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Abstract. Skin infection from pathogenic dermatophyte, Epidermophyton floccosum, 
can cause serious health complications, especially in immuno-compromised pa-
tients. Proteolytic enzymes secreted from E. floccosum are required for host tissue 
degradation, facilitating fungal invasion. However, little is known regarding host 
matrix metalloproteinase (MMP) expression during E. floccosum infection. In this 
study human foreskin fibroblast (HFF) cell line was used to determine MMP-9 
protease activity by gelatin zymography and amount by ELISA. E. floccosum 
induced HFF secretion of MMP-9 in a time dependent manner, but HFF cell vi-
ability decreased. Treatment with an MMP inhibitor (SB-3CT) caused reduction 
in E. floccosum-induced secreted MMP-9 and improvement in HFF cell viability.  
These findings indicate a possible control measure for protecting skin from E. 
floccosum infection.
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Dermatophytes can be classified into three 
genera, namely, Trichophyton, Microspo-
rum, and Epidermophyton, based on the 
formation and morphology of their co-
nidia (structure of asexual reproduction). 
In addition, the species can be classified 
as zoophilic, geophilic, or anthropophilic, 
depending on their primary habitat or 
hosts (animal or humans) (White et al, 
2008).

Epidermophyton floccosum is widely 
distributed in the tropics and subtrop-
ics, particularly in Thailand, and causes 
tinea cruris, tinea pedis, tinea corporis, 
and onychomycosis (Weitzman and Sum-
merbell, 1995; Ungpakorn, 2005). A major 
event during dermatophyte infection is 
the secretion of endo- and exo-proteases 
to digest keratin tissue into short peptides 
and amino acids (Monod, 2008). Although 

INTRODUCTION

Fungal infections, particularly from 
cutaneous mycoses (dermatophytes) can 
result in chronic and wide damage to skin, 
hair and nail (Gupta et al, 2004). The path-
ological conditions, often termed as ring-
worm or tinea, can cause high morbidity 
(Borgers et al, 2005). Recent studies have 
found that 25% of the world’s population 
are affected by dermatophytes, found in 
almost 50% of patients > 25 years of age 
(Alió et al, 2005; Havlickova et al, 2008). 
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infections by dermatophytes are usually 
restricted to the superficial epidermis, 
these fungi can be invasive and cause 
highly severe infections in immune-defi-
cient patients, leading to the development 
of dermatophytic granulomas (Rodwell 
et al, 2008).

During tissue inflammation, matrix 
metalloproteinase-9 (a member of the 
gelatinase family) is secreted in response 
to the up-regulation of pro-inflammatory 
cytokines and is involved in tissue re-
modeling during the repair process (Ries 
et al, 2009). MMP-9 is expressed from 
macrophage in response to mycobacterial 
infection (Quiding-Järbrink et al, 2001), but 
little is known concerning MMP expression 
during fungal (dermatophyte) infection. 

In general, dermatophyte infection 
can be cured with a wide variety of anti-
fungal drugs. However, drug resistance 
and/or side effects of long-term use, such 
as liver damage, disturbed estrogen levels, 
and allergies (Guo et al, 2012), eventually 
lead to treatment failure and enhance the 
incidence of mycoses (Peres et al, 2010). 

Thus, this study investigated secre-
tion of gelatinolytic proteases from E. 
floccosum-infected human skin fibroblasts 
and the effects of the MMP-inhibitor SB-
3CT.

MATERIALS AND METHODS

Fungal strains and growth conditions
Epidermophyton floccosum and Can-

dida albicans were kindly provided by 
the Department of Microbiology and Im-
munology, Faculty of Tropical Medicine, 
Mahidol University, Thailand. Fungi 
were cultured on Sabouraud dextrose 
agar (SDA) (Sigma-Aldrich, St Louis, 
MO) at 30°C for 15 days, and then stored 
at 4°C until used. A small piece of SDA 
with sporulating colonies was inoculated 

into 500 ml of Sabouraud dextrose broth 
(SDB) (Sigma-Aldrich) and incubated at 
25°C with shaking for 7-15 days to induce 
conidia formation. Both E. floccosum and 
C. albicans were diluted in the SDB broth 
to a concentration of 106 CFU/ml. Then 
each isolate was diluted with RPMI 1640 
medium supplemented with 10 g/l glu-
cose (Sigma® Chemical, St Louis, MO) to 
1.0 x 105 CFU/ml for subsequent analysis.
Fungal growth kinetics analysis

