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Immunological and ultrastructural changes in mononuclear cells 

exposed to Mycobacterium avium serovar-specific glycopeptidolipid 

(GPL) and the chemically derived R-lipid (lipopeptide fragment) 

were examined. Viability studies and lymphoproliferative assays 

indicated that 8-lipid is the toxic and immunosuppressive moiety of 

the GPL. Treatment with GPL or B-lipid affected the ability of 

splenic mononuclear cells to respond to mitogen-induced 

blastogenesis. The B-lipid affected mitogenic activity of the 

lymphocytes at lower concentrations than GPL. The suppression was 

not due to the toxicity of the lipids. Lipid-treated peritoneal 

macrophages released suppressor factors into the culture fluid 

which were, in part, responsible for the reduction of the blastogenic 

activity. The suppression by lipids was not blocked by indomethacin. 

Flow cytometric analysis of peritoneal macrophages, using FITC-

conjugated anti-mouse monoclonal antibodies, revealed that 

treatment with 3-lipid fragment causes a marked decrease in 

expression of C3bi complement receptor, Mac-1. Thy 1.2, a T-

lymphocyte receptor, was not affected after treatment with the 

lipids. Examination by transmission electron microscopy of lipid-

treated spleen cells indicated ultrastructural changes suggestive of 



cytoplasmic alterations and accumulation of electron dense granules 

within the cytoplasm. The examination of purified T-lymphocytes 

also indicated cytoplasmic changes suggestive of a direct effect by 

B-lipid and GPL. Results presented in this study indicated that GPL 

has the capability to induce the secretion of tumor necrosis factor 

by macrophages and to increase the expression of macrophage's Mac-

2 receptor. Results indicate that GPL and the B-lipid have varying 

abilities to modify functions of immunologically important cells. 
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CHAPTER I 

INTRODUCTION 

Before the AIDS epidemic, clinical disease with nontuberculous 

mycobacteria was confined to older patients with chronic pulmonary 

disease resembling that of tuberculosis (30). Fewer than 50 cases 

of nontuberculous mycobacterium were reported before 1982 (98). 

However, the incidence of nontuberculous mycobacteria, especially 

the M. avium complex, has risen over the past several years (98) and 

the increase has been associated with the emergence of acquired 

immunodeficiency syndrome (AIDS) (47). 

Bergey's Manual of Determinative Bacteriology defines members 

of the M. avium complex as short to long pleomorphic rods with 

some filaments. Most are nonphotochromogens that are lightly 

pigmented, grow slowly, and are widely distributed as the etiologic 

agents of tuberculosis in birds, cattle, and other animals (86). 

Inocula on oleic acid albumin media usually yield either smooth, 

transparent (forming glossy, thinly spread, translucent), opaque 

(forming glossy, dome-shaped) or rough (forming flat or raised, 

nonglossy) colonies (86, 38). 

The first classification of nontuberculous mycobacteria was 

made by Runyon in 1954 on the basis of colony morphology 

chromogenicity, and growth rate (81). Runyon separated 
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nontuberculous mycobacterium into four groups-I, photochromogens; 

II, scotochromogens; III , nonphotochromogens; and IV, rapid growers 

(81). Runyon's classification was difficult because many 

nontuberculous mycobacteria can display a high frequency of 

variation in growth morphology (98). 

Later, the observation by Schaefer that smooth colonies of 

nontuberculous mycobacterium possess highly immunogenic species-

specific antigens led to the eventual description and classification 

of nontuberculous mycobacteria. Schaefer found that extractions of 

dried harvests of certain nontuberculous mycobacteria contain 

components that can be solubilized in boiling methanol (82). These 

components were found to be active against specific antisera raised 

in rabbits that were immunized with whole killed bacteria (82). The 

serotyping developed by Schaefer was used for identification and 

classification of at least 31 antigenically distinct serotypes, M. 

avium (serotype 1-3), M. intracellulars (serotype 4-28), and M. 

scrofulaceum (serotype 41-43) (82). 

Lately, the term M. avium complex has been used to designate 

two highly related organisms; M. avium and M. intracellular which 

were classified as being in group I I I of Runyon's classification. 

Because of antigenic similarities between M. scrofulaceum and M. 

avium complex, some authors classified M. avium complex and M. 

scrofulaceum as the M. avium-intracellulare-scrofulaceum or MAIS 

(98). 

For some time, it was difficult to differentiate M. avium and M. 

intracellular due to lack of defined biochemical reactions. The 



only means of identification for these two groups was on the basis 

of pathogenicity for chickens. Members of M. intracellulars are 

predominantly nonpathogenic for chickens as opposed to M. avium 

which are virulent (83) and can establish slow progressive lung and 

spleen infections (98). The reason for these differences is unclear, 

but it seems to correlate with colony morphology and antigenic 

composition (83, 17). Molecular biology techniques, i.e. restriction 

fragment length polymorphism (RFLP), have allowed for faster and 

more precise identification of M. avium and M. intracellular (62). 

The study of DNA composition of M. intracellular and M. avium has 

indicated that although many M. intracellular serotypes are 

genetically different from M. avium; serotypes 4, 5, 6, and 8 are 

indistinguishable and are now considered M. avium serotypes (62). 

M. avium complex is ubiquitous in nature (34). Soil, house dust, 

water, dried plants, and bedding are among the environmental 

sources from which members of the M. avium complex have been 

isolated (98). The organism is not usually regarded as a common 

member of the intestinal bacterial flora (71) and in most instances 

M. avium complex is nonpathogenic to humans (61). The disease 

caused by M. avium complex does not appear to be the result of 

person-to-person transmission (47) and seems to require a 

predisposing condition such as AIDS or untreated hairy cell leukemia 

(98, 102). It is unclear whether the infections with M. avium 

complex result following an HIV infection or are already established 

in a host (17). Some data, however, suggest that M. avium complex 

infections may be already established within the host's tissues 



before the HIV plays a direct immunosuppressive role (17). 

The pulmonary infections with M. avium complex are one of the 

most common infections in AIDS patients and can produce a life-

threatening pneumonia (85, 101). It has been reported that AIDS 

patients infected with M. avium die earlier than those infected with 

other opportunistic pathogens (30, 48). Thus, M. avium complex has 

been suggested as a cofactor in the development of terminal stage in 

the AIDS patients (19). 

The pulmonary infections with M. avium complex are one of the 

most common infections in AIDS patients and can produce a life-

threatening pneumonia (85, 101). It has been reported that AIDS 

patients infected with M. avium die earlier than those infected with 

other opportunistic pathogens (30, 48). Thus, M. avium complex has 

been suggested as a cofactor in the development of the terminal 

stage in the AIDS patients (19). 

Many investigators believe that a majority of the nontuberculous 

mycobacteria isolates from people suffering of AIDS are members of 

the M. avium complex (63). The predominant serotype of M. avium 

complex isolates in HIV infected patients is 4 (40%), type 8 (17%), 

and type 1 (9%) (63, 100). On the other hand, serotype 8 is more 

prevalent in non-AIDS patients (39). Epidemiological studies, 

however, indicated that there are some variations in the distribution 

of M. avium complex serovars. For example, in Scandinavia the 

dominant isolate from AIDS patients is serovar 6 (19), in Los 

Angeles, AIDS patients are more commonly infected with serotype 8, 

while in New York City the predominant isolate is serovar 4 (100). 



The reason for this difference in distribution of serotypes remains 

unanswered. 

Acquisition of M. avium complex by HIV infected persons appears 

to occur via exposure to environmental sources i.e., drinking water 

(18, 97) and the portal of entry is considered to be the 

gastrointestinal (Gl) tract (20). The mechanism by which the 

organism crosses the epithelial barrier of the Gl tract has not been 

demonstrated, but it has been postulated that mycobacteria can 

enter into mucosal epithelial cells by pinocytosis and/or passive 

absorption (39). 

The M. avium complex, like many other opportunistic pathogens 

infecting AIDS patients, is capable of invading the host's tissue 

after the cellular immune cells have decreased in numbers (39). The 

infections by M. avium complex develop relatively late in the HIV 

infected people after the CD4+ T cell counts have decreased to less 

100 cell/mm3 (4, 47, 59). As the level of CD4+ decreases, the 

organism may cross the intestinal or bronchial mucosa, drain to the 

lymphatics, and then enter the bloodstream (19, 20, 39). The M. 

avium complex can disseminate throughout the body and multiply 

within the macrophages of the reticuloendothelial system including: 

lymph nodes, liver, spleen, and bone marrow (30, 70). Other organs 

that may be infected are thyroid, pancreas, kidney, muscle, brain and 

lungs (30, 53). Once the M. avium complex is established within the 

tissues, these opportunistic pathogens can reach up to 1010 acid-

fast bacilli per gram of tissue (18). This increase in number of M. 

avium complex results in an overloading of the host's cells (77) 



which can antagonize the normal immunological resistance to an 

infection (18). 

The exact mechanism(s) of infection by M. avium complex and 

host defense responses, whether humoral or cellular, have not been 

fully elucidated (27). The pathogenicity of the organism appears to 

result from factors that contribute to overall structure and 

integrity of the organism by either protecting the organism from the 

host's immune system and/or by causing depletion of the cellular 

responses (7, 17). 

Lipids can comprise 60% of the mycobacterial cell envelope. 

