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Abstract. In the present study, the inhibitory effect of arazyme 
on allergic inflammation was investigated by evaluating the 
alteration of cytokine production and expression of skin barrier 
proteins in immune and HaCaT human keratinocyte cells. 
THP‑1 human monocytic and EoL‑1 human eosinophilic cells 
were treated with Dermatophagoides pteronissinus extract 
(DpE). Monocyte chemotactic protein‑1 (MCP‑1)/CCL2, 
interleukin (IL)‑6 and IL‑8 increased following DpE treatment 
and arazyme significantly blocked the increase of MCP‑1, 
IL‑6 and IL‑8 expression in cell types. Secretion of MCP‑1, 
IL‑6 and IL‑8 induced by lipopolysaccharide in THP‑1 cells 
was also inhibited by arazyme treatment. Arazyme inhibited 
the secretion of IL‑6 and IL‑8 due to phorbol 12‑myristate 
13‑acetate and calcium ionophores in human mast cells. 
Arazyme blocked the secretion of thymus and activation‑regu-
lated chemokine (TARC)/CCL17, MCP‑1, IL‑6 and IL‑8 due 
to tumor necrosis factor‑α (TNF‑α) and interferon‑γ (IFN‑γ) 
in HaCaT cells. TNF‑α and IFN‑γ suppressed the expression 
of skin barrier proteins, including filaggrin, involucrin and 
loricrin. By contrast, arazyme increased the expression of 
filaggrin, involucrin and loricrin. These results may contribute 
to the development of a therapeutic drug for the treatment of 
allergic diseases, including atopic dermatitis.

Introduction

A number of environmental and genetic factors combined 
with a dysregulated immune system response contributes 
to allergic diseases, including atopic dermatitis, asthma and 
allergic rhinitis (1‑3). The house dust mite, Dermatophagoides 

pteronissinus (DpE), induces the production of immuno
globulin E (IgE), stimulates cytokine expression by 
activating immune cells and exploits defects in the skin barrier 
proteins (4,5). Regulation of cytokine production is important 
in the pathogenesis of allergic diseases. Cytokines, including 
interleukin (IL)‑6, IL‑8 and monocyte chemotactic protein‑1 
(MCP‑1)/CCL2, participate in the shift from acute to chronic 
phases of allergy and in the attraction of neutrophils and 
monocytes, culminating in allergic inflammation (6‑8). The 
thymus and activation‑regulated chemokine (TARC)/CCL17, 
which is a Th2 chemokine associated with allergy, specifically 
atopic dermatitis, is primarily produced in keratinocytes (9). 
Keratinocytes also produce skin barrier proteins, including 
filaggrin, involucrin and loricrin and defects in the skin barrier 
evoke atopic dermatitis (10,11). Since the exact pathogenic 
mechanism of allergic diseases has not yet been determined, 
general therapy for atopic dermatitis depends on anti‑inflam-
matory or immunosuppressive drugs. However, a number of 
drugs elicit toxic side effects.

Arazyme is a novel metalloprotease, produced and secreted 
in the culture medium by Aranicola proteolyticus, also known 
as Serratia proteamaculans, an aerobic gram‑negative symbi-
otic bacterium that was isolated from the intestine of the spider 
Nephila clavata (12,13). Arazyme protects against acute hepatic 
injury by enhancing SMP30 expression, which suppresses the 
transforming growth factor‑β (TGF‑β)/Smad pathway and by 
increasing the expression of anti‑oxidant proteins (14).

The identification of new drug candidates for the treatment 
of allergic diseases using an in vitro screening system has 
previously been reported (15‑17). The development of therapies 
for the treatment of allergic diseases has been unsuccessful 
thus far. Therefore, the development of a new screening system 
was beneficial. In the present study, the effect of arazyme 
on cytokine and skin barrier protein production in immune 
cells and skin keratinocytes was investigated, with the aim to 
explore arazyme therapeutically for the treatment of allergies, 
including atopic dermatitis.

Materials and methods

Enzyme purification. Arazyme was purified as previously 
described (13). Briefly, extracellular fractions were collected 
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by centrifugation of the culture medium or by filtration 
using a 0.2  µl membrane filter (Pall Life Sciences, Port 
Washington, NY, USA). Chromatography was performed on 
a DEAE‑cellulose column equilibrated with 50 mM potas-
sium phosphate buffer (pH 7.6). Bound proteins were eluted 
with a concentration gradient of sodium chloride ranging 
between 0.1 and 0.5 M at a flow rate of 400 ml/h and each 
fraction was concentrated with a 10 kDa cassette membrane 
(Pall Life Sciences). The protein solution was loaded at a 
flow rate of 20 ml/h onto a Sephadex G‑75 column previ-
ously equilibrated with 50 mM potassium phosphate buffer 
(pH  7.8). Fractions containing proteolytic activity were 
concentrated with the 10 kDa cassette membrane and stored 
at ‑20˚C.

