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BACKGROUND AND PURPOSE
Vitamin D receptor (VDR) modulators (VDRMs) such as calcitriol, paricalcitol and doxercalciferol are commonly used to
manage hyperparathyroidism secondary to chronic kidney disease (CKD). CKD patients experience extremely high risks of
cardiovascular morbidity and mortality. Clinical observations show that VDRM therapy may be associated with cardio-renal
protective and survival benefits for CKD patients. However, hypercalcaemia remains a serious side effect for current VDRMs,
which leads to the need for frequent dose titration and serum Ca (calcium) monitoring. Significant clinical benefits can be
derived from a VDRM with cardiovascular protective effects without the hypercalcaemic liability.

EXPERIMENTAL APPROACH
Male Sprague–Dawley rats were 5/6 nephrectomized and 6 weeks later, after they had established uraemia, elevated
parathyroid hormone levels, endothelial dysfunction and left ventricular hypertrophy, the rats were treated with VS-105, a
novel VDRM. The effects of VS-105 were also tested in cultured HL-60 cells.

KEY RESULTS
VS-105 induced HL-60 cell differentiation with an EC50 value at 11.8 nM. Treatment (i.p., 3¥ a week over a period of 2 weeks)
of the 5/6 nephrectomized rats by VS-105 (0.004–0.64 mg·kg-1) effectively suppressed serum parathyroid hormone without
raising serum Ca or phosphate levels. Furthermore, 2 weeks of treatment with VS-105 improved endothelium-dependent
aortic relaxation and attenuated left ventricular abnormalities in a dose range that did not affect serum Ca levels. Similar
results were obtained when VS-105 was administered i.p. or by oral gavage.

CONCLUSIONS AND IMPLICATIONS
VS-105 exhibits an overall therapeutic product profile that supports expanded use in CKD to realize the cardiovascular
protective effects of VDR activation.

Abbreviations
CKD, chronic kidney disease; LV, left ventricle; NX, nephrectomized; Pi, phosphate; PTH, parathyroid hormone; SHPT,
secondary hyperparathyroidism; VDR, vitamin D receptor; VDRMs, VDR modulators

Introduction
The synthesis of vitamin D3 occurs naturally in the skin
with adequate sunlight exposure. However, vitamin D3

is not active and needs to be converted to 1,25-

dihydroxyvitamin D3 (1,25(OH)2D3, calcitriol). Calcitriol is a
secosteroid hormone that binds to the vitamin D receptor
(VDR), a nuclear receptor, to activate multiple signal-
ling pathways in various cells and tissues (Wu-Wong,
2009).
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Chronic kidney disease (CKD) is a growing epidemic. Glo-
bally more than 500 million individuals, or about one adult
in 10 in the general population, have some form of CKD
(World Kidney Day Website). CKD progresses through five
stages and stage 5 CKD requires renal replacement therapy
(dialysis or transplantation). CKD patients experience an
extremely high rate of cardiovascular complications and mor-
tality (Foley et al., 1998; Baigent et al., 2000; Reddan et al.,
2003; Go et al., 2004; Foley, 2010). Deficient calcitriol pro-
duction is an early sign of CKD (Levin et al., 2007) and may
be linked to complications in CKD patients such as secondary
hyperparathyroidism (SHPT), bone and cardiovascular disor-
ders (Gal-Moscovici and Sprague, 2010). Clinical observa-
tions suggest that vitamin D receptor modulators (VDRMs)
such as calcitriol, paricalcitol and doxercalciferol may be
associated with cardiovascular and survival benefits for CKD
patients (Teng et al., 2003; 2005; Kalantar-Zadeh et al., 2006;
Kim et al., 2006; Tentori et al., 2006; Lee et al., 2007; Wolf
et al., 2007; 2008; Kovesdy et al., 2008; Levin et al., 2008;
Naves-Diaz et al., 2008; Shinaberger et al., 2008; Shoben et al.,
2008; Barreto et al., 2009; Covic et al., 2010; Verhave and
Siegert, 2010; Biggar et al., 2011), but randomized trials are
needed to confirm the benefits. Currently in the CKD field
VDRM is only used for managing SHPT (Gal-Moscovici and
Sprague, 2010; Mirkovic et al., 2011), and current VDRM
therapy requires frequent dose titration and serum Ca moni-
toring. A narrow therapeutic window (efficacy vs. the hyper-
calcaemic side effect) and lack of cardio-renal benefits in the
non-hypercalcaemic dose range are some of the limiting
factors for expanding the usage of on-market VDRMs. Hence,
a novel VDRM with cardiovascular benefits and minimal
hypercalcaemic toxicity would provide substantial benefits to
CKD patients.

