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Abstract:

BALB/c mice varied in their ability to make detectable antibody responses to cell surface determinants
of Candida albicans depending upon the antigen preparation and the immunization schedule used. IgM
was the major class of mouse antibody responsible for yeast cell agglutination. Various inbred strains
of mice injected with a ribosomal fraction from C. albicans yeast cells produced low agglutinin (16)
and high passive cutaneous anaphylaxis (PCA, 512) titers. Agglutinin activity of the serum may be due
to an antibody class other than IgM because absorption of the serum with anti-mouse IgM did not
affect the agglutinin activity. Also, the agglutinins appeared to be heat labile. Evidence which indicates
IgE is responsible for the PCA reactions includes: (1) immune serum heat-treated at 56°C for 4 h lost
its ability to elicit PCA reactions; and (2) loss of PCA activity was achieved by treating the immune
serum with anti-mouse IgE. Although absorption of immune serum with C. albicans cells resulted in
loss of agglutinin activity and reduction of PCA activity, it appears the IgE and agglutinin responses
are specific for different antigens because: (1) agglu- tinins were removed from the serum by
absorption with sheep erythrocytes coated with a soluble extract (SE) containing cell surface
determinants of yeast cells but the PCA titer was not reduced; (2) agglutinins, but not IgE antibodies,
were removed from the serum by affinity chromatography using SE-bound Sepharose beads; and (3)
PCA reactions could not be provoked by the SE preparation.

IgE responses specific for Candida ribosomal antigens also occurred in mice injected intraperitoneally
or subcutaneously with yeast cells. Although IgE against C. albicans strain 9938 was specific for
ribosomal antigens from C. albicans strain 394 and a strain of C. tropicalis, no cross reactivity was
detected against similar antigen preparations from C. krusei and Saccharomvces cerevisiae. IgE
responses were also detected in mice with experimental candidiasis.
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ABSTBACT

BALB/c mice varied in their ability to make detect-
able antibody responses to cell surface determinants of
Candida albicahs depending upon the antigen preparatlon
and the immunization schedule used.. IgM was the major
class of mouse antibody responsible for yeast cell
. agglutination. Various inbred strains of mice injected
with a ribosomal fraction from C. albicans yeast cells
‘produced low agglutinin (16) and high passive cutaneous:
anaphylaxis (PCA, 512) titers. Agglutinin activity of the
serum may be due to an antibody class other than IgM
because absorption of the serum with anti-mouse IgM did
not affect the agglutinin activity. Also, the agglutinins
appeared to be heat labile. Evidence which 1ndicates
IgE is responsible for the PCA reactlons includes: * (1)
immune serum heat-treated at 56°C for U4 h lost its ability
to elicit PCA reactions; and (2) loss of PCA activity was
achieved by treating the immune serum with anti-mouse IgE.
Although absorption of immune serum with C, albicans cells
resulted in loss of agglutinin activity and-reduction of
PCA activity, it appears the IgE and agglutinin responses.
are specific for different antigens because: (1) agglu-
tinins were removed from the serum by absorption with
sheep erythrocytes. coated with a soluble extract (SE)
containing cell surface determinants of yeast cells but
the PCA titer was not reduced; (2) agglutinins, but not:
IgE antibodies, were removed from the serum by affinity
chromatography using SE- bound Sepharose beads; and (3) PCA
reactions could not be provoked by the SE preparation.
IgE responses spec1flc for Candida ribosomal antigens also
occurred in mice injected intraperitoneally or subcutan-
eously with yeast cells. Although IgE against C. albi-

) cans strain 9938 was specific for ribosomal antlgens from
albicans strain 394 and a strain of C, tropicalis; no'
cross reactivity was detected against similar antlgen

preparations from (C, krusei and Sacchacomyce cerevisiae.

IgE responses were also detected in mice with experlmentalﬂ‘

cand1d1a51s.-




-INTRODUCTION

Candida albicans is a yeast which commonly co-exists
with other normal flora 6rgdnismé on mucous.mgmbranes of
humans (10,12). - C, albicans usually does not cause disease
in.normal individuals, but undér certain conditioné of
lowered host resistance, .the fungus causes disease.

These conditions includéc* (15 extreme yodth, especially
béfore establishment of normal flora; (2) physiological
changes such as pregnancy, steroid tréatment, or endocrine
dysfunctions; (3) prolonged administratibn.of antibiotics;
(4) general debility of‘the‘host due to ‘immunosuppressive .
trdétment, neoplasias, or chronic disease; and (5)
iatrogenic factors suchlaé indweiling‘catheteré,”
‘peritoneal dialysis, and surgical procedures.

Candida albicgds'dan cause a vdriety df'prima?y or
secondary diseases all of-which:arg-termed candidiasis and
include dermatomycosis, oral thrush,_vagiditis,_bronqho—
-pneumonia,.diseasedof the alimeﬁtary danal,'and.cﬁrohic:* )
mucocutadeoué candfdiasis (CMC). The organism can also
invade degp tissues and cause éndocarditis, ﬁéningitis,:
or septicemia (51,70). | B |

As‘a consequence of infection of mucous medbranes.by'
C. albicanézaﬁd of sdbclidical fdrms of candidiasis,.tﬁe

majority of individuals are_hyperéensitive to C; albicans




antigeﬁs; and antibodies specific fdr,the fdngus are com-
monly detectable in‘their sera (55). In fact, delayed-
tybe hypéréensitivity (DTH) reactions to this yeasf are
commoply.used.by'ciihicians to évqluate éelifmediated
immune.function. | |

Despite intense fesearch,_host reéistance mechanisﬁs
against C. albicans have.not beep wéil-def;ned. Innate
barriers, including the skin and normal bacterial fioréy
are known to impeae tissue invasion by the fungﬁs and
._phagocytic cells, such és neﬁtrophils and macrophéges; .
have been imbliéated aé'béing important for'defense. .éon-
genically—thjmic.deficient (nude) mice are more resistant .
thanltheir normal 1ittermates (8).to an acute infection'with .
C. albicans. This increased_resistance may be due to
enhanced phagocytic acﬁivity (8,54, our unpublished
défa), Lehrer and Cline'(30) have shown that neutrophils
have capdidaéidal activity and £he-myeloperoxidase.system
present in theée cells has béen'showniu:be lethal for
Candida (29,32). ‘Spme:?atients with chroﬁib granulomatoué
'diseése were found to be'very'suscepfable to s&stemic
candidiasis (31) aﬁd‘the§e'patienté”alsb had myelopekdx;
idase system deficiencies. ‘

' Cell-mediated‘immunity (CMI) has been regarded as the




most important acquired specific defense against
candidiasis. CMC patients usually show a depressed CMI
response to QL'glbicgn§ antigens while humoral immunity

often appears intact (26,27). For example, Canales et

al. (2) observed that an eleven year old patient with CMC h

was unreactive to'mumps, trichophyton, s@reptokinaseQ
streptodornase, PPD, coccidioidin; and histéplasmin skin
test antigens., This batient also failed to.respond to di-
nitfochlorobénzehe sensitization which confirmed the
'severity of defeétivg-CMI. Thymus-dependent immune re-
sponses were shown to be impértant for resistance againsﬁ
experimental cutaneous oandidiasis.in guinea pigs (62).
Mice had increased resiétance against anuintravenous |
challenge of C, albicans after intracutane§us inoculations
of viable yeast cells (17). Tﬁis effect cdrrelated with
development of a positiQe DTH and.ﬁrgsence of T-lymph=~
ocytes (41,22) and it did not occur in thymectbmized,
irradiated, and bone—marfow reconstituted énimals which
wefe vaccinated in the same-manner; |
Evidence for the importance of CMI in host résistande
to candidiasis coincides also hith observations made on
the role of CMI in other fungél diseases such as coccidi-

oidomycosis, histoplasmosis, cryptoqoccosis,‘and




dermatophytosesh

'Many,investigators héQe deménStrated that cOccidioid-
omycosis is associated with CMI defects (3,44, 4,50).
During the course of this diseasé,,patients may show
depréssed DTH reacfions toAdinitroéhlorobenzene while
complement-fixing aﬁtibody titers become greater (50). In
‘ experimentallstudies on histoplasmosis, proﬁection can be
transferred td normal mice via T-célls, but not serum,

from mice immunized with ribosomes or live yeast cells of

Histoplasma capsulatum (65,66)." Diamond (9) showed that
guinea pigs had increased resistance to cryptococcosis as
compared to infected control animals when the animals were

given immune cells from Cryptococcus neoformans-infected

guinea pigs. Also, Lim and Murphy (35) reported that-

splenic-enriched T-cells, but not serum, from C.

