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Abstract 

A murine model of AIDS (Acquired Immune Deficiency Syndrome) for 

study of immunomodu1atory effects of alcohol on opportunistic 

infection was developed. C57BL-6 female mice were infected with 

murine retrovirus, LP-BM5. Mice were fed a liquid diet containing 

alcohol which produced withdrawal upon cessation. Controls were fed 

the diet with sucrose replacing ethanol. Dramatic differences were 

observed in spleen weight and thymus weight, but not body weight in 

virus infected or virus infected mice fed the alcohol diet. Ethanol 

suppressed the numbers of T-ce11s and macrophages. There was 

significant changes due to virus infection with and without alcohol 

treatment in T-subsets, B-ce11s and macrophages. However none were 

seen due to ethanol in uninfected controls. Alcohol further 

suppressed immune functions in retrovira11y infected mice beyond that 

caused by the virus. Some mice were cha11anged with Streptococcus 

pneumoniae and Cryptosporodium. Adult mice that had been infected 

with LP-BM5 virus for 3, 4, or 5 months, when challenged by the oral 

route with Cryptosporidium, exhibited significant colonization on the 

intestinal vi11iae by this organism 10 days following oral challenge. 

Control mice did not show any oocyst in the vi11iae after 10 days 

following oral challenge. Resistance to S. pneumoniae was 

significantly reduced by retrovira1 infection, but not by short-term, 

binge, exposure to dietary ethanol. After 38 days of LP-BM5 

infection, the virus infected alcohol fed group showed the shortest 



survival. The effects of immunization to S. pneumoniae antigens, as 

well as adoptively transferred cells in vira11y infected mice were 

studied. Survival of the mice to S. pneumoniae were influenced by 

different immunizations. The virus infected group had a much faster 

death rate in comparison than longer surviving uninfected controls. 

Immunization played an important role in delaying the death rate in 

all treated groups. Transferring normal spleen cells from healthy, 

unimmunized mice also enabled the retrovira11y infected mice to 

survive the bacterial infection longer than unimmunized, but 

retrovira11y infected mice. This indicated the potential to enhance 

resistance by immunization and the transfer of immunocompetent cells 

to a system, immunosuppressed by retrovira1 infection. 

14 

Clearly, retrovira1 infection modulates resistance with additional 

effects of ethanol. This model further expands and defines LP-BM5 

infection as a murine model of retrovira11y induced immune deficiency. 
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To investigate the concomitant effects of immunosuppressive 

compounds, opportunistic infections and retroviral infection, it l~ould 

be advantageous to use non-human subjects. Animal models offer 

economy, control of infection and drug use, as well as avoiding 

ethical questions associated with study of human subjects. Infection 

of C57BL/6 mice with LP-BM5 murine leukemia virus results in 

macrophage infection, stimulation of B-cell mitogenesis, 

immunosuppression) and eventually death. It is an excellent murine 

model of human retroviral infection. 

The National Institute on Alcohol Abuse and Alcoholism estimates 

that the cost of alcohol related problems totals 117 billion dollars, 

with alcohol dependency affecting 10.6 million Americans. Alcohol 

users have lower life expectancies and higher mortality rates at 

younger ages than non-alcoholics. Heavy consumers of alcohol show a 

significant increase in the incidence of various cancers including 

mouth, pharynx, esophagus, and liver. A component of this may be due 

to decreased cellular immune surveillance. Host defense factors 

implicated in the increased incidence of infectious diseases observed 

in alcohol abusers include depressed serum bactericidal activity, 

disordered immunoglobulin production, leukopenia, defective 

chemotaxis, impaired pulmonary clearance, impaired antigen trapping 

and processing, and diminished T-cell mitogenesis (1,8,15). 



16 

Resistance to Streptococcus pneumoniae during retroviral infection 

was significantly reduced by retrovira1 infection, but not by 

short-term, binge exposure to dietary ethanol. There was decreased 

resistance to Cryptosporidium concomitantly with increased 

immunosuppression caused by prolonged retrovira1 infection. 
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Heavy consumers of alcohol show a statistically significant 

increase in the incidence of various cancers which may be associated 

with the decreased immune surveillance seen in alcohol abuse (1). For 

example, this may result from hepatotoxic effects of ethanol that are 

a result of direct cytotoxicity, disturbed endocrine functions, 

physiological and psychological changes, the metabolism of ethanol 

itself (2), and modification. of Kuppfer cell functions. Ancillary 

effects could include poorer resistance to infectious diseases, 

especially as cancer associated immunosuppression becomes apparent. 

Several host defense factors have been implicated in the increased 

incidence of infectious diseases observed in alcohol abusers, 

including depressed serum bactericidal activity, disordered 

immunoglobulin production, leukopenia, defective chemotasis, impaired 

pulmonary clearance, impaired antigen trapping and processing, and 

diminished T-cell mitogenesis (3). Such changes can be due to the 

direct effects of ethanol or its metabolites on cells (4), as well as 

to nutritional deficiencies found frequently with alcohol abuse (5). 

These factors may also affect growth promotion of induced tumors, 

however the role of nutritional deficiencies on immune functions of 

alcohol abusers will not be reviewed. Malnutrition (5) is frequent in 

alcohol abuse, and this condition is associated with suppressed immune 

defenses (6). 



18 

I. Ethanol and Developing Immune Systems. 

The maturing immune systems of fetuses and babies are modified by 

maternal ethanol consumption. Immunosuppression induced during 

childhood may affect the development or progression of leukemias and 

the promotion of other tumors. Deficiencies in both T and B cells 

were found in children with the fetal alcohol syndrome (7,8). Amman 

et al. described four patients with DiGeorge Syndrome whose mothers 

had histories of alcoholism (8). High intake of alcohol during a 

period of rapid growth, such as when the thymus gland is developing 

and affecting T-cell maturation, could be a time for damage or 

change. Maternal alcoholism may result in the DiGeorge Syndrome 

either as the single causative factor or in conjunction with other 

teratogens. This is supported by a report of fetal alcohol syndrome 

yielding increased life-threatening bacterial infections, decreased 

E-rosette forming T cells, and decreased lymphocyte mitogenesis 

in vitro (9). In other conditions where immunosuppression is present, 

such as transplantation therapy, increased tumors are found. 

Changes in the T-cell/Null cell ratio due to reduction in cellular 

immune function is frequently seen in alcoholics and may be related to 

changes in the thymus. For example Grossman and Mendenhall (10) 

suggest that alcohol potentiates the ability of a receptor in the 

thymus to bind estrogens, which might suppress lymphocyte function. 

The estrogen can affect cell-mediated immunity by acting directly on 

the thymus because the thymus contains specific, high-affinity 
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estrogen receptors. When activated, these receptors trigger an 

increase in the production or release of circulating serum thymic 

factors which might affect lymphocyte function. The end result would 

be a depressed cell-mediated immune response in the alcoholic. Such a 

conclusion was reached by others based upon the variety of changes 

seen in increased immunoglobulins, decreased levels T-cells number and 

increased B-cell responsiveness (11). 

II. Ethanol and HLA Antigens 

Development of ethanol-induced or ethanol-modified cells may 

stimulate host defenses, with the appearance of new antigens on 

alcohol-treated cells. Monoclonal antibodies were found on HLA class 

I (A,B,C) antigens on cells of livers damaged in alcoholic patients 

but they could not be detected on hepatocyte cell membranes of healthy 

patients. They could be detected either locally or diffusely in all 

patients with alcoholic hepatitis, l'lith or without cirrhosis, as lvell 

as with a proportion of other types of acute and chronic liver disease 

(12). Certain classes of hepatocytes can express HLA (A,B,C) on the 

cell surface after exposure to alcohol or other agents. The presence 

of these antigens may then make the cells susceptible to cytotoxic 

T-cells (13). These susceptible cells cause their cytolytic action 

against hepaten or chemically sensitized target cells only when the 

T-cells and target cells have the same Class I Antigen (14). It is 

possible that the presence of these antigens or alcohol-damaged 

hepatocytes could lead to a continuation of immune damage to liver 
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cells even when the patient ceases to drink alcohol (15). 

Many of the cell surface antigens critical for immune 

responsiveness are encoded by genes contained within the major 

histocompatibility complex (MHC) (16). It has been proposed that the 

magnitude of the immune response may be directly correlated to the 

cell surface level of MHC antigens. Ethanol-induced enhancement of 

MHC antigen expression is associated with increased steady-state level 

of RNA (17), and ethanol can induce up to an eight-fold increase in 

cell surface MHC expression. Thus ethanol may influence the ability 

of cells to be stimulated and to carry out their role in immune 

regulation. 

III. Alcohol and Humoral Immunity 

Changes in antibody production may be important in alterea-d1sease 

resistance to infectious diseases (which are more frequent during the 

late stages of cancer development), certain tumors and leukemias, and 

may be involved in liver damage. Antibodies plus complement could be 

important aspects of host defense against leukemias, as well as 

against solid tumors via their enhancement of the phagocytosis 

process. Antibody-mediated mechanisms may be involved in 

alcohol-induced hepatocellular necrosis and in perpetuating liver 

injury. These processes are involved in liver cirrhosis (2,18) and 

they may also have a possible contribution to the development of 

cancers. Antibodies directed against ethanol-altered liver cell 

determinants are present in the serum of 43% of patients with 
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alcoholic liver disease and suggest a mechanism whereby chronic 

alcohol consumption may, by inducing antigenic changes in hepatocyte 

membranes, trigger a cell-damaging immune reaction (19). Alcohol use 

is therefore associated with the stimulation of antibodies with a new 

specificity but the significance of these antibodies in pathogenesis 

of alcoholic liver disease is unclear for both natural and 

ethanol-altered liver membrane antigens (2). 

While the intake of large amounts of a substance such as ethanol 

could be immunosuppressive, nutritional deficiency states as are 

sometimes found in heavy, prolonged alcohol use generally are 

associated with normal or slightly suppressed antibody function 

(20,21). For example, inadequate dietary protein, unless severely 

limiting, has often been sholyn not to significantly alter serum levels 

of IgM, IgG, IgD or IgE. Ho,~ever, moderate deficiency such as can 

occur with alcohol intake has been shown to increase serum and 

decrease secretory IgA, presumably because of poor transportation 

across mucosal membranes (21). 

Hypergammaglobulinemia of IgG, IgM, and 19A frequently occurs in 

patients with alcoholic hepatitis, or cirrhosis (22,23). Antigens 

released from the liver as a result of acute and chronic inflammation 

may cause excessive stimulation of B lymphocytes to produce 

antibodies. On the other hand, the increased serum titers of specific 

antibodies and generalized increases in serum immunoglobulin levels 

may result from autonomous intrinsic B cell hyperfunction or loss of 
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extrinsic suppressor cell regulatory influences on B lymphocyte 

proliferation (24). However, the number of circulating B cells is not 

increased in patients with cirrhotic hypergammaglobulinemia (25). 

Cultured peripheral blood lymphocytes from patients with severe 

alcoholic liver disease have enhanced spontaneous secretion of IgG and 

IgA (26), which is probably caused by increased antigenic stimulation 

of B cells and impaired T-cell immunoregulation of B cells (12). In 

general, these in vivo results are supported by in vitro studies 

(24). However, the literature showing increased serum immunoglobulin 

levels seems to be associated with severe alcoholic liver disease 

rather than just high alcoholic intake. Therefore, in the absence of 

cirrhosis, changes in IGs may not be related to alcohol intake. 

Bagasara et al. (27) found that the magnitude of a B cell response 

to T cell independent antigens such as pneumococcal polysacchride type 

III is normally regulated by suppressor T cells and elimination of T 

suppressor cells or a functional defect results in enhanced humoral 

immune response. Stolen et al. (28) reported that fish (summer 

flounder) pretreated by injection of a small amount of the alcohol 

showed complete suppression of the immune response to a 

formalin-killed sewage sludge isolate of the human enteric bacteria, 

E. Coli. 

A study of alcoholic-dependent patients without cirrhosis showed 

no significant increase in any serum immunoglobulin including IgE 

(29). IgE is elevated in the serum of patients with hepatic fibrosis 

---"-- -_.- -



or cirrhosis (11), and decreased during hospitalization. Its 

significant elevation, as ,dth that of the other immunoglobulins, 

seems to be associated with severe liver damage due to alcohol, not 

the consumption of large amounts prior to damage (29). The type and 

size of changes in antibody production and immunoglobulin levels, 

particularly in non-cirrohotics suggest that these components of 

anti-cancer host defenses are not modified much, with little 

probability of effect on tumor promotion. 

23 

IV. Cellular Immune Functions During High Dietary Alcohol Consumption 

Cytotoxic T lymphocytes, activated macrophages, and regulatory 

cell-cell communication of cellular immunity comprise a potent system 

for modifying growth of incipient cancers. Much of the research 

relating to cellular immune functional changes has been done with 

patients having alcoholic hepatitis (30). Therefore conclusions from 

this research, which involves severe and prolonged dietary stress, may 

be only indicative at best of changes which occur with lower 

consumption of alcohol without major organ damage. Alcoholic 

hepatitis is a severe form of ethanol-related liver injury 

characterized by the presence of hepatocellular necrosis, 

polymorphonuclear leukocyte infiltration, and alcoholic hyalin. 

Alcoholic hepatitis progresses to cirrhosis in 50-67% of cases and is 

considered by many to be the intermediate step in the pathogenesis of 

alcoholic cirrhosis. Only 20% of chronic alcoholics develop alcoholic 

hepatitis and the factors accounting for individual susceptibility are 

------ ----------
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unknown. However, many of the patients with cirrhosis develop tumors, 

which could be due to their poorly reactive and inadequately 

functioning host defenses. 

Patients with alcoholic liver disease have reduced skin test 

reactivity to common antigens (31,32) and poor sensitization to 

dinitrochloro-benzene (31,33). In severe cases, these immune changes 

could occur due to undernutrition, which is well known to be 

immunosuppresSive (20). The relative contribution of such factors to 

reduction in delayed hypersensitivity is difficult to measure as 

improvement in hepatic function usually parallels nutritional 

recovery. Upon clinical recovery from alcoholic hepatitis, the 

percentage of positive skin test increases (32). 

Lymphocytes of patients with alcoholic cirrhosis have impaired 

mitogen response in normal serum while normal cells have reduced 

response in cirrhotic patient serum. These reductions in mitogen 

responsiveness have been attributed to both lymphocyte and circulating 

factors (34,35). Patients with alcoholic hepatitis also have reduced 

numhers of circulating lymphocytes. In addition to absolute 

lymphopenia, alteration of lymphocyte subpopulations has been 

described. A reduction in the number of circulating thymus-dependent 

lymphocytes is seen in advanced alcoholic liver disease, especially 

alcoholic hepatitis, while the number of circulating bursa-dependent 

lymphocytes remains unchanged. Some of this may be due to 

sequestration in the liver as well as changes in thymus hormone 
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production. However, at present nothing is known about the effects of 

alcohol on thymus hormone production (36). A strong indication that 

high intakes of alcohol without liver damage cause rapid changes in 

cellular immune function was reported by Sorrel and Leevy (35). They 

showed that there was increased lymphocyte mitogenesis upon addition 

of ethanol or acetaldehyde to cell cultures in vitro. Cells from 

alcoholics with inactive cirrhosis did not produce increased 

mitogenesis upon addition of ethanol. These observations have been 

confirmed using leukocyte migration (37). 

Natural killer/killer (NK/K) cells play critical roles in early 

cytotoxicity of tumor cells or virally-infected cells, providing a 

strong defense against tumor promotion. In a study of alcoholic 

patients with and without liver disease to determine whether 

abnormalities of the lymphocyte populations were associated with 

alcohol, the NK/K cells were increased in the group of patients with 

steatosis, or without significant liver alteration. An increase of 

NK/K cell was not observed in patients who were abstinent from alcohol 

for a period of two weeks or more, suggesting that alcohol may have 

been responsible for the increase in this lymphocyte population (38). 

In murine models, decreasing liver lymphoid cells resulted in 

increased systemic infections and more frequent hepatic metastasis of 

gut-drived tumors after ingestion of alcohol or acetaldehyde. Allen 

et al. showed that after ingestion of alcohol the percentage of liver 



lymphoid cells with NK cell marker was increased and NK function was 

enhanced (39). 
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NK activity increases consistently in alcoholic patients in spite 

of other factors such as smoking or undernutrition, which are known to 

be suppressive of NK activity (40). The increase in IDC activity in 

alcoholics (40) could be correlated with an increase in Null cells or 

a decline in T-cells, but not B-cells (41). The numbers of B-cells as 

a percentage of peripheral blood lymphocytes do not change much (38). 

Others have also found a decrease in total lymphocytes as well as 

T-cells (42,43). Recent animal studies with varying alcohol intakes 

in drinking water confirm these human studies (44). IDC activity was 

significantly higher after t~10 weeks of 2, 4, 8, or 16% alcohol given 

in drinking water. These changes presumably occurred prior to 

nutritional deficiencies or liver damage, and would, therefore, be due 

to the interactions of dietary alcohol and the cellular immune 

systems. A direct stimulatory effect of alcohol on NK cells appears 

unlikely in view of the long induction phase which precedes the effect 

of alcohol feeding (44). While low levels of ethanol can stimulate NK 

cells, high, but subtoxic concentrations of alcohol added to cells 

in vitro inhibited NK activity (44,4). Since NK activity was 

increased by low levels of dietary ethanol, it potentially provides an 

unproven anti-cancer host defense mechanism. 

Generally T cell numbers were decreased by very low levels of the 

ethanol metabolites acetate and acetaldehyde added in vitro, but only 

---_ .. _--- .'-' 



27 

slightly by high levels of ethanol (4). Jerre11s et. al. (45) showed 

that ethanol administered to rats intragastrically in doses sufficient 

to cause dependency resulted in a rapid cell loss from the thymus and 

spleen. Cell loss from the peripheral blood was due primarily to a 

loss of lymphocytes but a concomitant granulocytosis resulted in only 

small changes in the total leukocyte count. Lymphocyte proliferation 

to both T- and B-cell mitogens was severely compromised by ethanol 

treatment (45). Similar results were found in rats chronically 

consuming 1 or 7% ethanol for 12 weeks (4). Long-term, high intakes 

of alcohol in humans and mice may alter the kinetics of production and 

turnover rates of lymphocytes in the thymus and/or spleen, with a 

resultant shift in relative concentrations of lymphocyte 

subpopu1ations. Migration of T-1ymphocytes to sites of chronic 

inflammation is considered an additional important functional 

characteristic of many lymphocyte-mediated immune responses. Ethanol 

depresses spontaneous as well as colchicine-induced and dibutyryl 

c-GMP-induced migration of human T-lymphocytes. Acetaldehyde, the 

biological metabolite of ethanol, appears to have effects similar to 

those of ethanol but at 20% to 10% of the ethanol concentrations 

(42). Such changes would be expected to alter local regulatory cell 

numbers and their interactions, perhaps reducing local ant1-caneer 

defenses. 