This report demonstrates that a novel VDRM, VS-105,
either administered by i.p. or oral gavage, not only suppresses
parathyroid hormone (PTH) effectively without affecting
serum Ca, but also improves endothelial function and
regresses left ventricular hypertrophy (LVH) in the 5/6
nephrectomized (NX) uraemic rats.

Methods

Materials
VS-105 ((1R,3R)-5-((E)-2-((3aS,7aS)-1-((R)-1-((S)-3-hydroxy-
2,3-dimethylbutoxy)ethyl)-7a-methyldihydro-1H-inden-
4(2H,5H,6H,7H,7aH)-ylidene)ethylidene)-2-
methylenecyclohexane-1,3-diol) and paricalcitol (19-nor-
1a,25(OH) 2D2) were made by Vidasym (Chicago, IL, USA).
Two different lots of VS-105 with >95% purity were tested
yielding identical results. The synthesis scheme of VS-105 was
published previously (Kawai, 2010). Other reagents were of
analytical grade.

Differentiation of HL-60 cells
HL-60 promyelocytic leukaemia cells (ATCC, Manassas, VA,
USA) were cultured in HEPES-buffered RPMI 1640 medium
(Invitrogen, Grand Island, NY, USA) supplemented with 10%
heat-inactivated fetal bovine serum at 37°C in a humidified
5% CO2 : 95% air atmosphere. Cells were treated with test

agent for 4 days. Cell differentiation was determined by the
nitroblue tetrazolium (NBT) reduction assay (Segal, 1974).
Briefly, cells in 96-well plates (0.5 ¥ 106 cells per well, 75 mL
per well) were incubated for 2 h at 37°C with an equal volume
of freshly made NBT solution containing 2 mg·mL-1 of NBT
and 200 ng·mL-1 PMA (phorbol 12-myrystate 13-acetate).
Then, 150 mL of lysing buffer (45% dimeththylformamide
and 0.135 g·mL-1 SDS in water) was added to each well and
the plates were left for 4 h at room temperature before the
optical density (OD) at 560 nm was determined.

Sub-totally NX rats
The nephrectomy was performed on male, Sprague–Dawley
rats weighing ~200 g with a standard two-step surgical abla-
tion procedure (Slatopolsky et al., 1995). Rats were main-
tained on normal diet containing 1% Ca and 0.7%
phosphorus. Rats of established uraemia were studied on
Week 6 after surgery. For oral gavage studies, rats on Week 6
after surgery were treated with vehicle (20% hydroxypropyl-
b-cyclodextrin, 1.65 mL·kg-1) or VS-105 (in vehicle), p.o. by
gavage, daily for 12 days. For i.p. studies, Week 6 after surgery
rats were treated with vehicle (5% ethanol + 95% propylene
glycol, 0.4 mL·kg-1) or VS-105 (prepared into vehicle from a
stock solution of 1 mg·mL-1 in ethanol), i.p., 3¥ a week for 12
days. On Day 0 (before the first dosing) and Day 13 (24 h after
the last dosing), blood was collected and physiological
parameters measured. In some experiments, the heart, left
ventricle and aorta were collected for additional studies. The
animal studies were conducted under the auspice of Office of
Animal Care and Institutional Biosafety, University of Illinois
at Chicago (approval reference number: A08-051). The
animal care and experimental procedures complied with the
Guide for the Care and Use of Laboratory Animals published
by the US National Institutes of Health (NIH Publication no.
85–23, revised 1996).

