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Abstract: Diabetic nephropathy is a major microvascular complication of diabetes mellitus, and the leading cause of 
end stage renal disease worldwide. The pathogenesis of diabetic nephropathy is complex, making the development 
of novel treatments that stop or reverse the progression of microalbuminuria into end stage renal disease a chal-
lenge. Protease activated receptor (PAR)-2 has recently been shown to aggravate disease progression in diabetic 
nephropathy based upon which it was suggested that PAR-2 would be a potential target for the treatment of diabetic 
nephropathy. To fully appreciate the translational potential of PAR-2 in diabetic nephropathy, we evaluated the ef-
fect of PAR-2 deficiency on the development of diabetic nephropathy in a streptozotocin-induced diabetes model 
characteristic of type 1 diabetes. Although diabetic PAR-2 deficient mice showed reduced albuminuria compared to 
diabetic wild type mice, an increase in mesangial expansion was evident in the PAR-2 deficient mice. No differences 
were observed in blood glucose levels, podocyte numbers or in glomerular vascular density. These results show that 
PAR-2 plays a dual role in the development of streptozotocin-induced diabetic nephropathy and may thus not be the 
eagerly awaited novel target to combat diabetic nephropathy. Targeting PAR-2 should consequently only be pursued 
with great care in a clinical setting. 

Keywords: Protease-activated receptor 2, diabetic nephropathy, mesangial expansion, albuminuria, streptozoto-
cin, diabetes mellitus

Introduction 

Diabetic nephropathy is a major microvascular 
complication of diabetes mellitus, and the lead-
ing cause of end stage renal disease worldwide 
[1]. Progression towards end stage renal dis-
ease can be limited by strict glycemic control 
and angiotensin-converting-enzyme inhibition 
[2]. However, due to the lack of knowledge on 
the complex pathogenesis of diabetic nephrop-
athy, novel treatment modalities that ultimately 
stop or reverse this progressive pathology re- 
main beyond reach. 

Intriguingly, protease-activated receptor (PAR)-
2, a cellular receptor widely expressed in the 
kidney and well-known to drive fibroprolifera-
tive disorders [3], was recently shown to po- 
tentiate diabetic nephropathy suggesting that 

PAR-2 may be a novel target in the setting of 
diabetic nephropathy to pursue. Indeed, the 
lack of PAR-2 reduced the urinary albumin/cre-
atinine ratio in diabetic endothelial NO syn-
thase (eNOS)+/- mice without affecting blood 
glucose levels. PAR-2 deficiency also inhibited 
glomerular mesangial expansion and resulted 
in a reduction in foot process effacement in 
this specific eNOS+/- Akita type 1 diabetes 
model [4]. In line, PAR-2 inhibition limited glo-
merular endothelial injury, prevented glomeru-
lar sclerosis and attenuated albumin leakage 
into the retina of type 2 diabetic db/db mice [5]. 
Based on these data, it was suggested that 
PAR-2 inhibition would be a novel strategy to 
prevent diabetic nephropathy.

To fully appreciate the translational relevance 
of PAR-2 inhibition in the setting of diabetic 
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nephropathy, and before extrapolating these 
findings to the increasingly heterogeneous po- 
pulation of diabetic nephropathy patients, it is 
however of utmost important to confirm the 
general nature of PAR-2 as driving factor in dia-
betic nephropathy. Consequently, we subjected 
wild type and PAR-2 deficient mice to a strep- 
tozotocin-induced diabetic nephropathy model. 

Materials and methods

Mice

Homozygous PAR-2 deficient mice, generated 
on a C57Bl/6 background were originally pur-
chased from The Jackson Laboratory (ME, USA) 
and bred in the Animal Research Institute Am- 
sterdam. Wild type C57BL/6 mice were pur-
chased from Charles River (Maastricht, Ne- 
therlands). All experiments were approved by 
the Institutional Animal Care and Use Commi- 
ttee of the University of Amsterdam. All mice 
were maintained according to institutional gui- 
delines. Animal procedures were carried out in 
compliance with the Institutional Standards for 
Humane Care and Use of Laboratory Animals of 
the Academic Medical Center. 