Cell culture. The THP‑1 human monocytic cell line was obtained 
from the American Type Culture Collection (Manassas, VA, 
USA). The EoL‑1 human eosinophilic leukemia cell line was 
obtained from the Riken Cell Bank (Tsukuba, Japan). The 
two cell types were cultured in RPMI‑1640 medium. HMC‑1 
human mast cells and human keratinocytic HaCaT cells were 
cultured in Iscove's medium and Dulbecco's modified Eagle's 
medium, respectively, supplemented with 10% heat‑inactivated 
fetal bovine serum, penicillin (100 U/ml) and streptomycin 
(100 µg/ml).

Cell viability assay. Cell viability was assayed based on the 
conversion of 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetra-
zolium bromide (MTT) using a cell proliferation kit (Roche 
Korea, Seoul, Korea). THP‑1, EoL‑1, HMC‑1 and HaCaT 
cells in 100 µl culture medium were seeded into a 96‑well 
plate. Arazyme was added to the wells at a concentration 
ranging between 1 and 50 µg/ml. Following incubation for 
24 h at 37˚C, 10 µl MTT solution was added and incubated 
for 4 h. Solubilization solution (100 µl) was added to the 
wells. Following 24‑h incubation, absorbance was measured 
at 550 nm using an ELx808 enzyme‑linked immunosorbent 
assay (ELISA) reader (Bio‑Tek Instruments Inc., Winooski, 
VT, USA).

ELISA. Following pre‑treatment with arazyme for 30 min, 
THP‑1, EoL‑1, HMC‑1 and HaCaT cells were treated with 
DpE, supplied by the Korea National Arthropods of Medical 
Importance Resource Bank (Seoul, Korea). The concentra-
tions of MCP‑1, IL‑6, IL‑8, TARC and tumor necrosis factor‑α 
(TNF‑α) in the supernatant were measured by sandwich 
ELISA using an OptEIA Set (BD Biosciences, San Jose, CA, 
USA) according to the manufacturer's instructions. The cyto-
kine concentration was calculated using a linear‑regression 
equation obtained from the standard absorbance values.

Western blotting. HaCaT cells were seeded into a six‑well 
plate at a cell density of 5x106 cells/ml. Following treat-
ment with TNF‑α and interferon‑γ (IFN‑γ) in the absence 
or presence of arazyme, the cells were harvested and lysed 
in 50  µl lysis buffer (20  mM HEPES, 400  mM NaCl, 
1 mM EDTA, 1 mM EGTA, 25% glycerol, 1 mM dithio-
threitol, 0.1 mM Na3VO4 and protease inhibitors). Samples 
were centrifuged at 12,000 x g for 15 min at 4˚C. The protein 
samples (50 µg/lane) were separated by 10% sodium dodecyl 

sulfate‑polyacrylamide gel electrophoresis and transferred 
to nitrocellulose filters. Blots were incubated with anti-
bodies against filaggrin, involucrin or loricrin (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) and were developed 
using the enhanced chemiluminescence detection system 
(Amersham Pharmacia Biotech., Piscataway, NJ, USA). The 
membrane was stripped and reprobed with anti‑ERK2 anti-
body as an internal control.

Statistical analysis. Data were presented as the mean ± SD. 
The statistical differences were analyzed using a one‑way 
ANOVA. The SPSS statistical software (version 10.0; SPSS 
Inc., Chicago, IL, USA) was used for statistical analysis. 
P<0.05 was considered to indicate a statistically significant  
difference.

