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BMP1 inhibitor UK-383,367 attenuates renal fibrosis and inflammation in CKD
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Abstract

Renal fibrosis is a key pathological phenomenon of chronic kidney disease (CKD),
contributing to the progressive loss of renal function. UK383,367 is a procollagen
C-proteinase inhibitor that has been selected as a candidate for dermal anti-scarring
agent, while its role in renal fibrosis is unclear. In this study, UK383,367 was applied
to a CKD mouse model of unilateral ureteral obstruction (UUO) and cell lines of renal
tubular epithelial cells (mPTCs) and renal fibroblast cells (NRK-49F) challenged by
TGF-B1. In vivo, bone morphogenetic protein 1 (BMP1), the target of UK383,367,
was significantly enhanced in UUO mouse kidneys and CKD patients’ renal biopsies.
Strikingly, UK383,367 administration ameliorates tubulointerstitial fibrosis shown by
Masson’s trichrome staining in line with the blocked expression of collagen I/III,
fibronectin, and a-SMA in the kidneys from UUO mice. Similarly, the enhanced
inflammatory factors in obstructive kidneys were also blunted. In vitro, UK383,367
pretreatment inhibited the induction of collagen I/III, fibronectin, and a-SMA in both
mPTCs and NRK-49F cells treated with TGF-f1. Taken together, these findings
indicated that BMP1 inhibitor UK383,367 could serve as a potential drug in
antagonizing CKD renal fibrosis by acting on the maturation and deposition of

collagen and subsequent profibrotic response and inflammation.

Key words: CKD, renal fibrosis, BMP1, UK383,367, inflammation
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Introduction

Chronic kidney disease (CKD) has shown epidemic characteristics high
morbidity and mortality (3, 14). Currently, we have no satisfactory strategies to delay
or prevent the progression of CKD to end-stage renal disease (ESRD). Once CKD
progresses to ESRD, patients must rely on renal replacement therapies, such as
hemodialysis, peritoneal dialysis, or kidney transplantation. Therefore, to develop a
new therapy to effectively deal with CKD is an urgent task. Renal fibrosis is a
common pathology contributing to the development of chronic renal disease (CKD)
and its progression to ESRD(21). Pathological phenotypes of fibrotic kidney include
glomerulosclerosis, tubulointerstitial fibrosis, inflammatory cell infiltration, and renal
parenchyma loss (tubuloatrophy, capillary occlusion, and podocyte loss)(22). A
number of studies have shown that renal interstitial fibrosis is resulted from the
aggregation and activation of renal myofibroblast, producing excessive extracellular
matrix (ECM) components including collagen I, collagen III, and fibronectin(4, 17).
Thus, directly targeting the ECM components could be a promising strategy in
treating renal fibrosis and CKD.

Bone morphogenetic protein 1 (BMPI1), also known as procollagen
C-proteinase(19), belongs to the peptidase M12A family of bone morphogenetic
protein (BMP), which induces bone and cartilage development. Unlike other BMPs,
BMP1 does not belong to the TGF-B superfamily. It has the property of metal protease
(Matrix Metalloproteinases, MMPs) cutting the C terminal of pre collagen I, II, and

111, leading to the maturation of collagens and the deposition of ECM (7, 10, 12, 15).
3
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Grgurevic, L. et al reported that BMP1 promotes the cleavage of type I procollagen,
resulting in collagen deposition in cirrhosis (8). In addition, it is also reported that in
the rat model of chronic kidney disease, BMP1-3 (BMP1 splicing subtype) can
promote renal fibrosis by increasing ECM deposition which was attenuated by
specific polyclonal antibody against BMP1-3 (9). Above reports suggested a potential
of BMP1 antagonism in treating CKD renal fibrosis.

UK-383,367 is a procollagen C-proteinase (BMP1) inhibitor and is becoming a
promising drug in treating dermal scarring (6). By now, no studies were reported to
show the effect of UK383,367 on renal fibrosis in CKD. In the present study,
employing the mouse CKD model (UUO) and kidney cells, we evaluated the role of

UK383,367 in renal fibrosis to explore new potential of CKD therapy.

