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Abstract
Hyperphosphatemia associated with chronic kidney disease (CKD) not only dysregulates 
mineral metabolism and bone diseases, but also strongly contributes to the progres-
sion of kidney disease itself. We have identified a novel drug for hyperphosphatemia, 
EOS789, that interacts with several sodium- dependent phosphate transporters (NaPi- 
IIb, PiT- 1, and PiT- 2) known to contribute to intestinal phosphate absorption. In this 
study, we investigated whether EOS789 could ameliorate kidney disease progression 
in	glomerulonephritis	rats.	Anti-	glomerular	basement	membrane	(GBM)	nephritis	was	
induced	in	rats	by	intravenously	administering	two	types	of	anti-	rat	GBM	antibodies.	
We evaluated the effect of EOS789 administered in food admixture on hyperphos-
phatemia	and	kidney	disease	progression.	In	an	anti-	GBM	nephritis	rats,	which	exhibit	
a significant increase in serum phosphate and a decline in renal function, EOS789 dose- 
dependently improved hyperphosphatemia and EOS789 at 0.3% food admixture sig-
nificantly ameliorated kidney dysfunction as shown in the decline of serum creatinine 
and BUN. Renal histopathology analysis showed that EOS789 significantly decreased 
crescent formation in glomeruli. To elucidate the mechanism underlying glomerular dis-
ease progression, human mesangial cells were used. High phosphate concentration in 
media significantly increased the expression of Collagen 1A1, 3A1, and αSMA	mRNA	
in human mesangial cells and EOS789 dose- dependently suppressed these fibrotic 
markers. These results indicate that EOS789 prevented glomerular crescent forma-
tion caused by mesangial fibrosis by ameliorating hyperphosphatemia. In conclusion, 
EOS789 would not only be useful against hyperphosphatemia but may also have the 
potential to relieve mesangial proliferative glomerulonephritis with crescent formation.
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1  |  INTRODUC TION

Hyperphosphatemia is commonly induced by impaired urinary phos-
phate excretion in chronic kidney disease (CKD).1 It causes aber-
rant bone metabolism and has been consistently associated with 
increased morbidity and mortality.2– 5 Although blood phosphate 
is mainly regulated by renal excretion in healthy kidneys, intestinal 
phosphate absorption largely contributes to this regulation in kidney 
failure. Phosphate binders have been used to ameliorate cardiovas-
cular calcification for hyperphosphatemia, secondary hyperparath-
yroidism, and other conditions.6– 10 In several rodent CKD models, 
phosphate binders or phosphate restriction in food are reported to 
improve not only hyperphosphatemia but also the progression of 
kidney disease itself.11– 15 A high concentration of phosphate is re-
ported to increase intra- glomerular pressure and induce endothelial 
mesenchymal transition or extracellular matrix accumulation in me-
sangial cells.16,17 This indicates that hyperphosphatemia is one of the 
main contributors to kidney disease progression and that the amelio-
ration of hyperphosphatemia could suppress.

EOS789, a pan- phosphate transport inhibitor, is now being de-
veloped for hyperphosphatemia associated with kidney failure. 
EOS789 inhibits intestinal phosphate transporters, i.e. Slc34a2 
(NaPi- IIb), 20a1 (PiT- 1), and 20a2 (PiT- 2), and ameliorates hyperphos-
phatemia in humans and rats with chronic kidney disease (CKD).18,19 
EOS789 not only reduced serum phosphate concentration but also 
ameliorated disease progression in a rodent CKD model induced 
by the injection of anti- Thy1.1 antibody, followed by unilateral ne-
phrectomy.18 This model mainly exhibits severe tubulo- interstitial 
fibrosis. Thus, although EOS789 ameliorates both tubular- interstitial 
fibrosis and glomerular sclerosis in this model, the precise effects 
of EOS789 on glomerular disease itself remains unknown. Anti- 
glomerular basement membrane antibody- induced nephritis rats 
(anti-	GBM	 rats)	 have	 been	 widely	 used	 as	 a	 glomerulonephritis	
model. It primarily exhibits severe glomerular sclerosis and crescent 
formation.20 We established this model by injecting two types of 
anti-	GBM	antibody,	 that	 induced	histopathological	changes	similar	
to those reported previously.

