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ABSTRACT 

Acquired Immune Deficiency Syndrome (AIDS), a progressive 

immunodeficiency induced by Human Immunodeficiency Virus (HIV), frequently 

sets the stage for life-threatening tumors and opportunistic infections. The proposed 

study focuses on the immunological changes associated with mv infection. Often 

superimposed diarrhea, causing malabsorption and malnutrition, leads to further 

immunosuppression and accelerated deterioration in many patients. The 

pathomechanism of Cryptosporidium-induced diarrhea is poorly understood and its 

relation to AIDS ungently requires investigation. We used LP-BM5 murine 

leukemia virus (MuLV)-infected C57BLl6 mice to model AIDS and thereby study 

the immunological changes in human retrovirus infection. Production of Th1 

cytokines (IL-2 and IFN-'Y) was suppressed, whereas Th2 cytokine production (IL-4, 

IL-5, IL-6, and IL-lO) was enhanced in spleen and mesenteric lymph nodes (MLN) 

during retrovirus infection. However, increased secretion of IFN-'Y in the MLN of 

retrovirus-infected mice may represent incremental production and release by non

Th1 cells. Lymphoid cell population changes in gut-associated lymphoid tissues 

(GALT) were documented 4 months after retrovirus infection. Total lymphoid cell 

numbers decreased in Peyer's patches and CD4+ cell numbers decreased in the 

intestinal lamina propria (ILP). Total lymphoid cell numbers increased in MLN but 
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the relative percentages of surface IgA +, cytoplasmic IgA + (cIgA +), and cIgM+ cells 

were decreased. Cryptosporidium infestation in retrovirus-infected mice decreased 

following the administration of pooled bovine colostrum containing a high titer of 

antibody demonstrating the potential efficacy of passive humoral immunity. Changes 

in the host cellular immune apparatus, following Cryptosporidium infection, were as 

follows: 1) increased -yo-TCR+ cells in the ILP 6 and 10 days post-infection, 

2) decreased CD4 + cells in the ILP and intraepithelium 10 days post-infection, 

3) reduced IgA + and IgG + cells in the ILP 6 and 10 days post-infection, and 

4) increased IgE+ cells 6 days post-infection. This altered cellular profile indicates 

the potential for aberrant cytokine production which may be responsible for the 

compounded immunodeficiency during retrovirus infection. Overall, the findings 

underscore the importance of understanding both humoral and cell-mediated 

immunological influences before the rational development of a therapy against 

opportunistic cryptosporidial infection in AIDS patients can be undertaken. 
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CHAPTER I 

INTRODUCfION 
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Acquired Immune Deficiency Syndrome (AIDS) is a clinical disorder induced 

by Human Immunodeficiency Virus (HIV). It represents the end stage of a 

progressively immunosuppressive disease that weakens host defenses increasing 

susceptibility to life-threatening tumors and opportunistic infections. It is recognized 

as the number one public health concern in the United States and as a major, rapidly 

increasing health consideration worldwide. As a consequence, the study of HIV

induced immunological changes represent a major interest in medical research. 

The full expression of AIDS requires additional cofactors besides HIV 

retrovirus infection. Diarrhea is the most common gastrointestinal symptom in 

AIDS causing malabsorption and malnutrition which suppresses immune functions 

and accelerates disease progression. A wide variety of microorganisms have been 

identified as diarrheal pathogens in AIDS patients; the protozoan Cryptosporidiwn 

is a major gastrointestinal pathogen in AIDS causing life-threatening diarrhea. The 

causal relationship between diarrhea and immunodeficiency represents an urgently 

important area of study. 

We employed a LP-BM5 murine leukemia virus (MuLV)-infected C57BL/6 

mouse system to answer immunological questions related to the immunosuppressive 

changes seen in different organs after human retrovirus infection. We discovered 
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that cytokine production by resident peritoneal macrophages, splenocytes, and the 

cells of mesenteric lymph nodes (MLN) was modified by LP-BM5 MuL V. Tumor 

necrosis factor-alpha (TNF-O!) and intedeukin (IL)-6 secretion by LPS-stimulated 

macrophages was significantly enhanced by LP-BM5 MuLV infection. Moreover, 

the cytokines produced by Th 1 cell clones were suppressed, whereas those produced 

by TH2 cell subsets were enhanced. For instance, release of IL-2 and interferon

gamma (lFN-'Y) by ConA-stimulated T splenocytes was significantly inhibited, but 

secretion of IL-6 and IL-IO was enhanced during retrovirus infection. Production 

of IL-4 was enhanced in mid-stage then progressively depressed during the latter 

stages of LP-BM5 MuLV infection. IL-2 production by mitogen-stimulated MLN 

cells gradually decreased, but IL-5 and IL-6 levels increased during retrovirus 

infection. Enhanced IFN-'Y secretion from MLN cells after retrovirus infection may 

be produced by non-Thl cells. Furthermore, changes in the lymphoid cell 

populations of gut-associated lymphoid tissues (GALT) were noted after LP-BM5 

MuLV infection. T cell numbers in Peyer's patches (PP) and the proportion of 

surface IgA + (sIgA +)- and sIgM+ -bearing cells were significantly decreased. In 

contrast, total lymphoid cell numbers in enlarged MLN were increased six-fold but 

the percentages of T cells were unchanged yet, the relative percentage of sIgA + , 

cytoplasmic IgA + (clgA +), and clgM+ cells were decreased. There was a 

concomitant decrease in CD4 + cell numbers in intestinal lamina propria (ILP) due 



21 

to a repopulation failure of clgA + cells from MLN. The passive transfer of pooled 

bovine colostrum containing a high titer of antibodies, including IgA, was able to 

decrease Cryptosporidium colonization in intestinal villi and subsequent oocyst 

shedding. Furthermore, we used healthy adult C57BL/6 mice to characterize the 

normal lymphoid cell population alterations in gut-associated lymphoid tissues 

(GALT) in order to identify the lymphoid cell population imbalance found in the 

GALT of retrovirus-infected mice responsible for the persistence of parasite 

colonization during Cryptosporidium infection. We observed an increase in the 

number of 'Y0-TCR+ cells in the ILP 6 and 10 days after cryptosporidial infection. 

There was a decrease in the number of CD4 + cells in the ILP and intraepithelium 

10 days of after infection. In addition, there was a reduction in the number of IgA + 

and IgG+ cells in the ILP 6 and 10 days after infection with an increase in the 

number of IgE+ cells 6 days after Cryptosporidium infection. 

We postulate that cytokine dysregulation and aberrant secretion may be the 

underlying factor causing immune cell dysfunction and abnormal lymphoid cell 

distribution, leading to the progressive development of immunodeficiency disease in 

retrovirus-infected animals. Moreover, alterations in both humoral and cell-mediated 

immunity play important roles in cryptosporidiosis. Therefore, the LP-BM5 MuLV 

mouse infection model of human retrovirus-induced disease suggests various 
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mechanisms of immunosuppressive pathogenesis possibly attributed to the retrovirus 

and further exacerbated by Cryptosporidium infection. These mechanistic clues may 

provide avenues by which the development of effective therapies against retrovirus 

and opportunistic pathogens can be explored. 
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CHAPTERn 

REVIEW OF LITERATURE AND STATISTICAL METHODS 
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REVIEW OF LITERATURE 

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

initiated in man by infection with Human Immunodeficiency Virus (HIV). This 

virus is in the family of Retroviridae, belonging to the subfamily of lymphopathic 

lentiviruses and comprising human immunodeficiency virus type I (HIV-l) and type 

II (HIV-2). One of the major complications in the management of AIDS is the long 

latent period which is a characteristic of retroviruses. The epidemic of AIDS, by 

virtue of its rapid spread, long latency, and high mortality, has become the focus of 

a massive research effort during the last two decades (150). The first cases were 

documented and described in the United States in 1981 (69); however, the earliest 

cases in the United States date back to the late 1970's (12), while in Africa to the 

early 1970's (21). Serologic research suggests that HIV has been present in Africa 

since 1959 (163). The rapid spread has been attributed to homosexual (in the United 

States) and heterosexual (in Africa) transmission, and to the sharing of needles by 

IV drug abusers (77, 180). HIV infection in the sexual partners and offspring of IV 

drug abusers has been reported to be on the rise, particularly among blacks (34) and 

hispanics (20). 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 

(198). That is comparable to the yearly incidence of all cancers for the general U.S. 
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population, approximately 330/100,000. While HIV is widely accepted as the 

infectious agent that causes AIDS, other cofactors are also thought to be necessary 

for the full expression of the disease (198). 

One of the most common gastrointestinal symptoms in AIDS is diarrhea 

associated with severe wasting, reported in 50 to 90% of all AIDS patients (48, 

130). Change in the nutritional status of these patients, a secondary nutritional 

deficiency due to diarrhea, has been suggested as a possible cofactor in the 

suppression of immune functions and the accelerated progression of AIDS. A wide 

variety of protozoal, viral, and bacterial organisms have been implicated as diarrheal 

pathogens in HIV infection and AIDS (60), with the protozoans being the most 

frequent. Cryptosporidium in particular is a major source of morbidity, it causes 

intractable diarrhea and profound weight loss, malnutrition or even death (60), and 

has been identified in one-third of all AIDS patients with diarrhea (249). The 

development and study of diarrheal diseases with associated immunodeficiency would 

model and elucidate this common feature of AIDS. 

Ethical, economical and logistical considerations, however, preclude the study 

of opportunistic disease during AIDS, such as cryptosporidiosis, in humans. While 

experimental HIV infection has been demonstrated in chimpanzees, gibbons, and 
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rabbits, the full spectrum of AIDS symptoms or significant pathogenesis have not 

been observed (95, 242). The use of an experimental non-primate animal model of 

AIDS showing immunodeficiency and incorporating opportunistic disease would be 

of value in understanding the mechanisms of pathogenesis and developing more 

effective therapies and vaccines. Our model is a mouse infected with a murine 

retrovirus, LP-BM5 murine leukemia virus (MuLV), which causes an AIDS-like 

disease in infected animals (154, 242). Moreover, LP-BM5 MuLV-infected mice 

develop chronic cryptosporidiosis after inoculation via gavage with Cryptosporidiwn 

parvwn (C. parvwn) oocysts (41). 

Possible Mechanism of Immunosuppression by Retrovirus 

The family of Retroviridae are characterized by RNA containing viruses 

which replicate via a DNA intermediate and integration with host genome. Animal 

retrovirus-induced diseases are usually not associated with cancer, instead they 

manifest as nonneoplastic disorders which may include chronic degenerative 

conditions or entirely apathogenic events. Immunosuppression, associated with 

certain retrovirus mutants, confers a significant survival value of the virus in the 

host. There are at least four mechanisms by which human and murine retroviruses 

modulate the host immune apparatus: 1) direct lysis or functional impairment of 

virus-infected lymphoid cells as consequence of viral replication; 2) activation and 
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release of novel soluble mediators of viral and/or host origin from virus-infected 

cells; 3) damage to host cellular defense mechanisms involved in phagocytosis, 

antigen presentation, and nonspecific effector aspects of cell-mediated immunity by 

virus infection; 4) disruption of the immunoregulatory cytokine balance normally 

sustained by T suppressor or helper cell cytokine production. 

Murine Models of Retrovirus Disease 

A murine retroviral disease, LP-BM5 MuLV infection, in C57BL/6 mice 

produces a syndrome designated murine AIDS (MAIDS) which has similar 

physiological abnormalities (Table 2.1) to those seen in early stages of human AIDS 

(154-155, 195, 242). LP-BM5 MuLV infection induces a rapid onset and 

development of MAIDS. LP-BM5 MuLV consists of a virus mixture which was 

originally isolated by LataIjet, et aI., and found to produce a non-neoplastic 

lymphoproliferative disease in adult mice (116). The cluster of viruses includes: 1) 

a 4.8-kb replication-defective MuLV-related genome, 2) a B-tropic mink cell focus

inducing virus (MCFV), and 3) a replication-competent B-tropic ectropic virus 

(BEV) (129). The immunological disorders are apparently induced with MCFV 

infection, but not after infection by BEV which serves to facilitate the transmission 

of MCFV in mouse tissues. The murine major histocompatibility complex (MHC) 

has been shown to influence the development of MAIDS and the extent of virus 
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TABLE 2.1 Comparison of Changes in Immune Cells and Functions Induced by HIV 
Infection in Man and LP-BM5 MuL V Infection in Mice. 

Immunological Parameters Retrovirus Infection with 
HIV LP-BM5 MuLV 

Abnormalities of T -Lymphocytes 

T-helper (Th) cell functions decreased decreased 

Resistance to opportunistic 
infections and neoplasms decreased decreased 

Numbers of CD4 + (Th) cells decreased variable 

Spontaneous proliferation increased increased 

Abnormalities of B-Lymphocytes 

Responsiveness to antigens from 
immunization and infection decreased decreased 

Immunoglobulin production increased increased 

Spontaneous proliferation increased increased 

Abnormalities of Macrophages 

Numbers of activated macrophages variable decreased 

Numbers of macrophages decreased decreased 

Abnormalities of Natural Killer Cells 

Tumor cell cytotoxicity decreased decreased 

Activity with IL-2 incubation in vitro increased increased 

Modified from Review by Dr. R.R. Watson (242). 
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spread in adult mouse infections (129). This murine retrovirus infection provokes 

an enlargement of lymphoid organs, primarily spleen and lymph nodes. 