Experimental diabetic nephropathy model

Eight to twelve week-old male wild type and 
PAR-2 deficient mice (8 per group) were inject-
ed with streptozotocin (50 mg/kg body weight) 
for 5 consecutive days to induce diabetes. Six 
months after streptozotocin injections, mice 
were sacrificed, and blood, urine and kidneys 
were harvested for further analysis. Blood glu-
cose levels were measured from tail vein blo- 
od using a Bayer Contour glucose meter. Urine 
albumin levels were determined by ELISA (Be- 
thyl laboratories, AL, USA) according to the 
manufacturer’s instructions. Urine creatinine 
levels were determined using an enzymatic 
mouse creatinine assay kit (CrystalChem, Za- 
andam, Netherlands), according to the manu-
facturer’s instructions. 

(Immuno)histochemistry

Formalin-fixed, paraffin embedded, kidney se- 
ctions were subjected to periodic acid-Schi- 
ff-diastase (PAS-D) and Masson’s Trichrome 
staining, following routine procedures. The 
extent of glomerular injury was determined by 
two independent observers in a blinded fash-

ion. To quantify glomerular injury, per mouse  
we scored 50 glomeruli as either normal or 
deviated. Glomeruli were scored as deviated 
when mesangial expansion was apparent as 
clusters of >3 mesangial cells. The percentage 
of collagen per glomerulus was determined 
using imageJ software (U.S. National Institutes 
of Health, MD, USA) in 25 glomeruli per mouse. 
Podocytes and glomerular endothelial cells we- 
re detected using rabbit-α-WT-1 (sc-192, Santa 
Cruz Biotechnology, TX, USA) and rabbit-α-CD- 
31 (sc-1506-R, Santa Cruz Biotechnology) anti-
bodies using routine procedures. In short, par-
affin embedded slides were deparaffinized, and 
endogenous peroxidases were inhibited by 15 
minutes incubation in 0.3% H2O2 at room tem-
perature. After antibody retrieval was perfor- 
med using citrate buffer (pH6.0) for 10 min at 
96°C, slides were blocked with 5% normal goat 
serum in PBS or Ultra V block (Thermo Scientific, 
Runcorn, UK) for 30 min, and incubated over-
night with the primary antibody. Next, slides 
were incubated with Powervision PolyHRP-α-
rabbit IgG (DPVR-55HRP; Immunologic, Duiven, 
Netherlands) for 30 min at room temperature, 
visualized with DAB (BS04-999; Immunologic) 
and counterstained using haematoxylin. Slides 
incubated without the primary antibody were 
used as negative controls to exclude nonspe-
cific binding of the secondary antibody. Pictures 
were taken at 20 times magnification using a 
Leica DM5000B microscope equipped with a 
Leica DFC500 camera and Image Pro Plus soft-
ware (vs 5.02; Media Cybernetics). Number of 
podocytes per field were counted manually and 
the percentage of CD31 positivity per glomeru-
lus was analysed using imageJ software (U.S. 
National Institutes of Health, MD, USA) in 25 
glomeruli per mouse.

RNa isolation and RT qPCR

For gene expression analysis, total kidney mR- 
NA was isolated using TriReagent isolation 
reagent (#11667165001; Roche Diagnostics, 
Almere, Netherlands) according to the manu-
facturers recommendations. All mRNA samples 
were quantified by spectrophotometry and 
stored at -80°C until further analysis. 1 μg of 
mRNA was treated with DNAse using the RQ1 
DNAse kit (M6101, Promega, WI, USA) and sub-
sequently converted to cDNA using M-MLV 
reverse transcriptase (M1705, Promega, WI, 
USA) and random hexamer primers (#SO142, 
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Figure 1. PAR-2 deficiency limits albuminuria in diabetic mice. A. Blood glucose levels of diabetic wild type and PAR-
2 deficient (PAR-2-/-) mice. B. Urinary albumin/creatinine ratio of diabetic wild type and PAR-2-/- mice. C. Quantifica-
tion and representative images of deviated glomeruli in wild type and PAR-2-/- mice. Indicated is the mean ± SEM. n 
= 6-8 per group. Scale bar represents 50 mm. Unpaired t tests were used for analysis. *p<0.05; **p<0.01.  

