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 Candida Candida 1)  Candida 

albicans 2) Candida albicans 

3) Candida albicans 

4)

 Candida albicans 

Candida albicans 

5, 6, 7) Candida 

albicans 

8) Candida 

 

β-glucan Candida albicans  Saccharomyces cerevisiae 

9) β-glucan  Candida 

10) in vivo  in vitro 

 Candida  β-glucan 

11) β-glucan β-glucan 



2 
 

12)

β-glucan  ROS/p38MAPK/Nrf2 

 Heme oxygenase-1 ( HO-1 ) Candida 

albicans 

 Dectin-1  TLR2  

β-glucan 

β-glucan  HO-1 

8) HO-1 

 β-glucan  

Carcinoembryonic antigen-related cell adhesion molecules 1 ( CEACAM1, CD66a, 

 )  CEA 

13) CEACAM1 

14) CEACAM1 

( Neisseria meningitidis ), Moraxella catarrhalis, 

Haemophilus influenzae Klaile 

 CEACAM1  Candida albicans 
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15) CEACAM1 

16)

 CEACAM1 Candida 

 

 β-glucan  

CEACAM1 Candida albicans  Candida 

 β-glucan  CEACAM1 

β-glucan  CEACAM1  β-glucan  HO-1

CEACAM1   



4 
 

 

 

1  

hTERT 

 RT7 17,18) RT7 -Gold ( KGM-

GoldTMSingleQuotsTM ;  ) 

-Gold KGM-GoldTMBasalMedium ;  KBM 

5%CO2 37

 ( CELLSTAR® , greiner bio-one ; 

Duesseldolf, German ) / EDTA 

 

 

2  

CELL CULTURE FLASKS ( greiner bio-one )

19)

 

(approval no. E-930) 3 5



5 
 

 

 

3 Candida albicans  

Ca.IFO1385  Sabouraud  ( DifcoTMSabouraud Dextrose Broth ; 

Becton, Dickinson and Company, Franklin Lakes, NJ, USA ) 37

Phosphatase Inhibitor Solution ( PBS ) 105CFU/mL

 

Ca.IFO1385  PBS  109CFU/mL

75 45 107CFU/mL  

 

4 Candida albicans  β-glucan  

Sabouraud  Ca  (1200ml) 9,000rpm

 1%NaOH ( SIGMA, St.Louis, MO, USA ) 300mL

100 24  ( Milli-Q® Advantage A10® 

Ultrapure Water Purification System ; Merck Millipore, Japan ) 3

0.5M Acetic acid 100mL 80 24

1.01g  β-glucan 20)  β-glucan  ENZYMATIC 

YEAST BETA-GLUCAN ASSAY PROCEDURE ( Megazyme, Bray, Wicklow, 



6 
 

Ireland )  β-glucan 400μg/mL

 

S.cerevisiae β-glucan  WGP Dispresable ( Invivogen, San Diego, CA, USA ) 

400μg/ml  

 

5 RNA  

Total RNA ( 1μg )  RNeasy® Mini Kit ( QIAGEN, Valencia, CA, USA ) 

RT7 6well  ( greiner bio-one ) 

70 80 PBS 

 KBM Candida albicans  (105CFU/mL) 

 (107CFU/mL) β-glucan (400μg/mL) 37 12

PBS 1 2 PBS 

Cell 15,000rpm 10

 

1% 2-  RLT Buffer 

QIAshredder® 15,000rpm 3 DNA

70% RNA

9,300rpm 30
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 RNA  ( RW Buffer ) 

 ( RPE Buffer ) 500μL 2

RNase-free water 30μL 9,300rpm 1  RNA 

 RNA  ( Thermo Fisher Scientific, 

Waltman, MA, USA )  

 

6 Reverse Transcriptase-Polymerase Chain Reaction ( RT-PCR ) 

Total RNA 1μg  Rever Tra Ace 1μL, Random 

Primer ( 25pmol ), dNTP ( 20mM ), Ribonuclease Inhibitor (10U)  Rever 

Tra Ace TOYOBO, 30  

10 42  20 99  5 4  5  Master cycler gradient ( Eppendorf, 

Hamburg, Germany ) 1  cDNA 20μL  RT-PCR 

 

PCR  cDNA 1μL

0.5μM  GoTaq®Green Master Mix ( Promega, Madison, WI, 

USA ) 20μL

96  30 42  1 72  1 35

1 PCR 
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100ng/mL ethidium bromide ( Life technologies, Carlsbad, CA, USA ) 

2% Printgraph

ATTO

 β-actin  

 

