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Abstract:

Millipore diffusion chambers containing the fungus Candida albicans were implanted in the peritoneal
cavity of normal and nude BALB/c mice to study the effects of host soluble and cellular factors on the
growth of C. albicans. Opsonins, 51Cr solution, and 51c r-labeled neutrophils were able to enter
chambers which were implanted in the peritoneal cavity 2k hr earlier but were unable to enter chambers
which were present in the peritoneal cavity for 7 days. Fungal growth in vivo was always greater in
chambers that admitted soluble factors but excluded host cells (small porosity chambers) than in
chambers that admitted soluble factors and also allowed emigration of host cells; however growth seen
in chambers in vitro was several orders of magnitude greater than growth seen in vivo. Peritoneal
exudate cells (PEC) were added directly to small porosity chambers with C. albicans to study the
effects of specific cell populations on the fungus. Neutrophi 1-rich PEC harvested from normal mice
were candidacidal at high neutrophil to yeast ratios, while macrophage-rich PEC were candidastatic at
all macrophage to yeast ratios tested. Neutrophi 1-rich and macrophage-rich PEC harvested from nude
mice both were candidacidal at high phagocyte to yeast ratios.



22

STATEMENT OF PERMISSION TO COPY

In presenting this thesis in partial fulfillment of the
requirements for an advanced degree at Montana State‘University,
| agree that the Libr;ry shall make it freely available for inspec-
tion. | further agree that permission for extensive copying 6f this
ﬁhesis for scholarly pﬁrposes may. be granted by my ﬁajor professor,
or, in his.absence, by the Director of Libraries. It is uhderstood
that any copying or publication of this thesis for financial ggjn a

shall not be allowed without my written permission.

Signature 62221/¢C€{;j<]/\ i;;zﬁﬂ“l___—
Date @Oég/ 7/0, /9??




AN VIVO EFFECT OF MOUSE PERITONEAL CELLS ON CANDIDA ALBICANS

by
ANNE HOLLY POOR

A thesis submitted in partial fulfillment
of the requirements for the degree

of
MASTER OF SCIENCE
in

Microbiology

Approved:

% 2.
E%%E—r—a%t e
! . ! l@‘ % _,.;‘“ "

Head, Major Department

RL o, 2P

Graduate Dé&an

MONTANA STATE UNIVERSITY

Bozeman, Montana

August, 1979




ACKNOWLEDGMENTS

I would like to express my sincere{appreciation to my major’
advisor, Dr. Jim E;'Cutler5 for hié many words of W}QAOm concerning
science and many other subjects. | thank my committee members?

Dr. N.D. Reed, Dr. N.M. Nelson and Dr. G. Warren, and the members.
" of the Department of Microbiology, for their time spent and helpful
sﬁggestions. { also acknowledge the patience and guﬁport of my
family and friends which permitted me to preserve a few human
characteristics.

This work was supported by.a.grant from the National Institutes

of Health, Al-15312-01.

oo




TABLE OF CONTENTS

L 1
ACKNOWLEDGMEN%S ..........................................
TABLE OF CONTENTS «vvvvvveennnnn.. [P P PP N
LIST OF TABLES :...evever.n.. e UTTTUUTTTRURTRRY |
LIST OF FIGURES ..vvvtiiniiiniienceneconnsunensnsonnsnnnaes
ABSTRACT ...........; .....................................
INTRODUCTION «vuvvveveennnnnnnnnns e,
MATERIALS AND METHODS ............ ;..- .......... heereeeeas
Source of experimeﬁtal animals ..... PN '.
Yeasts and gro@th conditions v.ieieireneerrnnannssansaans
Construction of diffusion ................ EEEEER TR
Filling and implantation of chambers ....... e reteeraens

Harvest of chamber contents and assay for viable

C. albicans «.vieeveacnnnns waseseannaases EEEERERRPRRY ..
Preparation of peritoneal exudafé ceTis (PEC) v.vurvunnnn
Serum sourée ....... R TR T ; .....
Prepafation and ﬁse'of 51Cr labeled cells vovuevvennnnnn.

~ Phagocytic cell function tests .e.vveeveiiioneannen ceean
RESULTS e v v v srannneasesnsnneeennnnnn e e

Fate of C..albicans in diffusion chambers in vivo

and N VIEFO cudivanianoennssvncascarssassasstansnnns

15




Treatment of the fibrin clot inside chambers ...........

Emigration of host peritoneal cells into 3p chambers ...

Entfy of opsonic factors into diffusion chambers ....... .

Effect of neutrophil-rich PEC on C. albicans in

diffusion CRAMDEIS & v e vee e eeeoneaneeeeesesosnennsos

Effect of macrophage-rich PEC on E,'albicans in

dTFFUSTON CHAMBEIS «vvvenenennenreneanenensenennennns
DISCUSSION .+ it iietterororotosesosnosesasssscssesnnannes
LITERATURE CITED vttt eeeeseeseaeneeeeeeenannaaanans
APPENDIX | Effect of neutrophils on Streptococcus
pneumoniae in diffusion chambers .............
APPENDIX [l Effect-of silica on the phagocytic
ability of mice «.vviviineineiinniennonnnnns

APPENDIX 111 Effect of phagocytic.cells.from.normal mice
on C. albicans in diffusion chambers in
the presence of immune serum ...............

REFERENCES TO APPENDICES .eevvevnn.. PP e

25

29
33
Wy

52

56

61
64




vi
LIST OF TABLES

- Table | ' Page

1. Growth of C. albicans in diffusion chambers
' dn vitro at 379C .......c.iiiiinn Meeerererae e 19

2. Effect of homogenizing filters and chamber contents‘
on the viability of C. albicans in diffusion
chambers. . vieeetinin e iieeieorsessesossananssanoanns 21

3. In'vivo opsonization of C. albicans in diffusion

chambers ....iiiuiniiiiiiil e _ 26

L4, Effect of neutrophils harvested from normal mice on
~C. albicans in diffusion chambers ....... O, 27

5. Effect of neutrophils harvested from nude mice on
C. albicans in diffusion chambers .................. 28

‘6. Effect of macrophages from normal mice on C. albicans
in diffusion chambers ............ ... . i, 30

7. Effect of macrbphages harvested from nude mice on
C. albicans in diffusion chambers ....... Ceetereanes 32,

8. Effect of neutrobhirs on Streptococcus pneumoniae
in diffusion chambers .......ccieeiiveenannncnorannas 54

9. Clearance of Candida albicans from blood of norma]
and silica treated BALB/C MiCe .vrivinrirennnedonenn 59

10. Effect of silica on the phagocytic abllsty of BALB/c
mice ...... e teserrate et Meetesmenecsaaenan 60

11. Effect of phagocytic cells from normal mice on
C. albicans in diffusion chambers in the presence
Of IMMUNE SEFUM t.vivivvitnerieterroensonnnnnnnennss 63




vii

L1ST OF FIGURES

Figure - ' : Page
1. Fate of C. albicans in 0.45p and 3p diffusion
chambers in vivo ............ il [P 17

2. Emigration of host peritoneal cells into 3p
diffusion chambers ... ..ttt iinininennnennnn 23




viii
ABSTRACT

Millipore diffusion chambers containing the fungus Candida
albicans were implanted in the peritoneal cavity of normal and nude
BALB/c mice to study the effects of host soluble and cellular factors
on the growth of C. albicans. Opsonins, Sler in solution, and 5icr-
labeled neutrophils were able to enter chambers which were implanted
in the peritoneal cavity 24 hr earlier but were unable to enter cham-
bers which were present in the peritoneal cavity for 7 days. Fungal
growth in vivo was always greater in chambers that admitted soluble
~ factors but excluded host cells (small porosity chambers) than in

chambers that admitted soluble factors and-also allowed emigration of
host cells; however growth seen in chambers in vitro was several
orders of magnitude greater than growth seen in vivo. Peritoneal
exudate cells (PEC) were added directly to small porosity chambers
with C. albicans to study the effects of specific cell populations
on the fungus. Neutrophil-rich PEC harvested from normal mice were
candidacidal at high neutrophil to yeast ratios, while macrophage-
rich PEC were candidastatic at all macrophage to yeast ratios tested.
Neutrophil-rich and macrophage-rich PEC harvested from nude mice both
were candidacidal at high phagocyte to yeast ratios.




INTRODUCT 10N

Candida albicans is a ubiquitéus yeast-1like fungus which is the
most common etiologic agent of the disease candidiasis. This organism
is considered to be an opportunistic pathogen because individuals who
get candidiasis are compromised in defense against infection. Can-

didiasis is a complex disease: it can occur in the human at many

sites depending on the severity of the underlying predisposing disorder.

The prognosis and therapy of candidiasis varies depending.onithe site
oflinfection. |
Human candidiasis can present in many forms. One form of candi-

diasis is a simple cutaneous infection. The predisposing factor is
generall? an abnormality that results in a local loss of innate de-
fense, such as in burns or as in the neonate's lack of normal flora.
"This form of candidiasis usually improves when thé predisposing factor
is eliminated, otherwise topical antibiotic therapy may be necessary.
Chronic mucocutaneous candidiasis (CMCC) is an uncommon disease which
is characterized by a widespread infection of skin, nails, and mucéus
membranes. Patients with this disease usually have-an underlying
defect in T cell function. Intravenous therapy with the antimycotic
amphotericin B provides only transfgnt-femfssion. Systemic candidiasis
has become reéognfzed as a common nqsocoﬁial infection; it occurs in
patients who are seVerely debilitated for example by fherapeutié"

{mmunosuppression, neoplasia, or treatment with broad spectrum anti-
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biétics. (21). In sfstemic candidiasis, it is thought that the

fungus disseminates Hemgtogenously from a‘porta] of entry, which is
most often the gastrointestinal tfacf (33,23)lbu£‘may also be the lung
(48). Foci of infection can be seen‘in different internal oréans in

a single patieht.‘ The lung, liver, spleen, or brain May‘be affected,

" however the kidney is the 6rgan most commonly affected. . Amphotericin

B therapy is essenfial for recovery from systemiq candidiasis.
Clinical observations and experimental animal models point to

several aspects of immunity which are important in resistance to
candidiasis. Hﬁman clinical cases exist which have brqught'some in-
vestigators to suggest that T cell dependent cell mediated immunity
(CM() is'imbdrtant in -defense against can&jdiasis. Individuals with
congenftal thymic ép!asia, such as DiGeorge and Ne%elof-ATlibone
syndromes are more susceptible tﬁén normal people to CMCC. Other .
individuals who have CMCC also eghibit abnormalities in T.cell related
functions, for example cutaneous anergy to Candida antfgen, deficient
din vitro lymphocytic transformation responses, or deficient gynthesis
of macrophage inhibition factor (MIF) after exposure to Candida‘anti--
gen (21,33,6H4).

