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Abstract: A series of protease activated receptor 2 activat-
ing peptide (PAR2-AP) derivatives (1–15) were designed 
and synthesized. The obtained compounds were tested 
on a panel of human kallikreins (hKLK1, hKLK2, hKLK5, 
hKLK6, and hKLK7) and were found completely inactive 
toward hKLK1, hKLK2, and hKLK7. Aiming to investigate 
the mode of interaction between the most interesting 
compounds and the selected hKLKs, docking studies were 
performed. The described compounds distinguish the dif-
ferent human tissue kallikreins with compounds 1 and 5 
as the best hKLK5 and hKLK6 inhibitors, respectively.
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Human kallikreins (hKs) are a multigene family of 15 
secreted serine-type proteases (Yousef et al., 2000; Yousef 
and Diamandis, 2001). Kallikrein-related peptidases show 
a high degree of homology with trypsin; this similarity is 
related both to the primary structure and to the catalytic 

mechanism. All but four kallikrein-related peptidases 
present an Asp residue homologous to that of trypsin, 
located at the base of the substrate-binding pocket, 
addressing the specificity toward positively charged Lys 
and Arg residues. Human tissue kallikrein 5 (hKLK5), first 
isolated from human plantar stratum corneum (Brattsand 
and Egelrud, 1999), is found in many tissues and it appears 
to be most abundantly expressed in human skin (Shaw 
and Diamandis, 2007). hKLK5 was reported to play role 
in a kallikrein proteolytic cascade pathway activating the 
prostate kallikreins hKLK2 and hKLK3 that participate in 
seminal clot liquefaction and possibly in prostate cancer 
progression (Michael et al., 2006). Moreover, hKLK5 can 
play a major role in the pathobiology of Netherton syn-
drome (NS), a rare genetic skin disease (Hovnanian, 
2012). hKLK5 has a trypsin-like specificity, with a strong 
preference for Arg over Lys residues at P1 position of the 
substrates. The specificities of the other subsites were not 
determined in detail; however, the S2 subsite seems to 
accept hydrophobic amino acids as Pro and Phe (Michael 
et al., 2005; Debela et al., 2006).

A number of hKLKs are expressed in the central 
nervous system (CNS); among them, hKLK6 is the most 
studied and its involvement in several neurodegenerative 
diseases such as Alzheimer’s disease, Parkinson’s disease, 
and multiple sclerosis has been documented (Diamandis 
et  al., 2000; Ogawa et  al., 2000). A detailed analysis of 
hKLK6 substrate specificity showed that it is a restricted 
arginyl hydrolase and has high preference for hydropho-
bic amino acids at P2 and P1′ positions (Angelo et  al., 
2006). On the basis of this study, the best substrate thus 
far reported for hKLK6 was synthesized, Abz-AFR↓FSQ-
EDDnp, which was cleaved at the R-F bond (as indicated 
by ↓). It is noteworthy that the AFRFS sequence was found 
as a motif in the amino-terminal domain of seven human 
ionotropic glutamate receptor subunits. It has been sug-
gested that hKLK1 and hKLK6 are directly implicated in 
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neurodegeneration and could be useful tools to follow 
multiple sclerosis progression (Scarisbrick et al., 2008).

Aside from their involvement in pathologies of the 
skin and CNS, overexpression of hKLK5 and hKLK6 
occurs in several malignancies, including ovarian, breast 
and testicular cancer. Accumulating evidence suggests 
that hKLKs are activators of protease activated receptors 
(PARs) that comprise four G protein-coupled receptors 
(PAR1, PAR2, PAR3, and PAR4) (Caliendo et  al., 2012). It 
has been reported that hKLK5, through PAR2 signaling, 
increases the expression of proinflammatory cytokines 
and chemokines in human primary keratinocytes (Briot 
et al., 2009); hKLK6 evoked intracellular Ca2+ flux medi-
ated by PAR1 in neurons and both PAR1 and PAR2 in 
astrocytes (Vandell et al., 2008). Moreover, a study on the 
substrate specificity of hKLK6, performed using fluores-
cence resonance energy transfer peptides derived from 
sequences that span the cleavage sites for activation of 
PAR1–4, has shown that only the substrate with the PAR2 
sequence was hydrolyzed (Angelo et al., 2006).