Among the extractable lipids of various mycobacteria are Wax D 

(acetone-insoluble, chloroform extractable peptidoglycolipid 

components derived from cultures of M. tuberculosis), 

phosphatidylinositol mannsoides, lipoarabinomannan (LAM), 

sulfatides, cord factor, and mycosides (2, 40). 

Some of these lipids have been studied for their biological 

importance as well as potential factors related to pathogenicity of 

the mycobacteria (55). For example, the cord factor, 6,6'-

dimycolate-a,a'-D-trehalose, was shown to be toxic to murine cells 

by affecting oxidative phosphorylation of the mitochondrial 

membranes (51, 52). Roosemond et al. (78) showed that the 

treatment of natural killer cells with lipids extracted from M. 

bovis affected membrane fluidity and inhibited their cell mediated 

cytotoxicity. Work with other species-specific glycolipids has 

shown various specific and nonspecific effects on immune cells. For 

example, phenolic glycolipid from M. leprae was found to cause 



nonspecific inflammation (13). Lipoarabinomannan and phenolic 

glycolipids were found to inhibit mitogenic activity of peripheral 

blood mononuclear cells (31, 64). 

An analysis of the M. avium envelope-associated lipids revealed 

two kinds of glycopeptidolipid (GPL); glycosylated or polar GPL and 

apolar GPL (8). The basic structure of the apolar GPL, which is 

shared by all serotypes of M. avium complex, was established by 

French investigators in the period of 1967-1971 (8, 54). The 

peptide portion of GPL contains several amino-acids and the 

carboxyl terminal of L-alaninol is linked to a methylated rhamnose 

(3,4-di-O-methylrhamnose): 

Fatty acyl-Phe-alloThr-Ala-Alaninol-(3,4-di-0-Me-Rha) 

I 
0 

I 
6-deoxyTalose 

The lipid moiety of GPL is a mixture of 3-hydroxyl and 3-

methoxyl with a C32, C34, or C36 chain with the empirical structure 

(12): 

? R 0 
I II 

CH3 (CH2)A C H = C H (CH2)B CH CH2 CH 0 

A-13-15 B= 7-11 R= H or CH3 
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The presence of GPL in mycobacteria was observed by Draper and 

Rees (25) who examined electron micrographs from liver and spleen 

tissues of the mice infected with M. lepraemurium and M. avium. 

They observed the presence of an "electron transparent zone" (ETZ), 

commonly named because of its lack of electron dense appearance, 

surrounding mycobacteria and described the ETZ as "parallel fibrils 

wrapped around the organism" (25). The fibrils were found to 

contain amino acids and 6-deoxyhexoses previously found in the GPL 

(23). This capsule has also been referred to as the L-| layer by 

Barksdale and Kim (2). Later, Barrow established that the L-| layer 

is comprised primarily of the polar GPL's (5), which are evenly 

distributed on the surface of the mycobacteria (90). Recent 

evidence using a freeze-fracture has further confirmed that GPL 

make-up the ETZ layer of the M. avium complex (80). In related 

studies involving ETZ, Rastogi et al. (75) have identified the 

presence of a polysaccharide layer, using ruthenium red as a specific 

stain for acidic polysaccharides, on the surface of members of the 

M. avium complex. They have suggested that this "polysaccharide-

rich outer layer" is a complex matrix of glycoproteins, saccharides, 

and loosely bound lipids that also contribute to the ETZ (75). 

The structural specificity of the serotypes of M. avium complex 

was demonstrated by Marks and Jenkins (58), followed by a key 

study by Brennan and Goren (9, 10). Marks and Jenkins examined the 

whole-lipid extracts of the M. avium complex (58) and reported that 

these lipid extracts exhibited unique patterns of glycolipids in thin-

layer chromatography (TLC) based on their reaction to orcinol-



sulfuric acid (49, 57). 

Later, a series of studies by Brennan and Goren established that 

the Schaefer antigens and the Marks-Jenkins lipids were the same 

and these lipids were identified as the polar GPL (10). The term 

polar GPL was used by Brennan and Goren to avoid conflict with the 

apolar GPL. Brennan recognized that a unique feature of the M. 

avium complex is a group of polar GPL with different versions of 

the polar GPL's existing in the M. avium complex. Based on these 

polar lipids, a sensitive TLC procedure has been developed to 

determine the serotypes of M. avium complex (11). The basic 

structure of the polar GPL's and the oligosaccharide units of several 

serovars have been identified (8): 

Fatty acyl-Phe-alloThr-Ala-Alaninol-(3;4-di-0-Me-Rha) 

0 

I 
Oligosaccharide 

Oligosaccharide of Serovar 4: 

6-deoxytalose-rhamnose=2-0-Me-fucose-4-0-Me-rhamnose 

The species-specificity of the oligosaccharide portion of the 

polar GPL is conveyed by the outer two or more sugar residues which 

are attached to the allo-threonine substituent of a common 

lipopeptide with a 3,4-di-O-methylrhamnose (8). Goren and Brennan 
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have drawn an analogy between these polar GPL and the 

lipopolysaccharide endotoxin of Gram-negative organisms, where the 

invariant lipopeptide is similar to lipid A and type-specific 

oligosaccharide of polar GPL is analogous to O-antigen region of 

endotoxin (10, 40). 

Brennan and Goren identified these oligosaccharide units through 

a combination of gas chromatography and mass spectroscopy (10). 

They were able to remove the oligosaccharide moiety from the 

lipopeptide-(3,4-di-0-methylrhamnose) core upon treatment of GPL 

with mild alkaline-catalyzed B-elimination (5, 10). This procedure 

is commonly used to remove O-glycosidic linkages between the 

glycans and the B-hydroxyamino acids serine and threonine which 

are easily split by mild alkaline solution leading to liberation of the 

glycan (16). Sodium borohydride (NaBH), a reducing agent, is added 

to prevent the destruction or modification of the oligosaccharide 

(16) and the linkage sugar is simultaneously reduced to the alditol 

(9, 10, 11, 63). Following the B-elimination procedure, the 

threonine in the lipopeptide fragment of the GPL is transformed into 

a-aminobutyric acid (89) which is an indication of removal of the 

oligosaccharide (16). 

The study of the oligosaccharide of several serovar-specific GPL 

has indicated that a disaccharide is the minimal size of the 

oligosaccharide among the polar GPL (12) and segments of 

variability and invariability are present within the oligosaccharide 

regions. The variable segment in the oligosaccharide portion 

provides the serological and immunological specificity which has a 
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resemblance to the structural specificity of the blood group 

glycosphingolipids (12). 

A number of studies have been devoted to the effects of the M. 

avium complex lipids on the function of cellular organelles and 

immune cells. For example, mycobacteriophage D4 was 

demonstrated to attach to GPL (41) and the 3,4-di-O-Me-rhamnose 

has been suggested as the molecule responsible for attachment of 

the phage (8). The M. avium complex lipids have been indicated in 

resistance of the organism to antimycobacterial drugs which has 

become a frustrating ordeal in clinical management of M. avium 

infections (30, 76). The resistance of the M. avium complex to 

drugs has been associated with the organism's outer envelope which 

hinders the diffusion of the drugs across the cell envelope (21, 75, 

76). The work by Rastogi et al. (73) has also suggested that when 

alterations in ETZ results from treatment with various cell wall 

inhibitors, there is enhanced susceptibility of the M. avium complex 

to known antimycobacterial agents. 

The ability of M. avium complex to survive and multiply inside 

the phagosome, even after fusion with lysosomes, has also been 

attributed to the ETZ (24, 64). In order to avoid the host lysosomal 

attack, M. avium must inhibit the fusion of lysosome and 

phagosome, impair the diffusion of lysosomal enzymes once fusion 

has occurred, and/or decrease the contents of the lysosomal 

enzymes (37). Others have also suggested that M. avium complex 

may inhibit the activation of intracellular oxidative bactericidal 

mechanisms, i.e. production of superoxide dismutase (6, 37). The 
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involvement of other mycobacterial lipids as an anti-oxidative 

factor was presented by Chan et al. (15), who indicated that 

phenolic glycolipids of M. leprae may act as a virulence factor by 

scavenging oxygen radical released by macrophages. 

The work by Rastogi et al. (74) showed that upon phagocytosis 

of M. avium, the organisms are surrounded inside the host 

macrophages by a 70- to 100-nm thick ETZ which protects the 

organism against the macrophage's microbicidal activities. The 

participation of GPL as a protective layer upon phagocytosis has also 

been indicated in the study by Rulong et al. (80) who demonstrated 

that long term infection of macrophages by M. avium complex 

results in a progressive accumulation of GPL and formation of a 

multilayer ETZ around the mycobacteria. 

Because of the recent interest in pathogenicity of M. avium 

complex, there have been a number of studies regarding the 

immunosuppressive property of the M. avium complex and its lipids. 

Several studies suggest that the M. avium complex lipids can 

adversely affect the activities of host's immune system (14, 89, 

92). Barrow et. al. (14, 45) have shown that intraperitoneal 

injection of purified GPL results in a diminished ability of mouse 

splenic lymphocytes to respond to mitogen-induced blastogenesis. 

Others using crude lipid extracts or live M. avium complex have 

reported similar findings (91, 92). The exact mechanism of these 

effects has not been thoroughly investigated. However, Sut et. al. 