_Experimental animal correlates of human disease which also sug-

gest that CM! is impoftant in resistance to candidiasis include a

murine mode! of cutaneous candidiasis and NZB mice. Domer, et al.
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found that delayed-tyﬁé hypersensitivity to cell wall and cell mem-
brane anfigens deyelops after cutaneous infection in mice (20). Other
workers found that NZB mice, known to develop abnormalities in T cell
,deﬁendent function with age, are more susceptible to an intravenous

- dose of C. albicans than are other strains of mice tested (13).

In addition to studies which suggest that T cells are important
in host defense to candidiasis, evidence exists which suggests that
phagocytic cells are a]sb important. Biopsy material from human
lesions may show an acute inflammatory response surrounding foci‘of
Candida infection, a Fesponse consisting predominantly of ﬁéutrophi];
(43). In patients with Candida meningitis an intense pleocyfosi§ of
the spinal fluid has been noted, which is like a pyogenic regponse to
bacterial infections (66). The attraction of neutrophils to an area
of Candida infection may occur due to generation of chemotactic fac-
tors either by activation of the alternative-bathway of éomplément by
Candida cell walls (52); or possibly, by metabolic products of the fun-
gus (15). Defective leukocyte chemotaxis is seen in patfents with
severe burns, this correlates with their increased suséeptibi]ity to
Candida.infections k65), The importance of neutrophils in prevéntion
,of'dissemination of Candida is suggested in clinica]lstUdies which
show thét granu]oﬁytopenia is a major predisposing factor leading to

Candida sepsis (45,51). Humans with Chediak-Higashi syndrome have
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neutrophils that display abnormal morphology, defective migration,
and defective chemotaxis (67). Although these patients usually suffer
from pyogenic infections but not Candjdiasis; a muriﬁeﬂcorrelate of
humén‘Cﬁediak-Higashi'syndrome (26) exhibits an increased mortality
rate over normal mice when infected with C. albicans (22)J

lﬂ:!ilﬁg studies form a number of labo;atories have substantiated
fhe ability of human neutFophils and macrophages to‘phagocytizé and kill
C. albicans (47;37,&), Women who suffered recurrent attacks of vaginal

candidiasis had leukocytes that displayed normal ingéstionvbut deficient

killing of C. albicans in vitro (58). A previou§ly,healthy young girl.
with dissemfﬁéted canaidiasis had a leukocyte defect that was specific
for intracellular killing of C. albicans (61). In one study (64), 40%
of CMCC patients étudigd had normal CMI; one méy speculate that these
patfents had CMcCC because of défects in innate immunity. Clinical

- studies which suﬁpoft this specu}ation'include din vitro exberiments
where gfanuldcytes‘from CMCC patients Had phégocytic andlcandidacida]
defects <J9), aﬁd other studies where mononuclear cells.from a CMCC
.patient had defective chemotactic fesponses (60). In vitro studies

by Lehrer and Cliné (3&—36) demonstréted that leukocytes‘from chronic

_ granulomafous di;ease patients and from patients with heredftary myélo-

peroxidase deficiency were unable to kill C. albicans, indicating that

myeloperoxidase and H202 are necessary in the candidacidal mechanism.
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Other experimental animal models exist which suggest that innate
immunity is important in defense against candidiasis. Thymectomized
mice (29) and congenitally athymic (nude) mice (14,54) are more

resistant' to certain forms of acute infections by C. albicans. In

" murine models of cutaneous candidiasis abscesses develop which contain

high nﬁmbers of neutrophils (28,49). In one study, recovery from
candidiasis énd resistance to reinfection by C. albicans occufred
without‘histopathplogica] indicators of CMl (49). Corticésteroid
treatment of mice was found to potentiate candidiasis and renal Candida
iesionﬁ in thesé mice were deficient in inflammatory cells (7). In
another sfudy, reduced accumulation of neutrophils at foci of Candida
infection was cqrrelafed with increased suséeptibilityvof mice to
candidiasis when mice were previously injected with L1210 leukemia

cells (32). Other workers studied the resistance to candidiasis in

experimental animals dépleted of certain chemotactic. factors. Guinea

pigs that were treéted with cobra venom factor (CVF) to deplete C3 (53)
exhibited increased mortaliity when challenged with C. albicans as..
éompared to ;ontro] anima]s which were not treated with CVF (275.
Evidence cited in the above paragraphs indicates that innate
immunity playé a role in defense agaihst candidiasis. Other workers

have investigated the effect of human (34,37,47) and'animal (4)

phagocytic cells on C. albicans in vitro. Since results of in vitro °
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systems can not always be readily interpreted to apply to in vivo’

situations, the goal of this project was to study the effect of phago-

cytic cells on C. albicans in vivo. This work involved implanting

Millipore diffusion chambers containing C. albicans in the peritoneal

. caVity of mice to‘study the candidacidal effects of phagocytic cells

din vivo.

Diffusion chambers implanted in the peritoneal cévity of mice

represent a controllable in vivo environment in which cells and cell-
host interactions may be studied. Diffusion chambers have been used

in vivo in the past to stuay tumor cell growth (1) and host immunity'to

tumors (2). Moré recently, diffusion chambers have been used in vivo

to culture mouse (6,63,11,10,5,9) and human (24,31,8) hematopoeitic

cells, to study the regulation (56,52) and kinetﬁcs (46) of antibody
Synthesis by lymphoid cells, and to study the effects of anticancer .
drugs on'various‘hﬁman tumors (40). |

In my experiments, C. albicans was added to diffusion chambers

which were then implanted in the peritonéal cavity of mice. The

I'porosity.of the membrane filters composing the sides of thé chambers

was such that the fﬁngal cells could not escape the chambers. The
effe;t of soluble factors and emigrating peritoneal cells on C.

albicans in diffusion chambers was examined by constructing the

chambers with membrane filters of various porosities. Also, the
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effect of specific- phagocytic cell populations was examined by adding
peritoneal cells directly to chambers with C. albicans. Chambers -
could: then be later removed from the peritoneal éavity and assayed

for viable C. albicans.




MATERIALS AND METHODS

Source of experimental aﬁima]s. BALB/C mice, originally pptained from
Baylor Medical School (Houston, TX); were maintained on food (Wayne
Lab E]ox,Allied Mills Inc., Chicago, L) and‘acfdified water (41)

ad libidum. Cages and bedding were sterilized prior to use. Fecal
specimens périodically‘plated onto blood agar, sabouraud-dextrose

agar and Mycosel agar (BBL,‘Cockeyszl]e, MD) were negative for

Candida albicans. '~ Sera obtained from randomly selected mice were

negétivé fér Candida agglutinins and precipitins (14).

Congenitélly thymus-deficient (nude) mice were raised togetHer
w{th their phenotypically normal littermates (NLM; ¥/+, or nu/+j in
séparate quértérs. Nude mice were Frém é colony }n which cross;fnter—
~ cross mating is in progress to derive a line congenic with BALB/c

mice. ' Hereafter BALB/c mice and NLM are designated as normal mice.

Yeast; and growth conditions. Candida‘albicans strain 9938 (Medﬁcaf
Mycology Unit, Tulane University) wés'uséd in all eiperiments. The
yeasts were grown aerobicaliy in 2.0% glu?osg-0.3% yeast estract-

1.0% peptone broth. The cultures wére rotated at 160 rpm (Gyrotatory
Incubator-Shaker, New Brunswick, NJ) for 48-72 hr at 37°C. Organisms
wefe harvested by centrifugation, Qashed three times in sterile saline,
and resuspénded to the appropriaté concentration in 0.0IM'bhosphate
buffered saline, pH 7.2 (PBS). VYeast viability was determined to be.

at least 95% by plating suspensions of known concentration onto
Y




sabouraud-dextrose agar.

Construction of diffusion chambers. Millipore membrane filters (13 mm

‘diamétef), type.HA of 0.45 um porosity (0.45 p), 8 type SS of 3 um
porosity (3 p) (Millipore Corp., New Bedford, MA) weré glued (Milli-
'poré Cement‘#l) to each side of 3 mm thick Milliporé lucite‘rings and
'the glue was allowed to dry for at least 8 hr beforg use at 23-25°C.
Some chambers were checked for the presence of leaks by blowing air
into chambers under water as advocated by Amos (3). The éhambers
were surface decontaminated by exposure of each side to uv irradfation
fdr_zb min in a safet*-hood (Bioques;, Cockeysville, MD); these condi- .

tions were previously determined to be microbicidal.

Filling and implantation of chambers. Chambers were placed between

the fips‘of éoose-neckAforceps, and 0.15 ml of fhe cell suspension
(either C. albicans alone or C. albicans together witE mouse peritoneal
éells) was added to each chamber with a syringe and 25 gauge needle: |
through a radial]y'located hole in the'luéiteAring. The hole wés
sealed with a small amount of parafin (Sherwood Medical Industries;

St. Louis, MO). Normal or nude mice were anesthetized with 0.06 mg/g
body wgigﬁt sodium pgntobarbital (50) and the:chambers were implanted
into the peritoneal_cavity through a ventral qear-midlfne incision

which was thenvélosedfwith surgical clips (Autoclips, Clay Adams,
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Parsibpany, NJ) .