Intracellular cAMP effects activation and function of 

lymphocytes. Many compounds such as prostaglandins, beta-adrenergic 

---. _._------ --- .------ -_. 
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agonists, and adenosine, induce cAMP formation in lymphocytes via a 

receptor-mediated activation of adeny1ate cyclase (46). The increase 

in adeny1ate cyclase activity is highly stimulated by alcohol in 

different cell preparations (47). Gordon et a1. showed that the acute 

response to ethanol was markedly reduced in lymphocytes of alcoholics 

and also the unstimulated intracellular levels of cAMP were reduced in 

lymphocyte (48). 

Altered T-cell numbers, development, and function in the 

developing immune systems of young children as well as in the immune 

systems of adults would be expected to result in changes in phagocytic 

cell functions via changes in released 1ymphokines. Normally, wounds 

in tissues which have a direct blood supply are infiltrated by PMN 

(polymorphonuclear leukocytes) within a few minutes after trauma. But 

in animals and man following ethanol administration, the accumulation 

of PMN at the site of induced infection or trauma is decreased (49). 

Granulocytes maintain normal chemotasis, phagocytosis, and 

intracellular killing of bacteria even in spite of a high 

concentration of alcohol in the blood. The peripheral blood leukocyte 

numbers in ethanol-treated animals or humans do not differ from that 

of the untreated controls. However, sublethal concentrations of 

alcohol significantly inhibit adherence of the granulocytes to the 

vascular endothelial surfaces. In a recent animal study (50), a 

single dose of alcohol at the animal's first exposure suppressed the 

number of PMN entering corneal lesions. Thus alcohol quickly 

--_ .. _- -- ... 



inhibited leukocyte migration without the possibility of long-term 

physiological changes accounting for the observation, as might have 

been the case with severe prolonged alcoholism in man. 
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In contrast, in humans with advanced cirrhosis due to prolonged, 

excessive ingestion of ethanol, impaired phagocytic capacity and 

decreased metabolic activity was observed in the liver's 

reticuloendothelial system (51). In vitro, ethanol also impairs 

granulocyte chemotasis, adherence, and phagocytosis. Inability of PMN 

to adhere to capillary walls might impair diapedesis through vessels 

to sites of injury, while impairment of phagocytosis and intracellular 

killing of bacteria may account in part for the reduced ability of 

alcoholics to localize infection. Patients with alcoholic cirrhosis 

have impaired neutrophil chemotasis even in the absence of serum 

ethanol or recent alcohol consumption (52). Granulocytes isolated 

from alcoholic cirrhotic patients migrate normally in control sera but 

not in sera from cirrhotics (52). This circulating inhibitor 

inactivates exogenous chemotactic stimuli such as are provided by a 

bacterial chemotactic factor. Chemotactic inhibitory activity may be 

a result of an IgA-like factor because removal of IgA from serum of 

cirrhotics by immunoabaorption results in a loss of inhibition of 

chemotasis (53). An in vivo modulating role of this inhibitory 

activity on cell-mediated immunity is indicated by the observed 

improvement in delayed hypersensitivity after spontaneous loss of 

inhibition from serum (53). These observations suggest that 

---_._-----._- ---_.-
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suppression of granulocyte function by circulating factors could also 

predispose the patient with alcoholic cirrhosis to pyogenic infection, 

while interference with delayed hypersensitivity could account for the 

increase of granulomatous disease such as tuberculosis. In addition, 

the migration of neutrophils (54) when the complement system is 

activated can be modulated by several inhibitors including ethanol. 

Defective regulation of neutrophil chemotasis occurs in patients with 

alcohol liver disease (55). 

Altered PMN migration is significant as the reticuloendothelial 

system is a major host defense mechanism against bacterial and viral 

infections which are known to be common in alcoholics (56). Impaired 

reticuloendothelial system function, leukopenia, reduced bactericidal 

activity, and decreased motility of granulocytes might be significant 

for the enhanced susceptibility to infections in such patients (51). 