LP-BM5 MuLV-infected animals characteristically develop 

hypergammaglobulinemia, lymphadenopathy , T-cell functional immunodeficiency, 

and, in the later stages, neurological signs including paralysis as well as 

opportunistic infections (41, 154-155, 179, 195, 242). Although lentiviruses are 

associated with human AIDS and C-type retroviruses appear to be the causative 

agents in MAIDS, both are very similar in that they cause profound 

immunosuppression as well as reduced resistance to opportunistic pathogens and 

neoplasia in their respective hosts. The major immune cell target for LP-BM5 

MuLV is the macrophage, which is also a major target for HIV. CD4 + T cells and 

B cells are required for the development of MAIDS infection and the associated 

immunosuppression (23, 256). The pathogenesis of LP-BM5 MuLV is characterized 

by T and B cell dysregulation with many changes similar to those reported in human 

HIV infection (64, 95, 154). Both viruses induce an early phase of B cell 

hyperactivity and polyclonal activation (241). The temporal sequence of T-cell 

function changes is similar between the two diseases, with helper T cell function lost 

well before cytotoxic/suppressor T cell function (241). The quantitative loss of 

overall T-cell function occurs far in advance of the reduction in CD4 + T helper cell 
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numbers (241); however, the extent of T cell depletion varies from organ to organ. 

NK cell function is also reduced early in both diseases, but lymphokine-activated 

killer cell (LAK) function is maintained for 8-10 weeks after initiation of LP-BM5 

MuLV infection (241). However, MAIDS does not result in the generalized 

depression of bone marrow function nor the death of infected T -helper cells, as 

occurs in AIDS. 

The features of LP-BM5 MuLV infection of C57BL/6 mice, macrophage 

infection, stimulation of B-cell mitogenesis, immunosuppression, and eventual death 

(195, 242) , represents a well developed murine system for the study of human 

retrovirus infection with associated immunodeficiency. Practically, LP-BM5 MuLV 

is not considered a human pathogen and carries no risk of transmission to other mice 

(195, 242). The model is economical, simple to implement and manipulate and 

offers a practical and ethical alternative to AIDS studies using primates or humans. 

The use of this MAIDS model, therefore, should provide a fruitful experimental 

opportunity to elucidate the pathogenesis of opportunistic microorganisms, especially 

Cryptosporidium, in an immunodeficient retrovirually infected host system. 

Possible Mechanism of Immunosuppression by LP-BM5 MuLV 

During the progression of LP-BM5 MuLV infection, it has been proposed 
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that CD4 + T cell populations shift from a heterogenous phenotype, characteristic of 

a mixed population of naive and memory cells, to a more homogenous phenotype 

that broadly shares characteristics of both memory and activated cells (160). The 

initial resting immunocompetent CD4 + T cell population, in other words, is replaced 

by a polyclonal population described as being in an anergic state (160). Moreover, 

the state of anergy has been demonstrated to be related to defects in the signal 

transduction pathway (pKC, calcium mobilization, and phospholipase C) induced by 

LP-BM5 MuLV during MAIDS (31, 58,160-161). Furthermore, the state of anergy 

is apparently induced by a soluble, diffusible, LP-BM5 MuLV-encoded superantigen

like component that is capable of stimulating most CD4+ T cells (160-161). 

Role of Cytokines 

Cytokines mediate a variety of biological and physiological processes 

providing an interactive complexity of potentially immunomodulating agents which 

integrate cellular and function within higher mammals. This network of pleiotropic 

cell regulators are secreted primarily from immunocompetent cells (9). They play 

a crucial role in transmitting and regulating signals for proliferation, differentiation, 

and expression of cellular function in a variety of targets especially in relation to 

immune responses. Target cell functions are usually affected by the interactions of 

one or more of these regulatory molecules. The first cytokine to be discovered and 
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characterized, interleukin 1 (lL-l), was found to be released primarily from activated 

mononuclear phagocytes, and to be essential for the induction of immune responses 

and inflammation (43, 47,67, 169). IL-l secretion is initiated by uptake of antigen

antibody complexes, stimulation with lipopolysaccharide (LPS) , or contact with 

activated T lymphocytes (169). In addition, IL-l production may be modulated by 

yet another cytokine, tumor necrosis factor (TNF) (56, 177). Natural killer (NK) 

cells, B lymphocytes, and fibroblasts may also produce IL-l (169). The important 

immune function related effects of IL-l include the regulation of T and B 

lymphocyte activation and growth (212), NK cell-mediated cytotoxicity, and immune 

cell chemotaxis (44, 169). 

Interleukin 2 (IL-2) is a pivotal cytokine for the growth and differentiation 

of T and B cells, and for the enhancement of B cell growth and Ig production (70, 

146). It is secreted mainly by the Thl subset of activated T helper lymphocytes (26, 

76, 88, 246). The production of IL-2 is affected by the secretion of IL-l, and by 

the expression of IL-2 receptors on T lymphocytes (76). IL-2 stimulation ofT cells 

expressing IL-2 receptors represents a potential for autocrine and/or paracrine 

regulation of immune responses. In addition to the important effects of IL-2 on T 

cell proliferation (76, 244), subsequent studies have shown that B cells, NK cells 

(76, 170), and lymphokine activated killer (LAK) cells (70, 76) also respond to IL-2. 
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Other interleukins, IL-3, IL-4, and IL-5 are synthesized predominantly by 

stimulated T lymphocytes (8, 45, 254, 257, 258). IL-3 is also called colony 

stimulating factor (CSF) and induces the growth and differentiation of hematopoietic 

stem cells (76, 212). Interleukins 4, 5, and 6, respectively, promote the activation, 

growth, and differentiation of B lymphocytes into antibody-secreting cells, but have 

also been found to have various effects on T cell activation and growth (76, 212). 

IL-4 activates a wide range of B cell functions such as the up-regUlation of MHC 

Class II expression in resting B cells, the augmentation of IgG 1, IgE, and sIgM 

secretion (210), the suppression of IgM, IgG3, and IgG2a production (230), and the 

inhibition of antibody secretion by IgA-committed B cells (238). Moreover, it 

appears to directly inhibit the ability of IL-12 to promote Thl cell development, 

possibly by providing a competitively more powerful stimulus for Th2 cell 

development than the IL-12 stimulus for Thl cell development (89,204). Although 

IL-5 stimulates murine B cells to terminally differentiate to IgA or IgM secretion, 

it does not possess B cell growth factor activity (80, 136, 159, 162, 184,224). IL-6 

exhibits multiple activities including the induction of B cell terminal differentiation 

and the stimulation of IgG and IgA secretion (136, 225). IL-6 is secreted by a wide 

variety of cells, including fibroblasts, mononuclear phagocytes as well as activated 

T lymphocytes (76, 212). IL-7 is produced from a stromal cell line derived from 

bone marrow and stimulates the in vitro growth ofB cell precursors (151,165-166, 
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212}. 

IL-I0 is another interleukin protein produced during a variety of immune 

activated conditions by T helper cell clones (ThO and Th2 cell subsets) as well as by 

monocytes, macrophages, and B cells (65, 88). It suppresses cytokine production 

(lL-2, IFN--y, and lymphotoxin) and antigen-specific proliferation ofThI cell subsets 

after activation in an accessory cell-dependent manner. It also diminishes delayed

type hypersensitivity reactions and other Thl cell-mediated responses. Acting 

indirectly, IL-IO suppresses the capacity of certain accessory cells to promote Thl 

cell development (89). Furthermore, it suppresses murine macrophage functions 

such as the inhibition of macrophage-mediated immunity and the production of 

reactive nitrogen oxides which are involved in the elimination of intra- and extra

cellular parasites. Moreover, endogenous IL-IO suppresses the synthesis of IL-IO 

by macrophages/monocytes, suggesting a negative feedback regulation of monocyte

derived IL-IO production. 

IL-12, originally called NK cell stimulatory factor, is a heterodimeric 

cytokine produced by macrophages, B cells, and other accessory cells (40, 204, 

231). The cytokine has pleiotropic effects on NK and T cells such as stimulating the 

induction of transcription and the production of IFN--y, increasing cytotoxic activity , 
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inducing the differentiation of Th 1 cells from uncommitted naive CD4 + T cells 

undergoing primary activation, and, consequently, initiating cell-mediated immunity 

(89, 204, 231). 

Interferon-gamma (lFN-'Y) is a multiple immunoregulatory cytokine that is 

secreted primarily by activated T lymphocytes (CD4 +, CD8+, and CD4"8"), cells of 

the monocyte lineage, and NK cells (13, 96, 112, 144, 151, 196, 232-234). The 

production ofIFN-'Y is modulated by the simultaneous production ofIL-l, IL-2, IL-

4, and TNF (71, 166, 203). It primes macrophages for microbicidal and tumoricidal 

activity and enhances NK cytotoxicity (21, 171, 237). Moreover, its functions 

include the inhibition of some IL-4-induced B cell activations, the modulation of B 

cell differentiation, the augmentation of Ig secretion in B lymphocytes (117, 164, 

207), and the up-regulation of expression of the secretory component required for 

binding and transport of secreted IgA and IgM (213). Furthermore, it down

regulates cytokine production (lL-4, IL-6, and IL-I0) and cell proliferation of Th2 

cell clone (65). 

Finally, tumor necrosis factor ex (TNF-ex) and 11 (TNF-11) are two closely 

related cytokines that express similar in vitro and in vivo activities including 

inflammation and anti-tumor activity (56, 73, 237). Activated macrophages are the 
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primary source of TNF-a, whereas TNF-fi is secreted mainly by activated T and B 

lymphocytes (10, 39, 61). The production of TNF is regulated by IFN--y released 

from stimulated T-Iymphocytes (173). 

Cytokines operate as an integrated network of signals conducting a myriad 

of immune and non-immune cellular interactions. They transmit stimulatory and 

inhibitory messages which often influences the synthesis of still other cytokines. 

Moreover, they regulate the expression of a variety of cell surface receptors 

exhibiting synergistic, additive or antagonistic effects upon cell function (9). 

Clearly, a well-regulated system of cytokine interactions is essential for the 

maintenance of an immunocompetent host defence. 

Abnormal Cytokine Production in HIV Infection 

Evidence to date suggests that the human CD4 + T cell population is 

heterogeneous with distinct CD4+ T cell clones, like the Th subsets (Thl, Th2, and 

ThO) in mice, which are defined by their expression and responses to a repertoire 

of cytokines and their respective cell-mediated and humoral immunological responses 

(181, 191). The cytokine profiles produced by the Th cells, such as the Thl 

(produce IL-2, IFN--y, and lymphotoxin)- or the Th2 (produce IL-4, IL-5, IL-6, and 

IL-lO)-like patterns, mediate a number of distinct host immune functions via 
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autocrine or paracrine pathways. The regulatory and effector Th cell immune 

functions are mediated exclusively by the cytokines They secrete. For instance, the 

Thl cell cytokines mediate several responses like complement-mediated cytotoxicity 

via IgG2a production, antibody dependent cell-mediated cytotoxicity, phagocytosis 

by the activation of macrophages, and delayed type hypersensitivity, whereas the 

Th2 cell cytokines mediate antibody production (IgGl, IgM, and 19B), mediator 

release by eosinophils and mast cell degranulation (181). Therefore, the regulation 

of Thl or Th2 subset cytokine secretion is central for the understanding of the 

immune responses regulated by these cells and their role in the disease states 

initiated by HIV infection and eventual AIDS. 

Patients infected with HIV display a progressive loss of CD4+ Th cell 

function, often taking years before cell numbers and other cell functions are critically 

depressed leading to a diagnosis of AIDS (28). It has been suggested that the 

apparent loss of Th cell functions are the result of an imbalance in Thl-type and 

Th2-type responses, including anergy of the Th 1 subset and activation of the Th2 

subset (143), contributing to the immune dysregulation associated with HIV 

infections. The loss of resistance to HIV infection and/or the progression to AIDS 

is dependent on a switch from Thl subset to Th2 subset dominated responses (29). 

That is, the progression to AIDS is characterized by loss of Thl-cytokine production 
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concomitant with increases in Th2-cytokine production (29, 127), before that, 

however, mv-exposed individuals generate strong Th1-type responses against mv 

antigens (29). The abnormal cytokine production includes IFN--y (1,29, 115, 127), 

IL-2 (28-29, 127), IL-4 (28-29), IL-6 (17-18, 50), IL-10 (29, 50-51), and TNF 

(113). Current research therefore is focusing on the incrementally important roles 

of Th cytokine profiles in physiological and pathological situation and, specifically, 

in their clinical therapeutic applications for mv -infected individuals. 

Abnormal Cytokine Production in LP-BM5 MuLV Infection 

A progressive decrease in the ability of spleen cells to secrete IL-2 or IFN--y, 

cytokines produced typically by the Th1 subset, either spontaneously or after 

concanavalin A (ConA) stimulation has been shown to follow LP-BMS MuLV 

infection (65, 129). In contrast, IL-4, 5, 6 and 10, characteristic cytokines of the 

Th2 subset, were produced spontaneously or after Con A stimulation from 18 wk 

post-infection (65). These results suggest that persistent activation of CD4+ T cells 

with Th2 helper clone cytokine profiles is responsible for chronic stimulation of B 

cells, down-regulation of Th1 cytokines, and impairment of CD8+ T cell function 

in MAIDS (65). It is likely that during many parasite infections, retroviruses 

encoding potent antigenic stimuli are markedly affecting the balance of T helper cell 

subset expression (65). 
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Cryptosporidiosis 

Cryptosporidium is a common protozoan pathogen that causes life-threatening 

diarrhea in AIDS patients for which no drug therapy exists (250). The cause of 

diarrhea in cryptosporidiosis is unclear. It has been suggested that the 

microorganisms rest on the villous surface of the enterocyte and impair cell function 

by releasing toxins (60). Prolonged diarrheal illnesses are associated with nutrient 

malabsorption, weight loss, inanition, and death (146, 212). Cryptosporidium 

infection in humans is characterized by watery diarrhea, cramping abdominal pain, 

weight loss, and flatulence (249). The severity and duration of human 

cryptosporidiosis appears to be determined primarily by the host immune status 

(146). In immunocompetent hosts, cryptosporidiosis usually lasts only a few days. 

