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Abstract
Granzymes A and B are activated by proteolytic removal of their N-terminal dipeptides by cathepsin C (dipeptidyl-pep-
tidase I). However, the possible physiological role of the cleaved dipeptides Glu-Lys and Gly-Glu is not yet understood. 
In this study, adding either of the two dipeptides to NK-92 cells, resulted in enhanced cytotoxicity toward the targeted 
K562 cells and increased death rate of the target cells. Cathepsin C is known to generate cytotoxic polymers from various 
dipeptides, however, in the case of the dipeptides Glu-Lys and Gly-Glu, cathepsin C was unable to polymerize them. 
Unexpectedly the dipeptides were found to be inhibitors of the transferase activity of cathepsin C (IC50 < 20 mM), 
and weak competitive inhibitors of the peptidase activity with Ki values in the millimolar range. This suggests that the 
dipeptides can play role in a feedback loop that controls transferase and proteolytic activities of cathepsin C in various 
biological processes. 
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1. Introduction
Natural killer cells (NK cells) are a subpopulation of 

lymphocytes, and as a part of the innate immune response 
mediate cytotoxic activity against cancer cells and virally 
infected cells.1 A finely controlled mechanism is necessary 
to eliminate harmful cells from spreading in the body. 
Recognition of the infected and MHC class I-deficient cel-
ls triggers different cascades of the cytotoxic process.2 One 
of the most important processes is the granzyme’s route, 
including the movement of granules toward the immuno-
logical synapse.2 Granzymes A and B are the most abun-
dant granzymes and thought to play a leading role in gran-
zyme-mediated cytotoxicity.3 They are synthesized in the 
form of inactive zymogens, and during the activation of 
NK cells, cysteine cathepsin C (dipeptidyl-peptidase I) 
activates granzymes by removing the N-terminal dipepti-
de.4 Following the removal of dipeptide, conformational 
rearrangements of the newly formed N-terminal occur.5 
The conserved N-terminal tail of the mature enzyme is 
further inserted in the interior of the protein, forming an 
active granzyme.6 Afterward, these granzymes are vectori-
ally released into the submicroscopic intercellular cleft 
between the NK cell and the target cell.2 From this immu-

nological synapse, granzymes, with the support of perfo-
rin, translocate into the cytoplasm of the target cells, where 
they cleave and activate multiple critical protein substra-
tes, resulting in the death of the target cell.7

The activating protease, cathepsin C,4 is a cysteine 
protease and member of the papain family,8 inhibited by 
cystatins.9 The enzyme is ubiquitously expressed in vario-
us tissues,10,11 having several important functions.12–14 The 
inherited mutation in the cathepsin C gene, generating an 
inactive enzyme, causes autosomal-recessive disease Papil-
lon-Lefévre syndrome.15 Opposite, deficiency of cathepsin 
C lighten severity of acute pancreatitis by reduction of ne-
utrophil elastase activation and cleavage of E-cadherin.16 
Cathepsin C is synthesized as a single chain preproen-
zyme.17 During activation, the tetrameric form of the ma-
ture enzyme is assembled.18 From the crystal structure of 
the mature enzyme it is evident that the monomer consists 
of N-terminal fragment of 119 residues from Asp1 to 
Gly119, termed “exclusion domain”, and 233 residues of 
the papain-like structure.18 However, the enzyme is functi-
onally active only as tetramer composed of four identical 
subunits,19,20 with four active site clefts positioned at the 
tetrahedral corners of the molecule.18 At the end of each 
active site cleft is positioned the N-terminus of the exclusi-
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on domain, which determines dipeptidyl peptidase activi-
ty.18 The carboxylic group of Asp1 side chain controls the 
entry into the S2 binding pocket by recognizing the N-ter-
minal amino group of the substrate.18 At the bottom of the 
pocket are chloride ions which provide additional negative 
charges and are required for cathepsin C activity.18 The en-
zyme is optimally proteolytically active at slightly acidic 
pH17 and is relatively unspecific. It cleaves dipeptides from 
proteins and peptidyl substrates until the N-terminus is no 
more available or a stop sequence of proline is reached.21 
Relatively unspecific cleavage patterns exclude cleavages of 
substrates with positively charged amino acids (Arg and 
Lys) on the N-terminal part of proteins (P2 position).22 At 
neutral pH and above, the enzyme exhibits dipeptidyl 
transferase activity.23 Its perhaps the best known example 
is the lysosomotropic detergent LeuLeuOMe, which accu-
mulates in the lysosomes.24 Once polymerized, it triggers 
the lysosomal pathway of cell death.25,26 

