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Experimental infection of mice with Candida albicans leads

to significant suppression of cell mediated immune responses.

We have characterized the nature of this candida-induced

suppression with formalin killed Candida albicans (FKCA) in the

yeast and mycelia' phase. Mice (BALB/c or C57B1/6J) treated

with FKCA exhibited a reduction in the T-cell mitogen-induced

blastogenic response and in the mixed lymphocyte reaction.

Further work has shown that the suppression is due to the

induction of suppressor cells, and these cells are capable of

significantly reducing cellular immune responses when mixed

with lymphocytes from untreated mice. The cell responsible for

the immunosuppression has been identified as a B-lymphocyte.

The function of the suppressor cell is dependent on prostaglandin

synthesis during the induction stage. Cell-free supernatants

from cultures of suppressor cells are suppressive when added



to untreated cells. HPLC analysis of these cell-free super-

natants confirmed the presence of prostaglandin, and demonstrated

4 additional components with suppressive activity.



Suppression of Cellular Immune Responses

by Candida albicans

by

Victor Gerardo Rivas

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

Completed October 30, 1981

Commencement June 1982



APPROVED:

Redacted for privacy
Professor of Mickgibiology in charge of major

Redacted for privacy

Zba4pan of the D6artment of Microbiology

Redacted for privacy

Dean of Gradua School -7-

Date thesis is presented October 30 1981

Typed by Connie Zook for Victor Gerardo Rivas



To my wife Rocio



ACKNOWLEDGEMENTS

The author wishes to gratefully acknowledge the people who

have contributed to this work, in particular:

Dr. Thomas J. Rogers, for his stimulation and guidance

throughout my project and his valuable assistance in the

preparation of this manuscript.

The Universidad Veracruzana and Asociacion Nacional de

Universidades e Institutos de Enzeflanza Superior of Mexico for

their financial support.



TABLE OF CONTENTS

Page

I. Literature Review 1

Suppression of the immune response by
microorganisms 1

Suppression of the immune response by
fungal agents 4

Immunosuppression by Candida albicans 6

Suppressor cells 7

Suppressor B cells 8

Prostaglandins 9

II. Suppression of Cellular Immune Responses by
Candida albicans 12

Introduction 13

Materials and methods 15

Mice

Microorganisms 15

Preparation of non-viable C. albicans 16

Mitogens 16

Blastogenesis assay 16

One way mixed lymphocyte reaction 17

Cell separations and treatments 18

Separation on glass wool columns 18

Macrophage elimination with Sephadex
G-10 columns 18

Macrophage depletion with carbonyl iron 19

Cell separation by adherence to plastic
petri dishes 19

Depletion of T-lymphocytes 19

Preparation of B-lymphocytes cultures 20



Results

Suppression of lymphocyte blastogenesis

Time-course experiments

Suppression of blastogenesis by formalinized
mycelial phase cells

Suppression of the mixed lymphocyte reaction

Transfer of suppression to non-primed cells
by primed cells

32

Characterization of the suppressor cell 32

Macrophage depletion
32

T-cell depletion
36

Transfer of suppression by purified B-cells 41

Stimulation of B-cells by FKCA 41

Discussion 46

Page

21

21

21

26

26

III. The Effect of Prostaglandin Synthetase Inhibitors
on Candida albicans-Induced Immunosuppression 49

Introduction 50

Materials and methods 52

Mice 52

In vitro priming of suppressor cells 52

In vivo priming 53

Cell separation on glass wool columns 53

Blastogenesis assay 53

Inhibitors of prostaglandin synthesis 54

Preparation of cell free supernatants 54

High performance liquid chromatographic
analysis of supernatants 55

Results 56

Generation of suppression in vitro 56

Effect of PGSI in vitro 56

Temporal analysis of the PG-dependent event 61



Page

Effect of PGSI on suppressor cell in vivo 61

Transfer of suppression by cell free
supernatants 66

HPLC analysis of supernatants 66

Discussion 66

IV. Bibliography

V. Appendices

74

87

Appendix 1 88

Appendix 2 89

Appendix 3 90



LIST OF FIGURES

II. Suppression of Cellular Immune Responses by
Candida albicans

Figure Page

1 Suppression of lymphocyte blastogenesis
by FKCA. Dose response curve. 22

2 Suppression of lymphocyte blastogenesis
by FKCA. Time course. 24

3 Suppression of the one-way mixed lymphocyte
reaction. BALB/c mice. 28

4 Suppression of the one-way mixed lymphocyte
reaction. C57B1/6J mice. 30

5 Transfer of suppression to non-primed
cells by FKCA-primed cells. 33

6 Transfer of suppression by macrophage
depleted FKCA-primed splenocytes. 37

7 Transfer of suppression by T-cell
depleted FKCA-primed GAL. 39

8 Transfer of suppression by purified
B-cells. 42

III. The Effect of Prostaglandin Synthetase Inhibitors
on Candida albicans-Induced Immunosuppression

Figure

9 Generation of suppression in vitro.
Time course.

10 Temporal analysis of the PG-dependent
event.

11 Effect of PGSI in vivo.

12 Transfer of suppression by cell-free
supernatants.

13 Suppressive effect of the material
eluted from HPLC fractionation of
cell free supernatants.

Page

58

62

64

67

69



LIST OF TABLES

II. Suppression of Cellular Inuuune Responses by
Candida albicans

Table Page

1 Comparison of the suppression induced
by yeast and mycelial phase FKCA. 27

2 Transfer of suppression to non-primed
USC(NUSC) after macrophage(M0) depletion
of primed splenocytes. 35

3 Stimulation of B-cells by FKCA. 44

III. The Effect of Prostaglandin Synthetase Inhibitors
on Candida albicans-Induced Immunosuppression

Table

4 Generation of suppression in vitro.
Dose response.

5 Elimination of suppressor cell function
with PGSI.

Page

57

60



SUPPRESSION OF CELLULAR IMMUNE
RESPONSES BY CANDIDA ALBICANS

I. LITERATURE REVIEW

Suppression of the immune response by microorganisms

A number of bacterial preparations have been shown to

possess immunoactive properties. Partially purified extracts

of mechanically disrupted group A streptococci contain an

immunosuppressant capable of depressing primary and secondary

antibody responses of mice to sheep red blood cells (SRBC; 74,

75). Similar effects have been reported for other products

from group A streptococci such as pyrogenic exotoxin (50) and

glycerol techoic acid (85). Lymphocytes from mice injected

with Corynebacterium parvum show a depressed response to

phytohemagglutinin (PHA), as well as a reduced mixed lymphocyte

reaction (MLR; 103), Corynebacterium parvum also possess

adjuvant activity, and mice treated with this microorganism

express an increased resistance to infection with Brucella

abortus and Bordetella pertussis (1).

Gram negative bacterial cells have also been implicated

in immunosuppressive phenomena. A crude preparation of

sonically disrupted Pseudomonas aeruginosa, when injected

intraperitoneally into guinea pigs 30 minutes before and 8

hours after elicitation of a delayed type hypersensitivity

(DTH) with tuberculin, will reduce the skin thickness by up to
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64 percent (38). When higher doses of the Pseudomonas

preparation were used in mice, a prolonged survival of skin

grafts from BALB/c to C3H mice was achieved (36), and lower

numbers of plaque forming cells (PFC) specific for SRBC were

observed (37).

Cell-free extracts of E. coli are also capable of prolonging

skin graft survival and reducing the number of PFC (65). In this

case the active component of the E. coli extract was the endotoxin

lipopolysaccharide (LPS). More recently Vallera et al. (117)

have shown that LPS suppresses the killing of
51
Cr-labeled

cells when added at the initiation of the mixed lymphocyte

cultures. Koening and Hoffman (66) have reported, moreover,

that antibody responses in vitro to SRBC are suppressed in the

presence of LPS. Some enhancing effects have also been described

for LPS, based on the ability of LPS to serve as a B-cell

mitogen (3, 95, 107).

Patients with lepromatous leprosy, a disease caused by

Mycobacterium leprae, show a negative DTH test to lepromin,

and a general depression of cell mediated immunity (CMI; 115).

In some individuals infected with Mycobacterium tuberculosis

there is a negative skin test at the time of diagnosis (18,

53, 102). The extent of infection may be correlated with the

energy observed, as individuals with miliary tuberculosis are

more likely to have a negative skin test than individuals

with pulmonary tuberculosis (10, 41). Most tuberculous patients
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show a poor response to contact sensitization with dinitro-

chlorobenzene and in some cases a suppressed lymphocyte

transformation to PPD and non-mycobacterial antigens (76, 41).

Musher et al. (87) have shown that lymphocytes from

syphilitic patients do not respond normally in vitro to

stimulation with treponemal and non-treponemal antigens such

as trychophytin and candida, although they have a normal

response to PHA, pokeweed mitogen (PWM) and streptolysin.

The possibility that viruses suppress the immune response

was first considered by von Pirquet in 1908. He observed that

children lost their skin reactivity to tuberculin a few days

before the exanthem of measles, gradually becoming positive after

the rash subsided (94). Since then several live attenuated

vaccines have been shown to suppress the tuberculin reaction,

namely mumps (68), yellow fever (17) and type I polio virus

(9). Infants with congenital rubella have a depressed lymphocyte

response to PHA (90). More recently Chisari et al. (23) have

reported that the spontaneous suppression of the one way mixed

lymphocyte response decreases during the acute phase of

infection with hepatitis B virus, and returns to normal with

clinical recovery, but remains depressed in patients with

chronic hepatitis.

Human infection with the hemoflagellate Trypanosoma

gambiense causes a suppression of the DTH reaction to PPD and

candida (48). Suppressor cells have been demonstrated in mice
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experimentally infected with T. rhodesiense (25, 31, 55).

Wellhausen and Mansfield (125) demonstrated that the antibody

response in infected mice could be restored when infected

animals are cured with berenil.

Animals infected with Schistosoma mansoni also exhibit an

impaired immune response. It has been shown that cellular

immunity wanes as humoral immunity to Schistosoma egg antigens

develop (15, 28, 91). Immunosuppression has been associated

with malaria (47, 79), leishmaniasis (24), toxoplasmosis (51)

and infection by Trichinella spiralis (33).

Suppression of the immune response by fungal agents

Systemic infection with the dimorphic yeast Histoplasma

capsulatum has been correlated with high prevalence of skin

anergy (96, 109), and poor lymphocyte blastogenic response to

histoplasma antigens and mitogens (2, 88). Data reported by

Artz and Bullock (4) indicate that spleen cells in the most

active phase of disseminated histoplasmosis in mice possess

potent immunosuppressor activity. During this time there was

a depression of DTH to SRBC and histoplasmin, impairment of the

blastogenic response to Con A and histoplasmin, depressed

cytotoxicity of splenocytes from infected mice and an active

suppression of the primary antibody response. Recently two

populations of spleen cells have been implicated in histoplasma-
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induced immunosuppression, one of them is a T-cell and the

second has macrophage-like properties (89).