neoformans-infected mice could transfér immunity to normal
mice as indicated by areauction innumber of yeast cells
in tissues after viab;e yéast cell challenge. Other
. studiéé have also shown the importance of CMI in crypto-
coccosis (18,58). .Cell-mediated iﬁmunity has also been
implicated as important for local or partial immunity to
‘dermatophyte infections (69,23,15,25L

In spite of the above indirect observations which




“imply a correletion between CMI- and resistance to_7
‘candidiasis, other investigators have not found such a core
relation (46,37,54, 17). Pearsall et al. (46) were
unable to show increased resistance in normal mice to C.
'alb;can after adoptlye transfer of lymph01d-cells fromi
'yeast-Vaocinated gice. This inability to ﬁransfer
resistance occurred.despite the fact that andida;specific
DTH developed in mice which'received the Qangiga;sensi-
tized lymphoid cells. ' Marra and Balish (37) showeo that
cutaneous hypersensitivity reeponSes_did'hot increase-ory
correlate with the progression of disseminated candidi—'
asis in mice. Coﬁgenitally thymic-deficient (nude) mice
have been‘shown~to'be:more resistant than normal.litter-
- mates to acute disseminated candidiasis (8,54) whereas.
‘thymus reconstituted nude mice were as-sosoeptable as
normal mice (54). Thjmecfomized and irradiated mioce haQe_
been shown not to be more susceptable to disseminated‘
céndidiaeis than normal mice (17).

The role of antibody in resistance to fungalIQiseases
.is also a confusing. issue. Many regard'specifio entibod§'
as not important for fesistaﬁce. The severioy of'disease\
in patlents with coccidioidomycosis correlates well with a

rise in complement flxlng antlbody tlters (50).




‘Patients w1th chronic mucocutaneous candidlas1s usually
show normal humoral immune responses despite anergy of
cell—med1ated»1mmun1ty (26,27), Ind1v1duals with other
forms of candidiasis also'usually-have normal antibody and
defective CMI responses.

_Although the above observations would.militate
against the importance of antibody in reeiétance to fun-
~gal infections, numerous.inveStigators have demonstrated
that antlbody may: play a protectlve role in experlmental
cand1d1a51s (43,46 59 »33,40,1). Moser and Domer (40)
showed that cyclophosphamide (CY) treatment of normal
mice. before cutaneous 1nfectlon with C. albicans resulted
in increased delayed—tybe hypersensitivity'responses and.
‘decreased antibody reeponses‘to,c§toplasmic antigens as
compared to non- -CY treated Ainfected mice. The 1mpaired
~ab111ty of CY- treated mice to produce antibodies
correlated w1th poor surv1val of these mice after intra-
venous'challenge. -Mice making agglutinin and*precipitin
responseswafter éubcutaneods injection'of ribosomal
fractions from C, albicans were more resistant‘thanﬂ
control mice to chronic and acute infection (59,330.
Honever; it is not possibie to'determine.from these

studies if humoral-and/or.cell-mediated‘immunity were .
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responsible for the increased resistance of vaccinated"
mice. Passive transfer to.dofmal'recipiénts of immﬁne
sera from mice vaccinated subcufénedusly‘with sonicated
C. albicans cells resulted in.incrgésed protection to an
intravenous dose of viable cellS'(ﬂ3),- Intréperitoneal
injecﬁioﬁ into normal animals of‘immune sera from mice |
vaccinated in the same manner resulted in increased re-
sistance to in%raﬁuscular'candidiésis (46).

Obviously, there is conflicting evidence .concerning-
the importance of specific acquired immunity ih host de=-
fense to candidiasis. Investigators ha&e presented evi-"
dence which would argue for the importance of cell-med- .
iated immunity in resistance to infection, but most of-thé
evidence is indiréct‘and:not definitive, Other invest-
igators have showﬁ fhat antibodies may be impo}tant” |
fo} protectién. Evidence was alSd‘bresented which sug-
gests that neithef humoral or cell-mediatéd immuﬁity are
important in héét'defense against candidiasis. Critical
evaluation of the literature on the, importénce of hgﬁoral

immunity in resistance to experimental candidiasis has led

to some important questions. In the passive transfer ex- -

periments, did the immune sefa éctually contain anti-

Candida antibodies? In méét cases, investigators merely




collected sera.from sensitized.aﬁimals but did ﬁot specify
“antibod& conpenﬁ.f If énfibodies were present; to whfcﬁ

: Candigé antigéns‘were they speéific?. Aiso, what éntibody
classes are produced in'résponse to andida-antigens?
Answers to these quéstionsare esseqtiél.ifOne isto‘
correctly assess the,fdle'of humoral immunity in expenié
mental candidiasis. It is the.purposé'of thié'stﬁdy to
‘answer some of these questions by characterizing the'anti-

body responses of mice to C, albicang.




MATERIALS AND METHODS

Organisms and-Culturé Conditions

Candida albicans strain 9938 was from the Mycology

Unit, Tulane Medical School, New Orleans, LA, C, albicans

‘strain 394 was a gift from R. P. Morrison (University of
Oklahoma, Norman, OK) and Candida tropicalis, Candida -
krusei, Cryptocogcus neofgﬁmags, and Saccharom&ggg‘

- éeteyisiae Qefe from the Montana-State University
mycologic culture collection.-‘OEganisms were stored at 4°

to 6°C on either potato flakes or corn meal agar slants.

All yeasts were grbwn in glucose (2%){'yeast extract

(0.3%), peptone (1.0%) broth (GYEP) at 37°C for 48 h under

.constant aeration by rotation of fIasks at 160 rpm (Gypq-

tatory Incubator, New Brunswick Scientific, Edison, NJ).

- Experimental Animals '

BALB/c, BALB/cBYJ, DBA/1J, CBA/J, and B10.BR mice

. were obtained from Jackson Laboratorigs (Bar Harbor,‘ME).
All mice were raised and mainfaihed in our animal care
facility in which bedding, cages, and water bottlés Qeré_
sterilized before use and.the water was acidified (39).
 It'had‘béen-previpu§1y detefmiheﬁ in our laboratory that
fecal speqimens.from mice were negative for"CagQida

"albicans and sera from normal mice do not contain de-

) ——— - 7‘7,k ,l#J
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tectable C., albicans agglutinins or precipitins.

" Heat Killing of Yeasts
Broth cultures were centrlfuged and the yeast cells
were washed three times’ w1th 0.15 N NaCl (saline). The
washed cells were placed in a 70 C water bath for 20rn1n'
and killing was conflrmed by streaking. samples of the
heated cells on nutrient agar plaﬁes and checklng for

growth after 24 h ag 37°¢C,

Serum Collection
Mice were_bled'from either the tail artery or the
retroorbital venous plexus and the blood was-allowed to

clot overnight at 4°C pefore the serum was removed. Sera

Were used immediately or stored at -20°C.

Slide Agglutination Titer

'Sera from immunized animals were diluted 2-fold in

_saiine and 25 ul of each diluted sample were mixed with an

_equal volume of a heat-killed yeast suspension in saline

(1 x 108 cells/ml) on a glass slide. The cells and sera
were mixed by rotating the slide by hand for 3min. The
presence oﬁ'absence of agglutinated yeast cells was
assessed by'microscopic examination ati1odi and the'agéiuA

tination titer was expressed as the reciproea;'of.the
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highest serum dilution showing positive agglutinatiéﬁ.