Results

Arazyme inhibits the secretion of MCP‑1 and IL‑8 in THP‑1 
and EoL‑1 cells. A MTT‑based assay was used to determine 
the effect of arazyme on the viability of THP‑1, EoL‑1, 
HMC‑1 and HaCaT cells. As shown in Fig. 1, the survival 
rate of HMC‑1 cells was not affected by arazyme concen-
tration ranging between 1  and 50 µg/ml. The viability of 
THP‑1 and EoL‑1 cells was weakly inhibited by arazyme 
concentration ranging between 10 and 50 µg/ml. In HaCaT 
cells, arazyme at a concentration of 5 µg/ml weakly inhibited 
cell viability. Arazyme at concentrations ranging between 
10 and 50 µg/ml was toxic. The secretion of MCP‑1, IL‑6 
and IL‑8 increased following treatment with an extract of 
DpE and lipopolysaccharide (LPS) in THP‑1 cells (Fig. 2A 
and B). Arazyme significantly suppressed the production of 
MCP‑1, while IL‑8 increased following treatment with DpE 
in a dose‑dependent manner, despite different inhibition 
depending on the cytokine type (P<0.05). Arazyme also 
inhibited the LPS‑mediated increased production of MCP‑1, 
IL‑6 and IL‑8 (Fig.  2B). In EoL‑1 cells, DpE enhanced 
the expression of MCP‑1, IL‑6 and IL‑8. MCP‑1 and IL‑8 
expression decreased following treatment with arazyme in a 
dose‑dependent manner (Fig. 3). IL‑6 expression increased 
following treatment with a low concentration of arazyme, 
but decreased following treatment with a high concentration 
when compared with mite treatment alone. Alteration of IL‑6 
by arazyme in EoL‑1 cells was similar to that in THP‑1 cells 
(Figs. 2A and 3).

Arazyme inhibits the secretion of IL‑6 and IL‑8 in HMC‑1 
cells and the production of TARC, MCP‑1, IL‑6 and IL‑8 in 
HaCaT cells. HMC‑1 cells produce IL‑6, IL‑8 and TNF‑α 
following treatment with phorbol 12‑myristate 13‑acetate 
(PMA) and calcium ionophore (CaI). Arazyme was found to 
significantly inhibit the increase of IL‑6 and IL‑8 induced by 
PMA and CaI in a dose‑dependent manner (P<0.05; Fig. 4). 
The cytokine production of HaCaT cells was also investi-
gated. TNF‑α and IFN‑γ increased the production of TARC, 
MCP‑1, IL‑6 and IL‑8 in the cells. IL‑8 was weakly blocked 
by arazyme, however, TARC, MCP‑1 and IL‑6 were mark-
edly inhibited by arazyme. The results shown in Figs. 1‑5 
are consistent with the hypothesis that arazyme inhibits the 
cytokine production of various cells, including monocytes, 
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eosinophils, mast cells and keratinocytes, thus suggesting  
arazyme as a possible candidate factor for the treatment of 
inflammation, including allergic diseases.

Arazyme increases the expression of filaggrin, involucrin and 
loricrin in HaCaT cells. The extent of barrier dysfunction 
correlates with the degree of allergy, in particular atopic derma-
titis, since the skin barrier blocks the penetration of microbes, 

allergens and other environmental toxins. Skin barrier proteins 
include filaggrin, involucrin and loricrin and are produced by 
keratinocytes. Therefore, the effect of arazyme on the regula-
tion of skin barrier proteins in HaCaT cells was investigated. 
TNF‑α and IFN‑γ treatment inhibited the expression of filag-
grin, involucrin and loricrin in HaCaT cells (Fig. 6A). Arazyme 
reversed the decrease of filaggrin, involucrin and loricrin in 
HaCaT cells (Fig. 6B). These results indicate that arazyme 

  A

Figure 1. Effect of arazyme on survival of THP‑1, EoL‑1, HMC‑1 and HaCaT cells. (A) THP‑1, EoL‑1, HMC‑1 and (B) HaCaT cells were incubated in medium 
in the absence (medium alone) or presence of arazyme at the indicated concentrations for 24 h. The survival rate was measured by performing the MTT‑based 
viability assay. Data are expressed as the relative ratio to the absorbance of the untreated cells, which was set at 100% and as the mean ± SD of three indepen-
dent experiments. MTT, 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide.