hKLK5 and hKLK6 inhibitors would be very useful 
pharmacological tools for elucidating the physio-path-
ological processes where the mentioned kallikrein iso-
forms are involved; moreover, these inhibitors might serve 
as lead compounds for developing new drugs to treat 
diseases that result from their uncontrolled activities. 
The development of hKLK6 inhibitors is thus far scarce, 
although hKLK6 is involved in neurodegenerative dis-
eases and cancer. A series of N-(4-aminomethylphenyl)-
2-hydroxy-benzamide derivatives have been recently 
reported, and the most potent inhibitor presented a Ki of 
0.3 μm (Liang et al., 2012a). Some natural isocoumarins, 
instead, have shown their ability in inhibiting hKLK5 and 
hKLK7, with vioxanthin being the most potent inhibitor 
toward hKLK5 with Ki = 22.9 μm (Teixeira et al., 2011).

Starting from the consideration that PAR2 is a hKLK5 
and hKLK6 substrate, we hypothesize that compounds 
derived from the PAR2 activating peptide (PAR2-AP), 
namely the sequence SLIGRL, could be prepared and 
assayed for activity against hKLK5 and hKLK6. Moreover, 
to verify their selectivity toward other hKLKs, the com-
pounds were tested also toward hKLK1, hKLK2, and hKLK7.

Compounds 1–4 were already described in a previ-
ous article reporting a SAR study on PAR2-AP derivatives 
obtained replacing Ile3-Gly4 dipeptide backbone with 
more rigid difunctional scaffolds (Santagada et al., 2002). 
Compounds 5–15 are lower molecular weight (MW) deriva-
tives in which an aliphatic or aromatic nucleus, variously 
substituted, has been linked to the PAR2-AP carboxy-
terminal dipeptide Arg-Leu. The structures of the com-
pounds are reported in Tables 1 and 2. Compounds 1–15 

Table 1 Chemical data for compounds 1–4.

NH2-Ser-Leu --- SPACER --- Arg-Leu-NH2

Compd  SPACER   tR (min) 
 

MW

Calcd  Found

1
 

HN
O

 
19.17  611.8  613.0

2
  NH O

 
17.22  619.8  620.6

3
 

HN

O

3

 
25.22  647.8  648.7

4

 

NH
O  

21.84  605.7  606.6

Compounds 1–15 were synthesized by SPPS using the standard 
Fmoc method in a manual reaction vessel and in a stepwise fashion. 
For each compound, 0.5 g (0.35 mequiv) of Rink amide MBHA resin 
was used. Each Fmoc-amino acid was coupled in a 3-fold excess, 
through TBTU/HOBt/DIPEA, except for the first amino acid that was 
used in a 5-fold excess and coupled through DIPCDI/HOBt. The Fmoc 
protecting groups were removed by treatment with a 25% piperidine 
in DMF (45 min). The commercially available difunctional scaffolds 
cis-4-aminocyclohexanecarboxylic acid, 4-(aminomethyl)benzoic 
acid, 4-(4-aminophenyl)butanoic acid, trans-4-(aminomethyl)
cyclohexanecarboxylic acid, 2-aminobenzoic acid, and 4-ami-
nobenzoic acid were dissolved in 9% Na2CO3 and converted to the 
corresponding Fmoc derivatives by treatment with a solution of 
N-(9-fluorenylmethoxycarboniloxy)succinimide (Fmoc-OSu) in DMF. 
Each protected pseudopeptide was cleaved from the resin, and 
the amino acid side chains were simultaneously deprotected by 
treatment with a mixture of TFA/DCM/TIS/anisole (90:5:3:2) for 2 h 
at room temperature under nitrogen atmosphere. The conditions 
employed for purification and characterization of the pseudopep-
tides are reported in Table 2.

were synthesized by Fmoc solid-phase peptide synthesis 
(SPPS). Mature hKLK1, hKLK2, hKLK5, hKLK6, and hKLK7 
were expressed and purified from baculovirus/insect cell 
line system as previously described (Bernett et al., 2002). 
The compounds presented in Tables 1 and 2 were com-
pletely inactive toward hKLK1 and hKLK2, which also have 
a high preference for Arg at the cleavage site, and were 
also inactive on hKLK7, which has a high specificity for 
Phe and Tyr. As shown in Table 3, several of the described 
compounds display interesting Ki values toward hKLK5 
and/or hKLK6. Therefore, these compounds distinguish 
the different human tissue kallikreins. The compounds 
of the series NH2-S-L-spacer-R-L-NH2 (1–4) were more 
effective inhibitors for hKLK5 (Ki values ranging from 
1.0 ± 0.05 to 31 ± 2 μm) than for hKLK6 (Ki values ranging 
from 2.9 ± 0.2 to 254 ± 20 μm). In contrast, the compounds 
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NH2-S-L-spacer-R-L-NH2 incorporated both flexible (1) as 
well as rigid spacers (2). However, the most rigid struc-
ture, as compound 4, reduced the inhibition by two orders 
of magnitude. The lower inhibition activity of compound 
3 compared with that of 2 indicated that the length of the 
spacer has significant influence on the interaction with 
hKLK6.