The slide method was chosen over the more conventidnal‘
tube agglutination meﬁhod beéause of the ease and speed of
the methéd and the small amount of serum needed to perform
the test. Comparison of the two methods showed that tube
agglutination titers were always 4 times higher than slide

agglutination titers.

Indirect Fluorescent Antibody Assay

Fluorescein isothibcyanate labeled rabbit anti-mouse
gammaglobulin was prepared_as.described by Garve& ef-al;'
-~ (16). BALB/c sera were collected by bleeding via' the |
retroorbital venous plexus and allowing the pooled blood
to.clot_overnight at 4°C. The gamméglobulin fraction of
the serum- was precipitated by the dropwise addifion of 6ne
pért saturated ammonium sulfate t§ two parts serum under
constant stirring. .The‘precipitate was dialyzed over-
night'against Oiﬁ M PBS, pH 7.2, and a 0.5 mg.proteih_ﬁer
ml stock solution of mouse gammaglobulin in 0.01 M PBS
waé prepared after determination of the prqtéin concen- :
tration by 260-280 nm diffefencé spectrometry. Newr |
Zealand white rabbits (Johnson's Bunhy Farm, . IN) were

injected subcutaneously with 1 mg protein (2 ml).emul-
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sified in 2 ml completé Fféund adjuvant (CFA) bn'days 0
and 5. The same aﬁimals'were injecteaxnldays 12and 19
with 1 mg protein emulsified in 2 ml indompiete Freund
adjuvanﬁ (IFA). . Sera were éoliected'from rabbits by'
cardiac puncture on déy'26. Tﬁe gammaglobﬁlin frgction
'frdm the rabbit serum was obtaiped by ammonium suifate
fractiohafiqn and dialyzed'oVerpight against 0.01 M- PBS,
pH 7.2, A 2.5 ml sample ¢f a 2% rabbit gammaglobulin
solution in 0.01 M PBS was adaed to 0.5 mg of fluoreécein
isothiocyanate (FITC, Sigma Chemiéal Co., St. Louis, MO).
and the mixture was stirred overnighf'at'uoc. Thé FITC-
‘gammaglobulin mixture was dialyzed against 0.0175 M
.phosphate buffer;-pﬁ 6.3; and'uncoupled FITC was removed_.
by anion exchange chromatography as previously described
(16 o

To perfbrm the indireét immunofluorescent”antibody
assay (IFA), C, albicans yeast Qellé weré bound to the
bottom 6f Falcdn'96 well MicroTest II tissue édlﬁure
plates (Becton Dickinspn Co., Oxnard, CA) by allowing the
yeast cells to germinate in the wells for 1 h in the"
presence of tissue culture-medium (TC 199,'Miqrobiological
_ Associates, Walkerville, MD) at 37°C. We previously

determined that germinated cells avidly stick to plastic
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‘whereas yeast celle do not. Oneftentu miliildter sampiesa
of mouse immune sera to be tested for the p-resence of
,yeast cell surface spe01flc antlbodles were added to each
well and the plate was 1ncubated at ‘room temperature for-
30 min. After washing each well three times with saline,
25 ul_of FITC lapeled rabbit antiQmouse'gammaglobulin were
added to_each'weli and the plate was-incubated_at room
temperature for 20 min. ~The plate waa'washed three times
‘with saline and‘obaerved'under a light'microscope equipped

with illumination to detect FITC fluorescence.

Sonicated Yeast Cell Preparation

Sonicated yeast cells were prepared by the method of
Mourad and Friedmanl(AZ). C. albicans strain 9938 was
lgrOWn'in GYEP for 48 h, uashedlthree times, and suspeuded
in saline to a cencentration of 1 x 108 cells/ml. The
cells uere‘hdmogenized in a Braun homogenizer (Bronwell
Scientific Co., Rochester, NY) uith acid cleaued aud ster-
ilized glass .beads 0.45 to 0.50 mm 1n diameter (Glasper-'

len, Bronwell 301ent1f10 Co.) for 3 to 5 min. ‘The homo-

" genate was defined as the sonlcated cell suspension.,

Cell Wall Fraction Preparatlon

alblcan§ 9938 cell wall fractlons were prepared
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by the method deseribed by Cutler et al. (7). ‘Washed
yeast cells were suspended in saline (20% aqueous sus- .
pensioh) and broken in a Sorval Ribi press.at 35,000 péi.
Ninety percent cell breakage was accomplished wifh'this
method. The pquen cells were centrifﬁged at 800 x g for
30 min, the supernatent fluid was discardéd,fand ﬂhe

peliet washed -three times with saline and lyophilized.

C. albiéang Soluble Extract Preparation
A water solub;e antigen was extractedlfrém’QL'gi;f
bicans.bQ a hot phenol procedure previously described
(68) and is referred to as soluble extfact (8E). Yeast

cells wefe suspended in distilled water to make a 20%

(vol/vol) cell suspension'and both the cells and a 90% phenol

solution in water were'brought to65§C in a watefbath{

.Equal volumes of the phenol aﬁd the suspension were mixed by .

swirliﬁg at 65°C'f0r 30 min, cooled in an ice bath, and

centrifuged at 180 X g for 45 min at 49c, The aqueoué phase

was removeﬁ and replaced with an:eQUal'Volume of heated.

(65°C) distilled water and the extraction procedure: was

repeated. The aqueous phase from both’extraétioﬁs'were com-

bined, dialyzed against distilled Water for two days, and

lyophilized.-
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.ﬁibosomal Fraction Pheparation
.and Animal Injection

Ribosomal fractions were'prepared.from &eests‘by a
modifioatioh of the proceoures of Ruoin (56) and Levy et
al. (59). VYeast cells were grown in GYEP at.37°C for 48
h. The cells were harvested by centrifugation at 49C (500 -
X g), washed three times with cold tris (hyoroxymethyl)
amlnomethane hydrochlorlde 0.01 M buffer contalnlng 0.1 M.
NaCl and 0.03 M MgCl, pH 7.k (TSMB), and resuspended in
.cold TSMB (75% aqueous suepension). The cell 5uspensioh
was passed'through é Sorval Ribi press two times at 35,000
psi. - The broken cells were centrifuéed at 26 000 x g for
20 min at 4°C and the supernatent flu1d was removed and
centrlfuged through y ml of 5% ammonium sulfate and 15%-
sucrose 1n-TSMB‘at 105,000 x g for 6 h at 4° in a.Beckman
model L~ 2 Ultracentrlfuge and sw 2T rotor (Beckman Instru—
ments Inc., Irv1ne, CA). The pellet deflned as the crude
.rlbosomal fractlon, was resuspended in O. 01 M phosphate
"buffered sallne (PBS),- pH 7.4, and the protein: concen-'
tration determlned by 260 280 nm absorbancy in a spectro- .
photometer. The crude rlbosomal.fraotlon was diluted to-a
oonoentratioh of1 mg orotein/ml in dﬁlM,PBSland‘stofed
at -70°C. o | | ”

Mice were -injected subcutaneously behind the head
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with 100 ug ribosomal fraction protein emulsifiéd in 1 ml
complete Freund adjuvant (CFA) on dey 0. The animals re- -
ceivedboosterinjectionS<ﬂydéYs16 and 36 with 100 ug
protein emulSified‘in incomplete;Fbeund edjuvent'(iFA) and
sera were collected on day 57.
Treetment of Mouse Immune Sera
. with Anti-Mouse Isotypes
Attempts were made to remove mouse antibodies
specifie for C, albicans 9938 antigens by treating the
immune sera with various anti-mouse heavy chain isotypes.
Onenhundred miereliters of immune serum were added ﬁq 100
.ul of either goat anti-mouse IgGq, IgG,, IgM, Igh (Meloy,
Springfield, VA) or -IgE (Miles Laboratories, Elkhart;AIN$
in a 1.5 ml Epﬁendorf centrifuge tube (VWR, Seatfle,_WA)d
The mixture was incubated at‘MOC_ovefﬁigh£; centrifuged at
'high speed (Eppendorf centrifdge; Brinkman Ihstrumeﬁte,
Westbury, NY) for 5 min to pellet the pre01p1tate, and the,
absorbed supernatent ‘serum was removed.