Individuals with secondary or generalized coccidiomycosis,

frequently show impaired in vitro and in vivo immune responses

(21). Mendes and Raphael (80) have demonstrated an impaired

DTH response, and depressed contact sensitization with

dinitrochlorobenzene in patients with South American blastomycosis.

Suppression of in vitro responses to PHA and prolonged allograft

survival have also been reported (81). Musatti et al. (86)

detected a factor in the plasma of patients with paracoccidio-

mycosis, which reduces the lymphocyte blastogenic response.

Although the study of the immunology of dermatophyte

infections began as early as 1902, when Plato and Neisser

produced and employed the first trichophyton extract (113),

many immunological aspects of the host-parasite relationship

remain obscure. Jones et al. (56) have reported that patients

who are unable to form a DTH reaction to trichophytin are more

susceptible to chronic dermatophytosis. Green and Balish (46)

showed that guinea pigs experimentally infected with Trichophyton

mentagrophytes exhibit a pronounced specific and non-specific

suppression of the lymphocyte transformation reaction during

the course of primary and secondary infection. Recently Brahmi

et al. (16) have reported that some patients with dermatophytosis

show depressed in vitro and in vivo cell mediated responses.
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At the humoral level the only abnormality observed was a

marked and constant increase in IgE.

Immunosuppression by Candida albicans

Candida albicans is a dimorphic
fungus commonly found in

li

the mucous membranes of humans as a commensal, but has also been
isolated from a large variety of birds and mammals (7). Shifting
from a stable

host-parasite relationship to parasitic invasion
and proliferation is limited by microbial flora, secretory IgA,
cell mediated immunity and other nonspecific mechanisms (22, 100).

Patients suffering with chronic
mucocutaneous candidiasis

(CMC) show a variety of CMI defects : a negative skin test to
candida antigens and other antigens, reduced

migration inhibition
factor (MIF) production, absence of response in mixed lymphocyte
reactions, lack of response to dinitrochlorobenzene after skin
sensitization, and depressed lymphocyte

transformation to

candida antigens and mitogens (19, 52, 63, 71). These immuno-
logical defects may be in part related to various conditions
preceding the infection such as corticosteroid therapy (72, 54),
malignancy (12, 40) or endocrine

disorders (5, 11). At the
same time 25-30% of the cases, classified as idiopathic CMC,
demonstrate no evidence of immunological abnormalities prior
to the infection (30).

Rogers and Balish (98, 99) have reported that splenocytes
from rats or mice challenged

intravenously with Candida
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albicans show a depressed blastogenic response to candida

antigens and T-cell mitogens (Con A and PHA), but not to PWM

and LPS (suggesting that mainly T-cell but not B-cell responses

are affected). The notion that Candida suppress T-cell dependent

immune responses is further supported by Vardinon and Segal (119)

who showed that antibody response to T-dependent but not T-

independent antigens is depressed in mice with candidiasis. A

recent report by Ferrante and Thong (34) shows that mice

infected with C. albicans have a reduced capacity to mount a

delayed type hypersensitivity response to SRBC. They also show

that the immune responsiveness may be restored when the infection

is cured with amphotericin B.

Suppressor cells

Regulation of humoral and cell mediated immune responses

is a complex biologic process governed by a series of positive

and negative signals. Regulator T-lymphocytes are subdivided

into helper and suppressor cells according to their augmenting

or suppressive effect on the immune response (42, 58). Helper

- -
cells bear the surface phenotype Ly 1 +, 2 , 3 (20) and their

primary function is to enhance antibody response by acting on

B-cells (8). Suppressor T-lymphocytes have been demonstrated to

bear the Ly 1 , 2
+

, 3
+
determinants (20) and their function is

to inhibit proliferation, helper function and antibody secretion

by acting on numerous cell types (8).
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Macrophages not only act as accessory cells for lymphocyte

function, but they also suppress certain immunological responses.

Activated macrophages from mice with graft versus host reaction

(GVH) are capable of depressing PHA- and antigen-induced

blastogenic responses of lymphocytes (104). Kirchner at al.

(61) have shown that splenocytes from mice infected with Moloney

sarcoma virus exhibit a decreased response to PHA, Con A and

PWM, and these responses could be restored by elimination of

macrophages.

Suppressor B cells

In 1972 Turk et al. (116) reported that guinea pigs treated

with cyclophosphamide 3 days prior to sensitization with

dinitrochlorobenzene showed a contact hypersensitivity reaction

of increased intensity relative to that of untreated animals.

Based on the histology of the spleen and lymph nodes, and the

reduction in antibody response, they suggested that the increase

in intensity and prolongation of the contact hypersensitivity

could be due to the elmination of a B-suppressor cell. Later

experiments showed that treatment with cyclophosphamide causes

an increase in Thy-1 positive cells and that adult thymectomy

had no effect on the skin test reactivity, adding more evidence

for the presence of a B-suppressor cell in this system (59).

Definitive experiments were carried out by Katz, Parker and

Turk (58) who demonstrated that purified (90-95%) B-cells caused
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a reduction in the hypersensitivty reaction of guinea pigs.

Recently Zembala et al. (128) reported the presence of B sup-

pressor cells in mice immunized for contact hypersensitivity

with picryl chloride.

Zimecki and Webb (129) were able to show that the antibody

responses to two T-independent antigens were regulated by B-

suppressor cells, via the production of prostaglandins. Mice

inoculated with murine sarcoma virus in the progressive phase of

growth of the tumor, have been shown to have an Ig bearing cell

that can suppress the in vitro immune response to murine sarcoma

virus antigens and PHA (45). Although other reports have

implicated the B-cell in immunoregulation (13, 14, 66, 93, 111)

little work has been done on the role of B-cells in this process.

It is apparent that the primary cell type functioning in immuno-

regulation is the T- lymphocyte.

Prostaglandins

Prostaglandins (PGs) are a group of 20 carbon fatty acids,

which have been identified in a number of vertebrate tissues,

and almost all the cells have the enzyme complex required for

prostaglandin synthesis (92). PGs appear to have a complex

central role as mediators of inflammation. PGE
1

injected

intradermally in humans causes erythema (57) and increases

vascular permeability in the skin of experimental animals (26).
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Prostaglandin E1, PGE2, PGF
la'

and PGF
2a

induce wheal and flare

responses in human skin (27).

Prostaglandin E
1
and PGE

2
are known to have a negative

effect on both humoral and cellular immune responses. Webb

and Osheroff (121) showed that intravenous injection of SRBC

into mice markedly increases the PG
2a

levels in the spleen,

and prior administration of indomethacin signficantly increases

the plaque forming cell response. Zimecki and Webb (129) have

shown that the in vitro response to polyvinylpyrolidone and

DNP-Ficoll (both T-independent antigens) can be increased by

prostaglandin synthesis inhibitors. This enhancement was still

present in purified B-cells suggesting that B-cells could regulate

themselves by producing PGs.

It has been shown that mitogens- or antigen-stimulated

lymphocytes and macrophages release PGs (49, 121, 123). Webb

et al. (123) reported that PGs are able to directly block

lymphocyte transformation. Recent studies by Rogers et al.

(101) have shown that PGE1 or PGE2 induce glass-adherent T-cells

to release a low molecular weight peptide which significantly

reduces both T- and B-cell mitogenesis.

The experiments reported here have made it apparent that

C. albicans induces a population of B-suppressor cells, and

that these cells function in PG-dependent fashion. It is

interesting to note that most patients with mucocutaneous

candidiasis have a measurable deficiency in the cellular
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immune response. The data reported here suggest that a part

of this deficiency may actually include hyperactive B-cells,

and moreover, that activity of these cells may be modulated by

PG synthetase inhibitors.
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II. Suppression of Cellular Immune Responses
by Candida albicans

INTRODUCTION

Patients suffering with chronic mucocutaneous candidiasis

(CMC) have been shown to possess certain defects in their cell

mediated immune system (62, 63, 64, 71). In some cases the

poor responsiveness in tests of cell mediated immunity (CMI)

may be related to suppressive drug therapy, diabetes mellitus or

other underlying diseases; however, 25-30% of patients with CMC

exhibit no obvious preexisting defects of CMI (30), and in these

cases the anergy associated with CMC may be the result of an

interaction between the host immune system and the microorganism.

There are numerous reports in the literature which indicate

that infections by any of several microorganisms may lead to

depressed CMI response (6, 31, 32, 89). Scherr (106), Fischer

and Horbach (35), and Mankiewicz (77, 78) have shown that animals

treated with killed Candida cells, or a polysaccharide extract,

exhibit increased susceptibility to Mycobacterium tuberculosis

infections. The mechanism of immunosuppression induced by C.

albicans still remains to be resolved.

Previous work from this laboratory has shown that mice

experimentally infected with C. albicans exhibit reduced T cell

activity in vitro (99). The activity of B-cells in these mice

appears to be normal.
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We report data here which show that mice treated with non-

viable Candida also manifest depressed T-cell dependent activity.

Our results also show that the immunosuppression is due in part

to the activity of a suppressor cell population.



MATERIALS AND METHODS

Mice

15

Male and female BALE /c and C57B1/6J mice, age 8-12 weeks

were obtained from Simonsen Laboratories (Gilroy, CA). They

were housed according to a random order scheme with water and

food available ad libitum.

Microorganisms

Candida albicans strain B 311 (type A) was originally

obtained from H. F. Hasenclever (NIH, Bethesda, MD). Stock

cultures were maintained by monthly transfers on Sabourad

dextrose agar (SDA) slants (DIFCO Laboratories, Detroit, MI).

To prepare cells in yeast phase, a Sabouraud dextrose broth

(SAB) culture was inoculated and incubated for 24 hours with

agitation (200 rpm) at 37°C. Mycelial phase cultures were grown

as described by Lee et al. (70). Briefly, yeast phase cells

were incubated for 48 hr at 25°C in SAB, harvested, and washed

twice in a sterile synthetic medium composed of alanine, leucine,

lysine, methionine, ornithine, phenylalanine, proline, threonine,

biotin, inorganic salts and glucose. The washed cells were

finally resuspended in the sterile synthetic medium, adjusted

to 25% light transmission at 550 nm and incubated for 24 hr at

37°C with agitation (200 rpm).
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Preparation of non-viable Candida albicans

A suspension of cells (yeast or mycelial phase) in sterile

saline was washed three times by centrifugation, and resuspended

in 10% formalin for one hour at 4°C. Treated cells were washed

four times (in sterile saline) by centrifugation at 5000 rpm.