Harvest of chamber confen;s anq assay for viable C. albicans. Mice
were killed by cervical dislocation and the chambers were removed

aﬁd édded tols£eri1¢ distilled water for 5 min. The filters were cut
from the Tucite Efngs with 5 scalpel and hémogenized with thevchambér.
contents and 5 ml of sterile saline in a glass tissue Homogenizer.
Dilutions of the homogenates were plated on sabouraud—aextrose agar
containing 50 units/ml penicillin and 56 ug/ml streptomycin.(Micro-
bio]égica? Associates, Bethesda, MD). Colony.forming units (cfu)\of

C. albicans were counted after 36 hr incubation at 37°C.

‘Preparation of peritoneal exudate cells (PEC). A neutrophile-rich

PEC population-was obtained from 12-24 week old malé or female normal
or nude mice. Mice were injected intraperitoneally (ip) with 3 ml
of. 0.5% glycogen (Nutritional Biochemicals, Cleveland, OH) in galine7
Féur to six]houfs later the mice were killed by cervical dislocation,
thé abdominal skin wé; reflected and a small incigion'was made in the
peritoneal wall. The peritoneal cavity was washed qut.with approxi-

mately 5 ml of Hank's Balanced Salts Solution (HBSS) (GIBCO, Grand

_lIsland, NY) containing.0.002M disodium ethylene~-diamine-tetraacetate

(EDTA) . The washes were centrifuged at 200 x g for 10 min, the cells-

were washed once with HBSS, and resuspended in PBS to the appropriate
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concentration. The-cell population was at least 85% neutrophils as
deterhined by examination of acetic acid wet moﬁnts, which cleéred
the cells so that the nuclear morphology was evident, and by Giemsa
stained smears. At least 90% of the cells were viable as determihed
by tr*pan blue exclusion.

A macfophage-rich PEC population was obtained by injecting normal
or nude mice ip with 3 ml of NIH thioglycolate (Difco, Detroit, MI).
The PEC were harvested 3 days later and cell suspensions Qere prepared
as described above. The cell population was 60-80% macrophagés as
determined by examination of Qiemsa-stained smears, and at lea;t 85%
of the cells were viable.

PEC collected from thioglycolate-stimulated BALB/c mice were
further enriched for ﬁacrophages by ficoll density gradient centrifu-
gation using a method described by‘Zamba]a and Asherson (69). About
168 peritoneal cells were suspended in 4 ml of 25% ficoll (Pharmacia,
Uppsala, Sweden) in Balanced Salts Solution (BSS) (42) and placed in
a 30 mi thick-walled glass. centrifuge tube (Corning, Corning, NY).

" The cells were overlaid with 6 ml of 21%, 5 ml of 16% and 4 ml of 12%
ficoll solution and centrifuged in a swinging bucket rotor (Sorvall
HB-#) at 20,000 x g forl70 min at 4°C:. The cells in the top 2 inter-
faces were collected with a Pasteur pipette, Qashed twice with BSS,

and suspended to the proper concentration in PBS.
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Serum source. |In some experiments, the peritoneal cells were sus-

pended in homélogous serum rather than PBS. Normal BALB/c mice were
'lightly anesthesized with ether and bled from the orbital venous
plexus, the blood was allowed to clot at 4°C. The serum was used

within 2 hr or stored at -20°C until use.

Preparation and.use of 2!Cr labeled cells. Sodium chromate (51cr)

(New England Nuclear, Boston, MA) of specific activity 306-500 mCi/mg
Cf was used to label néutrophil and spleen cell populations using a
method described by others (25). Neutrophil-rich PEC were obtained
as'described above. SpTeen cells were obtained from normal BALB/c
"mice. The mice were killed by'cerviéal dislocation, an incision was
made through the peritoneal wall, and the spleen was removed and

added to 5 ml ofiHBSS+EDTA. A single cell suspenéion was made by
gent]* rubbing the sp]éen against a small gauge aluminum §creén. The
suspension was centrifuged at 200 x g for 10 min, and the cells were
waghed oncg‘with*PBS. "The cellslwere determined to be at least 80%
viable by trypan blue exclusfon. The neutrophil and spleen cell
popd]ations were suspended to abouf 2 x 108 cells/ml jn PBS containing
15% fetal calf serum (FCS) (Microbio]ogical Associatesy and 50-75 mCi
of 5]Crwereaddéd per ml cell suspension. The cells wére incubated

at 37°§ in a hpmidif!ed chamber under -5% co, for 1 hr, mixed every 15

min, then collected by centrifugatioﬁ at 200 x g for 10 min and washed
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twice with PBS. Appréximately 1 x 108 labeled PEC or spleen cells

were injected intra&enously (iv) into normal mice implgntea with 3 p
chambers containing 5 x-loh C. albicans. Chambers were harvested 6 hr
after the iv injection of SICrllabeled cells and rinsed in PBSL Filters
and -chamber contents were counted separate!y for 1 min each }n a gamma
counter (Beckman Biogamma; Beckmanllnstruments, Fullertén, CA), at
‘window settings of 0 (lower) and 300 (upper). The counting efficiency
of this machine wa§'72% under these conditions. |In some experiments,

" the chamber contents were centrifuged at 200 x g for 10-min and the

. supernatent liquid and cell pellet were counted separately.

Phagocytic cell function tests. An in vitro phagocytic assay described

by others (hh) was psed to test phagocytic functions-of pefitongal
cells. Chambers of 0.45 um porosity containing 1 x 108 heat killed
yeasts wére harvested 24 hr after implantation; the yeasts were reco-
vered by vortexing the filters and chamber contents. PEC were collec-
ted from ﬁnstimulated normal mice and suspended in medium I§9.(M199)
(GIBCO); 0.5 ml of this suspension (2 x 106 cells/ml), with 5% NMS
or NMS'aﬁsorBed 3 times with 1/10 voluhe of C. albicans cells at 379C
(INMS) was adpedﬂto.Zé mm x 22 mm cover glasses (VWR Scientific,
: Seéttlg; WA) andAincubéted in é humidified chamber at 37°C for 1 hr.
'Thé cover.élasses were rinsed with 2 ml of HBSS. One-half'mf of - the

C. albicans suspension obtained from the chambers or-0.5 ml of a heat
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killed C. albicans suspension containing 4 x 106 yeast cells per ml
with 5% NMS or INMS was added to the cover glasses containing the
macrophages and incubated at 37°C for 1 hr. The cover glasses were
washed with 2 ml of HBSS, air dried, fixed with methanol for 3 min,
s?afned with Giemsa, aqd‘gxamined using light microscopy at IOQOX.H AlT
fests were déne-fn duplicate and 200 macrophages per cover glass were
éounted. The percent phagocytosis represents the mean percentage of
macrophages that had ingested one or more yeast cells,

Random migration of neutrophils was studied using the chemotaiis

under agarose method (15).




RESULTS

Fate of C. albicans In diffusion chambers in vivo and in vitro. The

fate of Candida albicans in vivo in the peritoneal cavity of mice was

tested in 3p chambers, which allow emigration of host peritoneal cells,
and in 0.45p chambers, which exclude host peritoneal cells. Various
conceh;fations of yeast cells were added to chambers, the chambers
were.impléntea ip- into BALB/c or nude mice, and the number of viable

C. albicans remaiﬁjng'in the chambers was assayed on days 1, 3, 5, and

7 post-implantation. When 5 x 101+ yeasts were.added to chambers which
were implanted in BALB/c mice (Figure 1-A), the number of fungal units
recqvéred from .0.45p chambers increased by about 0.75 10910 after 7

days of in vivo inclubation, while the number of fungal units recovered

from 3p chambers decreased by 0.5.log after 7 days. Similar results
were.seen when chambers containing 5 x IOA yeasts were implénted in'
nude mice, except that the number of cfu recovered from 3p chambers .
at 7 days was approximately the same as the inoculum. Also, the number

of C. albicans cfu recovered from both 0.45p and 3p chambers after 28

days of in vivo incubation was about the same as the'numbér of cfu |
recovered frém chaﬁbers at 7 days; When 5 x 103 yeasts were added to
chambers (Figure 1-B) the number of cfu re;ovefed from 0.45p chambers
implantédvin BALB/c mice increaséd'over the inoculum by over 2 logs

after 7 days, but increased by only about 1 log in 0.45p chambers im-

planted in nude mice. In contrast, C. albicans cfu recovered from 3p
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Figure 1.

~sp i

-Fate of C. albicans in 0.45p and 3p diffusion chambers

in vivo. A =5 x_th C. albicans were added to

chambers; B ~ 5 x 103 C. albicans were added to .

chambers.
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chambers implanted in BALB/c mice decreased about 0.5 log after 1 day

of in vivo incubation, and decreased about'1 log in nude mice. After
7 days of incubation, the number of’ fungal units recoyered from 3p
chambers increased to slightly exceed thé inoculum.

The growth of C. albicans in diffusion chambers in vitro was
determined by adding various concentrations of yeasts to 0.45p chambers,
adding the chambers to 50 ml flasks containing 10 ml of GYEP, and
incubating for 48 hr at 37°C. After incubation the filters and chamber
contents weré rehovéd and either vortexed or homogenized in 5 ml of
saline. Regardiess of the size of the yeast inoculum and method of
recovery (vortexing or homogenizing) the number of cfu recovered from
the chambers was approximately the same (Table 1). %imilar numbers of
" yeasfs were reqbvered if the chambers were incubated in 10 mi of FCS
rather than GYEP. To determine the accuracy of homogenizing énd subse-
queht plafing of filters énd chémber contentg, 0.45p chambers contain-
ing Q_x_107 yeasts were implanted ip and harvested 48 hf later. Afte?
vortexing the filters and chamber contents in 5 ml galine, an a]iduot
of the'supernaten; liquid was assayed for the number of yeasts by di-
rect counting ugihg a hemacytometér‘and by plating onto 'sabouraud-
dextrose agar. The same.filters and chamber contents were tﬁen homo-
genized aﬁd plated onto sabouraud-dextrose agar. Homégenization did

not decrease the viability of C. albicans, and plate counts of yeasts
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Table 1. Growth of C. albicans in diffusion
chambers in vitro at 37°C

No. yeasts added Logyq cfu recovered after 48 hr
homogenized vortexed
bx107 8.3k £ 0.17 8.26  0.14

sx10t 8.29 * 0.26 18.29 + 0.13
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correlated with direct counts (Table 2).

Treatment of the fibrin clot inside chambers. Chambers were removed

from mice after 48 hr of in vivo incubation and added to a.fiésk ‘
éontaining 10 m1 of HBSS + 5% Pronase (Sigma) which was then rotated
at 150 rbm‘for 55 min at 22-25°C. Pronase treatment adequately dis-
solved the fibrin clot which forms on the inside of chambers; the .
number of C. albicans cfu recovered after Pronase treatment was simi-

lar to the number recovered after homogenization.