Fisher Scientific, Landsmeer, Netherlands) ac- 
cording to the manufacturers recommenda-
tions. qPCR and subsequent analysis were per-
formed using a Roche lightcycler with SYBR 
green PCR master mix (#04707516001; Roche, 
Almere, the Netherlands) on a Lightcycler 480 
machine and corresponding software (Softwa- 
re release 1.5.0 (1.5.0.39), Roche, Almere, the 
Netherlands). Expression levels were normal-
ized to TBP expression. The following primer 
sequences were used: mPAR-1 forward: 5’-GT- 
TGATCGTTTCCACGGTCT-3’; mPAR-1 reverse: 5’- 
ACGCAGAGGAGGTAAGCAAA-3’; mTBP forward: 
5’-GGAGAATCATGGACCAGAACA-3’ mTBP rever- 
se: 5’-GATGGGAATTCCAGGAGTCA-3’; GAPDH 
forward: 5’-CTCATGACCACAGTCCATGC-3’ GAP- 
DH reverse: 5’-CACATTGGGGGTAGGAACAC-3’; 
SERPINE1 forward: 5’-GGGCTCGAGTATGACGTT- 
GT-3’ SERPINE1 reverse: 5’-GGTCATGTTGCC- 
CTTCCAT-3’.

Multiplex ligation dependent probe amplifica-
tion (MLPA)

Coagulation, inflammation, and apoptosis relat-
ed gene expression levels were determined in 
isolated RNA of the mouse kidneys. 50 ng/ul 
RNA were analyzed as described previously [6]. 
Several genes involved in apoptosis, inflamma-
tion and coagulation were analysed, using Be- 
ta-2-Microglobulin (B2M) and TATA-Box Binding 
Protein (TBP) as reference genes: apoptosis, 
BCL2 Like 2 (BCL2), BCL2L2, BCL2 Like 1 
(BCL2L1), BOK (BCL2L9), BCL2 Like 11 (BIM), 
BCL2 Like 13 (BCL2L13), Bcl2 Modifying Fac- 
tor (BMF), Serpin Family B Member 9 (SER- 
PINB9), CASP8 And FADD Like Apoptosis Re- 
gulator (CFLAR), BCL2 Family Apoptosis Regu- 
lator (MCL1), BCL2 Associated X (BAX), BCL2 
Antagonist/Killer 1 (BAK1), BH3 Interacting Do- 
main Death Agonist (BID), Associated Agonist 
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Figure 2. PAR-2 deficiency leads to excessive glo-
merular collagen deposition. A. Quantification 
and representative images of Masson trichrome 
staining in wild type and PAR-2 deficient mice. 
Left: Quantification of 20-25 glomeruli per mouse; 
Right: Representative images. B. Renal collagen I 
expression of wild type and PAR-2-/- mice. Indicat-
ed is the mean ± SEM. n = 6-8 per group. Scale bar 
represents 50 mm. Unpaired t tests were used for 
analysis. *p<0.05; **p<0.01