(88) recently reported that the mycoside-C from M. smegmatis, 

whose structure is similar to the apolar GPL in M. avium complex, 
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can act on mitochondria by increasing the proton permeability (88) 

and suggesting the likelihood of interaction of other mycobacterial 

glycoiipids with the host's cell membrane which can disturb 

membrane structure and function (88). 

The study of the pathogenic aspects of the mycobacterial lipids 

and their interactions with the host's immune system is a critical 

factor in understanding host and parasite relationships. This sort of 

information is lacking and there are conflicting reports regarding 

interactions of the M. avium complex with the immune system. The 

fact that members of the M. avium complex are abundant in lipids, 

makes it essential to focus the attention on modulatory capabilities 

of these lipids. The recent finding by Orme et al. (71) suggests that 

AIDS patients have an elevated level of antibody to GPL, which 

further substantiates and supports the assumption that lipids in the 

cell envelope of the M. avium complex are important in the host's 

response. 

For these reasons, attempts were made to examine the effects of 

polar GPLs and their chemically derived lipopeptide core (referred to 

here as B-lipid) on mononuclear cells. The study of B-lipid, which is 

similar to other lipopeptides found in the M. avium isolates (99), is 

an important aspect in understanding the participation of these 

classes of lipids in the overall pathogenesis of the M. avium 

complex. 



CHAPTER E 

MATERIALS AND METHODS 

Mice. C576B/L female mice, ages 6-8 weeks, were purchased 

from Sasco (Omaha, Nb). They were maintained in small groups, 5 to 

6, per cage on a diet of mouse chow and water. 

Cultivation of Mycobacterium avium. Serovar 4 (TMC 1463) 

of M. avium complex was obtained from National Jewish Hospital 

and Research Center (Denver, CO.). Mycobacteria were grown in 7H11 

Middlebrook medium (Difco Laboratories, Detroit, Ml.) with addition 

of glycerol and supplemented with oleic acid-albumin-dextrose-

catalase (Difco) (10 ml per 90 ml 7H9) (46). Media were inoculated 

with the mycobacteria and cultures incubated at 37°C in a shaker 

incubator (New Brunswick Scientific, Edison, NY) at 125 rpm. After 

the bacteria reached late stationary phase, as determined by a 

reading of 500-550 Klett units on a Klett-Summerson photoelectric 

calorimeter (Arthus H. Thomas Co., Philadelphia, PA) using a # 42 

filter, the cultures were autoclaved for 15 min and cells collected 

by centrifugation for 20 min. Mycobacteria were then lypholized and 

stored at -20°C until lipids were extracted. 

14 
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Mycobacterium Lipid Extraction. Native lipid was extracted 

from lyophylized mycobacteria with chloroform-methanol 

(2:1, v/v) by the following procedure (36). Lypholized cells were 

weighed and suspended in chloroform-methanol (2:1, v/v) at a 

volume equivalent to 32 ml/g of cells. The suspension was 

incubated overnight in a 50°C water bath. Cell debris was removed 

by filtration through a Buchner funnel with Whatman number 1 filter 

paper (Whatman International Ltd., Madistone, England) and rinsed 

with chloroform-methanol (2:1, v/v). Phosphate buffered saline 

(PBS) and chloroform-methanol (2:1, v/v) was then added to the 

filtrate to achieve a final ratio of 8:4:3 chloroform-methanol-PBS. 

The mixture was placed in a separatory funnel and the phases 

allowed to separate overnight. The lipid-containing chloroform 

phase was collected and concentrated on a rotary evaporator 

(Brinkman Instrument, Westbury, NY), rinsed several times with 

chloroform-methanol (2:1, v/v). Concentrated lipid was then 

transferred to a weighed tube, dried under nitrogen, and desiccated 

in vacuo overnight. After complete dryness, lipid was weighed, 

reconstituted with chloroform, and stored in a freezer at -20°C at a 

concentration of 100 |ig/10 jil. 

Preparation of Glycopeptidolipid. Polar glycopeptidolipid 

was purified from the crude lipid extract by silica gel column 

chromatography (22). Sixty grams of type H silica gel (Sigma 

Chemical Company, St. Louis, MO) was activated by heating in an 

oven at 120-150°C overnight. After activation, silica gel was mixed 
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with 300 ml of chloroform to form a slurry which was poured into a 

glass column with dimensions of 2.5 cm x 20 cm and packed under 

pressure. Crude lipid in chloroform was applied to the top of the 

column and the column allowed to run until lipid has absorbed onto 

column support. Chloroform was then added (400-500 ml) followed 

by increasing concentrations of methanol. Three ml fractions were 

collected on a ZLKB 2211 SuperRAc fraction collector (LKB 

Instruments, Inc., Gaithersburg, MD) and GPL eluted in 7% methanol 

(chloroform-methanol v/v). Fractions were monitored by spotting 

10 joJ of the lipid on the TLC silica gel plates (10 cm by 20 cm; 0.25 

mm thickness) purchased from Whatman. TLC Plates were 

reactivated at 110°C for 30 min before use and developed in 

chloroform-methanol-water (60:12:1). Developed chromatograms 

were air dried at room temperature and lightly sprayed with a 

solution of orcinol (0.1%) in 40% of H2SO4. The yellow-gold color 

characteristic of the lipids, as described by Marks et al. (49), 

was visualized after heating the plates for 5 to 7 min at 80-100°C 

(10). Fractions containing GPL antigens were pooled and transferred 

to weighed tubes for drying under nitrogen and desiccation. 

Preparation of B-Lipid. To obtain 6-lipid, the GPL was 

subjected to alkaline borohydride reductive B-elimination to release 

the specific oligosaccharide moiety as described previously (12, 89). 

Two hundred microgram of purified serovar 4 GPL was dissolved in 1 

ml of pyrogen-free distilled water, 4 ml of 1 N NaOH, and 200 mg of 

sodium borohydride (Sigma Chemical Co., St. Louis, MO.). The mixture 
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was then heated at 60°C for 24 hr. The sample was neutralized with 

Dowex-50W acidic cation exchange resin (Sigma) till it reached the 

pH of 6-7, and then filtered through a glass wool column. The 

sample was collected and dried on a rotary evaporator before 

partitioning in chloroform-methanol-water (8:4:3). The lower 

chloroform phase was collected and washed by chloroform-methanol 

(2:1) and the resulting G-lipid was examined by TLC. The B-lipid and 

GPL preparations were assayed for endotoxin with a Limulus 

Amebocyte Lysate Kit (Sigma) and found to contain <0.03 EU/ml 

(<0.005 ng/ml). The assay was performed as described in the Sigma 

Technical Bulletin (Sigma Chemical Co.). Briefly 50 jug of GPL was 

sonicated in 100 fil of pyrogen-free water after which 100 jil of E-

Toxate solution was added. Proper negative controls (with no lipid) 

and appropriately diluted positive controls (with endotoxin 

reference solution) were run in parallel. After 1 hr of incubation, 

tubes were inspected for any degree of gelation as an indication of a 

positive reaction (Sigma Technical Bulletin). 

Isolation of Peritoneal Macrophages. Mice were sacrificed 

by cervical dislocation and peritoneal cells removed and pooled by 

irrigation of the peritoneal cavity with 3 ml of ice-cold RPMI-1640 

(Whittaker M.A. Bioproducts Inc., Walkersville, MD.) containing 5 

sigma units of heparin per ml (46). Peritoneal cells were pooled, 

washed, and incubated for 2 hr at 37°C in a humidified atmosphere of 

5.0% CO2 in 60 mm x 15 mm tissue culture dishes (Becton Dickinson, 

Oxnard, CA.) at a density of 1 x 107 cells/dish in RPMI-1640 medium 
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supplemented with 10% FBS, 25 mM Hepes buffer, 2 mM L-glutamine, 

100 IU penicillin per ml, and 100 (ig per ml streptomycin (complete 

RPMI)(C-RPMI). Peritoneal adherent cells were removed by adding 

cold hanks balanced salt solution (HBSS) and incubating for 15 min 

on ice. Cells were then removed with the cell lifter (Costar, 

Cambridge, MA), washed in RPMI-1640 after which they were 

counted and suspended in C-RPMI (46). Cell viability was determined 

by staining with acridine orange-ethidium bromide (Becton 

Dickinson Source Book, section 2.3). Live cells always exceeded 

>90% . 

Isolation of Purified T Cell Population. To obtain purified 

splenic T cells, spleens were teased apart in 5 ml of RPMI. Cells 

were then treated with 0.83% ammonium chloride for 3 min after 

which they were washed three times with RPMI. The splenic 

adherent cells were removed first by incubating the cells for 2 hr in 

C-RPMI in 60 mm x 15 mm tissue culture dishes. Non-adherent 

splenic cells were then removed by gentle washing with pre-warmed 

RPMI and incubated with carbonyl iron particles (Technicon, 

Tarrytown, NY) in 10 ml of C-RPMI at 37°C for 45 min, followed by 

subsequent removal with a magnet (Dynal Inc., Fort Lee, N.J.) (56). 

The phagocyte-depleted cell suspension obtained by the above 

method was tested for the presence of macrophages by naphtyl 

acetate esterase staining (46). The phagocyte-depleted splenic cell 

suspension was passed twice through a nylon-wool column (50). 