In this study, we evaluated the effect of EOS789 on glomerular 
disease	using	anti-	GBM	rats	and	in	vitro	mesangial	cells.

2  |  MATERIAL S AND METHOD

2.1  |  Chemicals

2.1.1  |  EOS789

[7- [[2,3- difluoro- 4- [2- [2- methoxyethyl(methyl)amino]ethoxy]phe-
nyl]methyl]- 10- hydroxy- 6- methyl- 8- oxo- N- [4- (trifluoromethyl)- 

2- [6- (trifluoromethyl)pyrimidin- 4- yl]phenyl]- 6,7- diazaspiro[4.5]
dec- 9- ene- 9- carboxamide;4- methylbenzenesulfonic acid; Figure 1] 
was synthesized by Chugai Pharmaceutical Co., Ltd. Details of the 
synthesis are described in WO2014142273 (Example 14).21

2.2  |  Animal experiments

Male	Wistar	rats	were	purchased	from	the	Jackson	Laboratories	
Japan, Inc. (Tokyo, Japan). Animal procedures and protocols 
were in accordance with the Guidelines for the Care and Use of 
Laboratory Animals at Chugai Pharmaceutical Co. Ltd. and ap-
proved by the Institutional Animal Care and Use Committee 
(Approved	No.	20–	155).	The	anti-	GBM	 rats	were	established	by	
intravenously	 administrating	 two	 types	 of	 anti-	GBM	 antibodies	
(Nephrotogenic	 Monoclonal	 Antibody	 a84	 and	 b35,	 Chondrex	
Inc., Woodinville, WA) at 300 μg/head to 7- week old Wistar rats. 
Immediately before disease induction rats were allocated to nor-
mal control (n = 6), disease control, or EOS789 treatment groups 

K E Y W O R D S
anti-	GBM	nephritis	rats,	crescent,	EOS789,	hyperphosphatemia

Significance Statement

EOS789, which is currently being evaluated in clinical stud-
ies for the treatment of hyperphosphatemia (ClinicalTrials.
gov number NCT02965053, JAPIC ID JapicCTI- 152992), 
could ameliorate not only hyperphosphatemia but also 
kidney	 disease	 progression	 in	 anti-	GBM	 nephritis	 rats.	
EOS789 inhibits phosphate uptake in mesangial cells, 
which prevents the crescent formation in glomerulone-
phritis. EOS789 could provide a significant benefit to pa-
tients with mesangial proliferation glomerulonephritis.

F I G U R E  1 Chemical	structure	of	EOS789	(tosylate	form)

https://www.guidetopharmacology.org/GRAC/FamilyDisplayForward?familyId%3D221&objId%3D1136#1136
https://www.guidetopharmacology.org/GRAC/FamilyDisplayForward?familyId%3D195&objId%3D1017#1017
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(n = 11, respectively) based on body weight, serum phosphate, 
creatinine, or urinary phosphate excretion. Rats were fed on pow-
dered food (CE- 2; Ca 1.18%, P 1.10%; CLEA Japan, Inc., Shizuoka, 
Japan) containing EOS789 0%, 0.15%, or 0.3% ad libitum. Animals 
were treated with EOS789 immediately after disease induction to 
show the preventive effects of EOS789 in kidney failure. The daily 
doses of EOS789 were around 100 and 200 mg/kg, respectively, 
which were much less than phosphate binders used in preclinical 
studies.22,23 Five weeks after the treatment they were subjected 
to analysis. Blood, urine, feces samples, and tissue were collected 
5 weeks after disease induction. Blood, urine, feces, and tissue 
samples were collected as described below.

