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Abstract  

Candida albicans (C. albicans) is the fungus most commonly detected in 

association with humans, especially in the elderly and people with 

immunocompromised disorder. C. albicans cause not only periodontal lesions 

and oral candidiasis but also various systemic disorders such as aspiration 

pneumonia. However, the role of C. albicans in the chronic inflammation on 
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periodontal tissues and respiratory tract was not fully understood. Therefore, 

the aim of this study is to be clear the effect of C. albicans in those infectious 

diseases and to investigate an effective agent derived from natural 

materials; 1) The comprehensive gene expression analysis of gingival tissue 

in rat infected with C. albicans and 2) The effect of hydrolyzed protamine 

HAP-100 (ROHTO Pharmaceutical Co., Ltd. Japan) in human bronchial 

epithelial cell, BEAS-2B cell, infected with C. albicans. 

 Rat gingival tissue was infected with C. albicans. Total RNA was extracted 

from the gingival tissue and mRNA levels were monitored using DNA 

microarray. The gene expressions of IL-1  and TNFR1B were highly detected 

in the gingival tissue infected with C. albicans. Ingenuity pathway analysis 

demonstrated that TNF and IL-1 induced gene expression of CC type 

Chemokine CCL2, also known as monocytes chemoattractant protein-1 

(MCP-1), through NF- B pathway. These results suggest that C. albicans 

was important pathogen which induce inflammation in gingival tissue. 

We examined to evaluate cell viability of BEAS-2B cell infected with C. 

albicans. And after C. albicans was cultured with HAP-100 in BHI broth, the 

number of colony was counted to evaluate growth. BEAS-2B cell was 

cultured with C. albicans under HAP-100. Total RNA was extracted from 

BEAS-2B cell and mRNA expression levels of IL-6 and IL-8 were determined 

by real-time PCR. Further, BEAS-2B cell was cultured with IL-1  under 

HAP-100. IL-6 and IL-8 production and mRNA expression were measured by 

ELISA and real-time PCR respectively.  

The cell viability of BEAS-2B cell was decreased in a time-dependent 
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manner in the presence of C. albicans. HAP-100 reduced growth and hyphal 

formation of C. albicans in a concentration-dependent manner. And then the 

enhanced IL-6 and IL-8 mRNA expressions on BEAS-2B cell infected with C. 

albicans were reduced in the presence of HAP-100. Further, the enhanced 

productions and mRNA expressions of IL-6 and IL-8 on BEAS-2B cell 

stimulated with IL-1  were decreased in the presence of HAP-100.  

Taken together, it is considered that HAP-100 could be candidate peptide 

that not only has anti-C. albicans activity via inhibiting growth and hyphal 

formation of C. albicans but also has anti-inflammatory activity on BEAS-2B 

cell. 
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1. C. albicans  

 

1.1  

C. albicans (ATCC 90029TM) BHI  (Brain heart infusion broth

BD Biosciences Sparks USA) 37 24 3000 rpm

5 3

 

 

1.2  

7 Sprague-Dawley  ( Tokyo

Japan) 1

30 mg/kg

1 108 colony forming unit (CFU) /ml C. albicans 2%

C. albicans 5

 

(#08-0004)  

 

1.3 DNA microarray Ingenuity pathway analysis (IPA)  

30 mg/kg

Trizol (GIBCO BRL Life Technologies Rockville
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USA) Fast PrepTM  (MP Biomedicals Solon USA) 

Ambion RNA queous Kit (Ambion Austin USA) total RNA

cDNA Superscript II RNaseH (-) reverse transcriptase 

(GIBCO BRL Life Technologies Rockville USA) oligo d (T) 12-18

42 1 cRNA Agilent 

Low RNA Input Fluorescent Linear Amplification Kit (Agilent Santa Clara

USA) 3.5 g Cyanine3 (Cy3) cRNA

Agilent Agilent 44K Whole Rat Genome Oligo 

Microarray (41,000 rat genes and transcripts Agilent Santa Clara USA) 

GeneArray Scanner (Agilent Santa Clara USA)

GeneSpring 4.0 software (Silicon Genetics Redwood City

USA) GeneChip Expression 

Analysis software (Affymetrix Santa Clara USA) GeneSpring 

software (Silicon Genetics Redwood City USA) IPA

IPA software version 4.0 (Ingenuity Systems Mountain View USA) 

 

 

11.4 Reverse transcription-polymerase chain reaction (RT-PCR)  

RT-PCR Roter-GeneTM 6000 (Corbett Life Science Sydney

Australia) C-C motif chemokine 2 (CCL2)  

(Table 1) Taq DNA polymerase 95  15 95  

5 56  15 72  60 3 40 RT-PCR

PCR 2
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22. C. albicans

HAP-100  

 

2.1  

C. albicans (ATCC 90029TM) 1.1 3000 rpm

5 Phosphate Buffered Saline (PBS) 3

PBS  

 

2.2  

BEAS-2B  (BEAS-2B ATCC CRL-9609™) 

10%  (Fetal bovine serum FBS)  (50 units/ml 

penicillin 50 GIBCO NY USA) Dulbecco’s 

modified Eagle’s medium (D-MEM Sigma St. Louis USA) 37 air 

95 CO2 5  

 

2.3  

 (

VSRRRRRRGGRRRR) HAP-100  ( Tokyo Japan) 

 

 

2.4 C. albicans BEAS-2B  

BEAS-2B 6 well 2 105 /well
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18 FBS D-MEM 1