Fungal growth in the liquid culture 
was examined using a microplate assay. 
The spore suspension was adjusted to 
1.0 x 105/ml, centrifuged at 3,000g for 15 
minutes at room temperature and the 
conidia pellet was suspended in 5 ml of 
SDB and incubated at 28°C in a well of a 
microplate. Absorbance at 620 nm was 
automatically recorded every 3 hours 
(Multiscan FC microplate-reader; Thermo 
Scientific, Waltham, MA) to generate a 
dermatophyte growth curve. In some 
experiments, E. floccosum was incubated 
with 200 nM of MMP inhibitor SB-3CT 
(Chemicon International, Temecula, CA).
Infection of human foreskin fibroblast 
(HFF) cells with fungi 

A HFF cell line, obtained from Ameri-
can Type Culture Collection (ATCC CRL-
2429tm) was maintained in Dulbecco’s 
modified minimum essential medium 
(DMEM; Gibco, Grand Island, NY), sup-
plemented with 10% heat-inactivated 
(56ºC for 30 minutes) fetal bovine serum 
(FBS; Hyclone, Logan, UT), 1% L-gluta-
mate, and 1% antibiotics (200 U/ml peni-
cillin and 100 µg/ml streptomycin; Gibco) 
at 37°C under an atmosphere of 5% CO2. 
Cells were detached using 0.25% trypsin/
EDTA (PAA Laboratories GmbH, Pasch-
ing, Austria). A monolayer of 105 cells/ml 
was co-cultured with 105/ml of E. floccosum 
or C. albicans for 12 hours, washed twice 
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to remove excess fungi, and 
cultured as described above 
in DMEM without FBS. Cells 
and culture supernatants were 
harvested at various times. In 
some experiments, cells were 
incubated with 200 nM of SB-
3CT. Following removal of 
culture medium, trypsinized 
cells were suspended in 10 ml 
of DMEM without FBS. The 
numbers of cells were counted 
using a hemocytometer. Viable 
cells were assessed using try-
pan blue (0.04%) dye exclusion 
method (Freshney, 2000).
Gelatinolytic protease assay 

Gelatinolytic protease ac-
tivities of E. floccosum and C. 
albicans were determined by 
culturing each organism for 
24-48 hours on SDA in the 
presence of gelatin and Coo-
massie brilliant blue R-250 
dye. Gelatinolytic protease 
activity was determined also 
by culturing 105cells/ml in SDB 
and culture supernatant was 
determined at various times 

Fig 1–Secretion of gelatinolytic protease from E. floccosum and 
C. albicans in culture. (a) E. floccosum and C. albicans were 
grown for 12 hours at 30ºC on SDA containing gelatin 
and gelatin stained with Coomassie brilliant blue R-250 
dye. (b) Gelatin zymography of culture medium of E. 
floccosum and C. albicans grown in SDB. hpi, hour(s) 
post-incubation. 

the density of each band was semi-quan-
tified with the aid of a computer-assisted 
image analysis program (1D Image Analy-
sis Software, Kodak Digital Science v.3.0, 
Eastman Kodak, Rochester, NY). Cell 
culture supernatants, collected from HFF 
cells after being co-cultured with E. floc-
cosum or C. albicans or mock infection, also 
were determined for gelatinase by gelatin 
zymography as described above. In addi-
tion, MMP-9 activity in human foreskin 
fibroblast (HFF) cell culture medium 
was determined using R&D Quantikine® 
ELISA kit (Cat. No. DMP900 for human 
MMP-9), according to the manufacturer’s 
instructions. Absorbance was measured at 

for protease activity by SDS-PAGE gela-
tin zymography (Luplertlop and Missé, 
2008). In brief, 500 µl aliquot of fungal 
culture medium was lyophilized, dis-
solved in loading buffer (0.125 M Tris-HCl 
pH 6.8, 4% SDS, 0.04% bromophenol blue 
dye) without prior heating and electro-
phoresed in 7.5% SDS-polyacrylamide gel 
containing 1 mg/ml gelatin for 45 minutes. 
Then the gel was stained with 0.25%-0.3% 
Coomassie brilliant blue R-250 dye and 
fixed in 30% (v/v) methanol/10% (v/v) ace-
tic acid solution. Areas of protease activity 
are seen as clear bands (where protease 
has digested the substrate) against a dark 
blue background. Gels were scanned and 

	Gelatin	 Gelatin + Coomassie blue R-250

E. floccosum

(a)

(b)

C. albicans
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Fig 3–Growth of E. floccosum and E. floccosum treated with 200 nM 
of MMP inhibitor SB-3CT. E. floccosum conidia (105/ml) were 
grown in SDB.  Data are presented as mean ± SD of an experi-
ment conducted in triplicate. hpi, hour(s) post-incubation. 

expressed as mean ± 
standard deviation (SD). 
Data were analyzed us-
ing SPSS version 16 soft-
ware program (SPSS, 
Chicago, IL). The results 
of each experiment were 
compared using one-
way analysis of variance 
(ANOVA). One-tailed 
Mann-Whitney U test 
was used for non-para-
metric data. Differences 
are considered statisti-
cally significant at a p-
value < 0.05.