Blood samples were collected from the abdominal portion of 
the vena cava under isoflurane anesthesia, transferred into the 
MiniCollect	tubes	and	centrifuged	(1630	g,	15	min,	4°C)	to	prepare	
serum samples. Urine samples were diluted with an equal amount 
of 1 mol/L HCl and centrifuged to collect the supernatant (1630 g, 
15	min,	4°C).	Urinary	excretion	of	Pi,	albumin,	and	sodium	were	cal-
culated as fractional excretion to minimize the effect of GFR increase. 
Feces samples were suspended in 0.5 mol/L hydrochloric acid (HCl) 
and	 centrifuged	 to	 collect	 the	 supernatant	 (1630	 g,	 15	min,	 4°C).	
The animals were euthanized by exsanguination under isoflurane 
and kidney tissue were collected. The collected kidney tissues were 
dissected for pathology (formalin- fixed and methylcarnoy- fixed) and 
mRNA expression analysis (for mRNA, only the cortex region was 
collected and frozen by liquid nitrogen).

2.3  |  Biochemical analyses

Phosphate, calcium, creatinine, urea nitrogen (BUN), albumin, and 
electrolytes in serum, urine, or feces were measured by an auto-
matic analyzer (TBA- 2000FR, TOSHIBA Co., Tokyo, Japan). Serum 
calcitriol (1,25(OH)2D3 RIA Kit FR, Fujirebio, Inc., Tokyo, Japan), in-
tact parathyroid hormone (PTH) (Immutopics Rat Intact PTH ELISA 
kit, Quidel Corporation, San Diego, CA), FGF23 (FGF- 23 ELISA Kit, 
KAINOS Laboratories, Inc., Tokyo, Japan), and Glycerol- 3- phosphate 
(G3P) (Amplite™ Colorimetric G3P Assay Kit, AAT Bioquest, Inc., 
Sunnyvale, CA) were measured according to the manufacturer’s 
instructions.

2.4  |  Pathological analysis

Kidney tissues were fixed with 10% neutral buffered formalin so-
lution	 (for	 hamatoxyline-	eosin	 (HE)	 staining)	 or	 Methyl	 Carnoy’s	
fixative (for periodic acid- Schiff (PAS) staining) and then embedded 
in paraffin. The paraffin blocks were cut into 4 μm thick sections 
and stained for HE or PAS. Crescent formation was evaluated by 
counting glomeruli in half the total area of kidney from each rat on 
PAS- stained sections. Interstitial fibrosis was graded for each rat on 
HE- stained sections; score 0 represents no lesion, score 1 repre-
sents lesions involving the focal area.

2.5  |  Gene expression analysis

Kidney total RNA samples were extracted from frozen kidney cor-
tex	 samples	 using	 an	 RNaesy	 Mini	 kit	 (QIAGEN).	 cDNA	 samples	
were synthesized from RNA samples using a reverse transcription 
kit (Roche Applied Science). Gene expression levels were meas-
ured	by	 real-	time	PCR,	using	TaqMan	probe/primers	sets	 (Applied	
Biosystems) for each gene.

2.6  |  Cells

Primary human mesangial cells were purchased from Cambrex Co. 
(Walkersville,	MD).	Cells	were	first	immortalized	by	the	transduction	
of lentivirus encoding simian virus 40 T antigen, which possessed 
the temperature sensitive tsA58 mutation.24 The immunized clone 
was re- infected with lentivirus encoding human telomerase reverse 
transcriptase.	One	clone	#130hT-	9	(hMes	130hT-	9)	which	was	char-
acterized as having the profile of a mesangial cell, for example, in-
duction of α- smooth muscle actin (αSMA),	 collagen	1A1	 (Col1A1),	
and serpine (PAI- 1) by TGFβ, was selected and used for this study.25

Reverse- transcribed PCR was conducted to reveal the expres-
sion	 of	 NaPi-	IIa,	 -	b,	 -	c,	 PiT-	1,	 and	 PiT-	2	 mRNA	 in	 hMes	 130hT-	9.	
cDNA samples were synthesized as described in the above section. 
These single- stranded DNA fragments were amplified with primer 
sets specific for each gene, as shown in Table S1.

Procedures using human mesangial cells were in accordance 
with the Declaration of Helsinki guidelines and approved by the 
Institutional Review Board of Chugai Pharmaceutical Co. Ltd. (ap-
proval number: 682).