105 CFU/well C. albicans 8 12 24 Trypan blue

CountessTM  (invitrogen Eugene USA) 

PBS  

 

22.5 HAP-100 C. albicans  

BHI HAP-100 0.1  2 mg/ml 5 107 CFU/ml

C. albicans 37 18 C. albicans 

Sabouraud CFU/ml  

 

2.6 HAP-100 BEAS-2B  

BEAS-2B 6 well 2 105 /well

18 FBS D-MEM HAP-100 0.1 

 8 Trypan blue

CountessTM  (invitrogen Eugene USA) 

 

 

2.7 C. albicans BEAS-2B HAP-100

 

BEAS-2B Culture slide (BD Falcon Bedford UK) 2.5 104 

/well 18 FBS

D-MEM 1.25 104 CFU/well C. albicans HAP-100

PBS HAP-100

2.6 1.5 4 8 24
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PBS 3 10% 10

PAS C. albicans BEAS-2B

HAP-100  

 

22.8 C. albicans BEAS-2B Interleukin-6 (IL-6) 

Interleukin-8 (IL-8)  

BEAS-2B 6 well 2 105 /well

18 FBS D-MEM 1 105 CFU/well 

C. albicans HAP-100 8  

RNeasy Mini Kit (Qiagen Dusseldorf Germany) total RNA

QuantiTect Reverse Transcription Kit (Qiagen Dusseldorf Germany) 

cDNA cDNA KAPA  SYBR FAST qPCR Kit 

(Kapa Biosystems Boston USA) IL-6 IL-8  (Table 2) 

EcoTM Real-Time PCR System (Illumina San Diego USA) 95  

30 95  5 60  20 2 45

real-time PCR IL-6 IL-8  

 

2.9 Interleukin-1  (IL-1 ) BEAS-2B IL-6

IL-8  

BEAS-2B 24 well 5 104 /well

18 FBS D-MEM recombinant 

human IL-1  (R&D systems Minneapolis USA) 0.1 ng/ml

HAP-100 8 12 24

ELISA Kit (Affymetrix San Diego USA) 450 nm
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IL-6 IL-8  

 

22.10 IL-1 BEAS-2B IL-6 IL-8

 

BEAS-2B 6 well 2 105 /well

18 FBS D-MEM 0.1 ng/ml IL-1

HAP-100 1.5 8 12 

total RNA cDNA 2.8 real-time PCR

IL-6 IL-8   

 

2.11  

 (mean SD) 

C. albicans  (C. albicans ) IL-1  (IL-1

) HAP-100  (HAP-100 ) 2

Student’s t -test

Tukey-Kramer test  
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1. C. albicans  

 

1.1 DNA microarray IPA   

DNA microarray Raw Table 3 C. albicans

IL-1 TNFR1B 2

CCL2 1.7 IPA IL-1

TNF nuclear factor-kappa B (NF- B) 

CCL2  (Fig.1)  

 

1.2 RT-PCR  

DNA microarray RT-PCR C. albicans

CCL2  (Fig. 2) 

GAPDH C. 

albicans  
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22. C. albicans

HAP-100  

 

2.1 C. albicans BEAS-2B  

C. albicans 12 BEAS-2B  

(Fig. 3)  

 

2.2 HAP-100 C. albicans  

C. albicans HAP-100  (Fig. 

4)  

 

2.3 HAP-100 BEAS-2B  

HAP-100 8 BEAS-2B

 (Fig. 5)  

 

2.4 C. albicans BEAS-2B HAP-100

 

C. albicans 1.5 C. 

albicans BEAS-2B 4

BEAS-2B

HAP-100 1.5 4

C. albicans 8

BEAS-2B  (Fig. 6)  
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22.5 C. albicans BEAS-2B IL-6 IL-8

 

C. albicans IL-6 IL-8

HAP-100  (Fig. 7a b)  

 

2.6 IL-1 BEAS-2B IL-6 IL-8

 

IL-6 IL-8

IL-1 HAP-100 IL-1

 (Fig. 8a b)  

IL-6 IL-8 IL-1

1.5 HAP-100

IL-6 1.5 12

8

IL-8  (Fig. 9a

b)  
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(LPS) IL-6 IL-8

28 30) C. albicans

31) 32,33)

C. albicans BEAS-2B

C. albicans

34) 35)

C. albicans IL-1 TNFR1B

C. albicans

IPA

IL-1 TNF

NF- B CCL2

DNA microarray C. albicans CCL2

RT-PCR

CCL2 monocyte chemoattractant protein-1 (MCP-1) 
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36,37) C. albicans
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CCL2 38)

C. albicans IL-1 TNF NF-

B CCL2

C. albicans

BEAS-2B C. 

albicans

HAP-100  

BEAS2-B C. albicans 12 80%

C. albicans BEAS-2B

C. albicans BEAS-2B

Egusa 30)

C. albicans

C. 

albicans

 

HAP-100 26) C. albicans

2 BEAS-2B

HAP-100 C. albicans

C. albicans

HAP-100 C. albicans

IL-6 IL-8

C. albicans IL-6 IL-8
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29,30) C. albicans

HAP-100 BEAS-2B C. albicans

IL-6 IL-8

 

IL-1 IL-6 IL-8
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IL-6 IL-8
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HAP-100 IL-8

 

C. albicans IL-1 BEAS-2B

HAP-100 IL-6
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Candida albicans

Stimulation of CCL2 Expression in Human 

Gingival Epithelium by Candida albicans International Journal of 

Oral-Medical Sciences, Vol. 11, No.2, 90-95, 2012.  
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