However, in immunocompromised AIDS individuals, the symptoms of 

cryptosporidiosis usually begins insidiously and is exacerbated by the degree of 

immunodeficiency. The patients often require hospitalization and treatment for 

hydration and malnutrition. Clinical symptoms and the shedding of oocysts in the 

stool commonly persist for months until death by opportunistic infections or 

neoplasms (146). Although a culture system facilitating complete in vitro growth of 

Cryptosporidium has been developed (37), the absence of a symptomatic small 

animal model of the disease has severely obstructed the identification of potentially 

effective anti-Cryptosporidium agents (32). Characterization of cryptosporidiosis in 
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an animal model during retroviral infection would have great utility as no effective 

therapy for this condition currently exists (32). Moreover, it may be postulated that 

the failure of medical therapy for cryptosporidiosis in AIDS patients reflects their 

profound immunodeficiency rather than a lack of drug efficacy (146). Because 

patients with multiple, complex, concomitant problems are not an optimal population 

in which to conduct studies, and mechanistically, the pathogenesis of intestinal 

disease in immunocompromised patients is poorly understood (175), and detailed 

immunological studies need to be done in a small animal model in order to find a 

way to abrogate the loss of host defenses necessary for combating cryptosporidiosis. 

Life cycle of CO!,Ptosporidium 

C. parvum, a 2 to 6 I'm sized microbe, infects in a wide variety of 

mammalian species. Its life cycle has been described in the literature (42, 199). 

Cryptosporidiosis is initiated when the sporulated oocyst is ingested with parasite

contaminated food or water. Four sporozoites excyst upon contacting with host 

digestive enzymes and invade epithelial cells by attaching to the luminal surface of 

the intestine. Intracellularly, the parasite embeds itself down to the base of the 

microvilli and differentiates into a trophozoite which begins its asexual cycle. The 

trophozoite transforms into a schizont which is composed of eight merozoites. The 

merozoites, about 7 I'm in size, burst out of the epithelial cell and are capable of 



41 

infecting other cells. This cycle usually occurs only once more, resulting in the 

production of four merozoites, in immunocompetent individuals, but the merozoites 

can reinfect for several cycles in immunocompromised individuals. The merozoite 

then differentiates into either a microgametocyte (c) or a macrogametocyte (~). A 

microgametocyte produces 12 to 16 microgametes which bursts out of the host cell 

and fuses with a macrogametocyte completing the sexual cycle. The 

macrogametocyte remains within the host cell cytoplasm until it is fertilized. The 

zygote (oocyst) is formed with an impervious outer wall, 4 to 6 I'm wide with a 

spherical shape, and enters the lumen of the intestine. They are passed as early as 

5 days after infection in the fecal mass. Before leaving the host the oocyst is 

unsporulated, but upon reaching the external environment the oocyst immediately 

sporulates, thus achieving infectivity. 

Morphologic studies of Cryptosporidium infection in experimental animals 

using electron microscopy have demonstrated that the parasite enters the host cell by 

internalization within a sac of host membrane (131). Furthermore, Cryptosporidium 

can be identified within the cytoplasm of M cells within Peyer's patches, suggesting 

a pathway for antigenic presentation to intestinal lymphoid cells and a means of 

initiating immunological responses which may eventually eliminate this parasite in 

immunocompetent individuals (131). 
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Mucosal Immunity 

Cryptosporidiosis is less severe in immunocompetent hosts, causing a self

limiting diarrhea, than in immunocompromised patients where it induces a life

threatening disease. Apparently, humoral and cell-mediated immune responses, 

especially in the gut-associated lymphoid tissues (GALT), are necessary for recovery 

from cryptosporidiosis (41). Recent studies looking at colostrum collected from a 

hyperimmunized cow with Cryptosporidium has been reported to be efficacious in 

experimentally infected mice, whereas chemotherapy was not (53, 228). The 

greatest reduction in parasite number was found in mice treated with IgG 1 and IgA 

in whey (53). Moreover, hyperimmune bovine colostral whey was examined by 

Western Immunoblotting for the presence of antibody against oocysts and sporozoites 

of Cryptosporidium (228). It was found that in binding activity, IgA and IgGI in 

whey recognized a wider variety of Cryptosporidium antigens than IgG2 and IgM 

(228), suggesting that IgA,especially secretory IgA (S-IgA), plays a central role in 

the host resistance to the protozoan parasite. S-IgA, abundant in mucosal secretions, 

is synthesized in local plasma cells as a dimer containing an additional polypeptide, 

J chain (11). Dimeric IgA binds secretory component (SC), synthesized by and 

located on the surface of epithelial cells, and the resulting complex (S-IgA) is 

transported across the epithelial cell in vesicles to be released at the apical surface 

into the intestinal lumen (11). The SC is believed to facilitate the transport of S-IgA 
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into secretions and protect the immunoglobulin from proteolytic attack (190). The 

importance of IgA in mucosal resistance has been demonstrated for the intestinal 

coccidial parasite in chickens (11). Nevertheless, the exact mechanisms of immunity 

against most parasites are only poorly understood, in that the relative contributions 

of the various components of the immune response have yet to be elucidated. 

Regulation of IgA Production 

Understanding of the regulation of IgA production is still only rudimentary. 

IgA is secreted by IgA plasma cells whose development, differentiation, and 

migration have been documented in the literature (136-138, 220). IgA blast cells 

migrate through the MLN and thoracic duct but have a predilection for the small 

intestine. Briefly, the uptake of antigen by the M cells of the GALT initiate the 

induction of the immunological response. The B cell isotype switching from IgM 

to IgA is regulated by cytokines produced by mucosal T cells. The GALT is 

populated by mature CD3+ T cells of which approximately 60% are CD4+ T helper 

cells. Mature CD8+ T cells are also present as both cytotoxic (CTL) and suppressor 

(Ts) cells, as well as CD3+CD4-8- T cells which functionally mediate 

contrasuppression. Bone marrow-derived IgM+ B cells migrate to and populate the 

Peyer's patches. Antigen-sensitized, IgM+IgA + bearing B cells, IgA + bearing B 

cells and CD4 + Th cells leave via the efferent lymphatic and migrate through the 
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MLN and into the peripheral circulation via the main intestinal and thoracic ducts. 

These cells then preferentially recirculate back and reenter the mucosal tissues where 

they are retained. This migration suggests that lymphocytes possess specific cell 

surface homing receptors which mediate cellular binding to the morphologically high 

endothelial cells of intestinal postcapillary venules. This migration stream directs 

cells to the mucosal effector sites in which B cells either complete isotype switching 

and/or undergo terminal differentiation into mature IgA-secreting plasma cells. Then 

the process of synthesis, transport and secretion of S-IgA in the intestinal mucosa 

takes place. 

Cytokines influence B lymphocyte functions including activation, expression 

of class II MHC, antigen-presentation, and differentiation into IgA plasma cells. 

Recent studies have indicated that the cytokines, IL-5 and IL-6, are of particular 

importance for IgA secretion in the murine GALT (136). The supportive role ofIL-

5 in IgA production is indicated in several studies showing that IL-5 increases IgA 

production in LPS-stimulated B cells (30, 162), causes the expression of different 

immunoglobulin classes in various immune organs (230), and enhances IgA 

production by activating only IgA bearing cells (162), supposedly because IL-5 

induces terminal differentiation of IgA-committed (sIgA +) B cells into IgA plasma 

cells (80). Also, IL-5 escalates IgA production in vitro, an effect which is further 
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increased by IL-4 (162). IL-6 had been shown to induce terminal differentiation of 

B cells which have been activated by antigen or mitogens (122), and appears to be 

more effective than IL-5 at inducing the terminal differentiation of B cells (136). 

Aim of The Study 

The aim of the present study was to investigate the immunological changes 

in spleen and GALT in LP-BM5 MuLV-infected C57BL/6 mice sustaining a 

concomitant C. parvum challenge. The results will endeavor to show the critical 

factors in the regulation of immunosuppression during retrovirus infection. 

Furthermore, this murine model of AIDS may help elucidate how mucosal immunity 

functions to eliminate C. parvum infection in normal individuals and in retrovirus

induced immunocompromised individuals who encounter this parasite as an 

opportunistic infection. 
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STATISTICAL METHODS 

When data was analyzed by using the two-tailed Student's t-test, we consider 

there is a statistically significant difference between two compared groups if 

p<O.05. The two-tailed Student's t-test was used in small samples to analyze the 

difference between two group means in a normally distributed population. When 

data were analyzed by using the analysis of variance (ANOV A), a least significant 

difference range test was performed in order to isolate individual group differences. 

The ANOV A analysis was performed in the Department of Biostatistical Service of 

the College of Medicine, University of Arizona. All data were represented by mean 

+ 1 standard deviation. 
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ABSTRACT 

LP-BM5 murine leukemia retrovirus infection in C57BL/6 mice rapidly 

produces murine AIDS with many functional similarities to human AIDS, including 

progressive lymphoproliferation and increasing severe immunodeficiency. In present 

study, we used this model to investigate release of cytokines, critical regulatory 

factors of the immune response. Release of IL-2, IL-4, IL-5, IL-6, IL-1O, TNF-a, 

and IFN-,), was measured by sandwich ELISA assays. Our results indicate secretion 

of TNF-a and IL-6 by LPS-stimulated peritoneal resident macrophages was 

significantly enhanced beginning at 2 and 4 weeks, respectively, and continuing to 

22 weeks post-infection. Release of IL-2 and IFN-')' by ConA-stimulated T cells was 

significantly inhibited from 4 week to 22 week post-infection, whereas secretion of 

IL-6 and IL-1O by ConA-stimulated T cells was enhanced from 4 week to 22 week 

post-infection. Release of IL-4 and IL-5 by ConA-stimulated T cells was 

significantly enhanced at the 8-10 and 4 week post-infection, respectively and 

declines progressively thereafter. 
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INTRODUCTION 

C57BL/6 mice inoculated with the mixture of LP-BM5 murine leukemia 

viruses (MuL V) rapidly produces murine AIDS (MAIDS) with many functional 

similarities to human AIDS, including progressive lymphoproliferation and severe 

immunodeficiency. For example, many T cell functions are abnormal including T 

cell blastogenic response to mitogens and the allo-antigens, cytotoxic T cell 

generation, and T helper cell function for antibody production in vitro. B cell 

functions were also found to be abnormal including their response to LPS or anti-I-' 

antibody, and ability to produce a specific antibody in response to antigens. Murine 

retrovirus infection causes an increase in the numbers of T and B cells in the spleen, 

a decrease in the number of CD4 + T cells in the thymus and intestine, and a 

reducing natural killer cell activity in the spleen (95, 123, 155, Wang, et al, 

unpublished data). The balance of cellular and humoral immune response to antigens 

is regulated by soluble mediators, termed cytokines, mostly produced by T cells and 

macrophages. It is likely that the disregulated release of cytokines may be 

responsible for these changes. Recently the secretion of cytokines has been reported 

to be altered in MAIDS. Interleukin (IL)-2 and interferon-'Y (lFN-'Y) produced by 

ConA-stimulated spleen and CD4 + T cells was inhibited from 2 to 12 week 

retrovirus post-infection, whereas the release of IL-4 and IL-I0 was enhanced. The 



50 

secretion of IL-5 by conA-stimulated spleen cells was significantly increased 2 week 

retrovirus post-infection and declined progressively thereafter (65). Because of the 

change in the spleen T cell populations, the interaction between CD4 + and CD8+ T 

cells could modify the level and kinetics of cytokine production during the 

progression of MAIDS. We therefore evaluate and report here the cytokine 

productions including Thl-related cytokines (IL-2 and IFN-I') and Th2-related 

cytokines (IL-4, IL-5, IL-6, and IL-IO) by in vitro ConA-stimulated spleen T cells 

as well as monokines (IL-6 and TNF-a) by in vitro LPS-stimulated peritoneal 

macrophages. 

MATERIALS AND METHODS 

LP-BM5 Murine Leukemia Virus (MuLV) Infection 

Female mice, 4-6 months old, were randomly assigned to two groups. The 

first group of mice was inoculated once intraperitoneally with 0.10 ml of LP-BM5 

MuLV inoculum which had an ecotropic titer of 4.5 10glo PFU/ml that induced the 

disease with a time course of immune dysfunction as previously published (81). 
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Complete RPMI-1640 Medium (CM) 

CM was prepared with desired volume of pyrogen free ddH20 (Baxter, 

Mountain View, CA), added with sodium bicarbonate, and adjusted to pH 7.2 before 

filtration. The sterile complete medium (CM) was then supplemented with 10% 

heat-inactivated fetal bovine serum (PBS, Hyclone, Logan, Utah), 2 mM L

glutamine (Gibco, Grand Island, MD), 100 units/ml penicillin (Gibco), and 1ool'g 

streptomycin (Gibco) 

Preparation of Peritoneal Resident Macrophages 

Peritoneal resident macrophage (pmt/» were obtained by washing the 

peritoneal cavity with 7.5 ml of phosphate buffed saline (PBS, 0.01 M, pH 7.2-7.4) 

three times after sacrifice mice under ether anesthesia. After washing Pmt/> with cold 

CM, the cell suspension in 5 ml (5xHf cells/ml) was added to FBS-coated petri dish 

(60x15 mm, Falcon Labware, Oxnard, CA) and incubated for 2 hours at 37°C in a 

5 % CO2 incubator. Non-adherent cells were removed by washing with cold CM 

three times. Adherent cells were removed from petri dish with cell scraper. Then 

the cell concentration was adjusted to lx1lr/ml. More than 95% of adherent cells 

had morphological characteristics of macrophages examined by microscope using 

2.0% acetic acid as diluent (1:1 dilution). Cell viability was more than 95% as 

determined by trypan blue exclusion. 



52 

Preparation of T Cells from Spleen 

Spleens from mice were gently teased with forceps in CM. Red blood cells 

in a single-cell suspension were lysed by the addition of a lysing buffer (0.16 M 

ammonia chloride-Tris buffer, pH 7.2). The cell suspension was washed twice with 

cold CM. Cell concentration was adjusted to lx107/ml in low-cytotoxicity medium 

(Accurate Chemical and Scientific Corp., Westbury, NY). Purified rat anti-mouse 

II monoclonal antibody (MoAb) (lx106 cellslJlg antibody, Accurate Chemical and 

Scientific Corp.) was added into the cell suspension for 1 hour incubation for a hour. 