Absorptlon of Mouse Immune Sera
with C, albicans '

Heat killed C, albicans oells were centrifuged to
obtain a 0.1 ml wet pellet volume. The cells were

suspended in 0.3 ml of mouse immune serum, incubated at

)
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room tempefature for 10 min, and centrifugedai 500 x g~
for 5 min.” The absorbed serum was removed (0.3 ml)-and
re-absorbed with another 0.1 ml pellet of heat killéd
cells. The suspension was centrifuged at 500 x g for 5
min and the twice'ébSorbed serum was colleéted.A
Coating of Sheep Erythrocytes with
SE and Serum Absorptiqn

Six milliliters of a stock sheep erythrocyte sus-
pension (Colorado Sérum,Co., Denver, CO) were pelieted by
centrifugation at 250 x g for 5 min. .The'célls we}é
washed three times wiph saline and centrifugéd'at é50 X g
for 5 min to obtain a 0.5 ml packed volume of cells. The_
pellet was suspended in 1.0.mi of SE (1 mg/ml) and 1.0 ml
of a 0.1% chromium chloride solution. The mixture wés.iﬁ-
cubated at_room temperature for'15 min, the cells Were '
washed three timeé, and a final 10% (vol/vol) SRBC sus--
pension was made in saline. To absorb immune sera, b.5 ml
of the 10% SRBC-SE,suspension.was added to a 1.5 ml
.plastic Eppendorf cénbrifuge ﬁube, cenﬁrifuged in an
Eppendorf centrifuge for 2 min and the.subernatent fiuid
remoﬁed, Two huﬁdred fifty microliters of immune serum .
were added to the tube, the cells sﬁspended, and the

mixture incubated for 10 min at 4°C. The cells were
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pelleted by centrifugation and the supernateﬁt serum was 
removed and ﬁeébsorbea with a fresh pellet of SRBC—SE}'
The twice absbrbed-serum was teSted'for yeast ceil
agglutination and PCA ac@ivity. ‘As a control, immuné'_
serum Was‘absbrbedzwith sheep érytbrocytes treated as

above but without SE.

Affinity Chromatography

An affiﬁity chromatography column was pfepared by
coupling C, albicans éolub;e extract anbigehs (SE) to
Sepharose beads as described by Poor and'Cﬁtler (48).
Sepharose 6B (Pharmacia Finé Chemicals, Piscataway, NJ)
waé washed five times with distilled water'and‘centri—‘
fuged .at 50 x g for 5 min., A 5.0 ml ﬁacked volume of
beéds was suspended Qith 5.0 ml of 0,5 M bicarbonate
buffer (pH 11).plug 0.5 ml divinyl sulfone (Aldrich
Chemical Co;, Milwaukee, WI). The suspension was in-
cubated for 70 min at-37°C under-cqnstanﬂ mixiﬁg by
rotating at<150-rpm (incubapqr shaker), followed by
washing in diStiiled water. A U4 ml packed volume.of
activated beads was added to 2 ml of a ‘SE '_solut.ion (15 mg |
SE per ml in 0.5 M bicarbonite bﬁffer, pH 10) and in-
‘cubated overnight‘at 22-240C, The SE-coupled beads wefé‘

collected by centrifugation, washed in distilled water,
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suspended in 5 ml of 0.5 M bicarbonate buffer (pH 8.5)
plus 0.1 ml Beta-mercaptoetﬁanol (J.T. Baker Chem. Co.,
Phillipsburg, NJ) and incubated at 22-2H?C for 2 h. The
‘beads wer'e_ washed in distilled water and packed into a 1.0
ml plasfic syringg (Becton, Diékonson andACo.,'Ruihgrfofd,
NJ). Aftef the’cqlumn was equilibrated with 0.01 M PBS
(bH 7.2) at 22;24°§, 0.5 ml.of mouse immune serum was
applied to the top of the édlumh and elutéd with 1.0 ml of
0.01 M PBS, pH 7.2. The collected eluate was washed
through the same column again.- The twice-eluted sefﬁm was
concentrated to 0.5 ml by negative preSéure diaiysis at |
49c, As a control, immune serum was passgd through a
column of Sepharose 6B beéds‘treated as above but'withoutf
SE (negative control). Cohéehtréted sera were tested. for

veast cell agglutination and PCA activity.

Paséive Cutaneoﬁs Ahaphylaxisv(fCA)
A modified method of Ovary (45) ﬁas uséd. Two
" hundred gram Sprague-Dawiey putbfgd-albino female rats
(Holtzman, Madison, WI aﬁd TacbniC'Farms, Gekmantoﬁp, NY)
were anesﬁhetiéed by an intraperitoneal injection.of 3.6%
chloral hydrate in saline KO;T ml per 10 gramélbody |

weight) and hair removed .from the back of the animals'with .
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electric clippers. One-tenph milliliter of each twd-fbld_
serial dilution,of serum was injected intradermélly into
the backs of the‘animals with a 27”gauge néedie'(Luer-Lok;
Bécton.Diékonson, Bdtherford, NJ). The rats weré again '
anesthetized with chléral'hydrate 48 h labe} and injectéd
intravenously (tail vein) with'2.ml of an:antigeﬁ prep- |
aratioh contéining 1 mg proteih of ribbsomal fraction (1

- ml) mixed with 1 ml of 2% Evans. blue (Allied Chemical, |
Morristown, NJ). The PCA.reactibhs were allowed to
develop for 30.min,'the animals were sacrificed and thé 
skin reflected for observation of resulis. The PCA titer
was expressea as the réciprOCallof the highest dilution of
serum wh;ch induced a discrete blue area greater than or

.equal to a 4 mm diameter.




RESULTS

Induction of Agglutinin Responses in Mice

BALB/c mice wefe‘injected intravenously (i.v.)
intraperitoneally ti.pJ, subc@taneously-(s.cﬁ; intra-
muscularly (i.m.), or intradermally (i.d.) with a vari-
ety of C. élbicans strain antigen§, including viable yeast
cells, heat-kiiled éells, sonicated cells, and yeast cell
wall fractions (Tabie T). Sera collected on the déys.
indicated and tested foflthe présence of anﬁibbdies by
slide agglutination and indirect immunofluorescence were
negative for antibodies specific for the cell wall of C.
alpiéans. Injection protocols were finally developed,
however, which did lead to induction of mouse antibodies
specific for Candida cell surface déterminants (Téble 2).4
By 28 days following the first injection, all routés of
inoculétion resulted in the production of Candida agglu-
tinins by at least 25% of the mice in each group. |

Agglutinin Responses of Ybung and Older
Female and Male BALB/c Mice

Because differént groups‘of‘mice appeared to vary in
their ability to make agglutinin.responses whén injected
i.p. with heat killed UHO‘QLELQ12§Q§(Tab;e 2), it was
thought that the age and/or sex of the mice may affect the

immune response to the fungus. BALB/c mice of different
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1

Table 1. Attempts to induce productlon of anti-C., albi-
cans cell surface antlbodles in BALB/c mlce.

. Route of - Day$ of Days of Sera
Antigen Inoculum Inoculation? Inoculation Collection.