Of Cell Death (BAD), Bcl-2-interacting Killer 
(BIKLK), Modulator Of Apoptosis 1 (MOAP1), 
Apoptotic Peptidase Activating Factor 1 (APA- 
F1), Apoptosis Inducing Factor Mitochondria 
Associated 1 (PDCD8), Phorbol-12-Myristate-
13-Acetate-Induced Protein 1 (PMAIP1), Ba- 
culoviral IAP Repeat Containing 3 (BIRC3), 
Baculoviral IAP Repeat Containing 6 (BIRC6), 
HTRA2 (PRSS25), Diablo IAP-Binding Mitoch- 
ondrial Protein (DIABLO), P21 Activated Kinase 
2 (PAK2); inflammation, MIP-1-Alpha (CCL3), 
Interleukin 1 Beta (IL1B), Toll Like Receptor 2 
(TLR2), Toll Like Receptor 4 (TLR4), Toll Like 
Receptor 9 (TLR9), CD14, Lymphocyte Antigen 
96 (LY96), Interleukin 1 Receptor Associated 
Kinase 1 (IRAK1), Interleukin 1 Receptor As- 
sociated Kinase 3 (IRAK3), Nuclear Factor 
Kappa B (NFKB1), Nitric Oxide Synthase 3 
(NOS3), Intercellular Adhesion Molecule 1 (IC- 
AM1), E-Selectin (SELE), Vascular Cell Adhesion 
Molecule 1 (VCAM1), Hypoxia Inducible Factor 
1 Alpha (HIF1A); coagulation, Tissue Factor 
Pathway Inhibitor (TFPI), Tissue Factor (F3), 
Protein C Receptor (PROCR), Plasminogen Ac- 
tivator Inhibitor 1 (SERPINE1), Tissue Type Pla- 

sminogen Activator (PLAT), and Urokinase Pla- 
sminogen Activator Receptor (PLAUR).

Statistical analysis

All values are expressed as mean ± SEM. All 
groups were tested for normality and for outli-
ers using the D’Agostino-Pearson omnibus nor-
mality test and Grubbs outlier test. Detected 
outliers were excluded from analysis. Diffe- 
rences between two groups were analysed 
using a t-test if data were normally distributed, 
or a Mann-Whitney U-test for non-parametric 
data. All analyses were performed using Gra- 
phPad Prism version 5.01.

Results

Four weeks after streptozotocin injections, dia-
betes was established in all mice as evident 
from blood glucose levels of >15 mmol/L. 
Importantly, PAR-2 deficiency did not affect the 
development of diabetes as glucose levels 
were similar in  wild type and the PAR-2 defi-
cient mice over the time frame of the experi-
ment (Figure 1A). Despite a similar degree of 
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Figure 3. The effect of PAR-2 deficiency on podocyte density and glomerular vasculature. (A) Number of podocytes 
and (B) percentage of CD31 positivity per glomerulus of diabetic wild type and PAR-2 deficient (PAR-2-/-) mice. Left: 
Quantification of 20-25 glomeruli per mouse; Right: Representative images. Indicated is the mean ± SEM. n = 6-8 
per group. Scale bar represents 50 mm. Unpaired t tests were used for analysis. *p<0.05.

hyperglycemia, PAR-2 deficient mice showed 
significantly reduced albumin leakage into the 
urine compared to the wild type mice six mon- 
ths after the induction of diabetes (Figure 1B). 
Interestingly however, mesangial expansion, as 
depicted by the number of injured glomeruli, 
was increased in diabetic PAR-2 deficient mice 
compared to the diabetic wild type mice (Figure 
1C). Accordingly, an increase in collagen depo-
sition was observed in Masson Trichrome 
stained glomeruli of PAR-2 deficient mice, as 
well as an increase in collagen I mRNA expres-
sion in whole kidney homogenates (Figure 2A, 
2B).

As PAR-2 was recently shown to disrupt glo- 
merular integrity by inducing podocyte loss and 
microvascular injury [4, 5], we next evaluated 
the vascular density and podocyte numbers in 
the glomeruli of wild type and PAR-2 deficient 
mice. As shown in Figure 3A, podocyte num-
bers were similar in diabetic wild type and 

PAR-2 deficient mice. Likewise, glomerular mi- 
crovascular density, as measured by CD31 pos-
itivity, was similar in diabetic wild type and 
PAR-2 deficient mice (Figure 3B). 