Discarding supernatant, cell pellet was resuspended into low-cytotoxicity medium 

and added with rabbit complement (1: 12.5, Accurate) for 1 hour incubation at 37°C. 

Then the cell suspension was loaded on the Lymphocyte-M gradient medium 

(Accurate) and centrifuged at 1,650 rpm and for 20 minutes at room temperature. 

Viable cells were collected with a pasteur pipet and washed with cold CM twice. 

Viability of purified cells was more than 95 % as determined by trypan blue 

exclusion. More than 85% of the purified cells were Thyl,2+ T cells and less than 

1 % of the purified cells were total of IgM+ and Mac-l + cells as determined by 

indirect immunofluorescence staining using MoAbs (123). 

Production of Cytokines 

One hundred microliter of lxl06 macrophages/ml, lx107 splenocytes, or 
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5x106 T cells/ml were added into 96-well flat-bottom cell culture plate (Falcon). 

Then 100 1'1 of lipopolysaccharide (LPS, Difco, Detroit, MI) in a final concentration 

of 5-10 J.tg/ml for macrophages or B cell culture and 100 1'1 of concanavalin A 

(ConA, Type IV-S, Sigma, St Louis, MO) in a final concentration of 5 J.tg/ml for 

T cell culture were added into wells. Plates were incubated at 37°C in a 5% CO2 

incubator. After 24 hr of incubation for IL-2, IL-4, IL-6, IL-IO, and TNF-a 

production, and 72 hours for IL-5 and IFN-'Y, cell culture supernatants were then 

collected and stored at -70°C until cytokine determination. 

Standards and Antibodies (Abs) 

Capturing Abs including rat anti-mouse IL-2, IL-6, and IFN-'Yas well as 

hamster anti-mouse TNF-a MoAb were purchased from Genzyme Corporation 

(Boston, MA). In addition, rat anti-mouse IL-4 and 10 were obtained from 

PharMigen, Inc. (San Diego, CA), and rat anti-murine IL-5 (TRFIG), was a kind 

gift from Dr. Coffman of DNAX Institute (palo Alto, CA). Standards for cytokine 

detection were recombinant murine IL-2 (Collaborative Research, Bedford, MN), 

recombinant murine IL-4, IL-5, and IL-lO (pharMigen), and recombinant murine IL-

6, IFN-'Y, and TNF-a (Genzyme). Detecting Abs were rabbit anti-mouse IL-2 

polyclonal serum (Collaborative), biotinylated rat anti-mouse IL-4 and IL-1O MoAb 

(PharMigen), goat anti-mouse IL-6 polyclonal antibody (PoAb), (R & D System, 
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Minneapolis, MN), and rabbit anti-mouse TNF-a serum (Genzyme). Biotinylated 

rat anti-murine IL-5 MoAb (TRFK4) was gifted from Dr. Coffman (DNAX). rabbit 

anti-mouse IFN-'Y polyclonal serum was prepared by our lab as described previously 

(91). Horse radish peroxidase (HRP)-conjugated goat anti-rabbit IgG (H&L) 

antibody for IL-2, IFN-'Y, and TNF-a determination were purchased from American 

Qualex, Inc. (La Mirada, CA). HRP-conjugated streptavidin for IL-4, 5, and 10 as 

well as HRP-conjugated donkey anti-goat IgG (H&L) antibody for IL-6 was obtained 

from Jackson Immuno Research Lab, Inc. (West Grove, PA). 

Enzyme-Linked Immunosorbent Assay (ELISA) for Cytokines 

The wells of 96-well microtiter plates (lmmulon II, Dynatech Inc., Chantilly, 

V A) were coated with 50 J.C.l of rat or hamster anti-mouse cytokine capturing MoAbs 

diluted to 1-4 J.C.g/ml in 0.05 M bicarbonate buffer (PH 9.6) overnight at 4°C. Plates 

were washed once with PBS containing 0.05% (V/V) Tween-20 (pBS-Tween). 

Then, plates were added with 100 J.C.l of 1 % (W/V) BSA in PBS for one hour in 

incubator at 37°C with 5% CO2, After two washes, 50 J.C.l of standards and samples 

diluted in culture medium were added. Plates were incubated for two hours and then 

washed three times. Fifty microliter of diluted rabbit, rat, or goat anti-mouse 

cytokine detecting antibodies in PBS (1-4 J.C.g/ml) were added. Plates were again 

incubated for 1.5 hours and washed four times with PBS-Tween. Then, 50 J.C.l of 



55 

diluted (1 :5000) HRP-conjugated Abs and streptavidin were added. After an hour 

of incubation, plates were washed five times with PBS-Tween and once with PBS. 

Finally, 100 #-,1 of substrate buffer (ABTS in 0.1 M citrate buffer, pH 4.2, containing 

0.03% H20J were added, and the color was allowed to develop for 20-30 minutes 

at room temperature. Optical density was measured on a Titertek Multiskan (Flow 

Labs, McLean, V A) at 405 nm. The data were obtained from comparing the 

standard curve. Sensitivity of IL-2, 4, 5, 6, 10, IFN--y, and TNF-a were 

determined to be 156 pg, 156 pg, 320 pg, 300 pg, 2 U, 78 pg, and 156 pg per ml, 

respectively. No cross-reactions between these measured cytokines in the ELISA 

kits were observed. 

RESULTS 

IL-6 and TNF-a Production by Peritoneal Macrophages 

Secretion of IL-6 and TNF-a by LPS-stimulated peritoneal resident 

macrophages was significantly increased from 2 and 4 weeks after LP-BM5 MuLV 

infection, respectively, to 22 weeks retrovirus post-infection compared with control 

(Fig. 3.1). 
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IL-6 and TNF-a Levels by Macrophages In Vitro. Points 
represent the mean values for assays of 4-6 mice tested at 
indicated time. Bars represent ISD. 
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IL-2 and IFN-:y Production by Spleen Thl Cells 

Release of IL-2 and IFN--y by ConA-stimulated spleen Thl cells was 

significantly inhibited from 4 week to 22 weeks LP-BM5 MuLV post-infection (Fig. 

3.2). 

IL-4. IL-5. IL-6. and IL-IO Production by Spleen Th2 Cells 

Production of IL-6 and IL-I0 by ConA-stimulated spleen Th2 cells was 

significantly increased from 4 to 22 weeks LP-BM5 MuLV post-infection compared 

with control (Fig. 3.3). Release of IL-4 and IL-5 by ConA-stimulated spleen Th2 

cells was significantly enhanced at the 8-10 weeks and 4 weeks LP-BMS MuLV 

post-infection, respectively (Fig. 3.3). However, these cytokines declined 

progressively thereafter (Fig. 3.3). 
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IL-4, IL-5, IL-6, and IL-IO Levels by T Cells In Vitro. Points 
indicate mean for assays of 4-6 mice at the indicated time. Bars 
represent ISD. 
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DISCUSSION 

Our results confirm and expand those of Gazzinelli, et. al. showing altered 

cytokine expression caused by LP-BM5 MuLV infections (65). We suggest that 

malfunctioned lymphoid cells will modify the mitogen-stimulated cytokine 

productions by immunological cells. This may be caused by a superantigen-encoded 

defective genome in the LP-BM5 MuLV mixture. Imbalanced release of cytokines 

appears responsible for much of the immunopathogenesis of MAIDS. Release ofIL-

6 and TNF-~ by LPS-stimulated macrophages was significantly increased after 4 

weeks LP-BM5 MuLV infection. Elevated levels of plasma IL-6 and TNF-~ are 

also seen in HIV-infected human subjects (18, 113). Elevated levels of IL-6 may 

play an important role in polyc1onal B cell activation and Immunoglobulin secretion, 

which are characteristic of both HIV infection and LP-BM5 MuLV infection. 

Elevated level of TNF-a may be involved in lipid metabolism, such as 

hypertriglyceridemia and wasting in both human AIDS (72) and MAIDS (168). 

CD4 + T cells have been divided into two major subsets on the basis of their 

cytokine expression. Thl cells produce IL-2, IFN--y, and lymphotoxin, whereas Th2 

cells produce IL-4, IL-5, IL-6, and IL-IO (157). The relevance of these patterns of 

cytokine secretion and reciprocal regulation by T helper cell clones have also been 
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recently demonstrated (57). IFN-'Y inhibits Th2 cell differentiation and cytokine 

production, whereas IL-10 inhibits Th1 cell differentiation and cytokine production. 

IFN-'Y is able to activate macrophages, neutrophils, and natural killer cells as well 

as to stimulate IL-1 production by monocytes. IL-2 is a major factor in the T cell 

activation, proliferation, and differentiation. IL-4 induces ThO cells to differentiate 

into Th2 cells and to produce Th2-related cytokines. Increased production of IL-1 0 

by Th2 cells during LP-BM5 MuLV infection may be another additional factor to 

inhibit Th1-cell functions in MAIDS. Th2 cell-related responses would be 

dominated in the progression of MAIDS due to diminished IFN-'Y production. 

Moreover, Elevated production of Th2 cell-related cytokines (IL-4, IL-5, and IL-6) 

may, therefore, efficiently, polyclonally stimulate B cell differentiation and produce 

immunoglobulin secretions, a central feature of MAIDS. During the progression of 

MAIDS, the capability ofT helper cells to produce Th1-related cytokines (lL-2 and 

IFN-'Y) in response of Con A stimulation is diminished. Thus, the reduced release 

of IL-2 and IFN-'Yappears responsible for the immune dysfunction observed in the 

progress of MAIDS that may enhance susceptibility to opportunistic infections. 

The alteration of cell-mediated immunity in monokine and cytokine 

productions and the enhanced susceptibility to opportunistic infections during the 

progression of LP-BM5 MuLV infection has been shown in parallel with that of 
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HIV-infected patients (41,65). Therefore, to continue elucidating of the mechanism 

of immunomodulation during LP-BM5 MuLV infection may help us to understand 

HIV -induced immune dysfunction in humans. 



CHAPfERIV 

SUPPRESSED MUCOSAL LYMPHOCYTE PRODUCI'lON BY 

LP-BMS MURINE LEUKEMIA VIRUS INFECTION 
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ABSTRACT 

LP-BMS murine leukemia virus (MuLV) infection induces an 

immunodeficient state in susceptible strains of mice. It has been previously 

characterized at the level of spleen and peripheral lymph nodes. We recently 

demonstrated that LP-BMS MuL V -infected mice lost intestinal host resistance to 

common opportunistic pathogens. In this article, we investigated how murine 

retroviral infection alters the differentiation of IgA B cell precursors in Peyer's 

patches (PP), mesenteric lymph nodes (MLN), and the intestinal lamina propria 

(ILP). After 4 months of LP-BMS MuLV infection, there was a significant decrease 

in the absolute numbers of Thy 1 +, CD4 +, and CD8 + cells in PP with a concomitant 

decrease in the percentage and in the absolute numbers of surface IgA + (sIgA +)- and 

surface IgM+ (sIgM+)-bearing cells. Infection also produced an enlarged MLN with 

a six-fold increase in cell numbers and a decrease in the relative percentage of 

sIgA +, cytoplasmic IgA +, and cytoplasmic IgM+ cells. However, murine retrovirus 

infection caused no significant changes in the percentages of Thyl +, CD4 +, CD8+, 

and CDS+ cells in the MLN. After 4 months of murine retrovirus infection, cIgA + 

cells from MLN were not able to populate the intestinal lamina propria as the 

number of IgA plasma cells was significantly deceased. Moreover, there was a 

concomitant decrease in the number of CD4 + cells pel' field in the ILP. These 
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results suggest that murine retrovirus infection favors the expansion of IgA B cell 

precursors at the level of MLN, while simultaneously interfering with the terminal 

differentiation step and thus preventing IgA plasma cell precursors from seeding the 

ILP. This mechanism could be similar to that occurring in HIV -infected patients. 

INTRODUCTION 

Infection with the human immunodeficiency virus (HIV) is associated with 

a progressive decline in normal immune function and loss of resistance to 

opportunistic pathogens such as Cryptosporidiwn parvwn (108). HIV-l seropositive 

individual exhibit an inverted CD4 + ICD8+ ratio not only in peripheral blood, but 

also in the duodenal lamina propria (94, 200). Although CD22+ (B cell) numbers 

appear unaffected in the intestinal lamina propria (ILP) (94). 

LP-BM5 murine leukemia virus (MuLV) infection in mice simulates several 

clinical aspects of HI V infection in humans (23,26,41,81, 155-156,255). Infected 

animals develop a syndrome similar to Acquired Immune Deficiency Syndrome 

(AIDS), termed murine AIDS or MAIDS, and exhibit loss of resistance to 

subsequent infection with Cryptosporidiwn comparable to that observed in human 
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subjects (41). Thus, this murine experimental model of AIDS is useful to elucidate 

mechanisms leading to depressed resistance to opportunistic pathogens common in 

AIDS patients. LP-BM5 MuLV-induced immunodeficiency is characterized by 

lymphadenopathy, splenomegaly, hypergammaglobulinemia, deficient B-cell 

responses to T-independent antigens in vitro, and depressed allogeneic cytotoxic T

lymphocytes responses (26). LP-BM5 MuLV infection induces functional and 

phenotypic alterations in CD4+ cells and CD8+ cells (153, 255). Humoral 

manifestations of MAIDS can be divided into three stages: initial polyclonal B cell 

activation, followed by hypergammaglobulinemia, and finally generalized 

immunosuppression (107). The presence of functional T cells (CD4 + cells) is 

required for LP-BM5 MuLV -infected mice to develop lymphoproliferation and B-cell 

abnormalities. 