Briefly, 2 g of dry nylon wool was packed into a 30 ml plastic 

syringe, which was then autoclaved. The column was rinsed with 20 
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ml of C-RPMI, the stopcock was closed, and the prepared column 

incubated for 1 hr at 37°C. After incubation, the stopcock was 

opened and the media drained. The splenic lymphocytes, 3 x 108 

cells in 4 ml of C-RPMI, were added to the column with an additional 

5 ml of media to ensure that the top of the wool was covered with 

media. The column was then incubated for an additional 45 min at 

37°C. Non-adherent cells were eluted with 30 ml of pre-warmed 

medium at the rate of 1 drop/sec. The collected cells were 

centrifuged at 1200 rpm for 10 min and the supernatant discarded. 

To determine the presence of B cells in the purified T cell 

preparation, LPS was then added to purified T cell population. Lack 

of the blastogenic response to LPS confirmed the absence of the B 

cells. 

In some experiments purified thymic T cells were used. 

Macrophages and B-lymphocytes were removed by plastic adherence 

followed by passage through nylon wool column as described in the 

above. 

Isolation of Purified B cell Population. For depletion of T 

cells, the phagocyte-depleted cell suspension was adjusted to 1 x 

107 cell/ml in RPMI 1640 medium, followed by addition of anti-Thy 

1.2 monoclonal antibody (mAb) (ICN ImmunoBiologicals, Lisle, IL) at 

a final dilution of 1:1000. After incubation for 45 min on ice, cells 

were washed and then incubated at 37°C for 30 min in the same 

medium containing 1:5 dilution of complement (Low-Tox-M rabbit 

complement, Cedarlane Laboratories, Westbury, NY). Cells were 
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subjected to two cycles of treatment with anti-Thy 1.2 mAb and 

complement (45). The optimum dilutions of the complement lysis 

were determined in a separate experiment resulting in 95% lysis of 

the thymocytes compared to the control cell population which was 

treated with the complement only. The effectiveness of depletion of 

anti-Thy 1.2 positive cells was confirmed by elimination of the 

blastogenic response of the depleted T cells preparation to con A and 

PHA. 

Preparation of la-Negative Cell Population. To remove 

l-A^ positive cells, splenic cell suspensions was treated with anti-

l-Ab monoclonal antibody (mAb) as described previously. The 

hybridoma HB 163, which secretes mouse lgG2a
 m A b against murine 

l-A13 haplotype, was purchased from ATCC (Rockville, MD). The 

hybridoma was cultured in C-RPMI and individual cells were allowed 

to grow until the hybridomas died, at which time the tissue culture 

fluids were collected. The culture media were centrifuged at 1000 x 

g for 10 min, filtered to remove the debris, and concentrated using 

an amicon ultrafiltration cell (Amicon, Danvers, MA) under nitrogen. 

The mAb was then purified by passage over sepharose affinity 

column (32). Briefly lgG2a antibody from culture media was purified 

using protein G column (Pharmacia LKB Biotechnology Inc., 

Piscataway, New Jersey). First the column was equilibrated with 

0.1 M tris pH 8.0. Culture media was adjusted to pH 8.0 and then 

added to the column, washed with 60 ml of 0.1 M tris pH 8.0, 

followed by addition of 30 ml of 0.1 M glycine pH 5.5. Antibody was 
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eluted by addition of 40 ml of 0.1 M glycine pH 3.0. The eluates were 

collected in 1.5 ml tube containing 100 |o.l of 1 M tris pH 8.0 to 

adjust the pH to neutral. The purity was confirmed using 10% gel 

electrophoresis (Fig. 1) and the protein content was measured by 

bradford protein assay (Bio-Rad Laboratories, Richmond, CA). Bovine 

serum albumin (BSA) (Sigma) was used as the protein standard. The 

purified lgG2a was kept at -20°C in PBS containing 0.1% BSA and 

0.1% sodium azide. 

Assay of Cell Viability. Cells in the culture were gently 

suspended and viability was determined with acridine orange-

ethidium bromide (Becton Dickinson Source Book, section 2.3). 

Briefly, equal volumes of cell suspension and dye were mixed and 

counted on a Zeiss fluorescence microscope (Carl Zeiss, inc., 

Thomwood, NY) using an American Optical Bright-Line 

hemacytometer (American Optical, Buffalo, NY). At least 200 cells 

were counted from each well and the percentage of viable cells was 

determined by acridine orange-ethidium bromide staining: 

Number of the viable cells in the experimental wells 
— — x 100 

Number of the viable cells in the control wells 

Lymphocyte Proliferation Assay. For each experiment, 

aliquots of the GPL and 8-lipid stock solutions in chloroform were 

removed, dried under filtered nitrogen, and washed several times 

with methanol, after which they were dissolved in 
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proponakmethanol (2:1). The GPL and 6-lipid solutions (or 

proponal:methanol alone in control experiments) were added 

dropwise to 96 microtiter culture wells (Becton Dickinson) and 

dried under sterile conditions overnight prior to addition of the 

splenic cells. 

The splenic cells were deposited at 100 ^l/well (4 x 106 

cells/ml) in triplicate. The plates were cultured for 2 hr with GPL 

or B-lipid after which mitogens; phytohaemagglutinin (PHA) 

(Wellcome Research Laboratories, Dartford, England), concanvalin A 

(Con-A)(Sigma), or lipopolysaccharide (LPS) (Difco) were added. The 

cells were then incubated for 72 hr and pulsed for the last 6 hr with 

1 juiCi/well of radiolabeled thymidine {[methyl-3H]-thymidine, 

specific activity 6.7 Ci/mmol; ICN Biomedicals, Inc.). Cells were 

harvested onto a glass fiber filter (Biomedical Research & 

development Labs, Gaithersburg, MD) by using a cell harvester (Flow 

Laboratories, Inc., Rockville, MD.). Radioactivity was determined by 

counting filters in EcoLume, and measured by liquid scintillation 

counter (Beckman Instruments, Inc., Irvine, CA). The results were 

expressed as the difference in counts per min in response to 

mitogens minus the background from unstimulated cultures (14). 

In some experiments, indomethacin (sigma) was added to the 

cultures to block the production of prostaglandin (PGE). 

Indomethacin was first dissolved in ethanol and after being 

appropriately diluted, it was added to the culture at various 

concentration at beginning of the culture. 
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Release of Soluble Factor(s) in the Culture Medium. In 

the study examining the release of soluble factor(s), adherent 

peritoneal macrophages were obtained as previously described. 

Peritoneal macrophages were then cultured in presence of 50 jxg of 

GPL or 6-lipid and cells only (control) for 0.5, 1, 2, 4, and 24 hr. At 

appropriate time, the culture fluid was removed, centrifuged at 

2000 rpm for 2 min, and filtered through 0.22 jim-pore filter 

(Costar, Cambridge, MA). Then, 100 jil of the culture medium was 

mixed splenic cells for 2 hr after which Con-A or LPS added and 

proliferation assay was performed as described in the above. 

Bioassay for Tumor Necrosis Factor. The study of tumor 

necrosis factor (TNF) activity in culture fluid from untreated, GPL or 

B-lipid treated peritoneal macrophages, was determined by the 

L-929 biological cytotoxicity assay (35, 33). Briefly, 0.1 ml of L-

929 cells (4 x 105 cells/ml) was suspended in 96-well culture 

plates. After allowing the cells to adhere for 2-4 hr, 100 jil of 

culture media from GPL, B-lipid treated, and untreated control 

peritoneal macrophages were added to the plates. L-929 monolayer 

positive control with media only (100% viability and 0% 

cytotoxicity) and blank (0% viability or 100% cytotoxicity) were 

added to each plate (35). One hundred microliters of actinomycin D 

solution (5{ig/ml)(Sigma) were added to each well and the plate 

incubated overnight at 37°C. After 18-24 hr, the culture fluid was 

poured off, the monolayers stained with crystal violet for 5 min, and 

then fixed with methanol for 1 min. The monolayers were rinsed 
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with water and viability was measured by reading the plates on 

Multiskan 

Titertek Spectrophotometer at 540 nm. The percent cytotoxicity 

was determined by the following formula (60): 

% cytoxicity: Ave, of the Control-Experimental well i n 
Ave. of the Contol x 1 U U 

Flow Cytometric Analysis. A Coulter Epics V flow cytometer 

(Coulter Corporation, Hialeah, FL.) was used to make forward angle 

light scatter and fluorescence measurements. Single parametric 

histograms were acquired and control samples were compared with 

test samples by simple integration of at least 104 events. 

Immunofluorescence labeling of the cells was performed as 

described previously (14). Murine splenic T cells and peritoneal 

macrophages were adjusted to a concentration of 107 per ml and 100 

\i\ of each cell suspension was incubated with FITC-conjugated mAb 

for 30 min at 4°C. Murine splenic or thymic T lymphocytes were 

labelled with 4 |al of FITC-conjugated anti-Thy 1.2 mAb (Becton 

Dickinson, San Jose, CA) and peritoneal macrophages were labelled 

with 100 nl of diluted FITC-conjugated anti-Mac-1 mAb (Boehringer 

Mannheim Biochemicals, Indianapolis, IN.). After staining, the cells 

were washed with cold RPMI and centrifuged at 300 x g for 5 min. 

Indirect labeling of peritoneal macrophages was also performed 

using unconjugated anti-Mac-2 mAb (Boehringer Mannheim). 