In this study, we found that the dipeptides Glu-Lys 
and Gly-Glu, released during activation of granzymes A 
and B, promote cell death of target cells when incubated 
together with NK cells, but cannot be polymerized by 
cathepsin C. Instead, they act as weak competitive inhibi-
tors of the enzyme, blocking both the proteolytic and 
transferase activities of the enzyme. 

2. Experimental
2. 1. Materials

Acetonitrile (ACN) and pentafluoropropionic acid 
(PFPA) were supplied by Sigma (Germany). Ultrapure wa-
ter was obtained from a Milli-Q system (Millipore, Bed-
ford, MA, USA). Dipeptides Glu-Lys and Gly-Glu, their 
amides, and the fluorogenic substrate Gly-Phe-AMC were 
obtained from Bachem (Switzerland). The human NK cell 
line was derived from blood, mononuclear cells, NK-92, 
and human hematopoietic malignant cell line K562, were 
kindly provided by E. Vivier (Marseille, France). The 
growth medium was RPMI-1640 (Sigma-Aldrich).

2. 2. Cytotoxicity Assay
A fluorescence-activated cell sorter (FACS) was used 

to perform the NK cell cytotoxicity assay, as described pre-
viously.27 The following day, the target K562 cell (105 cells) 
were added at the desired ratio, 10:1, and the mixture was 
incubated for 4 h at 37 °C and 5% CO2 . 0.5 μM propidium 
iodide (Sigma-Aldrich) was used to evaluate cell viability. 
The analysis was performed using a FACSCalibur flow 
cytometer (Becton-Dickinson, USA), and the data acquisi-
tion was performed using Cellquest software. The cells 
were incubated overnight with a supplement of 1 mM di-
peptides Glu-Lys or Gly-Glu. The obtained results are pre-
sented as mean values with standard deviations of at least 
three replicates. 

2. 3.  Cathepsin C expression, Activation,  
and Purification

Human recombinant procathepsin C was expressed, 
activated and purified, essentially as described earlier with 
some minor modifications.28 Briefly, activation by 
cathepsin L was performed overnight at 4 °C in an activa-
ting buffer (250 mM sodium acetate pH 5.5, 150 mM 
NaCl, 10 mM DTT). Afterward, the protein mixture was 
loaded into a Sepharose 12 size-exclusion column, using 
fast protein liquid chromatography (AKTA system, GE 
Healthcare, Sweden), equilibrated with 50 mM of sodium 
acetate, 1mM EDTA, and 300 mM of NaCl, at a pH level of 
5.5, and a flow rate of 0.5 ml/min. The protein peak at 200 
kDa was collected, concentrated to concentration 1 mg/
ml, and analyzed using SDS-PAGE.

2. 4.  High-performance Liquid 
Chromatography (HPLC) Analysis  
of Dipeptide Polymerization
The dipeptides were dissolved in double distilled wa-

