 hours after 
intravenous injection of different doses of PTH(1-34). (A) 
Detection of NPT-2b and Pit-1 protein in mouse duodenum. 
(B) Analysis of NPT-2b and Pit-1 protein in mouse jejunum. (C) 
Detection of NPT-2b and Pit-1 protein in mouse ileum. G1: group 
1 is the control group. G2: group 2 received 40 μg / 100 g body 
weight PTH. G3: group 3 received 200 μg / 100 g body weight 
PTH intravenous injection. G4: group 4 received 400 μg / 100 g 
body weight PTH intravenous injection.

Figure 4. Quantification of NPT-2b protein expression relative to β-actin and quantification RT-PCR of NPT-2b mRNA using the 2-△△CT 
method in distinct regions of the mouse small intestine 8 hours after intravenous injection of different doses of PTH(1-34). (A) In the 
three segments of the mouse small intestine, NPT-2b protein abundance was significantly decreased by intravenous injections of 400 
μg / 100 g body weight PTH, and also decreased in the jejunum and ileum after 200 μg / 100 g body weight PTH injection. (B) NPT-2b 
mRNA was downregulated in all three regions of mouse intestine only after 400 μg / 100 g body weight PTH injection compared with the 
control group (*P < .05, **P < .01, ***P < .001; Unpaired two-tailed Student’s t test).
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Effect of PTH on Pit-1 Expression
High-dose PTH (400 μg / 100 g body weight) 

significantly decreased the abundance of Pit-1 
protein in all regions of the mouse small intestine, 
similar to NPT-2b (Figure 3 and Figure 5-A). 40 
μg / 100 g body weight PTH could not affect the 
expression of Pit-1 mRNA; 200 μg / 100 g body 
weight PTH decreased the expression of Pit-1 
mRNA in the jejunum. The expression of Pit-1 
mRNA was decreased only in ileum mucosal 
cells after injection of 400 μg / 100 g body weight 
PTH. No significant changes were observed in the 
jejunum, but the expression of Pit-1 mRNA was 
up regulated in the duodenum (Figure 5-B).

DISCUSSION
Along the small intestine dietary phosphate is 

absorbed, on entering the circulation, phosphate 
in plasma is constantly exchanged with bones and 
soft tissues. Phosphate in plasma is filtered in the 
glomerulus freely and then reabsorbed along the 
renal tubule. Previous studies on the absorption 
of phosphate in the intestinal tract have focused 
on sodium-dependent transfer of phosphate across 
the intestinal mucosal cell brush border membrane 
(BBM). The mechanism of transcellular phosphorus 
transport is poorly understood.

Sodium-dependent phosphate cotransporters 
from the SLC34 and SLC20 families of solute carriers 
mediate the uptake of phosphate in the intestinal 
tract.4-6 NPT-2b/SLC34A2 and Pit-1/SLC20A1 are 
expressed in the intestinal epithelial cells and 
promoting intestinal absorption of phosphate. 

NPT-2b as the first molecule involved in the active 
transport of phosphate in the intestinal tract was 
identified in 1998, the sodium-dependent phosphate 
cotransporter encoded by the SLC34A2 gene.7 The 
gene in humans, mice, and rats contains 13 exons, 
with the initiator ATG in the first (rats) or second 
(humans and mice) exons and the terminator 
codon in exon 13. NPT-2b mediates a sodium-
dependent transport of phosphate with a substrate 
stoichiometry of 3 Na+: 1 HP4

2.8 Previous studies 
indicate that under normal dietary conditions, 
NPT-2b play a moderate role in overall intestinal 
phosphate absorption, but a major role of in the 
active intestinal transport of phosphate. Sabbagh 
et al. showed that approximately half of the total 
intestinal phosphate absorption may mediated 
by this transporter when maximally expressed.9 
As we know, administration of low levels of 
phosphate diets results in the increased expression 
of NPT-2b (and increased intestinal phosphate 
transport), but we do not know the requirement for 
transcriptional regulation clearly.10-5 On the other 
hand, 1,25(OH)2 vitamin D3 can increase protein 
abundance of NPT-2b in the intestinal tract and 
increase intestinal transport of phosphate by a 
mechanism that does not always clearly correlates 
with transcriptional activation(11,16-22). These effects 
on the expression of intestinal NPT-2b protein 
are all possible mechanisms by which the body 
regulates phosphorous homeostasis, but the effect of 
another important substance affecting phosphorous 
homeostasis, PTH, on intestinal NPT-2b has not 
been reported.