Appropriately diluted FITC-conjugated rabbit anti-Rat IgG F(ab')2 

was used as secondary antibody for indirect labeling of peritoneal 
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macrophages. Labelled cells were then fixed in 1% paraformaldehyde 

in PBS and stored at 4°C in darkness until analyzed. Purified FITC-

conjugated rat IgG (Organon Teknika Corporation, West Chester, PA) 

was used as the control for nonspecific binding. 

Ultrastructural Analysis. 2 x 106 cells were added in 1.0 ml 

of C-RPMI to each well and allowed to incubate for variable time 

periods at 37°C, 5% CO2 in presence of R-lipid. Cells were then 

removed and washed twice with PBS after which they were fixed in 

0.1 M cacodylate buffer containing 3% glutaraldehyde (EM Sciences, 

Fort Washington, PA) for 24 hr at 4°C. Fixed cells were washed 

twice with cacodylate buffer, for 15 min each, and embedded in 1.5% 

agar (Difco) for 2 hr on ice. Cells were then fixed with 1% osmium 

tetroxide (EM Sciences) in 0.1 M cacodylate buffer overnight at 4°C, 

and subsequently prestained in uranyl acetate (0.5% in 70% alcohol) 

for 1 hr at 4°C. Blocks were dehydrated in 30%, 50% for 20 min, and 

in 70% alcohol overnight. The specimens were replaced with 95% 

alcohol for 10 min, followed by 4 changes of absolute ethanol (Aaper 

Alcohol and Chemical Co., Shelbyville, Ky), each for 30 min. 

Dehydration continued by replacing with 2:1, 1:1 ethanol: propylene 

oxide, followed by final dehydration 100% propylene oxide twice, 15 

min each. The specimens were then placed in Poly/Bed 812 

(PolySciences, Warrington, PA), first in propylene oxide:plastic (2:1) 

for 3 hr, then replaced with 1:1 propylene oxide:plastic overnight. 

Blocks were embedded in 100% plastic overnight and then sectioned 

using a diamond knife (Diatome U.S., Fort Washington, PA) on an 
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ultramicrotome (Sorvall Instruments, DuPont Co., Newtown, CT). The 

sections were poststained with lead acetate and uranyl acetate 

(PolySciences), and examined on a JEOL 100 CX transmission 

electron microscope (JEOL USA Inc., Medford, MA) operating at 80 kV. 

Statistical Analysis. Results were expressed as mean ± 

standard deviation in figures. All experiments were done in 

triplicate and significance was assessed by unpaired student's t 

test. 
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RESULTS 

Viability of Splenic Cells Treated with Lipids. The viability 

of splenic cells treated with GPL and B-lipid was determined by 

means of acridine orange-ethidium bromide staining. Two, twelve, 

twenty-four, and thirty-six hour treatment with 10, 20, 50 jig of (3-

lipid did not affect viability. Thirty-six hour treatment with 100 jig 

of B-lipid reduced viability to 52% ± 7% (n= 5) compared with 82% ± 

5% (n= 5) for untreated cells. Forty-eight hour treatment with 100 

jug of B-lipid reduced viability to 31% ±8% (n= 5) compared with 

77% ± 4% (n= 5) for untreated cells and 52% ± 10% (n= 5), 57% ± 9% 

(n= 5), and 62% ± 6% (n= 5) for cells treated with 10, 20, and 50 |ig 

of B-lipid, respectively. Viability was not affected following 

treatment with 10, 20, 50, or 100 jig of GPL for 2, 12, or 24 hr. The 

viability of cells exposed to GPL was reduced to 57% ± 9% (n= 5) and 

49 % ± 10% (n= 5) in presence of 100 |ig of GPL following 36 and 48 

hr treatment. There was no difference in viability between 10, 20, 

and 50 jig of GPL-treated and nontreated cells after 48 hr treatment. 

Purification of Mouse Monoclonal Antibody From Hybridoma 

Cell Culture Fluid. Protein G, from streptococci, has the property 

of binding with Fc region of IgG (Pharmacia LKB. Protein G Data 

27 
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Figure 1. A 10% SDS polyacrylamide gel of the purified 

monoclonal antibody against l-A*3 surface receptor 

from rat hybridoma cell culture fluid. Lane A, Bio-

Rad low molecular weight (LMW) standard; Lane B, 

the purified lgG2a from culture fluid; Lane C, goat 

anti-mouse lgG2a purchased from Southerns Biotech. 

Assoc. Bio-Rad LMW standard include 1, 

phosphorylase b (97Kda); 2, bovine serum albumin 

(66Kda); 3, ovalbumin (42Kda); 4, carbonic anhydrase 

(31Kda); 5, trypsin inhibitor (21Kda); 6, lysozyme 

(14Kda). 
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Sheet). Figure 1 shows the results achieved with the protein G 

Sepharose column after the purification of mAb collected from the 

hybridoma cultural fluid. Lane B shows a profile of purified IgG 

antibody. Only the bands corresponding to the heavy (60Kd) and light 

immunoglobulin chains (30Kd) were observed after chromatography. 

Adjacent lane (lane C) shows the SDS-PAGE of corresponding IgG 

sample purchased by Southerns Biotech. Assoc. (Birmingham, AL). 

Thin Layer Chromatogram of Lipids. The purity of GPL and G-

lipid was examined by TLC (Fig. 2). Examination of the TLC plate 

revealed the presence of GPL with their characteristic color 

reaction to orcinol-sulfuric acid. Migration of 6-lipid to the upper 

portion of the TLC plate, indicated that (3-lipid is an apolar lipid 

with respect to purified GPL. 

Effect of Lipids on Mitogen-lnduced Blastogenesis. For the 

proliferative assay, splenic lymphocytes were cultured in the 

presence of 5, 10, 20, 50 fig of GPL or (3-lipid (Fig. 3). The 

proliferative response of the lymphocytes to Con-A (Fig. 3A) and 

PHA (Fig. 3B) stimulation was significantly affected by (3-lipid at 

concentrations of 20 and 50 jig per 4 x 105 cells. No reduction in 

blastogenesis of splenic cells was observed at 5 and 10 jxg of 6-

lipid with either of the mitogens used. A more significant reduction 

in proliferation of GPL and (3-lipid treated-splenic cells was 

observed for the polyclonal activation of splenic cells by LPS. 

Reduction of the blastogenic response was evident at concentrations 

of 10, 20, and 50 p.g of (3-lipid per 4 x 105 cells (Fig. 3C). No 
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Figure 2. Thin layer chromatography analysis of lipids 

obtained from M. avium serovar 4. Crude lipid 

extract of M. avium (1), purified GPL (2), and B-lipid 

(3). The GPL produce a yellow-gold color and the 13-

lipid produces a pink color when sprayed with 

orcinol-sulfuric acid. The plate was developed in 

chloroform-methanol-water (60:12:1) solvent. 
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Figure 3. Blastogenic response of splenic lymphocytes to 

Con-A (A), PHA (B), and LPS (C) after in vitro 

exposure to different concentrations of GPL and 13-

lipid. Symbols: Control ( I H I ) , GPL (1 1), and B-

lipid Concentrations of mitogens were 0.25, 

0.12, and 5 îg per 200 \x\ per 4 x 105 cells for 

Con-A, PHA, and LPS, respectively. Results are 

reported as the mean net counts per minute ± 

standard deviations of triplicate samples. 

Significance: P< 0.01 (*). 
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reduction in mitogenic response was observed for cells treated with 

5 jig of (3-lipid. A similar reduction in response to LPS was also 

observed for cells treated with GPL. The response of splenic 

lymphocytes to Con-A and PHA stimulation was also affected by GPL 

at concentrations of 20 and 50 jig per 4 x 105 cells. With all 

mitogens examined, the 3-lipid was more effective at reducing the 

proliferative response of the splenic cells to mitogens than GPL. 

The reduction of mitogenic response of splenic cells exposed to 

GPL and R-lipid was also observed at optimal, suboptimal, and 

supraoptimal concentrations of Con-A, PHA, and LPS (Fig. 4). 

Increasing the concentration of mitogens did not affect the 

blastogenesis response of the treated cells. The proponakmethanol 

solvent control had no adverse effect on mitogenic response of the 

splenic cells. The maximal mitogenic response was seen at 0.25 

jig/200 ^1 for Con-A (Fig. 4A), 0.12 fig/200 jj.I for PHA (Fig. 4B), and 

5 ^ig/200 \x\ for LPS (Fig. 4C). For this reason, all subsequent 

mitogenic responses were assayed at the optimum concentrations. 

Involvement of Macrophages in Lipid-Mediated Suppression 

of B-Lymphocytes. An experiment was conducted to examine the 

role of macrophages in inhibition of proliferation of B-lymphocytes 

in response to the polyclonal activator, LPS. To obtain a purified B 

cell population, normal splenocytes were depleted of macrophages 

and T-lymphocytes. The untreated and GPL or B-lipid treated B cell 

proliferative responses to LPS were assessed in the presence of 

varying concentrations of peritoneal macrophages. 
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Figure 4. Blastogenic response of splenic lymphocytes to 

Con-A (A), PHA (B), and LPS (C) after in vitro 

exposure to optimal, suboptimal, and supraoptimal 

concentration of mitogens. Symbols: Control 

(Hi), 50 jig of GPL (1 1), and 50 p.g of B-lipid 

(WMk) The concentration of mitogens is given as 

microgram per 200 \i\ per 4 x 105 cells. Results are 

reported as the mean net counts per minute ± 

standard deviations of triplicate samples. 