MATERIALS AND METHODS

Reagents and antibodies. DMEM/F12 medium and fetal bovine serum (FBS) were
purchased from GIBCO. UK-383,367 was purchased from Selleck (Shanghai, China).
CCKS kit was purchased from MCE (MedChemExpress) China. Antibodies against
FNI1, Collagenl, Collagenlll, a-SMA and BMP1 were purchased from Abcam
(Cambridge, MA). Anti-GAPDH antibody was from Santa Cruz Biotechnology
(SantaCruz, CA). IL-1B ELISA kit was purchased from Novus Biological (Littleton,
USA).

Patients. Renal biopsy samples were obtained from CKD patients who were

undergoing diagnostic evaluation at the Department of Nephrology, Children’s
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Hospital of Nanjing Medical University. Renal biopsy samples were collected based
on the criterion of having at least ten glomeruli in a paraffin-embedded tissue sample
available for histological sectioning. A total of 8 subjects (age range 2-11 years old)
were enrolled and pathologically diagnosed with diffuse interstitial nephritis (DIN),
focal segmental glomerulosclerosis (FSGS), sclerosing glomerulonephritis or IgA
nephropathy. The patient information was listed in Table 1. Normal renal tissues were
collected from patients without proteinuria who received a partial nephrectomy of a
benign renal tumor.

The protocol for the use of biopsied samples and nephrectomized tissues from patients
was approved by the local committee on human subjects at Children's Hospital of
Nanjing Medical University. Written informed consent was provided by each patient.
Establishment of mouse UUQO model. In unilateral ureteral obstruction (UUO)
experiment, 8-wk-old C57BL/6] male mice, weighing 25-30g, following anesthesia,
the left ureter was ligated at the ureteropelvic junction with a 4-0 silk suture through a
left flank incision. UK-383,367 was dissolved in 15% w/v hydroxypropyl-p
cyclodextrin to a working concentration of 0.4ug/pl before injection and were
intraperitoneally delivered to mice at 5 mg/kg/d. UK-383,367 or control injections
were given at -1 to 7days after UUO surgery. Mice were sacrificed after 7 days of
UUO and kidney samples were harvested for analyses. Animal work was performed
in the Animal Core Facility at Nanjing Medical University. All animal studies were
approved by the Nanjing Medical University Institutional Animal Care and Use

Committee.
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Cell culture studies. mPTCs and NRK-49F were grown in serum-free keratinocyte
medium supplemented with bovine pituitary extract and epidermal growth factor
(Wisent). The cells were specifically grown at 37°C with 5% CO, and subcultured at
50-80% confluence using 0.25% trypsin-0.02% EDTA (Invitrogen). In certain
experiments, the cells were pre-treated with UK-383,367 (100nM or 200nM) for half
an hour or transfected with BMP1 plasmids for 24 h, then treated with recombinant
human TGF-B1 (10 ng/ml).

Quantitative real-time PCR. Total RNA was extracted from tissues or cells using the
TRIzol (Invitrogen, Carlsbad, CA) according to the manufacturer’s instructions. 500
nanogram of total RNA from each sample was used. cDNA was reverse transcribed
according to the instructions of the Takara kit. The target gene and reference gene
were amplified by quantitative real-time PCR. Cycle threshold values were used to
calculate the relative amount of sample template. The 20ul reaction mix consisted of
0.5ul positive and negative primers (10 mol/l each), 10 ul PCR master mix, 2 pl
template, and DEPC water to achieve the final volume. The following temperature
cycling conditions were used: 95°C for 30 s, 40 cycles of 95°C for 5 s, and 60°C for
32 s. Real-time PCR amplification was performed using the ABI 7500 Real-time PCR
Detection System (Foster City, CA). Primer 3.0 software was used to design the
primers (http://Frodo.wi.mit.edu). The sequences of the primers were shown in Table
2.

Western blotting. Cell or tissue lysates were prepared using radioimmunoprecipitation

Downloaded from www.physiology.org/journal/ajprenal at Umea Univ (130.239.020.133) on September 29, 2019.



140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

assay (RIPA) buffer containing a protease inhibitor cocktail (Roche) and a
phosphatase inhibitor. Immunoblotting was performed with primary antibodies against
FNI (1:1000), Collagen I (1:500), Collagen III (1:500), a-SMA (1:1000), BMP1
(1:1000) and GAPDH (1:1000) followed by the addition of HRP-labeled secondary
antibodies. The blots were visualized using the Amersham Biosciences ECL detection
system (Amersham, Little Chalfont, UK). Densitometric analysis was performed
using Quantity One software (Bio-Rad).