Viable 1x100 iove 0 oy
cells ' 6 ! '
: 1x10 i.v. - 0 ' 16 -
-2x108 i.v. 0,23 BT
cux108 - i.m. -0 .. . 9,20,30
5x109 im. 0 . y
Dead 7x107 iwv. = 0,7,14,21 T,14,21,28
. cells? 8 : . -
2.8x10°¢ i.p. 0,15,36 614
Sonicated - . . |
cells 2x107 s.c. 0,5,12,20, . 14,21,28,"
I ' 30,40 - - 35,47
Cell wall 100ug v, o u
fraction . . o : o .
100ug i.m. 0. o 4
100ug iid. .0 oy
2 i.v., intravénbus; i.m., intramuscular; i.d.,“intra-

dermal; i.p., intraperitoneal; s.c., subcutaneous.
® C. albicans heat killed at 7o°c for 20 min.

¢ 0.1 ml volume of cells mlxed with an equal volume of -
CFA. : : ‘
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Table 2. Whole yeast cell immunizations for productlon
: of C. dlbicans agglutlnln responses in
BALB/c mice.

HK® " 'Route of Days of - = # quifived/tdtsi
C, albicans Inoculation® Inoculation o (%) -

" inoculum i ' '

Cextol i.v. 0,7,14,21°  * 2/5(40)
sx107 i.p. . 0,7,14,21 . -3/3(100)
ux107 i.p. 0,7,14,21° - '6/10(60)
4x107 i.p. 0,7,14,21 17/64(27). -

“1x107  s.c.b C0,7,14,21 - 2/5(40)

a Heat'Killed.

0.1 - ml volume of cells m1xed w1th an equal volume of
CFA on days 0 and 7 and IFA on days 14 and 21.

i.v., intravenous; i.p., 1ntraper1tonea1, s.c., sub-
cutaneous. : '

‘Number of mice produc;ﬁg agglutinins.




24

ages'and sexes were i'njected i.p. with 4 x 107 HK Co
albicans weekly for.4 weeks. Sera collected on the.fiffh
week and titered for agglutinins revealed that ali'mice‘
made agglutinin.responses (Table 3)._'Howeyer, the older
female mice pended to make greater responses than the
other groups. These results did not explain the vari-.
ability of the agglutinin responses shoWo in Table 2.

Heavy Chain Isotype Determination

of Candida Agglutinins.

Immune sera from.mice immunized .i.p, with C. albicans
'.were pooled and absorbed with goat.anti-mouse heavy chain
isotypes. Anti-mouse IgM absorption of the serum resulted
.in almost a 94% reduction in agglutination piter (Fig. -1).
Anti-m0use-IgG1, IgGy, and Igh treatment showed the'same‘
effect as the norﬁal mouse_serum control treapment. .These.
data indicate that IgM is the major ciass of mouse anti-
body present in the -immune serum which causes agglutin-
1.atﬁon of C. albicans. |

C. g;blcan‘ Ribosomal Fraction- Indﬁoed.
Agglutinin Responses in Mice

Recently, Segal et al. (59) reported the 1nduct10n of

agglutlnln responses in mice ‘by 1mmunlzlng w1th r1bosomal

fractions from C, albicans. Because of the difficulty
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Table 3} Agglutinin responses of young and older female
' and male BALB/c mlce 1nJected i.p. with HK
C, alblcans° ’ -

BALB/c # PositiveP/total . . Agglutinin Titer®
group? S . ‘ .
' Range " Average
1 - 575 2.6l Y-
5 5/5 . 4-64 22
3 5/5 - . .8-64 . 26
4 5/5 I 32-128 83 ..

2 1, males 21 to 28 days old; 2, females, 21 to 28
days old; 3, males, 56 to 63 days old; 4, females,
56 to 63 days old.

b Number of mice producing.agglﬁtinins.

Expressed as .the reciprocal of the highest serum
dilution showing yeast cell 'agglutination.
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B SERUM ABSORBED ONCE
SERUM ABSORBED TWICE

none  IgG,  lgGy  IgM  IgA
ANTI-MOUSE ISOTYPE TREATMENT

Effect of goat anti-mouse heavy chain isotype
treatment on the agglutination titer of anti-
C. albicans serum. Balb/c mouse immune se-

rum was absorbed with an equal volume of either
antl-mouse IgGq, IgG IgM or IgA at

4°C overnight and tlgered for C, albi-

cans agglutinins. Normal mouse serum (NMS)

was used as a control treatment.
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encountered in~inoucing such agglutininlresponses by more
. traditional sensitization protocols“(Table‘1), the ribo-
somal procednre was tested in different strains of mice;
The animals-wene injected.subcutaneouslt on day 0 with the
C. aibicans.9938'riboSOmal fractionradjuvant'emulsion.
Booster injections of'rioosomal—adjuvant preparations.were
- given on days'16 and 36. Sera collected on day‘57 showed
the presence of angld agglutlnlns in some of the animals
(Table 4). All strains made s1m11ar responses, but the
titers were lower;than sera from mice injected i.p. with
whole cells (Table 3), | | -

i
Pass1ve Cutaneous Anaphylax1s Reactlons in Rats

‘Immune sera from rlbosomal fraction- 1mmunlzed mice
sometlmes were fonnd to lose yeast cell agglutinating
activity after heating at 56°C for 30 to 120 minm. To
oetermine if the sera contained IgE antibodies, which are
heat labile (59), passive cutaneous anaphylaxls (PCA) |
_eiberiments were»performed in rats. Whereas less" than 50%
of the mice showed ‘evidence of agglutlnlns in thelr sera
follow1ng.r1bosomal 1mmun;zat10ns (Table 4), all but one
of these sera gave positive PCA reactions'in rats (Table

5). An example of a PCA reaction is shown in Fig. 2.
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Table 4. Aéglutinin responses of ‘different strains of
: mice injected with ribosomal fractions. from
-C, albicans 9938. . T '

Mouse . - & Positive®/total  Agglutination
strain Haplotype : Titer
' - Range Average
"BALB/c - ' d 5/10 228 5
 DBA/1J g 5/9 - 2-8 4
CBA/J kK . 3/10 2 2
BALB/cBYJ . d - . .5/10  u-16 . . 8
" B10.BR Kk | 3/10 2-4 3

a_Number of mice producing agglutinins.

b Expressed as the reciprocal of the highest serum
dilution showing yeast cell agglutination. -
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Table 5. Passive cutaneous anaphylaxis (PCA) reactions
in rats elicited by immune sera from mice
sensitized with C, albicans ribosomal.
fractions.

Immune ’ : . PCA Titer®
serum Haplotype # PositiveP/total :

source® : Range Average
BALB/ec - d 10/10 4-512 111
DBA/1J  q 9/9 | 8-128 56
CBA/J k- 10710 - 32-256 104
BALB/c¢BYJ d 5/5 . 2-128 45
B10.BR k 9/10 . 16-256 T4

a

C., albicans agglutinating and nonagglutinating
sera from various mouse strains sen51tlzed with C.
albicans ribosomal fractlons.

Number of sera positive for PCA-reactions.

Expressed as the reciprocal of the highest serum
dilution showing a positive'reactipn.
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Figure 2.

PCA reactions on the reverse side of a rat
skin. A serum sample from a Balb/c mouse
sensitized to C, albicans ribosomal frac-
tions was serially diluted 2-fold in saline
and 0.1 ml volumes were injected intraderm-
ally at different sites along the back of the
rat. Forty eight hours later, 1 mg of C,
albicans ribosomal fraction protein in

1% Evans blue (2 ml) was injected into a tail
vein and the reactions were allowed to develop
for 30 min. The above skin shows a PCA titer
of 512 (largest reaction was due to undiluted
serum) .
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Identification of the Antibody Class
Responsible for the PCA Reactions
Ishizaka and Ishizaka (19) reported that the mast
cell sensitizing activity of mousg_IgE, but not IgG,-is‘
lost when immune.sera.are heat treated at -56°C for 2 to
4 h. Serum from mice immunized'wi;h C, albicaﬁs ribosomal-
fraétions and containing a PCA titer of 512 showed com-
plefe loss of PCA_activity upon heating at 5606 for 4 h.
Immune serum was also treated Qith goat anti-mouse
heavy chainiéﬁtypes in an attempt to remove the PCAacf—
.ivity. The PCA titer of the serum was not affected following .
absorption wiﬁh an equal volume of either anti-mouse IgA,
IgM, IgGq, IgG,, or normal mouse serum at'uoé‘oyernight.'
A single absorption with anti-mouse IgE (anti-epsilon),
however, eliminated the PCA activity. |
_ These data indicate that the rat mast cellisénsi-
tiéing antibody is IgE.
Appearance of Agglutinins and IgE Responses
During Immunization of Mice with Candida
Ribpsomal Fractions -
Five BALB/c female mice were immunized subcutan-
eously with the C, albicans 9938 ribosomal fraction-
adjuvant em@lsion oh days 0, 16, and 36. Sera were in-

- dividually collected each week and titefed for yeast cell'
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agglutinins'andhlgﬁ responses'(PCA reactions‘in.rats).