7 Real-Time RT-PCR 

Real-Time RT-PCR  β-actin  RT-PCR 

 cDNA 1μL

6pmol THUNDERBIRDTMSYBER®qPCR Mix ( TOYOBO ) 

20μL 95  30 58  30 72  1 40

 CFX Connect Real-Time PCR Detection System ( Bio-Rad 

Laboratories, Hercules, CA, USA ) 

1  

 

8  

RT7 10cm  ( greiner bio-one ) 70 80

Candida albicans  (107CFU/mL) β-

glucan (400μg/mL) 37 24



9 
 

PBS 1 2 PBS Cell

15mL 4  15,000rpm 5

Mammalian Cell Lysis Kit 

( SIGMA, St.Louis, MO, USA ) 1%

 ( Roche, Indianapolis, IN, USA ) 200μL  Lysis 

buffer 1 2

4  13,000rpm 10  

 

5×sample buffer ( 1M Tris-HCL pH6.8, 10%SDS, 

2-  ) 95  5

4% 10%

 Immoblion®-P PVDF  ( Millipore corporate 

Headquarters, Billerica, MA, USA ) P

1 1  CEACAM1 

Antibody ( MAB22441 )( R&D Systems, Minneapolis, MN, USA ) CEACAM1 

Antibody ( ab182622 )( Abcam, Cambridge, MA, USA ) 5%BSA in TBS-T

1000 4 TBS-T ( 1M Tris-HCl, NaCl, Tween-

20 ) 1000 2 1



10 
 

2 TBS-T ECLTMPlus Western 

blotting system  GE 

LUMINESCENT IMAGE ANALYZER ( LAS-4000 mini PR, FUJIFILM, 

 )  GAPDH Antibody 

( Milliopre corporate Headquarters, Billerica , MA, USA )  

 

9 Binding Assay 

96 Well Plate ( Corning, ME, USA )  CEACAM1 Antibody ( Novus Biologicals, 

Centennial, CO, USA ) 1μg/mL 1% 

BSA in PBS 1 PBS-T ( 0.05% 

Tween-20 ) recombinant CEACAM1 ( R&D Systems, 

USA&CANADA ) 0 0.5 5.0μg/mL 1

PBS-T Candida albicans β-glucan 1mg/mL

1  PBS-T -NH2

 β-glucan  

( Biosupplies Australia, Parkville, Australia ) 1μg/mL 1

PBS-T streptavidin-HRP 100μL 1

o-  ( SIGMA )  
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100μL  Model 680 Microplate Reader ( Bio-Rad ) 

450nm  

 

10  

RT7 10cm  ( greiner bio-one ) 

Candida albicans β-glucan 400μg/mL

4℃ β-glucan  ( Biosupplies 

Australia )  mouse IgG  ( R&D Systems ) 

Dynabeads®ProteinG

PBS 50mM Glycine (pH 2.8) 

20μL 1  CEACAM1 ( MAB22441 ) 

 

 

11  

RT7 

4%

1 0.2% Triton-X-100 1% BSA in 

PBS 1% BSA in PBS 1 : 10
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1  CEACAM1 Antibody ( ab182622 ) 1 : 200

1  β-glucan Antibody ( Biosupplies, Australia ) 

PBS 1% BSA in PBS 1 : 500

 Alexa Fluor ® 488  rabbit IgG Alexa Fluor ® 568  

mouse IgG 2

1 PBS 

 ProLong® Gold Antifade Reagent with DAPI

 BZ9000 KEYENCE

 

 

12 CEACAM1  

Lipofectamin RNAiMAX ( Life technologies, Carlsbad, CA, USA ) 

siRNA CEACAM  

CEACAM1 RT7 6well  

( greiner bio-one ) 50 70 Opti-

MEM  CEACAM1 StealthTM siRNA ( Life technologies, Carlsbad, CA, USA ) 

 Lipofectamin RNAiMAX 20
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 90 pmol CEACAM1 siRNA RT7 

48 48

Real-Time RT-PCR  CEACAM1 siRNA 

2  Control siRNA ( Stealth RNAi 

Negative Control, Medium GC Duplex ; Life technologies )  

 

13 DCF-DA  

RT7 96well  ( greiner bio-one ) 50 70

12 CEACAM1  

 CEACAM1 70 80%

PBS KBM  2’,7’-Dichlorofluorescin 

diacetate ( SIGMA, St.Louis, MO, USA ) 10μM 37 45

PBS KBM Candida 

albicans β-glucan 200μg/mL 37 1

PBS 3  ( Skanlt RE 

for Varioskan Flash 2.4 ; 