RESULTS

After incubating 
both E. floccosum and C. 
albicans on SDA contain-
ing gelatin and Coo-
massie brilliant blue 
R-250 dye, a clear zone 
against a dark blue back-
ground was apparent 
(Fig 1a), indicating that 
both E. floccosum and 
C. albicans can secrete 
gelatinolytic protease(s).  
Gelatin zymography re-
vealed that E. floccosum 
and C. albicans produced 
gelatinolytic protease of 
92 kDa (Fig 1b), which 
was similar in molecular 
size to MMP-9 secreted 
from HFF cells (Fig 5). 
The secretion of gelati-

Fig 2–Secreted gelatinolytic protease activity of E. floccosum, C. 
albicans and E. floccosum treated with 200 nM of MMP inhibi-
tor SB-3CT. Fungi (105/ml) were grown in SDB. Gelatinolytic 
protease activity in culture medium was determined by 
gelatin zymography. Data are presented as mean ± SD of an 
experiment conducted in triplicate. Different letters indicate 
that values are significantly different at p < 0.05 relative to 
mock. hpi, hour(s) post-incubation.

570 nm in a microplate reader (Sunrisetm 
TECAN, Männedorf, Switzerland).
Statistical analysis

Each independent experiment was 
carried out in triplicate and the results 

nolytic protease by both fungi was highest 
at 6 hours post-incubation and declined 
thereafter (Fig 1b) as quantified using an 
image analyzer (data not shown). Gelati-
nolytic protease secretion of E. floccosum 
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was lower than that of C. albicans (Figs 1b 
and 2). Activity of E. floccosum secreted 
gelatinase was completely inhibited by 
200 nM of MMP inhibitor SB-3CT (Fig 2).

Growth kinetics of E. floccosum in-
creased in a time-dependent manner (Fig 
3). However, after treating E. floccosum 
with 200 nM of SB-3CT growth decreased 
significantly (Fig 3). 

Growth of HFF 
cells increased with 
time and plateaued 
after 72 hours (Fig 
4b) and was not af-
fected by 200 nM of 
SB-3CT.  Infect ion 
with E. floccosum pro-
duced a reduction in 
HFF cell growth, due 
in part to cell detach-
ment from the culture 
plate surface (Fig 4a), 
even at 6 hours post-
infection, with a dras-
tic fall after 48 hours 
post-infection (Fig 
4b). However, nor-
mal growth of E. floc-
cosum-infected HFF 
cells was restored by 
200 nM of SB-3CT. 

Employing ELI-
SA, MMP-9 secretion 
of HFF cells was dis-
cernable after 1 hour 
of growth, reaching a 
maximum at 12 hours 
and then declined, 
but was still higher 
at 96 hours than at 
1 hour after cultur-
ing (Fig 5). The pres-
ence of 200 nM of 
SB-3CT resulted in a 
significant decrease 

in MMP-9 secretion at all time points.  
Infection with 105 cells/ml of E. floccosum 
stimulated HFF MMP-9 secretion above 
control levels, and this was inhibited by 
200 nM of SB-3CT to levels significantly 
higher or comparable to those of SB-3CT-
treated non-infected HFF cells (Fig 5).  
Infection with comparable amounts of C. 
albicans stimulated MMP-9 secretion at 6 
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Fig 4–Effects of E. floccosum infection on HFF cells. (a) Light microscopy 
of mock (control) and HFF cells after 12 hours co-cultured with E. 
floccosum conidia (105 /ml). White bar, 10 µm. (b) Growth of mock 
control HFF cells, cells treated with 200 nM of MMP-9 inhibitor 
SB-3CT, cells co-cultured with E. floccosum conidia (105 /ml), and 
cells co-cultured with E. floccosum conidia (105 /ml) and treated 
with 200 nM of SB-3CT. Cell concentration was determined by 
staining the cells with 0.4% (w/v) of tryphan blue solution and 
counting with hemocytometer. Data are presented as mean ± SD 
of an experiment conducted in triplicate.