The pellet was resuspended in sterile saline and the protein

and carbohydrate content determined by the Lowry (73) and

phenol-sulfuric acid (29) methods respectively. Mice received

a 0.2 ml intravenous dose of the appropriate concentration.

Mitogens

Phytohemagglutinin (PHA; Burroughs-Wellcome, Research

Triangle Park, NC) and lipopolysaccharide (LPS) prepared from

E. coli (DIFCO Laboratories, Detroit, MI) were obtained in a

lyophilized form and reconstituted with RPMI-1640 medium (Grand

Island Biological Co. (GIBCO), Grand Island, NY).

Blasto,genesis assay

The blastogenesis assay was carried out according to

the method of Fulton (39) as modified by Rogers et al. (98).

Briefly, 1X10
6
splenocytes in RPMI-1640 supplemented with 1.5%

L-glutamine (GIBCO), 2500 U ml
-1

of penicillin and 2500 U ml
-1

of streptomycin (RPMI-C) were dispensed into Falcon Microtiter

plates (Falcon Plastics, Los Angeles, CA), and mitogens were

added at various concentrations in RPMI-C so that the total
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volume per well was 0.2 ml. Plates were incubated at 37°C in an

3ratmosphere of 5% CO2 -95% air. After 48 hr, 0.5 uCi of L H]

thymidine (New England Nuclear, Boston, MA) were added in

0.05 ml of RPMI-C. Cultures were incubated for an additional

18 hr, and the cells were collected with a Mash II automatic

cell harvestor (Microbiological Associates, Bethesda, MD) onto

glass microfiber paper (Whatman, Clifton, NJ). The radio-

activity within each disc was then determined with a liquid

scintillation spectrometer.

One -way mixed

The one-way MLR was carried out according to the method

of Meo (83). Briefly, stimulator spleen cells (BALE /c or

C57B1/6J) were pretreated with Mitomycin-C (Sigma, St. Louis,

MO) (25 ug per 10
7
cells) for 30 minutes at 37°C, washed 3

times in Hank's balanced salt solution (HBSS, GIBCO) and

resuspended in RPMI-1640 medium supplemented with 2.5% human

serum, 50 ug ml
-1

gentamycin (Shering), 4 mM L-glutamine

(GIBCO), 3X10
-2

mM 2-mercaptoethanol (Sigma) and 25 mM Hepes

(MLR medium).

The microcultures containing 1X10
6
Mitomycin-C treated

stimulator cells and 5X10
5

responder cells in 0.2 ml of MLR

medium were incubated four days at 37°C in a 5% CO2-95% air

humidified atmosphere before adding 0.5 uCi of [

3
H] thymidine

for an additional 18 hr. Cells were precipitated onto glass
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fiber papers, and the activity of the discs was counted as in

the blastogenesis assay.

Cell separations and treatments

Separation on glass wool columns. Spleen cells were fractionated

on glass wool columns by a modification of the method described

by Webb and Jamieson (120). Briefly, 0.6 g of glass wool

(Corning Glass Works, Corning, NY) were packed to the 10 ml mark

in a 10 ml syringe, autoclaved, 5X10
8

cells in 5 ml of RPMI-C

supplemented with 0.25% bovine serum albumin (BSA, Miles Research

Products, Elkhart, IN) were applied to the top of the column.

The column was then incubated for one hour at 37°C. The non-

adherent cells (NAL) were eluted with 40 ml of pre-warmed (37°C)

RPMI-C supplemented with 0.25% BSA. The glass wool was removed

from the column into a petri dish where the adherent cells (GAL)

were obtained by wringing the glass wool in HBSS. NAL

populations were enriched for T-cells and GAL populations for

B-cells (Appendix 2).

Macrophage elimination with Sephadex G-10 columns. Splenocyte

suspensions were depleted of macrophages through a modification

of the Sephadex G-10 method of Mishell et al. (84). Briefly,

a 10 ml plastic syringe plugged with a small tuft of glass wool

was filled up to the 7 ml mark with a Sephadex G-10 (Sigma)

slurry (in PBS at 37°C). The column was washed 3 times with

RPMI-C supplemented with 20% fetal calf serum (FCS, RPMI-C2F)
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at 37°C, and a total of 5X107
cells were loaded onto the column

in 1.5 ml of RPMI-C2F. Columns were incubated at 37°C for 30

minutes and the non-adherent cells were then eluted with 15 ml

of 37°C RPMI-C2F. Macrophage elimination was assessed by the

non-specific esterase stain (Appendix 3).

Macrophage depletion with carbonyl iron. In some experiments

splenocytes were depleted of macrophages by the carbonyl iron

method of Lee (69). Ten million cells in 10 ml of RPMI-C were

mixed with 25 mg of carbonyl iron (Atomergic Chemetals Corp.,

Plainview, NY), and the mixture was incubated at 37°C for one

hour while constantly rotating on a Multipurpose rotator

(Scientific Industries, Bohemia, NY). Phagocytic cells were

removed by adherence to a magnet.

Cellseparatiojilayadherence to plastic petri dishes. Macrophages

were also separated by adherence to plastic petri dishes as

described by Ellner (32). Fifty million cells suspended in 10 ml

of RPMI-CF were incubated for 2 hours at 37°C in a 100 mm

plastic petri dish (Falcon). Non-adherent cells were decanted

after swirling and tilting the petri dish. Adherent cells

(macrophages) were dislodged with a rubber policeman and two

washings with ice cold HBSS.

Depletion of T-lymphocytes. T-cells were depleted by treatment

of a 1X10
7

cells ml
-1

cell suspension (one hour at 4°C) with

anti-Thy 1 antiserum (Cedarlane Laboratories, Hicksville, NY)

in RPMI-C supplemented with 0.3% BSA. Cells were centrifuged and
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the pellet resuspended in a 1:10 dilution of rabbit complement

in RPMI-C supplemented with 0.3% BSA. After one hour incubation

at 37°C, the cells were washed 3 times in HBSS and resuspended

in RPMI-C. Response to PHA was reduced by 96% after treatment

with anti-Thy 1 antiserum.

Preparation of B-lymphocyte cultures. Highly enriched B-cell

cultures were prepared by the "Panning" technique of Wysocki

and Sato (127). Plastic petri dishes (Falcon #1029) were coated

with rabbit anti-mouse kappa and lamda chain antiserum (Bionetics,

Kensington, MD). Twenty million cells in 3 ml of PBS supple-

mented with 5% FCS were poured onto each antibody coated plate

and incubated at 4°C for 70 minutes. Macrophages and T-cells

were recovered by gently washing the plates with PBS supplemented

with 1% FCS. Bound cells (B-cells) were recovered by filling

the plate with 30 ml of PBS supplemented with 1% FCS and

flushing with a 10 ml pipette.

B-cell enrichment was tested by cell surface binding using

beads coated with covalently bound rabbit anti-mouse immuno-

globulin heavy and light chains (Immunobead; Bio-Rad Laboratories,

Richmond, CA). Approximately 80% of the "B-cell culture" was

bound by the anti-immunoglobulin antibody.
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RESULTS

Suppression of lzmphocyte blastogenesis

Previous reports from this laboratory indicated that mice

experimentally infected with Candida albicans experienced a

significant suppression of antigen- and mitogen-induced

lymphocyte transformation. Preliminary experiments were carried

out in an effort to determine if nonviable cells provoke the

same response. BALB/c mice were injected intravenously 4 days

prior to sacrifice with various concentrations of formalin

killed Candida albicans (FKCA; Figure 1). The results indicate

that a significant suppression (p <0.0005) may be achieved

with as low as 14 pg (protein) of FKCA per mouse. C57B1/6J

mice show similar results and significant suppression is observed

with as little as 19 pg of FKCA per mouse. A 28 pg dose of FKCA

(approximately equivalent to 1X10
7
yeast cells) per mouse was

chosen for further experiments (except where noted).

Time course experiments

To determine the time course of FKCA induced immuno-

suppression, BALE /c mice were treated with 28 pg of FKCA 4, 8,

and 16 days before sacrifice (Figure 2). The results show

that significant suppression occurs by 4 days, peaks at 8 days,

and then the animal recovers by 16 days after treatment. These

results are in good correlation with those reported by Rogers
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Figure 1. PHA-induced blastogenesis of splenocytes from mice

treated with various doses of FKCA. Mice were sacrificed 4

days after treatment. The PHA dose in all cases was 1 pg ml
-1

.

Each data point represents the mean and standard error of the

mean of at least 6 cultures.
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Figure 2. PHA-induced blastogenesis of splenocytes from mice

sacrificed at various times after treatment with FKCA. The

PHA dose in all cases was 1 pg m1-1 . Each data point represents

the mean and standard error of the mean of at least 6 cultures.
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et al. (99) in which mice challenged with viable Candida

albicans exhibited suppression of the blastogenic response to

PHA and Con A 7 but not 14 days after challenge.

Suppression of blastoenesis by formalinized mycelial phase cells

Candida albicans is a dimorphic yeast which exists in both

the yeast and the mycelial phases in infected tissues. Experi-

ments were carried out to determine if mycelial phase cells

could also induce a state of immunosuppression. BALB/c mice

were challenged with formalinized Candida albicans in the

mycelial phase (360 ug mouse
-1

) (Table 1) and the results

indicate that about ten times more formalinized mycelial phase

cells are required to achieve the same degree of suppression

obtained with formalin-killed yeast cells.

Suppression of the mixed lymphocyte reaction (MLR)

Mixed lymphocyte cultures were established by mixing

splenocytes from FKCA-primed or non-primed BALB/c mice with

Mitomycin-C treated C57B1/6J splenocytes. Suppression was

observed throughout the dose response curve and the optimal

ratio (of responder to stimulator) for the detection of the

suppression was 1:2 (Figure 3). When cells from FKCA-treated

C57B1/6J mice were used as responders in a 1:2 ratio with

Mitomycin-C treated BALE /c cells, data show that the mixed

lymphocyte reaction of C57B1/6J mouse cells is suppressed to a

similar extent (Figure 4).



Table 1. Comparison of the suppression induced by yeast and
mycelial phase formalinized Candida albicans.