ter to 1 M concentration and further used in the reaction 
with a final concentration of 40 mM. The final concentra-
tion of cathepsin C was 75 nM (an active concentration, 
determined as earlier described18) and the buffer in the 
reaction was PBS (10 mM NaH2PO4, 1.8 mM KH2PO4, 
137 mM NaCl, 2.7 mM KCl, pH 7.4), with 5 mM DTT. 
Next, polymerization reaction was performed in 100 µl vo-
lume for four hours at 37 °C, and then an aliquot of 20 µl 
was applied on an Ascentis Express Peptide ES-C18 rever-
sed phase column (150 mm × 2.1 mm, 2.7 µm) (Sigma, 
Germany). The analysis was completed on an HPLC 
system (Waters, Milford, MA, USA) using the Waters 
M600 solvent delivery module and the Waters M2489 de-
tector system. The analysis of the reaction mixture was op-
timized for the separation of dipeptides, using 0.1% PFPA 
as anionic ion-pairing reagents for reversed-phase high-
-performance liquid chromatography (RP-HPLC).29 A 
gradient elution from water/0.1% PFPA (phase A) to ace-
tonitrile/water 60%/ 40% (v/v) with 0.1% PFPA (phase B) 
was used to separate the products.

2. 5.  Determination of Inhibition Constants 
for Glu-Lys and Gly-Glu 
The active site titration of cathepsin C, the determi-

nation of the inhibition type, and the inhibition constant 
(Ki) for the interaction of dipeptides with cathepsin C 
were carried out as described earlier.18 Briefly, measure-
ments were performed in 50 mM sodium acetate, 1 mM 
EDTA, and 300 mM NaCl, pH 5.5. Five hundred µl of the 
reaction mixture contained 0.02 nM cathepsin C and in-
creased concentration of the dipeptides Glu-Lys or Gly- 
Glu. In addition, these experiments were performed at 
different concentrations of the substrate Gly-Phe-AMC to 
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identify the inhibition type. The release of the product at 
25 °C was monitored with a Perkin-Elmer spectrofluori-
meter.

2. 6. Molecular Docking
UCSF Chimera 1.13rc30 has been used to prepare the 

structure of cathepsin C (PDB: 1K3B) for docking. Doc-
king simulations of ligands were performed using the Au-
todock Vina Plugin31 and the results were examined with 
UCSF Chimera. Dipeptides were docked with the enzyme’s 
structure giving a Vina score, which is the predicted affini-
ty of the molecule to bind to the PDB structure, calculated 
in kcal mol–1. 

2. 7. Molecular Modeling of Progranzyme B
The three-dimensional model of human granzyme B 

was generated with the online server program I-TASSER,32 
using the progranzyme K crystal structure (PDB entry 
1MZA)5 as the primary template. Structures were visuali-
zed with UCSF Chimera 1.13rc.30

Figure 1. Dipeptides Glu-Lys (EK) or Gly-Glu (GE) enhanced the cy-
totoxic effect of NK-92 cells toward K562 target cells. NK-92 cells were 
incubated overnight with 1 mM dipeptide supplement, and a number 
of dead target cells was compared to the control samples. The impact 
of the dipeptides on the target cells is seen as their enhanced death. The 
data are expressed as mean ± standard deviations (SD) of at least three 
independent experiments performed in duplicate. A t-test is used to 
compare the mean of two given samples. P value (***) is below 0.001.

Figure 2. Dipeptides Gly-Glu, Glu-Lys or their amide forms are not polymerized by cathepsin C. Reverse phase HPLC using 0.1% pentafluoropro-
pionic acid (PFPA) as anionic ion-pairing reagents for separation, following a four-hour reaction with cathepsin C, in comparison to the control 
samples (a) Gly-Glu, (b) Glu-Lys, (c) Gly-Glu-NH2, (d) Glu-Lys-NH2. (e) Polymerization of Gly-Tyr-NH2 by cathepsin C as a control. For clarity 
purposes, the upper chromatograms are slightly shifted.

a) b)

c) d)

e)
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3. Results
3. 1.  Dipeptides Glu-Lys and Gly-Glu Enhance 

the Cytotoxicity of NK-92 Cells
In order to test, whether the released granzyme pro-

peptides Glu-Lys and Gly-Glu, have an additional role in 
NK cell-mediated cytotoxicity, we incubated the dipepti-
des overnight with the target K562 cells, prior to addition 
of NK-92 cells. The reaction resulted in a substantially en-
hanced cytotoxicity, which was almost 1.5-fold in case of 
Gly-Glu dipeptide (Figure 1). 

