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Expression of iC3b Receptor on Candida albicans and Its Role on Adhesion of
the Yeast to Human Dermal Microvascular Endothelium

Kwang Hoon Lee, Moon Soo Yoon, Kyung Han Yoon and Hyun-Joo Choi

Department of Dermatology, Yonsei University College of Medicine, Seoul, Korea

Background: The adherence of microorganisms to host tissue is an important process in the
pathogenesis of fungal infection. A protein that shares antigenic and structural homology with
the c-subunit of leukocyte adhesion glycoprotein CD11b/CD18, also known as iC3b receptor,
Mo-1 or Mac-1, has been isolated from the surface of C. albicans.

Objective: This study was done to observe the changes in the expression of iC3b receptor on
C. albicans by glucose or immunosuppressive agents and to elucidate the effect of glucose and
anti-iC3b receptor antibodies on adhesion between human dermal microvascular endothelial cells
(HDMEC) and C. albicans.

Methods: We utilized immunofluorescence study and immunofluorescent flow cytometry and
the binding assay of C. albicans to cultured HDMEC in vitro and blocking assay using
monoclonal antibody were performed.

Results: Immunofluorescence study and immunofluorescent flow cytometric analysis
demonstrated surface expression of iC3b receptor on C. albicans. The expression of surface iC3b
receptor on C. albicans in creased in a dose dependent manner with increasing concentrations of
glucose, cyclophosphamide and prednisolone. The adherence of C. albicans to HDMEC
correlated positively with glucose levels. The adherence of C. albicans to HDMEC decreased
significantly by the treatment with anti-iC3b receptor antibodies.

Conclusion: The results suggest that iC3b receptors should be involved in the adherence of C.
albicans to vascular endothelial cells and may be involved in the pathogenesis of hematogenous
candidiasis,
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E} 3] (immunocompromised) 430l A 2 FA 7]
A NEe A3 st e, Can-
dida albicansv= BHEFY FFoA BAs= A
A AFAAZFY A EF QAT A
A A AT JYPFEJAAZN £FF
Fag, YIS, F4A98 24, dg gy
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A5 A Fe FHET AR B

a3 23 dig Ao FERRy e Add
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PEEAM ATFA7 A o] 88 39| o3}
B2 oA 2o A3l AR m ot A
Aol A ziochde] WS AE T ERT
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AHE3 FFugol M S5 o]z A &
g3l GEFMFEe] FHole B ¥ (comple-
ment fragment)ol] & $&A|7F st A
35 3| (complement 3: C3)2] o8 3 AL A
3l 48412 complement receptor(CR)1, CR2,
CR3& W&o g EaAie] Fao 3o
37] & 53] Fa3 BEAE 22 o
CR1Z C3 E#MHEF C3bol], CR3= iC3bol
CR2& C3de]l tigt #&3on, o]59 HER
H EX e FAHE el 2ol & B 5 BY
I3= CR1¥ CR2E, 3F+¢ @+ CR1¥
CR3Z E@ ). CR3x= P2 integrin®$] leukocyte
cell adhesion molecule(LEUCAM) -&2HE-A}o]
#3l3 CD11b/CD18 ©] % o] &4 (heterodimer) ¥
AR Mo-1, Mac-1, iC3b48-3) Sezx Ea$
o, THEEL T5F, BF, M X T
Txslod, n|YE] O FADE Lo FAF
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iC3bs=&-3) Edol] #F AP Yoy
B 2|3t FF2A C. albicans American Type
Culture Collection(ATCC, Rockville, MD, U.S.A))
448083, ATCC6639652} C. glabrata ATCC
1554535 ALE-31ch. =8 dAd g m o3
g Aagdawl g A ook 44
Z aae A% 3 ARE ¥E 2@ Boy