Immunoglobulin A (lgA) is the principal class of immunoglobulin synthesized 

by plasma cells in the lamina propria of the gut and of other secretory sites (11, 74, 

114, 147, 252). Its presence as secretory IgA in the mucosal secretions or adult 

mammals is associated with a mature immune system. Its ability to inactivate 

viruses and bind to parasites and bacteria, blocking their attachment to intestinal 

cells, inhibits pathogen colonization of the gastrointestinal tract (114). The presence 

of IgA anti-Cryptosporidiwn antibodies in the gut seems important for effective 
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resistance (41) as seen in oral hyperimmune colostrum therapy (5, 209, 236). 

Similarly increased number of infections observed in malnourished children have 

been correlated with low IgA levels in tears and saliva (118). The low IgA levels 

are thought to result from impaired IgA B cell differentiation that is associated with 

an inadequate number of CD4 + T cells (126). 

The precursors of IgA plasma cells are bone marrow-derived cells that can 

be recognized in the Peyer's patches (PP) (33, 194). Commitment to IgA production 

by B-cells is the PP is influenced by the presence of gut antigens (65), as well as by 

the presence of specialized "switch" T cells (99-100, 134, 211). Surface IgA

bearing (sIgA) lymphocytes migrate from PP into the mesenteric lymph nodes 

(MLN) where they mature to IgA plasmablasts (194). From the MLN they migrate 

to the ILP to become IgA plasma cells, thus completing what has been termed IgA 

cycle (114). In this article we will evaluate how LP-BM5 MuLV infection alters the 

differentiation of IgA B-cell precursors at the level of PP, MLN, and ILP. 

MATERIALS AND METHODS 

Animals and Diets 
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Female C57BL/6 mice, 4 weeks old, were obtained from the National Cancer 

Institute (Frederick, MD). The mice were kept in the animal facility at the Arizona 

Health Sciences Center for 1 week and then were infected with LP-BM5 MuLV. 

Animals were cared for as required by the University of Arizona College of 

Medicine Committee on Animal Research. 

LP-BM5 Murine Leukemia Virus (MuLV) Infection 

One-half of the 5-weeks old mice were injected once intraperitoneally with 

0.1 ml of a LP-BM5 MuLV inoculum which had an ecotropic titer (XC) of 4.5 10glO 

PFU/ml, which induces the disease with a time courses comparable to that 

previously described (81). Infection of C57BL/6 virus leads to the induction of 

clinical symptomatology of MAIDS with virtually no latent phase (23, 26, 81, 155-

156, 255). LP-BM5 MuLV-infected C57BL/6 mice live 5 to 6 months before 

succumbing to constriction of airways by expanding lymphoid tissues or disease (81). 

Lymphocyte Subpopulations Measurement 

PP and MLN were collected after sacrifice under ether anesthesia, and 

mononuclear cells were obtained by gently teasing the tissues through stainless steel 

wire mesh screens in RPMI-I640 medium + 10% FBS. The cell suspensions were 

washed twice with cold RPMI, viability was determined by trypan blue exclusion, 
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and adjusted to give the desired viable cell concentrations (1-2 x 1<1/0.1 mlltube) for 

lymphocyte surface marker determinations. 

T-cell subpopulations were quantified by indirect immunofluorescence 

staining using primary monoclonal antibodies (Sera-Lab, Accurate Chemicals, 

Westbury, NY) specific for total T-cells (rat IgG2b anti-mouse Thyl antigen), T

helper cells (L3T4; rat IgG2b anti-mouse CD4 antigen, GK 1.5 clone), T

suppressor/cytotoxic cells (Lyt-2; rat IgG2b anti-mouse CD8 antigen), and CD5+ 

cells (Lyt-l; rat IgG2b). Fluorescein isothiocyanate-labeled goat anti-rat 

immunoglobulin (heavy and light chain specific) (Southern Biotech, Assoc., 

Birmingham, AL) was used as a second antibody. B cells that express or contain 

IgA or IgM were determined by indirect immunofluorescent staining by using goat 

anti-mouse IgA (alpha chain specific) or goat anti-mouse IgM (mJ.' chain specific) 

and a FITC-conjugated rabbit anti-goat IgG as a second antibody (Cappel Division 

of Organon Teknika, Durham, NC). Immunofluorescent staining for cytoplasmic 

IgA (cIgA) or IgM (cIgM) was determined after cells were fixed in the presence of 

2 % paraformaldehyde and 0.25 % saponin in a 1:1 ratio. 

Cell staining was performed as follows: 1 x 1 <1 PP or MLN cells in 100 1'1 

of RPMI were incubated in the presence of the primary monoclonal antibodies in the 
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appropriate dilutions for 30 minutes at 4°C in an ice bath, final volume 140 1'1. 

Each tube was washed with 1.5 ml cold PBS, centrifuged at 900 x g for 10 minutes. 

Supernatants were carefully discarded, and then the secondary antibodies in the 

appropriate dilutions, were added to each sample. Samples were incubated for 30 

minutes at 4°C. After incubation period and PBS washing, samples were spun 

down, fixed with 1.0 ml of 2 % paraformaldehyde (ph 7.4). Samples were stored 

at 4-8°C until they were analyzed in a FACSCAN flow cytometer (Becton 

Dickinson, Mountain View, CA). 

The percentage of positive cells was obtained by using the Consort 30 

program provided by Becton Dickinson. Ten thousand cells were counted. The 

absolute number of cells labeled with the specific monoclonal antibody was 

calculated by multiplying the total number of cells by the percentage of positive 

cells. 

Small intestines were frozen in the presence of Tissue Tek O.C.T. compound 

(Miles Inc., Dlkhart, IN) in a low temperature freezing bath (Histobath, Neslab 

Instruments Inc., Portsmouth, NH). Eight micron sections were prepared in a 

cryostat (CryoCut Microtome, American Optical Corporation). Tissue slides were 

then fixed with acetone and indirect immunofluorescent staining was performed in 
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a humid chamber at room temperature. Intestinal sections were read in a Zeiss 

epiilumination microscope. 

Statistical Analysis. 

Data were analyzed by using the two-tail Student's t-test. 

RESULTS 

Percentage and Absolute Numbers of T and B Cells in the PP 

Infection with LP-BM5 MuLV caused a significant decrease in the total 

number of cells in the PP when compared with that of normal mice [0.30 x lcr + 

0.12 (9) vs. 2.71 X 106 + 0.88 (16); P < 0.001]. There were no statistically 

significant differences in the percentage of Thy 1 +, CD4 +, and CD8+ cells between 

uninfected and LP-BM5 MuLV-infected mice (Table 4.1). We have already 

observed that LP-BMS MuLV-infected mice have decreased absolute numbers of 

CD4 + and CD8+ cells in the thymus (124). 

There was a statistically significant decrease not only in the absolute number 

but also in the percentage of sIgA + and sIgM+ cells in the PP of mice infected with 



TABLE 4.1 Percentage and Absolute Numbers of Cells Expressing Specific Antigenic Markers in Peyer's PatchesA
• 

Group Thy 1 + CD4+ CD8+ sIgA+ 

POSmVE CELLS (%) 

Control 24.1 ± 12.5(14) 22.1 ± 11.5(14) 20.4± 12.8(14) 39.4± 5.8(16) 
MAIDS-Infected 21.0± 9.0(9) 26.4± 6.5(9) 16.5± 6.7(8) 18.4± 15.4(8)b 

POSITIVE CELLS x 10-5 

Control 6.8±5.6 6.7±4.9 6.2±5.1 1O.9±4.3 
MAIDS-Infected 0.7±0.6c 0.9±0.6c 0.6±0.4c 0.7±0.9b 

aResults are expressed as mean ± S.D. (n); n= number of mice. 
Significantly different from the control group, b p<O.OOI, c p<O.01. 

sIgM+ 

41.9± 10.6(16) 
20.9± 14.7(9)b 

11.1±3.3 
0.7±0.8b 

....J 
N 
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MAIDS. The percentage of sIgA + and sIgM+ cells in retrovirus-infected mice was 

half of that obtained for these populations in uninfected mice. Moreover, after 4 

months of infection, only 6.4 % of the absolute numbers of sIgA + and sIgM+ cells 

found in uninfected mice remained in retrovirus-infected mice. 

Percentage and Absolute Numbers of T and B cells in the MLN 

The next step of IgA B cell differentiation takes place at the level of MLN 

where sIgA + cells mature into cIgA + cells (126). MLN represent a typical lymphoid 

organ enlarged after LP-BM5 MuLV infection. There were no statistically 

significant changes in the percentage of cells bearing the T cell markers evaluated 

in MLN (Table 4.2). The total number of cells in MLN in the present study was 

six times greater in retrovirus-infected mice compared with noninfected animals 

(Table 4.3). However, there was an increase in the absolute number of cells that 

bear these markers as a consequence of the increase in cell number. This increase 

was not the same for all the subsets evaluated. LP-BM5 MuLV-infected mice 

showed a decrease in the percentage of sIgA +, cIgA +, and cIgM+ cells in MLN 

(Table 4.3). However, when the total number of cells expressing these markers in 

MLN was considered, and overall increase in the absolute number of positive cells 

was detected. 



TABLE 4.2 Percentage and Absolute Numbers of T Cells in Mesenteric Lymph Nodes. 

Group 

Control 
MAIDS-Infected 

Control 
MAIDS-Infected 

Cell Numberb 

na x 10'7 

14 3.2± 2.0 
13 20.7 ± 15Ac 

a n = number of mice. 
b Results expressed as mean ± S.D. 

Thy 1 + 

43.8±14.0 
34.2±17.1 

14.1± 9.8 
84A±76.2c 

c p<O.OOI significantly different from the control group. 

CD4+ CD8+ 

posmVE CELLS (%) 

25.8± 7.7 27.5± 8.0 
26.9± 14.4 24.5± 10.3 

POSmvE CELLS x lO,s 

CD5+ 

44.1±16.6 
41.5±20A 

8.5±6A 9.1± 6.1 14,2±11.0 
68A±64.7c 55.6±48.1c 102.3±90Ac 

~ 



TABLE 4.3 Percentage and Absolute Numbers of B Cells in Mesenteric Lymph Nodes. 

Group na 

Control 14 
MAIDS-Infected 13 

Control 
MAIDS-Infected 

a n = number of mice. 

Cell Numberb 

x 10.7 

3.2± 2.0 
20.7± 15.4° 

b Results expressed as mean ± S.D. 

sIgA+ 

23.5± 13.0 
14.2± 5.8d 

6.3± 4.5 
32.0±31.0r 

sIgM+ cIgA+ 

posmVE CELLS (%) 

24.6±13.6 
18.2± 9.4 

17.6±6.6 
1O.5±7.2c 

posmVE CELLS x 1<r 

6.9± 4.4 
39.3±33.5r 

5.4± 4.6 
24.0±21.6r 

Significantly different from the control group, C p<0.02, d p<0.05, 0 p<O.OOI, r p<0.OO5. 

cIgM+ 

21.9±7.7 
13.3±9.2c 

6.8± 4.4 
26.0±26.3r 

~ 
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T and B Cells in the Intestinal Lamina Propria aLP) 

When the numbers of IgA and IgM plasma cells in the ILP were evaluated, 

we found a statistically significant decrease (p < 0.05) in the number of IgA plasma 

cells in retrovirus-infected mice; the number of IgM plasma cells was not 

significantly different from controls (Table 4.4). 

LP-BM5 MuLV-infected mice showed a significant (p < 0.05) decrease in the 

number of CD4 + cells in the lamina propria of the small intestine (Table 4.5) with 

no statistically significant changes int he number of CD8+ cells. 
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TABLE 4.4 Number of IgA and IgM Plasma Cells in the Lamina Propria of the 
Small Intestinea

• 

Group IgA+ 

Control 8 34.4 + 19.0 

LP-BM5 MuLV-Infected 11 11.7 ± 3.1c 

a Number of positive cells per 20 fields ± S.D. 
b n = Number of mice. 
C Significantly different from control group, p < 0.01. 

8.2 + 3.2 

11.8 + 7.2 
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TABLE 4.5 Number of CD4+ and CD8+ Cells in the Lamina Propria of the Small 
Intestinell

• 

Group nb CD4+ 

Control 9 30.3 + 9.1 

LP-BM5 MuLV-Infected 9 10.6 ± 3.6c 

a Number of positive cells per 20 fields ± S.D. 
b n = Number of mice. 
C Significantly different from control group, p < 0.005. 

CD8+ 

11.1 + 6.1 

7.4 ± 3.5 
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DISCUSSION 

IgA B-cell differentiation is compartmentalized in the body with different 

stages of development occurring in different lymphoid organs (114). The 

differentiation of IgA B cell precursors is initiated at the level of PP (33, 66), 

continues in the MLN (194), and finally IgA plasmablasts localized into the ILP and 

other secretory sites (92, 114). IgA is the principal effector molecule released by 

B lymphocytes at secretory sites including the gastrointestinal tract (11, 114). The 

effects of LP-BM5 MuLV infection were measured at the different stages of IgA B

cell precursor differentiation in an attempt to explain why Cryptosporidium parvum 

infection could persist in mice with MAIDS (41). We consider that secretory IgA 

might provide important resistance against gastrointestinal pathogens like 

Cryptosporidium (41). 

Although LP-BM5 MuLV infection in mice causes a B-cell proliferation 

similar to HIV infection in humans,. in the present study PP did not increase in size 

after four months of infection and in some occasions a decrease in size was 

observed. This finding is very important as PP and thymus are unique lymphoid 

organs. During murine retrovirus infection they do not show the typical enlargement 

observed in other lymphoid organs (Spleen, peripheral, mesenteric, mediastinal, 
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parathymic, and paraaortic lymph nodes) (23,26, 156,256). Occasionally, LP-BM5 

MuLV-infected mice show B cell infiltration in the thymus (156). 