Cell proliferation and cytotoxicity assay. mPTCs and NRK-49F were seeded in a
96-well plate at a density of 10°-10° cells/well in 100 puL of culture medium and
cultured in a CO2 incubator at 37°C for 24 hours. Then various concentrations of
UK383,367 (0-1000nM) was added to the wells. After 24h incubation in the incubator,
10 pL of CCK-8 solution was added to each well of the plate followed by the
incubation in incubator for 1-4 hours. The absorbance at 450 nm was measured using
a microplate reader.

Kidney histopathological analysis. Kidney tissues were fixed with 4%
paraformaldehyde, embedded in paraffin, and sectioned transversely. Kidney sections
(3 um) were stained with Masson staining.

Immunohistochemical analysis. Kidneys were fixed in 4% paraformaldehyde and
embedded in paraffin. Paraffin sections of each specimen were cut at a thickness of 3
um, and a standard protocol, using xylene and graded ethanol, was employed to
deparaffinize and rehydrate the tissue. These sections were washed with PBS and

treated with blocking buffer containing 50 mM NH4Cl, 2% BSA, and 0.05% saponin
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in PBS for 20 min at room temperature. The sections were then incubated overnight at
4°C with Collagen I (1:250), Collagen III (1:200), BMP1 (1:200) or MCP1 (1:250)
antibodies. After washing with PBS, the secondary antibody was applied, and the
signals were visualized using an ABC kit (Santa Cruz Biotechnology).

IL-1p concentration analysis. Serum IL-1PB expression levels were determined using
enzyme-linked immunosorbent assay (ELISA) kits according to the provided
instructions. Samples were run in duplicate, and the results were averaged for all
assays.

Renal function evaluation. Serum, urine creatinine and BUN concentrations of mice
were analyzed in the central laboratory of our hospital. Creatinine clearance was
calculated according to the formula: urine creatinine (umol/L) x 24h urine volume
(ml)/ serum creatinine (umol/L) x1000/ weight (g) x [1/1440]. Albuminuria was
determined by ELISA Kit (Bethyl, Hamburg, Germany) according to the
manufacturers’ instructions.

Blood pressure measurement. The systolic blood pressure of the mice was measured
by Tail-cuff method, sing a Visitech BP2000 Blood Pressure Analysis System (Apex,
NO).

Statistical analysis. All data are presented as the means + standard error of mean
(SEM). Difterences between 2 groups were analyzed using two-tailed Student’s t-test
and incorporated into GraphPad Prism 6 software (GraphPad Software). ANOVA was

used for comparisons among multiple groups. P < 0.05 was considered significant.
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RESULTS

BMPI expression in fibrotic kidneys from CKD patients and UUO mice. We
examined BMP1 expression by means of immunohistochemistry and Western blotting.
As shown in Fig. 1A, compared with the normal kidney tissue, BMPI protein
expression showed striking upregulation in renal tubules and tubulointerstitial region.
In UUO mice, expression of BMP1 protein was similarly enhanced in obstructive
kidney (Fig. 1B), which was further confirmed by Western blotting analysis (Fig. 1 C
and D). Above data suggested a possible role of BMP1 in the pathogenesis of renal
fibrosis.

UK383,367 improved renal pathology in obstructive kidneys from UUO mice. In
order to define the role of BMP1 in renal pathology in CKD, we treated UUO mice
with BMP1 inhibitor UK383,367. As shown by Masson’s trichrome staining, the
substantial accumulation of collagen fibrils in the interstitium of obstructive kidneys
was remarkably attenuated by UK383,367 (Fig. 2A and B).

UK383,367 suppressed renal interstitial fibrosis induced by UUQO. Next, we further
examined the expression of collagen I and collagen III by immunohistochemistry and
observed that the deposition of collagen I and collagen III was significantly induced
in the tubulointerstitium of the UUO mice, compared with the sham group.
UK383,367 treatment markedly blunted the deposition of these collagens (Fig. 3A
and B). In agreement with the immunostaining data, QRT-PCR and Western blotting
analyses further confirmed the downregulation of collagen I, collagen III in line with

the decreased FN and a-SMA after UK383,367 treatment (Fig. 3C-E). These results

Downloaded from www.physiology.org/journal/ajprenal at Umea Univ (130.239.020.133) on September 29, 2019.