PHA-induced blastogenesis

27

Primed cellsa Non-primed cellsa Suppres-
(cpm) (cpm) sion(%)b

Yeast phase
28 ug mouse 30441 t 2449 74357 t 4922 59

Mycelial phase
360 ug mouse-1 28473 ± 1658 57793 t 6313 50

a
Values represent the mean and standard error of the mean of at
least 6 cultures.

b
Percent suppression was calculated according to the equation

%S = 100 - cpm of primed cells X 100
cpm of non-primed cells
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Figure 3. One-way MLR of splenocytes from FKCA-treated

BALB/c mice cultured in various ratios with Mitomycin-C

treated C57B1/6J mouse spleen cells. Each data point

represents the mean and standard error of the mean of at

least 6 cultures.
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Figure 4. One way MLR of splenocytes from FKCA-treated C57B1/6J

mice cultured in a 1:2 ratio with mitomycin-C treated BALB/c

spleen cells. The bars represent the mean and standard error

of the mean of at least 6 cultures.
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r of suppression to non primed cells by cl cells

The immunosuppression observed in FKCA-treated mice could

be explained by a direct toxic effect of FKCA, or alternatively

by induction of a suppressor cell population. In an effort to

characterize the mechanism of the immunosuppression, cell mixing

experiments were carried out to determine if FKCA activates an

"active" suppressor cell population. Non-primed BALB/c

splenocytes were mixed in various proportions with either primed

unfractionated spleen cells or primed cells fractionated on glass

wool, and then assayed for the blastogenic response. The results

(Figure 5) show that unfractionated primed cells transfer the

suppression to non-primed cells, and thus the suppression is

active." The data show, moreover, that the adherent cell

population (GAL) is significantly more suppressive (p <0.0005)

than the non-adherent population (NAL).

Characterization of the suppressor cell
Macrophage depletion

The glass wool adherent population has been reported to

be composed of 50-70% B-cells, 30-50% T-cells and about 5%

macrophages (122). In order to better define the cell-type

responsible for the suppression, primed splenocytes were

separated on the basis of their adherence to plastic, mixed

with nonprimed cells, and assayed for the blastogenic response.

The results (Table 2) show that primed cells, enriched for
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Figure 5. PHA-induced blastogenesis of splenocytes from non-

primed mice cultured with various proportions of spleen cells

from FKCA-primed mice. Primed cells were either unfractionated

(USC) or glass wool fractionated (GAL and NAL). The PHA dose

in all cases was 1 pg ml-1 . Each data point represents the

mean and the standard error of the mean of at least 6 cultures.
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Table 2. Transfer of suppression to non-primed USC (NUSC)
after macrophage (M0) depletion of primed
splenocytes (PUSC)a.

PHA-induced blastogenesis

Primed cells
b

(cpm)

Non-primed cells
b

(cpm)

Suppres-
sion(%)c

Primed USC 20682 ± 1086 45722 t 5283 55

Adherent cells
(MO enriched) 5501 ± 710 3098 t 156 0

50% adherent
cells + 50% NUSC 30613 t 6003 27477 ± 6333 0

Non-adherent cells
(MO depleted) 14592 ± 1121 78599 t 8229 81

50% non-adherent
cells + 50% NUSC 19587 ± 2367 49758 ± 4753 55

Macrophages were depleted by adherence to plastic.

b
Values represent the mean and standard error of the mean of at
least 6 cultures.

c
Percent suppression was calculated according to the equation

%S = 100 - cpm of primed cells X 100
cpm of non-primed cells
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macrophages, do not transfer suppression whereas cell populations

depleted of macrophages transfer a significant suppression.

Macrophage enriched populations show a lower PHA response due to

the small number of T-cells present. These results suggest

that the active suppressor cell population is not a typical

macrophage cell type. To confirm this notion macrophages were

depleted from primed or non-primed cells by Sephadex G-10

adherence. The resultant cell populations were mixed with

non-primed unfractionated spleen cells (USC) and assayed for

the blastogenic response. The results (Figure 6) confirm that

suppression can be transferred even after macrophage depletion.

Similar data were obtained in experiments in which macrophages

were depleted by carbonyl iron ingestion.

T-cell depletion

Experiments were carried out to determine if a T-cell

population could account for the transfer of suppression observed

with FKCA primed cells. Primed splenocytes were enriched for

the suppressor cell by glass wool adherence, and the adherent

population was then treated with anti-Thy 1 and complement.

Non-primed glass adherent splenocytes treated with anti-Thy 1

and complement were included as a control. The results

(Figure 7) indicate that after T-cell depletion, the glass

adherent population still is active in transferring suppression

(p <0.005).



37

Figure 6. PHA-induced blastogenesis of splenocytes from non-

primed mice with macrophage-depleted spleen cells from FKCA-

primed mice. Macrophages were depleted by adherence to

Sephadex G-10. The PHA dose in all cases was 1 ug ml -l. The

bars represent the mean and standard error of the mean of at

least 6 cultures.
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Figure 7. PHA-induced blastogenesis of splenocytes from non-

primed mice cultured with T-cell depleted GAL from FKCA-

treated mice. The PHA dose in all cases was 1 ug m1
-1

. The

bars represent the mean and standard error of the mean of at

least 4 cultures.
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Transfer of suppression by purified B-cells

Since neither macrophages or T-cells present in the glass

adherent population could account for the transfer of

suppression, we next tested the possibility that the FKCA

activates "B suppressor cells." Purified B-cells were prepared

by depleting macrophages with Sephadex G-10, removing T-cells with

anti-Thy 1 antiserum plus C', and the resultant B-cell enriched

population was further purified by the "Panning" technique.

The B-cell enriched population and purified B-cells were mixed

with an equal number of non-primed USC and assayed for the

blastogenic response. The results (Figure 8) show that after

macrophage and T-cell elimination the B-cell enriched population

is still able to transfer suppression, and that "Panning"

purified B-cells are also suppressive (p <0.01). The low levels

of suppression observed were found to be due to the extensive

handling and manipulation of the primed cell cultures.

Stimulation of B-cells by FKCA

Rogers et al. (99) have reported that mice infected with

viable Candida albicans have a reduced T-cell response to

PHA, whereas, the B-cell response to LPS remains unaffected.

Our data (Table 3) show that the same is true for FKCA-primed

mice, and that the LPS response is actually higher in primed

than in non-primed mice. This stimulation of the B-cell response
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Figure 8. PHA-induced blastogenesis of splenocytes from non-

primed mice cultured with B-cell enriched and "Panning"

purified B-cells from FKCA-treated mice. The PHA dose in all

cases was 1 kg ml
-1

. The bars represent the mean and the

standard error of the mean of at least 4 cultures.
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Table 3. Stimulation of B-cells by FKCA.

Mitogen Primed cellsa Non-primed cellsa Suppres-
(lig m1-1) (cpm) (cpm) sion(%)b

PHA 2ug ml-1

LPS 16ug ml

20682 t 1086

11530 ± 818

45722 t 5283

6258 t 158

55

-84c

a
Values represent the mean and standard error of the mean of at
least 6 cultures.

b
Percent suppression was calculated according to the equation

%S = 100 - cpm of primed cells X 100
cpm of non-primed cells

c
Percent stimulation above control.



45

in primed mice was found to be correlated with a depressed PHA

response throughout all the experiments.
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DISCUSSION

The present study has shown that treatment of mice with

FKCA provokes a reduction in the lymphocyte response to

allogeneic antigens and T-cell mitogens, whereas responses to

B-cell specific mitogens are not affected. The greatest

degree of suppression was observed 8 days after treatment with

FKCA. T-cell responses return to normal by day 16. Similar

results have been reported by Rogers and Balish (99) for mice

experimentally infected with Candida albicans.

The experiments comparing yeast and mycelial phase

preparations of FKCA show that a higher degree of suppression

is observed with the yeast phase FKCA than with the mycelial

phase FKCA. It is interesting to note that the yeast phase of

C. albicans appears to be more pathogenic than the mycelial

phase (105, 114, 126).

The suppression induced by FKCA is due to the induction

of a suppressor cell and not to a direct toxic effect. This

is demonstrated by the fact that primed cells provoke a

reduction in the response of normal cells when mixed in various

proportions. The results reported here show that the suppressor

cell population is adherent to glass wool. It has been

reported that the glass wool adherent population is composed of

50-70% B-cells, 30-50% T-cells and about 5% macrophages (122).

The persistence of the suppression after elimination of
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macrophages by adherence to plastic and Sephadex G-10, and by

carbonyl iron ingestion, demonstrated that a typical macrophage

cell population was not required for the suppression.

T-cells have been implicated in regulatory disturbances

present in parasitic infections (6, 31) and some fungal

infections (89, 110). Results from experiments with anti-Thy

1 antisera showed that T-cell depleted cultures were still

suppressive. The possibility that either primed macrophages

or primed T-cells could cooperate in some way with the suppressor

cell was also excluded. The results show that the FKCA-primed

suppressor cell is a non-phagocytic, glass wool adherent,

plastic and Sephadex non-adherent, Thy 1 splenocyte. Further

experiments in which B-cells were purified by adherence to plastic

surfaces coated with anti-kappa and lamda chain, suggested that

the suppressor cell is most likely a member of the B-lymphocyte

group. Suppressor B-cells have been previously described in

contact hypersensitivity (60, 128), LPS-induced immunomodulation

of cytotoxicity (118) and antibody responses (66, 93),

regulation of the antibody response to T-independent antigens

(129) and the PPD-induced blastogenic response of lymphocytes

from humans vaccinated with BCG (13).

It is of particular interest to note that human muco-

cutaneous candidiasis occurs in patients with a hypo-active

cellular immune system. It has been assumed that these

patients first experienced a reduction in T-cell function and
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that this led, in turn, to greater susceptibility to

candidiasis. The results reported here suggest that the T-

cell dysfunction may occur as a result of contact with the

microorganism. Further analysis of this possibility in patients

with candidiasis appears justified.
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III. Effect of prostaglandin synthetase inhibitors on
Candida albicans-induced immunosuppression

INTRODUCTION

Involvement of prostaglandins (PGs) as soluble mediators

of immunocompetent cell function has been the subject of

intense investigation in recent years. The PGs have been

shown to suppress in a dose-dependent manner the blastogenic

response of T-lymphocytes to phytohemagglutinin (PHA) and

the humoral antibody response of B-cells (82, 108, 112).

There is evidence that in certain cases PGs may play a

role in disordered immunoregulation associated with disease

states. Elevated levels of PG have been found in patients

with rheumatoid arthritis and allergic contact dermatitis (43).

A PG-producing suppressor cell is at least partially responsible

for the hyporesponsiveness to PHA shown by some lymphocytes from

patients with Hodgkin's disease (44).

Maintenance of several chronic infections such as

tuberculosis (32), histoplasmosis (89), and chronic muco-

cutaneous candidiasis (97) has been linked to suppressor cell

mechanisms. Little is known, however, about the role of

prostaglandins in such chronic infections.

Peripherial blood mononuclear cells (PBMC) of cattle

which develop anergy after exposure to Brucella abortus are

able to develop a positive response to Brucella antigen when
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PG synthesis is blocked with indomethacin, suggesting that PG

may be involved in the Brucella-specific immunosuppression.

The depressed PHA response of PBMC in patients with disseminated

coccidiomycosis can also be reversed with indomethacin (44).