Figure 5. Quantification of Pit-1 protein expression relative to β-actin and quantification RT-PCR of Pit-1 mRNA using the 2-△△CT method 
in distinct regions of the mouse small intestine 8 hours after intravenous injection of different doses of PTH(1-34). (A) In the three 
segments of the mouse small intestine, Pit-1 protein abundance was significantly decreased by intravenously injected 400μg/100g body 
weight PTH, and also decreased in the jejunum only after 200 μg / 100 g body weight PTH injection. (B) Pit-1 mRNA was up regulated in 
the mouse duodenum and down regulated in the ileum after 400 μg / 100 g body weight PTH injection compared with the control group 
(*P < .05, **P < .01, ****P < .0001; Unpaired two-tailed Student’s t test).
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In the present study, NPT-2b protein and 
mRNA expression levels are different in different 
segments of the small intestine in mice. Similar 
to previous studies, 12,21 we find that NPT-2b 
protein and mRNA expression levels are highest 
in the ileum of mice. Our data demonstrate that 
NPT-2b protein and mRNA are also found in the 
duodenal mucosa of mice, which is inconsistent 
with previous research results. Data collected 
from several animal models show that the amount 
of phosphate entering the intestinal BBM via the 
sodium-dependent transporter decreases with age.23-

5 Mice aged 10 to 12 weeks were used in previous 
studies, whereas in our study we used 8-week-old 
mice; this difference may explain why NPT-2b is 
highly expressed in both duodenum and jejunum 
in the present data. In previous studies, PTH(1-34) 
injected intravenously (10 μg / 100 g body weight) 
was often used to simulate the effect of normal 
PTH concentration on target organs in mice or 
rats. 26,27 To simulate PTH levels in patients with 
severe SHPT that exceed the normal upper limit by 
30 to 40 times, we used PTH(1-34) doses of 40 μg 
/ 100 g, 200 μg / 100 g, and 400 μg / 100 g body 
weight as stimulus doses. Our data show that the 
conventional doses of PTH do not affect NPT-2b 
protein expression on the three segments of intestinal 
mucosa, but medium-dose PTH stimulation can 
decrease NPT-2b protein abundance in the jejunum 
and ileum mucosa. High-dose PTH stimulation can 
decrease the NPT-2b protein expression in all three 
segments of intestinal mucosa. At the same time 
RT-PCR test results show that high-dose PTH can 
downregulate NPT-2b mRNA expression in all the 
intestinal mucosa. These findings suggest that for 
severe hyperparathyroidism, excessive PTH may 
down regulate the expression of NPT-2b in the 
intestinal mucosa of mice through a transcriptional 
regulation mechanism. This effect may reduce 
the total amount of phosphorus absorbed from 
the intestines of the patients with SHPT, making 
them less effective at using intestinal phosphorus 
binders than patients without SHPT.

Pit-1 encoded by the SLC20A1 genes was first 
identified as retroviral receptors for the gibbon 
ape leukemia virus (Glvr-1),28 and its role as 
a high-affinity sodium-dependent phosphate 
cotransporter was soon reported.29 Pit-1 transports 
stoichiometry of 2 Na+ per monovalent phosphate.30 
Because of Pit-1 mRNA expressed ubiquitously,31 

it was initially thought that the transporter had 
a housekeeping role, mediating the constitutive 
import of phosphate from the interstitial fluid 
into cells. The distribution of Pit-1 in the intestinal 
mucosa plays a role in the absorption of intestinal 
phosphorus, similar to NPT-2b. 

Some recent research demonstrates that Pit-1 
is expressed in BBM purified from rat duodenum 
and jejunum, whereas no expression was observed 
in the ileum.14,15 Some unpublished data show 
Pit-1 mRNA is expressed in mice duodenum, 
jejunum, and ileum3. Our data suggested that 
Pit-1 protein and mRNA are expressed in the 
duodenum, jejunum, and ileum of mice, among 
which the abundance of Pit-1 protein and mRNA 
in the ileum was the highest and in the duodenum 
was the lowest. 

For the stimulation of different doses of PTH, the 
changes in Pit-1 protein abundance in the intestinal 
mucosa were similar to those of NPT-2b. There was 
no change in the Pit-1 protein abundance of the 
intestinal mucosa for low-dose PTH. Pit-1 protein 
expression in the jejunum and ileum was down 
regulated by intravenous injection of high-dose PTH. 
Interestingly, with high doses of PTH stimulation, 
only the Pit-1 mRNA expression in ileum mucosa 
decreased; the mRNA expression in the jejunum 
did not change, but the Pit-1 mRNA expression 
in the duodenum increased. These data suggest 
that high concentrations of PTH also decrease the 
expression of Pit-1 protein in the small intestine, 
but may not be regulated by the transcriptional 
mechanism. 

CONCLUSION
In summary, the data of the present study show 

that high concentrations of PTH can down regulate 
the expression of NPT-2b and Pit-1 proteins in 
the small intestine mucosa of mice. The change 
in NPT-2b protein expression is mediated by the 
transcriptional mechanism, whereas the change 
in Pit-1 protein abundance is not achieved by the 
transcriptional mechanism. These findings suggest 
that in patients with severe SHPT, proteins that 
mediate phosphorous absorption are decreased 
in the intestine, which may impair the efficacy of 
oral phosphorous binding agents in these patients.
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