Aiming to investigate the mode of interaction between 
the most interesting compounds and the selected hKLKs, 
docking studies were performed. To verify the presence of 
direct and frequent interactions between some PAR2-AP 

Table 2 Chemical data for compounds 5–15.

Spacer --- Arg-Leu-NH2

Compd  Spacer   tR (min) 
 

MW

Calcd  Found

5

 
CI

O

 
18.54  424.9  425.8

6
  OH2N

 
16.04  425.6  426.5

7
  O

 
19.26  396.5  397.7

8

  O

F3CO  

22.80  474.5  475.3

9
 

O

O

S

 
18.38  426.5  427.8

10
  O

F3C
 

22.30  458.5  459.6

11
  O

H2N
 

14.09  405.5  406.3

12

 

O

H2N 3

 

16.97  447.6  448.5

13
  O

 
24.07  390.5  391.4

14
  OH2N

 
14.21  419.5  420.8

15

 

O  

20.88  396.5  397.4

The crude compounds were purified by reversed phase (RP)-HPLC 
on a preparative Vydac C18 column (15–20 μm, 50 × 250 mm; The 
Separations Group, Inc., Hesperia, CA, USA) using a gradient of 
CH3CN in 0.1% aqueous TFA (from 0% to 45% in 35 min) at a flow 
rate of 30 ml/min. Analytical RP-HPLC was done using the following 
conditions: RP Vydac C18 column (5 μm, 4.6 × 250 mm) and a two-
solvent system: eluent A, 0.05% TFA (v/v) in water; eluent B, 0.05% 
TFA (v/v) in acetonitrile; eluted in a linear gradient from 0% to 50% 
B during 35 min, UV detection at 220 nm, and flow rate at 1 ml/
min. Analytical RP-HPLC indicated a purity of  > 98%, and the correct 
MWs were confirmed by electrospray ionization-MS, performed on 
a ThermoFinnigan LCQ Ion-Trap mass spectrometer (Thermo Fisher 
Scientific Inc., Waltham, MA, USA).

Table 3 Ki values toward hKLK5 and hKLK6, respectively, of 
compounds 1–15 and the lowest ΔG docking values of the most 
significant clusters of hKLK5 and hKLK6 complexed with compounds 
1, 2, 5, and 7.

Compd 
 

hKLK5  
 

hKLK6  
 

hKLK5  
 

hKLK6

Ki (μm) Ki (μm) ΔG (kcal/mol) ΔG (kcal/mol)

1  1.0 ± 0.05   2.9 ± 0.2   -7.29   -8.13
2  1.2 ± 0.07   4.4 ± 0.3   -6.8; -6.2   -9.54
3  2.9 ± 0.1   45 ± 3   –   –
4  31 ± 2   254 ± 20   –   –
5  Not inhibited   1.5 ± 0.08   -8.44a; -7.38a   -8.62; -8.36
6  9.0 ± 0.6   3.9 ± 0.2   –   –
7  Not inhibited   5.7 ± 0.3   -8.97a   -8.30
8  15 ± 1   8.4 ± 0.6   –   –
9  21 ± 2   13.0 ± 0.8   –   –

10  43.0 ± 5   21.8 ± 2   –   –
11  38 ± 2   26.3 ± 3   –   –
12  4.9 ± 0.4   26.3 ± 2   –   –
13  4.3 ± 0.3   77 ± 6   –   –
14  11.9 ± 0.9   148 ± 8   –   –
15  Not inhibited   178 ± 13   –   –