#Z Yeast Biochemical Card(Vitek®, Hazelwood,
MO, US.A), delgd A9} germ tube ex-
pressionoll 2|3 FA§ C. albicans 7}* Yonsei
University Culture Collection(YUCC)315352}
YUCC31583F 2} YUCC3158, gt=r£d3 3] 34
ghatn) ) £ 5 == A €} (Korean Culture Center of Mi-
croorganisms: KCCM, 368015 5 35, C. parap-
silosis YUCC33023, YUCC34753, YUCC34795,
KCCM354285 5 53, C. tropicalis YUCC6661,
KCCM354315 5 25, C. krusei KCCM114265
9} C. guilliermondii YUCC3463F 5 % 1534 5F%
Argstgch g IHE fFRA s C oal-
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bicans ATCC448085+Z
bouraud o AUl <]l A} A A ZE wj kR F e
T 420nmol| X FIUEE ZHZ ALLA| 712
g8t 70col Bastgrt. A% RPMI640 )
A](Gibco Laboratories, Grand Island, NY, U.S.
A.), Sabouraud 9 ]| v %] &} 2% dextrose, 0.15% L-
asparagine, yeast nitrogen base?} ¥-f-% yeast ext-
ract WjX] o] HFEm ALo)A] 16A17F W)k,
EEgE Fol PBSE 33 M3 ¢ o}, 420nmel
A 059 FHUEIL H 25 843t ALgetgy
t},
Erq FE7}iC3b 83 Bd nxe o
-5 #338l7) 918, 2% Sabouraud 9 ] ) 2] o) A]
16A1ZF W %F, 2%, 5%, 10% L=< ztz} =
7Hgk RPMI1640 Hl| 2] ol A T}A] 16A] 3¢ b)) 2kat
ok E3F W oA A7} iC3bg=83) 2] WH o) 1
Ae 9FE B3I 93 HFEE cyclo-
phosphamide ¥+ prednisolone-S WX o) 3 7}%k
F 16A13F W) 31 o}

2.EHEE g

BAAH iC3be} w23t CR39 o subunitS
A4 ste G2 E FA =X g Mo-1(mouse IgM,
Coulter Immunology, Hialeah, FL, U.S.A.), 8 CD
11b &8 44(mouse IgM1, R&D systems, Min-
neapolis, MN, U.S.A.), Leu5(mouse IgG2a, Becton
Dickinsom, San Jose, CA, US.A), M1/70(rat IgG
2b, ATCC)%} B subunitd 9145l CD18(mouse
IgG1, R&D systems, Minneapolis, MN, U.S.A.)5
& AHg-3t gl

MI/70(ATCC)2 ATCCREE 9§ &loln
BlEnt MEFE 10% $EloH4IAR) AL &
¢ Dulbecco's modified Eagle's mediumol]A] )
FE e 4AUE SHRA $ER 5E9
%t} Sephadex G-25 column(PD-10 column, Phar-
macia Biotech, Uppsala, Sweden)2. 2 2 | A g
F protein G sepharose affinity column(HiTrap Pro-
tein G column, Pharmacia Biotech)e] 4}¢tel] 7}&}
At} Columng 20mM Na-phosphate $3 &)
pH7.0S.Z M| 2|3} 3 0.1M glycine-HCI, pH2.7 &
FT8YL M & fE2YL FHAT. Gy
¥oll g AAYF FaF XL 9 Ay
AAE A&ste fE2AdolA FAE AP £
AL-&-3H % Tt

AHEEH T FFE Sa-
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3. HAE A

A Eul 2] (Lab Tek Chamber®, Miles Lab.
Naperville, IL, US.A)o A W %Q C. albicansS
1% paraformaldehyde2 13 A)7] F iC3bg£-H)
o & TFE FAE Y31 3083 ¥k o
+ fluorescein isothiocyanate(FITC) conjugated an-
timouse IgG(Sigma Chemical Co., St. Louis, MO,
U.S.A)), antimouse IgM(Sigma), T antirat IgG
(Sigma)$} 3087k WHg-Al7) 1 WY FEn| 7o
2 @Fsglo.