206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

provided more solid evidence indicating that UK383,367 could suppress renal
interstitial fibrosis induced by UUO.

UK383,367 suppressed renal inflammation induced by UUQ. Inflammation in kidney
is a feature of CKD. Thus, we also evaluated the inflammatory status in obstructive
kidneys with or without UK383,367 treatment. As expected, we found that the
enhanced mRNA and protein expression of IL-1B was significantly blunted along
with a trend blockade of MCPI1 after UK383,367 treatment (Fig. 4A-C). By
immunostaining, we also observed a reduction of MCP1 in obstructive kidneys after
UK383,367 therapy (Fig. 4D). These results indicated that UK383,367 could
ameliorate renal inflammation in UUO.

UK383,367 had no effect on blood pressure and renal function. In order to define the
effect of UK383,367 on mice under normal condition, we treated C57BL/6J male
mice with UK383,367 for 8 days and found that UK383,367 had no effect on blood
pressure (BP), serum creatinine , BUN, creatinine clearance, albuminuria, and tubular
injury in histology (Figure SA-F).

UK383,367 reduced TGF-pIl-induced profibrotic response in mPTCs. To detect the
direct effect of UK383,367 on profibrotic response in kidney cells, UK383,367 was
added to mouse renal tubular epithelial cells stimulated by TGF-B1. By a CCK8 assay,
we detected cell viability with different concentrations of UK383,367 (Fig. 6A) and
determined 200 nM as a suitable concentration used in following experiments of
mPTCs. As shown by the data from qRT-PCR and Western blots, UK383,367
treatment could significantly inhibit the synthesis of collagen I, collagen III, and FN

10
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and the upregulation of a-SMA (Fig. 6B-D). These data indicated a direct inhibitory
effect of UK383,367 on the production of extracellular matrix and cell phenotype
transition.

UK383,367 blocked TGF-f1-induced activation of NRK-49F cells. Finally, we also
detected the action of UK383,367 in the activation of NRK-49F cells (a cell line of
renal fibroblasts) stimulated by TGF-B1. As shown in Fig. 7A, by a CCK8 assay, we
detected cell viability with different concentrations of UK383,367 and determined
100 nM and 200 nM as suitable concentrations used in following experiments of
NRK-49F cells. UK383,367 administration obviously blocked the activation of renal
fibroblasts of NRK-49F cells (Fig. 7B and C). These data further indicated an
anti-fibrotic role of UK383,367 possibly through inactivating the activation of renal
fibroblasts.

BMP1 promoted TGF-f1-induced profibrotic response in mPTCs. Since the BMP1
inhibitor UK383,367 was anti-fibrotic, we further explored the effect of BMP1 on
profibrotic response in mPTCs. As shown in Fig. 8, overexpression of BMPI
significantly aggravated TGF-B1-induced expressions of FN, collagen I and a-SMA.

These data indicated BMP1 could accelerate TGF-f1-induced profibrotic response.

DISCUSSION
Renal fibrosis is a poor prognostic indicator of CKD, leading to the progression
to ESRD (16). In the present study, employing animals and cells, we investigated the

contribution of UK383,367, a procollagen C-proteinase inhibitor, in the development

11
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of renal fibrosis in CKD. To our knowledge, the current study is the first one to
examine UK383,367 effect on renal fibrosis. The findings indicated that UK383,367
strikingly attenuated renal fibrosis in vivo and in vitro.

Although the underlying molecular mechanism of renal fibrosis is still elusive,
the imbalance of the synthesis and degradation of the components of ECM could
roughly explain the development of renal fibrosis in CKD. This process yields
irreversible kidney scarring and subsequent loss of renal function(17). The inhibition
of myofibroblast-mediated synthesis of ECM is becoming a potential to develop the
antifibrotic therapies in CKD(4, 23). P. V. Fish et al(6) demonstrated that treatment
with UK383,367 prevented ECM formation in skin scarring. No report has referred to
the role of UK383,367 in renal fibrosis. In this study, we observed that UK383,367
markedly blocked the accumulation of ECM components of collagen I, collagen III,
and fibronectin both in UUO model and TGF-B1-treated kidney cells. The
corresponding molecular mechanism was that UK383,367 might target BMP1 to
inhibit the production of matured collagens.