 ) 485~530nm  
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14  

RT7 10cm  ( greiner bio-one ) 50 70

12 CEACAM1  

 CEACAM1 70 80%

PBS KBM  Candida albicans

 (107CFU/mL) β-glucan (400μg/mL) 37 24

PBS 1 2 PBS Cell

15mL 4  15,000rpm 

5mL  PBS / 

Phosphatase Inhibitor 4  14,000rpm 5 2

500μL  Hypotonic Buffer 15

100μL  Nonidet P-40 Assay Reagent 4  14,000rpm 30

100μL  Extraction Buffer 15 2

4  14,000rpm 10  ( Nuclear 

Extraction Kit ; Cayman Chemical Company , Ann Arbor, MI, USA )  

1  Nrf2 ( L593 ) pAb Antibody 

( Bioworld Technology, St.Louis Park, MN, USA ),  LaminB 



15 
 

Antibody ( SPRING Bioscience, Pleasanton, CA, USA ) 

 

 

15  

RT7 6well  ( greiner bio-one ) 70 80%

PBS KBM  

CEACAM1  ( Novus Biologicals )  mouse IgG  ( R&D 

Systems ) 20μg/mL 37 1

Candida albicans β-glucan (400μg/mL) 37 12

12 Real-Time RT-PCR  HO-1 

1  

 

16  

3 n

2  Student’s t-test 

p value<0.05  
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1  CEACAM1  Candida albicans 

 β-glucan  

CEACAM1  Candida albicans 

 Candida albicans Candida albicans 

 Candida albicans 

 RT7 CEACAM1 mRNA 

2A RT7 Candida albicans  β-glucan 

 Saccharomyces cerevisiae  β-glucan  CEACAM1 mRNA 

RT7  CEACAM1 mRNA 

2B  CEACAM1 

 

Candida albicans  β-glucan  Saccharomyces 

cerevisiae  β-glucan  CEACAM1 mRNA 

 CEACAM1 mRNA 

2C RT7  Candida albicans β-glucan  

Candida albicans CEACAM1 mRNA 
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RT7  CEACAM1 mRNA 

2D,E  

 

2  CEACAM1  β-glucan  

CEACAM1 

Candida albicans 

 CEACAM1 

RT7  CEACAM1  Candida albicans β-glucan 

 CEACAM1  Candida albicans β-glucan 

 Binding Assay  CEACAM1 

 well  well β-glucan 

3A β-glucan  RT7 β-glucan 

pull-down assay 

CEACAM1 

CEACAM1  β-glucan 3B

 CEACAM1  β-glucan 
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β-glucan  RT7  CEACAM1 

3C  

RT7  CEACAM1  β-glucan 

 

 

3 CEACAM1  

 CEACAM1 

CEACAM1  siRNA  CEACAM1 

RT7 2  CEACAM1  siRNA  

CEACAM1  siRNA 

CEACAM1  CEACAM1 mRNA 

4  

 

4 β-glucan  HO-1  ROS  CEACAM1  

HO-1 

Candida albicans β-

glucan ROS/p38/Nrf2  HO-

1  β-glucan 
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 HO-1  CEACAM1 

 

 ( Reactive oxygen species ; ROS )  

Candida albicans β-glucan 

CEACAM1 

β-glucan  ROS  CEACAM1 

 siRNA CEACAM1 

β-glucan  ROS 5A  

 

5 β-glucan  HO-1  Nrf2  CEACAM1 

 

 Nrf2  HO-1 β-glucan 

 HO-1  Nrf2 

CEACAM1 β-glucan 

 Nrf2  CEACAM1 

 siRNA CEACAM1 β-glucan 

 Nrf2 5B  
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CEACAM1  ROS/Nrf2 β-glucan 

 HO-1  

 

6 β-glucan  HO-1  CEACAM1  

β-glucan  HO-1  

CEACAM1  

CEACAM1 β-glucan  HO-1 

 siRNA 

CEACAM1  Candida albicans β-glucan  HO-

1 6A  Candida albicans β-glucan 

Saccharomyces cerevisiae β-glucan  HO-1 6B  

 CEACAM1  β-glucan  HO-1 

 CEACAM1  Mouse IgG 

CEACAM1  Candida 

albicans β-glucan  HO-1 6C  

β-glucan  HO-1  CEACAM1 
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7 β-glucan  IL-8  CEACAM1  

 HO-1 

 Candida albicans 

 IL-8 6, 21)

CEACAM1 β-glucan  IL-8  

CEACAM1  siRNA 

CEACAM1  β-glucan  IL-8 

7  

β-glucan  IL-8 CEACAM1 

 

  



22 
 

 

 