Measurements of physiological parameters
Serum Ca, Pi (phosphate), creatinine, and blood urea nitro-
gen (BUN) concentrations were measured using a chemistry
analyser. Serum PTH was measured using a rat intact PTH
ELISA kit obtained from ALPCO (Windham, NH, USA).

Histological assessment
The left ventricular tissue was fixed in a 4% formaldehyde-
PBS (pH 7.4) solution overnight. The samples were embedded
in wax and cut into 4 mm sections. The sections were stained
with haematoxylin-eosin and examined under a microscope.
For fibrosis, sections were stained with Masson trichrome and
examined using a Leica DM IL LED-Inverted fluorescence
microscope. Image analysis was done by Image-Pro Plus 6.0.
To determine the diameter of cardiomyocytes, a previously
published method was followed (Xiang et al., 2005). The sec-
tions of left ventricles were stained with fluorescein isothio-
cyanate (FITC)-labelled wheat germ agglutinin (1:5 dilution)
for 2 h at room temperature and then examined under a
fluorescence microscope to visualize the myocyte membrane.
The relative size of the cardiomyocytes was quantified by
measuring the diameter of the myocytes, which was the dis-
tance between the two plasma membranes of a cell in longi-
tudinal section.
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Vascular function studies
Thoracic aortas from rats were excised in a cold modified
Krebs solution (see below) and a 3 mm aortic ring was sus-
pended in 10 mL tissue baths under 0.5 g of resting tension in
a modified Krebs solution containing (g·L-1): NaCl 6.9169,
KCl 0.3499, NaHCO3 2.0998, MgSO4 0.2901, KH2PO4 0.1604,
CaCl2 0.2663, glucose 1.9994, EDTA 0.026, equilibrated with
5% CO2 : 95% O2 (pH 7.4 at 37°C). Aortas were sensitized by
the addition of phenylephrine (PE, 3 mM) with 10 min wash-
outs between intervals. Aortas were precontracted with
PE (3 mM), and the endothelium-dependent vasodilator
acetylcholine (ACh) was added in half-log increments
(10-9 mol·L-1 : 10-4.5 mol·L-1) at 3–5 min intervals, allowing
time for the effect of ACh to plateau. After a 60 min washout,
aortas were precontracted with PE (3 mM) and subsequently
treated with endothelium-independent vasodilator sodium
nitroprusside (SNP; 10-9 mol·L-1 : 10-6 mol·L-1) at 3–5 min
intervals, allowing time for the effect to plateau. Data were
recorded with the BL-420F Data Acquisition & Analysis
System.

Data analysis
Differences between Sham and uraemic rats with different
treatments were assessed using a one-way ANOVA followed by
a Dunnett’s post hoc test. A t-test was used to assess differences
between Day 0 (before treatment) and Day 13 (after treat-
ment) parameters or as indicated. For vascular function,
ACh- and SNP-induced relaxations were calculated as the %
relaxation of the PE-induced precontraction. Differences in
vascular function were determined using a two-way ANOVA,
followed by a Bonferroni post hoc test.

Results

Figure 1 shows the structure of VS-105 and the typical absor-
bance profile from a spectrophotometer scan. The maximal

absorbance wavelength (ODmax) for VS-105 is at 253 nm and
the extinction coefficient is 48 360.

It is well-documented that VDRMs induce the differentia-
tion of HL-60 promyelocytic leukaemia cells into monocytes
and macrophages (Mangelsdorf et al., 1984; Koeffler et al.,
1985). The potency of VS-105, paricalcitol and calcitriol in
inducing HL-60 differentiation was compared. Figure 2 shows
that all three compounds induced HL-60 differentiation effec-
tively with EC50 values of 11.8 � 0.25, 12.5 � 0.20 and 17.9
� 0.13 nM for VS-105, paricalcitol and calcitriol, respectively.