4. HAHY 7 MEZEY

719 o] o] o)A HAYAZF v FF S
X 10" colony forming unit(cfu)/mle] Ztt)c}aF3
& PBSE 33] A3 3 FAFNE 98l 7 A1
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3te] 1: 202 2 3] 4 g FITC-conjugated goat anti-
mouse IgM(Sigma), FITC-conjugated anti-mouse
IgG(Sigma) X+= FITC-conjugated anti-rat IgG
(Sigma)T2 ¥ 3 30%3F uwHg-A]Zit}. BSA-PBS
2 oA 33 A A F X fluorescence activating cell
sorter(FACStar, Becton-Dickinson, Lincoln, NJ, U.
S.A)E o] &3l iC3bs 2o MEFH WHE
3& E38Att. 2 MEE propidium iodide
(Sigma)= = 2] s} o}
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71¢] 24¥ o2 A7) #e} 0.03% trypsin(Sigma)
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% scalpel blade YA o] &3t} ztzte] AW
& €Y AdHoR FE nAdAHo| wa
LEE 39l Hank's balanced salt solution
(HBSS)o.2 &3%t 35% Percoll(Pharmacia Fine
chemicals AB, Uppsala, Sweden)-8-2]-2 3] o))
WL 47T, 30,000xgol A 10¥-3F 93 8te] AEF
Wl & TE oy ] mAg R FiE &
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o 1mlE 7}k F 400xg 2 Aol A 1583t ThA]
LA ZATE LE 1.048g/ml o] dte] FH(RAHA
20 & dehge 3t W4 5)E o2 438
£7] 2 HBSSZ 19 400xg2 A1-2olA] 1583t
oAl 9AA12 F 2 AAEL ]2 gelatin(Sigma)
< a3k 237 W&o ¥ epidermal gr-
owth factor 1ng/ml(Clonetics Corp , San Diego, CA,
U.S.A.), hydroco-rtisone acetate 1 pg/ml(Sigma), di-
butyryl cyclic AMP 5x10°M(Sigma), glutamine
(Sigman) 2x10°M, penicillin 100U/ml, strep-
tomycin 100 pg/ml, amphotericin B 250 pg/ml
(Sigma), 30% <1 AB#ZJe] ¥ endothelial
basal media(Clonetics Corp., San Diego, CA, U.S.
AR 37T, CO; g-&7]0A v Fsts]th. v &
7o) ¥2A8 F o 9arat@n] 7 (inverted phase
contrast microscope)hell A W3 Al &) o] o}
NEES AF 258 2571014 FARLR A
At GeNerA HA B AP RS A
Qahel Mok AMErl £5FS HAT F 28
Alte] HDMECS A @el Argatsich. deet
X Aze dgaangen Brsgon,
von Willebrand's factor(vWF)e] W& -2 W4 g3
AAE Btk AEu FfedlA WFd
HDME-CZ 100% vl&-&= 43t 20TlA 10%
ZF A A|Z] % 14022 3|4 § rabbit anti-human
vWF(anti-factor VIlIl-associated antigen, Behring Di-
agnostics, La Jolla, CA, US.A)S ¥ 3 3087 ¥
271 t} FITC-conjugated goat anti-rabbit IgG
(Sigma)s} 30E-3t WHgAl7) 3, B F3F Av|F
o #AsAh

6. C. albicans- NI M Z FEHAEH

vlcho] W &k 96well =2 Wl F-G7] ol welld
4x10* A E2] W=7 HDMECS 7 AL 48417k A
o] W weketdch PBSE 33 A C. al-
bicanso] methionineo] &% 2] €2 vjA]<]
T 37Ol 2083 wksiach S994 S
methionine(Dupont, Boston, MA, U.S.A.)& 10" A
EY 100 pCi/mle) FERZ Y1 16417 2 v
ksl LA Ee & £ - HBSS &
oz 23 MAF oS HAHF TR A5t
Araat ek Zh wellel] wloFE Wol A Ee] &3
o Eo 4 ¥So] A g C. albicansE ARV &
2 100 pi¥ 7183 37ToA HAAIZE WA
F 56°Co A 308-7F A2 ske] u| gl Eket 5%
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S0l & (Gibco)S FH3 HBSSE 7PEA
23] At G329 A EE 1% titon-XE &
g F BaAS £33k WA we 37
M £HE P EEREE WEEHE A S
2735ttt %28 C. albicanse] W E-&E Ty
3} ko] Pt}
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7. C. albicans- N TE| M| FEHX{ A H