3. 2.  Cathepsin C is unable to Polymerize 
Dipeptides Gly-Glu and Glu-Lys,  
Nor their Amide Forms
As the increased cytotoxicity could have resulted 

from cathepsin C-mediated polymerization of the dipepti-
des, we next tested whether the enzyme was able to 
polymerize both dipeptides. Therefore, we incubated the 
reaction mixture containing the dipeptides Gly-Glu or Glu-
-Lys, for four hours with cathepsin C. However, no larger 
peptides were found after separation of the mixture on a 
reverse phase C18 column of the HPLC system (Figure 2A 
and Figure 2B). As cathepsin C is known to prefer dipepti-
de-amides, we next used the amide forms of the two di-
peptides, Gly-Glu-NH2 and Glu-Lys-NH2. To our surpri-
se, the amide dipeptides were not polymerized, similar to 
the free dipeptides (Figure 2C and Figure 2D). In contrast, 
cathepsin C polymerized the dipeptide-amide Gly-Tyr-
-NH2, which was already reported to be a transferase 
substrate of cathepsin C33 (Figure 3).

3. 3.  Dipeptides Glu-Lys and Gly-Glu are 
Inhibitors of Cathepsin C
Finally, we investigated, whether the two dipeptides, 

Glu-Lys and Gly-Glu, have any effect on cathepsin C activi-

ties. Both dipeptides were found to inhibit the transferase 
activity of cathepsin C, monitored by the polymerization of 
the Gly-Tyr-NH2 substrate. The separation of products on a 
reverse phase C18 column of HPLC system, obtained from 
the polymerization reaction of Gly-Tyr-NH2 with cathepsin 
C is illustrated (Figure 3). The formation of the polymeriza-
tion product was completely inhibited by both dipeptides 
at 40 mM concentration, indicating an inhibition of the 
cathepsin C transferase activity at neutral pH (pH 7.4; Fi-

Figure 3. Gly-Glu, the prodipeptide from granzyme B, inhibits the 
transferase and the peptidase activity of cathepsin C. (a) The dipep-
tide Gly-Tyr-NH2 as a control sample. (b) Polymerization of Gly-
Tyr-NH2 by cathepsin C (catC) using a reverse phase HPLC. The 
products of polymerization are eluted with a retention time 15–20 
minutes. Dipeptides Gly-Glu (b) and Glu-Lys (c) inhibit polymeri-
zation reaction of Gly-Tyr-NH2 by catC.

Figure 4. Proteolytic inhibition of cathepsin C by dipeptides Glu-Lys and Gly-Glu. Ki values for inhibition of cathepsin C by dipeptides (a) Glu-Lys 
(20 mM) and (b) Gly-Glu (2.5 mM) were determined by secondary plots.

a) b)

a)

b)

c)

d)
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gure 3). Moreover, both dipeptides inhibited also the pepti-
dase activity of cathepsin C as monitored by the hydrolysis 
of fluorogenic substrate Gly-Phe-AMC at the more acidic 
pH 5.5 (Figure 4). The dipeptides Glu-Lys and Gly-Glu in-
hibited cathepsin C with Ki values of 20 mM and 2.5 mM, 
respectively. The results revealed that both dipeptides are 
weak competitive inhibitors of cathepsin C.

3. 4. Molecular Docking of Dipeptides
In order to understand the potential mechanism of 

dipeptide binding at the structural level, we modelled the 
dipeptides into the active site of human cathepsin C. The 
crystal structure of human cathepsin C (PDB: 1K3B)18 was 
used to assess the fitness and orientation of the docked di-
peptides. As Glu-Lys and Gly-Glu shown to be competitive 
inhibitors of cathepsin C, suggesting a binding into the 
active site of the enzyme, we limited our docking in the 
area of a substrate binding. Despite the similarities in doc-
king sites, some differences were apparent (Figure 5). All 
representative docking predictions with a high score of 
probability fitted into the S1 position of the active cleft. 