The experiments presented here were designed to investigate a

possible role of PG in the immunosuppression induced by Candida

albicans, an organism which causes disease in humans and

experimentally infected animals.
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MATERIALS AND METHODS

Mice

Eight week old male BALB/c mice were purchased from

Simonsen Laboratories (Gilroy, CA).

In vitro priming of suppressor cells

Mice were sacrificed by cervical dislocation. A single-

cell suspension was prepared; cells were washed twice in Hank's

balanced salt solution (HBSS; GIBCO), and resuspended in

RPMI-1640 medium (GIBCO) supplemented with 1.5% L-glutamine,

2500 U ml
-1

penicillin and 2500 U ml
-1

streptomycin (RPMI

complete, RPMI-C) at 5X10
6
cells ml

-1
. Cell cultures were

primed in plastic petri dishes (Falcon) for 48 hr, with

formalinized yeast phase Candida albicans (FKCA: 0.28 ug ml -l)

prepared as previously described (97).

Primed plastic non-adherent cells were recovered with

a pasteur pipette after tilting and swirling the plate;

adherent cells were dislodged with a rubber policeman and

the plate was then flushed with cold HBSS. After two washings

(in HBSS) the primed cells were resuspended in RPMI-C for

use in the blastogenesis assay.
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In vivo primin,g,

Mice were primed with a single intravenous injection of

28 pg of FKCA. Experiments aimed at determining the proper dose

and sacrifice interval have been reported elsewhere (97).

Cell separation on glass wool columns

Spleen cells were fractionated on glass wool columns by a

modification of the method described by Webb and Jamieson (120).

Briefly, 0.6 g of glass wool (Corning Glass Works, Corning, NY)

was packed to the 10 ml mark in a 10 ml syringe, autoclaved,

and 5 ml of a 1X10
8

cells ml
-1 cell suspension in RPMI-C

supplemented with 0.25% bovine serum albumin (BSA, Miles

Research Products, Elkhart, IN) were loaded into the column.

The column was then incubated for one hour at 37°C in a humidified

CO
2

incubator. The non-adherent cells were eluted with 40 ml of

prewarmed (37°C) RPMI-C with 0.25% BSA. The glass wool was

removed into a petri dish where the adherent cells were obtained

by two successive additions of 20 ml of cold HESS and wringing

of the glass wool.

Blastogenesis assay

The blastogenesis assay was carried out according to

Fulton et al. (39) as modified by Rogers et al. (98). Briefly,

1X10
6 splenocytes were dispensed in 0.1 ml in Falcon micro-

titer plates (Falcon Plastics, Los Angeles, CA). Phyto-
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hemagglutinin (PHA, Burroughs-Wellcome, Research Triangle Park,

NC), at 1 pg ml-1 , was added into the individual wells of the

microtiter plate. Six wells were used for each experimental

group.

Plates were incubated for 48 hr at 37°C in a humidified

CO
9
incubator, and 0.5 jCi of [

3
H] thymidine (New England

Nuclear, Boston, MA) was then added in 0.05 ml of RPMI-C.

Cells were harvested onto glass fiber paper (Whatman, Clifton,

NJ), air dried and counted for radioactivity uptake in 6 ml of

a premixed scintillation solution (Econofluor, New England

Nuclear) using a model LS 8000 scintillation system (Beckman

Instruments, Irvine, CA).

Inhibitors of prostaglandin synthesis

Indomethacin, an irreversible inhibitor of the prostaglandin

synthetase, was purchased from Sigma (St. Louis, MO); RO 3-1428

was obtained from Hoffman LaRoche (Nutley, NJ). Both inhibitors

were used from 10
-7

to 10
-10

M in vitro. For in vivo treatment,

mice received 0.1 mg of indomethacin intraperitoneally 2 and 24

hr before injection with FKCA.

Preparation of cell-free supernatants

Splenocytes for the preparation of cell free supernatants

were obtained from mice injected intravenously with FKCA (28 pg

mouse
-1

) 8 days before sacrifice. A cell suspension of 1.5X10
7

cells ml
-1

in RPMI-C was incubated for 48 hr at 37°C in a
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humidified CO
2

incubator. The cells were pelleted by centrifu-

gation at 1600 rpm and the supernatant was filtered with a 0.2

um Millipore filter (Millipore Corporation, Bedford, MA).

Fifty 111 of supernatant were used per well in the blastogenesis

assay.

High performance liquid chromatographic analysis of supernatants

Cell-free supernatants were concentrated by lyophilization,

resuspended in 0.1 ml of 0.1 M ammonium acetate buffer, pH 5.5,

and fractionated by high pressure liquid chromatography over

a 250 X 4.6 mm LiChrosorb RP-18 column (EM Reagents, Cincinnati,

OH) with a 7 X 2.1 mm Co:Pell ODS pre-column (Whatman Ltd.,

Clifton, NJ) according to procedures described previously (124).

Materials were eluted from the column with a 0-50% 2-propanol

gradient in 0.1 M ammonium acetate. HPLC fractions were freeze

dried and reconstituted in RPMI-C for further use in the

blastogenesis assay.
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RESULTS

Generation of suppression in vitro

We have reported that formalin-killed C. albicans (FKCA)

is capable of inducing suppression of the lymphocyte blastogenic

response to PHA when administered intravenously in mice (97).

Attempts were made to generate suppressor cells in vitro by

culturing splenocytes with FKCA. Results show that the optimal

dose for generating suppressor cells is 0.28 ug ml
-1

, and

that the optimal duration of priming is 2 days (Table 4 and

Figure 9).

Effect of PGSI in vitro

We have previously shown that FKCA-induced suppression can

be transferred to non-primed cells by plastic non-adherent

cells (pNAL) (97). To investigate the affect of prostaglandin

synthetase inhibitors (PGSI) on the FKCA-induced suppressor

cell population, cell mixing experiments were carried out.

BALB/c splenocytes were treated for 4 hr at 37°C with either

indomethacin or RO 3-1428, and were then primed for 48 hr with

-1
the optimal dose (0.28 ug ml ) of FKCA. Primed non-adherent

cells were washed and mixed with fresh unfractionated spleen

cells (USC) in a 1:1 proportion for the blastogenesis assay.

The data (Table 5) show that transfer of the suppression
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Table 4. Blastogenic response of splenocytes primed in vitro
for 4 days with various doses of FKCA.

DOSE
ug m1-1 media

Primed cells
a

Non-primed cellsa Suppres-
(cpm) (cpm) sion(%)b

0.028 30116 ± 3147 31434 ± 3545 4

0.280 22896 ± 2674 31434 ± 3545 27

2.800 27563 ± 2979 31434 ± 3545 12

a
Values represent the mean and standard error of the mean of at
least 4 cultures.

b
Percent suppression was calculated according to the equation

%S = 100 cpm of primed cells X. 100
cpm of non-primed cells
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Figure 9. PHA-induced blastogenesis of splenocytes cultured

with 0.28 pg ml
-1

of FKCA for 24, 48, 72, and 96 hr. The PHA

dose in all cases was 1 pg ml
-1

. Each data point represents

the mean and the standard error of the mean of at least 6

cultures.
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Table 5. Elimination of suppressor cell functiona with PGSI.

PGSI
Concentration

50% primed pNAL
b

+ 50% fresh USC

50% non-primed
b

pNAL + 50%
fresh USC

Suppres-
sion(%)`

None 15892 ± 786 35607 ± 5008 55

Indomethacin

(10
-7

M) 42379 ± 3105 38284 ± 3711 -11
d

Indomethacin

(10
-8

M) 44143 ± 2106 40754 ± 2865 -8
d

Indomethacin

(10
-10

M) 41556 ± 2490 43366 ± 3763 4

RO 3-1428

(10
-7

M) 42144 ± 5651 36522 ± 1792 -15 d

RO 3-1428

(10
-10

M) 43199 = 3851 43016 ± 3839 -0.4d

a
Suppressor cell function present in plastic nonadherent cells
(pNAL).

b
Values represent the mean and standard error of the mean of at
least 4 cultures.

c
Percent suppression was calculated according to the equation

%S = 100 cpm of primed cells X 300
cpm of non-primed cells

d
Percent stimulation above control.
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induced by FKCA can be eliminated with indomethacin or RO 3-1428

in a dose dependent manner (the optimal dose is 10-7M).

Temporal analysis of the PG-dependent event

In order to determine the PG-dependent stage of FKCA-

induced suppressor cell function ("induction" phase or

"expression" phase), spleen cells were primed with 0.28 ug ml
-1

of FKCA, and indomethacin was added at the same time, 4 hr

before FKCA treatment, or 48 hr later. Two days after treatment

with FKCA, primed plastic non-adherent cells were prepared,

mixed with fresh USC and assayed for the blastogenic response

to PEA. The results (Figure 10) show that in order to

alleviate the suppression, PG synthesis must be blocked at the

time of induction with FKCA. If PGSI is added as late as the

time of treatment with FKCA, active suppressor cell function

is still observed.

Effect of PGSI on suppressor cell in vivo

In order to determine the effect of PGSI on the induction

of suppression in vivo, mice were given one 0.1 mg dose of

indomethacin intraperitoneally 24 and 2 hr before injection

with FKCA. Splenocytes were enriched for the suppressor cell

population by glass wool adherence, and the adherent fraction

was mixed with non-primed USC and assayed for blastogenesis.

Results (Figure 11) indicate that splenocytes from mice

not treated with indomethacin exhibit twice the degree of
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Figure 10. PHA-induced blastogenesis of non-primed

splenocytes mixed with 25% indomethacin-treated FKCA-primed

plastic non-adherent splenocytes. The PHA dose in all cases

was 1 pg ml
-1

. Each data point represents the mean and

standard error of the mean of at least 4 cultures.
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Figure 11. PHA-induced blastogenesis of splenocytes from

non-primed mice mixed with glass adherent cells from mice

treated with indomethacin 24 and 2 hr before priming with

FKCA. Mice were sacrificed 4 days after FKCA treatment.

The PHA dose in all cases was 1 pg ml -1
. The bars represent

the mean and standard error of the mean of at least 6

cultures.
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suppression as those treated with indomethacin. The transfer

of suppression was dramatically reduced with adherent cells

from primed mice treated with indomethacin. These results

are consistent with data collected from experiments conducted

in vitro, and establish that the FKCA-induced suppressor cell

is dependent in PG synthesis during the induction stage.

Transfer of suppression by cell free supernatants

If PG is synthesized and released during FKCA-induced

immunosuppression, it is possible that cell-to-cell contact

may not be necessary for suppressor cell expression. To

test this hypothesis, supernatants from primed cells were

prepared and added to non-primed cells. Results (Figure 12)

show that the supernatants from cells of mice primed with

FKCA reduce the response of non-primed cells (30% suppression).

These data suggest that the FKCA-induced suppressor cell may

function in part by releasing an inhibitory mediator.