Assays were carried out at 37°C in 50 mm Tris/HCl and 1 mm EDTA 
(pH 9.0). The substrate used was 5.3 μm Abz-KLRSSKQ-EDDnp 
(Km = 2.9 μm and Kcat = 14.7 s-1; enzyme concentration, 2 nm). The Ki 
values were calculated using the relations v0/vi = 1+[I]/Ki(app), where 
v0 is the hydrolysis velocity in the absence of inhibitors and vi is the 
velocity in the presence of different concentrations of the inhibitors. 
Ki values were obtained using the relation Ki = Ki(app)/(1+[S]/Km). 
Mature hKLK1, hKLK2, hKLK5, hKLK6, and hKLK7 were expressed 
and purified from baculovirus/insect cell line system, as previously 
described (Bernett et al., 2002). The final yield of purified mature 
hKLKs was typically 20–25 mg/l of culture. The purity of mature 
hKLKs was assessed by SDS-PAGE (w/v 15% polyacrylamide gel) 
and Coomassie brilliant blue staining, N-terminal sequencing, and 
MALDI-TOF MS. The protein samples were about 98% homogene-
ous, with no visible degradation products and had the expected 
mature N-terminus corresponding to the mature proteases. Molar 
concentrations of active hKLK6 and hKLK1 were determined by titra-
tion with 4-methylumbelliferyl p-guanidinobenzoate hydrochloride 
by spectrofluorimetric titration as described previously (Jameson 
et al., 1973).
aThese ΔG values refer to the different binding modes supposed to 
be responsible for the lack of inhibition of these compounds.

of the series spacer-R-L-NH2 (5–15) were less effective 
inhibitors for hKLK5, with 12 and 13 as the best inhibitors 
of the series, which, in contrast, are very poorly effective 
toward hKLK6. The best inhibitors for hKLK6 in the series 
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derivatives and, respectively, hKLK5 and hKLK6, molecular 
docking with Autodock v4.2 was performed. Compounds 1, 
2, 5, and 7 were considered the most significative, as they 
all inhibited hKLK6, while, tested on hKLK5, the first two 
chemicals showed the lowest experimental Ki values and 
the last two had no inhibition activity. The two proteases 
and the assayed compounds were considered as rigid 
receptors and flexible ligands, respectively. At first, the 
flexible ligands were designed with Marvin Sketch v5.10, 
followed by the investigation of the lowest energy con-
former within the force field MMFF94. At the same time, 
the crystal-bound structures of hKLK5 and hKLK6 com-
plexed with their inhibitors, leupeptin and 4-{[(3R)-3-{[(7-
methoxynaphthalen-2-yl)sulfonyl](thiophen- 3-ylmethyl)
amino}-2-oxopyrrolidin-1-yl]methyl}thiophene-2-carbox-
imidamide, respectively (Liang et al., 2012b), were down-
loaded as.pdb files (2PSX and 3VFE) from the Protein Data 
Bank and visualized to define their specific binding sites.

Two grids of proper sizes centered on these identified 
portions were built. Their associated parameter values 
were specific for each hKLK. Coordinates (x, y, and z) of 
the center of the grid of the two hKLKs were chosen on 
the basis of the crystal structure of the protease-ligand 
complex. This choice was made considering the protein 
binding sites, keeping the fundamental amino acids for 
interactions and also in line with the dimensions of the 
ligands to be docked.

Moreover, genetic algorithm (GA) was selected as the 
docking mode. GAs are a class of optimization methods 
that are based on various computational models of Dar-
winian evolution (Goldberg, 1989) (the term ‘evolutionary 
algorithms’ is also used to describe such methods). GAs 
involve the creation of a population of potential solu-
tions that gradually evolves toward better solutions, and 
the use of a chromosome to encode each member of the 
population. In these methods, each chromosome in a pop-
ulation encodes one conformation of the ligand together 
with its orientation within the binding site. A scoring 
function is used to calculate the fitness of each member 
of the population and to select individuals for each itera-
tion. As with the Monte Carlo search methods, the under-
lying random nature of the GA means that it is usual to 
perform a number of runs and to select the structures with 
the highest scores (Leach and Gillet, 2007). GA was com-
bined with a method of local search, providing a hybrid 
algorithm, named Lamarckian GA.