The IgA B cell response is the most T cell-dependent B cell response of any 

immunoglobulin class (49). The importance of T cells in IgA B cell differentiation 

has already been demonstrated by the elegant in vitro experiments performed by 

Kawanishi and Strober (99-100). It is not surprising therefore that the observed 

decrease in absolute number of T cells in the PP, was accompanied by a decrease 

in the percentage as well as in the absolute numbers of IgA-bearing cells in 

retrovirus-infected mice (Table 4.1). Beside, it was shown, using spleen cells, that 

functional and phenotypic changes take place during retrovirus infection (153). After 

3 to 4 weeks or retrovirus infection, spleen cells lost their ability to generate in vitro 

cytotoxic T lymphocyte responses to self- and alloantigens. This defect was related 

with a defect in CD4 + T cells that was associated with impaired production of IL-2 

and deficient proliferation responses to ConA or soluble antigens (153). 

The absolute number of cells in the T cell subsets (CD4 + and CD8+) 

increased 6 to 8 times in the MLN, while the total number of IgA- and IgM

containing cells increased 4.4 and 3.8 times, respectively. These data suggest that 

T cells which migrate to PP, at least in retrovirus-infected mice, may be different 
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from those that migrate to the MLN. It has recently been proposed that LPAM-l 

could be the lymphocyte Peyer's patch specific homing receptor (87), while MEL-

14R is known as the pecipherallymph node specific homing receptor of mice (62). 

Nevertheless, recent data emphasize the importance of Mel-14 antigen as the homing 

receptor for PP-committed T cells (75). Our preliminary data indicate no changes 

in the percentage of LPAM-l + cells in the thymus but a significant decrease in the 

percentage of Mel-14 bearing cells in the thymus of LP-BM5 MuLV-infected mice. 

These results suggest an impaired T-cell differentiation of those T cells that migrate 

to gut-associated lymphoid tissues (Lopez, Stazzone, and Watson, unpublished 

observations). Thus, the T cells in PP may belong to subsets whose thymic 

differentiation is impaired by the effects of retrovirus infection. The expansion in 

the number of cells in the MLN is in agreement with our previous results obtained 

in the spleens of LP-BM5 MuLV-infected mice (245). 

Changes in the relative proportion of IgA-bearing B cells in the MLN 

suggests an alteration in their differentiation pathway. Besides the relatively high 

number of clgA cells observed in the MLN of LP-BM5 MuLV-infected mice did not 

result in population of the ILP (Table 4.4). Although there is a higher number of 

sIgA-bearing cells in the MLN, it is probable that these cells could not complete 

their maturation in MLN due to inadequate levels of T cell derived factors. 
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Moreover, IgA B cell precursors can also be refractory to these factors as a 

consequence of retrovirus infection. In one study HIV -infected patients showed no 

changes in the total number of B cells (CD22+) in the ILP (94). However, as 

CD22 + is expressed on all B cells, it may not reflect changes occurring in the 

number of IgA specific B cells. At present there are no studies that report on the 

subsets of B cells such as IgA plasma cells in the ILP of AIDS patients. 

Nevertheless, when secretory IgA levels were measured in parotid saliva of AIDS 

patients both isotypes (IgAI and IgA2) were found decreased (158). 

T helper cells collaborate in all the steps of IgA B-cell differentiation (99-

100, 104-105, 134). Therefore, the decrease in the number of IgA plasma cells in 

the ILP could also be the consequence of the concomitant decrease in the number of 

CD4 + cells. We already mentioned that it was demonstrated that CD4 + T cells in 

retrovirus-infected mice presented a defective functional response (153). Moreover, 

the decrease in CD4 + cells in the ILP of MAIDS mice is in agreement with the 

results obtained in HIV -infected patients (200). 

It has recently been demonstrated that peritoneal cavity B cells (Ly1 + B cells) 

represent a source of precursors for ILP IgA B cells (108-109). We observed a 

decrease in the number of adherent cells in the peritoneal cavity after four months 
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of retrovirus infection (Wang and Watson, unpublished observations). Therefore, 

it is possible that this compartment of IgA plasma cell precursors could also be 

affected as a consequence of retrovirus infection explaining the dramatic decrease in 

IgA plasma cells in the ILP. 

Other factors could also affect the seeding in the ILP of IgA plasma cell 

precursors from the MLN. T cells in the ILP and their cytokines could play a key 

role in IgA plasma cell localization inducing maturation and/or proliferation of 

extravasated IgA plasma cell precursors (46). While extravasation ofIgA-committed 

plasma cell precursors in the ILP is an antigen-independent event, their distribution 

after extravasation is influenced by the site of luminal challenge (46). Therefore, 

if antigen presentation is altered by retrovirus infection this could further impair IgA 

plasma cell precursors localization in the ILP. 

Taken together these findings suggest that retrovirus infection may not only 

favor the expansion of B cells that are at a certain stage of differentiation at the level 

of MLN, but may also interfere with their terminal differentiation. Thus, the 

seeding at secretory sites such as ILP is modified, which could explain the loss of 

resistance to pathogens like Cryptosporidium parvum in mice with MAIDS (41). 
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CHAPTER V 

THE KlNEfICS OF CYTOKINE SECRETION AND PROLIFERATION BY 

MESENTERIC LYMPH NODE CELLS DURING THE PROGRESSION 

OF LP-BMS MURINE LEUKEMIA VIRUS INFECfION 
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ABSTRACT 

A murine acquired immunodeficiency syndrome (MAIDS) is induced in 

genetically susceptible strains of mice inoculated with LP-BM5 murine leukemia 

virus (MuLV). It is characterized by progressive lymphoproliferation, profound 

immunodeficiency, and then loss of resistance to opportunistic pathogens including 

intestinal pathogens. Cellular and/or humoral immunity of gut-associated lymphoid 

tissues (GALT) may playa key role in the elimination of these pathogens. We have 

previously demonstrated changes in the number of mucosal T and B cells in LP-BMS 

MuLV-infected C57BL/6 mice. In this study, the cytokine production by 

lymphocytes of mesenteric lymph nodes (MLN) and their proliferative response to 

mitogens, during MAIDS, were investigated. Alterations were observed in cell 

proliferation and in the kinetics of cytokine secretion by in vitro mitogen-stimulated 

MLN lymphocytes during the retrovirus infection. Cytokine production was 

abnormally changed with a gradual decrease in IL-2 production as well as an 

increase in IL-5 and IL-6 secretion. Interferon-gamma (lFN-,,) production by in 

vitro ConA-stimulated MLN cells was increased during the progression of MAIDS. 

The dysregulated release of cytokines may be due to imbalance in cytokine 

productions by Thl and Th2 cell populations as well as by functional abnormalities 

in other immune cells. These changes could be critical factors in the regulation of 
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resistance to infection during murine retrovirus-induced immunosuppression. These 

data indicate that dysregulated cytokine secretion by MLN lymphocytes may be 

responsible for impaired mucosal immunity in AIDS, explaining dramatic increase 

of opportunistic intestinal pathogens in individual with AIDS. 

INTRODUCTION 

The acquired immunodeficiency syndrome (AIDS) is caused by the human 

immunodeficiency virus (HIV). It induces progressive loss of T and B cell 

functionality and thereby causing loss of resistance to life-threatening tumors and 

opportunistic intestinal pathogens, Cryptosporidium and Giardia. AIDS patients not 

only show an alteration in the ratio of CD4+/CD8+ cell population in peripheral 

blood and duodenal lamina propria (94, 200) but also abnormal cytokine production 

of IL-2, IL-6, IL-lO, TNF, and IFN-'Y (1, 17-18, 28-29, 50-51, 113, 115, 127). 

Female C57BL/6 mice, a genetically susceptible strain, infected with LP

BM5 MuLV will develop a syndrome, MAIDS, with no latency period (155). 

Although lentiviruses are associated with human AIDS, and C-type retroviruses 

cause MAIDS, both are very similar in that they cause profound immunosuppression 
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and reduce resistance to pathogens and neoplasia. LP-BM5 MuLV induces 

dysregulation of T and B cells similar to that induced by HIV (95, 154, 246). There 

is an early phase of B cell hyperactivity and polyclonal activation induced by both 

viruses. The order of depression of T-cell function is similar between the two 

diseases, with helper T-cell function lost well before cytotoxic/suppressor T-cell 

function (154). Although macrophages are the main target for the LP-BM5 MuLV, 

both CD4 + T cells and B cells are required for the development of MAIDS infection 

(23, 156, 255). LP-BM5 MuLV infection provokes an enlargement of lymphoid 

organs, primarily spleen and lymph nodes, that is characterized by 

hypergammaglobulinemia, lymphadenopathy, and T-cell functional immunodeficiency 

(26, 154-155, 246). T and B cells become unresponsive to normal immune stimuli, 

consequently, decreasing the resistance to opportunistic pathogens (19, 41, 179) 

including Cryptosporidium and Giardia. Humoral and cellular immunity in gut

associated lymphoid tissues (GALT) may be necessary for recovering from these 

protozoan infections (41, 63, 111); however, the mechanism of their elimination is 

still not clear. We have previously demonstrated a reduction in the numbers of T 

and B cells in the GALT during MAIDS (123). Moreover, imbalanced cytokine 

production by spleen T cells (65, 240) and peritoneal macrophages (240) was 

observed during the course of MAIDS. Thus, these immunocompromised cells with 

abnormal cytokine secretions could exacerbate the risk of infection of the host by 
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opportunistic diseases. However, the role of cytokine dysregulation in impaired 

mucosal immunity in AIDS is not clear. 

In this study, we investigated the kinetics of cytokine production by the cells 

from mesenteric lymph nodes (MLN) and their proliferative response to mitogens. 

We found that MLN lymphocytes did not proliferate and produce cytokines normally 

when stimulated with mitogens in vitro during the progression of LP-BM5 MuLV 

infection. Results suggest that murine retrovirus-induced immunocompromised MLN 

cells may be caused by an imbalance of cytokine production. This study helps us 

to understand how retroviruses affect the mucosal immunity via modulating cytokine 

release and explaining the loss of resistance of Cryptosporidium and other 

opportunistic pathogens during retroviral infection. 

MATERIALS AND METHODS 

Animals 

Female C57BL/6 mice, 3 to 5 weeks of age, were purchased from the 

National Cancer Institute (Frederick, MD). The mice were maintained in the 

Animal Facility of the Arizona Health Sciences Center. They were housed in 
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transparent plastic cages with stainless steel wire lids. The housing facility was 

maintained at 20° to 22°C and 60% to 80% relative humidity and animals were 

exposed to a 12: 12 hr light-dark cycle. Water and mouse chow (Texland, Madison, 

WI) were provided ad libitum. Four mice were housed per cage and cared for as 

regulated by the University of Arizona College of Medicine Committee on Animal 

Research. 

LP-BM5 Murine Leukemia Virus (MuLV) Infection 

Mice were randomly assigned to each experimental group. Virus groups 

were inoculated intraperitoneally once with 0.1 ml of LP-BM5 MuLV which were 

composed of an ecotropic titer of 4.5 Log1o PFU/ml that induced the disease with 

a same time course as previously described (26, 41, 81). Progressive disease leads 

to the induction of clinical symptomatology of MAIDS with no latent phase (81, 

154). 

Complete Medium (CM) 

RPMI-I640 (Sigma, St. Louis, MO) were prepared with desired volume of 

pyrogen free double distilled H20 (Baxter, Mountain View, CA), added with 7.5% 

sodium bicarbonate (Sigma), and adjusted to pH 7.2 before fIltration. The CM was 

supplemented with 10% fetal bovine serum (pBS; Hyclone, Logan, Utah), 2 mM L-
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glutamine, 100 units/ml penicillin, and 100 p,g/ml streptomycin (Gibco, Grand 

Island, NJ). 

Pre.paration of Mesenteric Lymph Nodes (MLN) Single Cell Suspension 

MLN single cell suspensions were prepared according to a routinely used 

protocol (123). Mice were sacrificed under ether anesthesia. MLN were then 

dissected, removed, and kept in CM at 4°C. Mononuclear cells were obtained by 

gently teasing the tissues through stainless steel wire mesh screens (Bellco, 

Biotechnology, Vineland, NJ) in cold CM. Single cell suspensions were prepared 

by passing the cell suspensions through nylon wool column and washing them twice 

with cold CM. The cell viability of MLN lymphocytes was determined by trypan 

blue exclusion. Cell suspensions were adjusted to give the desired concentration of 

1 x 107 cells/ml. 

Cell Culture for Cytokine Secretion 

One hundred microliter of 1 x 107 MLN cells/ml were added into each well 

of 96-well flat-bottom Microtest III tissue culture plate (Falcon, Oxnard, CA). 

Then, 100 p,l of CM containing concanavalin A (ConA; typeIV-S, Sigma, St. Louis, 

MO) or lipopolysaccharide (LPS; Difco, Detroit, MI) in a final concentration of 5 

p,g/ml were added to induce the secretion of cytokines by MLN lymphocytes. Plates 
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were incubated at 37°C in a 5% CO2 with humidified air atmosphere incubator. 

After 24 hr (for IL-2, IL-4, and IL-6) or 72 hr (for IL-5 and IFN--y), cell culture 

supernatants were collected and stored at -70°C until cytokine determination. 

Cell Proliferative Response of MLN Lymphocytes 

For cell proliferative response, 100 J.tl of 1x101 MLN cells/ml were added 

into each well. Then, 100 J.tl of CM alone or containing a mitogen, Con A or LPS, 

were added to each well. Cell proliferative responses were then measured by 

pulsing with Methyl-3H-thymidineCH-TdR; New England Nuclear, Boston, MA) for 

4 hr prior to the end of a 24 hr incubation (90). The samples were harvested on a 

cell harvester (Cambridge Technology, Inc., Cambridge, MA). Then, the sample 

radioactivity was extracted with scintillation fluid and counted in a liquid scintillation 

counter (Tri-Carb 2200CA Liquid Scintillation analyzer; Packard, Laguna hills, CA). 

Counts per minute (cpm) were reported as the mean of quadruplicate samples. For 

comparison between groups, results were presented as stimulation index (SI) 

calculated as the cpm obtained from responding cells cultured with mitogen 

(maximum experimental value) divided by the cpm obtained from the same cells 

cultured without mitogen (background value). 