The effects of VS-105 on physiological parameters in the
5/6 NX rats were determined. Figure 3A and B shows that the
serum creatinine and BUN levels were significantly elevated
in the 5/6 NX rats (vs. Sham-vehicle), indicating a uniform
uraemic state. VS-105 at the highest dose (0.64 mg·kg-1) exhib-

Figure 1
Structure and absorbance wavelength profile of VS-105. To determine the maximal absorbance wavelength (ODmax) and the extinction coefficients
for the compound, VS-105 was dissolved in a 50:50 solution (by volume) of de-ionized water and ethanol at 100 mM and scanned by a
spectrophotometer.

Figure 2
Effect of VS-105 on HL-60 differentiation. HL-60 cells were treated
with different concentrations of VS-105, calcitriol or paricalcitol for 4
days. Cell differentiation was determined as described in Methods.
Mean � SD are shown. Results shown (with triplicate samples in this
experiment) are representative of three independent experiments.
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ited a modest effect on reducing creatinine or BUN. Figure 4A
and B shows that both serum Ca and Pi were not significantly
changed in the 5/6 NX-vehicle group (vs. Sham). VS-105 at
0.004–0.64 mg·kg-1 had no significant effect on serum Ca and
Pi. Figure 4C shows that serum PTH was elevated in the 5/6
NX rat, and was effectively suppressed by VS-105. Other
VDRMs such as paricalcitol were used as control in the
studies. The results for paricalcitol on serum creatinine, BUN,
Ca, Pi and PTH were similar to those in our previous report
(Wu-Wong et al., 2010a).

The oral efficacy of VS-105 was demonstrated in the 5/6
NX rats. Figure 5A shows that VS-105 at 0.01 or 0.5 mg·kg-1 by
oral gavage daily dosing for 12 days had no effect on serum
Ca. Figure 5B shows that VS-105 at the two doses tested
effectively suppressed serum PTH in the 5/6 NX rats. Table 1
summarizes the results showing that VS-105 did not have
significant effects on serum BUN, creatinine and Pi. The
results, consistent with those shown in Figure 4, demonstrate
that VS-105 is equally efficacious when administered either
by the i.p. or oral route.

The endothelium-dependent and -independent relax-
ation of aortic rings was examined. Figure 6A shows that the
maximal aorta relaxation response to ACh in Sham rats was
-74.5 � 3.6%. Relaxation was significantly reduced in the
aorta from the 5/6 NX vehicle-treated rats (-31.4 � 4.7%),
which indicates compromised endothelial function. As
shown in Figure 6B, the aorta relaxation produced by SNP (an
endothelium-independent vasodilator) was not significantly
different between the Sham and 5/6 NX rats, indicating that
the smooth muscle relaxation response is intact and func-
tional. Figure 6A demonstrates that a 2 week treatment with
VS-105 (i.p., 3¥ a week) produced a dose-dependent improve-
ment in ACh-induced endothelium-dependent relaxation.
The maximal relaxation response to ACh with 0.01 and
0.16 mg·kg-1 of VS-105 was -54.3 � 8.2% and -64.0 � 8.3%,

respectively. Treatment with 0.004 mg·kg-1 VS-105 exhibited a
modest effect on the maximal relaxation response to ACh of
-48.6 � 4.9%. Similar results were obtained when VS-105 was
administered by oral gavage daily for 12 days in the 5/6 NX
rats (data not shown). Figure 6B shows that VS-105 had no
significant effect on SNP-induced endothelium-independent
relaxation.