_ Emigration of host peritoneal cells into 3p chambers. 3p chambers con-

taining yeasts were harvested 6 hr, 24 hr, or 7 days after implanta-
tion. The chamber contents were obtained by washing with saline and
the number of white cells that entered the chamber was. determined by
counting in a hémacytometer. About 3.2 x 106 peritoneal cells entered
the chambers by 6 hr and their numbers remained constant for 7 déys
(Eigure‘Z). Microscopic examination of Giemsa stained smears of
_conteﬁts of these chambers showed that iﬁ chambers harvested at 6 hr
87% of the cells were neutrophils, and in the chambers harvested at

24 hr 92% of the cells were neutrophils.

5]Cr'-labeled neutrophils, 5lcr-1abeled

In other experiments,
spleen cells, or free Ster in PBS were injected iv into mice which -

were implanted with 3p chambers' 6 hr, 24 hr, or 7 days previously.
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Table 2. Effect of hbmogenizing filters and chamber
contents on the viability of C. albicans
in diffusion chambers

Method of recovery Logyq no. cfu C. albicans
of yeasts recovered
vortexed - direct count ' 7.51 ¥ 0.05
plate count 7.55 % 0.11
homogenized - plate count _ 7-62 + 0.23
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Figure 2. Emigration of host perfitoneal cells into

3p diffusion chambers
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Six hours after injection, the éhamber-contents were assayed for
cell associated and free 2!Cr. Labeled neutrophil§ and free label
entered chambers which were implanted 6 hr or 24 hr before injection
of SICr, but did not enter chambers which were implanted 7 days
earlier (Figure 2). The Sley cpm found in chambers when labeled
spleen cells were injected was approximately the same as the cpm
found when free 51Cr was injected.

Two in vitro tests were performed to determine the effect of 5lcr
labeling on neutfophil function. In the chemotaxis under agarose test,
random migration.of 51¢r-1abeled neutréphi15‘wés 100% of that obtainéd
using unlabeled neutrophils, and ip the phagocytosis. assay, percent
phagocytosis by labeled neutrophils was 100% of that obtained using

control neutrophils.

Entry of opsonic factors into diffusion chambers. The ability of

opsonic-factors to enter diffusion chambers was tested using the

iﬂ_vitrb phagocytosis assay. Previous work in this and other labora-

tories (44,34,37) determined that optimﬁm phagocytosis of C. albicans
by maérophaggs and neutrophils in vitro requires heat labile comple%‘:
ment factors present in normal mouse serum. Furthermore, INMS is

required for normal macrophage function in vitro, but suhports only

" very low levels (<5%) of phagocytosis of C. albicans (44). YeaSts

taken from chambers after 24 hr of i vivo-fncubation supported a
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Higﬁer level of phagocytosis when added with INMS than C. albicans
that were taken Frém a culture and were therefore without opsdﬁic
factors (Table 3). " This indicates that fungal particles contained
in the’diffusion chambers had been opsonized while in the mouse

peritoneal cavity.

Effect of neutrophil-rich PEC on C. albicans in diffusion chambers.

Various concentrations of neutrophil-rich PEC were harvested from

normal mice, sﬁspended in PBS or NMS, aﬁd added with 5 x 104 s:
é]bicans to 0.45p chambers. The chambers were implanted in normal
mice and héfvestéd éfter 2h hr. Regérdless of tHe original suspending
medium, neutrophils broduced a significant decrease in the number of
viable C. albicans when.compared,té the inocﬁluﬁ at neutrophil to
yeast ratios of 4oo:1 and 40:1 (Table 4).

In 6ther experiménts, neutrophil-rich. PEC were harvesfed from nude

mice, suspended in PBS and added to 0.45p chambers with 4 x ]o“

C. albicans. The chambers were implanted in nude mice and harvested

'aftér 2L hr of in vivo incubation. A candidacidal efféct of nude
neutrophils also was seen at 400:1 and -40:1 ﬁeutréphil to yeast'
Eatios (Table 5).

To determine if.PEC were capable of phagocytizing fungal cells iﬁ
diffusion chambers, chambers containing 5 S('IO6 ﬁeutrophil-ri;h PEC and

5x loh jeasts were harvested 4 hr'after implantation in BALB/c mice.
Y. / ;
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Table 3. In vivo opsonization of C. albicans
in diffusion chambers

Source of yeasts Serum? Macrophages Neutrophils
' % phagocytosis % phagocytosis

GYEP culture | NMS 78.2 88.0
(without opsonic factors I NMS 8.5 52.0
Diffusion chambers® NMS . T 64,1 £ 3,1 ND

' INMS 21.8 + 6.3 81.6 £+ 11.8

a4 :0.45 chambers harvested after 2k hr in vivo‘incubatibn.

———

Serum added to phagocytosis assay; normal mouse serum (NMS) or
NMS absorbed 3 times with C. albicans at 37°C (INMS),




Table

4, Effect of neutrophils harvested from normal mice on
C. albicans in diffusion chambers

No. Neutrophils N:Y2@ Logg no. cfu recovered after 24 hrs
ratio Neutrophil suspending medium
PBS NMS
2x107 400 1 3.82 + 0.19 3.73 + 0.4]
2x106 40:1 2.68 + 0.65 351 & 04717
N
2x10° b 4.43 + 0.69 4.87 + 0.48 s
ZXIOA <1} 4,87 + 0.50 5.43 + 0.26
none -——- 5.47 + 0.44 5.45 + 0.25

Neutrophil

: Yeast ratio; log]0 4.69 yeasts were added to chambers.
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Table 5. Effect of neutrophils harvested from nude
mice on C. albicans in diffusion chambers

No. neutrophils N:Y2@ Log]0 no. cfu recovered after 24 hrs.
ratio
1x107 400: | 3.69 + 0.2k
1x108 4o: 1 4.37 + 0.52
1x10° b 5.02 + 0.28
leoh <zl b LB R0 2LS
none b 5.25 + 0.06
a

Neutrophil : Yeast ratio; log)q L.69 yeasts were added to chambers.
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Miéroscopic examination of Giemsa stained smears of contents of these
chambers revealed that 95% of the yeasts in the chambers were phago-
cytized. Similar levels of phagocytosis were seen when chamber

contents containing macrophage-riéh PEC were examined.

Effect of macrophage-rich PEC on C. albicans in diffusion chambers,-
When varjous concentrations of macrophage-rich PEC harvested from

normal mice were suspended in PBS and added to 0.45p chambers with

L

yeasts, the number of cfu recovered after 24 hr of in vivo

5x 10

incubation was similar to the inoculum, regardless of the number of
macrophages added (Tabfe 6). When compared to the number of fungal
uniﬁs recovered from chambers which did not contain macrophages, these
data indicate that macrophages harvested from normal mice prevent the
groﬁth of C. albiéans, but killing of the fungus was not apparent.

The ficoll gradient centrifugation technique was used to further
enrich macrophage-rich PEC. The cells obtéined by this method were
found to be 96% macrophages by examination of Giemsa stained smears.
In the in vitro phagocytosis assay, percent phagocytosis by these
macrophages was 100% of that obtained using control marcophages. When
-various toncentrafiéns of ficoll gradient enriched ﬁacrOphages were
added to 0.45p chambers with 5 x lbh C. albicans, the resulf was a
candidastatic effect similar to that seen with macrophage-rich EEC

that were not further enriched for macrophages (Table 6).




Table

6. Effect of macrophages from normal mice on C. albicans
in diffusion chambers

No. macrophages M:Y3 Logjg no. cfu recovered after 24 hrs
ratio Macrophage-rich PEC Ficoll gradient
purified macrophages
2x107 400: 1 4.66 + 0.10 ND
2x10° 40: 1 4.67 + 0.18 4.81 + 0.03
2x10° b1 4.89 + 0.39 4.69 + 0.68
2x10" sl 4.8k + 0.38 5.81 + 0.47
none === 5.59 + 0.16 5.92 + 0.30
Macrophage : Yeast ratio; log]0 L4.69 yeasts were added to chambers.

-0€ -




_3]...

When chambers containing macrbphage-rich PEC harvested from nude

4

mice and 5 x 107 yeasts were implanted in nude mice and harvesfed
after 24 hr, the number of C, albicans cfu recovered decreased by
about 1 log at macrophage to yeasf ratfos‘of 400:1 and L40:1 (Table 7).
At lower macrophage t6 yeast ratios a candidastatic effect was seen.
Td determine if a soluble factor iﬁ the peritoneal cavity of the nude
mouse was required for the candidaéida] activity of nude macrophages,
macrophage-rich PEC from nude mice were added to chambers with 5 x 104
C. albicans, and the chambers Weré implanted in normal mice. In this
case,'a candidacidal effect occurred at macrophage to yeast ratijos of
400:1 and 40:1. Levels of killing were comparable to that seen when
nude macrophages were tested in nude mice. Conversely, macrophage-
rich PEC harvested from normal mice were added to chambers with

5 x th C. albicans,'and the chambers were implanted in nu&é mice.
Killing of C. albicans was not seen by the;e‘macrophages, but inhi-

bition of growth occurred when compared to control chambers that did

not contain macrophages (Table 7).




Table 7. Effect of macrophages harvested from nude mice on
C. albicans in diffusion chambers

No. macrophages M:Y2 Log,q no. cfu recovered after 24 hrs
ratio macs from macs from macs from

nude>nude norma l-nude nude>normal
2x107 400: | 3.94 + 0.06 4.53 + 0.08 3.96 + 0.19
2x10° 40: 1 3.77 + 0.23 4.51 + 0.13 3.64 + 0.13
2x10° s 4.59 + 0.38 4.57 + 0.23 4.19 + 0.15
2x10" <1t 4.78 + 0.64 5.05 + 0.55 4.37 + 0.38
none - 5.16-+0.71 5.46 + 0.51 4,76 + 0.20

Macrophage : Yeast ratio; log;, 4.69 yeasts were added to chambers.