HPLC analysis of supernatants

In order to characterize the active suppressor substance,

supernatants were fractionated by HPLC and the eluted material

tested for activity. The results (Figure 13) suggest the

existence of 5 components with suppressive activity. The

coincidence between peak number 2 and the elution of PG

confirms that PG is synthesized and released into the medium
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Figure 12. PHA-induced blastogenesis of splenocytes from

non-primed mice in the presence of cell free supernatants

of cultured splenocytes from FKCA-primed mice. The PHA dose

in all cases was 1 pg ml
-1

. The bars represent the mean

and standard error of the mean of at least 6 cultures.
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Figure 13. PHA-induced blastogenesis of splenocytes from

non-primed mice in the presence of the material eluted from

the HPLC fractionation of cell-free supernatants obtained

by culturing splenocytes from FKCA-treated mice. The PHA

dose in all cases was 1 ug ml
-1

.
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during incubation of primed splenocytes. Peaks 1, 3, 4 and 5

have not been characterized further, but these appear to be

induced by the induction with FKCA.
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DISCUSSION

In a previous report we have shown that formalin-killed

Candida albicans (FKCA) induces a B suppressor cell population

capable of suppressing T-cell functions (97). In this report

data are presented which show that the induction of suppressor

cells by FKCA is dependent on prostaglandin synthesis. The

function of in vitro FKCA-primed suppressor cells is abrogated

in a dose-dependent manner by indomethacin as well as RO 3-1428,

and this dose-dependence suggest that the phenomenon is not

due to a toxic effect of the prostaglandin synthetase inhibitors

(PGSI). Zimecki and Webb (129) have shown that the regulation

of the antibody response to two T-independent antigens, DNP-

Ficoll and polyvinylpyrolidone, is also dependent on the

production of prostaglandins. These investigators have shown,

moreover, that B-lymphocytes are involved in their own

regulation by synthesizing and responding to prostaglandin.

The results reported here show that prostaglandin synthesis

is critical in the induction phase, but not the expression

phase, of suppressor cell function. Clearly, these suppressor

B-cells do not affect T-cell function by simply releasing

prostaglandin (although prostaglandin release may be an element

of their function).



73

Results of experiments with cell-free supernatants indicate

that these suppressor B-cells may function in part by

releasing inhibitory factors. The HPLC analysis of active

supernatants confirms that prostaglandins are indeed synthesized

and released into the medium. There are in the supernatants, in

addition, four components with suppressive activity which have

not been characterized. It is possible that prostaglandins

provoke the release of these suppressor components; this

explanation would be consistent with other work reported from

this laboratory (101).



74

BIBLIOGRAPHY



75

1. Adlam, C., E.S. Broughton, and M.T. Scott. 1972. Enhanced

resistance of mice to infection with bacteria following

pre-treatment with Corynebacterium parvum. Nature (London)

New Biol. 235:219-220.

2. Alford, R.H., and R.A. Goodwin. 1972. Patterns of immune

response in chronic pulmonary histoplasmosis. J.

Infect. Dis. 125:269-275.

3. Anderson, J., G. Moller, and O. Sjoberg. 1972. Selective

induction of DNA synthesis in T and B lymphocytes.

Cell. Immunol. 4:381.

4. Artz, R.P., and W.E. Bullock. 1979. Immunoregulatory

responses in experimental disseminated histoplasmosis:

depression of T-cell-dependent and T-effector responses

by activation of splenic suppressor cells. Infect. Imm.

23:893-902.

5. Arulanantham, K., J.M. Dwyer, and M. Genel. 1979. Defective

immunoregulation in familial candidiasis endocrinopathy

syndrome. N. Engl. J. Med. 300:164-168.

6. Attallah, A.M., A.H. Smith, K.D. Murrel, T. Fleischer,

J. Woody, W.E. Vannier, I. Scher, A. Ahmed, and K.W.

Sell. 1979. Characterization of the immunosuppressive

state during Schistosoma mansoni infection. J. Immunol.

122:1413-1419.

7. Austwick, P.K.C., G.A. Pepin, and J.C. Thompson. 1966.

Candida albicans and other yeast associated with animal

disease, p. 89. In Candida Infections, edited by H.I.

Winner and R. Hurley. Edinburg, E. & S. Livingstone Ltd.

8. Benancerraf, B. 1980. Regulatory T lymphocyte and their

antigen receptors, p. 3-12. In Regulatory T lymphocytes

edited by B. Pernis and H.J. Vogel Academic Press NY.

9. Berkovitch, S., and S. Starr. 1966. Effects of live type

I poliovirus vaccine and other viruses on tuberculin

test. N. Engl. J. Med. 274:67-72.

10. Bhatnagar, R., A.N. Malaviya, S. Narayanan, P. Rajgopalan,

R. Kumar, and Q.P. Bharadwaj. 1977. Spectrum of immune

response abnormalities in different clinical forms of

tuberculosis. Am. Rev. Respir. Dis. 115:207.



76

11. Blizzard, R.M., and J.H. Gibbs. 1968. Candidiasis: Studies

pertaining to its association with endocrinopathies and

pernicious anemia. Pediatrics 42:231-237.

12. Bodey, J.P. 1966. Fungal infections complicating acute
leukemia. J. Chron. Dis. 19:667.

13. Bona, C., F. Audibert, D. Juy, and L. Chedid, 1976. Cell

suppression in PPD-induced blast specific response of

human peripherial blood lymphocytes. Clin. Exp. Immunol.

26:258-266.

14. Bona, C., and L. Chedid. 1976. Stimulation of lymphocytes

by purified protein derivate: suppression by cells

from humans vaccinated with bacille Calmette-Guerin.
J. Inf. Dis. 133:465-468.

15. Boros, D.L., R.P. Pelley, and K.S. Warren. 1975. Spontaneous

modulation of granulomatous hypersensitivity in
Schistosomiasis mansoni. J. Iuuuunol. 114:1437.

16. Brahmi, Z., B. Liautaud, and F. Marrill. 1980. Depressed

cell mediated immunity in chronic dermatophyte infections.

Ann. Immunol. (Inst. Pasteur) 131C:143-153.

17. Brody, J.A., T. Overfield, and L.M. Hammes. 1964. Depression

of tuberculin reaction by viral vaccines. N. Engl. J.

Med. 271:1294-1296.

18. Buckley, C.E. III, and J.R. Vilseck, Jr. 1972. Anergy

and active tuberculosis. Clin. Res. 20:79.

19. Canales, L., R.O. Meddlemans, J.M. Louro, and M.A. South.

1969. Immunological observations in chronic mucocutaneous
candidiasis. Lancet 1:567-571.

20. Cantor, H., and E.A. Boyse. 1975. Functional subclasses

of T lymphocytes bearing different Ly antigens I. The

generation of functionally distinct T-cell subclasses

in a differentiative process independent of antigen.

J. Exp. Med. 141:1376-1389.

21. Catanzaro, A., L.E. Splinter, and K.M. Moser. 1975.

Cellular immune responses in coccidiomycosis. Cell.

Immunol. 15:360-371.

22. Chilgren, R.A., P.G. Quie, and H.J. Meuwissen. 1967.

Chronic mucocutaneous candidiasis deficiency of delayed

hypersensitivity, and selective local antibody defect.

Lancet 2:688-693.



77

23. Chisari, F.V., K.L. Castle, C. Xavier, and D.S. Anderson.
1981. Functional properties of lymphocyte subpopulations
in hepatitis B virus infection I. Suppressor cell control
of T lymphocyte responsiveness. J. Immunol. 126:38.

24. Clinton, B.A., L.A. Stauber, and N.C. Palczuk. 1969.
Leishmania donovani: antibody response to chicken oval-
bumin by infected golden hamsters. Exp. Parasitol. 25:
171-180.

25. Corsini, A.C., C. Clayton, B.A. Askonas, and B.M. Ogilvie.
1977. Suppressor cells and loss of B-cell potential in
mice infected with Trypanosoma brucei. Clin. Exp.
Immunol. 29:2.

26. Crunkhorn, P., and A.L. Willis. 1969. Actions and inter-
actions of prostaglandins administered intradermally in
rat and man. Brit. J. Pharmacol. 36:216.

27. Crunkhorn, P., and A.L. Willis. 1971. Cutaneous reactions
to intradermal prostaglandins. Brit. J. Pharmacol.
41:49.

28. Domingo, E.O., and K.S. Warren. 1967. The inhibition of
granuloma formation around Schistosoma mansoni eggs.
Am. J. Pathol. 51:757.

29. Dubois, M., K.A. Gilles, J.K. Hamilton, P.A. Rebers, and
F. Smith. 1956. Colorimetric method for determination
of sugars and related substances. Anal. Chem. 28:350-
356.

30. Dweyer, J.M. 1981. Chronic mucocutaneous candidiasis.
Ann. Rev. Med. 32:491-497.

31. Eardley, D.D., and A.N. Jayawardena. 1977. Suppressor
cells in mice infected with Trypanosoma brucei. J.
Immunol. 119:1029.

32. Ellner, J.J. 1978. Suppressor adherent cells in human
tuberculosis. J. Immunol. 121:2573.

33. Faubert, G., and C.E. Tanner. 1971. Trichinella spiralis:
inhibition of sheep hemagglutinins in mice. Exp.
Parasitol. 30:120-123.

34. Ferrante, A., and Y.H. Thong. 1980. The effect of ampho-
tericin B treatment on Candida albicans-induced immuno-
suppression in mice. ILLuLtunol. Letters 1:321-323.



78

35. Fischer, G., and L. Horbach. 1958. Untersuchungen uber
Promunitat and Infektionsimmunitat bei der experimenta-
llen soorinfektion. Arch. Hyg. Bakteriol. 142:14-25.

36. Floersheim, G.L., W.H. Hopff, M. Gasser, and K. Bucher.
1971. Impairment of cell mediated immune response by
Pseudomonas aeruginosa. Clin. Exp. Immunol. 9:241-247.

37. Floersheim, G.L., J.F. Borel, D. Wiesinger, J. Brundell,
and Z. Kis. 1972. Antiarthritic and immunosuppressive
effects of Pseudomonas aeruginosa. Agents Actions
2:231-235.

38. Floerscheim, G.L., and J.J. Szeszak. 1972. Poly I Poly C
and endotoxins share immunosuppressive properties and
increase the toxicity of alpha-amanitin and hexobarbital.
Agents Actions 2:150-155.

39. Fulton, A.M., M.M. Dustoor, J.E. Kasinski, and A.A.
Balzkovec. 1975. Blastogenesis as an in vitro correlate
of delayed hypersensitivity in guinea pigs infected
with Listeria monocytogenes. Infect. Immun. 12:647-655.