The best fit was calculated for the Gly-Tyr-NH2 dipeptide, 
the substrate which was successfully polymerized (Figure 
5A), and can be compared with the position of the inhibi-
tor Ser-Tyr-CN (Figure 5B). Docking of Gly-Tyr-NH2 into 
the 3D structure of cathepsin C placed the dipeptide in the 
position stabilized by the amino acid residues Gly232 and 
Glu275 of the S1 binding site, and Asp1 at the entrance of 
the S2 pocket. The amide group was facing towards the S1’ 
site, interacting with Asn380. 

Docking studies for dipeptides Glu-Lys and Gly-Glu 
suggested representative positions with similar scores. 
Their top-ranked positions were placed in the active site 
cleft of cathepsin C, where both dipeptides were well stabi-
lized. The dipeptide Glu-Lys interacts with Trp405, 
Asn380, Thr379, and Asp1, expanding the side chain 
towards S2 (Figure 5C). Opposite, Gly-Glu stretches 
between S1 and S1’, and is stabilized with Val352, Asn380, 
Trp405, Gln228, Gly232, and Cys234 (Figure 5D). Howe-
ver, the predicted positions do not favor catalysis by the 
enzyme. Namely, the docking studies predicted their bin-
ding to the S1 and S1’ positions, with peptide bond in a 
position that cannot be cleaved.

Figure 5. The active site of cathepsin C with selected predicted positions of dipeptides using docking predictions in comparison to the experimen-
tally determined position of the inhibitor Ser-Tyr-CN in the crystal structure of cathepsin C.22 Docking simulations of ligands were performed using 
the Autodock Vina Plugin31 and the results were visualized with UCSF Chimera 1.13rc.30 (a) The predicted accommodation of dipeptide-amide 
Gly-Tyr-NH2, a substrate for polymerization by cathepsin C; (b) the covalently bound irreversible inhibitor Ser-Tyr-CN in the crystal structure of 
cathepsin C. (c) The best predicted binding of the inhibitory dipeptide Glu-Lys, the prodipeptide of granzyme A. (d) The best predicted position of 
the inhibitory dipeptide Gly-Glu, the prodipeptide of granzyme B.

a) b)

c) d)
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3. 5.  Comparison of the Putative Structure  
of Progranzyme B with Granzyme B
To further investigate the inhibitory role of N-termi-

nal dipeptides from granzymes, we performed sequence 
alignment of the N-terminal parts of granzymes A and B 
in comparison to selected serine proteases with dipeptide 
proregions (Figure 6A). This similarity enabled the mode-
ling of the structure of progranzyme B, using the crystal 
structure of progranzyme K as a template. The obtained 
result, with the C-score value of 1.52, signifies an accurate 
model with high confidence. Comparing both 3D structu-
res, the model structure of progranzyme B, and the crystal 
structure of granzyme B, revealed exposure of the N-ter-
minal prodipeptide (Figure 6B), which is removed by 
cathepsin C. The N-terminus of the mature granzyme B is 
buried inside the protein (Figure 6C).

4. Discussion
Activation of neutrophil serine proteases, gran-

zymes, and cathepsin G is achieved by a rapid truncation 
of the N-terminal dipeptide by cathepsin C.4 Possible in-
volvement of these dipeptides in the cellular protection 

system is supported by the immunomodulatory effect of 
dipeptidyl derivatives, described earlier.34 Therefore, the 
cytotoxic activity of the NK-92 cells towards the target 
K562 cells was evaluated in the presence of prodipeptides 
from granzyme A (Glu-Lys) or granzyme B (Gly-Glu). The 
presence of either dipeptide enhanced the cytotoxic re-
sponse and cell death of the target cells (Figure 1). One 
possible explanation for this increased cytotoxicity would 
be polymerization of the released dipeptides by cathepsin 
C into membranolytic forms, as seen for Leu-Leu-OMe,24 
acting as substance with cytotoxic activity.35 However, 
cathepsin C failed to polymerize any of the two N-termi-
nal dipeptides of granzymes A and B (Figure 2). 