Significance: P<0.01 (*). 
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The results indicate that the mitogenic response of B cells was 

independent of the concentration of macrophages present and the 

suppression of blastogenic response of the B-lymphocytes exposed 

to GPL and 13-lipid was observed following exposure with 10%, 5%, 

1%, and even 0% of peritoneal macrophages (Fig. 5). 

Mitogenic Response of Lipid-Treated la-Negative Splenic 

Cells. In order to examine the mitogenic response of la-negative 

cells in the presence of GPL and B-lipid, murine splenic cells were 

depleted of la cells by antibody-complement lysis. The removal of 

la-positive cells, predominantly B cells (1, 69), reduced the LPS-

mitogenic response by approximately 95% which demonstrated the 

depletion of B lymphocytes. The reduction in the blastogenic 

response of lipid-treated la-negative cells suggests that the 

suppression caused by GPL and B-lipid is not mediated by la-positive 

cells (Fig. 6). 

Release of Suppressive Factor(s) by Lipid-Treated 

Macrophages. To examine whether soluble factors were 

responsible for suppression of the mitogenic response, peritoneal 

macrophages were isolated and then treated with 50 jag of GPL or 6-

lipid. The culture fluids from untreated, GPL or B-lipid treated 

peritoneal macrophages were collected at 0.5, 1, 2, 4, and 24 hr of 

incubation. Samples were centrifuged and culture fluids were 

passed through a 0.22 jam filter before addition to the splenic cells. 

Con-A and LPS were then used to assess the proliferative activity in 
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Figure 5. Involvement of macrophages in GPL and B-lipid 

mediated suppression of B-lymphocytes. Symbols: 

Control ( H H ) , 50 fig of GPL (I I), and 50 of jig B-

lipid (fflfflM). Concentrations of LPS was 5 |ig per 

200 JLLI per 4 x 105 cells. Results are reported as the 

mean net counts per minute ± standard deviations of 

triplicate samples. Significance: P < 0.01 (*). 
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Figure 6. Mitogenic response of la-negative splenic cells 

exposed to GPL and B-lipid. Symbols: Control ( H I ) , 

50 jig of GPL (I I), and 50 jag of B-lipid ( H H ) . 

Concentration of PHA was 0.12 P.g/ 200 JJ,I per 4 x 

105 cells. Results are reported as the mean net 

counts per minute ± standard deviations of triplicate 

samples. Significance: P < 0.01(*). 
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a mitogenic assay. When proliferation of treated cells was 

compared with untreated values, it was observed that the 

blastogenic response to Con-A and LPS was significantly decreased. 

The reduction of splenic responsiveness to Con-A and LPS by the 

culture fluids collected from B-lipid treated macrophages was 

initially observed at 1 hr and continued through 24 hr (Fig. 7). The 

reduction of LPS and Con-A responsiveness of splenic cells by the 

culture fluids collected from GPL-treated macrophages was 

observed at 1 and 4 hr, respectively, and continued through 24 hr 

(Fig. 7). The culture fluid collected from macrophages treated with 

B-lipid or GPL at 0.5 hr did not have any suppressive activity in 

response to Con-A or LPS. 

Effect of Indomethacin on Lipid-lnduced Suppression. T o 

evaluate the release of prostaglandin by GPL or B-lipid treated 

cells, indomethacin was added to wells at the initiation of culture 

in varying concentrations ranging from 1.6 x 10"5 to 8 x 10"5 M. 

Results indicate that suppression of the blastogenesis response of 

splenic cells in the presence of lipids was unchanged by addition of 

indomethacin (Fig. 8). Addition of indomethacin did not effect the 

cell's viability or their capability to proliferate in response to 

mitogens. 

Addition of Mitogen Pre-Stimulated Cells at Different Time 

Intervals to Lipids. To examine whether the reduction in 

proliferative response of B-lipid treated splenic cells was due to 
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Figure 7. Mitogenic response of splenic lymphocytes to 

Con-A (A) and LPS (B) after in vitro exposure to 

culture fluids collected from peritoneal 

macrophages exposed to 50 jig of GPL and B-lipid. 

Symbols: Control ( H ) , GPL (I I), and 8-lipid 

i jmm) Concentration of mitogens were 0.25 and 5 

microgram per 200 p.1 per 4 x 105 cells for Con-A 

and LPS, respectively. Results are reported as the 

mean net counts per minute ± standard deviations of 

triplicate samples. Significance: P < 0.01 (*). 
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Figure 8. Effect of indomethacin on GPL and 13-lipid induced 

suppression in the presence of Con-A. Symbols: 

Control ( H H ) , 50 |ig of GPL (I I), and 50 jig of 13-

lipid ( ! H 1 ) . Concentrations of indomethacin were 

as follow: (A)= 1.2 x 10"5 M, (B)= 1.6 x 10"5 M, 

(C)= 2 x 10"5 M, (D)= 3 x 10"5 M, (E)= 4 x 10'5 M, 

(F)= 8 x 10~5 M (G)= No indomethacin. Results are 

reported as the mean net counts per minute ± 

standard deviations of triplicate samples. 

Significance: P< 0.001 (*). 
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loss of viability, an experiment was conducted in which splenic 

cells were initially stimulated with mitogen. After exposure to 

mitogen alone for periods of 12, 24, 36, and 48 hr, the stimulated 

cells were then transferred to new wells containing no lipid or 

containing 20 and 50 jig of 6-lipid. In all cases, the thymidine was 

added at 72 hr after addition of the mitogen. The results indicate 

that regardless of time of transfer of the stimulated cells to the 

wells containing G-lipid, proliferation of the splenic cells was 

inhibited. The suppression of the stimulated cells suggested that 

the inhibitory effect of 6-lipid is active throughout the experiment 

(Fig. 9) and the reduction in mitogenic response of the splenic cells 

can not be due to a loss of viability. 

Secretion of Tumor Necrosis Factor by Lipid-Treated 

Macrophages. To evaluate the capability of purified GPL or B-lipid 

to elicit TNF production, resident peritoneal macrophages were 

treated with lipids and after 24 hr, the culture fluids were removed 

and TNF assay was performed. The result was dose dependent as 

shown in figure 10. Treatment of peritoneal macrophages (4 x 105 

cells) with 20 or 50 jig of GPL, resulted in secretion of TNF which 

caused cytolysis of 28% and 56% of target cell line L-929, 

respectively. On the other hand, treatment of peritoneal 

macrophages with B-lipid at the concentrations of 20 and 50 |a,g 

resulted in killing of about 12% and 27% of the L-929 cell line, 

respectively. 
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Figure 9. Addition of mitogen pre-stimulated splenic cells at 

different time intervals to the wells containing the 

(3-lipid at different time intervals. Symbols: Control 

( B H ) , 20 jag of 6-lipid (ESI), and 50 |ig of 3-lipid 

Concentration of PHA was 0.12 microgram 

per 200 jLil per 4 x 105 cells. Results are reported as 

the mean net counts per minute ± standard 

deviations of triplicate samples. 

Significance: P < 0.01 (*). 
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Figure 10. Lysis of target cell line, L929, after exposure to 

the culture fluids of the GPL and B-lipid treated 

peritoneal macrophages. Symbols: 20 ^g GPL (WWII) 

50 fig GPL(l I), 20 jj.g B-lipid (E23), and 50 p,g 6-

lipid Results are reported as the average of 

three experiments with triplicate samples each ± 

standard deviations. Significance: P<0.01 (*). 
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Flow Cytometric Analysis of Lymphocyte and Macrophage 

Surface Receptors Exposed to Lipids. To determine whether 

macrophage receptors are affected as a result of treatment with 

GPL or B-lipid, the expression of Mac-1 and Mac-2 receptors was 

examined. The Mac-1 surface receptor of peritoneal macrophages 

was decreased approximately 2 fold below the endogenous level 

after 24 hr treatment with 50 fig of B-lipid (Fig. 11 A). For the same 

cell population, a vigorous shift in intensity of Mac-2 receptor was 

observed when cultured with GPL, but the level of the intensity of 

Mac-2 expression was unchanged in B-lipid treated cells (Fig. 11B). 

The expression of Thy 1.2 receptor by purified splenic and thymic 

T cells was not affected after 24 hr treatment with GPL or B-lipid 

(Fig. 12C, D). The immunofluorescence of cells expressing Thy 1.2 in 

untreated control and treated whole spleen preparation was also 

unchanged (Fig. 13E). The level of intensity of Ig-receptor, labelled 

with goat-anti mouse Ig, was also decreased after treatment of 

splenic cells with GPL or B-lipid (Fig 13F). 