BMP1 inhibition is considered as a potential method for treating fibrosis because
BMP1 is required to convert pro-collagen to collagen. Other researchers have reported
that antibody against BMP1 is advantageous for post myocardial infarction recovery,
during which fibrotic scarring often occurs in heart(5), and liver fibrosis induced by
CCl4(8), as well as renal fibrosis caused by kidney mass reduction(9). Considering the
robust action of BMP1 in antagonizing scar formation, some inhibitory compounds
against BMP1 were developed, including UK383,367 (1, 2, 6, 11). Herein, we
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demonstrated a protective action of BMP1 inhibitor UK383,367 against renal fibrosis
in vivo and in vitro. In this study, we also observed a reduction of the mRNA levels of
collagens, FN, and o -SMA following the treatment of UK383,367, which might be a
secondary response to ameliorated renal fibrosis.

It is also known that renal fibrosis in CKD is accompanied by the infiltration and
activation of different types of inflammatory cells, as well as the secretion of
inflammatory factors including chemokine, interleukin, tumor necrosis factor,
complement and so on(13). The continuous inflammatory response can form a vicious
cycle, leading to the activation of the profibrotic signal pathways and thus promoting
the kidney fibrosis(18). On the other hand, fibrotic response could also contribute to
the inflammation(20). The data from current study showed that the levels of
proinflammatory factors of MCP-1 and IL-1p were significantly reduced in the
obstructive kidneys following UK383,367. Such a phenomenon could be explained by
a subsequent response to the attenuated renal fibrosis. Certainly, as a compound, we
also cannot rule out an off-target effect of UK383,367 in antagonizing inflammation,
which needs to be investigated in the future.

In summary, we found that UK383,367 attenuated renal fibrosis and
inflammation in CKD. Mechanistically, UK383,367 could interfere with collagens
(main components of ECM) deposition by inhibiting BMP1. Our results provided first
evidence showing the strong effect of UK383,367 on renal fibrosis in CKD,
suggesting that UK383,367 might be a potential drug in the prevention and treatment
of renal fibrosis.
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Table 1. The basic information and diagnosis of CKD patients

Gender Age (yr) Proteinuria  Pathological diagnosis Serum BUN
(g/24 h) Creatine (mmol/
(nmol/L) L)
Boy 6.7 3.56 FSGS 382 9.95
Girl 7.8 0.31 DIN 1111 55.10
Boy 10.2 4.38 IgA nephropathy 46 3.18
Girl 2.8 1.41 DIN 428 23.17
Boy 10.0 1.95 Sclerosing glomerulonephritis 630 41.80
Girl 2.0 0.22 FSGS 41 4.73
Boy 3.8 2.07 Sclerosing glomerulonephritis 58 6.03
Boy 10.9 4.59 IgA nephropathy 106 6.55
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Table 2. The sequences of the primers used in the study.

Primer Name Primer Sequence 5" -3’
FNI-F ATGTGGACCCCTCCTGATAGT
FNI-R GCCCAGTGATTTCAGCAAAGG
TGF-B1-F CTCCCGTGGCTTCTAGTGC
TGF-B1-R GCCTTAGTTTGGACAGGATCTG
o -SMA-F CCCAGACATCAGGGAGTAATGG
a-SMA-R TCTATCGGATACTTCAGCGTCA
Collagen I-F TAAGGGTCCCCAATGGTGAGA
Collagen I-R GGGTCCCTCGACTCCTACAT
Collagen III-F CAGGACCTAAGGGCGAAGATG
Collagen ITI-R TCCGGGCATACCCCGTATC
GAPDH-F AATGGATTTGGACGCATTGGT
GAPDH-R TTTGCACTGGTACGTGTTGAT
BMPI1-F TTGTACGCGAGAACATACAGC
BMPI-R CTGAGTCGGGTCCTTTGGC