To screen for other possible mechanisms that 
might explain our findings, MLPA analysis was 
performed using  apoptosis, inflammation and 
coagulation gene panels [7]. Interestingly, of all 
genes analyzed, only SERPINE1 was differen-
tially expressed by a at least a factor 2 (Figure 
4). To validate the observed increase in SE- 
RPINE1 expression, qPCR analysis was per-
formed showing that SERPINE1 expression was 
increased 2.2 fold in diabetic PAR-2 deficient 
mice compared to diabetic wild type mice 
(Figure 5A). 

Finally, we determined renal PAR-1 expression 
levels as PAR-1 aggravates diabetic nephropa-
thy by inducing mesangial expansion [8] and 
consequently a compensatory increase of PA- 
R-1 in PAR-2 deficient mice would explain the 
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Figure 4. Apoptosis, inflammation and coagulation related gene panel MLPA analysis. Expression profiling of apop-
tosis (A), inflammation (B) and coagulation (C) related gene panels in PAR-2 deficient diabetic mice. Upper panels 
show heat maps of differential expression between diabetic wild type and diabetic PAR-2 deficient mice. Lower 
panels show mean ± SEM of LOG2 fold change. n = 6-8 per group. 

Figure 5. SERPINE1 and PAR-1 gene expression is upregulated in diabetic 
PAR-2-/- mice. mRNA expression of SERPINE1 (A) and PAR-1 (B) in diabetic 
wild type and PAR-2 deficient (PAR-2-/-) mice. Indicated is the mean ± SEM. 
n = 6-8 per group. Unpaired t tests were used for analysis. *p<0.05.

observed increase mesangial expansion. As 
shown in Figure 5B, PAR-1 mRNA levels were 
increased in PAR-2 deficient mice compared to 
wild type mice.

Discussion

Preclinical animal models recently showed that 
PAR-2 aggravates diabetic nephropathy based 
on which it has been suggested that PAR-2 in- 
hibition would be a novel strategy to limit dis-
ease progression. Using an alternative model 
of type 1 diabetes, however, we here show that 
PAR-2 acts as a double edged sword by reduc-
ing albuminuria but increasing mesangial ex- 
pansion. 

A main finding of our study is the fact that PAR- 
2 deficiency limits albuminuria in a streptozo- 
tocin-induced diabetic nephropathy model. The- 
se data are in line with previous observations  
in PAR-2 deficient eNOS+/- Akita mice which sh- 
ow reduced urinary albumin concentrations as 
compared to wild type eNOS+/- Akita mice [4]. 
Based on these observations, and on the no- 
tion that pharmacological PAR-2 inhibition lim-
its glomerular endothelial injury and prevents 
glomerular sclerosis in type 2 diabetic db/db 
mice, it is tempting to suggest that PAR-2 would 
be a therapeutic target to slow down the pro-
gression of diabetic nephropathy [4, 5]. 

Intriguingly however, reduced albuminuria was 
accompanied by increased mesangial expan-

sion in PAR-2 deficient mice 
subjected to the streptozoto- 
cin model which is in contrast 
to a small but significant de- 
crease in mesangial expansion 
in PAR-2 deficient eNOS+/- Akita 
mice [4]. The role of PAR-2 in 
diabetic nephropathy may the- 
refore not be as straight for-
ward as thought before. In or- 
der to better characterize the 
mechanisms underlying the 
observed phenotype of redu- 
ced albuminuria but increased 
glomerulosclerosis, we profiled 
kidney homogenates for differ-

ential expression. Interestingly, of all genes 
analysed only SERPINE1, the gene coding for 
plasminogen activator inhibitor 1 (PAI-1), was 
significantly increased in PAR-2 deficient mice 
compared to wild type controls. This is particu-
larly relevant as PAI-1 levels are increased in 
kidneys of diabetic nephropathy patients and 
these high PAI-1 levels are associated with 
excessive accumulation of extracellular matrix 
proteins [9]. Moreover, PAI-1 deficient mice sub-
jected to STZ-induced diabetes develop less 
glomerulosclerosis and albuminuria compared 
to wild type mice [10]. Increased PAI-1 levels in 
PAR-2 deficient mice are probably not a direct 
effect of PAR-2 on SERPINE1 gene expression 
as previous studies show that PAR-2 stimula-
tion/transactivation induces PAI-1 levels [11-
13]. Although the cause of increased PAI-1 
expression in diabetic PAR-2 deficient mice re- 
mains elusive, it is tempting to speculate it may 
be the underlying mechanism for the observed 
adverse effects on diabetic nephropathy in PA- 
R-2 deficient mice.