The 5/6 NX rats are known to develop LVH (Wolf et al.,
2000). Figure 7A shows that, at 8 weeks after the renal abla-
tion surgery, the left ventricle weight (LVW) versus body
weight (BW) ratio as a percentage of control was signifi-
cantly higher in the 5/6 NX rats (vs. Sham). Another
control study found that LVH was present in the 5/6 NX
rats 6 weeks after the second surgery (data not shown).
Figure 7A also demonstrates that a 2 week treatment with
VS-105 (i.p., 3¥ a week) at the tested doses produced a sig-
nificant effect on reducing the LVW/BW ratio. Similar
results were obtained when VS-105 was administered by
oral gavage daily for 12 days in the 5/6 NX rats (data not
shown). The sections of left ventricles were prepared and
stained with FITC-labelled wheat germ agglutinin to deter-
mine the diameter of cardiomyocytes. Figure 7B shows that
VS-105 at 0.01–0.64 mg·kg-1 significantly reduced the cardi-
omyocyte diameter.

Figure 8 shows the cardiomyocytes morphology. Cardi-
omyocytes were markedly hypertrophic in the 5/6
NX-vehicle treated animals. VS-105 at 0.01 mg·kg-1 improved
the condition, and VS-105 at 0.16 mg·kg-1 nearly restored the
morphology of the cardiomyocytes back to that in Sham.
These results are consistent with those shown in Figure 7 that
demonstrate treatment with VS-105 regresses LVH in the 5/6
NX uraemic rats.

Figure 9A–D shows that, compared with Sham, a signifi-
cant increase in collagen deposition was observed in the left
ventricle of the 5/6 NX rat treated with vehicle. Treatment

Figure 3
Effects of VS-105 on serum creatinine and BUN after 2 weeks of i.p. dosing in the 5/6 NX rats. Sham and 5/6 NX rats were treated with vehicle
or VS-105 (i.p., 3¥ a week) for 12 days as described in Methods (n = 7–10 per group). On Day 0 (before dosing) and Day 13 (24 h after the last
dosing), blood samples were collected for the measurement of serum creatinine (A) and BUN (B). Means � SEM were calculated for each group.
Unpaired t-test with 95% confidence intervals of difference was performed to assess differences between baseline Day 0 and Day 13. *P < 0.05,
**P < 0.01 versus before treatment.
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with VS-105 at 0.01 and 0.5 mg·kg-1 substantially reduced the
fibrosis staining.

Discussion and conclusions

Data from the in vitro studies demonstrated that VS-105 is as
potent as paricalcitol and calcitriol in inducing the differen-
tiation of HL-60 cells into monocytes and macrophages. More
importantly, data from in vivo studies show that VS-105 is

efficacious in improving PTH and cardiovascular parameters
in the 5/6 NX uraemic rats without affecting serum Ca.

One major hurdle in developing new drugs for treating
human diseases is that animal models often fall short of
predicting human responses. The CKD field has the advan-
tage of the 5/6 NX uraemic rat model that, albeit a difficult
model to handle (it takes >2 months to complete one study),
it is highly predictive of the human conditions for VDRMs.
For example, in CKD clinical studies, paricalcitol’s therapeu-
tic index (efficacy vs. hypercalcaemic toxicity) is about three-
fold to fourfold better than calcitriol, which is reproduced in
this animal model of kidney disease (Slatopolsky et al., 1998;
Martin and Gonzalez, 2001). Consistent with reports by
others (Slatopolsky et al., 1998; 2002), we have previously
demonstrated that paricalcitol and doxercalciferol effectively
suppressed serum PTH at 0.021–0.33 mg·kg-1 in the uraemic
rats, but both drugs also induced an increase in serum Ca in
the same dose range (Wu-Wong et al., 2010a,b). As a compari-
son, VS-105 significantly suppressed serum PTH at 0.004–
0.64 mg·kg-1 without affecting serum Ca. Calculating from
PTH suppressing efficacy versus hypercalcaemic toxicity,
VS-105 provides a therapeutic index at a minimum of 50-fold
versus twofold to fourfold for paricalcitol and doxercalciferol.