7} welle] HDMEC ©Z o] iC3b%=-& 4] o] tf] &
o2 2 A S 20 pg/mle] FEE 100 pl¥ 2
T 37Tl A 458 AR F A7 EA
st ol A ¥SE B2 Z C. albicansE 2
i C. albicans-HDMEC 2413 & A3 3 of-5
gajle] EAeRo) W FARAFEE W@t
FHA N D =E FH A

8. SAIAe|

B AFe] 2L YELFEUAR FA
stach EA184 2212 Wilcoxon rank sum test
9} Kruskal-Wallis test 52| v 2573 ez 4
A3t a, pakel 0.05 v]gkQl 7 f-o f2ldel
e Ao g BAEHT

2 =

1. C. albicans ™ iC3b +23|| 2| 2t

7}. vt C. albicans2] HAEHZ ZAl &~
o}o] & E}e] E(isotype) W 2 mouse
IgM3} rat [gG2bE A A Fols YA EE B2
g 2= ¢lglort iC3b & g 28 FA
% Mo-13} ATCC M1/70 Wi} 3 o2y E
A4 ARvtEDYE o) &dtd EFAA T
&} Mac-1 &) X 3Fo] XA % FAke] WA
Ho| A AaE @gad-S dRd 5 3l
ATHE 1).
L} C. albicans B iC3b2 5| 2| wha et
Sabouraud ¥ %] o] 4] 16A] 2t wj kgt C. albicans
o] Mm@ HBFAME iCIbFEAo i GEE
%3] & Mo-13 ATCC M1/70 i<k Ao
By A3 ARetEaGHE o) &8k EF4
A F 8 Mac-1 8 x| Fo| FEA P FAL
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Fig. 1. Immunofluorescence microscopy of C. albicans after incubation with monolconal antibody Mo-I and M1/70.
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Fig. 2. Surface expression of the iC3b receptor
on C. albicans as determined by immunofluorescence
flow cytometric analysis with monoclonal antibody
Mo-l, Leu5, 44, and M1/70.
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Fig. 3. Changes in expression of iC3b receptor
on C. albicans by glucose level. Surface expres-
sion of iC3b receptor on C. albicans significantly
increased in dose dependent manner with in-
creasing concentration of glucose, 2%, 5%, 10% in
Sabouraud broth(p<0.05).
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WA A 7} C. albicans TR iC3by&]
Aol vlA= FFE VA 98l A7 TE B
9] prednisolone®} cyclophosphamides: A 73k
) 2] o] 4] W) ¥& C. albicans®] iC3b8&-3 W
okx}& w) A&t} Prednisolone 3 717 ©}
10% Sabouraud ) A=) A w3 C. albicans
= 11.24+0.8%9)| 4] iC3bs=&-#) S e
™ prednisolone 100 pg/mlo] F-R-E wljA] o] A uj
OFA] 14.2+0.9%, 200 pg/ml 3 7FA] 15.5+1.1%2
# v o] @3k th7), 300 pg/ml, 400 pg/miol) A
= 7}2} 14.6+0.6%, 13.440.5% = iC3bs-&-4]
@A =7} A 45 AT (p=0.0266, 17 4).

Cyclosphosphamide 3 7}Alell = #H7FA 11.9+
0.5%¢] 4] 100 pg/ml 3 7}A] 13.540.9%, Img/ml
2 7}A] 22.341.5%% HU) R o] DEtA Tt} Smg/
ml, 10mg/ml 3 7}A] z}2} 19.040.7%, 18.8+2.2%
2 iC3b 83 WwHAA =} A ] 45 5) 2l cH(p=0.0121,
a4 5).
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9.043.2%(5.9-13.6%), C. parapsilosist= 1.6 +0.6%
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Fig. 4. Changes in expression of iC3b receptor
on C. albicans by prednisolone level. Surface expr-
ession of iC3b receptor on C. albicans significantly
increased in dose dependent manner with increasing
concentration of prednisolone, 100 pg/ml, 200 pg/ml,
300 pg/ml, 400 pg/ml in Sabouraud broth(p<0.05).