Experimental animal studies have sholrn that oral administration of 

alcohol will depress the phagocytic function of the fixed macrophages 

and that alcohol will impair the phagocytosis and intracellular 

killing of bacteria by the peritoneal macrophages. In addition, the 

phagocytic function of fixed macrophages of the reticuloendothelial 

system may be depressed in acute alcoholic patients. The suppressive 

events should also predispose to tumor promotion (growth and 

progression) at a time when T-cells sensitized to the tumor antigens 

are attracting and activating macrophages to phogacytose or otherwise 

kill tumor cells. 

~~~------------
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There is a great deal of epidemiological evidence indicating that 

chronic excessive alcohol consumption is a major risk factor for 

cancers in humans. However, the experimental. basis for the increased 

cancer risk associated with alcohol intake is not clear. Since it 

appears that ethanol alone is not carcinogenic, ethanol effects must 

be explained in terms of its modifying the actions of other causal 

agents. Current studies indicate that ethanol and congeners may act 

as tumor promoters thereby enhancing the effect of initiating 

carcinogens from the environment. 

Available evidence also shows that ethanol is immunosuppressive. 

Clearly cirrhosis due to high, prolonged alcohol intake is an 

indicator of the immunosuppressive effects of ethanol. It is less 

clear that more moderate intakes of alcohol could have as profound an 

effect on immune systems. HOl-rever, changes do occur yielding 

alterations in lymphocyte sensitivity to alcohol in vitro, and in cell 

development as sho~~ by increased NK cell function at low 

concentrations. Since other conditions, such as cytotoxic drugs, 

which suppress cellular immune functions are clearly associated with 

increased cancer risk, it is intriguing to think that prolonged 

exposure to ethanol-induced immunosuppression may be a cofactor in 

promotion of cancer. The tumor promotion may take place via a variety 

of mechanisms, including reduced host defenses. It may be beneficial 

to test methods for immunostimu1ation in prolonged alcohol abusers, 

where cessation of use is unsuccessful or residual immunosuppression 



remains, to reduce the risk of development or growth of initiated 

tumors (Table 1). 

Retrovirus Infection and Gastrointestinal Disease: 

32 

The acquired immune deficiency syndrome (AIDS) is the end stage of 

infection with a retrovirus, HIV. The incidence of AIDS in 1984 among 

single men in Manhattan and San Francisco and hemophiliacs in the 

United States was greater than 250/100,000 (57). That is comparable 

to the yearly incidence of all cancers for the general U.S. 

population, approximately 330/100,000. While HIV is accepted as the 

infectious agent that causes AIDS, other cofactors are also necessary 

for the full expression of the disease (57,58). Changes in nutrition 

especially due to diarrhea have been suggested as possible cofactors, 

usually through deficiency, in suppressing immune functions and 

accelerating progression to AIDS. Nutritional stimulation of host 

defenses may be highly important, especially in nutritional deficient 

ARC (AIDS related complex) or AIDS patients. 

Development and/or associated diarrheal diseases urgently needs 

clarification including in the role of ethanol with its 

immunosuppressive effects on AIDS. The economic impact of AIDS on the 

patient and society is very high. The average cost of caring for 

these patients in the USA with a comprehensive plan emphasizing 

outpatient care is about $85,000 per AIDS patient (59). The cost of 

caring for the much more numerous HIV infected asymptomatic and ARC 

- .. ------ -----



TABLE 1: Role of Ethanol in Immunomodu1ation 

Immune a1teration(s) 
due to alcohol 

T and B cell deficiencies, 
E-rosette forming 

T-cel1s, lymphocyte 
mitogenesis (due to 
fetal alcohol syndrome) 

Changes in T-ce11/nu11 
cell ratio (alcoholics) 

Monoclonal Ab on HLA 
Class I antigens on 
liver cells (alcoholics 
with liver damage) 

Delayed dermal 
hypersensitivity 
(alcoholic liver disease) 

Hypergammag10bulinemia 
of IgA (alcoholic 
hepatitis or cirrhosis) 

lymphocyte mitogenesis 
(Elcoho1ic cirrhosis) 

numbers of circulating 
lymphocytes (alcoholic 
hepatitis) 

Alteration of lymphocyte 
subpopu1ations (alcoholic 
hepatitis) 

Effects/Implications 

Increased in life-threatening 
infections, possible 
Increase in leukemias and 
other tumors 

Decrease cell-mediated 
immune response 

Cells more susceptible to 
cytotoxic T-ce11s, possible 
continuation of immune 
damage to liver cells after 
drinking ceases 

Decreased cell-mediated 
immune response 

Increased 

Decreased 

Decreased 

Decreased 

number of circulating Decreased 
thymus-dependent lymphocytes 
(advanced liver disease) . 

Increased NK/K cells 
(Steatosis, alcoholics) 

Increased cytotoxicity of 
tumor or vira11y-infected 
cells 
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Reference 

9, 12, 7 

11, 10 

12, 13, 15 

31, 32 

22, 23 

34-36 

34-36 

34-36 

34-36, 45 

38, 39, 40 



TABLE 1: Role of Ethanol in Immunomodu1ation 
(continued) 

Immune a1teration(s) 
due to alcohol 

Decreased PI1N at si te of 
infection or trauma (after 
alcohol ingestion) 

Impaired neutrophil 
chemotasis (alcohol 

Effects/Implications 

Decreased phagocytic cell 
functions, Decreased defense 
against bacterial and viral 
infections, possible 
Increase of tumor cell 
growth 

Decreased cell-mediated 
immunity, increased 
infections 

34 

Reference 

49, 50 

52, 53 
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-patients is not known but also is of significant magnitude. Diarrhea 

with profound wasting is one of the major symptoms of AIDS. 

Intestinal disease may be observed in 5-60% of patients with AIDS in 

the United States and close to 100% of AIDS patients in Africa and 

Haiti (60,61). 

Cryptosporidium parvum: Coccidial protozoa (Cryptosporidium, 

Microspora, Isospora) are among the most frequently reported known 

causes of intractable diarrhea in patients with AIDS (60). Prolonged 

diarrheal illnesses are associated with nutrient malabsorption, weight 

loss, inanition and death (60-62). Cryptosporidia1 infection in 

humans is characterized by watery diarrhea, cramping abdominal pain, 

weight loss and flatulence. Reversible lactase deficiency and fat 

malabsorption have been documented. The severity and duration of 

human cryptosporidiosis appears to be determined primarily by immune 

competence (60). In the immunologically normal host, the symptoms of 

cryptosporidiosis are usually explosive in onset and last a few days. 

Although self-limited, symptoms may be severe and the duration of the 

illness may be prolonged such that therapeutic intervention, were it 

available, would be warranted (60). However, in patients with AIDS, 

symptoms usually begin insidiously and escalate as the immune defect 

becomes more severe. It is not unusual for AIDS patients with 

cryptosporidiosis to require hospitalization for parenteral hydration 

and alimentation (60). Clinical symptoms and oocyst shedding in stool 

commonly persist for months until the patient dies with other 
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opportunistic infections and/or neoplasms (60). Inability to 

cultivate the organism in vitro and the absence of a symptomatic small 

animal model of the disease have severely hampered the identification 

of potentially active anticryptosporidia1 agents. It becomes critical 

to characterize cryptosporidium disease during retrovira1 infection as 

no effective therapy exists (63). Failure of most experimental 

therapeutic intervention for cryptosporidiosis in AIDS patients may 

reflect their profound immune defect rather than lack of drug efficacy 

(60). These patients with multiple, complex, concomitant problems are 

not an optimal population in which to conduct studies. Therefore 

detailed immunological studies are needed in animal models to find 

ways to enhance critical host defenses. In addition, the 

immunopathogenesis of intestinal disease in immunocompromised patients 

is also poorly understood (22) indicating needs for animal model work. 

Kotler et a1. (64) found evidence of malnutrition, malabsorption 

and abnormal jejunal and rectal histology in AIDS patients. Rectal 

mucosa demonstrated focal epithelial and crypt cell degeneration and 

intranuclear "viral inclusions" with partial villous atrophy. 

Cryptosporidia, which we will use as a model system, adhere to small 

intestinal microvillous tips and colonic epithelial cells. They 

induce a secretory diarrhea which may be due to a cholera-like toxin 

production (60,65) or stimulation of an intestinal secretagogue (66). 

If pathogenic mechanisms for AIDS enteropathies can be elucidated, 

therapies may be directed at the underlying disorders. Protein 
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undernutrition or poor absorption associated with prolonged, high use 

of ethanol is suppressive for host defenses, secretory and cellular 

immunity. It can be an effective tool in animals to understand the 

role of malnutrition associated with high alcohol use on pathogenesis 

of retroviral disese. The role(s) in these diseases of cofactors, 

particularly ethanol-induced immunosuppression, needs to be 

determined, as cofactor use can be modified. 

STREPTOCOCCUS PNEUMONIAE AND PNEUMOCOCAL POLYSACCHARIDE TYPE III: 

Streptococcus Pneumoniae is the encapsulated gram positive 

diplococcus responsible for most cases of bacterial pneumonia in 

human. Approximately 70% of bacterial pneumonias are caused by this 

organism. This strain can grow on blood agar plates in the form of 

round glistening colonies surrounded by a zone of hemolysis. They 

produce smooth mucoid colonies and the capsule protects them against 

phagocytosis or from being broken down following phagocytosis (67). 

The immune mechanisms associated with resistance to streaptococcus 

infection are dependent upon the induction of opsonizing antibody, 

which rests in enhanced phagocytosis of the organisms and subsequent 

intracellular destruction (68). PMN's and ser~m complement also play 

a role, particularly during the early phase of the infection (69). 

Thus, this host resistance model reflects the ability to produce a 

T-independent antibody response (to the streptococcal polysaccharide), 

the functional capacity of granulocytic and phagocytic cells, and 

serum complement activity. After the live bacteria gain entry to the 
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bloodstream of the non immune host, bacterial cell surfaces triggers C3 

opsonization via alternative complement pathway. A chain of events is 

thereby set into motion leading to reticuloendothelial trapping, 

phagocytosis, and killing of the invading organisms. Although the 

sequence of steps is not precisely defined, recent studies have 

proposed that liver entraps bacterial opsonized with both antibody and 

classical complement pathway-activated C3, whereas the spleen more 

efficiently clears bacteria coated with C3 alone (70). Although the 

spleen and serum complement each exert a measurable independent role 

in host resistance, these two lines of defense together exhibit a 

previously unrecognized synergism. Splenectomy and complement 

depletion each enhance mortality after. high-dose pneumococal 

challenge, but the adverse effect of the two together far exceeds that 

predicted by adding the effects of each alone. This interplay is 

dramatically unmasked during low-dose pneumococa1 challenge, in which 

complement-depleted asp1enic rats exhibit unrestrained pneumococemia 

2 and die after an iv challenge of only 10 organisms, an inoculum 

that is virtually harmless to complement-depleted eusp1enic rats 

(71). The antibody response to the capsular polysaccharide of type 3 

Streptococcus pneumoniae (SSS-III) provides not only the principal 

means for conferring protective immunity against virulent pneumococci 

(72-75) but also an excellent experimental model system for 

investigating the mechanisms by which antibody responses are initiated 

and controlled (5). Pneumococcal po1ysacchride Type III (SSS-III) is 
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a well-defined linear polymer composed solely of subunits of glucose 

and glucuronic acid (76). In the absence of adjuvant, this antigen 

elicits a reasonably good antibody response that is restricted as to 

the immunoglobulin class (77-79,4) and the avidity (79) of the 

antibody produced. Most of the antibody produced is of the IgM class, 

and the kinetics for the development of both the cellular and serum 

antibody responses to this antigen are parallel up to the peak of the 

immune response. Although helper T cells are not required for 

initiation of an antibody response to SSS-III (76,77,80,4, the 

magnitude of the antibody response produced is strongly influenced by 

the activities of two functionally distinct types of regulatory T 

cells (T-helper and suppressor) with opposing functions (4). 

The AIDS epidemic, by virtue of its sudden appearance, rapid 

spread and high mortality has become the focus of a massive research 

effort during the last decade. While the first cases were documented 

and described in the United States in 1981 (82) earlier cases from the 

late 1970's have been detected in the U.S. (81) and from the early 

1970's in Africa (83). Serologic data suggests the virus was present 

in African people in the 1950's (84). The rapid spread, due mainly to 

homosexual transmission in the U.S. and heterosexual transmission in 

Africa (86) is now being augmented by IV drug abuse and the sharing of 

needles (87). Indeed, in the U.S., IV drug abusers, their sexual 

partners and offspring are becoming an increasing proportion of new 

I -
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cases, particularly among blacks (88) and hispanics (89). Given the 

long latent period, this will greatly complicate control. 

Animal models of AIDS are essential for understanding the 

pathogenesis of retrovirus-induced immune deficiency and 

encephalopathy and for development and testing of new therapeis and 

vaccines. The family Retroviridae classifies all RNA viruses known to 

replicate by way of a DNA intermediate integrated in the host cell 

genome, witll oncogenic ones grouped in the subfamily Oncovirinae. 

Many animal retroviruses are not associated with cancer, while some 

are agents of chronic degenerative diseses of animals, and others are 

entire1yapathogenic (90). Immunodeficiency is among the major, 

nonneoplastic disorders associated with murine retrovira1 infection. 

The ability to immunosuppress the host is shared by so many exogenous 

retroviruses infecting such widely divergent species that the property 

might be regarded as having significant survival value for such 

viruses. Viruses, including murine and human retroviruses, can 

potentially cause disease by at least four general methods involving 

immunomodu1ation: (91) as a result of viral replication, perhaps 

lysing or functionally impairing the lymphoid cells they infect; 

(78) immunosuppression from the activity of soluble factors of viral 

or host origin re1esed from infected cells; (79) damage due to 

infection of cells involved in phagocytosis, antigen presentation, and 

nonspecific effector aspects of cell-mediated immunity; and 

(92) suppression of immunity from viral triggering of an imbalance in 
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immune regulation with overactivity of T-suppressor or helper cells 

(93). AIDS and related disorders are etiologically linked to members 

of the 1entivirus subfamily of retroviruses; these 1ymphocytopathic 

1entiviruses are designated human immunodeficiency virus type 1 

(HIV-1) and human immunodeficiency virus type 2 WtV-2). The only 

animals susceptible to experimental HIV-1 infection are the 

chimpanzee, gibbon ape, and rabbit but AIDS-like disease has not yet 

been reported in these species. Macaques can be persistently infected 

with some strains of HIV-2 but no AIDS-like disease has resulted. 

Herbert Morse III and his colleagues have developed an AIDS-related 

mouse model which are infected with a unique set of retroviruses 

called LP-BM5 MuLV (murine leukemia virus). The primary immune system 

cell targeted by the viruses is the macrophage, which is a major 

target for HIV in humans. The virus mixture LP-BM5 was originally 

isolated by Latarjet et a1. and produces nonneoplastic 

1ymphpro1iferative disease in adult mice (94). 

This virus causes murine-acquired immunodeficiency syndrome 

(MAIDS) which has similar physiological abnormalities (Table 2) to 

those seen in early stages of AIDS is present in C57BL/6 mice infected 

as adults (95). The disease is associated with a po1yc10nal B cell 

proliferation, progressive lymphadenopathy, splenomegaly and 

hypergammaglobulinemia, profound immunodeficiency with suppression of 

humoral and cellular immunity, and death occurring 16-24 wk after 

infection. Mice lose the ability to mount a specific cytotoxic T cell 



Table 2 
Comparison of Changes in Immune Cells and Functions 
Induced by HIV-l Infection in Man and LP-BM5 Murine 

Leukemia Infection in Mice. 

Immunological Parameter Presence During Retroviral 
Infection With 

ABNORMALITIES OF T-LYMPHOCYTES 

T-helper functions diminished 

Resistance to opportunistic 
infections and neoplasms reduced 

Numbers of CD4+ cells 
(T-helper) reduced 

Spontaneous proliferation increased 

ABNORMALITIES OF NATURAL KILLER CELLS 

Tumor cell cytotoxicity reduced 

Activity with IL-2 
incubation in vitro increased 

ABNORMALITIES OF B-CELLS 

Responsiveness to antigens from 
immunization and infection reduced 

Immunoglobulin production increased 

Spontaneous proliferation increased 

ABNORMALITIES OF MACROPHAGES 

Numbers of activated 
macrophages decreased 

Numbers of macrophages reduced 

HIV-l LP-BM5 MuLV 

+ + 

+ + 

+ 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

variable + 

+ + 

Modified in part from review by Watson (104). 
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response (CTL) between 3-10 wk after infection. Interferon gene 

regulation is also abnormal (90). Advanced stages of this syndrome 

are associated with enhanced susceptibility to infection and 

development of B cell lymphomas (96). The initial site of virus 

+ replication is predominantly in macrophages but CD4 T cells are not 

infected or decreased in number. Both the B cell hyperplasia and 

immune suppression are apparently dependent on the presence of 

+ functional CD4 T lymphocytes (97). MAIDS appears to result from a 

retroviral-induced dysregulation of both T and B cells with B cell 

hyperplasia and secondary T cell functional anomalies. Also, the 

dysfunctional T cells in retroviral infections are related to the 

presence of abnormal B cells. If abnormal T-cells are eliminated, 

mouse B cells are not abnormal if abnormal B cells are eliminated, 

T-cells are not abnormal (98). The initial step in this pathogenic 

pathway is still unknown. The LP-BM5 MuLV is a mixture of ecotropic 
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MuLV, recombinant mink cell focus-forming (MCF) MuLV, and a defective 

MuLV (99,93). The defective MuLV, which appears responsible fo~ 'the 

immunosuppressive effect, is 4.8 kb in length and expresses an unusual 

gagencoded polyprotein (60 kDa) of cellular origin. LP-BM5 MuLV is a 

cluster of viruses which includes a B-tropic mink cell focus-inducing 

virus (MCFV) and a B-tropic ectropic virus (BEV). Immunological 

disease is induced after infection with MCFV, but not with BEV. The 

latter virus facilitates the transmission of MCFV in mouse tissues. 



Whether or not this protein has a pathogenic effect on immune cell 

function is not known. 
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Elucidation of the initial step in the pathway leading to abnormal 

Band T cells in this model could provide key information applicable 

to understanding human infection with HIV and its concomitant 

pathogenesis or disease causing effects. 



Chapter 3 

MODIFICATION OF LYMPHOID SUBSETS BY CHRONIC ETHANOL 

CONSUMPTION IN C57BL/6 MICE INFECTED WITH LP-BM5 

MURINE LEUKEMIA VIRUS 
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The relatively high incidence of infectious disease in alcoholics 

is attributed to its immunosuppressive effects. The potential role of 

alcohol as cofactor in HIV infection and in the development and 

expression of AIDS is suggested but unknown. In order to better 

understand the contribution of alcohol to immune dysfunction following 

HIV infection, we assessed the presence of specific markers on thymus 

and spleen cells in C57B1/6 mice infected with LP-BM5 murine leukemia 

virus and fed ethanol containing diets. In the first experiments, 

mice groups were fed diets containing 0, 4 1/2, 5 1/2" and 6% (v/v) 

ethanol for 14 weeks. High ethanol exposure (6%) resulted in severe 

dehydration and death after 7 weeks. Although moderately low intakes 

of ethanol did not significantly modify percentages of T and B cells, 

+ it increased the absolute number of mature T, B, and CD4 cells and 

+ decreased percentages of Thy 1.2 cells. In the second experiment, 

mice groups were infected with LP-BM5 murine leukemia retrovirus and 

fed diets containing 5% ethanol in a regimen of 5 days of ethanol diet 

and 2 days of diet without alcohol for 12 weeks. Ethanol exposure in 

+ the retrovira11y infected mice showed a noted decrease in Thy 1.2 
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(p 0.05). Moderate non-significant decreases in percentages of 

+ + + + CD4 , CD8 , CD5 cells and increase in Ia cells were also 

observed in the retroviral infected ethanol treated mice. Moderate 

ethanol consumption during retroviral infection induced mild/moderate 

changes on lymphoid cells surface markers. Ethanol consumption may 

accelerate the progression of murine AIDS through such changes in the 