Whereas IgE antlbodles were detected the second week of the
1mmunlzat10n schedule, agglutlnlns were not apparent untll

the fourth week (Fig..3).  Also, IgE responses tended to

increase during the immunization period while.the;agglu—
tinin responses remained constant.

_ Absorption of Immune Serum with Landida

Cells: Effects on the PCA and Agglutinin Activity

Immune sera from BALB/c mice immunized with C, albi-.

cans ribosomal fractions were pooled, absorbed with heat'
kiiled Candidg cells, and tested for agglutinin and ‘PCA -
activity. Yeast cell absorption resulted in=the_ahro-
—éation of the agglutininvactivity.and-significantly‘re—
duced the PCA actiVityzof.the {mmune serum (Table 6).
Evidence that Agglutlnln and IgE Responses
are Specific for leferent Cand;dg Antigens
' Sheep erythrocytes coated‘w1th the soluble extract-
(SE) antigen preparation from the cell wall of Cﬂ.g;p;:
.cans were found to agglutlnate when mixed w1th mouse serum
which contained agglutinins to the fungus. Pooled_BALB/c '
immune serum containing yeast cell agglutinins and IgEy |
lost only the aggiutinins when”the.serum was absorbed

twice with SE-ccated sheep erythrbcytes\(Tables7)f_
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Figure 3.

R Y S W T R L Y

DAYS SERA TESTED

Agglutinin and IgE responses of Balb/c mice
immunized with C, albicans ribosomal
fractions. Five female mice were injected
subcutaneously on days 0, 16, and 36 with 1.0
mg protein in CFA or IFA. Sera were collected
and tested weekly for agglutinin and PCA
activity. Each bar represents the average
titer of those mice making agglutinin and/or
IgE responses for the period tested.
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Table 6. Effect oh PCA and agglutinin activity of immune
serum following absorption with Candida cells.

Serum Absorption - . Agglutination PCA Titer

Treatment Reaction?
Nope . : : 3+  128
Yeast cellsP 0 16

a Slide'égglutination reaction scored on a scale from
0 to 4+.

D ¢ albicans heat killed at 70°C for 20 min.
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Table 7. Effect on PCA and agglutinin activity of
. immune serum following absorption with
Candida soluble extract (SE) coated
sheep. erythrocytes and SE-bound Sepharose

beads.
Serum Absorption ' Aggiutination PCA Titer
Treatment ' .'Reactione '
SRBC® (control) 3+ 64
SE-coated SRBC | 0 | 128
Sepharose beads (control) 2+ . 6l
SE-bound Sepharose ' 0 32

@ slide agglutination reaction scored on a scale from
0 to 4+. ' :

P Sheep red blood cells.
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Likewise, after the immune serum was passed through

an affinity chromatography column containing Candida SE-

coated Sepharose beads, yeast cell agglutinins were not

detected while PCA activity was only slightly diminished

(Table 7).

Also,.attemptstto provoke PCA reactions in rats with
the SE, rather than the.ribosomal, anfigen pfeparation
were unsuccessful.

These dafa indicate that the agglutinin responsé
elicited in mice by the injection of Candida ribosomal -
fractions is specific for the soluble extract antigen
whereas the IgE response is specific for an antigen(s) in
the C., albicans ribosomal preparation. |

IgE Responses in Mice Elicited by
Whole Cells of £, albicans

The majority of BALB/c hice wﬁich were'ihmunized
intraperitoneally or subcupaneousiy with heat killed C.
albicans 9933 produced IgElresponses (Table 8). ‘However,
no IgE responses Qere deteétable in mice immunized by the
. intravenoué route.

Inability of Other Yeasts to Induce
Anti-C, albicans IgE Responses

To determine if other yeasts would induce IgE
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Table 8. IgE responses elicited in BALB/c mice by
immunization with whole cells of C. albi-

cans.

Route of # of Yeast Cells? - # PCA Positive/total
Inoculation . . .

iov. :  2x107 B 0/5

i.p. ux107 . w5

S.Ce - ' ' 1x107P 5/5

8 ¢, albicans 9938 heat killed at 70°C for 20 min. .
Mice were immunized on days 0, 7, 14, 21, sera col-
lected on day 28, and tested undiluted

b Cells were emulsified in CFA on day 0 and IFA on days
T, and 21. .
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responses which cross reéct with C., albicans ribosdmal
antigens, mice.were imﬁhnized with non-C; alpicans yea$tsr
their sera collected,-and PCA titefs.determined using the
C, albicans ribosomal preparation to provoke the PCA
reactién.- Only séra'ffom mice iﬁmﬁnized with C, albicans
were able to cause PCA reactions (Table 9). Sera from
mice immunizéd with other Candida sbecies ér'unrgiatéd
yeésts did not contain detectab;e'IgE ahtibodies against
C. albicans ribosomal antigens.. |
The absence of PCA feactions induced by sera from
mice sensitized w;th yeasts other than C, albicans may be
due to:- (1)_eitber thé lack of an igE response or a re-
‘sponse below the level of’detectability; or (2) pro-

duction of IgE antibodies which do not cross react with C,

.albicans antigens. Sera obtained from mice immunized with

L, tropicalis or C. krusei eithef produced a‘veky low
titer or an undetectable PCA reaction-against their re«
spective homologousrribosqmal'preéaratibns (Table 10).
These Qbservations sﬁpport the possiﬁility fhat non-QL'
albicans yeasts induce 6nly small or uhdetectqble IgE

responses.




39

Table 9. 1Inability of other yeasﬁs to induce anti-
' C. albicans IgE responses in BALB/c mice.

Organism Injected® # PCA Positive/total =~ - PCA Titer®
: , . Range Average

C, albicans 9938 ' 3/5 o 5—16 11.0
C. albicans 9938° 35 .. 1-8 3.33
C. albicans 394 | 3/5 S 1-8 3.33
'C. tropicalis | 0/5 S - -

C. krusei o5 - .-
Saccharomyces cerevisiae 0/5 | | o - -

Cryptococcus neoformans 0/5 - -

8 1 x 107 organisms injected s.c. with CFA on.day O and
IFA on days 7, 14, and 21. Sera were collected on
day 28. : ‘ -

Organism injected without adjuvants.

€ PCA reactions elicited by C, albicans ribosomal
preparations.
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Table'10. Ablllty of other €andidsa spec1es to 1nduce

IgE responses in BALB/c¢ mice.

Candida Specles PCA Eliciting Antigen PCA‘Titer'c
InJected ‘ - _— :

- C. krusei’ C. krusei RF® = o
C. tropicalis .G, opicalis RF , 2

-a 1 x 107 organisms injected s.c. with CFA on day 0 and
IFA on days 7, 14, and 21. Sera were collected and
pooled on day 28. .