2.7  |  In vitro experimental design

hMes	130hT-	9	cells	were	seeded	onto	a	24-	well	plate	and	were	cul-
tured overnight. After reaching subconfluence, cells were cultured 
in serum- restricted medium (0.5% FBS) containing high phosphate 
(5	mM)	with	or	without	EOS789	for	24	h.	Total	RNA	was	extracted	
from the cell lysate and each gene was measured as described in the 
above section.

2.8  |  Statistical analysis

Statistical	analysis	was	performed	using	JMP	15.0.0	 (SAS	 Institute	
Inc., Cary, NC). For the in vivo and in vitro studies, the Welch test or 
parametric Williams test were conducted.

2.9  |  Nomenclature of Targets and Ligands

Key protein targets and ligands in this article are hyperlinked 
to corresponding entries in http://www.guide topha rmaco logy.

http://www.guidetopharmacology.org
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org, the common portal for data from the IUPHAR/BPS Guide to 
PHARMACOLOGY,26 and are permanently archived in the Concise 
Guide	to	PHARMACOLOGY	2019/20	(Alexander	et	al.,	2019).

3  |  RESULTS

3.1  |  Effect of EOS789 on anti- GBM rats

3.1.1  |  Phosphate	metabolism

Serum Pi was significantly increased in disease rats and EOS789 
treatment significantly and dose- dependently suppressed this 
increase (Figure 2A). Parallel to serum, EOS789 at 0.3% food ad-
mixture significantly increased fecal Pi excretion (68.4 ± 7.8 mg/
day for disease control and 89.1 ± 4.5 mg/day for EOS789 at 0.3% 
food admixture, p < .05) and decreased fractional urinary Pi excre-
tion compared with disease control (41.7 ± 5.0% for disease con-
trol and 18.5 ± 1.9% for EOS789 at 0.3% food admixture, p < .05) 
(Figure 2B,C). There was no change in serum calcium (data not 
shown). In addition, increase in serum FGF23 in diseased rats was 
significantly suppressed by EOS789 (Figure 2D). On the other hand, 
PTH was apparently increased by disease induction but not sup-
pressed by EOS789 (Figure 2E). Serum calcitriol was severely sup-
pressed in the disease condition but was significantly improved by 
EOS789 (Figure 2F). These results indicate that EOS789 inhibited 
intestinal Pi absorption via NaPi- IIb, PiT- 1 and/or PiT- 2, leading to 
the amelioration of hyperphosphatemia and its related phosphate 
metabolism	in	anti-	GBM	rats.

3.2  |  Kidney function and histopathology

Anti-	GBM	 rats	 showed	 a	 significant	 increase	 of	 serum	 creati-
nine, BUN, and urinary fractional excretion of albumin. EOS789 
at 0.3% food admixture significantly decreased serum creatinine 
(1.97 ± 0.32 mg/dL for disease control and 1.31 ± 0.17 mg/dL for 
EOS789 at 0.3% food admixture, p < .05) and appeared to decrease 
BUN (124 ± 26 mg/dL for disease control and 77 ± 9 mg/dL for 
EOS789 at 0.3% food admixture) at 5 weeks after disease induction 
(Figure 3A,B), although this was non- significant. Urinary fractional 
excretion of albumin was also significantly reduced by EOS789 
treatment (0.07 ± 0.01% for disease control and 0.04 ± 0.01% for 
EOS789 at 0.3% food admixture, p < .05) (Figure 3C). In addition, 
EOS789 at 0.3% food admixture significantly decreased serum so-
dium (141.7 ± 0.4 mEq/L for disease control and 140.5 ± 0.4 mEq/L 
for EOS789 at 0.3% food admixture, p < .05) and urinary fractional 
excretion of sodium (1.84 ± 0.21% disease control and 1.15 ± 0.19% 
for EOS789 at 0.3% food admixture, p < .05) (Figure 3D).