(0.6-2.2%), C. tropicaliss= 1.1£0.4%, C. krusei+=
1.9%, C. glabrata:= 10.8%, C. guillemondii-= 0.7%
2 C. albicans®} C. glabrataol| A5t W@ ¥ o] o
Z2F F8lg Ao) & BEch(ad 6). 5 2 A
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2}z 5940.3%9} 8.7+1.7%° A iC3bs&] %
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Fig. 5. Changes in expression of iC3b receptor
on C. albicans by cyclophosphamide level. Surface
expression of iC3b receptor on C. albicans sig-
nificantly increased in dose dependent manner with
increasing concentration of cyclophosphamide, 0.1
mg/ml, Ilmg/ml, Smg/ml, 10mg/ml in Sabouraud
broth(p<0.05).
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Fig. 6. Surface cxprcssions of iC3b receptor on
the different species of candida as determined by im-
munofluorescence flow cytometric analysis.
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Table 1. Expression of the iC3b receptor on C.
albicans

Candida species ﬂPerca?magc.
uorescence
Blood isolates
C. albicans ATCC 44808 12.0+2.0
C. albicans ATCC 66396 8.8+03
Skin isolates
C. albicans YUCC 3153 8.7+1.7
C. albicans YUCC 3158 5.9+03

Surface expression of the iC3b receptor on C.
albicans isolated from blood, skin, or mucosal
surface as determined by flow cytometry.

*: Mean+S.D.

de nglon, Y% el YojoA weld
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Fig. 7. Changes in the adhesion of C. albicans to

HDMEC by glucose levels. **S-radiolabeled C. al-
bicans were treated to HDMEC monolayer cultured
with RPMI1640 containing 2%, 5%, 10% glucose
for 1 hour in 377C.
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w2 HDMECe] )% C. albicans®] 8- FAEE
v gk o|u)] A @ A3} C albicans 5% 10°cfu 429
ME 251+£38%9 GHEE HYon 1x10%}
2x10%fu o) M= ztz} 29.94-2.2%9} 28.3+1.5%
o] FAEE JeER A, 305 vl 9] 8.141.9%,
1A ZF wl FA] 24.14£3.7%, 2A) ZF ] ekA] 25.4-+
4.9%= 1A)1ZF v %A F23H wob fejsa =

7}ele] o] F o] f224H e 10°cfue] C. a:’btmm
T 1ARE vjgEor ATt Yo
HDMEC-C. albicans frZtel] v]|x]= &S 33
871 93 2t7) g FwEe Exdo] FiE
RPMI16408] 2] ol 4] Wl ¥k C. albicanse] &2+
 143+0.8%% 2.1, 5%} 10% u)A] oA uj <k
Al zZ}zb 18.5+43.3%, 23.04+33%% 59 %%
7b e wjAe A g C. albicansy 4 &
HDMECe|| o) g f2%=7} f-2 8l Z7)sbslch
(p=0.0390, 1% 7).
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Fig. 8. Effects of anti-iC3b receptor antibody on
the adhesion of C. albicans to HDMEC. The adhe-
sion of C. albicans to HDMEC were compared after
treatment with monoclonal antibody anti-Mo-l, anti-
M1/70, anti-CD18, isotype immunoglobulinmouse
IgM, and rat IgG2b for 45 minutes in 37, C.
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9l t}. HDMECo] ti&k C. albicans®] fr3=e g}
Az XA gk 241+37%%20, 3
CD18 33 A7lFolE 264+03%2 FHECl
W3lE Holx @ WA iChFEAd] i &
3 3 Mo-13H3] =& M0 E FH7HeE ¥
L zbz} 20242.7%9F 16.5+22%% FAEN T e
(29 8).
n #
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