Riboéomal_fraction;

Sera from five mice in each group were pooled and
serially dlluted :
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Specificity of Anti-C. albjcans IgE
Antibodies for Ribosomal Fractions from Other Yeasts
To determine the specificity of anti-_C, g;bicansllgEt

antibodies, attempts wefe made to induce PCA reactions>
with r1bosomal antigen preparatlons from other yeasts.
Although IgE against C. alblcan straln 9938 showed cross
reactivity against rlbosomal antigens from g+'glb;cans_
strain 394 and from a straln of ' C, tro icalis, it showed
better spec1f101ty for C, albicans straln 9938'ribosqma1i‘
“antigens (Fig. 4)., No cross reactivity was detectable

against similar‘antigenicypreparations from QLtk:usgi or

Saccharomyces cerevisiae.

IgE Production in'Mice with

Experimedtal Candidiasis

Sera frem.mice.injected ihtrayenously or intraperiton-

eally with various eodcentrations of viable C, albidans 9938'
wefe abie to induce positive_PCA reactionsf(Fig; 5). Mice
- infected i.p. made an earlier:IgE response than animals.
infected i.v. and the greatest and most Prolohged response
'was seen in the groﬁp of mice injeeted i.p. with:the;
largest number of .yeast cells. (2 x.107).- Animals infected
i.v. did not make detectable IgE responses antil the

'foufth or fifth week. The PCA titers of positive sera -
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RIBOSOMAL FRACTION

Cross reactivity of anti-C, albicans IgE anti=-
bodies for ribosomal fractions prepared from
other yeasts. A PCA positive serum sample from
Balb/c mice immunized with C, glbicans 9938
ribosomal fractions was serially diluted 2-fold
and injected intradermally into rats. Passive
cutaneous anaphylaxis reactions were elicited
with ribosomal fractions prepared from the dif-
ferent yeasts as indicated. C.a., Candida
albicans; Cék., Candida krusei; C.t., Candida
tropicals; S.c., Saccharomyces cerevisiae.
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DAYS SERA TESTED AFTER INFECTION

Production of IgE specific for C, albicans in
mice with experimental candidiasis. Groups of
Balb/c mice (5 per group) wege infected py:

& 0 }njection of 5 & T0Y(aryutix 30 Vin).,
or 2'x 10'(ec) viable C, ' 9938; or

(25 Vs injection of 2.5 5 10°(d), 5 x 10°
(e), 1 x 10°(f), or 2 x 10°(g) viable yeast
cells. Sera were collected weekly and tested
for the presence of PCA eliciting antibodies
specific for C., albicans ribosomal fractions.
All mice in groups g and f died after the
second and third weeks, respectively.
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from all groups varied from 1 to 4 (log2) and two groups

of mice (d and e) made the highest average PCA titer

responses (logy, 3.1 and»3.6,irespedtively, data not

shown).




DISCUSSION

The 1mportance of spe01f1c acquired 1mmun1ty in host
're51stance to infection by Can g;gg glb;cans is uncilear.
Cell-mediated immunity has been regarded as the most
1mportant spec1f10 acqu1red defense against cand1d1a51s."
However, 1nvest1gat10ns have shown that humoral 1mmun1ty
can play a protective role in host resistance. In order

. to correctly assess .the role of antibodies in experlmental
candidiasis, more 1nformatlon is needed regardlng the
antibody responses.of animals to’Cand;da. Therefore, it
was the purpose of this work to charaoﬁerize'fhe anﬁibody.‘
responses of exberimental mioe to QL.glbican .

Initial experiments.were performed in an attempt to
induce C. albicans cell surface specific antibody “
responses in mice. Desplte us1ng 1mmunlzatlon protocols
‘'which result 1n agglutlnln responses in our laboratory
‘rabbits and guinea pigs, no agglut;nln_responsesrwere
detectedhin the mice. Also, sensitization methods of
others (46,43,46) were unsnccessful in eliciting cell-
sdrfacelspeeific antibody‘responses. 'Althoagh Pearsail}et.
al. (46) and Mourad and Friedman (43) could induce
antibody responses‘in mice by immunizing thélanimals with
sonicated Candida cells, it is not clear whether the

responses were specific for cytoplasmie or cell. surface
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antigens. It ié bOSSible that other investigators in the
past have oniy assumed that agglutinins were presen£ in
immune sera after C, albiégns sensitization or havé
falseiy reported'Candida clumping factor (61) as yeéét
"cell .agglutinating éntibodyﬁ We are also certain that our
iinability to induce détecﬁable'agglutinin responses iﬁ
mice was not due to the use ofjaﬁnique mouse strain
(BALB/c) because other mouse strainsiand/or haplotypes
}responded in a similar manner (unpublished”déta).

Yeast cell injection protocois‘were finally
developed, however, ﬁhich,did lead to induction of mouse 
antibody specific‘fdr Cangida celi surface detérminants
(Téble 2). Because the protocols specify weekly ihjection
of yeast Eells ovef a period of one MOnﬁh, iﬁyappears that
prolonged immunization periods may be necessary for in-
ducing C, albicans agglutinin responses in mice., It
. should also bg pointed out that intravenous (i.v.) in-
jection of yeast cells appeared-to‘be a. poor route‘of
sehsifizatioh for prodﬁétion.of agglutinins; This finding
‘was interestihg because i.v. injection of C, élgicgns is a
“good route of sensitizatidn'fof-inducing'aggiutinih '
responses in rabbits and guinea pigs. Alsb, different. -

groups. of BALB/c mice seemed to vary in their agglutinin
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responses when immunized intraperitoneally (i.p.) with C.
albicans cells and female mice eight to nine weeks old may
A make slightly greater responses than male mice of the same

age or younger male and female mice, tWo to three weeks
'cld.' |

Both IgG and IgM antibodies can cause agglutination

‘of particulate antigens. We feel that IgM is. the major

class of antibody fesponsible for Candida agglutinating
'act1v1ty in immune sera from mice 1mmunlzed with whole
yeast cells because absorption of the serum with goat
anti-mouse IgM removes the yeast: cell agglutlnlns.
.Absorptlon with anti-IgGq, Ing,‘and IgA does not affeéta,
the agglutinatiné activity of the serum.

Vaccination with crude ribosomal fractions has been
shown to'pfotect animals against experimental infections
caused by bacteria (14,34,36,57), ;s le asma capsula tgm
(13) and Candida albicans (33). '~ Because of the dif-
ficulty initially encountered in inducing candidal
agglutinin responses in mice and because injections of C,
albicans ribosomal fractions not only protect mice but
also cause.ineuction of agglutinins (59), ribosomal

vaccines were made in an attempt to induce Candida

agglutinins in our mice. Between 30 and 50% of the mice
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made yeasé celllsufface antibody responses féllowing
immunization with the ribosbmél prepafation;  The respoﬁée
was.consistant in five different strains of mice -and -
agglutinin titers were considerably lower 'than those
produced in mice immunized with whole cells of C. albi=-
cans. "Aithough it may seem unusual that the riboSomal‘
preparation inducés a yeast cell égglutinin respbnse, in-
vestigators have‘shown that ribos§mal'préparations'from
bacteria wiil induce cell surface énﬁibody'responseé inl
experimental animals (11,63). A possible explanation for
this phenomenon is that the agglutinin response is

elicited by nascent proteins in the ribosomal preparation

'théh become constituents of the yeast cell surface.

" Also, because the ribosomal fraction is isolated by cell

breakage and-differential centrifugation, it is likely
that cell wall pdlysaccharides and proteins are
contaminants of the antigen preparation.

Agglutinins induced by ribosomal fractions apbear,to

‘be different from those induced by whole cell immun-

ization. Agglutihins agaiﬁst ribosomal ahtigens may‘be:
sensitive to heat at 56°C and agglutinin activity was
unaffected by absorption of sera with ahti-mouse IgM and

other heavy chain specific antibodies., It would appear
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that theagglutinatingaotivitycﬁ‘theserum'isnot dueto
clumping factor because the‘olumbing:aobivity”is induced
by C. albioan sen51tization and the aot1v1ty is absent in
normal mouse serun. Clumping factor has been shown to
exist in normal rabbit serum and. its activity subs1des
during active immunization with Candida antigens.(61).