-2€-




DISCUSSION

Immunity to.fungal diseases is a compl%cated fesue:‘ T-cell
.mediated.immunfty, sojuble serum factors, and innate ihmunity'havela]]
been.implicated in-defense against fungal infection. As part of the
innate iﬁmunity, phagocytic celis represent a first line of defense
against disease Fungal infection in a normal hos t usual]y elicits
~first a pyogenic response anOIV|ng primarily neutroph:ls, fol]owed
by a granulomatous response involving macrophages, giant cell formation:

and lymphocytes. 1n vitro tests by various |nvestigators have led to

“the assumpt;on that neutrophlls and macrophages are capab]e of kllllng

fungi, such as Candida albjcans and Cryptococcus neoformans, in vivo.

It was the purpose of this thesis to test this aSshmption;

Diffusfdn chambers containing Candida albicans imp]anted in the

perltoneal caVIty of mlce were useéd to study the effect of host cells
and soluble factors on the growth of C. albicans. Because thls'hl
'Xi!g‘model had not”been used in this manner p}eviousry;-experiments were
.designed to determine the valfdity and limitations of this model. |
To determine if this model represents a‘val}a method ef studying .
interaétions of host faétdrs with C. albicans,. and to determine Vimi-
tatfons of this modei, various alterations of exeefimental‘methods:‘
‘wefe made, ‘In eohe.experiments.chambers were construeted<to allow for

exchange of soluble factors only, while in other experiments chambers
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were used that should allow for emigration of.phégocytic cells as’
we]] as diffusion of soluble factors. When host cells were excluded
from the chambers, growth of the fungus occurred but the amount of
growth waé several orders of magnitude lower‘than the amount of growth
seen in chambers in vitro. Nonspecific factors such as low oxygen
tension or nutfient deprivation may bé responsible for the decreased

growth séen in vivo. Although oxygen tension present in the mouse

peritoneal cavity was not determined, ff the oxygen tension was low,
slow growth of C. albicans would be gxbected (62)." 1t was also found
that a fibrin clot formed on the inside of the chambers after about

3 days of in vivo incubation, and adhesions between the chamber and

organs in the peritoneal cavity formed after about 5 days of in vivo

incubation. It is reasonable that these contributed to decreased

growth in vivo by limiting exchange of oxygen and nutrients.

Sofuble factors specific for inhibifign of growth of C. albicans

may also be involved in lower in vivo growth. Such factors have not

been defined by work presented in.this thesis, but other workers (39)
have noted a factor present in human sera which Specifically clumps

€. albicans. Although it has been suggested that this clumping factor
is antibody specific for Candida, the ﬁresence of clumping factor does
not necessarily correlate with the presence of Candida agglutinins

and precipitins (30). Other workers (38) demonstrated that Trichophyton

mentagrophytes is inhibited from proliferation in diffusion chambers
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implanted in the peritoneal cavity of mice. These authors pos tu-
lated that a specific soluble factdf is present which interferes with
the growth of dermatophytes.

The ability of host soluble factors to enter the apprdpria{e
chambers was determ%ned in two ways. An ig_xlggg phagécytosis éssay
‘waé used to tesf for the presence of opsonic factors on yeast particles’
in diffusion chambers. It was found that opsoniné, most likely comple;
ment factors (44), were able to enter chambers that were in the peri-
toneal cavity for 24 hr. |In experiments in which free SIC; was
injected iv into mice’shortly after.impiantation of diffusion chambers,
the radionuclide was detectable in chambers implanted 24 hr before
injectioﬁ but would not enter chambers that were in the péritoneal
cavity for 7 days prior to injection. This lack of exchange of fluids
may be due to the fibrin clot formafion and adhesions,

The ability of cells to enter éhambers implanted ip wés detefmined
by injecting 5]Cr—labeled heutrophils'into mice containing'chambers.
fhese eeils were found able to enter chambers which had been implanted
24 hr earlier, but could not enter chambers which héd been in the
.peritoneal cavity f@r 7 days. The inability of cells to emigrate into
these 7 day-chambers correlates with the inability of soluB]e factors
(free 5]Cr) £o enter similar chambers,

Various tests indicated that the 5lcr cpm detected iﬁ 24 hr-
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chgmbers correlafed with the entry of phagécytic cg]ls into ﬁhe
chambers. The.5]Cr'cbm that was qupd in chambers when labelea spleen”
cells were injected into mice could be due to the emigration intp
chambers By phagocytic cells which are normally residept'in the spleen,
or due to the lysis of spleen cells which‘woufd result in felease of
Sler., éevenéy percenf of lcr cpm found in chambérs when labeled néu~
trophils were injected was cell associated and.labeled spleen ceIiS"
did‘not'enter chambers to the extent of labeled neutrophils. Alsq,:
lébeled neutrophils were fognd to be functionally‘acfive.by the in
vitro phagécytosis and random migration aséayé. Collectively these
data suggest that active phagocytic cell emigration into chambers was
ocqurring.

From these various experiment;, it apéears that the diffugion.
chamber ig_xllé is a system where conditions change over a period of’
time. Solﬁble'factors and phagocytic cells can enter chambers in'the-

mouse peritoneal cavity for at least 24 hr. In chambers whiéh have
been ih-the peritoneél cavity for 7 days, the'internal fibfin clot and
external adhesions are evident and maylprevent soluble factors and cells
from éntering chambers; |

With this knowledge of the diffusion chamber s&stem, a series of
exberimenté was designed to study the effects of various host compo-

‘nents on the growth of C. albjcans in diffusion chambérs. Experiments
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were %irst performed to examine the effects‘of allowing natural
emigr;tion of host factors (cells and soluble components) into chambers
contaiﬁing C. -albicans. The fate of C. albicans under such condi-
tions was’dependent on the concentration of‘yeasts placed in the
chamber. Host peritoneal ;efls were found to be significantly candi-
dacidal at day 1 oniy when the smaller iﬁocu]um of C. a]bi;énS‘was
used. An increase in viable C. albicans o;curred after day 1.-- by
day 7 thé number of yeasts was similar to the number in the original
inoculum. The growth of C, albicans after day 1 may be due to the
inabilfty of host cells to enter chambers. Stasis or a slight
decrease in viability was seen at the higher yeast lnoculqm; In

6

other experiments, it was determined that just over 10~ white cells
entered chambers. "It is possible that this number of white cells
was insufficient for effective candidacidal activity when the higher

" inoculum of yeasts was used.

The decrease In viability of C. albicans observed at day 1 was

not due to mechanical damage incurfed'by C. afbicans.during the harvest

homogenization procedure. " This possibility was ruled out by placing

chambers containing Q} ajbicans in vitro and comparing the number of
viable fungal units recovered from chambers by homogenizing to the
number recovered by simple vortexing, .Similar numbers of C. albicans .

were recovered by both methods. Thus it appears that a decrease in
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viéble.g.,a]bicans in chambers incubatéd lQ vivo for 24 hr is due

to host candidacidal mechanisms.

Examination of Giemsa stained smears of contents of chambers

which were in vivo for 24 hr showed the presence of neutrophils and

some macrophages.. Therefore, to determine the efféct of each of these
cell types bn E; albicans, neutrophil-rich PEC from normal‘mice were
édded with E,'albicans to djffusion chambers designed to aiiow‘for eg—
change 6f soluble substances in the.mouse‘peritoneal cavity. Under
‘thesg conditions, neutrophils were found to be candidacidatl, But énly'
at high qeutrophil to yeast ratios. By 4 hr incubétion in chambers,.}t
was.founa that nearly all of the fungal particles‘we}e ingested by neu-
trophils and, gurpfising]y, even at low neutrophil to yeast ratios:'
The high neutrophil to yeast ratié"rquiréﬁent for candiaacidal activi- -
ty qf neutrophils correlates with previ&us expérimentg using C. albfcéﬁs
in chambers that‘allow emigration of host peritoneal‘céllsé a candida-
cidal effect was seen only in chambers containing the smalfer'yeasf
inoculum. This evidence suggests that fngestion of a yeast by a neu-
.trophil merely ''weakens'' the yeast, but a second or third neutrophil is
required for killing.

The idga that ingestion of C. alBicans by a neutrophil does not
necessarily lead to death of the fuﬁéus has also been proposed by

others (68). These workers observed that C. albicans was able to
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persist in vivo by germinating out of phégocytic cells. Otﬁér’workers
have shown that neutrophils can afféct Candida cells after germination -
-of the yeasts. Diamopa and coworkers have demonstrated the exigtance
of an interaction Between Candida and neutrophils iﬁ_llggg under condi-
tions in which thé Cén&ida cells are not.ipgeétea (17,18). Théy shbwéd
'£Aa; neutrophils could éttéch and spread opf over Candida pseudohyphae;
fhis wag folléwéd by degraulation of heutrophils with morphologic and
metabolic changes in the pseudohyphae suggestive of éeyere'cell daﬁage
.or death. A similar interaction.was shown between neutrophils and

Aspergillus and Mucor (16).

Other experiments. were performed to Hetermine if addition of nor-
mal mouse serum would enhance the candidacidal effect of neufrophils_{n
' chambers. Results of ;hesé experihents Tndicated that serum did not
affect the number of viable C. albicans recovered. This was not a sur-
prising result since other workers haVe.shown that serum is necessary
for optimal phagqcytoéis 6f Candida.by ﬁeutrophfls-iﬂ_xiggg but serum
does not contribute to the:candidécidal aéfivity (34,37). My experf-
ments suggest that fluid factors in the periténeal cévfty provide ;df¥'
_ficient 6psonins: phagocytosis of Candidé Ey neutroﬁhi]s in chambers
was shown to be‘nearly total, and yeasts taken from chémbers.did not
require hormal mouse serum)for thima} phagocytosis by neutrophils and

macrophages in vitro.
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Since macrophages are also seen at foci of Candida infections, the
effect of macrophages on C. albicans in diffusion chambers was examined.
Macrophage-rich PEC harvested from normal mice and added to chambers.
with yeaéts were found to have only candidastati; effects at both high
and low macropHage to yeast ratios. Thé possibility that this candi-
Adaspatic effect Qas due.to neutrophilélin the macrophage population.-
was addressed by Fprther enriching ;he cell pépulation for macrophéges
by ficoll gradient centrifugation. The cell population obtained |
through this teéhnique was over 96% macrdphages;'when these cells were
added to chambers with yeas;s, a similaf candidastatic effect was
seen. Thus inhibition of fﬁngal growth doés appear to be due to
macrophage activity.