Candida albicans  Candida albicans 

Candida albicans 

 Candida albicans 

RT7  Candida albicans 

 cDNA 

Candida albicans  HO-1 

Candida albicans  β-glucan 

 ROS  Nrf2 

HO-1 8)

 Candida albicans  β-glucan 

ROS  Nrf2 

 HO-1 

 Candida albicans  β-glucan 
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β-glucan 

β-glucan C  Dectin-1 3 ( CR3 ) 

 Toll  ( TLR )  ( PRR ) 

22, 23, 24)

22) Dectin-1 

 β-glucan 25)

Dectin-1 β-glucan Toll  

( TLR )  β-glucan  β-glucan 

26) TLR2  TLR4 Dectin-1  β-

glucan  ( HEK293 ) 

Dectin-1  TLR2, TLR4 

TLR2  TLR4  β-glucan  Dectin-1 

27)

Dectin-1  TLR2 

 IL-1  IL-8 

28)  

β-glucan  Dectin-1 
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 TLR2 

Candida albicans  Dectin-1  

TLR2  Candida albicans β-glucan 

 β-glucan β-glucan  HO-1 

β-glucan 

 β-glucan  HO-1 

8) Swidergall  EphA2  

Candida albicans  β-glucan  PRR 

 β-glucan 

7) HO-1 

 Candida albicans  β-glucan 

 

CEACAM1 

CEACAM1 

 CEACAM1 16)

T

29) CEACAM1 
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 CEACAM1 mRNA 

IFN-γ 30)

CEACAM1 

 

CEACAM1 31, 32) CEACAM1 

V  IgV 

13) CEACAM1 

33)  

CEACAM1  Candida  

Candida albicans  CEACAM1 

15)  CEACAM1 Candida albicans 

 

 CEACAM1 

Candida  Candida albicans  Candida 

 β-glucan  Candida albicans β-glucan 

Candida CEACAM1 
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Candida albicans  β-glucan 

Candida 

 β-glucan  Candida 

8) Candida albicans 

α-1,6 α-1,2  α-1,3

Candida albicans 

pH

34)

O-  β-glucan 

35)

 CEACAM1 Candida  Candida 

 β-glucan Candida 

 

HO-1  ( CO ) 

36) HO-1 

 ROS 

37) ROS 

38)  ROS 
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Nrf2  HO-1 

 CO  Fe

39, 40, 41)

Candida albicans  RT7  HO-1 

RT7 β-glucan  ROS/p38/Nrf2 

 HO-1 8) CEACAM1 

 siRNA Candida  RT7  

CEACAM1 CEACAM1 

β-glucan  ROS  Nrf2 HO-1 

CEACAM1 NADH/NADPH 

42)

 CEACAM1 Candida  β-glucan β-glucan 

 ROS / Nrf2  HO-1 

 

 IL-8  Candida 

21)

Candida albicans IL-8 
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43)  IL-8 

HO-1 

Candida  β-glucan  

IL-8 mRNA  IL-8 Candida β-

glucan  IL-8 mRNA 

CEACAM1  β-glucan 

 IL-8  IL-

8 CEAMAM1 

 β-glucan  IL-8 

 

IL-8 

Candida albicans 

 IL-8  CEACAM1 

 HO-1  IL-8 

 

Candida albicans  

CEACAM1  Candida  β-glucan  CEACAM1  

β-glucan  ROS 
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 Nrf2  HO-1 

Candida albicans 

 IL-8  HO-1 

8   
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1  ( RT7 ) Candida albicans 

Candida albicans  β-glucan  Saccharomyces 

cerevisiae  β-glucan  CEACAM1 mRNA 

 

 Candida albicans  

Saccharomyces cerevisiae  β-glucan CEACAM1 

mRNA  

RT7  Candida albicans β-glucan 

CEACAM1  

2 RT7  CEACAM1  β-glucan 

  

3 CEACAM1  β-glucan  ROS 

 

4 CEACAM1  β-glucan  Nrf2 

 

5 CEACAM1  β-glucan  ROS/Nrf2 
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 HO-1 

 

6 CEACAM1  β-glucan  IL-8 

 

 

Candida albicans  

CEACAM1 Candida albicans  β-glucan 

ROS/Nrf2  HO-1 

CEACAM1 

HO-1 Candida albicans 

 IL-8  
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1 Candida albicans ( CA )  β-glucan  
Nishini  

 
2 CA  CEACAM1 

 
A RT7  CA  ( Live CA )  CA  ( Heat-killed CA ) 