lymphoid cells of the spleen. 
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Introduction 

Acquired immunodeficiency disease (AIDS) is the end stage of a 

severe immunosuppressive disease caused by the HIV-l (Human 

Immunodeficiency Virus)-and related virus in humans (101) and by 

LP-BM5 murine leukemia retrovirus (LP-DM5 MuLV) in mice (107,108,109). 

In humans, there is a variable incubation or latent period between 

HIV- infection and expression of clinical AIDS (105). This 

differential latent period make it important to identify the cofactors 

which influence the progression of the disease and their mechanism of 

action. The potential role of substance abuse, especially alcohol, as 

a cofactor in HIV infection and in the development and expression of 

AIDS has been suggested (109,104,106), but the possible role of 

alcohol in the progression of immunodeficiency in AIDS is not known. 

Experimental evidence show that acute and chronic ingestion of alcohol 

either alone or during severe physiological or nutritional stress 

affect the immune system. Earlier studies from this laboratory 

demonstrated changes in lymphoid subsets in spleen of mice fed high 

levels of ethanol for a short period (106,107). Such changes become 

aggravated when alcohol is abused following organ damage or in mild or 

severe protein undernutrition and stress (108-111). However, these 

effects of alcohol abuse on lymphocyte subsets may be a redistribution 

of cells between the spleen and the tissues or changes in lymphocyte 

differentiation markers due to direct effects of ethanol on primary 

lymphoid organs. These observed changes in lymphoid subsets following 
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exposure to ethanol may be different from those resulting from ethanol 

exposure during HIV infection. To investigate the simultaneous 

effects of ethanol and retroviral infection on the numerical and 

functional component of the immune system we analyzed the presence of 

specific markers on spleen and thymus cells in a mouse-LP-BM5 MuLV 

model. 

Materials and Methods 

Mice and Diets. Female C57Bl/6 mice (Charles River Labs., Boston, 

MA) 3-4 weeks of age and weighing about 15 g were randomly assigned to 

different groups. Five mice per cage were housed in transparent 

plastic cages with a stainless steel wire lid in a room at 20-22oC 

with constant humidity and a 12:12 hour light-dark cycle. 

Mice were fed ethanol-containing diet formulations (Dyets #71026, 

Lieber/DeCarli formula, Dyets, Inc., Bethlehem, PA) prepared according 

to instructions from the manufacturer. In the first experiment, mice 

were fed diets containing 0, 4.5, 5.5 or 6% (v/v) ethanol made 

isocaloric by addition of dextrin-maltose. This diet is reported to 

be nutritionally adequate for alcohol consuming animals (112,113). 

Mice fed the 6% ethanol diet showed severe dehydration and weight 

losses and died by 7 weeks. 

In the second experiments, mice were fed the Lieber-DeCarli diet 

supplemented with dextrin maltose or 5% (v/v) ethanol for 5 days per 

week and fed Purina Rat Chow and water provided ad lib for 2 days per 

week. The feeding routine, designed to eliminate the severe 



physiological stresses associated with prolonged continuous ethanol 

ingestion, was repeated for 12 weeks (the duration of the 

experiment). One-half of the mice in each group were infected with 

LP-BM5 MulV on the day of initiation of dietary ethanol 

supplementation. 
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Determination of Blood Ethanol Concentration. Blood alcohol 

levels were determined at termination of mice by a gas chromatographic 

method. Serum alcohol levels lY'ere obtained by injecting 0.5 ul of 

serum into a glass plug on top of a Porpack Q Column (A11tech Assoc., 

Deerfield, IL) maintained at 1800C. Peaks were compared to those 

developed by injecting known amounts of ethanol into the column. 

LP-BM5 Murine Leukemia Virus Infection. The mice assigned to the 

virus infected groups were injected intraperitoneally with 0.1 ml of a 

LP-BM5 MuLV inoculum which had an ecotropic titer (xc) of 4.5 10glO 

PFU/ml which induced the disease with a time course comparable to that 

previously described (114,102). (LP-BM5 MuLV inoculum was a generous 

gift from Dr. R.A. Yetter, Veterans Administration Hospital, 

Baltimore, MD). Lymphoproliferation and other immunological damages 

induced by this virus have been described previously 

(96,114-117,102). Infection of adult C57 BL/6 mice with LP-BM5 MuLV 

leads to the rapid induction of clinical symptomatology with virtually 

no latent phase and increased mortality after 16 weeks (114-118). 

Lymphocyte Subpopulations Measurement. Mice spleens were 

individually collected in complete RPMI-1640 medium (RPMI 1640 with 



10% L-g1utamine 200mM, 10,000 u/m1 penicillin, and 100 u/ml 

streptomycin, GIBCO) and mononuclear cells were obtained by gently 

teasing with tweezers. Cell suspensions were washed with RPMI, and 

red blood cells were lysed by ammonium chloride solution (Sigma 

Chemical Co.). The remaining cell suspensions were washed once with 

cold RPMI and counted with eosin Y to prepare desired viable cell 

concentrations (1-2x106/0.1 m1/tube) for lymphocyte surface marker 

determinations. Then, T-cell subpopu1ations were quantified by 

indirect immunofluorescence staining using monoclonal antibodies 

(Becton Dickinson Company) specific for total T cells (rat IgG2b 

antimouse Thy1.2 antigen), T helper cells (L3T4; rat IgG2b antimouse 
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CD4 antigen, GK1.5 clone) or T suppressor/cytotoxic cells (Lyt-2; rat 

IgG2a antimouse CD8 antigen). The numbers of cells expressing 

inter1eukin 2 receptors (IL 2R) were determined by using rat IgG2a 

monoclonal antibody (clone AMT-13) obtained from Boehringer. Mature T 

cells that expressed CD5 antigen were determined by indirect 

immunofluorescence using a rat antimouse monoclonal antibody (Lyt 1, 

Sera Lab). Ia expressing cells were characterized by using an IgG2a 

rat monoclonal antibody, antimouse H-A I-A subregion (clone YE 2/36 

HIJ{) from Sera Lab. The fluorescein isothiocyanate labeled goat 

antirat immunoglobulin (heavy and light chain specific) (Southern 

Biotech. Associates), was used as second antibody. B cells that 

express surface IgG or IgM were recognized by an indirect assay using 

affinity purified rabbit antimouse IgG + IgM (H&L) and R fluorescein 
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conjugated affinity purified goat antirabbit IgG, Fc fragment specific 

(Accurate Chemical). The procedures have been described elsewhere 

(107) • 6 Briefly, 1 x 10 spleen cells were incubated in the presence 

of the primary monoclonal antibodies for 30 minutes at 40 C in an ice 

bath. Each tube was washed with 1.S m1 cold PBS, centrifuged at 

900 x g for 10 min. Supernatants ~iere carefully discarded, and then 

the secondary antibodies, were added to each sample. Samples were 

incubated for 30 min at 4oC. After the incubation period, samples 

were spun dOlin, fixed with 1.0 m1 of 2% paraforma1dehyde (pH 7.4). 

o Although usually analyzed in 1-2 days, they could be stored at 4-8 C 

for two-three weeks before analyzing by an EPICS C flow cytometer. 

The percentage of positive cells was obtained after counting ten 

thousand cells in the flOli cytometer. Data liere analyzed using the 

Immunofluorescent Analysis Program included in the Easy 2 software 

version 1.3 provided by Epics Division of Coulter. The absolute 

number of cells labeled by the specific antibodies was calculated by 

mUltiplying the total number of cells isolated from the spleen or 

thymus of each mouse by the percentage of positive cells for each 

surface marker. 

Statistical Analysis. Statistical analysis was performed by using 

the one way ANOVA. Data reported represent mean + SD of number of 

animals indicated in tables. 
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Results 

Diet Consumption, Weight Changes, and Blood Alcohol 

Concentrations. In the first study, the average daily intake of mice 

fed the 5 1/2 and 6% ethanol diets was 18% and 26% less than controls 

or mice fed 4 1/2% ethanol diets (8.2 + 1.7, 8.4 ± 1.2 m1/day vs 

12.00 + 1.2 m1/day respectively; p 0.05). Weight gain in mice fed 

the 0, 4 1/2 and 5 1/2% ethanol diets over the 14-week period averaged 

14.4 + 5.1%, 16.5 ± 4.92 and 15.8 + 5.6% of the initial body weight. 

Those mice fed the 6% ethanol diet lost weight and died after 7 

weeks. Blood alcohol levels of mice fed the 5 1/2 and 6% ethanol 

diets was 31.8 + 11.2 and 38.5 + 9.2 mg/d1 vs. 19.6 + 8.4 mg/d1 for 

mice fed the 4 1/2% ethanol containing diets. Blood samples were 

collected during the time the mice were exposed to light 6-10 hours 

after they completed feeding. 

In the second experiment in which ethanol treated groups of mice 

were fed 5% ethanol containing diets, the ethanol fed mice and the 

controls consumed 10.0 ± 2.6 m1/day. Weight gains were similar in 

controls and ethanol fed mice (5.4 + 1.4 g). However, the body weight 

gain in the retrovirus infected with/without ethanol exposure was 

significantly higher than the ethanol or control treated mice 

(10.6 ± 2.2 g; p 0.05). Blood alcohol levels were significantly 

higher in the ethanol treated mice groups compared to controls (0, 

35.7 + 8.9 mg/d1 respectively; p 0.05). 
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Chronic Ethanol and Lymphoid Cells in Spleen. Our first study was 

designed to evaluate the effect on the immune system of chronic 

ethanol administration for 14 weeks. As shown in (Table 3) chronic 

exposure to moderate levels of ethanol did not significantly change 

the percentage of T cells or B cells. Similar results were obtained 

after 7 and 11 weeks of exposure (data not shown). 

When the absolute number of cells bearing the specific markers 

were studied we observed a significant increase in the numbers of 

+ + Thy 1.2 cells, and CD4 cells after ethanol supplementation 

(Table 3, 4). The absolute number of B cells per spleen was also 

elevated in the alcohol-treated groups this was also observed after 

shorter periods of ethanol exposure (data not sholm). 

When dietary ethanol was provided in repeated cycles of 5 day 

periods followed by 2 days of withdrawal for 12 weeks, there was no 

significant changes in the percentage of spleen cells, except for 

reduced total T cells (Table 6). In the thymus of the same animals 

+ + there was a tendency towards lower percentages of CD4 and CD8 

cells although this decrease was not statistically significant 

(Table 7). 

Combined Effects of Ethanol and Retroviral Infection on Lymphoid 

Cells. In our second investigation we studied the role of ethanol as 

a possible cofactor potentiating the immunosuppression caused by 

infection with the retrovirus LP-BM5. Data in (Table 5) show spleen 

and thymus weight, and cell number of treated mice groups. We 



Table 3: Percentage of Lymphocytes in the Spleens of Mice Chronically Exposed to Dietary 
Ethanol for 14 Weeks 

Dietary Spleen 
Ethanol B-ce11 Weight 

(%) n Thy1.2+ CD4+ CD8+ IL-2R+ (sIgG+slgW) (mg) 

0 5 38.3+8.8 19.0+1. 9 12.4+3.0 0.36+0.2 19.7+3.5 67.4+10.9 

4 1/2 5 37.7+4.6 19.7+2.7 8.3+2.8 0.23+0.3 20.5+2.6 63.3+10.6 

5 1/2 4 43.4+3.3 22.8+1.4 11.0+3.5 0.7+0.7 22.3+1.3 66.6+2.9 

Mice fed a 6% ethanol containing diet were severely dehydrated and died by 7 weeks. 
Values given represent mean + standard deviation. 
n = number of mice per group 
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Table 4: Number of Lymphocytes in the Spleens of Mice Chronically Exposed to 
Dietary Ethanol for 14 Weeks 

Dietary Spleen cell 
IL-2R+ Ethanol number 

(%) Thy!. 2+ CD4+ CD8+ 

0 88+20 26.8+ 9.2 13.1+3.4 8.6+2.9 0.3+0.2 

4 1/2 102+24 39.0+12.8 20.3+6.4* 8.5+3.7 0.2+0.3 

5 1/2 108+22 47.0+11.6* 24.8+6.3* 12.4+6.1 0.8+0.9 

*Significant1y different from ethanol untreated group (p 0.05). 

B-ce11 
(sIgG++sIgW-) 

13.4+3.5 

21.0+5.8* 

24.3+6.2* 

Mice fed a 6% ethanol containing diet were severely dehydrated and died by 7 weeks. 
Values shown represent mean ethanol ± standard deviation (x 106). 

lJ1 
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Table 5: Spleen and TIlymUS Weight and Cell Number of Mice Fed a 5% 
Ethanol Diet and Infected With a Murine Retrovirus 

56 

Treatment Spleen . Spleen Cell Thymus Thymus Cell 
Group Weight Number Weight Number 

(mg) (x107) (mg) (x107) 

None 95.0+14.0 9.0+3.3 46.0+5.0 10.0+1.3 

Ethanol 92.0+13.0 8.8+2.9 46.0+14.0 10.3+3.4 

Retro-
Virus 940.0+240.0* 17.1+9.1* 160.0+73.0* 3.8+2.8* 

Retrovirus 
with 
Ethanol 640.0+160.0* 11.5+7.4* 110.0+55.0* 2.5+1.5* 

Values shown as mean + standard deviation of n = 6. 
*Significant1y different from untreated, uninfected mice (p 0.05) 
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observed significant increases in spleen and thymus weight and spleen 

cell number in the virus infected animals. The effect was more 

remarkable on spleen weight and interestingly ethanol administration 

slightly diminished this effect. Mice infection with LP-BM5 MuLV 

significantly reduced total T cells (p 0.01) while increasing the 

percentage of IL 2R+, CD4+ and CD8+ cells in the spleen 

(Table 6). + We think that the decrease in the percentage of Thy 1.2 

+ cells associated with an increase in the percentage of CD4 cells 

+ could be due to a failure in the detection of Thy 1.2 cells because 

of a blockade in the receptor or to the presence of a population that 

- + would be Thy 1.2 CD4. We speculate on a possible blockade of 

the Thy 1.2 antigen by autoantibodies based on the presence of serum 

autoantibodies against T-ce11s in LP-BM5 MuLV in infected mice after 

12 weeks of infection (119). Nevertheless, we favor the latter 

assumption based on the recent findings obtained in H.C. Morse's lab. 

- + They demonstrated the expansion of a Thy 1.2 CD4 subset in virus 

+ infected mice after specific sorting of CD4 cells. They found that 

this subset is present in normal mice where it comprises only 1-2% of 

the cells while in virus infected mice represents 30-50% of CD4+ 

cells (120). The function of Thy 1 antigen on T-ce11s is yet to be 

fully elucidated. It may be involved in cell-cell recognition (122), 

and in T-cell proliferation (121). A recent report shOl~ed that Thy 1 

expression on transformed NIH 3T3 fibroblasts was inversely 

proportioned to the expression of ras-oncogene (123). Hence a 

.... _---_._._--



Table 6: Percentage of Lymphocytes in the Spleen of Mice Fed a 5% 
Ethanol Diet and Infected With a Murine Retrovirus 

Treatment 
Group Thy1.2 CD4+ CD8+ IL 2R+ CD5+ 

None 42.2+4.3 21.5+3.4 16.2+1.7 0.9+1.7 26.3+5.8 

Ethanol 32.8+8.4* 21.8+2.9 15.5+1.2 2.3+2.5 24.9+6.7 

Retro-
Virus 25.5+5.0* 30.5+2.5* 31.5+6.5* 12.0+1.6* 30.5+6.6 

Retrovirus 
with 
Ethanol 29.5+5.0* 21.5+2.2+ 20.6+3.2+ 9.8+2.1* 21.6+3.4+ 

*Significantly different from untreated group (p 0.05). 
+Significantly different from retrovirus infected group fed control 
diet (p 0.05). 

Values shown represent mean + standard deviation of n = 6 
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decrease in Thy 1 expression could be associated with the malignant 

transformation of normal fibroblasts. Therefore, the appearance of a 

Thy 1.2- CD4+ population in these mice may be a direct consequence 

of LP-BM5 11uLV infection. 

However, dietary ethanol in the infected mice prevented the 

+ + virus-induced increases in the percentages of CD4 and CD8 spleen 

cells compared to infected mice fed the control diet (Table 6). 

T cell precursor populations in the thymus were also altered by LP-BMS 

virus infection as shown in Table S. We observed a significant 

+ + + decrease in the percentage of Thy 1.2 , CD4 , and CD8 cells. 

Alcohol-exposed, retrovirally infected mice showed a tendency towards 

lower percentages of cells bearing T-cell differentiation markers 

compared to virally infected animals. Also, a decrease in the 

percentage of CDS+ T cells (more mature T cells) was observed in the 

retroviral infected mice (Table 7). The significant increases 

(p + O. OS) in IL2R lymphocytes due to infection ~V'as largely 

+ prevented by dietary ethanol, and the increase in Ia cells was 

lessened (Table 7). 

Discussion 

Chronic exposure to low and moderate levels of dietary ethanol in 

this long-term study caused non-significant changes in the percentage 

of various lymphocyte subsets. Nevertheless, there were increases in 

the absolute number of cells in several T-cell subsets evaluated in 

the spleen of alcohol treated mice. These findings show that ethanol 

---- ------ _. 



Table 7: Percentage of Lymphocytes Subsets in the Thymus of Mice Fed a 5% Ethanol Diet 
and Infected With a Murine Retrovirus 

Treatment 
Group Thy1.2 CD4+ CD8+ IL 2R+ CD5+ Ia+ 

None 92.1+2.7 87.8+ 3.6 85.2+ 3.8 2.2 +0.4 70.8+6.9 1.3+ 0.51 

Alcohol 90.0+5.2 79.3+ 9.4 78.2+ 6.2 1.3 +0.5 68.1+5.8 1.3+ 0.51 

Retrovirus 64.1+16.0* 57.8+12.7* 45.9+22.1* 14.5 +2.9* 57.2+8.9* 38.9+10.8* 

Retrovirus 
with 
Ethanol 51.3+12.8* 53.8+14.1* 40.1+ 9.9* 3.1 +3.2+ 49.1+11.9* 21. 8+14.0+* 

*Significant1y different from control group (p 0.05). 
+Significant1y different from retrovirus infected group fed control diet (p 0.05). 
Values shown represent means + standard deviation of n = 6 

0\ 
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levels sustainable over months without causing death, did not 

significantly modify the surface phenotypes of most splenic 

lymphocytes in C57BL/6 mice. This suggests that perhaps the lymphoid 

cells adapted to the effects of chronic exposure. Alternatively, the 

level of ethanol and its metabolites was not sufficient to cause 

differential, long-term changes in the expression of surface 

phenotypes in the different cell subsets evaluated. These results 

contrast with changes in the relative ratio of T-subsets in the spleen 

observed when higher levels of ethanol (7%) were fed to mice (4,102) 

and to rats (46). However, such high intake levels have been studied 

only after very brief exposures of 7 days. The effects of long-term 

ethanol use on immune cell ~hanges has not been fully defined. Our 

observations of limited changes in the relative numbers of various 

lymphocyte subsets due to chronic ethanol use correlates with those 

from a human study which showed similar changes (108). 

Retroviral infection significantly changed splenic lymphocyte 

.subsets, as documented previously (96,115-117,151). Retroviral 

infection reduces IL 2 production and alters lymphocyte proliferation 

by increasing a non-B, non-T cell population and diminishing the 

percentage of mature T cells (124,101). We observed a decrease in the 

+ percentage of Thy 1.2 cells and increases in the percentage of 

CD4+ and CDS+ cells in the spleen after 12 weeks of LP-BM5 MuLV 

infection. Also, we observed decreases in the perc~atage of Thy 

1.2+, CD5+, CD4+ and CD8+ cells in the thymus. The 

.... -. "'-- .. _----- ._----- -- -- - .. 
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association of retroviral infection and moderate, chronic ethanol 

exposure altered even more the percentages of cells in the different T 

cell subsets in the thymus. On the other hand, chronic3thano1 

exposure regimens with regular withdrawal episodes as used here, only 

+ modified the percentage of Thy 1.2 splenic lymphocytes 

significantly. Thus, ethanol use during retrovira1 infection 

potentiates the alterations on the thymus cell surface phenotypes 

evaluated. 

It has been postulated that immunosuppression induced by drugs of 

abuse could accelerate progression from HIV infection to AIDS (101). 

Bagasra and coworkers (124) using in vitro techniques have shown 

evidence of increased rate of retrovira1 infection and HIV antigen 

production by lymphocytes obtained from HIV infected humans after- - ---

ethanol consumption. lij}i1e a recent epidemiological study in humans 

did not find these changes (125) it lacked evaluation of a variety of 

key issues in assessing the contribution of the use of psychoactive 

drugs during the progression of AIDS (126). Here we show that 

ethanol, a known immunosuppressive drug (102) consumed in quantities 

that did not significantly change the surface phenotype of most cell 

subsets in uninfected mice, could potentiate the changes induced by 

retrovira1 infection. Thus, we conclude that moderate amounts of 

ethanol have the potential to accelerate the progression of retrovira1 

infection which leads to clinical manifestations of AIDS. This 

evidence is substantiated by the accelerated death rate in LP-BM5 

.------- --.-. ---- - _. 
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retrovirus infected mice and modulation of the percentage of 

lymphocyte cell subsets. These functional changes without changes of 

reduced lymphoid cell number and functions, as assessed in this study, 

could significantly affect the progression rate of HIV-infection to 

clinical AIDS (101). 



Chapter 4 

CRYPTOSPORIDIOSIS FACILITATED BY MURINE 

RETROVIRAL INFECTION tYITH LP-BM5 

LP-BM5 murine leukemia virus infection caused alterations in 

splenic T cell subsets in C57BL/6 female mice. Prolonged retrovira1 

infection resulted in increased immunosuppression and a concommitant 

decreased ressistance to Cryptosporidium infection. There was 

significant Cryptosporidium colonization of the intestinal vi11ae of 

adult mice 10 days following oral challenge. This occurred in mice 

that had been infected with the murine retrovirus for 3 months, but 
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not uninfected controls. Parasite numbers per vi11ae of retrovira11y 

infected mice were 20-fo1d higher than in non-vira11y infected mice 

which showed only occasional parasites. The feces from most of the 

vira11y infected mice contained oocysts, while none of the controls 

contained parasites. CryPtosporidium infection in mice after 4 and 5 

months of retrovira1 infection was accompanied by severe immunosuppres

sion and, was 50-5000 times higher than in non-vira11y uninfected 

controls. A high level of infection persisted 21 days post