In addition to PAR-2, its family member PAR-1 
has also been implicated in diabetic nephropa-
thy. Indeed, PAR-1 deficient mice develop less 
kidney damage after streptozotocin-induced di- 
abetes, as evidenced by diminished albumin-
uria, plasma cystatin C levels, expansion of the 
mesangial area, and tubular atrophy [8]. This is 
particularly interesting as PAR-1 levels are dif-
ferently regulated in PAR-2 deficient mice sub-
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jected to streptozotocin-induced diabetes or 
eNOS+/- Akita-induced diabetes. Indeed, PAR-1 
levels are decreased in PAR-2 deficient [4] 
whereas PAR-1 levels are increased in strepto-
zotocin treated PAR-2 deficient mice. This dif-
ferential regulation of PAR-1 may thus explain 
the observed difference in PAR-2-dependent 
mesangial expansion in the eNOS+/- Akita model 
and our streptozotocin model. Alternatively, dif-
ferential expression of PAR-2 agonists in the 
different preclinical diabetes models could be 
responsible for the observed discrepancy in 
mesangial expansion. PAR-2 is activated upon 
cleavage by different proteases like for instance 
factor X [4], cathepsin S [5], matriptase [14] 
and trypsin [15]. Importantly, the individual pro-
teases induce divergent signaling pathways 
leading to differential functional consequenc-
es, a phenomenon known as biased agonism 
[15].

Irrespective the actual explanation for the op- 
posite effect of PAR-2 deficiency on disease 
outcome in the different preclinical diabetes 
models, our data indicate that targeting PAR-2 
in the setting of diabetic nephropathy should 
be pursued with care and is probably not the 
eagerly awaited novel treatment option for this 
common kidney disease. Moreover, our data 
underscore the fact that translation of precli- 
nical data into clinical practise should be pur-
sued only in case beneficial effects have been 
observed in multiple models.

Acknowledgements

We thank Joost Daalhuisen and Marieke  
ten Brink for their technical assistance dur- 
ing the animal experiments. This work was sup-
ported by the Dutch Diabetes Foundation 
(2012.00.1471 and 2009.11.001).

Disclosure of conflict of interest

None.

Address correspondence to: Maaike Waasdorp, 
Center for Experimental and Molecular Medicine, 
Academic Medical Center, Meibergdreef 9, 1105 AZ 
Amsterdam, The Netherlands. Tel: +31205664903; 
E-mail: M.Waasdorp@amc.uva.nl

References

[1] Zimmet P, Alberti KG and Shaw J. Global and 
societal implications of the diabetes epidemic. 
Nature 2001; 414: 782-787.

[2] Anil Kumar P, Welsh GI, Saleem MA and Menon 
RK. Molecular and cellular events mediating 
glomerular podocyte dysfunction and deple-
tion in diabetes mellitus. Front Endocrinol 
(Lausanne) 2014; 5: 151.

[3] Mercer PF and Chambers RC. Coagulation and 
coagulation signalling in fibrosis. Biochim Bio-
phys Acta 2013; 1832: 1018-1027.

[4] Oe Y, Hayashi S, Fushima T, Sato E, Kisu K, 
Sato H, Ito S and Takahashi N. Coagulation fac-
tor Xa and protease-activated receptor 2 as 
novel therapeutic targets for diabetic nephrop-
athy. Arterioscler Thromb Vasc Biol 2016; 36: 
1525-1533.