Figure 2. Arazyme inhibits the production of MCP‑1, IL‑6 and IL‑8 increased by (A) DpE or (B) LPS in THP‑1 cells. THP‑1 cells were seeded in wells of 
24‑well plates and cultured in RPMI‑1640 medium containing 0.5% FBS at 37˚C for 24 h. Cells were pre‑treated in the absence or presence of arazyme at 
the indicated concentrations. Cells were treated with 10 µg/ml mite extract for 24 h and the supernatant was then collected and analyzed by ELISA. Data are 
presented as the mean ± SD of three independent experiments. *P<0.05 and **P<0.01 was considered to indicate a statistically significant difference between 
the untreated vs. DpE only treated group or between the DpE only treated vs. arazyme‑treated group. MCP‑1, monocyte chemotactic protein‑1; IL, interleukin; 
DpE, Dermatophagoides pteronissinus.
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Figure 4. Arazyme blocks the production of IL‑6 and IL‑8 increased by PMA and CaI in HMC‑1 cells. HMC‑1 cells were seeded in 24‑well plates and cultured 
in RPMI‑1640 medium containing 0.5% FBS at 37˚C for 24 h. Cells were pre‑treated in the absence or presence of arazyme at the indicated concentrations. The 
cells were treated with 50 ng/ml PMA and 1 µM CaI for 24 h and the supernatant was collected and analyzed by ELISA. Data are presented as the mean ± SD 
of three independent experiments. *P<0.05 was considered to indicate a significant difference between the untreated vs. the PMA+CaI only treated group or 
between the PMA+CaI only treated vs. the arazyme‑treated group. IL, inteterleukin; MPA, phorbol 12‑myristate 13‑acetate; CaI, calcium ionophore.

Figure 3. Arazyme inhibits the production of MCP‑1, IL‑6 and IL‑8 increased by DpE in EoL‑1 cells. EoL‑1 cells were seeded in 24 well plates and 
cultured in RPMI‑1640 medium containing 0.5% FBS at 37˚C for 24 h. Cells were pre‑treated in the absence or presence of arazyme at the indicated con-
centrations. Cells were treated with 10 µg/ml DpE for 24 h. The supernatant was collected and analyzed by ELISA. Data are presented as the mean ± SD 
of three independent experiments. *P<0.05 and **P<0.01 were considered to indicate a significant difference between the untreated vs. DpE only treated 
group or between the DpE only treated vs. the arazyme‑treated group. MCP‑1, monocyte chemotactic protein‑1; IL, interleukin; DpE, Dermatophagoides 
pteronissinus.

Figure 5. Arazyme suppresses the production of TARC, MCP‑1 and IL‑6 increased by TNF‑α and IFN‑γ in HaCaT cells. HaCaT cells were seeded into 24‑well 
plates and cultured in RPMI‑1640 medium containing 0.5% FBS at 37˚C for 24 h. The cells were pre‑treated in the absence or presence of arazyme at the 
indicated concentrations. The cells were treated with 10 ng/ml TNF‑α and IFN‑γ for 24 h. The supernatant was collected and analyzed by ELISA. Data are 
presented as the mean ± SD of three independent experiments. *P<0.05 and **P<0.01 were considered to indicate a significant difference between the untreated 
vs. the TNF‑α+IFN‑γ only treated group or between the TNF‑α+IFN‑γ only treated vs. the arazyme‑treated group. TNF‑α, tumor necrosis factor‑α; IFN‑γ, 
interferon‑γ; TARC, thymus and activation‑regulated chemokine; MCP‑1, monocyte chemotactic protein‑1; IL, interleukin.
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increases the expression of skin barrier proteins under condi-
tions where skin barrier proteins are decreased.

Discussion

In the present study, the efficacy of arazyme as an anti‑inflam-
matory or anti‑atopic dermatitis drug was examined for 
the first time using human inflammatory‑associated cells. 
Arazyme was observed to inhibit the production of MCP‑1, 
IL‑6 and IL‑8 in THP‑1 and EoL‑1 cells, suppress the secre-
tion of IL‑6 and IL‑8 in HMC‑1 cells, reduce TARC, MCP‑1, 
IL‑6 and IL‑8 in HaCaT cells and upregulate the production 
of filaggrin, involucrin and loricrin in HaCaT cells.