The possible'heab instability of ribosonal antigen
induced agglubinins led us to believe the yeast cell
agglubinabion aotivity of immune serdm was due to mouse
IgE. Igd and IgM antibodies are heat Stable whereas igE
antibodies have been shown to be heat labile (19) We
were able to demonstrate that Virtually all the sera from
mice sensitized with C. aibicans ribosomal antigens
induced positive paSSlVe cutaneous anaphylaxis (PCA) .
reactions in rats'when the ribosomal preparation was used
as the PCA‘provoking antiéen; The mast dell;sensitizing
antibody nesponses were consistant in the five different -
strains of mice tested.. Although guinea pig- IgG antie
1rbodies againsb C, aibioans have'been shown to.induoe'PCA
‘reactions 67, We'beliewe monse'IgE is responsible for
the PCA reactions because: (15 serum ioses its ability to
provoke'PCA reaobionsﬂafter heating to 56° for Mhh (a

treabment.whioh prevents IgE from sensitizing rat mast
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"cells); and (2) PCA act1v1ty is lost after serum
absorption with goat anti- mouse IgE ( anti-mouse IgG shows
no effect). Immediate hypersen31t1v1ty and PCA reactions
to C, albicans antigens have been reported in anlmal
studies (24,21) and elevated serum anti-C, alg;Aals IgE
antibodies have been reported in patients with candidi-
asis (38). Also, 1mmed1ate hypersens1t1v1ty ‘reactions to
Cand1da antlgens have been reported 1n individuals with
candidiasis and asthma (20,”7,28,60).

. Testing mouse sera weekly for the presence of
agglutinins and‘PCA activity during the'Candidg.ribosomal
antigen immunization-scheduie demonstrated that IgE anti-
bodies were.detected in the sera during the second week of
:the immunization period, whereas agglutinins were not
apparent until the fourth week. The.earlier detection of
- IgE antlbodles may be explalned by fhe increased sen51—
tivity of pass1ve cutaneous anaphylax1s as compared to
antlbody detection by yeast cell agglntlnatlon. The IgE
responses, howeverg tended to increase during the lmmun—_
ization schedule mhile the aggiutinin responses remained
constant. |

Although'absorption of immune serum containing:yeast

cell aggiutinins and IgE antibodies with whole cells of
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L., albicans completely removed the agglutinin éctivit&, we
were surprised that the PCA activity of the sefum was '
significantly reduced by the absorption; It is poséible
that the IgE eliciting antigen in the ribosomal prep-
aration is present on the yeast cell sqrface. Also, the
IgE antibodies may cross react with-a cell surface antigen
or the antibodies may bind to the.surface non-spébif-
'ically. We havé evidence which'may indicate'the IgE
eliciting antigen ié present on the yeast cell surface.
BALB/c mice do make IgE responses. specific for C, albi=-
cans ribosomal antigens (detected by PCA reactions) after
intraperitoneal or subcutanéous injecfion of whole Candida
cells., Our observations agree with thosé of Kabé et 51;
(21) who demonstrated that guinea pigs sensitized intra-
peritoneélly with whole cel;s of C. albicans later develop
immediate wheal and flare reactions after intradermal in-
jeétiOn of Candida carbohydrate and protein antigens. It
is interesting that no IgE }espdnses,were detected when
the mice were immunized intravgnously. It qbes not appear
that the pesponée.is dose dependent because the number of
cells injected i.v. (2 x 107) was between thé,numbéruof'-
cells injectea i.p. (4 %x 107) and s.c. (1 x 107).’ Be-

cause the yeast cells were not emulsifiéd in Freund
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.adjuvant before intraperitoneal injection, it wéuld also
appear that the response is not dep;ndent upon the use of
“adjuvants. .

Although we are uncertain about the IgE~yeast cell
surface ihteraction, we do believe the agglutinin and IgE
responses are_speéific for different QL albicans antigens
because: (1) yeast cell agglutination activity is removed
from immune sefum by absorption with Sheep'erythrocytes
coated with a soluble extract (SE) antigen preparation
from the cell wall of C, albicans. However, this treat-
ment does not affect the PCA activity of ﬁhe 5erum§ (25
passage of the serum through a SE-~bound Sepharose bead-
column abrogates the agglutinin_acpivity whereas the PCA
activity is.only slightly diminished; and (3) the SE anti-
"gen.preparation wili not provoke PCA reactidns in rats.

| | Mic§ injected spbqutaheousiy.with non-C, albicans
Yeasts (Table 10) did not make detectable igE responses‘
which crosé react with C, albicané ribdsomal antigens
becaﬁsevsera'from thgse mice were.unable'ﬁo provoke PCA
reactions in rats. However, it i5 possible that C.
élb;cans.cells induce bette} IgE'résponses than éther
Candida species becausé’sera from mice sensitized with'_‘

C. tropicalis or C. kndséi either produced a very low
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titered or undetectable PCA reaction against. their
respective ribosomal preparation.

We are. certain, however, thaf the IgkE elicitiné
antlgen in the ribosomal preparatlons 1s not unique to C.
albicans. Although 1mmune sera from mice 1mmun1zed with
C. albicans 9938 ribosomal antigens produce strong PCA
reacfions.when the same ribosomal preparationlis used as
the PCA provoking antigen, weaker PCA reactions are
elicited when ribosomal preparations from C. albicans

strain 394 and C, tropicalis are used as the provoking

antigen. However,. PCA reactlons could not be. provoked by
similar antigenic preparatlons from C, k;usg; or

Saccharomyces cerevisiae.

Tang and Morelli (64) demonstrated immediate hyper-

sensitivity reactions in mice against polysaccharide

antigens from Cryptococcus neoformans after sensitization
with viable yeast cells. Other stqdies have shown
increased‘levels of serum IgE in_batienté with histo-
plasmosis (6), coccidioidomycosis (5), and systemic and
vaginal candidiasis (38). Also; batients with chronic.
mucocutangous candidiasis have demonstrated immediate'
hypersensitibity reacﬁions to C. albicans antigens

(28,60). Our studies indicate that mice Mith.exper;
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imental candidiasis AO make IgE responses specific for
-_; a;bicans ribosomal'antigens.‘ Mice infected intra-
peritoneally made earlier, greater, and more prolonged
responses than animals infected intravenously and the PCA
titers of the immune sera were comparabie_to thoee from
mice sensitiéed intrapenitoneally with heat killed C,
albicans (Table 9). Although we were unable to correlate’
'IgE levels with disease severity, IgE antibodies could
play a role in pathogene51s of candidiasis by: (1) coat-:
1ng the fungus w1th non-opsonizing antlbody, and (2) in-
QU01ng immediate hypersen51t1v1ty reactions in tissues of
afflicted animals. Histamine release has been shown to
suppress lymphocyte proliferation in vitro, delayed type
hypersensitivity reactions in vitro (52),.and migratiion
inhibitory factor production'(53).. Release of other mast
cell prodncts-at the‘site of infection could lead to.
diminished chemotactic responsiveness of neutrophils (49);
_cells which have been shown to be.an'importent innate
'defense against C. albicans (8,29,32).

Our findings can be summarized aelfollows: 1. Al=-.
though ityis difficult to induce'antibody reeponses
specific for the celi sunface of C, albicans by |

traditional sensitization procedures, injection of whole
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cells by various.routes over a prelonged period of time-

does lead to agglutinin responses (primarily IgM) in mice;

2. Mice'immunized with'crude ribesomal.ffactioﬁs-from C.
albicans make agglutinin and IgkE responses; -The two

responses, hqwever, are specific¢ for different entigens;

3. The IgE antibedies do net eross react with ribosoﬁai |
antigens from'yeasts tesﬁed other than C, lQ;cans and C, : ' _

tropicalis; 4. Mice sen51t1zed w1th heat killed C. albieggs

or infected with viable cells also make IgE responses spec1-

fic for C, albicans ribosomal antigens.
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