Endothelial dysfunction, very common in CKD (Damman
et al., 2010; Malyszko, 2011), is usually present before clinical

Figure 4
Effects of VS-105 on serum Ca, Pi and PTH levels after 2 weeks of i.p.
dosing in the 5/6 NX rats. Rats were treated as in Figure 3. Blood
samples were collected for the measurement of serum Ca (A), Pi (B)
and PTH levels (C). Means � SEM were calculated for each group.
Unpaired t-test with 95% confidence intervals of difference was
performed to assess differences between baseline Day 0 (before
treatment) and Day 13 (after treatment). *P < 0.05, ***P < 0.001
versus before treatment.

Figure 5
Effects of VS-105 on serum Ca and PTH after 2 weeks of oral dosing
in the uraemic rats. Sham and 5/6 NX rats were treated with vehicle
or VS-105 (oral gavage, once daily) for 12 days as described in
Methods (n = 8–11 per group). On Day 0 (before dosing) and Day 13
(24 h after the last dosing), blood samples were collected for the
measurement of serum Ca (A) and PTH (B). Means � SEM were
calculated for each group. Unpaired t-test with 95% confidence
intervals of difference was performed to assess differences between
baseline Day 0 and Day 13. ***P < 0.0001 versus own control group
at Week 6.
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LVH, and is a risk factor for coronary heart disease, stroke and
peripheral vascular disease (Yeboah et al., 2011). Previously,
we (Wu-Wong et al., 2010b) and others (Hasdan et al., 2002)
have reported that ACh-evoked relaxation is significantly
reduced in arteries prepared from the 5/6 NX uraemic rats,
indicating endothelial dysfunction. We have also demon-
strated that endothelial function in the 5/6 NX rats was
significantly improved by paricalcitol in the 0.042–
0.083 mg·kg-1 dose range, but no clear separation between the
efficacious and hypercalcaemic dose range was observed for
paricalcitol. As a comparison, our results from this study
demonstrate that VS-105 improves endothelial function in a
non-hypercalcaemic dose range at 0.01–0.16 mg·kg-1. Previ-
ously we have also reported that paricalcitol is less hypercal-
caemic than calcitriol because it was slightly less potent than
calcitriol in inducing an upregulation of the Ca transporter
genes, TRPV6 (the gene for CaT1 and ECaC) and Calb3 (the
gene for calbindin D9k), in the intestine (Nakane et al., 2007).
Consistent with our previous results, preliminary mechanis-
tic studies found that VS-105 was significantly less potentTa
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Figure 6
Endothelial dysfunction in 5/6 NX rats and the effect of VS-105.
Sham and 5/6 NX rats were treated with vehicle or VS-105 at
indicated doses as described in Figure 3. Vascular function was deter-
mined as described in Methods (n = 7–10 per group). (A)
Acetylcholine-evoked relaxation. (B) SNP-evoked relaxation. Group
mean � SEM are presented. Statistical analysis was determined using
a two-way ANOVA, followed by a Bonferroni post hoc test. *P < 0.05,
**P < 0.01, ***P < 0.001 versus vehicle.
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than paricalcitol at inducing the expression of TRPV6 and
Calb3 in the intestine of 5/6 NX rats (data not shown).

Like endothelial dysfunction, LVH is a common condi-
tion in CKD, which often leads to heart failure (Bluemke

et al., 2008) and increased risks of hospitalization and mor-
tality (Gwadry-Sridhar et al., 2004; Sciacqua et al., 2006; Pons
et al., 2010). Mizobuchi et al. (2010) previously demonstrated
that paricalcitol at 40 ng per injection (equivalent to

Figure 7
Left ventricular hypertrophy in 5/6 NX rats and the effect of VS-105. Sham and 5/6 NX rats were treated with vehicle or VS-105 at the doses indicated,
as described in Figure 3. (A) Heart was collected and weighed. Left ventricle (LV) was then dissected and weighed (n = 7–10 per group). Heart LV
weight (LVW) was first normalized by body weight (BW) and then expressed as % of control (Sham). (B) The diameter of cardiomyocytes was
determined as described in Methods. Data were obtained from 30 cells randomly selected from 10 microscopic fields across different rats in each
treatment group and expressed as % of control (Sham). Group means � SEM are presented. One-way ANOVA Dunnett’s test with 95% confidence
intervals of difference was performed for statistical comparisons. ##P < 0.01, ###P < 0.001 versus Sham; **P < 0.01, ***P < 0.001 versus NX-vehicle.