Figure Legends

Fig. 1. BMP1 expression in fibrotic kidneys from CKD patients and UUO mice. (A &
B) Representative immunohistochemical staining of BMP1 in children with CKD
(n=8) and UUO mice (n=4). Normal renal tissues were collected from patients
without proteinuria who received a partial nephrectomy of a benign renal tumor (n=6).
(C) Western blots analyses of BMP1 in kidneys of UUO mice. GAPDH was used as
loading control (n=4). (D) Semiquantitative analysis of average optical density of
BMPI1. The values represent means = SEM. For the control group vs. CKD group, the
UUO group vs. the sham group, *indicates P < 0.05.
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Fig. 2. UK383,367 ameliorated histologic changes induced by UUO. (A) Deposition
of total fibrosis in kidney tissues was determined by Masson's trichrome staining
(x200). (B) The relative fibrotic area (%), based on Masson's trichrome staining.
Scale bar, 50 um. The values represent means = SEM (n=7 per group). For the UUO
group vs. the sham group, *indicates P < 0.05. For the UK-treated group vs. the UUO
group, # indicates P < 0.05.

Fig. 3. UK383,367 reduced renal interstitial fibrosis in UUO animals. (A & B)
Immunohistochemical staining of collagen I and III (x200). Scale bar, 50 um. (C)
gPCR analysis of FN1, Collagen I, Collagen III and a-SMA (n=7 per group). (D)
Western blot of FNI1, Collagen I, Collagen III and a-SMA (n=7 per group). (E)
Semiquantitative analysis of average optical density of FN1, Collagen I, Collagen III
and o-SMA. The values represent means £ SEM. For the UUO group vs the sham
group, *indicates P < 0.05. For the UK-treated group vs the UUO group, # indicates P
<0.05.

Fig. 4. UK383,367 ameliorated renal inflammation in UUO animals. (A and B) gPCR
analysis of MCP-1 and IL-1B. (C) ELISA analysis of IL-1B in serum. (D)
Representative immunohistochemical staining of MCP1. The values represent means
+ SEM (n=7 per group). For the UUO group vs the sham group, *indicates P < 0.05.
For the UK-treated group vs the UUO group, # indicates P < 0.05.

Fig. 5. UK383,367 had no effect on blood pressure and renal function. C57BL/6J
male mice were treated with UK383,367 for 8 days. (A) Continuous measurement of
blood pressure (BP) for 8 days. (B-F) Analysis of serum creatinine(B), BUN (C),
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creatinine clearance (D), albuminuria (E), and PAS staining (F). The values represent
means = SEM (n=8 per group).

Fig. 6. UK383,367 suppressed TGF-fBl-induced fibrotic response in mPTCs. (A)
Analysis of cell viability by CCK8. mPTCs were treated with different concentrations
of UK383,367 (n=7-10 per group). (B) gPCR analysis of FN1, Collagen I and a-SMA
(n=5 per group). (C) Western blots of FN1, Collagen I, Collagen III and a-SMA. (D)
Semiquantitative analysis of average optical density of FN1, Collagen I, Collagen III
and a-SMA (n=3 per group). mPTCs were pre-treated UK383,367 (200nM) for half
an hour, then treated with TGF-B1 (10ng/ml) for 24h. The values represent means =+
SEM. For the TGF-B1 group vs the control group, *indicates P < 0.05. For the
UK-treated group vs the TGF-B1 group, # indicates P < 0.05.

Fig. 7. UK383,367 inhibited TGF-f1-induced fibrotic response in NRK-49F cells. (A)
Analysis of cell viability by CCK8. NRK-49F cells were treated with different
concentrations of UK383,367 (n=7-10 per group). (B) Western blot of FN1, Collagen
I and a-SMA. (C) Semiquantitative analysis of average optical density of FNI,
Collagen I and a-SMA. In B & C, NRK-49F cells were pre-treated UK383,367
(100nM, 200nM) for half an hour, then treated with TGF-B1 (10ng/ml) for 24h. The
values represent means = SEM (n=3 per group). For the TGF-B1 group vs the control
group, *indicates P < 0.05. For the UK-treated group vs the TGF-B1 group, #
indicates P < 0.05.

Fig. 8. BMP1 promoted TGF-B1-induced profibrotic response in mPTCs. mPTCs
cells were transfected with BMPI1 plasmids for 24h, then treated with TGF-B1
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(10ng/ml) for another 24h. (A-D) qPCR analysis of BMP1 (A), FN1 (B), Collagen I
(C), and a-SMA (D). The values represent means + SEM (n=4 per group). For the

BMP1 group vs the control group, *indicates P < 0.05.
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