Arazyme is a metalloprotease and its effect on the 
pathogenesis of allergic inflammation is unclear, however, 
it is known to protect hepatocytes that have been injured 
by CCl4  (14). The efficacy of arazyme as an inhibitor of 
inflammation was determined by evaluating the alteration 
of cytokines in inflammatory cells and skin barrier proteins 
in keratinocytes. Although arazyme differentially inhibited 
cytokine production, depending on the effector cells, the 
enzyme had an inhibitory effect on cytokine production in 
THP‑1, EoL‑1, HMC‑1 and HaCaT cells. Arazyme blocked 
IL‑8 expression in all the cells used in this study and inhib-
ited MCP‑1 expression in THP‑1, EoL‑1 and HaCaT cells. 
Since MCP‑1 acts as a potent chemoattractant of monocytes 
and IL‑8 functions as an essential molecule in the survival, 
migration and activation of neutrophils, arazyme may inhibit 
the inflammatory responses by regulation of the immune 
responses involved in monocytes and neutrophils  (18). In 
the present study, arazyme also suppressed IL‑6 expression 
in HMC‑1 and HaCaT cells in a dose‑dependent manner. In 
THP‑1 and EoL‑1 cells, arazyme increased IL‑6 expression 
at a low concentration and decreased the expression at a 
high concentration. These observations are consistent with 
our previous study (17), however, the mechanism remains 
unknown. The release of IL‑6 and IL‑8 following treatment 
with DpE in our previous studies (15,16) was higher than 
that in the present study. This inconsistency may be caused 
by a variety of factors, including cell culture conditions 
and variations in the skills of the different investigators. 

However, arazyme clearly reveals an inhibitory trend of 
cytokine production similar to anti‑inflammatory chemicals 
or extracts (17,19,20).

Since arazyme is a protease with strong cleavage activity, 
it may hydrolyze pro‑inflammatory molecules, including 
bradykinin and histamine, as previously observed  (21,22). 
This is important for determining how arazyme induces 
an anti‑inflammatory effect. Based on the present results, 
a number of hypotheses were considered. Firstly, arazyme 
cleaves extracellular inflammatory stimulators, including mite 
extract, LPS, TNF‑α and IFN‑γ. Therefore, the stimulators do 
not transduce inflammatory signals associated with produc-
tion of cytokines and skin barrier proteins. Secondly, arazyme 
directly cleaves cytokines, including MCP‑1, IL‑6, IL‑8 and 
TARC. Arazyme also binds to a novel and as of yet uniden-
tified receptor and tranduces an anti‑inflammatory signal 
associated with inhibition of the cytokine production and skin 
barrier proteins. The exact mechanism of arazyme remains to 
be elucidated and is the subject of ongoing studies.

Atopic dermatitis is an allergic skin disease character-
ized by inappropriate epidermal‑barrier function, relapsing 
skin inflammation and IgE‑mediated sensitization to envi-
ronmental allergens, including house dust mites. Filaggrin, 
involucrin and loricrin are major proteins that form the 
epidermal skin barrier and defects in the production and/or 
installation of these proteins is important in the pathogen-
esis of atopic dermatitis (23). In the present study, filaggrin, 
involucrin and loricrin decreased following treatment with 
TNF‑α and IFN‑γ in HaCaT cells and arazyme increased 
expression of these molecules. Defects in skin barrier 
protein production evoke or aggravate atopic dermatitis by 
facilitating microbe penetration and contact of allergen and 
toxic chemicals (10). A loss of function mutation of filaggrin 
is associated with other allergic diseases, as well as atopic 
dermatitis  (24). TARC is produced by keratinocytes and 
functions as a Th2 chemokine, which induces skin inflam-
mation in atopic dermatitis (9). In the present study, arazyme 
potently decreased TARC expression in HaCaT cells. These 
results may indicate that arazyme alleviates the severity of 
atopic dermatitis by regulating the expression of TARC and 
skin barrier proteins in keratinocytes.

Figure 6. Arazyme increases the expression of filaggrin, involucrin and loricrin reduced by TNF‑α and IFN‑γ. (A) Serum‑starved HaCaT cells were incubated 
with 10 ng/ml TNF‑α and IFN‑γ for the indicated times. (B) Serum‑starved HaCaT cells were pre‑incubated in the absence and presence of 5 µg/ml arazyme 
for 1 h. The cells were then incubated with 10 ng/ml TNF‑α and IFN‑γ for 24 and 48 h. The harvested cells were lysed and filaggrin, involucrin and loricrin 
were analyzed by western blot analysis. The membrane was stripped and reprobed with anti‑ERK2 antibody as an internal control.TNF‑α, tumor necrosis 
factor‑α; IFN‑γ, interferon‑γ.
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Although drugs for allergy treatment, including atopic 
dermatitis, are being actively developed, steroids are broadly 
used as an effective drug for allergy or inflammation therapy. 
However, steroids elicit a variety of side effects. To investigate 
a new candidate for allergy treatment, the effect of arazyme 
derived from A. proteolyticus was investigated and arazyme 
was observed to induce an anti‑inflammatory effect and 
increase the expression of filaggrin, involucrin and loricrin in 
keratinocytes. In conclusion, arazyme may be promising in the 
treatment of allergic diseases.
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