40. Gatenby, P., A. Basten, and E. Adams. 1980. Thymoma and
late onset mucocutaneous candidiasis associated with a
plasma inhibitor of cell-mediated immune function. J.
Clin. Lab. Immunol. 3:209-216.

41. Gelb, A.F., C. Leffler, A. Brewer, V. Mascatello, and
H.A. Lyons. 1973. Miliary tuberculosis. Am. Rev. Respir.
Dis. 108:1327.

42. Gershon, R.H., P. Cohen, R. Hencin, and S. Liebhaber.
1972. Suppressor T cells. J. Immunol. 108:586-590.

43. Goldyne, M.E. 1977. Prostaglandins and the modulation of
immunological responses. Inter. J. Dermatol. 16:701-712.

44. Goodwin, J.S., and D.R. Webb. 1980. Regulation of the
immune response by prostaglandins. Clin. Immunol.
Immunopathol. 15:106-122.

45. Gorczynski, R.M. 1974. Immunity to murine sarcoma virus-
induced tumors. J. Immunol. 112:1826-1838.

46. Green, F. III, and E. Balish. 1979. Suppression of in
vitro lymphocyte transformation during an experimental
dermatophyte infection. Infect. Immun. 26:554-562.



79

47. Greenwood, B.M., J.H.L. Playfair, and G. Torrigiani. 1971.
Immunosuppression in murine malaria. I. General
characteristics. Clin. Exp. Immunol. 8:467-478.

48. Greenwood, B.M., H.C. Whittle, and D.H. Molyneux. 1973.
Immunosuppression in gambian trypanosomiasis. Trans.
R. Soc. Trop. Med. Hyg. 67:846-850.

49. Grim, W., M. Seitz, H. Kirchner, and E. Gemsa. 1978.
Prostaglandin synthesis in spleen cell cultures of mice
injected with Corynebacterium parvum. Cell. Immunol.
40:419.

50. Hanna, E.E., and D.W. Watson. 1968. Host-parasite relation-
ships among group A streptococci. IV. Suppression of
antibody response by streptococcal pyogenic exotoxin.
J. Bacterial. 95:14-21.

51. Henry, L., J.K.A. Beverly, J.R. Shortland, and A.J. Coup.
1973. Experimental toxoplasmic lymphoadenopathy in
rabbits. Brit. J. Exp. Pathol. 54:312-321.

52. Hermans, P.E., J.A. Ulrich, and H. Markowitz. 1969.
Chronic mucocutaneous candidiasis as a surface expression
of deep-seated abnormalities: report of a syndrome of
superficial candidiasis, absence of delayed hyper-
sensitivity, and amino aciduria. Am. J. Med. 47:503-519.

53. Holden, M., M.R. Dubin, and P.H. Diamond. 1971. Negative
intermediate strength tuberculin sensitivity in active
tuberculosis. N. Engl. J. Med. 285:1506.

54. Hurley, R. 1964. Acute disseminated (septicaemic)
moniliasis in adults and children. Postgrad. M. J.

40:644.

55. Jayawardena, A.N., and B.H. Waksman. 1977. Suppressor
cells in experimental trypanosomiasis. Nature 265:539.

56. Jones, H.E., J.H. Reinhardt, and M.G. Rinaldi. 1973. A

clinical, mycological and immunological survey for

dermatophytosis. Arch. Dermatol. 108:61-65.

57. Juhlin, L., and G. Michaelsson. 1969. Cutaneous vascular

reactions to prostaglandin in healthy subjects and
in patients with urticaria and atopic dermatitis. Acta

Dermatol. Venereal. 49:251.



80

58. Katz, D.H., and B. Benancerraf. 1972. The regulatory
influence of activated T cells on B cell responses to
antigen. In Advances in Immunology, edited by F.J.
Dixon and H.G. Kunkel. Academic Press, New York.

59. Katz, S.I., D. Parker, G. Sommer, and J.L. Turk. 1974.
Suppressor cells in normal immunization as a basic
homeostatic phenomenon. Nature 248:612-614.

60. Katz, S.I., D. Parker, and J.L. Turk. 1974. B-cell sup-
pression of delayed hypersensitivity reactions. Nature
251:550-551.

61. Kirchner, H., T.M. Chused, R.B. Heberman, H. Holden, and
D. Laurin. 1974. Evidence of suppressor cell activity
in spleens of mice bearing tumors induced by Moloney
sarcoma virus. J. Exp. Med. 139:1473.

62. Kirkpatrick, C.H., J.W. Chandler, and R.N. Schimke. 1970.
Chronic mucocutaneous moniliasis with impaired delayed
hypersensitivity. Clin. Exp. Immunol. 6:375.

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

64. Kirkpatrick, C.H., R.R. Rich, R.G. Graw, T.K. Smith, I.
Mickenger, and G.N. Rogentine. 1971. Treatment of chronic
mucocutaneous moniliasis by immunologic reconstitution.
Olin. Exp. Immunol. 9:733-748.

65. Kirpatovski, I.D., and E.S. Stanislavinsky. 1971. Immuno-
suppressive effect of cell free extracts from E. coli.
Transplant. Proc. 3:831-834.

66. Koenig, S., and M.K. Hoffmann. 1979. Bacterial lipopoly-
saccharide activates suppressor B lymphocytes. Proc.
Natl. Acad. Sci. USA 76:4608-4612.

67. Koski, I.R., D.G. Poplack, and R.M. Blaese. 1976. A non-
specific esterase stain for the identification of mon-
cytes and macrophages. p. 359 in In vitro Methods in
Cell Mediated and Tumor Immunity. Edited by B.R. Bloom
and J.R. David. Academic Press, New York.

68. Kupers, T.A., J.M. Petrich, A.W. Holloway, and J.W. St.
Gerne Jr. 1970. Depression of tuberculin delayed hyper-
sensitivity by live attenuated mumps virus. J. Pediatrics
76:716-721.



81

69. Lee, K.C. 1980. Carbonyl iron powder. p. 179 in Selected
Methods in Cellular Immunology. Edited by Barbara
B. Mishell and S.M. Shiigi. W.H. Freeman and Co. San
Francisco, CA.

70. Lee, K.L., H.R. Buckley, and C. Campbell. 1975. An amino
acid liquid synthetic medium for development of mycelial
and yeast forms of Candida albicans. Sabouradia
13:148.

71. Lehner, T., J.M.A. Wilton, and L. Ivanyi. 1972. Iimuuno-
deficiencies in chronic mucocutaneous candidosis.
Immunol. 22:775-787.

72. Louria, D.B., D.P. Stiff, and B. Bennett. 1962. Disseminated
moniliasis in the adult. Medicine 41:307.

73. Lowry, 0.H., N.J. Rosebrough, A.L. Farr, and R.J.
Randall. 1951. Protein measurement with the Folin phenol
reagent. J. Biol. Chem. 193:265-275.

74. Malakian, A.H., and J.H. Schwab. 1968. Immunosuppressant
from group A streptococci. Science 159:880-881.

75. Malakian, A.H., and J.H. Schwab. 1971. Biological
characterization of an immunosuppressant from group A
streptococci. J. Exp. Med. 134:1253-1265.

76. Malaviya, A.W., K.L. Sehgal, R. Kumar, and H.B. Dingley.
1975. Factors of delayed hypersensitivity in pulmonary
tuberculosis. Am. Rev. Respir. Dis. 112:49.

77. Mankiewicz, E., E. Stackiewicz, and M. Liivak. 1959. A
polysaccharide isolated from Candida albicans as a
growth promoting factor for tuberculosis. Can. J.
Microbial. 5:261-267.

78. Mankiewicz, E., and M. Liivak. 1960. Effect of Candida
albicans on the evolution of experimental tuberculosis.
Nature (London) 187:250-251.

79. McBride, J.S., H.S. Miclem, and J.M. Ure. 1977. Immuno-
suppression in murine malaria. I. Response to type III
pneumococcal polysaccharide. Immunol. 32:635.

80. Mendes, E., and A. Raphael. 1971. Impaired delayed
hypersensitivity in patients with South American
blastomycosis. J. Allerg. 47:17.



82

81. Mendes, N.F., C.C. Musatti, R.C. Leao, E. Mendes, and
C.K. Naspitz. 1971. Lymphocyte cultures and skin allo-
graft survival in patients with South American blasto-
mycosis. J. Allergy. Clin. Immunol. 48:40-45.

82. Melmon, K.L., H.R. Bourne, Y. Weinstein, G.M. Shearer,
J. Kram, and S. Bauminger. 1974. Hemolytic plaque for-
mation by leukocytes in vitro: Control by vasoactive
hormones. J. Clin. Invest. 53:13.

83. Meo, T. 1979. The MLR test in the mouse. p. 227 In
Immunological Methods. Edited by I. Lefkovits and B.
Pernis, Academic Press, NY.

84. Mishell, B.B., R.I. Mishell, and J.M. Shiigi. 1980.
Sephadex G-10. p. 175 in Selected Methods in Cellular
Immunology. Edited by B.B. Mishell and S.M. Shiigi.
W.H. Freeman and Co. San Francisco, CA.

85. Miller, G.A., and R.W. Jackson. 1973. The effect of
streptococcus pyogenes teichoic acid on the immune
response of mice. J. Immunol. 110:148-156.

86. Musatti, C.C., M.T. Rezkallah, E. Mendes, and N.F. Mendes.
1976. In vivo and in vitro evaluation of cell mediated
immunity in patients with paracoccidiomycosis. Cell.
Immunol. 24:365-378.

87. Musher, D.M., R.F. Schell, R.N. Jones, and A.M. Jones.
1975. Lymphocyte transformation in syphilis: an in vitro
correlate of immune suppression in vivo? Infect. Immun.
11:1261-1264.

88. Newberry, W.M., Jr., J.W. Chandler, T.D.Y. Chin, and
C.H. Kirkpatrick. 1968. Immunology of the mycosis. I.
Depressed lymphocyte transformation in chronic histo-
plasmosis. J. Immunol. 100:436-443.

89. Nickerson, D.A., R.A. Havens, and W.E. Bullock. 1981.
Immunoregulation in disseminated histoplasmosis: charac-
terization of splenic suppressor cell populations. Cell.
Immunol. 60:287-297.

90. Olson, G.B., M.A. South, and R.A. Good. 1967. PHA
unresponsiveness of lymphocytes from babies with
congenital rubella. Nature (London) 214:695-696.



83

91. Pelley, R.P., J.J. Ruffier, and K.S. Warren. 1976. The
suppressive effect of a chronic helminth infection,
Schistosomiasis mansoni, on the in vitro responses of
spleen and lymph nodes to the T-cell mitogens PHA and
Con A. Infect. Immun. 13:1176.