‘Other workers have examined the candjdacidal éffects of macro- .
pﬁages.and ﬁeutrophils i£_Xi££g. The comparative candidacidal ééti-
vities of these two cg]] tyﬁes is.é éontroversia]Asubject\ Léijh :
et al (37) found that neutrophils.kflled 58% of ingested yeasfs while
monocytes' killed only 50%, whereas Lehrer and Cline (34) found that
néut?ophils killed 29% of ingestéd E,.albicans'While monocy tes kflied
only 4%. Conversely, Schuit (59) f0und:monocytes to be more candi-
dacidal: monocytes were able to kill 60% of ingested C. albican$
ﬁlastospokes and 50% of ingested psuedohyphae while neutrophils kille&.

only 35% of ingested blastospores and about ‘5% of ingested pseudohyphae.
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In yet other studies, 602 killing of C. albicans ingested byigu?naa‘
pig neutrophils was reported (4). - |

It has been postqlated that nude mice possess macrophages taat
are “actiyated” (12) because these animals are more resistant to the

intracel lular pathogens Brucella and Listeria. Nude mice have also

been found to be more resistant to acute Candida infections (ik4,54);

a result that may be explained by increased macrophaga activity. This
possibilffy was addfeaséd by testing the caﬁdidacida] activity of
macrophages harvested from nude mice in dlffu5|on chambers, ln
contrast to macrophages from normal mice Wthh were candldastatlc,
macrophages from nude mice were found to be cand;dacvdal at high macro-
phage to yeast ratios when'added with yeasts ta.thambers and‘implanted '
in either nude or normal mice. |f this caadidacidal effect“was due

to an interaction of macrophageé with a soluble factor bresent in-the
nude perifdaeal cavity Fhen macrophages from normal mice wauld be
expected to be candidacidal if iﬁcubated in. nude mice. A change from
candidastatic to candidacidal activity.of macrophages from normal mice
was not observed, therafore demonst}ating that nude maarophagés.albne'.
"are candidacjdai.

Althugh nude‘macrophages aée-cand?dacidai in diffasion'chambers,

one c¢an only specglata about the .role of these candfdacidal macfdahages

in the increased resistance to acute candidiasis in nude mice. In one
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study attempts were made to determine if ”actlvated“ macrophages wefe
involved in defense against candidiasis (55) These workers nonspecl-
fically activated macrophages in BALB/c mice using BCG. Although BCG
treatment Igssened'the severity of Listeria infections, these mice
were not more résistant to C. albicans infections;

In conclusion, our results studying the effect of mouse peritoneal"

e

exudate cells on Candida albicans in diffusion chambers in vjvo agree
with in vitro results of other investigators (34,37): neutrophils were
found to bg candidacidal and macrophageg were less candidacidal but

did inhibit growth of C. albicans. Also, this work indjcates that

: macrOpﬁages.froﬁ nude mice were candidacidalf fofusion chambers
implénted in the peritbneal cavity of mice can be used to study the

effect of specific cell populations on fungi in vivo., Further studies

might inc]ude use of sensitized animals, sensitized lymphocytes added
to chambers, and use of mixtures of different cell populations to
exaﬁine host modulation of cellular and soluble factor effects on

fungi.




LITERATURE CITED




10,

LITERATURE CITED

Amos, D.B., and J.D. Wakefield. 1958. Growth of mouse ascites
tumor cells in diffusion chambers. {. Studies of growth rates
of cells and of entry of antibody. J. Nat. Canc. Inst.
21:657-670.

Amos, D.B. and J.D. Wakefield. 1959. - Growth of mouse ascites
tumor cells in diffusion chambers. 1. Lysis and growth
inhibition by diffusible isoantibody. J. Nat. Canc. Inst.
22:1077-1092. ' '

Amos, D.B. 1961. Transplantation of cells and tissues in
diffusion chambers. In Transplantation of Tissues and Cells
Ed. by R.E. Billingham, Wistar Inst. Press. Philadelphia,

'Arai, T., Y. Mikami, énd K. Yokoyama. 1977. .Phagocytosfs of

Candida albicans by rabbit alveolar macrophages and guinea pig
neutrophils. Sabouraudia 15:171-177.°

Benestad, H.B. 1970. Formation of gfanulocytes ana macrophages
in diffusion chamber cultures of mouse blood leukocytes. - Scand.
J. Haemat. .7:279-288. :

Benestad, H.B. and A. Reikvam. 1975. Diffusion chamber cul tur-

ing of haematopoietic cells: methodological investigations
and improvement of the technique. .Exp. Hematol. 3:249-260.

Blyth, W. and G.E. Stewart. 1978. Systemic candidiasis inmice

treated with prednisolone and amphotericin B. . Morbidity,
mortality, and inflammatory reaction. Mycopathologia 66:41-50.

Boyum, A., W. Boecker, A.L. Carsten, and E.P. Cronkite. 1972.

. Proliferation of human bone marrow cells in diffusion chambers
implanted into normal or irradiated mice. Blood 40:163.

Boyum, A., A.L. Carsten, 0.D. Laerum, and E.P. Cronkite. 1972,
Kinetics of cell proliferation of murine bone marrow cells
cultured in diffusion chambers: effect of hypoxia, bleeding,
erythropoietin injections, polyeythemia, and irradiation of the
host. Blood 40:174.

Breivik, H., H.B. Berestad, and A. Boyum. 1971. Diffusion
chamber and spleen colony assay of murine haematopoietic stem
cells. J. Cell. Physiol. 78:65-72.




12,

13.

14,

16.

17.

18,

19,

20.

_45_

Breivik, H. 197f. Haematopoietic stem cell content of‘mufine'
bone marrow, spleen, and blood. Limiting dilutjon analysis of
diffusion chamber cultures. J. Cell. Physiol. 78:73-78.

Cheers, C. and R. Waller. 1975, Activated macrophages. in con-
_genitally athymic '"'‘nude' mice and in lethally irradiated mice,
J. Immunol. 115:844-847,

Corbel, M.J. and S.M. Eades. 1976. The relative susceptibiljty
of New Zealand Black and CBA mice to infection with opportuni-
stic fungal pathogens Sabouraudia lh 17- 32

Cutler, J.E. 1976. Acute systemic candldnaSIs in normal and
_congenitally athymic-deficient (nude) mice. J. Reticuloendothel.
Soc. 19:121-124, ‘

Cutler, J.E. 1977. Chemotactic factor produced by Candida
albicans. Infec. Immun. 18: 568-573. .

Diamond, R.D., R. Krzesicki, B. Epstein, and W. Jao. 1978,
Damage to hyphal forms of fungi by human leukocytes in vitro.
Amer. J. Pathol.. 91:313- -328.

Diamond, R.D., R. Krzesickl and W. Jao. 1978. Damage to pseudo-
hyphal forms of Candida albjcans by neutrophils in the absence
of serum in vitro. J. Clin. Invest. 61:349-359.

Diamond, R.D. and R. Krzesicki. 1978. Mechanisms of attachment
of neutrophils to Candida albicans pseudohyphae in thé absence
of serum, and of subsequent damage .to pseudohyphae by microbi-
cidal processes of neutrophils in vitro. J. Clin. Invest..

61:360- 369

Djawari, D., O. P. Hornstein, J. Gross, and W. Meinhof. 1977.
Defect of phagocytosis and intracellular killing of Candida
albicans by granulocytes in patients with familiar and non-.
familiar chronic mucocutaneous candidosis. Arch. Dermtol. Res.
Lett. 260:159-161.

Domer, J.A., and S.A. Moser. 1978. Experimental murine candido-
sis: cell-medijated immunity after cutaneous challenge. Infect.
{mmun. 20:88-98.




21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

-4

Edwards, J.E., R.l..Lehrer, E.R. Stiehm, T.H. Fischer, and L.S.
Young. 1978. Severe candidal infections. Clinjical perspective,
immune defense mechanisms, and current concepts of therapy Ann.
Int. Med. 89: 9] 106.

Elin, R.J., J.B. Edelin, and S.M. Wolff. 1974. iInfection and
immunoglobulin concentrations in Chediak-Higashi mice. Infec,
Immun. 10:88-91.

Emmons, C.W., C.H. Binford, J.P. Utz, and K.J. Kwon-Chung. 1977.
Medical Mycology. Lea and Febiger. Philadelphia.

Fauerholdt, L. and N. Jacobsen. 1975. Cultivation of leukemic
human bone marrow cells in diffusion chambers {mplanted into
normal and |rrad|ated mice. Blood 45:495-501",

Ford W.L. and S.V. Hunt, 1973. The preparation and labelling
of lymphocytes. [n Applications of Immunological Methods.
Ed. by D.M. Weir. F.A. Davis, Philadelphia.

Gallin , J.E., J.S. Bujak, E. Patten, and S.M. Wolff. 1974,
Granulocyte function in the Chediak-Higashi syndrome of mice.
Blood 43:201-206.

Gelfand, J.A., D.L. Hurley, A.S. Fauci, and M.M. Frank, 1978.
Role of complement in host defense against experimental dis-
seminated candidiasis. J. Infec. Dis. 138:9-16.

Giger, D.K., J.E, Domer, and J.T. McQuitty. 1978. Experimental
murine candidiasis: pathological and immune responses to
cutaneous inoculation with Candida alblcans Infec. Immun.

Lk 499-509

Glger, D.K., J.E. Domer, S.A. Moser, and J.T, McQuitty. 1978.
Experimental murine candidiasis: pathological and immune
response in T- ]ymphocyterdepleted mice. Infec. Immun.

21:729- 737

Hasenclever, H.F. 1978. The in vitro interactions of Candida
albicans with nonspecific serum protelns. Mycopathologia

- 65: 169-176




3.

32.

33.
3h.

35.

36.

37.

38.

39.

Lo,

_-['7_

Jacobsen; N. and L. Fauerholdt. ']976. Human granulocytopoietic
colonies in diffusion chambers in mice: growth of colonies and
the effect of host irradiation. Scand. J. Haematol. 16:101-111.