Cytokine Standards and Antibodies CAb) 
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Capturing Ab including rat anti-mouse IL-2, IL-6, and IFN-'Y monoclonal 

antibodies (MoAb) were purchased from Genzyme Corporation (Boston, MA). In 

addition, rat anti-mouse IL-4 MoAb were obtained from PharMingen, Inc. (San 

Diego, CA), and rat anti-murine IL-5 (TRFK5) Ab, was a kind gift from Dr. 

Coffman of DNAX Institute (palo Alto, CA). Standards for cytokine detection were 

recombinant murine IL-2 (Collaborative Research, Bedford, MN), recombinant 

murine IL-4 and IL-5 (PharMingen), and recombinant murine IL-6 and IFN-'Y 

(Genzyme). Detecting Ab included rabbit anti-mouse IL-2 polyclonal serum 

(Collaborative), biotinylated rat anti-mouse IL-4 MoAb (PharMingen), and goat anti

mouse IL-6 polyclonal antibody (PoAb) (R & D System, Minneapolis, MN). 

Biotinylated rat anti-murine IL-5 MoAb (TRFK4) were a gift from Dr. Coffman 

(DNAX). Rabbit anti-mouse IFN-'Y polyclonal serum was prepared by our lab as 

described previously (91). Horse radish peroxidase (HRP)-conjugated goat anti

rabbit IgG (H&L) Ab for IL-2 and IFN-'Y determination were purchased from 

American Qualex, Inc. (La Mirada, CA). HRP-conjugated streptavidin for IL-4 and 

IL-5 as well as HRP-conjugated donkey anti-goat IgG (H&L) Ab for IL-6 were 

obtained from Jackson Immuno Research Lab, Inc. (West Grove, PA). 

Enzyme-Linked Immunosorbent Assay (ELISA) for Cytokines 

The preparation of samples for cytokine detection and the measurement of 
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cytokine production using ELISA were described previously (240). Briefly, ELISA 

plates (Immulon II, Dynatech Inc., Chantilly, V A) were coated with 50 JLI of rat 

anti-mouse cytokine capturing MoAb diluted to 1-4 JLg/ml in 0.05 M bicarbonate 

buffer (PH 9.6) overnight at 4°C. Plates were washed three times with 0.01 M 

phosphate-buffered saline (PBS, pH 7.2) containing 0.05% (v/v) Tween-20 (PBS

Tween) at the end of each incubation. Then, 100 JLI of 1 % (w/v) bovine serum 

albumin (Sigma) in PBS were added to each well and incubated at 37°C in a 5% 

CO2 incubator for an hour. Standards were serially diluted in CM. Fifty microliters 

of the appropriately diluted standards and samples were added into plates. Plates 

were incubated for two hours. Fifty microliters of diluted rabbit, rat, or goat anti

mouse cytokine detecting Ab in PBS (1-4 JLg/ml) were added. Plates were again 

incubated for 1.5 hours. Then, 50 JLl of diluted (1 :5000) HRP-conjugated Ab or 

streptavidin were added for another hour incubation. Plates were then washed four 

times with PBS-Tween and once with PBS. Finally, 100 JLl of substrate buffer 

(ABTS in 0.1 M citrate buffer, pH 4.2, containing 0.03% H20J were added, and 

the color was allowed to develop for 20-30 minutes at room temperature. Optical 

density was measured on an ELISA reader (Titertek Multiskan Plus, Flow Labs, 

McLean, VA) at 405 nm. The concentration of cytokines in the samples was 

computed as referred to the standard curve. Sensitivity of IL-2, IL-4, IL-5, IL-6, 

and IFN--y were determined to be 156 pg, 156 pg, 320 pg, 300 pg, and 78 pg per 
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ml, respectively. No cross-reactions between the measured cytokines were observed 

in the ELISA. 

Statistical Analysis 

Data was analyzed by using the two-tailed Student's t-test. When p<O.OS, 

we consider it as statistical significance. All data were represented by mean + 

standard deviation. 

RESULTS 

MLN Weight/Body Weight Ratio 

LP-BMS MuLV -infected CS7BL/6 female mice showed a significant increase 

in the ratio of MLN weight/body weight after 8 weeks post-retrovirus infection 

(Table S.l). Increased MLN cell numbers were also observed during the 

progression of the disease (Huang, unpublished observation). 

Cell Proliferative Responses 

Analyzing MLN cells of uninfected mice, the proliferative response measured 

as thymidine incorporation was directly related to the cell number and the 
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TABLE 5.1 Modification of Mouse Mesenteric Lymph Nodes (MLN) Weight! 
Body Weight Ratio during the Progression of LP-BM5 MuLV 
Infection@ . 

LP-BM5 MuLV N' 
Post-Infection 

MLN/Body Weight Ratio (%) p Values· 

• 

, 

(Week) 

2 
5 
8 

11 
14 
19 

4 
4 
4 
4 
4 
4 

LP-BM5 MuLV Infection 
+ 

N.D.' 
0.25±0.00 
0.30±0.03 
0.22+0.02 
0.37±0.13 
0.26±0.04 

N.D. 
0.40±0.07 
0.45±0.02 
0.93±0.19 
3.30±1.70 
3.95±2.25 

Values are means ± standard deviation. 
N = Mouse number per group . 

< 0.025 
< 0.005 
< 0.005 
< 0.05 
< 0.05 

When p value is < 0.05, we consider there is a statistically significant difference 
between two compared groups. 
N.D. = Not determined. uninfected group (unpublished data). 
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proliferative activity. We found that the cell concentration of 1 x 106 cells/well had 

the highest thymidine incorporation (unpublished data). Thus, this cell concentration 

was used in all experiments. When MLN cells were cultured with CM alone, an 

increase in thymidine incorporation in the LP-BMS MuLV-infected group was 

observed. On the other hand, the counts per minute (cpm) of the background values 

were always higher in the retrovirus-infected group than in the non-infected group 

(unpublished data). The Stimulation Index (SI) of in vitro ConA-stimulated MLN 

lymphocytes was higher at the second week, got declining at fifth week, and was 

significantly decreased after eighth week of retrovirus infection (Table 5.2). The SI 

of in vitro LPS-stimulated plus retrovirus-infected MLN cells presented a significant 

increase in thymidine incorporation at week 2 and 8; however, it exhibited a 

significant decrease at week 14 and 19 when compared with the uninfected group 

during the progression of MAIDS (Table 5.2). 

Production of IL-2 and IFN-:y 

The secretion of IL-2 by ConA-stimulated MLN cells did not differ from the 

control at 2 weeks post-retrovirus infection. IL-2 production was reduced 

significantly after 5 weeks post-infection and throughout the study (Table 5.3). The 

production of IFN--y was significantly increased in the retrovirus-infected group 

during the progression of disease (Table 5.3). 
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Production of JL-4. JL-5. and IL-6 

As a result of the retrovirus infection, there was a tendency to enhance the 

secretion of IL-4 at week 5, 8, and 11, but the increase was not significantly 

different. However, a significant reduction of IL-4 secretion was observed at 14 

weeks post-retrovirus infection (Table 5.4). The production of IL-5 was 

significantly enhanced by retrovirus-infected MLN cells after 5 weeks post-retrovirus 

infection and throughout the progression of MAIDS (Table 5.4). A significant 

increase was observed in the release of IL-6 at 2 weeks post-retrovirus infection by 

ConA-stimulated MLN cells, but there was no statistical difference after that 

throughout the courses of disease. The secretion of JL-6 was significantly enhanced 

by LPS-stimulated MLN cells from retrovirus-infected group after 5 weeks post

retrovirus infection (Table 5.5). 



TABLE 5.2 Proliferative Responses by In Vitro Mitogen-Stimulated Cells from Mesenteric Lymph Nodes (MLN) 
during the Progression of LP-BM5 MuLV Infection@. 

LP-BMS MuLV ConA Stimulation (SIS) p Values • LPS Stimulation (SI) p Values 
Post-Infection LP-BMS MuLV Infection LP-BM5 MuLV Infection 

c 

$ 

• , 

(Week) + + 

2 4.22±0.34 7.32+0.23 < 0.001 1.16±0.14 1.59±0.17 < 0.005 
5 5.37±1.66 4.36±0.83 > 0.05 N.D.' N.D. 
8 3.47±0.14 2.46±0.31 < 0.001 1.05±0.15 1.91±0.06 < 0.001 

11 2.03±0.40 0.61±0.05 < 0.001 0.89±0.19 1.11±0.03 > 0.05 
14 1.78±0.58 0.80±0.04 < 0.025 0.97±0.15 0.28+0.02 < 0.001 
19 2.99±0.20 0.40±0.15 < 0.001 0.94±0.16 0.42±0.07 < 0.001 

Proliferative responses were determined by pulsing with [3H]-thymidine for 4 hr prior to the end of a 24 hr incubation as 
described in Materials and Methods. Data indicate mean ± standard deviation for quadruple cultures from the pool of MLN 
cells from four mice per group. 
S.I. = Stimulation index as described in Materials and Methods . 
When p value is < 0.05, we consider there is a statistically significant difference between two compared groups. 
N.D. = Not determined. 

\0 
00 



TABLE 5.3 Secretion of Murine Interleukin 2 (IL-2) and Interferon-gamma (lFN-'Y) by In Vitro Mitogen-Stimulated 
Cells from Mesenteric Lymph Nodes (MLN) during the Progression of LP-BM5 MuLV Infection@ . 

LP-BMS MuLV IL-2 Production p Values • IFN-'Y Production p Values 
Post-Infection LP-BM5 MuL V Infection LP-BM5 MuLV Infection 

~ 

• , 

(Week) + + 

2 3.67±0.34 3.67±0.13 > 0.05 0.95+0.08 3.13±0.23 < 0.001 
5 3.43+0.23 1.00±0.22 < 0.001 N.D.' N.D. 
8 2.88±0.81 0.65±0.18 < 0.01 1.75+0.05 3.69±0.77 < 0.025 

11 2.70±0.62 0.75±0.22 < 0.01 2.96±0.04 12.17±0.38 < 0.001 
14 2.02±0.13 0.63±0.26 < 0.005 2.75±0.05 9.93±1.63 < 0.005 
19 2.93±0.19 0.53±0.14 < 0.001 2.49±0.26 6.65±1.76 < 0.025 

Secretion of IL-2 (24 hr incubation) and IFN--y (72 hr incubation) in supernatant of in vitro ConA-stimulated MLN cells 
during the progression of LP-BM5 infection were determined by ELISA as described in Materials and Methods. Data 
indicate mean (ng/ml) ± standard deviation for triplicate assays from a pool of MLN cells from four mice per group . 
When p value is < 0.05, we consider there is a statistically significant difference between two compared groups. 
N.D. = Not determined. 

\0 
\0 



TABLE 5.4 Secretion of Murine Interleukin 4 (IL-4) and Interleukin 5 (lL-S) by In Vitro Mitogen-Stimulated Cells 
from Mesenteric Lymph Nodes (MLN) during the Progression of LP-BMS MuLV Infection@ . 

LP-BMS MuLV IL-4 Production p Values • IL-S Production p Values 
Post-Infection LP-BMS MuLV Infection LP-BMS MuLV Infection 

@ 

• , 

(Week) + + 

2 0.19±0.OS 0.17±0.03 > O.OS 0.33±0.17 0.2S±0.19 > O.OS 
5 0.12±0.04 0.13±0.03 > O.OS 0.22±0.22 1.23±0.S7 < O.OS 
8 0.10±0.OS O.11 ±0.02 > O.OS 0.43±0.30 2.43±0.33 < O.OOS 

11 0.08±0.02 0.12±0.02 > O.OS N.D.# N.D. 
14 0.12±0.01 0.08±0.02 < O.OS 0.61±0.OS 1.1O±0.08 < 0.001 
19 O.II±O.OS O.OS±O.OI > O.OS 0.47±0.07 4.9S±0.OS < 0.001 

Secretion ofIL-4 (24 hr incubation) and IL-5 (72 hr incubation) in supernatant of in vitro ConA-stimulated MLN cells during 
the progression of LP-BM5 infection were determined by ELISA as described in Materials and Methods. Data indicate mean 
(ng/ml) ± standard deviation for triplicate assays from a pool of MLN cells from four mice per group . 
When p value is < 0.05, we consider there is a statistically significant difference between two compared groups. 
N.D. = Not determined. 
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TABLE 5.5 Secretion of Murine Interleukin 6 (IL-6) by In Vitro Mitogen-Stimulated Cells from Mesenteric Lymph 
Nodes (MLN) during the Progression of LP-BMS MuLV Infection@ . 

LP-BMS MuLV ConA Stimulation p Values • LPS Stimulation p Values 
Post-Infection LP-BMS MuLV Infection LP-BMS MuLV Infection 

@ 

• 

(Week) + + 

2 1.S8±0.2S 2.93±0.42 < 0.001 0.28±0.IS 1.S4±0.81 > O.OS 
S 1.38+0.38 1.73±0.6S > O.OS 0.18±0.01 1.0S±0.01 < 0.001 
8 1.93±0.49 2.18±0.47 > O.OS 0.IS±0.07 1.08±0.17 < 0.001 

11 1.60±0.37 I.S0±0.43 > O.OS O.IS±O.OI 2.8S±0.2S < 0.001 
14 1.97±0.OS 2.33±0.34 > O.OS 0.07±0.01 3.00±0.22 < 0.001 
19 1.SS±O.04 1.60±0.2S > O.OS 0.07±0.03 1.67±0.62 < 0.02S 

Secretion of IL-6 (24 hr incubation) in supernatant of in vitro mitogen (ConA or LPS)-stimulated MLN cells during the 
progression of LP-BM5 infection was determined by ELISA as described in Materials and Methods. Data indicate mean 
(ng/m1) ± standard deviation for triplicate assays from a pool of MLN cells from four mice per group . 
When p value is < 0.05, we consider there is a statistically significant difference between two compared groups. 