The reliability of a docking result depends on the 
energies of the docked structures found at the end of each 
run and on their similarities to each other. In Autodock, 
the similarity of docked structures is measured by com-
puting the root-mean-square deviation (rmsd) between 

the coordinates of the atoms. One way to measure the 
reliability of a result is to compare the rmsd of the lowest 
energy conformations and their rmsd to one another, to 
group them into families of similar conformations (clus-
ters). In this process, the lowest energy conformation is 
used as the seed for the first cluster. Next, the second 
conformation is compared with the first. If it is within 
the rmsd tolerance, it is added to the first cluster. If not, 
it becomes the first member of a new cluster. This process 
is repeated with the rest of the docked results, grouping 
them into families of similar conformations. In this work, 
different clusters were made and examined at different 
rms tolerance values until 3.5 Å was chosen as the most 
proper value for grouping. Before making this choice for 
the synthesized compounds, the originally bound struc-
tures were redocked for the calibration. Using an rmsd 
tolerance of 2.0 Å, a cluster analysis is automatically per-
formed by Autodock. The lowest binding energy cluster 
of redocked leupeptin and 4-{[(3R)-3-{[(7-methoxynaph-
thalen-2-yl)sulfonyl](thiophen- 3-ylmethyl)amino}-2-ox-
opyrrolidin-1-yl]methyl}thiophene-2-carboximidamide) 
was consistent with their crystallographic poses, and they 
had minimum free binding energy values of -7.93 and -9.68 
kcal/mol, respectively.

The docking scores in Autodock are provided by ΔG 
binding values. Outputting structurally similar clusters are 
ranked by Autodock in order of increasing energy. Thus, 
the lowest binding energy value cluster is assigned to the 
cluster rank 1. The ranking of the ligands was correct for 
all the docked compounds, and their free binding energy 
range values were consistent with those of the original 
inhibitors.

Compound 1 had the highest torsional degree of 
freedom owing to the coexistence of four amino acid free 
side chains and a cyclohexane moiety in its two lowest 
energy chair conformations. These two main structural 
features let these derivatives accommodate in differ-
ent ways. Thus, clusters of similar docked poses were 
poorly populated, and the output was slightly ambigu-
ous. However, in the complexes with the lowest binding 
energy, the Arg side chain extended to the S1 pocket, 
and its carbonyl group was in close contact with Ser195 
Oγ or Gly193, thus resembling the P1-Arg3i of leupeptin 
with its terminal carbonyl group and the amidinothio-
phene group of 4-{[(3R)-3-{[(7-methoxynaphthalen-2-yl)
sulfonyl](thiophen-3-ylmethyl)amino}-2-oxopyrrolidin-
1-yl]methyl}thiophene-2-carboximidamide, respectively 
(Figure 1). Moreover, a high degree of superposition 
turned out for these Arg residues in the lowest energy 
docked structures of 1 with the positively charged moieties 
current in the relative cocrystallized ligands (Figure  2). 
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In general, all the supposed inhibitors kept this binding 
mode. Thus, it may be considered responsible for the 
lack of proteolytic activity or at least strictly related to it. 
The lowest free binding energy values for compound 1  
complexed with hKLK5 and hKLK6 were -7.29 and -8.13 
kcal/mol, respectively.

Compound 2 showed this conservative orienta-
tion of Arg residue both in the lowest binding energy 

cluster and in the largest cluster complexes with hKLK5 
(Figure  3). The relative free binding energy ranges were 
1.05 kcal/mol (minimum = -6.8 kcal/mol) and 3.81 kcal/mol 
(minimum = -6.2 kcal/mol), respectively.

In the first mentioned complex, the CO of the aromatic 
spacer was in close contact with the Nε2 atom of Gln192 and 
its hydrophobic benzene ring was partially aligned with 
the P2-Leu2i side chain of the leupeptin crystallographic 

Figure 1 (A) Compound 1 in the hKLK5 substrate binding site, where the carbon atom of compound 1 are in yellow and those of hKLK5 are 
in light gray. (B) Compound 1 in the hKLK6 substrate binding sites, where the carbon atoms of compound 1 are in yellow and those of hKLK6 
are in light gray. Docking studies: compounds 1–15 were designed with Marvin Sketch v5.10, followed by the investigation of the lowest 
energy conformer within the force field MMFF94. The visualization was performed with UCSF Chimera v1.7. Molecular docking was done with 
Autodock v4.2, using the following protocol for both hKLK5 and hKLK6: genetic algorithm (GA); number of GA runs: 100; population size: 
150; maximum number of evaluations: long (25 000 000); other parameters set with their default values. To address the ligand on the sup-
posed binding site, Autogrid 4 was performed, selecting the following parameters for hKLK5: number of points in x-dimension: 50; number 
of points in y-dimension: 48; number of points in z-dimension: 40; spacing: 0.375 (default); center grid box (x, y, z): 6.566, -2.509, 20.503. 
For hKLK6, Autogrid 4 was performed, keeping the same number of points in x, y, and z dimensions and the same spacing, but the following 
center grid box (x, y, z): -3.087, -10.988, -16.074.