Cryptosporidium challenge in vira11y infected mice, while uninfected 

controls had cleared their transient and marginal Cryptosporidium 

infection. This further expands and defines LP-BM5 infection as a 

murine model of retrovira11y induced acquired immune deficiency. 
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INTRODUCTION 

Cryptosporidium parvum is a ubiquitious protozoan (coccidian) 

parasite that principally infects enterocytes-of the gastrointestinal 

tract of man (155) and animals (156-157). The organism primarily 

colonizes the distal ileum. In heavy infections which occur in the 

immunocompromised, however, the entire gastrointestinal tract, and 

portions of the biliary (127) and respiratory tracts may be involved 

(128). It is a significant cause of diarrhea in neonates, which are 

immunologically immature, and in the immunocompromised. In 

immunocompetent hosts the disease is self-limiting and recovery is 

accompanied by resistance to reinfection (130). Severe 

cryptosporidial diarrhea has been reported with increased frequency in 

immunodeficient humans (131). 

Cryptosporidium is prevalent in people whose immune competency has 

been altered by retrovirus infection (132), particularly those who 

have progressed to acquired immune deficiency syndrome (AIDS) (131). 

In such patients, a severe to life-threatening diarrhea may persist 

for many months. As progression to AIDS proceeds, parasite infection 

becomes worse (131). Animals rendered immunodeficient congenitally 

(hypogammaglobulinemia), as well as immunodeficient humans with AIDS, 

may develop persistent Cryptosporidium infections. Humoral and 

cell-mediated immune responses, therefore, are apparently necessary 

for recovery from cryptosporidiosis. 

The study of Cryptosporidium infection in AIDS patients has been 
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hampered by the lack of an adult animal model in which immunosuppres-

sion has been induced by retroviral infection. Since some parasitic 

diseases are exascerbated by retroviral infection, the retrovirus 

mixture LP-BM5, which produces a non-neoplastic lymphoproliferative 

disease in adult mice and has many similarities to human AIDS 

(109,133134), was chosen. It was a candidate to study the effects of 

retrovirus induced immunosuppression on the outcome of Cryptosporidium 

infection in adult mice. A significant loss of resistance to Crypto-

sporidium infection occurred the course of during retroviral infection. 

MATERIALS AND METHODS 

Cryptosporidium Inoculum. Experimental murine Cryptosporidium 

infections were est.ablished using oocysts purified from feces of an 

experimentally infected calf (149,135,156). The C. parvum isolate 

used was originally obtained from Dr. Harley Moon (U.S. Department of 

Agriculture, Ames, Iowa). Feces were suspended in 2 volumes of 2.5% 

potassium dichromate solution, which was passed sequentially through a 

graded series of sieves, the smallest having a 63 um pore size. Final 

oocyst purification was achieved by differential sucrose and isopycnic 

percoll gradient centrifugation of sieved fecal material. Before mice 

were inoculated, the oocyst preparations (less than 2 weeks old) were 

washed with 0.025 M phosphate-buffered saline (pH 7.2) and counted in 

a hemacytometer using phase-contrast microscopy. Mice were inoculated 

via a stomach tube with 100 ul of concentrated material containing 1 x 

5 10 oocysts. 
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Cryptosporidium Detection. Mouse feces were examined 

microscopically for Cryptosporidium oocysts upon sacrifice at day 3, 

5, 10 and 21 post-inoculation. The oocysts were identified by 

indirect immunofluorescence using anti-oocyst monoclonal antibodies as 

described previously (136). Parasite numbers per villae were 

determined in histological sections of terminal ileum stained with 

Hemotoxylien-Eosin (H & E). At least 25 intestinal villae section per 

mouse were counted using a 40x objective and binecular (leitz) 

microscope. 

Animals. Female C57BL/6 mice at 3-4 weeks of age were obtained 

from the Charles River Laboratories, Inc. (Boston, Mass.). The mice 

weighed approximately 15 g and were randomly assigned to different 

groups; retrovirally infected or control. Five mice per cage were 

housed in transparent plastic cages with a stainless steel wire lid in 

o a room at 20-22 F with constant humidity and a 12 hour light-dark 

cycle. 

LP-BM5 Murine Leukemia Virus Infection. The mice assigned to the 

virus infected groups were injected intraperitoneally with 0.1 ml of 

an LP-BM5 inoculum (134) which had an ecotropic titer (XC) of 4.5 

log 10 PFU/ml, which induced disease with a time course comparable to 

that previously published (137). Infection of adult C57/BL6 mice with 

the retrovirus LP-BM5 leads to the rapid induction of clinical 

symptomatology with virtually no latent phase (109,133-134). 
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Lymphocyte and Macrophage Subpopu1ations Measurement. Spleens 

were carefully dissected from mice and a mononuclear cell suspension 

was made by gently teasing with tweezers in RPMI-1640 medium. Cell 

suspensions were washed with RPMI, and red blood cells were lysed by 

1.0 M ammonium chloride solution (Sigma Chemical Co., St. Louis, MO). 

The remaining cell suspensions were washed once with cold RPMI and 

counted with eosin Y to prepare desired viable cell concentrations 

6 (1-2 x 10 10.1 m1/tube) for lymphocyte and macrophage surface marker 

determinations. T-cell subpopu1ations were quantified with indirect 

immunofluorescence using monoclonal antibodies (Sera Lab, Accurate 

Chemicals, Westbury, NY) specific for each of the following: total 

T-ce11s (rat IgG2b anti-mouse Thy1.2 antigen), T-he1per cells (L3T4; 

rat IgG2b anti-mouse CD4 antigen) or T-suppressor cells (Lyt-2; rat 

IgG2a anti-mouse CD8 antigen). Total macrophages and activated 

macrophages were measured with anti-Mac-1 Ag. The numbers of cells 

expressing inter1eukin 2 receptors (IL2R) were determined by using rat 

IgG2a monoclonal antibodies (clone AMT-13 Boehringer Manheim. 

Indianapolis, IN). Mature T-ce11s that expressed CD5 antigen were 

determined by indirect immunofluorescence using a rat anti-mouse 

monoclonal antibody (Lyt 1, Sera Lab, Accurate Chemicals, Westbury, 

NY). The fluorescein isothiocyanate labeled goat anti-rat 

immunoglobulin heavy and light chain specific (Southern Biotech. 

Associates, Birmingham, AL), was used as a second antibody. B-ce11s 

that expressed surface IgG or IgM were identified by an indirect assay 



Table 8: Effects of Murine Retroviral Infection with LP-BM5 on Resistance to Cryptosporidium 
Infection. 

Months Post 
Retroviral 
Infection 

3 

Control 

4 

Control 

5 

Control 

3 

NC 

NC 

NC 

NC 

1.9 + 0.8* 

0.06 + 0.02 

Days Post Cryptosporidium Infection 
5 10 21 

Numbers of Parasites Per Villae Section 

NC 0.5 + 0.06* 0.2 + 0.1* 

NC 0 + 0 0.01 + 0.6 

16.9 + 13.9* 18.5 + 3.7* 12.7 + 1.8* 

0.4 + 0.2 0.02 + 0.01 0.002 + 0.002 

NC 12.5 + 3.7* 15.8 + 8.4* 

NC 0.13 + 0.1 0.0 + 0.0 

*Significantly different from control which was not retrovirally infected, p. 0.01 

Controls were age-matched, but not virally infected 

Mean + standard error; Numbers are parasites per villae section as determined by histological 
sections if terminal ileum stained with HIE. At least 25 intestinal villae per section were 
counted, with a minimum of 5 mice per group. 

NC: Villae section were not collected 
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using affinity purified rabbit anti-mouse IgG + IgM (H&L) and a 

fluorescein conjugated affinity purified goat anti-rabbit IgG, Fc 

fragment specific (Accurate Chemicals, Westbury, NY) as described 

elsewhere (113). Briefly, 1 x 106 spleen cells were incubated in 

the presence of the primary monoclonal antibodies for 30 min at 40 
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in an ice bath. Each tube was washed w'ith 1.5 ml cold PBS and 

centrifuged 1200 RPM 900 x g for 10 min. The resulting supernatants 

were discarded and the secondary antibodies were then added to each 

cell suspension. Samples were incubated for 30 min at 4°C and 

follow1,ng washing, samples were spun dOlm and fixed with 1.0 ml of 2% 

paraformaldehyde (pH 7.4). Samples usually were analyzed in 1-2 days, 

although they could be stored at 4-80 for 3 weeks before analyzing 

using an EPICS C flow cytometer (Coulter Corporation, Hialeah, FL). 

RESULTS 

Cryptosporidium Infections in Retrovirus and Control Mice. LP-DM5 

infection was confirmed by a considerable enlargement of lymph nodes 

(three-fold) and a five-fold increase in spleen weight as compared to 

uninfected controls. There were significant differences in the 

numbers of parasites per villae in H&E stained histological sections 

of the terminal ileum. At 3 months post LP-BM5 murine retroviral 

infection, there was a significant increase in parasites per villae 

section when compared to age-matched controls challenged 

simultaneously with Cryptosporidium (Table 8). At day 10 

post-parasite challenge, the retrovira1ly infected mice had 0.5 + 0.06 



Table 9: Effects of Murine Retrovira1 Infection with LP-BM5 on 
Shedding of Cryptosporidium Oocysts in the Feces. 

Retrovira1 
Treatment 

Contro1+ 
(not infected) 

LP-BM5 
infection 

5 

o 

50* 

Months Post Retrovira1 Infection 
4 5 

Days Post Cr:l:2tos2oridium Challenge 

10 20 3 10 

Ooc:l:st Positive Feces (%) 

o o o o 

58* 100* 

*Significant1y different from control which was not retrovira11y 
infected, p 0.01 

+Contro1s were age-matched, but not retrovira11y infected 

-------.--
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Table 10: Percentage of Lymphocytes in the Thymus of Mice Infected for 4 Months with Murine 
Retrovirus and Challenged with Cryptosporidium. 

Control 
(uninfected) 

Crypto
sporidium 

Crypt 0-

sporidium 
+ Virus 

Virus 

Thy 1.2+ 

92.7 + 1.8 

98.5 + 0.7 

55.8 + 18.0* 

60.2 + 14.0* 

CD4+ 

90.6 + 2.3 

84.8 + 10.5 

51.8 + 25.7* 

53.0 + 7.0* 

CD8+ CD5+ 

88.9 + 4.8 91.0 + 4.0 

94.7 + 3.6 77.4 + 24.0 

53.9 + 25.2* 56.0 + 16.0* 

50.0 + 12.0* 59.0 + 7.0* 

Values shown as Mean + S.D. n = 6, collected 10 days post parasite challenge 
*Significant1y different from control group (p 0.05). The mean thymus weight was .064 + 
.004 gr for controls, and .173 + .116 gr for vira11y infected mice (p 0.01). 

-.J 
N 
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parasites/vi11ae, while uninfected controls had none. The level of 

infection per vi11ae increased about 40-1000 fold at 4 months 

post-retrovira1 infection. At 10 days post-parasite challenge of 

these mice, there were 18.5 ± 3.7 parasites/vi11ae, while non-vira11y 

infected mice had 0.02 + 0.01 parasites/vi11ae. A similar level of 

Cryptosporidium infection was observed at 5 months post-retrovira1 

infection (Table 8). At 21 days post-parasite infection, there were 

no Cryptosporidium parasites found on intestinal vi11ae of control 

mice while there were 15.8 + 8.4 parasites/vi11ae in retrovira11y 

infected mice. 

Effect of Retrovira1 Infection on Cryptosporidium Oocyst 

Excretion. There was no evidence of oocysts in the feces of 4, or 5 

month old control (non LP-BM5-infected) mice at 5, 10, or 21 days 

post-Cryptosporidium infection (Table 9). Mice with LP-BM5 retrovira1 

infection for 4 and 5 months had significantly greater numbers of 

oocysts in their feces beginning 5 days post infection when compared 

to non-vira11y infected mice. At days 10 and 20 post-Cryptosporidium 

infection (Table 9), 100% of the retrovira11y infected mice passed 

numerous oocysts in their feces while none were detected in 

non-vira11y-infected controls. Similar data was obtained at 3 months 

post LP-BM5 infection (data not shown). 

Effects of Cryptosporidium and Retrovira1 Infection on Lymphoid 

Organs and Cell Populations. The weight of spleens (Table 10) and 

thymus glands (Table 10) from retrovira11y-infected mice were 
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significantly higher following infection than uninfected controls 

(p 0.01). Most mice were infected with progression to murine AIDS as 

shown by enlarged lymph nodes and spleens at 3-5 months post-infection 

indicating extensive lymphoid cell proliferation (Table 10 and 11). 

The average percentage of spleen T-ce11s in all Cryptosporidium 

infected groups increased when compared to their respective control 

groups (Table 11). This was also true with retrovira11y inoculated 

mice which ,~ere infected with Cryptosporidium. The percentage of Thy 

+ + + 1.2 ,CDS and CD5 cells decreased in the thymus of both virus 

and parasite/virus infected mice however, when compared with the 

control group. The ratio of CD4+/CDS+ and the percentage of 

B cells increased in the spleen of vira11y infected mice. A decrease 

+ + + + in the percentage of Thy 1.2 , CD4 ,CDS and CD5 cells was 

observed in the thymus of virus-infected mice; however, no significant 

changes were observed in the other treatment groups. It must be 

pointed out that in the spleen of normal mice the percentage of CD4+ 

plus CDS+ cells is equivalent to the percentage of Thy 1.2+ 

cells. On the contrary in LP-BM5 MuLV infected mice the presence of 

unique population (Thy 1.2- CD4+) was described (13S). 

DISCUSSION 

Mice over 3 weeks of age are normally refractory to infection with 

Cryptosporidium (135). In contrast, Cryptosporidium infection in mice 

of several months of age was persistent when the animals were infected 

and immunosuppressed by a murine retrovirus, LP-BM5. Infection was 



Table 11: Percentage of Lymphocytes in the Spleen of Mice Infected for 4 Months with Murine 
Retrovirus Challenged with Cryptosporidium. 

Thy 1.2+ CD4+ CD8+ CD5+ 

Control 
(uninfected) 42.0 + 7.0 27.0 + 6.0 20.0 + 6.0 43.0 + 3.8 

Crypto-
sporidium 74.0 + 11.0 50.0 + 21.0* 35.0 + 17.0 52.0 + 27.0 

Crypt 0-

sporidium 
+ Virus 48.0 + 10.0* 50.0 + 16.0* 35.0 + 17.0* 37.0 + 12.0* 

Virus 24.0 + 3.0* 30.0 + 2.0* 12.0 + 2.0* 33.0 + 4.0* 

Values shown as Mean + S.D. n = 6, collected 10 days post parasite challenge 
*Significant1y different from control group (p 0.05). The mean spleen weight 

B cells 

20.5 + 6.1 

22.3 + 3.9 

38.5 + 6.1* 

37.0 + 6.0* 

for controls was .087 + .009 gr, and for virally infected mice .728 + .208 gr (p 0.01). 

" V1 
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characterized by persistent, endogenous development and oocyst 

excretion. A further increase in Cryptosporidium excretion and 

persistence as well as duration of infection occurred when the 

retrovira1 infection was prolonged to 4 and 5 months. The lack of 

reduction or clearance of Cryptosporidium infection in 

retrovira1ly-infected mice which had progressed to murine AIDS closely 

parallels the situation in human AIDS patients (139). In AIDS 

patients Cryptosporidium infection generally persists for months to 

years and may be associated with life-threatening diarrhea (140). In 

AIDS patients, cryptosporidiosis begins insidiously and escalates as 

immune defects become more severe (132). We found Cryptosporidium 

infection to be more severe after 4 and 5 months of retrovira1 disease 

than after only 3 months. After 4 months of retrovira1 infection, the 

feces contained numerous oocysts, and the number of parasites per 

villus section in the intestine had also increased substantially. The 

level of infection, however, did not reach that of neonatal mice 

infected with Cryptosporidium at 5 days of age (129). This would 

suggest that the immunosuppression due to retrovira1 infection was not 

as great as immunological incompetence due to immunological immaturity 

in neonatal mice (129). While immunocompetent adult mice almost never 

have more than a very transient infection, there is a recent report of 

persistent infection in adult guinea pigs (141). Some changes in 

species or individuals may allow persistent infections even with 

intact, mature immune systems. 



The changes in lymphoid function and numbers due to LP-BM5 

infection (109,133-134) are numerous. In the normal mice the sum of 

CD4+ and CDS+ cells in the spleen closely approximates the 

+ percentage of Thyl.2 cells. On the other hand in LP-BM5 murine 

leukemia infected mice we observed a decreased in the percentage of 

+ + Thyl.2 cells with concomitant increase in the percentage of CD4 

cells. This is due to the expansion of a normal subset of Thyl-

4+· 2% 1 1 CD cells that in normal mice only represents 1- 0 of sp een ce Is 

+ and in retrovirus infected mice comprises 30-50% of CD4 cells 

(142-143,127). Changes in numbers of Band T cells were consistent 

with previous reports of decreased antibody production and T cell 

function which may explain reduced resistance to Cryptosporidium 

(109,133-134). The exact mechanisms of Cryptosporidium resistance 

however, were only partially defined. 

Circulating antibodies in response to Cryptosporidium infection 

have been detected but their role remains unclear. The level of 

antibodies in human colostrum and breast milk may have influenced 

severity of Cryptosporidium infection in children (144). Antibodies 

in colostrum as well as monoclonal antibodies partially neutralized 

infectivity of Cryptosporidium in mice (154). In LP-BM5 infection 

there is a polyclonal B cell stimulation but poor antibody response 

(109,133-134). The increase of B-cell populations in the retroviral 
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infected mice is a characteristic of the disease which is required for 

the development of T-cell abnormality after infection with LP-BM5 
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virus (134). In 15% of AIDS patients with diarrhea, there was also a 

low antibody production, perhaps associated with persistence of 

parasite colinization (131). Neonatal mice often do not produce more 

than 5-10% of adult levels of intestinal IgA until several weeks after 

weaning (145), which could explain their lack of resistance to an 

intestinal parasite. Reduced B cell function and antibody production 

is also associated with prolonged LP-BM5 infection (109,133,123) which 

may help explain the decreased resistance to this parasite which we 

observed. 

The use of anti-Cryptosporidium monoclonal antibodies (135) in 

mice suggests a role for antibodies in prevention of continued 

colonization of the intestine. Cryptosporidium in an AIDS patient was 

successfully treated using hyperimmune anti-Cryptosporidium bovine 

colostrum (140), further supporting a role for antibodies. LP-BM5 

infection suppresses B- and T-cell function, but not numbers of the 

cells (109,133-134). Such changes would reduce secretory as well as 

cellular immunity in the mucosa of the intestine. 

Cryptosporidium infection and associated mucosal lesions persisted 

until the end of the experiment in adult, immunodeficient nude mice 

(129) and severe combined immune deficient (SCIDS) mice (127). Nude 

mice are deficient in regulatory or effector T-cells and SCIDS mice 

lack functional T and B lymphocytes (138) that may be required for 

recovery from the infection. The role for T cells in resistance is 

supported by results with LP-BM5 infection which does not greatly 
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suppress T cell numbers, but does reduce T cell function 

(109,133-134), and decreased Cryptosporidium resistance. Retroviral 

infection preferentially 10l7ered the percentage of total T-cells when 

compared to reduction in both T-helper and T-suppressor cells as shown 

previously (109,133-134). Dependence on T-cel1s for recovery from 

infections with other coccidia in mice and rats has also been reported 

(146,147). Such results suggest that T-ce11s may be required for 

recovery from Cryptosporidium infection. Lymphoid cells injected into 

chronically Cryptosporidium infected nude mice resulted in spontaneous 

+ + recovery (148). Suppression of T cell (CD4 and CD8 ) function by 

monoclonal antibodies also permitted prolonged infection (148). Rats 

treated with cyclophosphamide, dexamethasone or hydrocortisone, which 

suppress cellular immunity, also permitted prolonged Cryptosporidium 

infection (149-151). LP-BM5 infection which has progressed 3-5 months 

routinely suppresses T cell functions (109,133-134), producing 

immunodeficiencies similar to human AIDS, and as shown here, also 

facilitates Cryptosporidium infection. 

LP-BM5 retrovira1 infection facilitated Cryptosporidium growth in 

adult mice and has several features in common with human HIV infection 

which are not found in chemically, or genetically altered mice. 

LP-BM5 infection in mice has advantages as a model for Cryptosporidium 

+ disease in AIDS patients. Treatment l'1ith anti-CD4 monoclonal 

antibodies (148), for example, is a very selective immune suppression 

which creates T-cell deficiency. This treatment however, did not 
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reduce resistance to Cryptosporidium (184). Moreover, complete 

cellular immunosuppression of T-ce11s, as observed in nude mice, was 

required for the successful establishment of Cryptosporidium 

infection. The LP-BM5 murine infection produced MAIDS and increased 

susceptibility in this model to a parasitic infection in adult animals 

while maintaining some T and B cell functions as occurs in human 

AIDS. It could also be a model to study other parasites which require 

immunodeficiency to become persistent, including Toxoplasma (152). 

While T-cell functions are important in immunity to Cryptosporidiosis, 

little is knolin about the identification and location of interacting 

cell types of the immune network within gut-associated lymphoid 

tissue. Thus, while the precise mechanism of retrovira11y-induced 

suppression of Cryptosporidium resistance is unclear, impairment of 

the immune system due to retrovirus appears to be responsible. 

Therefore, even partial immune enhancement, or restoration, may 

provide enough immune defense to treat or prevent Cryptosporidium 

infection. 