Figure	 4	 shows	 the	 histopathology	 of	 kidney.	 Anti-	GBM	 rats	
showed a significant increase of crescent formation and mild 
tubule- interstitial fibrosis. Although EOS789 did not improve the 
tubule- interstitial fibrosis (Figure 4E- H), it significantly decreased 

the glomerular crescent formation (78.3 ± 4.4% of crescent in total 
glomeruli for disease control and 66.1 ± 3.3% for EOS789 at 0.3% 
food admixture, p < .05) (Figures 4A- D, 5). There was a strong pos-
itive correlation between crescent formation and serum creatinine 
in	the	anti-	GBM	rats	(Figure	6),	which	indicates	that	EOS789	ame-
liorated the glomerular crescent formation, leading to the improve-
ment of kidney function.

In addition, body weight was significantly increased in the 
EOS789 treatment group, which confirmed the improvement of the 
general condition with regards to uremia (Figure S1).

3.3  |  FGF23 related factors in serum or kidney

G3P is reported to stimulate FGF23 production in bone.27 Serum 
G3P was significantly increased by disease induction and this in-
crease tended to be suppressed by EOS789 (Figure S2).

FGF23 is reported to be synthesized not only in bone but 
also in kidney.28 Its synthesis is induced by tumor necrosis factor 
(TNF). Renal mRNA of FGF23, TNFα, and Nurr1 which is down 
stream of TNF29,30 were significantly increased in diseased rats. 
EOS789 could not suppress the induction of these molecules 
(Table S2).

These results indicate that the increase of serum FGF23 was 
caused not only by hyperphosphatemia but also by renal G3P syn-
thesis	or	renal	inflammation	in	the	anti-	GBM	rats,	and	that	EOS789	
would also inhibit G3P- mediated FGF23 production.

3.4  |  In vitro analysis using human mesangial cells

hMES	 130hT	 expressed	 PiT-	1	 and	 PiT-	2	 mRNA	 but	 not	 Slc34a	
(NaPi- IIa, b, or c) mRNA (Figure 7). The high phosphate condition in-
creased fibrotic markers, that is, mRNA expression of collagen 1A1, 
3A1, or αSMA,	which	were	dose-	dependently	inhibited	by	EOS789	
(Figure 8).

4  |  DISCUSSION

In the present study, we demonstrated that EOS789 ameliorated 
not	 only	 hyperphosphatemia	 but	 also	 kidney	 injury	 in	 anti-	GBM	
rats. EOS789 significantly increased fecal Pi excretion, which leads 
to the decrease of serum Pi concentration and urinary Pi excretion. 
These results indicate that EOS789 inhibited intestinal Pi absorption 
by inhibiting intestinal phosphate transporters, that is, NaPi- IIb, PiT- 
1,	and/or	PiT-	2,	in	anti-	GBM	rats.	In	addition,	EOS789	significantly	
reduced the serum creatinine and urinary fractional excretion of al-
bumin compared with the diseased control rats. Histopathological 
analysis showed that EOS789 significantly reduced crescent forma-
tion without ameliorating tubule- interstitial injury. These results 
indicate that EOS789 improved kidney function by directly amelio-
rating	glomerular	disease	in	anti-	GBM	rats.

http://www.guidetopharmacology.org
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Mesangial	cells	are	reported	to	accumulate	in	the	extracellular	
matrix in hyperphosphatemia, which causes glomerular sclerosis.16 
Therefore, we evaluated the effects of EOS789 using the primary 
human	mesangial	cell	 line,	hMes130hT.	The	high	phosphate	con-
dition	 significantly	 increased	 the	 fibrotic	markers	 in	hMes130hT	

cells as was previously reported in immortalized human mesangial 
cells.	 Because	 they	 express	 PiT-	1	 and	 PiT-	2,	 hMes130hT	 cells	
actively uptake phosphate in medium. EOS789 significantly sup-
pressed the phosphate- mediated activation of the mesangial cells 
in a dose- dependent manner. EOS789, by inhibiting the active 