Alterations in Ultrastructural Organization of Murine Cells 

Treated with Lipids. Murine splenic cells were treated with 

5,10, and 50 |ig of B-lipid for 6, 24, and 48 hr. In some of the 

treated cells, two features were apparent (i) accumulation of the 

round or oval electron dense granules within the cytoplasm and (ii) 

intracellular disruption of the cytoplasm. These alterations were 

not observed in untreated control cells (Fig. 14). A small proportion 

of the cells contained electron dense granules following exposure 
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with 10 fj.g of B-lipid for 6 hr (Fig. 15B). Intracellular damages 

were apparent after 24 hr treatment with 10 jug (Fig. 16B) and more 

so with 50 jag of B-lipid treated splenic cells (Fig. 16C). The 

appearance of multiple electron dense granules and extensive 

intracellular separation or disruption was common in cells treated 

with 50 jig of B-lipid (Fig. 16C). Some electron dense granules were 

also observed in cells treated with 5 jig of B-lipid after 48 hr 

(Fig. 17A). The effect of B-lipid and GPL on purified peritoneal 

macrophages and splenic or thymic T-lymphocytes was also 

examined by TEM. The photographs of peritoneal macrophages 

exposed to GPL (Fig. 19) and B-lipid (Fig. 20) indicate extensive 

intracellular damages to the cells as compare to untreated control 

(Fig. 18). The intracellular alteration was more evident in B-lipid 

treated peritoneal macrophages than GPL. When purified splenic and 

thymic T lymphocytes were treated with 50 jj.g of GPL (Fig. 22) and 

B-lipid (Fig 23) for 24 hr, extensive cytoplasmic alterations were 

also observed. These changes were not observed in the nontreated 

control cells (Fig. 21). 
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Figure 11. Flow cytometric analysis of peritoneal macrophages 

following exposure to GPL and B-lipid. Cells were 

labelled with FITC-conjugated anti-Mac-1 mAb (A) 

and indirect labeling with anti-Mac-2 mAb followed 

by a conjugated rabbit anti-Rat IgG F(ab')2 a s a 

secondary antibody (B). FITC-conjugated Rat IgG was 

used as the control for nonspecific binding. At least 

10000 cells were counted. Triplicate samples were 

performed for each study. 
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Figure 12. Flow cytometric analysis of purified splenic 

T-lymphocytes (C) and purified thymic 

T-lymphocytes (D) following exposure to 50 jig of 

GPL and 6-lipid for 24 hr. Cells were labelled with 

anti-Thy 1.2 FITC-conjugated mAb. At least 10000 

cells were counted. Triplicate samples were 

performed for each study. 
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Figure 13. Flow cytometric analysis of whole splenic cells 

labelled with anti-Thy 1.2 FITC-conjugated mAb (E) 

and FITC-conjugated goat anti-mouse Ig (F). Cells 

were exposed to 50 jig of GPL or B-lipid prior to 

flow cytometer analysis. At least 10000 cells were 

counted. Triplicate samples were performed for 

each study. 
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Figure 14. Transmission electron micrograph of an ultrathin 

section of untreated splenic cells. Nuclei are denoted 

by a "1", mitochondria by a "2". Sections were 

poststained with uranyl acetate and lead citrate and 

then examined on a JEOL 100CX transmission electron 

microscope operating at 80 kV. Bar, 1 îm. 
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Figure 15. Transmission electron micrograph of an ultrathin 

section of splenic cells treated with 5 (A), 10 (B), 

and 50 jag (C) of B-lipid for 6 hr. nuclei are denoted 

by a "1", mitochondria by a "2", electron dense 

granules associated with accumulation of B-lipid by 

a "3", and "thick arrow" denote areas of cytoplasmic 

disruption. Sections were poststained with uranyl 

acetate and lead citrate and then examined on a JEOL 

100CX transmission electron microscope operating 

at 80 kV. Bar, 1 îm. 
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Figure 16. Transmission electron micrograph of an ultrathin 

section of splenic cells treated with 5 (A), 10 (B), 

and 50 jig (C) of B-lipid for 24 hr. nuclei are 

denoted by a "1", mitochondria by a "2", electron 

dense granules associated with accumulation of 13-

lipid by a "3", and "thick arrow" denote areas of 

cytoplasmic disruption. Sections were poststained 

with uranyl acetate and lead citrate and then 

examined on a JEOL 100CX transmission electron 

microscope operating at 80 kV. Bar, 1jim. 
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Figure 17. Transmission electron micrograph of an ultrathin 

section of splenic cells treated with 5 (A,B) and and 

10 jig (C) of B-lipid for 48 hr. nuclei are denoted by 

a "1", mitochondria by a "2", electron dense granules 

associated with accumulation of 3-lipid by a "3", and 

"thick arrow" denote areas of cytoplasmic 

disruption. Sections were poststained with uranyl 

acetate and lead citrate and then examined on a JEOL 

100CX transmission electron microscope operating 

at 80 kV. Bar, 1|im. 
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Figure 18. Transmission electron micrograph of an ultrathin 

section of untreated peritoneal macrophages (A and 

B). nuclei are denoted by a "1" and mitochondria by a 

"2". Sections were poststained with uranyl acetate 

and lead citrate and then examined on a JEOL 100CX 

transmission electron microscope operating at 80 

kV. Bar, 1|im. 
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Figure 19. Transmission electron micrograph of an ultrathin 

section of peritoneal macrophages treated with 50 

jig of GPL for 24 hr (A and B). nuclei are denoted by 

a "1", mitochondria by a "2", electron dense granules 

associated with accumulation of B-lipid by a "3", and 

"thick arrow" denote areas with cytoplasmic 

disruption. Sections were poststained with uranyl 

acetate and lead citrate and then examined on a JEOL 

100CX transmission electron microscope operating 

at 80 kV. Bar, l^im. 
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Figure 20. Transmission electron micrograph of an ultrathin 

section of peritoneal macrophages treated with 50 

jig of 6-lipid for 24 hr (A and B). nuclei are denoted 

by a "1", mitochondria by a "2", electron dense 

granules associated with accumulation of G-lipid by 

a "3", and "thick arrow" denote areas with 

cytoplasmic disruption. Sections were poststained 

with uranyl acetate and lead citrate and then 

examined on a JEOL 100CX transmission electron 

microscope operating at 80 kV. Bar, 1jim. 
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Figure 21 Transmission electron micrograph of an ultrathin 

section of untreated purified splenic T-lymphocytes 

(A and B). nuclei are denoted by a "1", mitochondria 

by a "2". Sections were poststained with uranyl 

acetate and lead citrate and then examined on a JEOL 

100CX transmission electron microscope operating 

at 80 kV. Bar, Ijxm. 
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Figure 22 Transmission electron micrograph of an ultrathin 

section of purified splenic T-lymphocytes treated 

with 50 ng of GPL for 24 hr (A and B). nuclei are 

denoted by a "1", mitochondria by a "2", electron 

dense granules associated with accumulation of GPL 

by a "3",and "thick arrow" denote areas with 

cytoplasmic disruption. Sections were poststained 

with uranyl acetate and lead citrate and then 

examined on a JEOL 100CX transmission electron 

microscope operating at 80 kV. Bar, 1fim. 
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Figure 23 Transmission electron micrograph of an ultrathin 

section of purified splenic T-lymphocytes treated 

with 50 |j.g of 6-lipid for 24 hr (A and B). nuclei are 

denoted by a "1", mitochondria by a "2", and "thick 

arrow" denote areas with cytoplasmic disruption. 

Sections were poststained with uranyl acetate and 

lead citrate and then examined on a JEOL 100CX 

transmission electron microscope operating at 80 

kV. Bar, 1jim. 
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CHAPTER IV 

DISCUSSION 

In the present study, it was determined that in vitro exposure of 

purified GPL and its lipopeptide fragment results in a decreased 

responsiveness of murine splenic lymphocytes to mitogen-induced 

blastogenesis. The results indicate that treatment of splenic cells 

with GPL or 8-lipid causes a dose-dependent reduction in mitogen-

induced blastogenesis. The suppressive activity of B-lipid and GPL 

was more evident in LPS-induced blastogenesis. The reduction in 

mitogenic activity of LPS-induced blastogenesis was evident at the 

10 to 50 jig concentration range, indicating that lipids affect B-

lymphocyte mitogenic activity at levels below those that affect T-

lymphocyte's. The range of inhibition extended to suboptimal and 

supraoptimal mitogen concentrations. The suppressive activity of 

B-lipid was more evident than GPL for all mitogens examined. The 

present study, along with the previous observation that the 

oligosaccharide fragment is not responsible for immunosuppression 

(89), suggest that B-lipid is the active moiety with regard to its 

ability to inhibit mitogen-induced blastogenesis. 

The GPL and B-lipid did suppress LPS-induced blastogenesis of 

purified B cells at all concentrations of peritoneal macrophages. 

Because inhibition was still apparent after depletion of adherent 

84 
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cells, it is likely that the lipids have a direct role in the suppression 

of the LPS stimulation of the B lymphocytes. The lipid-induced 

suppression of B lymphocytes may be mediated by attachment of 

lipids to surface receptor such as immunoglobulin receptor and 

somehow modifying B lymphocyte function. 

The major histocompatibility complex (H-2) of the mouse codes 

for two major classes of cell surface structures, the classical 

transplantation antigen of the K, D regions, and the l-A antigens 

(84). Immune response (Ir) genes of the murine major 

histocompatibility complex are known to play a role in the 

regulation of responses of immune cells (79). With respect to 

mitogen-induced proliferation of lymphocytes, a number of reports 

have indicated that lymphocyte proliferation in response to 

mitogens such as Con-A (1, 42, 69), but not to PHA (1, 69, 72), is 

inhibited by treatment of splenic cells with anti-la sera and 

complement. This difference between Con-A and PHA stimulated 

cells has been attributed to a differential dependence on adherent 

cells (42). It has also been reported that macrophage-dependent T 

cell response to PHA is not dependent upon l-A antigens (42). A 

study by Tsuyuguchi et al. (92) has suggested that infection with 

M. avium complex does not affect the expression of HLA-DR. 

Tomioka et al. (91) reported that M. avium infection of splenic 

cells inhibited mitogenic activity in the absence of l-A+ cells. The 

present study also indicates that treatment of l-A negative splenic 

cells with lipids results in suppression of the mitogenic response. 