Person to person and fecal-oral transmission of Cryptosporidium is 

very common (144). It is found in Africa at high rates among AIDS 

patients and it may be the most common parasite causing diarrhea 

(144). Cryptosporidium infection in LP-BM5 infected mice of the 

absence a reliable method for cultivating Cryptosporidium in vitro, 

its prevalence in AIDS patients, as well as the fact that no method 

has been developed to successfully treat parasite-infected patients. 
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The level of Cryptosporidium infection increased as the retrovira1 

infection caused greater immunodeficiency. In human AIDS patients 

Cryptosporidium infection becomes more severe with progressive loss of 

immune function (144). This suggests that the parasitic infection 

during retrovira1 disease may be treated by patient immunorestoration. 

The use of transfer factor and hyperimmune bovine colostrum, for 

example, has aided a few AIDS patients with Cryptosporidium (153). 

The use of the LP-BM5 murine leukemia virus to induce retrovira11y 

mediated suppression provides a model for studying the mechanism of 

Cryptosporidium resistance and for exploring ways to treat 

cryptosporidiosis which could eventually be tested in AIDS patients. 



CHAPTER 5 

RESISTANCE OF ALCOHOL TREATED ~flJRINE AIDS MICE 

TO STREPTOCOCCUS PNEUMONIAE 
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To investigate the concomitant effect of immunosuppressive 

compounds such as alcohol and retroviral infection, which cause immune 

dysfunction, it would be advantageous to use non-human subjects. 

Animal models are making important contributions to the human 

immunodeficiency virus (HIV) particularly in understanding the virus 

effects on the body. Infection of C57BL/6 mice with LP-BM5 causes 

murine acquired immunodeficiency (MAIDS) which results in macrophage 

infection, stimulation of B-cell mitogenesis, immunosuppression and 

eventually death which are similar to effect of HIV in AIDS patients. 

There was a significant difference between MAIDS group and ~~IDS 

alcohol treated group (p 0.05) when macrophage number and percentage 

were compared in the spleen. This difference was also true in respect 

to the uninfected and untreated groups. We have also shown that 

moderate and chronic alcohol consumption during retroviral infection 

causes changes on lymphoid cells surface marker and also natural 

killer cell activity. The relative high incidence of infectious 

disease in alcoholics is attributed to its immunosuppressive effects. 

Resistance to Streptococcus pneumoniae during retroviral infection was 

significantly reduced by retroviral infection, but not by short-term, 

. _- ._-.------ --- ... _.-- -- . 
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binge, exposures to dietary ethanol. lVhen the mice were challenged 

with ~ pneumoniae, the MAIDS mice on alcohol treatment died much 

sooner than the other group. LP-BM5 murine leukemia virus infection 

is an excellent murine model which offers opportunities to explore the 

combined effects of retrovira1 infection and disease resistance. 

Introduction 

AIDS (Acquired Immune Deficiency Syndrome) is the end stage of 

disease initiated in man by infection with HIV-1 and related viruses. 

Progression from retrovira1 infection to AIDS can take years, and may 

be influenced by immunoregu1atory cofactors including ethanol. The 

role of such compound in progression to AIDS is difficult to study in 

humans because of ethical, economical and logistical considerations 

(69,101,104,106,196,197). Unfortunately, non-human primates infected 

with HIV develop few of the abnormalities seen in man (133) and also, 

the limited supply of primates and their costs have greatly restricted 

their use as models. An animal model should meet the criteria of 

being readily available, having commercial immunological reagents, and 

a well-characterized immune system, and containing a variety of 

genetically inbred strains which can be infected with retroviruses 

(104,133). Since HIV causes defects in cell-mediated immune responses 

(201,203) and impairment of humoral immune mechanisms (160,203), it 

would make individuals more susceptab1e to opportunistic infection 

such as ~ pneumoniae. Several recent clinical studies (163,105) of 
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AIDS patients indicate increased incidence of disease caused by 

~ pneumoniae. 

Mice and Diets. Female C57BL/6 mice (Charles River Labs., Boston, MA) 

3-4 weeks of age and weighing about 15 g were randomly assigned to 

different groups. Five mice per cage were housed in transparent 

plastic cages with a stainless steel wire lid in a room at 20-220C 

~dth constant humidity and a 12:12 hour light-dark cycle and were 

provided with Purina laboratory chow and water ad libitum. Some were 

then fed either a 7% ethanol liquid diet or an isoca10ric diet 

supplemented with sucrose every day for 7 days during weeks 0, 4, and 

8 as described elsewhere (106). 

Materials and Methods 

Streptococcus Pneumoniae and Type III Pneumococcal Pneumoniae 

(SSS III). S. pneumoniae Type 3 was obtained from the American Type 

Culture Collection. It was cultured on Tryptocase Soy Broth (DIFCO), 

isolated and 0.1 m1 of 1x104 organisms were intraperitonea11y 

injected (202). The mice were observed daily for mortality over a 30 

day period. The concentration of S. pneumoniae was determined after 

several initial trials and challenges of different group of mice with 

different concentration of bacteria. The concentration ,~as set by 

plate count and comparing it to MacFar1ene Standard in the 

microbiology lab. The mice would be immunized with .5 ug of 
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pneumococcal polysacchride Type III in .3 ml sterile saline I.P. (a 

gift from Dr. Phillip Baker from National Institute of Allergy and 

Infectious Disease). 

LP-BM5 Murine Leukemia Virus Infection. The mice assigned to the 

virus infected groups were injected intraperitoneally with 0.1 ml of 

an LP-BM5 inoculum (134) which had an ecotropic titer (XC) of 4.5 log 

10 PFU/ml, which induced disease with a time course comparable to that 

previously published (137). Infection of adult C57/BL6 mice with the 

retrovirus LP-BM5 leads to the rapid induction of clinical 

symptomatology l-Tith virtually no latent phase 

(96,97,104,114,115,117,133). 

Isolation and Purification of Murine Splenic Macrophages. Mice 

spleens were individually collected in complete RPMI-1640 medium 

(RPMI 1640 with 10% L-glutamine 200 mM, 10,000 u/ml penicillin, and 

100 u/ml streptomycin, GIBCO) and mononuclear cells were obtained by 

gently teasing with tweezers. Cell suspensions were washed with RPMI, 

and red blood cells were lysed by ammonium chloride solution (Sigma 

Chemical Co.). The remaining cell suspensions were washed once with 

cold RPM! and counted with eosin Y to prepare desired viable cell 

6 + concentrations (1-2xlO 10.1 ml/tube). Macrophage (MAC-l ) was 

identified by flow cytometry using monoclonal antibodies anti-Mac-l 

(Rat IgG2b anti-rat-mouse hybrid cells (106). The fluorescein 



isothiocyanate labeled goat anti-rat immunoglobulin heavy and light 

chain specific (Southern Biotech. Associate) was used as second 

antibody. 

Results 
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The mice which were provided with ethanol in an adequate diet 

showed similar weight gain to the controls (Table 12). However 

significant difference were observed in size and weight of spleen in 

virus group and virus/alcohol treated. The number of macrophages and 

the percentage of macrophages were increased in virus groups 2-4 fold 

in compared to the controls. 

Effects of Retrovira1 Infection and Ethanol on Survival from 

Streptococcus Infection. Ethanol treatment and retrovira1 infection 

did not affect body weight. However, retrovira1 infection 

significantly increased spleen weight. The percentage of cells in the 

spleen with markers for macrophage (MAC-1+) increased significantly 

due to retrovira1 infection (Table 12) (P 0.05). Infection with S. 

pneumoniae resulted in death of the mice (Fig. 1). Retrovira1 

infection with and without dietary ethanol exposures suppressed 

resistance to Streptococcus with accelerated death rate. HO~lever, the 

two short periods of ethanol consumption did not affect significantly 

resistance to Streptococcus (Fig. 1). 



Table 12: Effects of Binge 7% Ethanol on Body, Spleen Weight and Number of Macrophages in 
MAIDS Mice 

Treatment Body Weighta Spleen Weight 

Control 17.98 + 1.8 0.072 + 0.02 
Ethanol 19.35 "+ 2.21 0.082 + 0.02 
Virus Infection 18.37 +" 1.44 0.25 + 0.12* 
Virus & Ethanol 19.03 + 2.18 0.31 + 0.12* 

aMean + S.D. of 5 mice per group. 
*Significantly different from control (p 0.05). 
n = 5 

Cell Numbers! 
spleen % in Spleen 

Macrophages Macro~hages 
(Mac-1+) (Mac-l ) 

1.87 + 0.68 15.8 + 2.8 
2.15 + 0.80 11.43 + 2.2 
8.14 + 1. 7* 42.53 + 11.8* 
4.06 "+ 1.71* 29.0 + 13.4* 

CXl 
"'-I 



88 

Figure 1: Survival Rate of MAIDS and Control Mice Fed a Binge 

Ethanol Diet 
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Mice fed ethanol for one week on ,qeeks 0, 4, and 7 beginning on day 

one of LP-BM5 retrovirus infection. Then they were injected 

intraperitonea11y with Streptococcus pneumoniae and resistance measure 

by assessing time to death. 



The mice susceptibility or resistance to S. pneumoniae was 

determined by immunization of some of the groups. The immunized 

control mice survived the challenge with the live bacteria than the 

other groups. Drastic mortality rate was observed with MAIDS, 

immunized (boost) and immunized at time zero. Control mice in both 

alcohol, and the immunization study illustrated similar patterns of 

death rate (Fig. 2). 

Discussion 
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There was a significant reduction in survival after S. pneumoniae 

infection (p 0.05) of mice infected with the retrovirus. There was 

not a significant effect due to the binge ethanol diet alone. 

Clearly, immunological changes documented in other studies of LP-BM5 

infection (97,104,114,115,117) could explain this reduced resistance 

to S. pneumoniae. 

Mosier et a1. have previously concluded that the LP-BM5 murine 

leukemia-induced disease is a good model for profound 

immunosuppression caused by a retrovirus and that the model has 

considerable relevance for similar retrovirus-induced syndromes in 

humans (97,114,115). LP-BM5 causes proliferation of B-ce11s, poor or 

no response to new antigens, and reduced T-cell functions (98). 

As the knowledge of the cellular and sub-cellular mechanisms of 

immunosuppression by retroviruses increases including through use of 

murine models, even though they diverge from HIV-l genetically and 
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Figure 2: Resistance of Immunized Mice to Streptococcus pneumoniae 
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functionally to some extent, opportunities for more rapid application 

to human retrovira1 infections and treatment will appear. The LP-BM5 

murine retrovirus model in such systems to study effects of 

immunomodu1atory drugs of abuse including ethanol without the many 

complications of human studies. 



CHAPTER 6 

Effects of Age and Murine Retrovirus Infection 

on Resistance to Streptococcus pneumoniae 

92 

C57BL/6 female mice (18 months and 2 months old) were infected 

with LP-BM5 retrovirus for 3 months. This retrovirus infection caused 

an Acquired Immune Deficiency Syndrome (AIDS). The mice were 

immunized with type III pneumococcal capsular polysaccharide (SSS 

III). Eleven days postimmunization, the mice were challenged with 

live Streptococcus pneumoniae and survival was observed. Mice which 

had developed murine AIDS had lower survival rates in both the young 

and old groups, whether they were immunized with SSS III or not. Old, 

retrovira11y infected mice immunized with SSS III had the lowest 

survival rate with more than 90% of the mice dead by 80 hr post 

challenge. However, non-immunized, old mice infected with the 

retrovirus had only 50% mortality during this period. in young mice 

that had developed AIDS, non-immunized mice died sooner than immunized 

ones, but after 80 hr postvaccination they had similar survival 

rates. Controls, non-retrovira11y infected mice, had a 90% survival 

rate when challenged with S. pneumoniae, ~~hich was lower than old mice 

with murine AIDS. This probably was due to lack of response in the 

opsonization process in the system. 
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Introduction 

An animal model for murine Acquired Immune Deficiency Syndrome 

(AIDS) has been established by infection of C57BL/6 mice with LP-BM5 

murine retrovirus (97). This infection causes immune changes in mice 

which are similar to those induced by HIV (Human Immunodeficiency 

Virus 1) infection in AIDS patients (98). HIV causes defects in 

cell-mediated immune responses (159) and impairment of humoral immune 

mechanisms (159,160). AIDS induced by retroviral infection is 

becoming a more common event in older adults as their immune systems 

are changing due to the aging process. During senescence the immune 

system exhibits a decline of immune responsiveness to exogenous 

antigens and an increased incidence of autoimmune phenomena (161). 

Immunomodu1ation due to the combined effects of age and retrovira1 

infection may have significant effects on host resistance. 

Age-related, as well as retrovirally induced changes in immune 

systems, have the same remarkable feature of increased risk of 

infection with opportunistic pathogens. 

One of these, Streptococcus pneumoniae, is one of the most 

important pathogens infecting humans (162). Several recent clinical 

studies (163,164) of AIDS patients indicate increased incidence of 

disease caused by ~ pneumoniae. ~ penumoniae is the most common 

cause of bacterial, community-acquired pneumonia accounting for more 

than 50% of cases (165-167). Several host factors are consistently 

associated with an increased risk of invasive pneumococcal 



bacteremia: aging, immunodeficiency, and metabolic abnormalities 

(168). Immunization with S. pneumoniae antigens improved resistance 

and survival. It is an efficient way to protect young, 

immunocompetent populations (169), but has been disappointing in 

immunodeficient, aging, or sick individuals (170). 
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Therefore, this report deals with the results of a survival study 

of retrovirally infected mice which developed AIDS after being 

challenged with live S. pneumoniae. In addition, the effect of age 

and immunization on survival with type III pneumococcal capsular 

polysaccharide (SSS III) was investigated. 

Materials and Methods 

Animals: C57BL/6 female mice (18 months and 2 months old) were kept 

in a 12 hr light-dark cycle, in a ventilated animal room with food and 

water provided ad libitum. The aged mice were originally obtained 

from Charles River Laboratory at 9 months of age, and fed Purina 

Laboratory chow for 9 months. Young mice were obtained from Charles 

River Laboratory at 3-4 weeks old, and were kept until 2 months old. 

Mice were identified individually by marks on their ears. 

LP-BM5 Virus Infection: Mice were infected with LP-BM5 retrovirus, a 

mixture of ecotropic, recombinant and defective murine leukemia virus 

(104), by giving 0.1 ml/mouse intraperitoneally as described 

previously (171). The mice were maintained for 3 months to allow 

development of murine AIDS. 

Immunization and Challenge with Streptococcus pneumoniae: After 3 
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months of infection with LP-BM5 virus, mice were immunized 

intraperitoneally with type III pneumococcal capsular polysaccharide 

(SSS III, a gift from Dr. Phillip Baker, National Institute of Allergy 

and Infectious Diseases). The animals received 1.0 ug/mouse in 0.3 ml 

sterile saline. Eleven days later, they were challenged 

4 intraperitoneally with live S. pneumoniae, 0.1 ml of 10 plaque 

forming units/ml in sterile saline. The number of dead mice was 

recorded everyone or two hours. 

Results 

The Effect of Aging on Survival Rate: There were no significant 

differences in survival rates between old and young control mice 

(non-virus infected without immunization), 90.0% vs. 95.7% (Fig. 3 and 

4). 

The Effect of Murine AIDS on the Survival Rate Following S. pneumoniae 

Infection: The mice infected with LP-BM5 showed evidence of 

retroviral infection which had progressed to AIDS, i.e., enlarged 

spleen, thymus and lymph nodes (data not shown). As shown in Fig. 1 

and 2, murine AIDS caused a significant decrease in survival rate in 

both old and young mice (45.7% vs. 90% and 26.1% vs. 95.7% 

respectively). 

In young mice, immunization with SSS III had almost no effect in 

protecting mice from live bacteria challenge. There was a small, but 

significant, decrease in the survival rate (Fig. 4). In old mice, 

immunization of SSS III caused marked decreased of survival rate than 



Figure 3: Old Mice Survival Rates After 80 Hours of Streptococcus 
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Figure 4: Young Mice Survival Rates After 80 Hours of Streptococcus 
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0 40 80 120 

Hours Post Streptococcus pneunoniae Challenge 

The number of mice in each group: 

Virus infected and SSS III immunized group (n=22) 

Virus infected group (n=23) 

Immunized with SSS III group (n=24) 

Non-immunized and non- infected group (n=23) 

The remaining mice survived during following 15 days. 
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non-immunized mice (40% vs. 90%) (Fig. 3). 

In young mice with murine AIDS, immunization of SSS III did not 

change the survival rate compared to non-immunized ones (26.1% vs. 

27.3%). Most mice in non-immunized group died earlier than immunized 

group (Fig. 4). However, in old mice with murine AIDS, the survival 

rate in immunized group was significantly lower than non-immunized 

ones (9.4% vs. 48.6%) (Fig. 3). 

Discussion 

The very young and the old both face increased risk of 

S. pneumoniae infection (172,173). In addition, a feature of AIDS 

patients is their high incidence of infection with opportunistic 

pathogens, including S. pneumoniae. Using a mouse model of 

retrovira11y-induced AIDS, we found that retrovira1 infection 

decreased the survival rate in both young and old mice. These 

retrovira11y infected mice have been sholfU previously to have 

vira11y-induced immune suppression that could explain decreased 

resistance. Retrovira1 infection causes proliferation of B-ce11s, 

poor or no response to new antigens, and reduced T-cell functions 

(98). These changes may explain the altered resistance seen in this 

first mouse model of retrovira11y-induced suppression of resistance to 

S. pneumoniae. 

The spleen plays a very important role in host responses to 

pneumococcal resistance. Splenectomy significantly increased the 

susceptibility to S. pneumoniae infection (174). LP-BM5 retrovirus 

---- -_._-- .. -



infection causes lymphanopathy and profound immunodeficiency (98). 

Weigent et al. (176) reported that interferon-gamma plays a very 
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important role in bacterial infection, especially with ~ pneumoniae. 

Recently we also reported that interferon-gamma production by spleen 

cells from retrovirally infected mice l>laS significantly decreased 

(175). Thus it was not surprising that LP-DM5 infected mice developed 

an invasive ~ pneumoniae infection and had a high death rate. 

Antibody responses to serotype III organisms are abolished by 

splenectomy (177). The spleen function in LP-BM5 infected mice was 

severely impaired by the virus (97,98) which probably caused a poor 

antibody production against SSS III. 

All the old mice immunized with SSS III had significantly higher 

death rates than their non-immunized control groups. SSS III 

immunization seemed to be more harmful than beneficial to old mice, as 

has been documented by Musher (178). Recently, Gigliotti F. et al. 

(179) reported a patient with immunodeficiency syndrome that failed to 

respond to pneumococcal bacteria polysaccharide. Although 

pneumococcal capsular polysaccharide is a T-independent antigen, 

treatment of mice with anti-lymphocyte serum resulted in a delay in 

the splenic plaque forming cells (168). Baker et al. (180) and 

Braley-Mullen (181) had shown that suppressor T cells can regulate 

antibody responses to type III pneumococci, and in aging people and 

+ aging mice T suppressor (CD8 ) cells are increased (182-188). 

However, the percentage of total T cell and T suppressor in the spleen 

----------- -- ~ - -
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of mice which were infected by LP-BM5 decreased (189,190). Taken 

together, the old mice which had developed murine AIDS and were 

immunized with SSS III had the lowest survival rate. This might be 

related to such complicated intractions between many factors in the 

immunoregu1atory system. The low survival rate in the old immunized 

group suggests that the antigen is harmful to older mice. Musher 

(178) and Robbins et a1. (191) reviews of the failure of pneumococcal 

immunization, especially in elderly people, supports our results. 

Since the treatment with antigen was dangerous to old mice with 

murine AIDS, the effects of immunization with S. pneumoniae antigens 

on elderly with HIV and impaired immune regulative function needs to 

be investigated. This phenomena may be partially explained by 

previous findings of Schwein1e et al. (192) who showed that 

pneumococcal capsular polysaccharide is not toxic to man or animals, 

with its principal action being inhibition of phagocytosis. As mice 

were immunized by intraperitoneal injection, impaired phagocytosis 

function of peritoneal macrophages could make them more susceptible to 

intraperitoneal challenge with live ~ pneumoniae. Effects on the 

resistance to antigen presenting or lysis function to live bacteria 