F I G U R E  2 Effects	of	EOS789	on	(A)	serum	Pi	concentration,	(B)	fecal	Pi	excretion,	(C)	urinary	fractional	excretion	of	Pi,	(D)	serum	
FGF23 concentration, (E) serum intact PTH concentration, and (F) serum calcitriol concentration at the end of the study. Actual values are 
represented as dots, and columns represent means. NC, normal control; DC, disease control. #p < .05 significant difference between NC and 
DC (Welch test), *p < .05, significant difference from DC (parametric Williams test).
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phosphate uptake via PiT- 1/2, suppressed the fibrotic change in 
hMes130hT	cells.	As	EOS789	has	the	property	of	low	absorption,	
the blood concentration of EOS789 was only 0.87 ± 0.08 µmol/L 
at	0.3%	food	admixture	in	the	anti-	GBM	rats.	Considering	the	pro-
tein binding of EOS789, this concentration might not be enough 
to inhibit PiT1/2.18 Further experiments are needed to determine 
if EOS789 directly inhibit phosphate absorption in mesangial cells 
in vivo. Although the link between crescent formation and me-
sangial cell activation is not fully understood, they are correlated 
in human IgA nephropathy patients.31 In addition, mesangial cell- 
specific deletion of connective tissue growth factor (CTGF) sup-
presses	 crescent	 formation	 in	 anti-	GBM	mice.32 Taken together, 
this indicates that the inhibition of mesangial cells ameliorates 
crescent formation. EOS789 would inhibit the mesangial cell ac-
tivation primarily by improving hyperphosphatemia, and addition-
ally by inhibiting phosphate uptake in mesangial cells, leading to 
the amelioration of crescent formation.

Unexpectedly, EOS789 significantly reduced serum sodium and 
the urinary fractional excretion of sodium, indicating that EOS789 
inhibited intestinal absorption of not only phosphate but also so-
dium. The Slc34a and Slc20a transporters inhibited by EOS789 are 
sodium- driven transporters. Therefore, EOS789 would also inhibit 
sodium absorption in small intestine. In fact, fecal sodium excretion 
was significantly increased by EOS789 0.3% food admixture com-
pared with diseased control (0.71 ± 0.04 vs. 0.31 ± 0.07 mmol/day, 
p < .05). High sodium is thought to contribute to the progression 
of kidney disease,33,34 therefore the restriction of intestinal sodium 
uptake by EOS789 would partly ameliorate kidney disease.

EOS789 dramatically reduced FGF23 by improving hyperphos-
phatemia. Interestingly, EOS789 significantly reduced serum PTH, 
but this effect is less obvious compared to other nephropathy models 
that suppressed serum FGF23.18 Phosphate binders decrease both 
FGF23 and PTH to the same extent in CKD- induced hyperphospha-
temia rats.14,35,36 The difference may be due to the concentration of 
free phosphate in the intestinal lumen. Phosphate binders decrease 
the free phosphate, whereas EOS789, an inhibitor of phosphate 
transporters, increases the free phosphate. Berndt et al. reported 
that intestinal phosphate is a modulator of phosphate metabolism 
in rats.37 Although acute increase of intestinal phosphate does not 
influence serum PTH in their report, chronic change in intestinal 
phosphate might influence phosphate metabolism including PTH 
secretion. In addition, free phosphate would bind calcium and might 
decrease calcium absorption. The precise mechanism of the differ-
ence between EOS789 and phosphate binders remains unknown 
and should be clarified.

Serum FGF23 is mainly regulated by serum phosphate; however, G3P 
has been recently reported to stimulate FGF23 production in bone.27 
Renal G3P is upregulated in ischemic- reperfusion injury mice and AKI 
patients	after	cardiac	surgery.	In	the	anti-	GBM	rats,	we	also	found	the	
significant increase of serum G3P. In this model ischemia would occur 
in glomeruli and/or tubules and would enhance the G3P synthesis. 
EOS789 might decrease the serum G3P by the amelioration of glo-
merular disease, which would partly contribute to a decrease in serum 

F I G U R E  3 Effects	of	EOS789	on	(A)	serum	creatinine	
concentration, (B) serum BUN concentration, (C) % of fractional 
excretion of albumin, and (D) % of fractional excretion of sodium 
at the end of the study. Actual values are represented as dots, and 
columns represent means. NC, normal control; DC, disease control. 
#p < .05 significant difference between NC and DC (Welch test), 
*p < .05, significant difference from DC (parametric Williams test).
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FGF23. Apart from G3P, Egli- Spichtig et al reported that inflammation 
induces ectopic renal FGF23 expression in a mouse CKD model.28 They 
suggested that TNFα may regulate renal FGF23 expression through 