A  Sham B  5/6 NX

C  VS-105, 0.01 μg·kg−1 D  VS-105, 0.16 μg·kg−1

Figure 8
Cardiomyocyte morphology in 5/6 NX rats and the effect of VS-105. Sham rats were treated with vehicle and 5/6 NX rats were treated with vehicle
or VS-105 at the indicated doses as described in Figure 3. The left ventricular tissue sections were prepared and stained with haematoxylin-eosin
as described in Methods. Randomly selected areas under 200 ¥ magnification were examined. Pictures shown are representative of 10 fields per
section per rat, four rats per treatment group. (A) Sham; (B) 5/6 NX-vehicle; (C) 5/6 NX treated with VS-105 at 0.01 mg·kg-1; (D) 5/6 NX treated
with VS-105 at 0.16 mg·kg-1.
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~0.1 mg·kg-1 in 400 g rats) had an improving effect on LVH
and myocardial and perivascular fibrosis in 5/6 NX uraemic
rats. Our results from this study demonstrate that VS-105
regresses LVH and myocardial fibrosis in a dose range that
does not affect serum Ca. Currently both i.v. and oral formu-
lations of VDRMs such as paricalcitol are used to treat CKD
patients. A desirable VDRM should have this characteristic.
Results from this study demonstrate that VS-105 exhibits
similar effects after both i.p. and oral dosing in the 5/6 NX
rats.

One of the limitations of the current study is the lack of
data on the FGF23 status before and after VS-105 treatment.

FGF23 is a phosphorus regulating factor (Wolf, 2010). Exces-
sive FGF23 levels, which increase progressively beginning in
early stages of kidney disease in order to maintain normo-
phosphataemia despite decreased nephron mass, may be par-
tially responsible for early calcitriol deficiency and SHPT in
CKD (Gutierrez et al., 2005). Furthermore, several clinical
studies have demonstrated that VDRMs are potentially useful
for reducing proteinuria/albuminuria (Agarwal et al., 2005;
Alborzi et al., 2008; Szeto et al., 2008; Fishbane et al., 2009; de
Zeeuw et al., 2010); it will be important to study the effect of
VS-105 on reducing proteinuria/albuminuria and kidney
fibrosis. Also, data on cardiac function to confirm the efficacy
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Figure 9
Left ventricle fibrosis in 5/6 NX rats and the effect of VS-105. The Sham rats were treated with vehicle and 5/6 NX rats were treated with vehicle
or VS-105 at the indicated doses as described in Figure 5. The left ventricular tissue sections were prepared and stained with Masson trichrome
as described in Methods. Randomly selected areas under 200 ¥ magnification were examined. Pictures shown are representative of 10 fields per
section per rat, four rats per treatment group. (A) Sham; (B) 5/6 NX-vehicle; (C) 5/6 NX treated with VS-105 at 0.01 mg·kg-1; (D) 5/6 NX treated
with VS-105 at 0.5 mg·kg-1. (E) Quantitative determination of tissue collagen abundance; group means � SEM are presented. One-way ANOVA

Dunnett’s test with 95% confidence intervals of difference was performed for statistical comparisons. ###P < 0.001 versus Sham; ***P < 0.001
versus NX-vehicle.
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of VS-105 on improving cardiovascular parameters are
needed. Follow-up studies investigating the effect of VS-105
on the FGF-23 status, cardiac function, proteinuria/
albuminuria and kidney fibrosis are planned.

In summary, VS-105 effectively suppresses PTH, improves
endothelial function and regresses LVH in the 5/6 NX
uraemic rats in a dose range that does not affect serum Ca.
VS-105 has the potential to treat not only SHPT but also
cardiovascular complications in CKD in order to improve
patient outcomes.
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