may occur directly through altered macrophage function. Finally, the 

dosage of SSS III antigen we used (1 ug/mouse) was higher than that 

used by Baker et al. (193) (0.5 ug/mouse). High and low dosages of 

antigen are thought to cause tolerance (194,195), which could alter 

resistance. 



We can conclude that the LP-BM5 murine retrovirus infection 

increased the risk of death due to S. pneumoniae infection while in 

young mice immunized with SSS III only provided a slight delay of 

early death. However, in older mice, immunization could be more 

dangerous. 
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Chapter 7 

DIETARY ETHANOL AND IMMUNIZATION: ACTIONS DURING 

MURINE AIDS ON RESISTENCE TO STREPTOCCOCUS PNEUMONIAE 
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Immunologic alterations, complicated by opportunistic infections 

are hallmarks of acquired immune deficiency syndrome (AIDS). The 

LP-BM5 murine leukemia infection caused Murine AIDS. There was a 

consistent increase in spleen weight and cell number in LP-BM5 virus 

infected groups. Infected and uninfected mice were fed a 5% ethanol 

diet for 55 days and then fed a 7% ethanol diet for the final 7 days. 

Ethanol consumption caused a slight decrease in spleen weight and cell 

number in comparison to controls. 

Blood alcohol levels were similar in all the ethanol fed groups at 

7 hours post initiation of dark cycle. They almost doubled in some 

groups 20 hours post beginning of dark cycle. There was a reduction 

in polymorphonuclear neutrophils count in ethanol fed groups. 

Neutrophils increased in retrovirus infected groups, except those 

immunized ten days before challenge with live bacteria. However, the 

percentage of splenic lymphocytes in the retrovirus infected group was 

reduced in comparison to control. 

Survival of the mice to S. pneumoniae were influenced by different 

immunizations. The virus infected group had a much faster death rate 

in comparison than longer surviving uninfected controls. Immunization 
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played an important role in delaying the death rate in all treated 

groups. Transferring normal spleen cells from healthy, unimmunized 

mice also enabled the retrovira11y infected mice to survive the 

bacterial infection longer than unimmunized, but retrovira11y infected 

mice. This indicated the potential to enhance resistance by 

immunization and the transfer of immunocompetent cells to a system, 

immunosuppressed by retrovira1 infection. 

---.-- --- .-.. _---------



Introduction 

Opportunistic agents generally only cause illness in debilitated 

hosts. Human Immunodeficiency Virus (HIV) causes both ARC and AIDS 

(209-212). Development of AIDS (206-208) produce a higher risk to 

pyogenic infections (205). Bacterial infection causes significant 

morbidity in acquired immunodeficiency syndrome (AIDS) and AIDS 

related complex (ARC), indicating altered humoral immunity (205) and 

cellular mediated immunity (235). 
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Bacterial infections, especially with encapsulated organisms such 

as Streptoccocus pneumoniae, have been documented in patients infected 

with HIV (164). S. pneumoniae and H. influenzae cause most of the 

community acquired pneumonias in AIDS patients (215). S. pneumoniae 

infection with clinical disease occurs more frequently in AIDS 

patients than in the general population (163,164) or hospitalized 

patients (221,163) without retroviral infection. An effective 

antibody response to bacterial antigens is important for resistance. 

An increased incidence of B-lymphocyte proliferative disorder and 

malignant disease occurs in AIDS patients (213-217), because of 

defective B lymphocyte functions (160). B cell defects are present 

early in the course of HIV infection. Despite the presence of 

hypergammaglobulinemia, humoral immunity is defective in children ~iith 

AIDS. These children have poor in vitro lymphocyte transformation 

response to B cell mitogens including pneumococcal vaccines (205). In 

the U.S.A., the pneumococcal vaccine is recommended for patients in 

----------- ---- ---



105 

high-risk groups (218): immunocompetent adults with chronic illnesses 

such as alcoholism and cirrhosis, immunocompromised adults ~dth 

Hodgkin's disease and lymphoma, adults with asymptomatic or 

symptomatic HIV infection, in children with two or more chronic 

illnesses (226). However, the question of efficacy of the vaccine in 

lugh-risk patients is being hotly debated (219). 

Other events can change B cell responses acting as cofactors to 

further decrease resistance during AIDS including ethanol induced 

immune suppression. Ethanol affects several neutrophil delivery 

functions normally activated by inflammatory stimuli (224). Also, 

adherence of neutrophi1s to endothelial cells is decreased by alcohol 

(225). This experiment was designed to assess the resistance of an 

immunosuppressed system under concomitant effects of alcohol and 

immunization. 

Materials and Methods 

Mice and Diets: Female C57B1/6 mice (Charles River Labs., Boston, 

MA) 3-4 weeks of age and weighing about 15 g were randomly assigned to 

different groups. Five mice per cage were housed in transparent 

o plastic cages with a stainless steel wire lid in a room at 20-22 C 

with constant humidity and a 12:12 hour light-dark cycle. 

Mice were fed ethanol-containing diet formulations (Dyets #71026, 

Lieber/DeCarli formula, Dyets, Inc., Bethlehem, PA) containing 5% for 

55 days and followed by 7% (v/v) ethanol for seven days made 



isocaloric by addition of dextrin-maltose. These diets are 

nutritionally adequate for alcohol consuming animals (118,119). 

Determination of Blood Ethanol Concentration: Blood alcohol 

levels were determined by gas chromatography at 7 hours post 12 hour 

dark cycle and termination of mice. Serum alcohol levels were 

obtained by injecting 0.1 ul of serum into a glass plug on top of a 

Porpack Q Column (A1ltech Assoc., Deerfield, IL) maintained at 

l800 C. Peaks were compared to those developed by injecting known 

amounts of ethanol into the column. 
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Differential Count Determination: The mice were placed in the 

containment container and about 1 cm of the tail was cutoff. One drop 

of blood was placed on a glass slide and blood smear was made and air 

dried. The smears were stained in Turk's solution (.01% crystal 

violet and 3% acetic acid). 

Preparation of Spleen Cell Suspensions: Mice spleens were 

individually collected in complete RPMI-1640 medium (RPMI 1640 with 

10% L-glutamine 200mM, 10,000 u/ml penicillin, and 100 u/ml 

streptomycin, GIBCO) and mononuclear cells were obtained by gently 

teasing with tweezers. Cell suspensions were washed with RPMI, and 

red blood cells were lysed by ammonium chloride solution (Sigma 

Chemical Co.). The remaining cell suspensions were washed once with 

cold RPMI and counted with eosin Y to prepare desired viable cell 

concentrations. 



Spleen Cell Culture: Sterile ,spleens were taken from each mouse 

and single cell suspension were made in RPMI 1640 medium (10% FCS). 

To 96 well plates (Falcon 3072), 106 cells in 200 u1 medium was 

added to each well. Cells were stimulated by ConA (2 ug/ml, Sigma) 

and LPS (10 ug/ml, Difco) in 37oC, 5% CO2 incubator for 72 hr for 

detection of IFN and TNF, respectively. 
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ELISA Assay for Interferon Gamma (IFN): To ELISA plate (Dynatech 

Immulon 2), 50 ul of rat anti-mouse IFN monoclonal antibody (Lee 

Molecular Research Lab, 1:100 diluted in carbonate buffer, pH 9.6) was 

o added to each well, 4 C overnight. The plate were washed with 

PBS-Tween (0.01 M PBS, 0.05% Tween 20) and dried, 50 ul standards 

(recombinant mouse IFN, Genzyme) in RPMI 1640 medium (10% FCS), or 

50 ul of cell culture supernatant or 50 u1 of serum were added to each 

well; incubated for 2 hr at 37oC; washed and dried, 50 ul of rabbit 

anti-mouse IFN polyc1onal antibody (a gift from Dr. Philip Scuderi, 

Arizona Cancer Center diluted 1:100) in PBS-Tween was added, and 

o incubated at 37 C for 2 hr; washed and dried, 50 u1 of goat 

anti-rabbit IgG-HRP conjugate (American Qualex, 1:5000 diluted) in 

o PBS-Tween was added, incubated at 37 C for 1 hr, washed three times 

with PBS-Tween and once with PBS, dried, finally 100 ul of ABTS 

(0.54 g of 2,2-Azino-bis (3-ethylbenzth:J.azoline, 6-sulfonic acid and 

21.0 g of citric acid monohydrate in 1 liter water, pH 4.2, before use 

add 10 ul of H202 in 10 m1 of ABTS) was added to each well. After 

---- ------ ---. 



30 min. O.D. was measured on Titertek Multiskan at 405 nm (Standard 

range from 0.39 ng/ml - 50 ng/ml, detection limit: 20 pg/well). 
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ELISA Assay for Tumor Necrosis Factor Alpha (TNF): 50 ul of 

hamster anti-mouse TNF monoclonal antibody (Genzyme, diluted 1:500 in 

pH 9.6 carbonate buffer) was put into each well of ELISA plate 

(Dynatech Immulon 2), 40 C overnight. Washed and dried as in IFN 

assay. To each well, 100 ul of 2% BSA (bovine serum albumin, in 

0.01 M PBS) was added and incubated in 370 C incubator for 2 hr, 

washed and dried. Then 50 ul of standards (recombinant mouse TNF, 

Genzyme) in RPMI 1640 with 10% FES, cell culture supernatant, or serum 

were added to the wells and incubated at 370 C for 2 hr, washed and 

dried, then 50 ul of Rabbit anti-mouse TNF polyclonal antibody (gift 

from Dr. Philip Scuderi, Arizona Cancer Center) diluted 1:167 in 

PBS-Tween were added and incubated at 370 C for 2 hr, washed and 

dried, then 50 ul of goat anti-rabbit IgG HRP conjugate (American 

Qualex, 1:500 diluted) was added and assayed following the procedure 

as IFN assay (Standard range from 0.156 ng/ml - 10 ng/ml, detection 

limit: 10 pg/well). 

Results 

Body and Spleen Weight and Spleen Cell Number of Mice Fed an 

Ethanol Diet: There was no significant changes in the body weight due 

to either ethanol consumption or retroviral infection (Table 1). 

Significant increases in spleen weight and number of virus infected 

------- --- . 
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groups were observed. However, ethanol consumption in uninfected 

controls caused a decrease in spleen weight. (Table 1). Spleen number 

was increased significantly by retrovira1 infection (p 0.05), but was 

not furthered by alcohol consumption. However, alcohol consumption 

combined with immunization followed by a booster injection in 

uninfected mice caused a significant reduction (p 0.05). 

Serum Blood Ethanol Level During Light and Dark Periods of Mice 

Fed an Ethanol Diet: Blood alcohol concentrations in mice receiving 

the treatment at 7 hours post initiation of the daily 12 hour dark 

cycle increased in comparison to the control (non-alcohol diet). 

Also, the concentration was increased in all the groups of 20 hours 

post dark cycle. The changes were significant and in some groups 

almost double when the two intervals were compared (Table 2). 

However, no differences were noted due to retrovira1 infection or 

immunization. 

Differential White Cell Count of Blood From Mice Fed an Ethanol 

Diet Prior to the Challenge With S. Pneumoniae: There were 

fluctuations in the differential count depending on the treatment of 

mice (Table 3). The non-retrovira11y infected mice fed ethanol 

illustrated a decrease in the PMN counts, increase in monocyte and 

eosinophil count and similar level of lymphocyte in comparison to the 

controls. The retrovira11y infected and the immunized (day 0) group 

showed a consistent increase in the PMN, monocyte and eosinophil in 

comparison to the respective controls. In both of the groups that 



Table 13: Body And Spleen Weight And Spleen Cell Number Of Mice Fed An Ethanol Diet 

Dietary Ethanol Treatmentl 
Virus + Virus + 

Control Control Virus Immunization Immunization Immunization 
(day 0) (day 50) + Boosted 

Body 22.5+1.3 21.06+2.43 23.3+2.94 23.48+2.06 23.55+1.38 22.6+21.9 
Weight 
(gm) 

Spleen 68+4 48+6* 333+75* 300+1* 330+7* 48+7* 
Weight 
(mg) 

Spleen 9.0+3.2 7.0+3.5 14.6+5.3* 14.6+5.4* 14.6+5.3* 5.9+1.2* 
Cell Number 
x 107 

1 The mice received a 5% ethanol diet for 55 days. Then they were fed a 7% ethanol diet for 7 days before 
the blood samples were collected. Data are listed as mean + SD (n=5) mice per group. 

* Significantly different from untreated, uninfected mice (p -0.05). 

...... ...... 
o 



Table 14: Serum Blood Ethanol Level During Light And Dark Periods Of Mice Fed An Ethanol Diet 

Dietary Ethanol Treatment1 
Virus + Virus + Immunization 

Hours2 Control Control Virus Immunization Immunization + 

7 

20 

1 

2 

* 

(day 0) (day 50) Boosted 
mg/dL of Ethan.ci1 

o 88+30 63+7 94+25 94+50 73+41 

o 120+40* 120+.30* 101+40* 115+50* 157+39* 

All the mice were fed 5% ethanol Lieber and DeCarli diet for 55 days. Except the control group 
which received the diet with dextrin-ma1tose. Then fed 7% ethanol Lieber and DeCarli for 7 days 
before the blood samples were collected. The mice were infected with LP-BMS murine retrovirus 
for 60 days before blood collection. 
Data are listed as mean + SD (n=5). Post initiation of 12 hours dark cycle 
Significantly different from ethanol control at 7 hour sample (p 0.05). 

.
f-A 
f-A 



Table 15: Differential White Cell Count Of Blood Samples Taken From Mice Fed An Ethanol Diet Prior 
To The Challenge With S. pneumoniae. 

Dietary Ethanol Treatmentl 
Cell Virus + Virus ..= Immunization 
Types2 Control Control Virus Immunization Immunization + 

(day 0) (day 50) Boosted 

PMN 13.6+5.1 6.8+1. 7* 25.0+5.0*+ 22.0+6.l:A:+ 15.5+6.3+ 10.0+3.0 

Lymphocyte 84.4+5.3 88.4+2.8 68.2+6.1* 69.4+6.8* 75.2+8.7* 85.0+6.4 

Monocyte 0.6+0.5 2.4+1.1 4.8+4.2* 5.1+2.5* 6.6+2.3* 2.8+1.7 

Eosinophil 0.0+0.0 2.2+2.1 1.0+1.0 3.3+2.05 2.7+2.5 0.0+0.0 

1 

2 

The mice were fed a 5% ethanol diet for 55 days and then fed 7% ethanol diet for 7 days before the 
blood samples were collected (n = 5). 

* + 

Data are shown as mean + S.D. of percent white blood cell count. 
Significantly different-from uninfected controls, which were not fed ethanol diet (p 0.05) 
Significantly different from ethanol fed, uninfected mice (p 0.05). 

..... ..... 
N 



Table 16: Interferon Gamma (IFN) And Tumor Necrosis Factor (TNF) 
Production By Cells Suspension Obtained From Spleens Of 
Mice Retrovira11y Infected And Fed An Ethanol Diet. 

Leiber-DeCarli liquid diet 

IFN TNF 
Treatment 

Control 3.27+1. 71 1.40+0.44 

Ethano1* 3.07+0.92 1.28+0.40 

Virus$ + Immunizationo* (day 50) 1. 75+0.90 1.46+0.55 

Virus*$ 1.70+1.08 2.68+0.65 

Virus$ + Immunizationo* (day 0) 1.65+0.98 2.24+0.59 

Immunization + Boosted*o 2.97+1.45 0.67+0.12 

113 

* The mice fed the ethanol diet received a 5% ethanol diet for 55 
days. Then they were fed a 7% ethanol diet for 7 days before the 
blood samples were collected. Data are listed as mean + SD (n=5). 

$ One month old mice were infected with the virus LP-BM5 for two 
months prior to the time of challenge with S. pneumoniae. 

o Some of the mice were immunized 10 days prior to infection with 
virus, others also 50 days past virus infection and one group 
received both. 
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were immunized + boosted and virally infected + immunization ten days 

before challenge with bacteria the counts were variable; however, they 

looked more similar to the control groups of both alcohol fed and 

control fed diets. Retroviral infection increased circulating 

monocytes and PMN. 

Interferon Gamma (IFN) and Tumor Necrosis Factor (TNF) Production 

by Spleen Cell Suspension: INF and TNF production level was not 

influenced in the control ethanol fed mice. In all the virus infected 

groups IFN release was suppressed. On the other hand, the TNF release 

was stimulated only in the virally infected and virus infected + 

immunization (day 0). The immunized + boosted group showed 

significant difference in TNF release and sustain level of IFN. The 

TNF level of release by the virally + immunization (day 50) group was 

not changed (Table 4). TNF and IFN tended to be higher in mice that 

consumed the liquid diet with ethanol and infected with LP-BM5. 

Resistance of Immunized and Adoptively Transferred Mice: The 

virus group without any kind of immune treatment but fed ethanol was 

most susceptible to the infection with ~ pneumoniae. The immunized + 

boost group illustrated the best resistance. Controls showed a 

similar survival rate as in previous experiments. All the virally 

infected groups which their system was manipulated by immunization or 

adoptive transfer maintain a better resistance to the pathogen in 

comparison to their relevant control (Figure 1). 

-------- ._.--. _. 
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Figure 5. Resistance of Immunized and Adoptively Transferred Mice to 
S. pneumoniae Fed an Ethanol Diet. 
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Discussion 

There were no significant changes in body weight due to 

consumption of the ethanol supplement diet compared to controls. 

However, changes were significant in the spleen weight and cell count 

when different treatments were compared. The increase of spleen size 

and the cell number in the LP-BM5 MuLV infected group is due to the 

infection caused by virus as described previously (235-237). The 

reduction of size in the uninfected fed ethanol diet is a good 

indication of influence of the ethanol. Different lymphoid organs 

such as spleen (229), thymus (227), size and number and peripheral 

blood function subpopu1ations are affected by ethanol use 

(227,230-231), as well as changes in the cell composition of 

peripheral blood of human subjects (228-229,45). Results from serum 

blood ethanol level demonstrate that chronic alcohol treatment induced 

retardation of spleen development and cell numbers (229). A decrease 

in polymorphonuclear cells in the blood due to ethanol consumption and 

may be consistent with changes in the granulocyte mobility and 

function (230-231). Both changes in PMN numbers and function helps 

explain lost of resistance to infectious agents (223). 

TNF production of spleen cells lias inhibited by ethanol in vitro. 

Also, in vivo it decreased in the ethanol treated mice. However, 

in vitro ethanol induced TNF production by macrophages specially 

a1veo1or macrophages. TNF is produced by monocytes/macrophages as 

well as by lymphocytes and Natural Killer (NK) cells. It plays a 
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major role in the induction of acute phase response (222). The 

results indicates that in vivo treatment increases IFN production in 

spleen cells where in vitro treatment of alcohol decreased IFN 

production by spleen cells. Cytokine production was similar except 

when it was modified by virus infection. Chronic alcohol consumption 

yielded a significantly higher serum IFN concentration than controls 

(222). 

Gamma interferon is produced during immune reactions by stimulated 

T lymphocytes or NK cells (220). The immunomodu1atory effects of IFN 

include activation of macrophages and neutrophi1s, stimulation of IL-1 

secretion by monocytes/macrophages and activation of NK cells. IFN 

also possess activities described as macrophage activating factor and 

monocyte migration inhibitory factor (MIF) (222). 

The ability of PBMC from chronic ethanol consuming mice to produce 

IFN during Sendai virus infection in response to LPS was suppressed 

compared to controls (232) this confirms our observation with another 

virus LP-BMS. Serum of chronic alcoholics contained 8 times more IFN 

inactivator than serum from controls (232). The activity of the IFN 

inactivator was measured by adding known amounts of human IFN to 

serum from alcoholics and controls and then measuring the remaining 

IFN antiviral activity (232). The high IFN inactivator level could 

be the reason for the low amount of detected IFN in PBMC supernatants 

as assessed with a bioassay. PBMC could have a normal IFN secretion, 

but the high level of IFN inactivator may have neutralized the 

----------------.--- -_. - -
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antiviral activity of this cytokine. The increased serum IFN level 

together with the normal NK cell activity observed in these subjects 

support this hypothesis. The in vitro culture of PBMC from healthy 

volunteers with various concentrations of alcohol suppressed the IFN 

secretion only at alcohol concentrations above 0.5% (v/v) (228). 

Alcohol in vitro is the simplest IFN inducer (233). We found in mice, 

alcohol in vitro decreased the -IFN by spleen cell. Ethanol 

concentration ranges from 0.1% - 1%, so they all have the same results 

and like dose dependency. 

Changes in PMN numbers and functions, as well as altered cytokine 

production suggest that immunization may not be as effective in 

retrovira11y infected mice fed ethanol. Clearly, damage to immune 

systems by murine AIDS makes the mice more susceptible to 

S. pneumoniae. 

The vira11y infected group survival was influenced by immunization 

and adoptive transfer. It was significantly reduced when compared to 

the virus group. 

In the retrovira11y infected mice which received adoptive transfer 

of total spleen cells from healthy mice. They were able to delay and 

resist the infection for longer periods of time, usually in the LP-BM5 

infected mice, the virus homes in the spleen and uses B cell, 

macrophages and T cell as host to reproduce. The progression of 

infection causes consequent enlargement of spleen (235,237). 

Splenomegaly is also a common finding, occurring in up to 50% of the 

-_ .. - ._-_._-------
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patients with AIDS (238). Because of the virus infection cells suffer 

a loss of cellular function and components (239). If the B 

lymphocytes and macrophages of the spleen are depleted opportunistic 

infections were more likley to be present in 52% and 89% of patients 

(242). Children with AIDS/ARC are at increased risk for bacterial 