Figure 2 Superposition of compound 1 with crystallographic poses of leupeptin (A) and 4-{[(3R)-3-{[(7-methoxynaphthalen-2-yl) sulfonyl]
(thiophen-3-ylmethyl) amino}-2-oxopyrrolidin-1-yl] methyl} thiophene-2-carboximidamide (B).
The carbon atoms of leupeptin and amidinothiophene derivative are in light gray, while those of compound 1 are in purple (A) and cyan (B), 
respectively.
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pose. In the second one, the spacer was superposed on 
the P3-Leu1 residue, while the C-terminal Leu was on the 
P2-Leu2i residue of leupeptin. For hKLK6, 25 analogous 
complexes with compound 2 were obtained in the lowest 
binding energy cluster that was also the most populated 
one, with a ΔG range of 4.94 kcal/mol (minimum = -9.54 
kcal/mol).

Two similar main clusters were fed by 22 and 19 
docked structures of compound 5 complexed with 
hKLK6, respectively. The ΔG range values were 2.27 
kcal/mol (minimum = -8.62 kcal/mol) and 1.23 kcal/mol 

(minimum = -8.36 kcal/mol). The Arg side chain extends 
into S1 resembling the amidinothiophene group, in close 
contact with the carboxylic side chain of Asp189 and the 
backbone carbonyl oxygen of Asn217, while the Leu side 
chain is situated adjacent to Ser195, simulating the pyrro-
lidinone group. On the other hand, frequently p-chloro-
phenyl group slots into the S4 cleft, delimited by Trp215, 
which is free in the crystallographic pose (Figure  4). 
However, the specificity in S4 for hydrophobic residues 
follows the order hKLK4 > hKLK5 > hKLK6 > hKLK7 (non-
specific), which means that this pocket in hKLK6 can 

Figure 3 The lowest energy complex of the lowest binding energy cluster (A) and of the largest cluster (B) complexes of compound 2 in the 
hKLK5 substrate binding site.
The carbon atoms of compound 2 are in sea green and those of hKLK5 are in light gray.

Figure 4 The lowest energy cluster (A) and the largest cluster (B) complexes of compound 5 in the hKLK6 substrate binding site.
The carbon atoms of compound 5 are in orange and those of hKLK6 are in light gray.
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accommodate any non-polar group (Debela et al. 2008). 
These conformations were visible in the results of the 
alignment process with the crystallized inhibitor. In 
contrast, a completely opposite orientation with the Arg 
side chain extending into the catalytic triad was kept 
by compound 5 docked with hKLK5 in the most signifi-
cant cluster. This chain could not be aligned with the 
leupeptin correspondent one, but only matches with the 
hydrophobic Leu residues were allowed (Figure  5A,B). 
Thus, this different binding mode and an incorrect 
alignment with cocrystallized leupeptin were sup-
posed to be responsible for the lack of inhibition in the 
docking output with hKLK5 for both compounds 5 and 
7 (Figure 5C,D). For these two compounds, the interac-
tions with Asp189 were replaced by that with Asp102 
of the catalytic triad. Even if compound 7 docked with 
hKLK6 showed two different main poses and not only 
that seen thus far to be related to the inhibition activ-
ity, the overall results supported the hypothesis of an 
inhibition mechanism based on the binding mode and 

suggested a correlation between specific conformations 
and activities.

In conclusion, the PAR2-AP derivatives 1–15 have been 
prepared and tested for their ability to inhibit a panel of 
hKs. The compounds were able to distinguish the different 
hKLKs acting as inhibitors only toward hKLK5 and hKLK6. 
Compound 1 (Ki = 1.0 ± 0.05 μm) was the most effective 
toward hKLK5, while 5 (Ki = 1.5 ± 0.08 μm), besides being 
the best hKLK6 inhibitor, was also very selective, being 
completely inactive toward all the other hKLKs tested in 
our study. The promising results here obtained indicate 
these new compounds as valid leads for further optimi-
zation studies aiming to improve the potency of this new 
class of hKLK5 and hKLK6 inhibitors.
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Figure 5 Superposition of crystallographic poses of leupeptin with compounds 5 (A and B) and 7 (C and D).
The carbon atoms of leupeptin are in light gray and those of compounds 5 and 7 are in magenta and yellow, respectively. The hydrophobic 
spacers of the two non-inhibitors could be aligned with the opposite moiety in leupeptin.
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