Johnson, J.A., B.H.S. Lau, R.L. Nutter, J.M. Slater, and C.E.
Winter. 1978. Effect of L1210 leukemia on the susceptibility

of mice to Candida albicans infections. Infec. Immun. 19:
146-151. o

Kirkpatrick, C.H., R.R. Rich, ‘and J.E. Bennett. 1971. Chronic
mucocutaneous candidiasis: model-building in cellular immunity.
Ann. Int. Med. 74:955-978.

Lehrer,‘R.l.,'and M.J. Cline. 1969. Interaction of Candida
alblcans with human leukocytes and serum. J. Bacteriol. 98:
996-1004. : : '

Lehrer, R.!. and M,J. Cline. 1969. Leukocyte myeloperoxidase
deficiency and disseminated candidiasis: the role of myelo- -
peroxidase in- resustance to Candida |nfect|on.ﬂ J. Clin. Invest.

48 1478-1488.

Lehrer, R.l.. 1970, Measurement of candidacidal activity of
specific leukocyte types in a mixed cell population. .l
Normat, myeloperoxidase deficient, and chronic granulomatous
disease neutrophils. Infec. Immun. 2:42-47,

Leijh, P.C.J., M.T. van den Barselaar, and R. van Furth. 1977.
. Kinetics and phagocytosis and intracellular killing of Candida
albicans by human granulocytes and monocytes lnfec Immun.

17:313-318.

Lorincz, A.L., J.0. Priestley,'and J.H. Jacobs, 1958. Evidence
- for a humoral mechanism which prevents growth of dermatophytes.
J. 'invest. Dermatol. 31:15-17.

Louria, D.B., J.K. Smith, R.G. Brayton and M Buse 1972.
Anti-Candida factors in serum and their inhibitors. |.
. Clinical and Laboratory Observatlons "J. Infec. Dis. 125:
102-114.

Mason, B.H., and B.F. Cain, 1978 Attempted drug- fumor sensitf-
vity matching using diffusjon chamber-cultiyated cells, Canc.
Trtmt., Rep. 62:2035~2043,




41.

L2.

43,

L,

' 45.

L6,

L7.

8.
9.

. 50.

-8~

MéPherson, C.W. 1963. Reduction of Pseudomonas aeruginosa and
coliform bacteria in mouse drinking water following treatment
_hydrochloric acid or chlorine. Lab. Anim. Care 13:737-74kh.

Mishell, R.l1. and R.W. Dutton. 1967. |mmunization,of dissociated
spleen cell cultures from normal mice. J. Exp. Med. 126:

423-45h.

Miyake, T., K. Takeya, K. Nomoto, and S. Muraka. 1977. .Cellular
elements in the resistance to Candida infection in mice. 1.
Contribution of T lymphocytes and phagocytes at various stages
of |nfect|on Mlcroblol fmmunol. 21: 703-725.

Morrison, R.P. and J.E. Cutler. Serum factors required for
phagocytosis of Candida albicans by mouse macrophages in vitro.
Manuscript in preparation.

Myerowutz, R.L., G.J. Pazin, and C. M Allen. 1977. Dlssemlnated
candidiasis. Changes in incidence, under]ying diseases,’ and
pathology. Amer J. Clln Path. 68:29-38.

Nettesheim, P., T. Makinodan and'b J. Chadwick. 1966. Improved
diffusion chamber cultures for cytokinetic analys:s of antlbody
response Immunology 11:427-439.

oh, M.K., G.E. Rodey, R.A. Good, R.A. Chilgren, and P.G. Quie.
1969. Defective candidacidal capacity of polymorphonuclear
leukocytes in chronic granulomatous disease of childhood.
J. Pediat. 75:300-303. ‘

Parker, J.C., J.J. McCloskey, and R.S. Lee. 1978. Emergence of
candidosis. The dominant postmortem cerebral mycosis. Amer.
J. Clin. Path. 70:31-36. :

Pearsall, N.N. and D. Lagunoff. 1974. Immunologica]‘responses to
Candida albicans. 1. Mouse-thigh lesion as a model of experi-
mental candidiasis. Infec. Immun. 9:999-1002.

‘Pilgrim and DeOme. 1955. [ntraperitoneal pentobarbital anes-

thesia in mice. Exp. Med. Surg. 13:401-403.




51.

‘52,

53.

5k,

55,

56.
57.

58.
59.

60.

-lg-

Quie, P.G., and R.A. Chilgren. 1971. Acute disseminated and .
chronic mucocutaneous candidiasis. Sem. Hematol. §;227-2h2.

Ray, T.L., and K.D. Wuepper. 1976. Activation of the afternative
(properdin) pathway of complement by Candida albicans ‘and
related species. J. Invest. Dermatol. 67:700-703.

Ritz, H. 1965. Isolation of complement fractions presents a new
approach to immunosuppression. J. Amer; Med. Assoc. 191:30-37.

Rogers, T.J., E. Balish, and D.D. Manning. - 1976. The role of _
thymus= dependent cell-mediated ummunnty in resistance to exper-

imental disseminated candndnasus -J. Reticuloendothel. Soc.
20:291- 298. ' '

Rogers. T.J. and E. Balish. 1977.‘ The role of activated macro;
phages in resistance to experimental renal candidiasis. . J.
Reticuloendothel. Soc. 22:309-318. '

Rohrer, J.W., K. Vasa, and R.G. Lynch. 1977. Myeloma cell ,
immunoglobulin expression during in vivo growth in diffusion
chambers: evidence for repetitive cycles of dlfferentlatlon
J. Immunol. 119: 861 866.

Rohrer, J.W. and R.G. Lynch. 1977. Specific, immunoglobulin
regulation of differentiation of immunoglobulin expression in
MOPC-315 cells during in vivo growth in diffusion’ chambers
J. Immunol. 119:2045-2053. :

Schmid, L., and K. Brune. 1974 Assessment: of-phagocytic and

antlmlcroblal activity of human granulocytes. Infec. Immun.
lO 1120-1126. '

SchU|t, K.E. 1979. .Phagocytosis and killing of pathogenic
yeasts by human monocytes and neutrophils. Infec. Immun.
24 1932~ 938. :

Snyderman, R., L.C. Altman, A. Frankel, and R.M. Blaese. 1973.
Defective mononuclear leukocyte chemotaxis: a previously un-
.recoghized immune dysfunction. Studies in a patient with
chronic mucocutaneous candidiasis. Ann. Int. Med. 78:509-513.




61.

62.

63.

64,

65.

. 66.

67.

68.

69.

=50-

Staples, P.J., J. Boujak, R.G. Douglas, 'and J.P. Leddy. 1977.
Disseminated candidiasis in a previously healthy girl: impli-
cation of a.leukocyte candidacidal defect. <€lin. [mmunol.
Immunopath. 7:157-167. ' -

Szawatkowski, M. and J.M.T. Hamilton=-Miller. 1979. Anaerobic

-growth and sensitivity of Candlda alblcans Microbios. Lett.
5:61-66.

Tyler, W.S., F. Stohlman, J. Keane, M. Chbvanefc, and D. Howard.
1974. Survnval of mouse hemopOIetlc cells in an in vivo cul-
ture system. Proc. Soc. Exp. Biol. Med. 146: 316 320.

Valdimarsson,‘H:, J.M. Higgs, R.S. Wells, M. Yamamura, J.R. Hobbs,
and P.J.L. Holt. 1973. Immune abnormalities associated with
chronic mucocutaneous candidiasis. ' Cell. Immunol. 6:348-361.

Warden, G.K., A.D. Mason, and B.A. Pruitt. 1974. Evaluation of
leukocyte chemotaX|s din vitro in thermally .injured patlents
J. Clin. Invest. 54 T001-1004.

White, B.E. 1972. Cerebral candidiasis. N. Engl. J. Med. 286:

321,

Wolff, S.M., D.C. Dale, R.A. Clark, R.K. Root, and H.R. Kimball.
1972. The Chadiak-Higashi syndrome studies of host defenses.
Ann. Int. Med.  76:293-306. Do

Young, G. 1958. The process of invasion and the. pérsistence of
Candida albicans |nJected lntraperutoneally into mice. J. .
Infec. Dis. 102:114-120.

2embala, M. and G.L. Asherson.  1970. "The rapid purification of
peritoneal exudate macrophages by ficoll (polysucrose) density -
gradient centrifugation. Immunology 19:677- 681




. APPENDICES




APPENDIX |

Effect of neutrophils on Streptococcus pneumoniae in diffusion chambers

Streptococcus pneumoniae is a pyogenic coccus which is pathogenic

for man because of-its'ihvasive properties. This organism possesses an
antiphagocytic capsulg; anti-capsular antibody acts as an opsonin;
. thus allowing phagocytic cells to ingest the bacteria. These bacteria
are readily killed once ingestéd. |

The gdal of these‘experimenfs Qas to demonstrate the'ability of
ant ibody té diffuse iﬁto the chambers'and_specificaliy combine with
S. pneumoniae, and to demonstrate the abflity of neutrophils to bhago-
cytize and kill opsonized Sacteria. Neutrophils ahd'§,-2neﬁmoniag were
added to chambéré'whiCh were implanted in S. pneumoniae-immunized and
nonimmunized_mice. We would expect qeutrophi] bacteri;lcfdallactivity
only In chémbefs implanted in immunized mice. |

S. Qnéumoniae, t?pe 1, obtainea froh the culture conection at
Montana State University, was grown on brain heart infusion (BHI) égar
Icontaining 5% sheep erythrocytes for 18 hr at 37°C in a céndlé jar.
An isofated colony from this piate was inpcu]atea into BHi broth con-
taining 15% FCS.aﬁd incubated in.é candle jaf fqr 12 hr at 37°cC. The
bacteria were harQested by centrifugafion'at 10,000 x g:for 30 nmin,
.suspended in PBS, and the suspension was lyophilized. This material
‘ was suspended in PBS fd the proper concentration énd_usgd as the anti-

gen for immunization. Others have determined that the optimal immuniz-'
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. ing dose for purified S. pneumoniae SSS 1|1l capsular polysaccharide

is 0.5 ug (3). Assuming that the capsule represents 15% of the dry
weight of S. pneumoniae cells, mice were immunized with 1.67 ug of the
antigen preparationr Eight tb twelve week old male or female BALB/c
ﬁicg were_ihmunized‘ip on days 0, 7, and 28. On day 35, S. pneumoniae,
cultured as described'abévé, wa§ suspéndeq to the appropriate concen-
trafion in PBS using MCFérland's standards as a reference. ' The’
bacterfa were added to 0.45p chambers with or without neutrobhi]-rich
PEC harvested from normal mice. The‘chambers were implanted ip into

immunized or nonimmunized normal mice and harvested after 24 hr of

in vivo incubation. qu of S. pneumoniae remaining in the chambers
was detérmined by homogenizing the filters ana chamber contents in
5 ml of galine, plating the hombgenates on BHI blood agar,<éﬁd incu~
Bating the plates in a candle jar at 37°C for 12 hr.’