Moreover, cathepsin C even failed to polymerize the 
amide forms of the two dipeptides, i.e. Glu-Lys-NH2 and 
Gly-Glu-NH2, although the enzyme preferentially polyme-
rizes dipeptidyl esters or amides,21,33 such as also seen for 
Gly-Tyr-NH2 we used for the positive control.33 Further-
more, the two granzymes-originating dipeptides Glu-Lys 
and Gly-Glu inhibited transferase and peptidase activities 
of cathepsin C in the millimolar range. Similarly, it has 
been shown that some dipeptides inhibit dipeptidyl pepti-
dase IV in mM range and have potential influence on of 
the enzyme’s function in diabetes.36,37 Our observation is 
in agreement with previous findings, where some dipepti-

Figure 6. Prodipeptides of granzymes A and B, together with highly similar N-terminal parts are preventing the activity of the granzymes. Following 
the removal of prodipeptide, the truncated enzyme undergoes structural rearrangement yielding an active enzyme. (a) Sequence alignment of N-ter-
minal of human granzymes A, B, H, and K (grA, grB, grH, grK, respectively), cathepsin G (catG), and chymase (chy). Prodipeptides are marked by 
the box. Identical amino acids have a black background, and similar amino acids have a grey background. The alignment was performed using 
Clustal Omega, and shading was done using the BoxShade online service. (b, c) A comparison of modeled progranzyme B (b) with the structure of 
mature granzyme B (c) (PDB entry 1IAU). N-terminal residues of both molecules are marked with thicker lines. The prodipeptide of granzyme B, 
pointed out and accessible to cathepsin C, is marked by light gray. The N-terminal part of the reposition of the mature granzyme is perceived.

a)

b) c)
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des competitively inhibited cathepsin C with the Ki values 
in the same range.21 However, it seems that the P1’ positi-
on of the substrate is also important for hydrolysis by 
cathepsin C. Comparing the interaction of several dipepti-
de-amides21 and dipeptidyl-fluorogenic or protein substra-
tes21 with cathepsin C, seems that a bulky group like 
β-naphthylamide in Gly-Phe-β-naphthylamide or AMC in 
Gly-Glu-AMC facilitate hydrolysis,21,22 whereas an amide 
group or a free N-terminus such as in Gly-Phe-NH2,21 Gly-
-Glu and Gly-Glu-NH2 in some cases facilitate inhibition 
of the enzyme. 

To gain insight in the inhibitory nature of prodipep-
tides we performed molecular docking predictions. The 
calculated prediction for the dipeptide amide Gly-Tyr-
-NH2, a substrate which is polymerized by cathepsin C, on 
S2 and S1 positions corresponds to the experimentally po-
sitioned inhibitor Ser-Tyr-CN, bound into cathepsin C 
cleft,22 as well to the predicted position of the tetrapeptide 
Glu-Arg-Ile-Ile.18 However, the inhibitory dipeptides bind 
differently. In contrast to Gly-Tyr-NH2, docking predicti-
ons for dipeptides Glu-Lys and Gly-Glu show non-produ-
ctive binding to the active site of cathepsin C. The inhibi-
tory dipeptides bind to the enzyme on positions in the area 
of S1 and S1’, and are stabilized by surrounding amino 
acids of cathepsin C. Thus, by binding to the active site of 
the enzyme, dipeptides interfere the interaction of 
cathepsin C with substrates. Knowing that the proregion 
dipeptides of granzyme A and B can not polymerize, but 
are weak inhibitors of cathepsin C, raises the question re-
garding the physiological importance of the prodipepti-
des. The model of progranzyme B structure revealed very 
different N-termini positions of progranzyme B and gran-
zyme B.38 Only the exposed N-terminus of progranzyme B 
is accessible to cathepsin C. As observed in granzyme C39 
and K,5 the truncation of the polypeptide chain for two 
amino acids with cathepsin C results in a rapid allosteric 
reorientation, remodeling of the activation domains, and 
activation. We suggest that the released propeptide, to-
gether with the newly formed N-terminus Ile-Ile,40 may at 
least partially block the activities of cathepsin C within the 
granules, especially at high local concentrations. The im-
portance of native sequence of granzymes was revealed by 
mutation studies. Namely, introduction of any mutation in 
the region of the six N-terminal amino acid residues resul-
ted in lower stability or in an incorrect activation pro-
cess.41,42 Expressing granzyme B without the N-terminal 
dipeptide yielded a low level of active enzyme which was 
unstable.41 Moreover, a Glu residue at the P1 position of 
granzyme K was shown to be critical, as any mutations re-
sulted in expression of inactive enzyme.42 