NFκB- stimulating orphan nuclear receptor Nurr1 expression. In our re-
port, we also observed the increase of FGF23, TNFα, and Nurr1 mRNA in 
the	anti-	GBM	rats;	however,	EOS789	treatment	did	not	decrease	these	

F I G U R E  4 Effects	of	EOS789	on	renal	crescent	formation	and	tubule-	interstitial	fibrosis.	(A,	B)	renal	crescent	formation	of	disease	
control, (C, D) EOS789 0.3% with periodic acid- Schiff (PAS) staining, and (E, F) tubule- interstitial fibrosis of disease control, (G, H) EOS789 
0.3% with hematoxyline- eosin (HE) staining. Bars =100 μm (A, C, F, H), 50 μm (B, D) and 500 μm (E, G).
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expressions. EOS789 would not affect the inflammatory- mediated renal 
FGF23	expression	in	anti-	GBM	rats.

In this study EOS789 ameliorated kidney disease progression 
in	experimental	anti-	GBM	nephritis	rats.	EOS789	would	inhibit	the	
mesangial cell activation primarily by improving hyperphosphatemia, 
and additionally by inhibiting phosphate uptake in mesangial cells, 

F I G U R E  5 Effects	of	EOS789	on	crescent	formation.	Percentage	
of crescentic glomeruli in total glomeruli at the end of the study. 
Actual values are represented as dots, and columns represent 
means. NC, normal control; DC, disease control. #p < .05 significant 
difference between NC and DC (Welch test), *p < .05, significant 
difference from DC (parametric Williams test).

F I G U R E  6 Correlation	between	crescent	of	formation	and	serum	
creatinine at the end of study. DC, disease control. The correlation 
was analysed by Spearman’s rank correlation coefficient.

F I G U R E  7 mRNA	expression	of	NaPi-	IIa,	NaPi-	IIb,	NaPi-	IIc,	PiT-	
1, and Pit- 2 in human mesangial cells.

F I G U R E  8 Relative	gene	expressions	of	(A)	collagen	type	1	α1 
(Col1a1), (B) collagen type 3 α1 (Col3a1), and (D) α- smooth muscle 
actin (αSMA)	in	human	mesangial	cells.	Values	are	expressed	as	
mean +SE. #p <	.05	significant	difference	between	0.9	mM	Pi	
vehicle	and	5.0	mM	Pi	vehicle	(Welch	test),	*p < .05, significant 
difference	from	5.0	mM	Pi	vehicle	(parametric	Williams	test).
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leading to the amelioration of crescent formation. In conclusion 
EOS789 would not only be useful against hyperphosphatemia but 
may also have a potential to relieve mesangial proliferative glomeru-
lonephritis with crescent formation.

Finally, this study has some limitations. Because the disease pro-
gression	in	the	anti-	GBM	rats	was	much	more	rapid	compared	with	
that in clinical, the effect of EOS789 was only proved in the preven-
tive dosing regimen. To show the therapeutic effects of EOS789, 
further study to treat with EOS789 when hyperphosphatemia has 
already occurred is needed. The interstitial fibrosis was not so ob-
vious	in	the	anti-	GBM	rats	in	this	study	that	the	effect	of	EOS789	
for fibrosis could not be evaluated. Renal fibrotic model for exam-
ple, unilateral ureter obstructive mice, should be used in near future 
study. In addition, the effects of EOS789 in this study was relatively 
mild and not remarkable. Other factors for example, proteinuria, hy-
pertension, or inflammation play a much larger role in inducing dis-
ease progression than hyperphosphatemia in this model. Although 
EOS789 could ameliorate kidney disease progression that is due to 
hyperphosphatemia, it remains unclear if EOS789 could show the 
additive effects when used with renin- angiotensin system inhibitor, 
SGLT2 inhibitor, or immunosuppressant. Further study in combina-
tion with these drugs should be conducted to guess the effects of 
EOS789 in kidney disease progression in clinical.
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