 CEACAM1 mRNA  Real-Time RT-PCR 
CA  CA CEACAM1 mRNA 
 

B RT7  CA β-glucan, Saccharomyces cerevisiae ( SC ) β-glucan 
 CEACAM1 mRNA  Real-Time RT-PCR 
CA β-glucan  SC β-glucan CEACAM1 mRNA 

 
C  CA β-glucan, SC β-glucan  

CEACAM1 mRNA  Real-Time RT-PCR CA 
β-glucan  SC β-glucan CEACAM1 mRNA  

D RT7  CA β-glucan, CA  CEACAM1 mRNA
 RT-PCR CA β-glucan  CA 

CEACAM1  
E RT7  CA β-glucan, CA  CEACAM1 

CA β-glucan 
 CA CEACAM1  

 
3 CEACAM1  β-glucan  

A  CEACAM1  β-glucan  
Binding Assay  CEACAM1  β-glucan 

 
B RT7  CEACAM1  β-glucan  

pull-down assay RT7  CEACAM1  β-glucan 
 

C CEACAM1  β-glucan  
RT7  CEACAM1  β-

glucan  
 

4 siRNA  CEACAM1  
RT7  CEACAM1  siRNA 48
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 siRNA CEACAM1  
CEACAM1 mRNA  
 

5 CEACAM1  CA β-glucan 
 

A CEACAM1  CA β-glucan  ROS 
 

RT7  CEACAM1  siRNA 48  
DCF-DA CEACAM1  CA β-glucan 

 ROS  siRNA 
CEACAM1 CA β-glucan  ROS 

 
B CEACAM1  Nrf2  

RT7  CEACAM1  siRNA 48
CA β-glucan 4  ( WE )  
( NE ) Nrf2 

LaminB  GAPDH 
 siRNA 

CEACAM1 CA β-glucan  Nrf2 
CEACAM1 

 CA β-glucan  Nrf2  
 
6 β-glucan  HO-1  CEACAM1 

A RT7  CA β-glucan  HO-1 mRNA  
CEACAM1  siRNA  

RT7  CEACAM1  siRNA 48
CA β-glucan 12  siRNA 
CEACAM1  β-glucan  HO-1 mRNA 

 
B RT7  SC β-glucan  HO-1 mRNA  
CEACAM1  siRNA  

RT7  CEACAM1  siRNA 48
SC β-glucan 12  siRNA 
CEACAM1  β-glucan  HO-1 mRNA 

 
C RT7  CA β-glucan  HO-1 mRNA  
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CEACAM1  
RT7  CEACAM1  Mouse IgG 

1 CA β-glucan 12
 Mouse IgG CEACAM1 β-glucan 

 HO-1  
 

7 β-glucan  IL-8  CEACAM1  
A RT7  CEACAM1  siRNA 48

CA 12  siRNA 
CEACAM1  CA  IL-8 mRNA 

 
B RT7  CEACAM1  siRNA 48

CA β-glucan 12  siRNA 
CEACAM1  β-glucan  IL-8 mRNA 

 
 
  



42 
 

 
  



43 
 

1 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



44 
 

2 
 

si RNA  
 

 
 

Target RNA Sequence of primer
CEACAM1 1 F:5'-CCAUUGCUGGCAUUGUGAUUGGAGU-3'

R:5'-ACUCCAAUCACAAUGCCAGCAAUGG-3'

CEACAM1 2 F:5'-CCAGUCACCUUGAAUGUCACCUAUG-3'
R:5'-CAUAGGUGACAUUCAAGGUGACUGG-3'



1 Candida albicans β-glucan

Sabouraud

Candida albicans  ( CA )  

1% NaOH

100
24

0.5M acetic acid

80
24
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* : p < 0.05 ; Significantly different from control cell. 



D) 

CEACAM1

GAPDH

E) 

CEACAM1

β-actin
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* : p < 0.05 ; Significantly different from si control cell. 

*
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#
# CA β-glucan ( )

CA β-glucan ( )

Lamin B ( NE )

Nrf 2 ( NE )

B) 

GAPDH ( WE )

Nrf 2 ( WE )

CA β-glucan

5

# : p < 0.05 ; Significantly different from CA β-glucan stimulated si control cell. 
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# : p < 0.05 ; Significantly different from CA β-glucan stimulated si control cell. 

* : p < 0.05 ; Significantly different from 
CA β-glucan stimulated cell. 
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# : p < 0.05 ; Significantly different from CA β-glucan stimulated si control cell. 

# : p < 0.05 ; Significantly different from live-CA stimulated si control cell. 
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IL-8 #



Cytoplasm
ROS

CEACAM1

CA ββ-β-glucan

8

Nucleus

HOO-O-1

Nrf2

Nrf2

ILL-L-8
Overexpression
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