Little is known about the regulation of cathepsin C 
activity. Basically, the enzyme activity is regulated by the 
endogenous protein inhibitors to prevent a granzyme ma-
turation to the active form. Based on the size of granules,43 
we can estimate that mM concentration is reached by 2000 
dipeptide molecules, when granules have diameter of 200 

nm. The concentration of the released propeptide dipepti-
des may be too low to inhibit cathepsin C. However, gran-
zymes and other serine proteases listed in the Figure 6A 
have similar structure of propeptides. Therefore, we sug-
gest that all the released dipeptides from granule serine 
proteases may have effect on cathepsin C. 

The development of cathepsin C inhibitors might 
serve as effective therapeutics for the treatment of diseases, 
such as inflammatory diseases including rheumatoid 
arthritis, cystic fibrosis and pulmonary disease. The cur-
rent therapeutic strategy is based on inhibitors derived 
from the dipeptidyl substrates, which contain an electrop-
hilic “warhead”, such as diazoketones, vinyl sulfones, nitri-
les, and cyanamides, forming reversible or irreversible co-
valent bonds with the enzyme active site Cys234.44 Their 
effective inhibition is at concentration of µM range. Howe-
ver, only few data show biological effects in vivo. Currently, 
a variety of cathepsin C inhibitors are used in preclinical 
and clinical studies.12

5. Conclusion 
In the present study we suggest that the proregion 

dipeptides of granzymes A and B represent a feedback 
loop to control the transferase and peptidase activities of 
cathepsin C. This insight sheds light on the regulation of 
cathepsin C activity in biological processes and broadens 
the knowledge about the role of dipeptides in the mecha-
nisms of cytotoxicity of NK cells. Moreover, the studied 
dipeptides show immunomodulatory effect. In conclusi-
on, an increase in cytotoxicity is not the result of potenti-
ally toxic polymers produced by cathepsin C, but is rather 
due to modulation of NK cell activity as shown for Glu-
-Tyr.45 This study might be important for possible design 
of immunosuppressive dipeptide-like drugs. 
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Povzetek
Katepsin C (dipeptidil peptidaza I) aktivira grancima A in B s proteolitično odstranitvijo N-terminalnih dipeptidov. 
Možna fiziološka vloga odcepljenih dipeptidov Glu-Lys in Gly-Glu ni znana. V naši študiji smo pokazali, da je dodatek 
omenjenih dipeptidov k celicam NK-92 povzročil njihovo povečano citotoksičnost in s tem hitrejšo smrt tarčnih celic 
K562. Katepsin C lahko tvori citotoksične polimere iz različnih dipeptidov, vendar dipeptidov Glu-Lys in Gly-Glu encim 
ni sposoben polimerizirati. Pri tem smo ugotovili, da sta dipeptida šibka inhibitorja transferazne aktivnosti katepsina C 
(IC50 <20 mM) in kompetitivna inhibitorja njegove proteolitične aktivnosti, z vrednostmi Ki v milimolarnem območju. 
Rezultati odkrivajo potencialno vlogo teh dveh dipeptidov, ki lahko s povratno regulacijo vplivajo na transferazno in 
proteolitično aktivnost katepsina C v različnih bioloških procesih. 

https://doi.org/10.1038/s41467-019-08384-x
https://doi.org/10.1517/13543771003657172
https://doi.org/10.1002/ijc.11253

	_ENREF_1
	_GoBack
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_19
	_ENREF_17
	_ENREF_20
	_ENREF_18
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_38
	_ENREF_39
	_ENREF_40
	_ENREF_41
	_ENREF_42