[5] Kumar Vr S, Darisipudi MN, Steiger S, Devar-
apu SK, Tato M, Kukarni OP, Mulay SR, Thom-
asova D, Popper B, Demleitner J, Zuchtriegel 
G, Reichel C, Cohen CD, Lindenmeyer MT, Lia-
pis H, Moll S, Reid E, Stitt AW, Schott B, Gruner 
S, Haap W, Ebeling M, Hartmann G and Anders 
HJ. Cathepsin S cleavage of protease-activated 
receptor-2 on endothelial cells promotes mi-
crovascular diabetes complications. J Am Soc 
Nephrol 2016; 27: 1635-1649.

[6] Spek CA, Verbon A, Aberson H, Pribble JP, 
McElgunn CJ, Turner T, Axtelle T, Schouten J, 
Van Der Poll T and Reitsma PH. Treatment with 
an anti-CD14 monoclonal antibody delays and 
inhibits lipopolysaccharide-induced gene ex-
pression in humans in vivo. J Clin Immunol 
2003; 23: 132-140.

[7] Loubele ST, Spek CA, Leenders P, van Oerle R, 
Aberson HL, van der Voort D, Hamulyak K, Pe-
tersen LC, Spronk HM and ten Cate H. Active 
site inhibited factor VIIa attenuates myocardial 
ischemia/reperfusion injury in mice. J Thromb 
Haemost 2009; 7: 290-298.

[8] Waasdorp M, Duitman J, Florquin S and Spek 
CA. Protease-activated receptor-1 deficiency 
protects against streptozotocin-induced dia-
betic nephropathy in mice. Sci Rep 2016; 6: 
33030.

[9] Xu Y, Hagege J, Mougenot B, Sraer JD, Ronne E 
and Rondeau E. Different expression of the 
plasminogen activation system in renal throm-
botic microangiopathy and the normal human 
kidney. Kidney Int 1996; 50: 2011-2019.

[10] Nicholas SB, Aguiniga E, Ren Y, Kim J, Wong J, 
Govindarajan N, Noda M, Wang W, Kawano Y, 
Collins A and Hsueh WA. Plasminogen activa-
tor inhibitor-1 deficiency retards diabetic ne-
phropathy. Kidney Int 2005; 67: 1297-1307.

[11] McEachron TA, Church FC and Mackman N. 
Regulation of thrombin-induced plasminogen 
activator inhibitor-1 in 4T1 murine breast can-
cer cells. Blood Coagul Fibrinolysis 2011; 22: 
576-582.

[12] Grandaliano G, Pontrelli P, Cerullo G, Monno R, 
Ranieri E, Ursi M, Loverre A, Gesualdo L and 

mailto:M.Waasdorp@amc.uva.nl


PAR-2 in STZ-induced diabetic nephropathy

4520 Am J Transl Res 2017;9(10):4512-4520

Schena FP. Protease-activated receptor-2 ex-
pression in IgA nephropathy: a potential role in 
the pathogenesis of interstitial fibrosis. J Am 
Soc Nephrol 2003; 14: 2072-2083.

[13] McEachron TA, Pawlinski R, Richards KL, 
Church FC and Mackman N. Protease-activat-
ed receptors mediate crosstalk between coag-
ulation and fibrinolysis. Blood 2010; 116: 
5037-5044.

[14] Bardou O, Menou A, Francois C, Duitman JW, 
von der Thusen JH, Borie R, Sales KU, Mutze K, 
Castier Y, Sage E, Liu L, Bugge TH, Fairlie DP, 
Konigshoff M, Crestani B and Borensztajn KS. 
Membrane-anchored serine protease matrip-
tase is a trigger of pulmonary fibrogenesis. Am 
J Respir Crit Care Med 2016; 193: 847-860.

[15] Jiang Y, Yau MK, Kok WM, Lim J, Wu KC, Liu L, 
Hill TA, Suen JY and Fairlie DP. Biased signaling 
by peptide agonists of protease activated re-
ceptor 2. ACS Chem Biol 2017; 12: 1217-
1226. 