Ln.expériment #1, a significant difference in the numbér‘éf
S. pneumoﬁiae reeovefed from group A chamberg was found when compared
to the numBe} recerred from groups B, C-and D (Table 8).. These data
support the contention that antibody can enter diffusidn chamberé and
neutrophilS'in diffusion chambers can ingest and kill oPsonized
bacteria. However, similar resulfs-weré not obtgined in subsequent
experiments. |t is possfb}é that the S. pneumoniae ihocu]um_in the

second experiment was too high for effective opsonization of bacterial-




Table 8. Effect of neutrophils on Streptococcus pneumoniae
in diffusion chambers

Group Mice Neutrophils added Log cfu recovered after 24 hrs
immunized® to chamberP Exp L?c Exp #29 Exp #3€
- - + 6.35 + 0.40 8.3+ 0.29 7.55 + 0.06
B + - 7.40 + 0.31 8.8 £+ 0.37 7.55+ 0.16
c - + 7.34 £ 0.46 9.76 £ 0.11 7.67 + 0.13
D - - 7.46 + 0.26 10.1 + 0.24 7.58 + 0.16

@ Mice were immunized ip with 1.67 ng of S. pneumoniae on days 7, 24, and 28 prior to
testing.

b 107 neutrophil-rich PEC were added to chambers.

¥ S. pneumoniae inoculum was about lx106.

d

S. pneumoniae inoculum was about 6x|08.
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cidal activity of neutrophils. Before the third experiment was per-
formed, the stock culture of S. pneumoniae used in previous experi-
ments was lost aﬁd a new stock culture was made from prevfously frozen
(—20°C5 cultures of §S. Eneumoniae. Although fhis seqond stock culture
was  thought to be of tHe same capsular type as the ofigina] strain,

one explanation for the failure of experiment #3 is that-thé mice were
not immunized against the proper capsular type of S. Eneumoniae; A]§o,
mice weré immunized with the equivalent of 0.25 ug o% S. pneumoniae
capsular material; doubling the immUniziﬁg'dose‘would result in in-

creased antibpdy'tifers (3).




APPENDIX 1
Effect of silica on the phagocytic ability of mice.

Phagocytic cells, macrophages and neutrophils, are thought to play

a role in defense against candidiasis. Treatment of mice with the

macrophage toxin silica (7) is a method of in vivo depletion. Silica
had been used in the past to identify host defense mechanisms to a

. ) .
variety of organisms: silica treated mice are more susceptible to

certain viral (11), parasitic (8), and bacferial infections (1,6).

The purpose,éf these experiments was to determine if silica treated mice

are more susceptible to infection by Candida albicans. Preliminary
experimeﬁts were performedlto determine the effect of .silica treatment
on the clearance'of C. albicans'and,cafbon from the blood of_ﬁormal
mice. Diffusion chamber experiments were begun at that point so no
further silica experiments were done.

Silica,.Mjn;U-Si1:#216 (Whittaker, Clark, and anielé,:lnb: Sqﬁtﬁ
Plafnsfield,-NJ) of less fhan 5 um diameter was prepared using the
-method of others (4). Silica prepared in this manner was suspeﬁdgd to
the desired qoncentratfon in PBS, sdnicatéd for 3 min, and a&ministered
iv in 0.25 ml to 8-12 week old male or- female BALB/;-mice.. Eighteén
to twenty hours after silica injection, the bhégoﬁyf}c index of Horﬁal
ana silica treated mice was asseésed by measﬁfing the ability of_the

mice to clear C. albicans and carbon from the blood.
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C. albicans was suspended in PBS to 1 x 108 cells/0.1 ml éﬁd 0.1
ml was injected iv. Five min (or, in some experiments, 2 min) and 15
min after injection of the yeasts, mice were bled from thé,orbital |
venous plexus using a heparinized capillary pipette. At ééch'bleeding
0.05 ml1 of blood was added to 0.9 ml of PBS and appropriate dilutions
were plated onfo sabouraud-dextrose agar. Cfu of C. albicans were
counted after 36.hr incubation at 3700. |

Carbon clearanceiwas determined using a modification (9) of a
method of others (5). Mice were weighed, blea from the orbit and
injected iv with 0.01 ml per gram body weight of a 10 mg/ml colloidal
.carbon (Pelikan ink, Gﬁnther Wagner, Hanover, Germanyj in 12 gelatin
so]utfon. Two min an& 15 min after injection of the carbon, mice
were bled from the‘drbit. At each bleeding 0.05 ml of‘blood was lysea

in 2.0 ml of 0.1% Na,C0,. Optical densities (0.D.) were determined

3
at.640 am (Varian Techtron Model 635 spectrophotometer). The phago-

cytic index, K, was determined for each mouse by the formula:

logy0.D. - log]OO.D.

2 min -15-min

10

The phagdcytic index was corrected for differences. in body and ofgan

weight, o, by the formula:

o= Kx3 Liver + spleen weight/body weight
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Silica treatment.%s expected to decrease the ability of mice to
clear particulate matter from the blood. Clearance of C. albicans from
the blood appeared to Ee more efficient in silica treated mice than in
normal mice (Table 9). Since silica has not been nétéd to enhance
_ macrophage function, carbon clearance assays were performed to detér-
mine if the silica treatment was impairing RES function. Mécrobhage
toxicity was found to be silica dose dependent (TaBle 10). Carbon
clearénqe was slightly decreased if mice were treated with iO mg of
silica, and greatly decreased if mice were treated‘with 12.5 mg of
silica. Doses of silica similar to those given in the Candf&a clear-
. ance assay had no effect on the ability of mice to clear carbon.

Low doses of silica (2.5-5 mg) did not seem to adversély éffect the
healtﬁ of the mice, but about on-half of the mice treated with the
high dose o% silica (12.5 mg) diea-within 12 hr_of injection. Thus
_ only very toxic doses of silica were able to depress macrophaée

function.




Table 9. Clearance of Candida albicans from blood of normal and

silica treated BALB/c mice

Silica injecteda

Logyg no. C. albicansb

cfu recovered from blood

none 5.01 + 0.24
5 mg 4L.98 + 0.44
none e 12:2 0.15
2.5 mg 6.01 + 0.08
5 mg 6.23 + 0.06

15 min.

3.85 + 0.07

15 min.

4.59 + 0.20

a

b

silica injected iv 18 hrs. previous to Candida clearance test

8

I1x10™ C. albicans injected at time 0O

55
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Table 10. Effect of silica on the phagocytic ability
of BALB/ mice®

Silica doseb Phagocytic index®
none 0.¥17 % 0.002
4 mg 0.116 + 0.01
10 mg Qo1 00013
12.5 mg 0.040 + 0.003

a

Phagocytic ability was determined using the carbon clearance
assay.

Silica was given i.v. 18-20 hrs. before carbon clearance
assay.

Average value *+ S.D. of 3-4 mice.
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Effect of phagocytic cells from normal mice on C albicans in.diffuﬁion'
chambers in the presence of immune serum. _—

Other workers (2) have shown that neutrophils and macropﬁages
diép]éy increased phagocytosis and increésed killing of C. albicans
in thelpresence of an;i-g, albican;'immune serum. | attempted to
' determine the effect of immune serum on the candiacidal abilities of
mouée neutrophils and macrophages in diffusion chambers.

' Anti-g, albicans serum (immune serum) was obtained as brevioﬁsly
described (10). Briefly, 4 x 108 heat killed C. albicans were emul-
sified in complete Freund adjuvant (G1BCO) and fnjected ;ubcutaneéus]y
into .rabbits. Booster anectlons of heat killed cells emu!sufied in
'nncomplete Freund adjuvant were glven on days 7 and 14 and on day 24
the anlmals were bled. The C. albicans agglutinin titer of sera ob-
tained from these animals was at ]éas; 256. This serum‘Qas absorbed

.3.times with BALB/c spleen cells af 4°C and was kept at -20°C until’
use. Neutrophil-rich and macrophage-rich PEC were harvested as pre-
viously aescribed‘and suspended to various concentrations in immune
serum. . Thé neutrophils or macrophages were added to 0.45p chambers

4

with 5 x 10" C. albicans and the chambers were implanted ip into:

normal mfcé and ‘harvested after 24 hr of in Vivo incubation.
- Neutrophil-rich PEC apbear'to be less candidacidal when suspended

in immune serum than when suspended in PBS (Table 11; Table 4 in
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Results section of this thesis). Also, the number of cfu.recovered
from chambers containing macrophages in immune serum -is somewhat
hiéher than the number ' recovered from chambers containing macrophages
in PBS (Table 11: Table 6 in Results section)..AThe effect of immune
serum on phagocytic’cell candidacidal ability that acéounts'for

these differences can not be determined by these experiments,




Table 11. Effect of phagocytic cells from normal mice on C. albicans

in diffusion chambers in the presence of immune serum

No. phagocytic cells % Log  No. cfu recovered after 24 hr
ratio hagocytic cell in chamber
Neutrophil Macrophage
2 x ]07 400:1 .29 £ 0,10 4. 42 + 0.10
2 x 10° 40:1 3.90 + 0.39 4.88 + 0.32
2 x 10° I 4.75 + 0.15 5,43 % 0.31
2 x 10" s 4.88 + 0.29 5.44 + 0.15
none —-— 6.42 % 03 5. 56" % 0.10
a

Phagocyte to yeast ratio; Log]0 L.69 yeasts were added to chambers

{5
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