Because inhibition was still apparent after removal of l-A+ cells, it 
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is likely that a MHC unrestricted mechanism is involved in the 

immunosuppression. 

Immunosuppressive mechanisms operative in mycobacterial 

infection such as M. tuberculosis have been well documented (28, 

65). Wadee et al. (94, 95) have reported that when macrophages 

ingest M. tuberculosis, they release mycobacterial 

phosphatidylethanolamine and phosphatidylinositol into their culture 

fluids, which in turn activate suppressor CD8+ cells. Activation of 

suppressor lymphocytes results in the release of a second group of 

suppressor molecules, later identified as carbohydrate-like 

moieties that inhibit the blastogenesis of other lymphocytes (87). 

In this study, it was noted that fluids from lipid-treated 

peritoneal macrophages suppress the mitogenic activity of splenic 

cells. Significant suppressive activity was evident in the fluids 

collected as early as 1 hr. This suggests that immunosuppression of 

splenic lymphocytes is, in part, caused by release of soluble 

factor(s) and that the suppression occurs at a relatively early phase. 

This hypothesis is further substantiated by the observation that 

reduction in blastogenic response occurs after 24 hr of contact 

between the lipids and the splenic cells. A similar finding by 

Tsuyuguchi suggests that the immunosuppression by M. avium 

begins at an early phase of infection (92). 

At least three possibilities exist to explain the suppression of 

the mitogenic responses observed in the above experiments: (i) 

release of soluble factor(s) (ii) MHC unrestricted macrophage-

lymphocyte cell contact, and (iii) direct immunomodulatory effects 
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of lipids on different cell populations. The addition of prostaglandin 

inhibitor indomethacin to the culture did not abrogate the inhibitory 

effect of the lipids. This suggests that factor(s) other than the 

prostaglandin is (are) involved in the suppression of the mitogenic 

activity of the splenic lymphocytes. Tomioka et al. (91) have 

suggested that infection by M. avium complex is mediated by a 

prostaglandin-independent mechanism. They have indicated that 

although macrophage-released prostaglandin may play a role in the 

immunosuppression of lymphocytes, the addition of indomethacin 

does not overcome the suppressive action of the macrophages (91). 

Iri vitro viability assay of GPL-treated splenic cells indicated 

that GPL is relatively nontoxic. The acridine orange-ethidium 

bromide viability assay showed that B-lipid is the toxic moiety of 

the GPL with respect to its ability to reduce the number of viable 

cells. This toxicity may be due to the lipophilic nature of the 3-

lipid which allows easy excess and penetration through the lipid-

bilayer of the host's cell membrane. The penetration of the 8-lipid 

and subsequent modifications such as intracellular disruptions and 

accumulation of lipids were observed by electron microscopic 

examination of the cells. The presence of cytoplasmic alterations in 

lipid-treated splenic and thymic T-lymphocytes was also in 

agreement with the observation that the B-lipid and GPL have a 

direct affect on lymphocytes. 

Macrophage membrane receptors, such as Mac-1 and Mac-2, 

undoubtedly play active roles in various macrophage functions 

including adhesion and cellular interactions (92). The complement 
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C3bi, or Mac-1, receptor is a member of the leukocyte integrin 

family which enhances avidity of interaction between T cells and 

macrophages (44). Studies of other intracellular organisms, i.e., 

Leishmania spp. (67) and Listeria monocytogenes (26), have 

indicated that Mac-1 expression by macrophages is affected 

following infection with these organisms. It has been suggested 

that the invasion of macrophages by the members of M. avium 

complex is dependent upon the ability of the organism to bind to the 

complement receptor (6). Recently, Tsuyuguchi et al. (92) have 

demonstrated that treatment of macrophages with a member of M. 

avium complex results in a significant decrease in CD11b (Mac-1) 

on the cell surface of human mononuclear cells. In the present 

study, the immunofluorescence analysis indicated that the density 

of Mac-1 receptor is also decreased on the surface of macrophages 

after treatment with 6-lipid. The 6-lipid was 2 to 3 fold more 

active in suppressing the expression of Mac-1 receptor than GPL. It 

is possible, therefore, that the presence of a lipopeptide component 

in the GPL may have an inhibitory effect on expression or 

biosynthesis of the complement receptor C3bi and this effect may 

prevent proper functioning by the macrophages. The ultrastructural 

examination of peritoneal macrophages treated with 6-lipid 

indicated extensive intracellular damages which may coincide with 

the changes in expression of Mac-1 receptor. 

Mac-2 is also a murine macrophage cell surface receptor, a 32-

KDa protein, which plays an important role in macrophage biology. 

Ho and Springer (43), in their original characterization of the 
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antigen, found that Mac-2 is expressed on thioglycollate elicited 

peritoneal macrophages at a much higher level than unelicited 

peritoneal macrophages, suggesting that the marker is induced in 

macrophages in response to inflammatory stimuli and that it may 

represent different levels of macrophage differentiation and/or 

activation. Watson et al. (96) have shown that murine macrophages 

infected with M. tuberculosis predominantly express Mac-2 

antigens in comparison to macrophages from normal mice. In the 

present study, the treatment of peritoneal macrophages with GPL 

results in a significant increase in the expression of Mac-2 

molecules on the surface of the cells. This supports the previous 

observation in this laboratory that exposure of macrophages to GPL 

can result in "stimulated-macrophages" which exhibit several 

criteria of stimulation similar to thioglycollate, i.e., reduced 5* 

nucleotidase activity, increased vacuolation and ruffled membrane, 

and increase in the number of spreading cells (45). 

With regard to the role of macrophages in M. avium infection, 

Tomioka et al. (91) reported an enhancement of microbicidal 

activity by macrophages i.e., increased production of oxygen radicals 

in response to phorbol myristate acetate during an infection with M. 

avium complex. The release of oxygen radicals by macrophages 

infected with M. avium has also been reported by Gangadharam (38). 

Comparing different colonies of M. avium complex, Gangadharam 

indicated that the smooth variants triggered significantly more 

oxygen radicals from macrophages than did the rough variants, 

devoid of the GPLs. Furthermore, the work by Ellner (29) has 
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indicated that upon infection of macrophages by M. avium complex, 

there is an early phase in which the organism's growth appears to be 

limited, followed by a late phase in which replication occurs. This 

variation of growth may reflect the ability of macrophages to resist 

the infection during the early phase (29). These reports, along with 

the previous observations in this laboratory, support the presence of 

stimulated macrophages in the host in response to M. avium or its 

lipids. Therefore, it is possible that suppression and activation are 

closely linked in an infection by M. avium complex (91) or its lipids. 

In 1975, Carswell identified TNF in the sera from M. bovis BCG-

primed mice injected with lipopolysaccharide (93). Subsequently, 

TNF has been identified as a product of "activated macrophages". 

Several groups have reported that M. bovis and other mycobacterial 

antigens such as lipoarabinomannan and other segments of the cell 

wall skeleton are capable of eliciting TNF secretion by human and 

murine macrophages (3, 66, 93). Newman et al. (68) have indicated 

that survival of human macrophages infected with M. avium complex 

correlates with increased production of TNF by macrophages and may 

be of crucial importance in the resistance of macrophages to 

infection by M. avium complex. Hubbard and Collins (48) have 

studied lymphokine production by murine macrophages during the 

course of infection of M. avium complex and indicated significant 

levels of TNF activity after 1, 2, and 4 weeks post-infection. 

Although the secretion of TNF by macrophages in response to GPL and 

8-lipid was observed in this study, it is possible that lipids are 

capable of increased production of TNF in an in vivo setting and 
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probably by longer exposure of macrophages in vitro. An attempt 

was not made to test this hypothesis due to extreme hydrophilic 

nature of the B-lipid and the technical problems associated with 

long term in vitro culture. 

The present study, with the previous observations from this 

laboratory, suggest that the B-lipid is the toxic and 

immunosuppressive fragment of the GPL. The suppression of 

lymphocytes seems to be, in part, associated with the release of 

suppressive factor(s) by macrophages. Cell mixing experiments and 

ultrastructural examinations suggest that lipids may have a direct 

effect on different cell populations, i.e., lymphocytes and 

macrophages. 

It is likely that the differences seen in the immune responses of 

the cells exposed to B-lipid and GPL are attributed to an ability of 

lipids to modify the host's intracellular and membrane organization. 

The variation in responses may also be due to the fact that B-lipid 

is an apolar molecule and the difference in polarity may affect the 

intensity of the immune response (13). 

Results reported here suggest that GPL and B-lipid have the 

ability to alter the functions and structures of immunologically 

important cells. In the normal hosts, it is unlikely that complete 

impairment of cellular occurs, while in the immunocomprised hosts, 

the lipids may act as immunomodulators and be a contributing factor 

to the dissemination of M. avium complex. 
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