92. Pelus, L.M. and H.R. Strausser. 1977. Prostaglandins and
the immune response. Life Sciences 20:903-914.

93. Persson, U. 1977. Lipopolysaccharide-induced suppression
of the primary immune responses to a thymus-dependent
antigen. J. Immunol. 118:789-796.

94. Pirquet, C. von. 1908. Das verhalten der kutanen tuber-
kulivreaktion wahrend der masern. Deut. Med. Wochen-
schr. 34:1297-1300.

95. Primi, D., L. Hammarstrom, C.I.E. Smith, and G. Moller.
1977. Characterization of self reactive B-cells by
polyclonal B cell activators. J. Exp. Med. 145:21.

96. Reddy, P., D.F. Gorelick, C.A. Braser, and H. Larsh.
1976. Progressive disseminated histoplasmosis as seen
in adults. Am. J. Med. 48:629-636.

97. Rivas, V.G., and T.J. Rogers. 1981. Manuscript in pre-
paration. (First paper in this thesis.)

98. Rogers, T.J., and E. Balish. 1978. Effect of systemic
candidiasis on blastogenesis of lymphocytes from germ-
free and conventional rats. Inf. Immun. 20:142-150.

99. Rogers, T.J., and E. Balish. 1978. Suppression of lympho-
cyte blastogenesis by Candida albicans. Clin. Immunol.
and Immunopathol. 10:298-305.

100. Rogers, T.J., and E. Balish. 1980. Immunity to Candida
albicans. Microbiol. Rev. 44:660-682.

101. Rogers, T.J., I. Nowowiejski, and D. Webb. 1980. Partial
characterization of a prostaglandin-induced suppressor
factor. Cell. Immunol. 50:82.

102. Rooney, J.J., Jr., J.A. Crocco, S. Kramer, and H.A.
Lyons. 1976. Further observations in tuberculin
reaction in tuberculosis. Am. J. Med. 60:517.



84

103. Scott, M.T. 1972. Biological effects of the adjuvant
Corynebacterium parvum II. Evidence for macrophage-
T-cell interactions. Cell. Immunol. 5:469-479.

104. Sjoberg, 0. 1972. Effect of allogeneic cell interactions
on the primary immune response in vitro. Cell types
involved in suppression and stimulation of antibody
synthesis. Clin. Exp. Immunol. 12:365.

105. Simonetti, N. and V. Strippoli. 1973. Pathogenicity of
the Y form as compared to M form in experimentally
induced Candida albicans infections. Mycopathol. Mycol.
Appl. 51:19-28.

106. Scherr, G. 1953. The enhanced dissemination of moniliasis
in mice by the injection of yeast cells. J. Creighton
Univ. School Med. 8:20-24.

107. Skidmore, B.J., M. Chiller, W.O. Weigle, R. Riblet, and
J. Watson. 1976. Immunologic properties of bacterial
lipopolysaccharide (LPS): Correlation between the
mitogenic, adjuvant and immunogenic activities. J.
Immunol. 114:770.

108. Smith, J.W., A.L. Steiner, and C.W. Parker. 1971. Human
lymphocyte metabolism. Effects of cyclic and monocyclic
nucleotides on stimulation by phytohemagglutinin.
J. Clin. Invest. 50:442.

109. Smith, J.W., and J.P. Utz. 1972. Progressive disseminated
histoplasmosis. A prospective study of 26 patients.
Ann. Intern. Med. 76:557-565.

110. Stobo, J.D., S. Paul, R.E. Van Scoy, and P.E. Hermans.
1976. Suppressor thymus derived lymphocytes in fungal
infection. J. Clin. Invest. 57:319-328.

111. Stockinger, B., V. Botzenhardt, and M. Lammel. 1979.
On the feed-back regulation of humoral immune responses.
Immunol. 36:87-94.

112. Stockmann, G.D., and D.M. Mumford. 1974. The effect of
prostaglandins on the in vitro blastogenic response
of human peripherial blood lymphocytes. Exp. Hemat.
2:65.

113. Sulzberger, M.B. 1950. Immunologic changes brought about
by fungi and fungus products. Ann. N.Y. Acad. Sci.
50:767-772.



85

114. Taschdjian, C.L., F. Reiss, and P.J. Kozzinn. 1960.
Experimental vaginal candidiasis in mice its
implications for superficial candidiasis in humans.
J. Invest. Derm. 34:89-94.

115. Turk, J.L., and A.D. Bryceson. 1971. Immunological
phenomana in leprosy and related diseases. In Adv.
Immunol. 13:209-266.

116. Turk, J.L., D. Parker, and L.W. Poulter. 1972. Functional
aspects of the selective depletion of lymphoid tissue
by cyclophosphamide. Immunol. 23:493-501.

117. Vallera, D.A., U. Pflugfelder, and J. Schmidtke. 1980.
Lipopolysaccharide-induced iuununomodulation of the
generation of cell mediated cytotoxicity. I. Suppression
of the development of cytotoxic lymphocytes. J.
Immunol. 124:635.

118. Vallera, D.A., C. Gamble, and J.R. Schmidtke. 1980.
Lipopolysaccharide-induced immunomodulation of the
generation of cell mediated cytotoxicity. II. Evidence
for the involvement of a regulatory B lymphocyte. J.
Immunol. 124:641.

119. Vardinon, N., and E. Segal. 1979. Suppressive action of
Candida albicans on the immune response in mice. Exp.
Cell. Biol. 47:275-280.

120. Webb, D.R., and A.T. Jamieson. 1976. Control of mitogen
induced transformation: Characterization of a splenic
suppressor cell and its mode of action. Cell. Immunol.
24:45-57.

121. Webb, D., and P. Osheroff. 1976. Antigen stimulation of
prostaglandin synthesis and control of immune responses.
Proc. Natl. Acad. Sci. USA 73:1300.

122. Webb, D.R., and I. Nowowiejski. 1978. Mitogen-induced
changes in lymphocyte prostaglandin levels: A signal
for the induction of suppressor cell activity. Cell.
Immunol. 41:72-85.

123. Webb, D., T. Rogers, and I. Nowowiejski. 1979. Engogenous
prostaglandin synthesis and the control of lymphocyte
function. Ann. N.Y. Acad. Sci. 332:262.



86

124. Webb, D.R., K. Wider, T.J. Rogers, and I. Nowowiejski.
1980. Activation of mouse splenic suppressor cells by
endogenous prostaglandin. p. 499 in Biochemical Charac-
terization of lymphokines. Edited by A. DeWeck, F.
Kristensen and M. Landy. Academic Press, New York.

125. Wellhausen, S.R., and J.M. Mansfield. 1980. Lymphocyte
function in experimental African trypanosomiasis. III.
Loss of lymph node responsiveness. J. Immunol. 124:1183.

126. Winsten, S., and T.J. Murray. 1956. Virulence enhancement
of a filamentous strain of Candida albicans after
growth on a media containing cysteine. J. Bact. 71:738.

127. Wysocki, L.J., and V.L. Sato. 1978. "Panning" for lympho-
cytes: A method for cell selection. Proc. Natl. Acad.
Sci. USA 75:2844-2848.

128. Zembala, M., G.L. Asherson, J. Noworiski, and B. Mayhew.
1976. Contact sensitivity to picryl chloride: The
occurrence of B-suppressor cells in the lymph nodes
and spleen of immunized mice. Cell. Immunol. 25:266-278.

129. Zimecki, M., and D.R. Webb. 1976. The regulation of the
immune response to the T-independent antigens by
prostaglandins and B-cells. J. Immunol. 117:2158-2164.



87

APPENDICES



APPENDIX 1. List of abbreviations.

BCG:

BSA:

CMC:

CMI:

DNP:

DTH:

FCS:

FKCA:

GAL:

GIBCO:
GVH:

HBSS:
Hepes:
Ig:

LPS:

M:

MO:
MIF:
MLR:
NAL:

NUSC:
PBS:

PFC:

PG:

PGE:

PGF:

PGSI:
PHA:

pNAL:

PPD:

PUSC:
PWM:
RPMI-C:
RPMI-CF:
RPMI-C2F:
SDA:

SAB:

SRBC:

USC:

88

bacille Calmette Guerin
bovine serum albumin
chronic mucocutaneous candidiasis
cell mediated immunity
dinitrophenyl
delayed type hypersensitivity
fetal calf serum
formalin killed Candida albicans
glass adherent lymphocytes
Grand Island Biological Company
graft versus host reaction
Hank's balanced salt solution
N-Z-hydroxiethylpiperazine-N'-2-ethanesulfonic acid
immunoglobulin
lipopolysaccharide
molar
macrophage
migration inhibition factor
mixed lymphocyte reaction
non-adherent lymphocytes
non-primed unfractionated spleen cells
phosphate buffered saline
plaque forming cell
prostaglandin
E series prostaglandins
F series prostaglandins
prostaglandin synthetase inhibitor
phytohemagglutinin
plastic non-adherent lymphocytes
purified protein derivate
primed unfractionated spleen cells
pokeweed mitogen
RPMI complete
RPMI complete supplemented with 10% fetal calf serum
RPMI complete supplemented with 20% fetal calf serum
Sabouraud dextrose agar
Sabouraud dextrose broth
sheep red blood cells
unfractionated spleen cells
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APPENDIX 2. PHA and LPS response of non-primed spleen cells
fractionated on glass wool column.a

CELLS
PHA response

b

(cpm)

LPS response
b

(cpm)

Unfractionated (USC) 55973 ± 5788 8623 ± 910

Non-adherent (NAL) 74195 ± 3483 3562 ± 510

Adherent (GAL) 32067 ± 2914 9815 ± 1022

aPHA = 2 ug ml
-1

and LPS = 16 ug ml -1.

b
Values represent the mean and standard error of the mean of at
least 6 cultures.
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APPENDIX 3. Macrophage elimination confirmation.

Macrophage elimination was assessed by the nonspecific

esterase stain as described by Koski et al. (67). Briefly,

3X10
4
cells in 0.1 ml of RPMI-C2F were distributed on a glass

slide using a cytocentrifuge (5 minutes at 1000 rpm). The

smears were air dried and fixed in cold fixative (Na
2
HP0

4'

KH2PO4, distilled water, acetone and 30% formaldehyde) for

30 seconds, rinsed in distilled water and air dried again.

The fixed smear was immersed for 45 minutes at 37°C in a mixture

of 0.066 M Sorenson's buffer, sodium nitrite, pararosanilin

(Sigma) and a-Naphthyl butyrate (Sigma) in N,N dimethyl

formamide (Sigma). After rinsing and air drying the slides

were counterstained with methyl green.

The number of macrophages was reduced from 7% in un-

fractionated splenocytes to 1.8% in plastic non-adherent

populations, 1.00% after the carbonyl iron method and to less

than 0.10% after the Sephadex G-10 method. In all the slides

at least 500 cells were counted in different microscopic

fields.