(b)
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hours post-inoculation to the same level 
as that seen with E. floccosum co-culture 
(data not shown). 

DISCUSSION
E. floccosum can produce many differ-

ent kinds of proteases, such as elastase, 
urease and sulphatase (Hopsu-Havu 
and Tunnela, 1977). It is possible that the 
gelatinolytic protease secreted from E. 
floccosum (and C. albicans) is MMP-9 as its 
molecular size was similar to that of HFF 
and was inhibited by the MMP-inhibitor 
SB-3CT. However, the properties of this 
secreted gelatinase enzyme need further 
investigation. 

Candida spp, especially C. albicans, 
produces proteases and the latter has 
been used as a model organism to study 
the efficiency of drugs on adherence of 
Candida spp to various cell types (Naglik  

either by mutation of protease genes 
(Grumbt et al, 2013) or by using protease 
inhibitor (Meevootisom and Nieder-
pruem, 1979), limits growth. 

In this study, the limitation to E. floc-
cosum growth and inhibition of secreted 
gelatinase activity by SB-3CT protected 
HFF cells from fungal inflicted damage. 
Dermatophyte co-cultured skin cells 
produce a variety of inflammatory cyto-
kines (viz, TNF-α, interleukins, and many 
growth factors) (Wagner and Sohnle, 
1995), and failure to defend against such 
infection can lead to cell death (Calderon, 
1989). In addition, it has been suggested 
that production of MMP-9 is a direct 
response to pro-inflammatory stimuli 
(as dermatophyte infections induce the 
secretion of pro-inflammatory mediators), 
which can be used as a marker for acute 
inflammation (Warner et al, 2004). 

Fig 5–Secreted MMP-9 amount of mock control HFF cells, cells treated 
with 200 nM of MMP-9 inhibitor SB-3CT, cells co-cultured with 
E. floccosum conidia (105 /ml), and cells co-cultured with E. flocco-
sum conidia (105 /ml) and treated with 200 nM of SB-3CT. MMP-9 
amount in culture medium was determined by ELISA. Data are 
presented as mean ± SD of an experiment conducted in triplicate. 
Different letters indicate values are significantly different at p < 0.05  
relative to mock control HFF cells.
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et al, 2003; Nobile  
et al, 2006; Tamai and 
Kiyoura, 2014). Pro-
tease expression of 
C. albicans is highest 
during 6-12 hours 
of growth and is re-
duced thereafter to 
undetectable level  
in time dependent 
manner (Pärnänen  
et al, 2011). Thus, 
C. albicans was em-
ployed as a positive 
control in this study. 

It is of interest 
to note that reduc-
tion of E. floccosum 
gelatinase activity 
by a MMP inhibi-
tor affected growth. 
Impairment of der-
matophyte activity,  
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In summary, this study demonstrates 
that inhibition of E. floccosum gelatinase 
activity and cell growth by the MMP 
inhibitor SB-3CT provided protection 
against damage to E. floccosum-infected 
HFF cells, and, although SB-3CT reduced 
the levels of E. floccosum-induced MMP-9 
secretion from HFF cells, MMP-9 levels 
did not fall below those secreted by unin-
fected HFF cells. Future research will fo-
cus on the role of SB-3CT in inhibiting and 
preventing dermatophytic skin infections.

ACKNOWLEDGEMENTS

This study was supported by the 
TropMed grants (for 2013 and 2014) 
and the Dean’s Research Fund (2012), 
Faculty of Tropical Medicine, Mahidol 
University. The authors thank Mr Gary 
Hutton and Mr Paul Adams, Faculty of 
Tropical Medicine, Mahidol University 
for reviewing and correcting the English 
of the manuscript. 

REFERENCES

Alió AB, Mendoza M, Zambrano EA, Díaz E, 
Cavallera, E. Dermatophytes growth curve 
and in vitro susceptibility test: a broth 
micro-titration method. Med Mycol 2005; 
43: 319-25.

Borgers M, Degreef H, Cauwenbergh G. Fungal 
infections of the skin: infection process 
and antimycotic therapy. Curr Drug Targets 
2005; 6: 849-62.

Calderon RA. Immunoregulation of derma-
tophytosis. Crit Rev Microbiol 1989; 16: 
339-68.

Freshney RI. Culture of animal cells: a manual 
of basic technique. 4th ed. New York: Wi-
ley-Liss, 2000.