infections and in this manner are similar to other patients with 

defective humoral immunity (205) despite the presence of 

hypergammaglobulinemia. B cell defects are present early in the 

course of AIDS and ARC. 

These children have poor in vitro lymphocyte transformation to B 

cell mitogens, and responses to pneumococcal vaccine (205). Effects 

on the depletion of function of B cells and macrophages would cause 

sequences of problem. Macrophages release IL-l and B cells release 

RNF, IL-l, and IL-6 which are the main source of communication in the 

immune system. Presence of IFN correlates with increased survival 

time after challenge with virulent ~ pneumoniae. Although the 

treatment did not protect mice from eventual death from pneumococcal 

infection, the fact that it extended their survival time is good 

evidence for the involvement of healthy cell and then cytokines in the 

pathogenicity of ~ penumoniae. Because of such an important role of 

spleen cell in fighting the opportunistic infections, even though 

virus infected mice had splenomegaly, we were able to rehabilitate the 

immune system to delay the death by infection. 

~-----~ ~ .------------.-- _.- - -



Enabling the control mice to resist infection by vaccination ten 

days before challenge with the bacteria can be due to activation of 

PMN cells and complement cascade. 

120 
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Conclusions 

The relatively high incidence of infectious disease in alcoholics 

is attributed to ethanol's immunosuppressive effects. The potential 

role of opportunistic infections and alcohol as cofactors in HIV 

infection and in the development and expression of AIDS is suggested 

but unknown. In order to better understand the contribution of 

alcohol to immune dysfunction following HIV infection, we assessed the 

presence of specific markers on thymus and spleen cells in C57Bl/6 

mice infected with LP-BM5 murine leukemia virus and fed ethanol 

containing diets. Moderate ethanol consumption during retroviral 

infection induced mild/moderate changes on lymphoid cells surface 

markers. Ethanol consumption may accelerate the progression of murine 

AIDS through such changes in lymphoid cells. 

It has been postulated that immunosuppression induced by drugs of 

abuse could accelerate progression from HIV infection to AIDS (101). 

Bagasra and coworkers (124) using in vitro techniques have shown 

evidence of increased rate of retroviral infection and HIV antigen 

production by lymphocytes obtained from HIV infected humans after 

ethanol consumption. While a recent epidemiological study in humans 

did not find these changes (125) it lacked evaluation of a variety of 

key issues in assessing the contribution of the use of psychoactive 

drugs during the progression of AIDS (126). Here we show that 

ethanol, a knolin immunosuppressive drug (102) consumed in quantities 

that did not significantly change the surface phenotype of most cell 
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subsets in uninfected mice, could potentiate the changes induced by 

retroviral infection. Thus, we conclude that moderate amounts of 

ethanol have the potential to accelerate the progression of retroviral 

infection which leads to clinical manifestations of AIDS. This 

evidence is substantiated by the accelerated death rate in LP-BM5 

retrovirus infected mice and modulation of the percentage of 

lymphocyte cell subsets. These functional changes without changes of 

reduced lymphoid cell number and functions, as assessed in this study, 

could significantly affect the progression rate of HIV-infection to 

clinical AIDS (101). 

The knowledge of the cellular and sub-cellular mechanisms of 

immunosuppression by retroviruses has increased including through use 

of murine models of AIDS. Thus even though the murine retrovirus 

diverges from HIV-l genetically and functionally to some extent, it 

provides opportunities for rapid retroviral infections. AIDS induced 

by retroviral infection is becoming a more common event in older 

adults as their immune systems are changing due to the aging process 

(161). During senescence the immune system exhibits a decline of 

immune responsiveness to exogenous antigens and an increased incidence 

of autoimmune phenomena (161). Immunomodulation due to the combined 

effects of age and retroviral infection may have significant effects 

on host resistance. Age-related, as well as retrovirally induced 

changes in immune systems, have the same remarkable feature of 

increased risk of infection with opportunistic pathogens. 

--- "_."--- " "_ .. 
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One of these, Streptococcus pneumoniae, is a major pathogen 

infecting humans (162). Several recent clinical studies (163,164) of 

AIDS patients indicate increased incidence of disease caused by 

~ pneumoniae. ~ penumoniae is the most common cause of bacterial, 

community-acquired pneumonia accounting for more than 50% of cases 

(165-167). Several host factors are consistently associated with an 

increased risk of invasive pneumococcal bacteremia: aging, 

immunodeficiency, and metabolic abnormalities (168). Immunization 

with S. pneumoniae antigens improved resistance and survival. It is 

an efficient way to protect young, immunocompetent populations (169), 

but has been disappointing in immunodeficient, aging, or sick 

individuals (170). 

The very young and the old both face increased risk of 

S. pneumoniae infection (172,173). In addition, a feature of AIDS 

patients is their high incidence of infection with opportunistic 

pathogens, including S. pneumoniae. We found that retroviral 

infection decreased the survival rate in both young and old mice. 

Resistance to Streptococcus pneumoniae during retrovira1 infection was 

significantly reduced by retroviral infection, but not by short-term, 

binge exposures to dietary ethanol in non-vira11y infected mice. When 

the mice were challenged with ~ pneumoniae, the MAIDS mice receiving 

alcohol treatment died much sooner than the other group. These 

retrovira11y infected mice have been shown previously to have 

vira11y-induced immune suppression that could explain decreased 
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resistance. Retrovira1 infection causes proliferation of B-ce11s, 

poor or no response to new antigens, and reduced T-cell functions 

(98). These changes may explain the altered resistance seen in this 

first mouse model of retrovira11y-induced suppression of resistance to 

s. pneumoniae. 

The spleen plays a very important role in host responses to 

pneumococcal resistance. Splenectomy significantly increased the 

susceptibility to S. pneumoniae infection (174). LP-BM5 retrovirus 

infection causes 1ymphanopathy and profound immunodeficiency (98). 

Weigent et a1. (176) reported that interferon-gamma plays a very 

important role in bacterial infection., especially with §.:. pneumoniae. 

Recently we also reported that interferon-gamma production by spleen 

cells from retrovira11y infected mice was significantly decreased 

(175). Thus it was not surprising that LP-BM5 infected mice developed 

an invasive §.:. pneumoniae infection and had a high death rate. 

Antibody responses to serotype III organisms are abolished by 

splenectomy (177). The spleen function in LP-BM5 infected mice was 

severely impaired by the virus (97,98) which probably caused a poor 

antibody production against SSS III. 

All of the old mice immunized with pneumococcal po1ysacchride type 

SSS III had significantly higher death rates than their non-immunized 

control groups. Pneumococcal po1ysacchride type SSS III immunization 

seemed to be more harmful than beneficial to old mice, as has been 

documented by Husher (178). Recently, Gigliotti F. et ale (179) 

------- -----



reported a patient with immunodeficiency syndrome that failed to 

respond to pneumococcal bacteria polysaccharide. Although 

pneumococcal capsular polysaccharide is a T-independent antigen, 

treatment of mice with anti-lymphocyte serum resulted in a delay in 

the splenic plaque forming cells (168). Baker et al. (180) and 

Braley-Mullen (181) had shown that suppressor T cells can regulate 

antibody responses to type III pneumococci. In aging human and in 

aging mice, T suppressor (CD8+) cells are increased (182-188). 
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However, the percentage of total T cell and T suppressor in the spleen 

of mice which were infected by LP-BM5 decreased (189,190). Taken 

together, the old mice with murine AIDS which were immunized with SSS 

III had the lowest survival rate. This might be related to 

complicated intractions between many factors in the immunoregulatory 

system. The lot., survival rate in the old immunized group suggests 

that the antigen is harmful to older mice. The reviews by Musher 

(178) and Robbins et al. (191) of the failure of pneumococcal 

immunization in elderly people supports the relevance of our results. 

Since treatment with pneumococcal polysacchride was dangerous to 

old mice with murine AIDS, the effects of immunization with 

S. pneumoniae antigens in the elderly with HIV and with impaired 

immune regulative function needs to be investigated. This phenomena 

may be partially explained by previous findings of Schweinle et al. 

(192) who showed that pneumococcal capsular polysaccharide is not 

toxic to man or animals, with its principal action being inhibition of 



phagocytosis. As mice were immunized by intraperitoneal injection, 

impaired phagocytosis function of peritoneal macrophages could make 

them more susceptible to intraperitoneal challenge with live 

~ pneumoniae. Effects on the resistance to antigen presenting or 

lysis function to live bacteria may occur directly through altered 

macrophage function. Finally, the dosage of SSS III antigen we used 

(1 ug/mouse) was higher than that used by Baker et a1. (193) 
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(0.5 ug/mouse). High and loW' dosages of antigen are thought to cause 

tolerance (194,195), which could alter resistance. 

The spleen (229) and the thymus (227) size cell number, and 

peripheral blood cell function are affected by ethanol use 

(227,230-231), as well as are changes in the cell composition of 

peripheral blood of human subjects (228-229,45). Results from serum 

blood ethanol level demonstrate that chronic alcohol treatment induced 

retardation of spleen development and cell numbers (229). A decrease 

in polymorphonuclear cells in the blood due to ethanol consumption and 

may be consistent with changes in the granulocyte mobility and 

function (230-231). Both changes in PMN numbers and function helps 

explain lost of resistance to infectious agents (223). 

TNF production of spleen cells was inhibited by ethanol in vitro. 

Also, in vivo TNF release decreased in the ethanol treated mice. TNF 

is produced by monocytes/macrophages as well as by lymphocytes and 

Natural Killer (m{) cells. It plays a major role in the induction of 

acute phase response (222). The results indicates that in vivo 

-------- ,- -_.', , " 
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treatment increases IFN production in spleen cells where in vitro 

treatment of alcohol decreased IFN production by spleen cells. Gamma 

interferon is produced during immune reactions by stimulated T 

lymphocytes or NK cells (220). The immunomodulatory effects of IFN 

include activation of macrophages and neutrophils, stimulation of IL-l 

secretion by monocytes/macrophages and activation of NK cells. IFN 

also possess activities described as macrophage activating factor and 

monocyte migration inhibitory factor (MIF) (222). 

The ability of PBMC from chronic ethanol consuming mice to produce 

IFN during Sendai virus infection in response to LPS was suppressed 

compared to controls (232). This confirms our observation with 

another virus LP-BM5. Serum of chronic alcoholics contained 8 times 

more IFN inactivator than serum from controls (232). The activity of 

the IFN inactivator was measured by adding known amounts of human 

IFN to serum from alcoholics and controls and then measuring the 

remaining IFN antiviral activity (232). The high IFN inactivator 

level could be the reason for the low amount of detected IFN in PBMC 

supernatants as assessed with a bioassay. PBMC could have a normal 

IFN secretion, but the high level of IFN inactivator may have 

neutralized the antiviral activity of this cytokine. The increased 

serum IFN level together with the normal NK cell activity observed in 

these subjects support this hypothesis. The in vitro culture of PBMC 

from healthy volunteers with various concentrations of alcohol 

suppressed the IFN secretion only at alcohol concentrations above 

--_ .. _ .... _ .. 



128 

0.5% (v/v) (228). Alcohol in vitro is the simplest IFN inducer 

(233). We found in mice, alcohol in vitro reduced the IFN release by 

spleen cell. Ethanol concentration ranges from 0.1% - 1%, they all 

have the same results and like dose dependency. 

Changes in PMN numbers and functions, as well as altered cytokine 

production suggest that immunization may not be as effective in 

retrovirally infected mice fed ethanol. Clearly, damage to immune 

systems by murine AIDS makes the mice more susceptible to 

S. pneumoniae. 

The virally infected group survival was influenced by immunization 

and adoptive transfer. In the retrovirally infected mice which 

received adoptive transfer of total spleen cells from healthy mice. 

They were able to delay and resist the infection for longer periods of 

time, usually in the LP-BM5 infected mice, the virus homes in the 

spleen and uses B cell, macrophages and T cell as host to reproduce. 

The progression of infection causes consequent enlargement of spleen 

(235,237). Splenomegaly is also a common finding, occurring in up to 

50% of the patients with AIDS (238). Because of the virus infection 

cells suffer a loss of cellular function and components (239). If the 

B lymphocytes and macrophages of the spleen are depleted opportunistic 

infections were more likley to be present in 52% and 89% of patients 

(242). Children with AIDS/ARC are at increased risk for bacterial 

infections and in this manner are similar to other patients with 

defective humoral immunity (205) despite the presence of 

-------- -- - .-- - --



hypergammaglobulinemia. B cell defects are present early in the 

course of AIDS and ARC. 
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These children have poor in vitro lymphocyte transformation to B 

cell mitogens, and responses to pneumococcal vaccine (205). Effects 

on the depletion of function of B cells and macrophages would cause 

sequences of problem. Macrophages release IL-l and B cells release 

TNF, IL-l, and IL-6 which are the main source of communication in the 

immune system. Presence of IFN correlates with increased survival 

time after challenge with virulent ~ pneumoniae. Although the 

treatment did not protect mice from eventual death from pneumococcal 

infection, the fact that it extended their survival time is good 

evidence for the involvement of healthy cell and then cytokines in the 

pathogenicity of ~ penumoniae. Because of such an important role of 

spleen cell in fighting the opportunistic infections, even though 

virus infected mice had splenomegaly, we were able to rehabilitate the 

immune system to delay the death by infection. 

LP-BM5 murine leukemia virus infection caused alterations in 

splenic T cell subsets in C57BL/6 female mice. Prolonged retroviral 

infection resulted in increased immunosuppression and a concommitant 

decreased ressistance to Cryptosporidium infection. Infection was 

characterized by persistent, endogenous development and oocyst 

excretion. A further increase in Cryptosporidium excretion and 

persistence as well as duration of infection occurred when the 

retroviral infection was prolonged to 4 and 5 months. The lack of 

-------- -- ---- - --
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reduction or clearance of Cryptosporidium infection in 

retrovira11y-infected mice which had progressed to murine AIDS closely 

parallels the situation in human AIDS patients (139). In AIDS 

patients Cryptosporidium infection generally persists for months to 

years and may be associated with life-threatening diarrhea (140). In 

AIDS patients, cryptosporidiosis begins insidiously and escalates as 

immune defects become more severe (132). We found Cryptosporidium 

infection to be more severe after 4 and 5 months of retroviral disease 

than after only 3 months. After 4 months of retrovira1 infection, the 

feces contained numerous oocysts, and the number of parasites per 

villus section in the intestine had also increased substantially. The 

level of infection, however, did not reach that of neonatal mice 

infected with Cryptosporidium at 5 days of age (129). This would 

suggest that the immunosuppression due to retroviral infection was not 

as great as immunological incompetence due to immunological immaturity 

in neonatal mice (129). While immunocompetent adult mice almost never 

have more than a very transient infection, there is a recent report of 

persistent infection in adult guinea pigs (141). Some changes in 

species or individuals may allow persistent infections even with 

intact, mature immune systems. 

Circulating antibodies in response to Cryptosporidium infection 

have been detected but their role remains unclear. The level of 

antibodies in human colostrum and breast milk may have influenced 

severity of Cryptosporidium infection in children (144). Antibodies 
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in colostrum as well as monoclonal antibodies partially neutralized 

infectivity of Cryptosporidium in mice (154). In LP-BM5 infection 

th~re is a po1yc1ona1 B cell stimulation but poor antibody response 

(109,133-134). The increase of B-ce11 populations in the retrovira1 

infected mice is a characteristic of the disease which is required for 

the development of T-cell abnormality after infection with LP-BM5 

virus (134). In 15% of AIDS patients with diarrhea, there was also a 

low antibody production, perhaps associated with persistence of 

parasite co1inization (131). Neonatal mice often do not produce more 

than 5-10% of adult levels of intestinal IgA until several weeks after 

weaning (145), which could explain their lack of resistance to an 

intestinal parasite. Reduced B cell function and antibody production 

is also associated with prolonged LP-BM5 infection (109,133,123) which 

may help explain the decreased resistance to this parasite which we 

observed. 

Cryptosporidium infection and associated mucosal lesions persisted 

until the end of the experiment in adult, immunodeficient nude mice 

(129) and severe combined immune deficient (SCIDS) mice (127). Nude 

mice are deficient in regulatory or effector T-ce11s and SCIDS mice 

lack functional T and B lymphocytes (138) that may be required for 

recovery from the infection. The role for T cells in resistance is 

supported by results with LP-BM5 infection which does not greatly 

suppress T cell numbers, but does reduce T cell function 

(109,133-134), and decreased Cryptosporidium resistance. Retrovira1 

---- --- . __ .- - ... 
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infection preferentially lowered the percentage of total T-cells when 

compared to reduction in both T-helper and T-suppressor cells as shol~ 

previously (109,133-134). Dependence on T-cells for recovery from 

infections with other coccidia in mice and rats has also been reported 

(146,147). Such results suggest that T-cells may be required for 

recovery from Cryptosporidium infection. Lymphoid cells injected into 

chronically Cryptosporidium infected nude mice resulted in spontaneous 

recovery (148). 

Person to person and fecal-oral transmission of Cryptosporidium is 

very common (144). It is found in Africa at high rates among AIDS 

patients and it may be the most common parasite causing diarrhea 

(144). Cryptosporidium infection in LP-BM5 infected mice of the 

absence a reliable method for cultivating Cryptosporidium in vitro, 

its prevalence in AIDS patients, as well as the fact that no method 

has been developed to successfully treat parasite-infected patients. 

The level of Cryptosporidium infection increased as the retroviral 

infection caused greater immunodeficiency. In human AIDS patients 

Cryptosporidium infection becomes more severe with progressive loss of 

immune function (144). This suggests that the parasitic infection 

during retroviral disease may be treated by patient immunorestoration. 
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Future Study 

Based on the results of my w'ork, the major effects of ethanol on 

progression of immune deficiency disease and on susceptability to 

infection (S. pneumoniae and Cryptosporidium) appears to be on 

lymphatic system and influence on polymorphonuclear cells activity 

which facilitate the transition from seropositive individual to AIDS 

patients and subsequent death. However following areas of uncertainty 

still remains and needs further research in order to shed some light 

in better understanding the complications with AIDS. For example, 

histological analysis of lymphatic organs such as spleen and thymus in 

order to determine changes that occur in the structure of the organ 

due to the LP-BM5 infection. Similar focus should be done on the 

histological changes in liver tissues due to metabolites formed by 

acute or chronic consumption of alcohol by using in vivo microscopy. 

Also using different subsets of spleen T and B cells to individually 

stimulate the suppressed immune system of MAIDS by adoptive transfer 

and then set up a comparative study and determine the efficiency of 

active vs. adoptive vs. passive immunization on resistance, and assess 

role of alcohol and nutrition on these parameters. Lastly, determine 

the persistence of cryptosporidiosis in MAIDS as modified by dietary 

alcohol. 
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