Grumbt M, Monod M, Yamada T, Hertweck C, 
Kunert J, Staib P. Keratin degradation by 
dermatophytes relies on cysteine dioxy-
genase and a sulfite efflux pump. J Invest 

Dermatol 2013; 133: 1550-5.
Guo J, Brosnan B, Furey A, Arendt E, Murphy P, 

Coffey A. Antifungal activity of Lactobacil-
lus against Microsporum canis, Microsporum 
gypseum and Epidermophyton floccosum. 
Bioeng Bugs 2012; 3: 104-13.

Gupta AK, Cooper EA, Ryder JE, Nicol KA, 
Chow M, Chaudhry MM. Optimal man-
agement of fungal infections of the skin, 
hair, and nails. Am J Clin Dermatol 2004; 
5: 225-37.

Havlickova B, Czaika VA, Friedrich M. Epide-
miological trends in skin mycoses world-
wide. Mycoses 2008; 51 (suppl 4): 2-15.

Hopsu-Havu VK, Tunnela E. Production of 
elastase, urease and sulphatase by Epi-
dermophyton floccosum (Harz) Langeron et 
Milochevitch (1930). Mycoses 1977; 20: 91-6.

Luplertlop N, Missé D. MMP cellular responses 
to dengue virus infection- induced vascu- 
lar leakage. Jpn J Infect Dis 2008; 61: 298-301.

Meevootisom V, Niederpruem DJ. Control of 
exocellular proteases in dermatophytes 
and especially Trichophyton rubrum. Sab-
ouraudia 1979; 17: 91-106.

Monod M.  Secreted proteases from derma-
tophytes. Mycopathologia 2008; 166(5-6): 
285-94. 

Naglik JR, Challacombe SJ, Hube B. Candida 
albicans secreted aspartyl proteinases in 
virulence and pathogenesis. Microbiol 
Molec Biol Rev 2003; 67: 400-28.

Nobile CJ, Andes DR, Nett JE, et al. Critical role 
of Bcr1-dependent adhesins in C. albicans 
biofilm formation in vitro and in vivo. PLoS 
Pathogens 2006; 2(7): e63.

Pärnänen P, Meurman JH, Sorsa T. The ef-
fects of Candida proteinases on human 
proMMP-9, TIMP-1 and TIMP-2. Mycoses 
2011; 54: 325-30.

Peres NT, Maranhão FC, Rossi A, Martinez-
Rossi NM. Dermatophytes: host-pathogen 
interaction and antifungal resistance. Anais 
Brasil Dermatol 2010; 85: 657-67.

Quiding-Järbrink M, Smith DA, Bancroft GJ. 
Production of matrix metalloproteinases in 



Epidermophyton floccosum Induced MMP-9 Expression in Human Fibroblast in vitro

Vol  46  No. 2  March  2015 275

response to mycobacterial infection. Infect 
Immun 2001; 69: 5661-70.

Ries C, Poppa T, Egea V, Kehe K, Jochum M. 
Matrix metalloproteinase-9 expression 
and release from skin fibroblasts interact-
ing with keratinocytes: upregulation in 
response to sulphur mustard. Toxicology 
2009; 263: 26-31.

Rodwell GE, Bayles CL, Towersey L, Aly R. The 
prevalence of dermatophyte infection in 
patients infected with human immuno-
deficiency virus. Int J Dermatol 2008; 47: 
339-43.

Tamai R, Kiyoura Y. Candida albicans and 
Candida parapsilosis rapidly up-regulate 
galectin-3 secretion by human gingival 
epithelial cells. Mycopathologia 2014; 177: 
75-9. 

Ungpakorn R. Mycoses in Thailand: current 
concerns. Nihon Ishinkin Gakkai Zasshi 
2005; 46: 81-6.

Wagner DK, Sohnle PG. Cutaneous defenses 
against dermatophytes and yeasts. Clin 
Microbiol Rev 1995; 8: 317-35.

Warner RL, Bhagavathula N, Nerusu KC, et al. 
Matrix metalloproteinases in acute inflam-
mation: induction of MMP-3 and MMP-9 
in fibroblasts and epithelial cells following 
exposure to pro-inflammatory mediators 
in vitro. Exp Molec Pathol 2004; 76: 189-95.

Weitzman I, Summerbell RC. The dermato-
phytes. Clin Microbiol Rev 1995; 8: 240-59.

White TC, Oliver BG, Graser Y, Henn MR. Gen-
erating and testing molecular hypotheses 
in the dermatophytes. Eukaryot Cell 2008; 
7: 1238-45.