I--' 
o 
I--' 
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DISCUSSION 

In AIDS patients, opportunistic intestinal infections persist for months to 

years and are associated with life-threatening diarrhea as their immunodeficiency 

becomes more severe (24, 41). Researches have been focused on the GALT as a 

general invasion route of host for pathogens, including HIV. Mucosal immune 

dysfunction induced by HIV infection could reduce the host defenses to opportunistic 

pathogens. LP-BM5 MuLV-infected C57BL/6 mouse is a well-developed system to 

study immune function and resistance to pathogens common to human AIDS (95, 

155, 246). Understanding the effects of LP-BM5 MuLV on MLN expands this 

model for better appreciation of changes in intestinal immunity. The opportunistic 

pathogens, Cryptosporidium (41) and Giardia (179), persisted during LP-BM5 

MuL V -caused immunodeficiency, whereas the normal mice were resistant. The 

mechanisms of host's GALT immune defense during retrovirus infection against 

these pathogens are beginning to be defined. In previous studies, we demonstrated 

the loss of mucosal immune cells, IgA + and CD4 + T helper cells in the Peyer's 

patches and intestinal lamina propria of MAIDS mice (123). Changes in the 

numbers of T and B cell populations in GALT may relate to immune dysfunctions 

regarding antigen presentation, cell activation and differentiation, and cytokine as 

well as antibody production. In this study, we investigated the alterations in cell 
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functions including cell proliferation and cytokine secretion by MLN cells during the 

progression of LP-BM5 MuLV infection. This helps to understand how retrovirus 

affects the mucosal immunity via modulating cytokine production and to clarify the 

mechanisms of the enhanced persistence of opportunistic intestinal infections. 

Cytokines operate in a complex network of interactions in host defense that 

plays an important role in the regulation of immune cell maturation, proliferation, 

differentiation, and activation. Cytokines possess stimulatory or inhibitory effects 

on the synthesis of other cytokines in the network as well as regulate the expression 

of a variety of cell surface receptors. In addition, they may present synergistic, 

additive, or antagonistic interactions on cell function (9) in specialized 

microenviroments such as GALT (133). Clearly, a well-regulated system of 

cytokine interactions is essential for the maintenance of a competent host's immune 

defense. For instance, IL-2 is a pivotal cytokine in the growth and differentiation 

of T and B cells, and the enhancement of B cell growth and immunoglobulin 

production (70, 146). Secretion of IL-2 by in vitro ConA-stimulated MLN cells was 

reduced significantly after 5 weeks of retrovirus infection. The reduced synthesis 

would explain the low intestinal antibody synthesis to Giardia (179). Moreover, the 

proliferation of in vitro ConA-stimulated T cells was gradually diminished by 

retrovirus after 5 weeks post-infection. This explains why the low level of IL-2 
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production was observed in MAIDS. IFN--y is a multiple immunoregulatory 

cytokine. Its functions include the inhibition of some IL-4-induced B cell 

activations, the modulation of B cell differentiation, an increase in immunoglobulin 

secretion in B lymphocytes, and the upregulation of expression of both the secretory 

component required for binding and transport of secreted IgA and IgM (117, 164, 

207, 213). In this study, an increased IFN--y secretion by mitogen-stimulated MLN 

cells in LP-BM5 MuLV-infected mice was observed. As IL-2 which is also made 

by Thl cells was suppressed, the increased IFN--y must come from non-Thl cells. 

High production of IFN--y may be due to the stimulation of CD4-8-, CD8+ T cells, 

monocyte lineages (52, 85, 96, 112, 196, 259) and/or NK cells (144, 201). 

However, the mechanism of high levels of IFN--y production by in vitro mitogen

stimulated MLN cells remains to be further defined. IL-4 activates a wide range of 

cell types such as to upregulate MHC Class II expression in resting B cells, to 

augment IgGl, 19B, and slgM secretion by B cells (187, 210), and to inhibit 

antibody secretion by IgA-committed B cells (238). Although IL-5 could stimulate 

murine B cells to terminal differentiation as of B cells secreting IgA or IgM, it does 

not possess B cell growth factor activity (80, 136, 159, 162, 184, 224). IL-6 

exhibits multiple activities including the induction of B cell terminal differentiation 

and the stimulation of IgG and IgA secretion (136, 225). As secretion of these Th2 

cell cytokines is not elevated as seen with spleen cells (240), their low levels are part 
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of factors that influence the reduction in intestinal antibodies. There was no 

difference in IL-4 secretion by murine MLN lymphocytes between control and 

retrovirus-infected group before 14 weeks post-infection. The enhanced in vitro 

LPS-stimulated secretion of IL-6 by MLN cells in LP-BM5 MuLV-infected mice 

compared with the control group may be the result of polyclonal activation of B 

cells, lymphoma, or retrovirus-infected monocytes or macrophages. The secretion 

of high level of IL-5 and IL-6 by in vitro mitogen-stimulated MLN cells may not 

sufficiently induce a terminal differentiation of B cells into IgA plasma cells. 

Besides, there were few mature IgA-committed B cells that could repopulate the 

intestinal lamina propria as terminally differentiated IgA plasma cells (123, 179). 

Enhanced IL-I0 secretion by MLN cells was observed at 16 weeks of LP

BM5 MuLV -infection (90). The dysregulated release of IL-lO in MLN cells during 

the progression of MAIDS may perturb the normal differentiation of Thl cell 

populations from ThO and down regulate their cytokine production, critical factors 

in the regulation of infection. Abnormal cytokines produced by Th2 clones could 

influence B cell differentiation, proliferation, maturation, and localization in the 

GALT. Moreover, diminished terminal differentiation of B cells to IgA secreting 

cells was associated with an alteration in T cell populations (123). Furthermore, 

there could be no antigen presenting function by macrophages to T helper cells. 
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These factors are all important in presenting antigens and regulating the cellular and 

humoral immunity against the opportunistic infection. 

The abnormal cytokine secretion pattern observed in MLN in this study as 

well as in spleen and antigen presenting cells (240) suggests that the Thl subset was 

suppressed by the incremental level of cytokines produced by Th2 clones during the 

progression of MAIDS. Moreover, a dramatic increase in the size of spleen and 

peripheral lymph nodes with the progression of disease, total CD4 + T cell numbers 

were also increased in association with suppressed T cell functionality (160). A 

rapidly and broadly polyclonal response by most of CD4 + T cells in MAIDS may 

be induced by a soluble, diffusible retroviral superantigen-like component (160). 

CD4 + T cell population shifts from one with a heterogenous mixture of naive and 

memory phenotype population to a more homogenous characteristic of both memory 

and activated cell phenotype population (160) results in an anergic state (31). A 

decreased of ability of Th 1 helper cell to produce IL-2, IFN-'Y, and lymphotoxin, 

either spontaneously or after stimulation of cells with Con A was observed following 

progressive infection with LP-BM5 MuLV (65, 240). In contrast, IL-4, 5, 6 and 10, 

characteristic products of cytokines by Th2 cells, were produced spontaneously or 

in response to Con A by spleen cells during retrovirus post-infection (65, 240). The 

authors concluded that persistent activation of CD4 + T cells with the lymphokine 
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profile of Th2 helper clones was responsible for chronic B cell stimulation, down-

regulation of Thl cytokines, and impaired CD8+ T cell function in MAIDS (65, 

240). It is likely that during many parasite infections, viruses encoding potent 

antigenic stimuli can markedly affect the balance of Th subset expression. 

We demonstrate in this paper that murine retrovirus infection induced several 

alterations in the cytokine profile of MLN lymphocytes. This imbalanced cytokine 

secretion, as well as abnormal antibody production (unpublished date) observed in 

LP-BM5 MuLV-infected mice, could partially explain the persistence of 

Cryptosporidium (41) or Giardia (179). Therefore, these alterations in cytokine 

production in retrovirus-infected mice, associated with the presence of opportunistic 

pathogens, suggest the importance of cytokines as mediators of resistance to 

infection. We suggest that the alteration in cytokine production, in MAIDS mice, 

could lead to a reduction of host resistance favoring opportunistic infections. 
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ABSTRACT 

The therapeutic efficacy of pooled bovine colostrum for the control of 

cryptosporidiosis was investigated during murine acquired immunodeficiency 

syndrome (MAIDS) in female C57BL/6 mice. Mice were infected with LP-BM5 

murine leukemia retrovirus for 4 months and then inoculated with Cryptosporidium 

parvum (C. parvum) oocysts. 

Persistent cryptosporidiosis was established in all retrovirus 

immunosuppressed mice, while control ones were refractory to infection. Parasite 

colonization of intestinal villi was significantly (p < 0.05) reduced in 

immunosuppressed animals that received dietary supplemental pooled bovine 

colostrum compared to those that did not receive colostrum treatment. Similarly, 

shedding of oocysts in the feces of immunosuppressed animals that received dietary 

pooled bovine colostrum was significantly (p < 0.05) reduced compared with those 

that did not at 26 days post-parasite challenge. Since the non-immune bovine 

colostrum contained no anti-Cryptosporidium antibodies, this suggests that passively 

transferred antibodies alone are unlikely to have provided the improved resistance 

shown in this study. 
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INTRODUCTION 

The protozoan parasite Cryptosporidium parvum (C. parvum) produces short

term diarrheal illness in immunocompetent individuals, and life-threatening diarrhea 

in immunocompromized persons, as exemplified in AIDS patients. Neonatal mice 

with immature immune defenses also do not clear the parasite. These observations 

implicate the immune system as critical in overcoming cryptosporidiosis, particularly 

since therapeutic agents tested so far have been ineffective (3, 121, 149). Several 

immune mechanisms including cell-mediated immunity, secretory antibodies, 

antigen-driven inflammatory responses, and nonspecific cell-mediated processes may 

be important in the host immune response against C. parvum (35). The prevalence 

of cryptosporidiosis in humans varies, ranging from 1-4 % in Europe and North 

America, and up to 30% in some less-developed countries (22, 36, 55). In the 

United States, 3-4% of AIDS patients reported to the Center for Disease Control 

were infected with Cryptosporidium spp. (206). 

Recent studies have shown that breast-fed infants had a significantly lower 

incidence of cryptosporidiosis than those bottle-fed infants (86, 132), suggesting that 

immune factors of human milk may help control Cryptosporidium infection . 

. Similarly, colostrum from cows immunized with oocyst or sporozoite antigens of C. 
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parvum has been shown to partially protect against C. parvum infections in both 

animals (53-54, 176) and AIDS patients (167, 234). Recently, treatment of 

cryptosporidiosis with pooled colostrum from non-immunized cows was reported 

(68, 82, 218). Oral administration of bovine colostrum which had a low anti

Cryptosporidium antibody titer, to AIDS patients infected with Cryptosporidium, did 

not alter the course of the disease (197). This might have been due to the severity 

of other reported opportunistic infections in these patients that cause accelerated 

death. In other studies, however, the continuous nasogastric infusion of bovine 

colostrum to two AIDS patients for 10 days temporarily reduced the incidence of 

diarrhea, but not the shedding of oocysts (167). In here, we present the availability 

of a retrovirus-infected adult mouse model for studying cryptosporidiosis (41) may 

be beneficial for the investigation of the efficacy of pooled bovine colostrum for the 

control of C. spp infection. 

MATERIALS AND METHODS 

Animals 

Female C57BLl6 mice with 3 to 4 weeks of age were obtained from the 

Charles River Laboratories, Inc. (Boston, MA). Five mice per cage were ~oused 
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in transparent plastic cages with stainless steel wire lids at 20-22°C with constant 

humidity and a 12: 12 hr light-dark cycle. They were randomly assigned to control, 

retrovirus-, and retrovirus- plus colostrum-treated groups. The control and 

retrovirus-infected animals were fed a regular mouse chow diet (Tekland, Madison, 

WI). Mice were sacrificed at 10 and 26 days post-C. parvum infection. 

LP-BM5 Murine Leukemia Virus (MuLV) Infection 

Mice assigned to the virus groups were injected intraperitonea1ly with 0.1 ml 

of LP-BM5 MuLV inocula with an ectopic titer of 4.5 10gIO PFU/ml in a XC-cell 

line (41). Animals were fed the regular mice chow diet during the 4 months of 

murine retroviral infection as it produced AIDS. 

C. parvum Inocula 

Infection was established using oocysts purified from the feces of C. parvum

infected calves. Feces were suspended in 2.5 % (W IV) potassium dichromate 

solution. This suspension was passed through graded series of sieves to exclude 

particles larger than 63 I'm. Oocysts were purified from this suspension using a 

discontinuous density gradient twice and resuspended in 2.5% (w/v) potassium 

dichromate as previously described (6). The partially purified oocysts were stored 

at 4°C for not more than 72 hr prior to infecting the mice. Before the mice were 
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inoculated, oocyst preparations were washed twice with 25 mM phosphate-buffered 

saline (PBS) (PH 7.2) to remove the potassium dichromate, and then counted with 

a hemocytometer by phase-contrast microscopy. All LP-BM5 MuLV -infected 

animals were inoculated with 200 JLl PBS containing 1 x lOS oocysts via gavage after 

4 months post-retrovirus infection. 

Colostrum Preparation and Feeding 

Three weeks prior to infection with C. parvum, mice were fed with liquid 

diets (Dyets, Bethlehem, PA) to provide vehicles for the administration of 

lyophilized colostrum. The colostrum was pooled from several non-immunized cows 

within the first ten hours after parturition. After the removal of fat, the casein was 

precipitated with HC1, and the whey was spray-dried as described by Stephen et. al. 

(218). The colostrum diets were fed 5 and 21 days post-C. parvum infection and 

each animal received 91.7 to 97.3 mg/day of pooled bovine colostrum supplemental 

diet for 5 consecutive days. Control and those retrovirus-infected mice were fed the 

liquid diet without colostrum. 

Cryptosporidium Enumeration from the Gut 

The numbers of parasites per villus section were determined in histological 

sections of the terminal ileum stained with Hematoxylin-Eosin (H&E). At least 25 
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adjacent intestinal villi per mouse were randomly counted under an objective 

microscope at 40x or l00x as described previously (41). 

Enumeration of Cryptosporidium Oocysts from Fecal Specimens 

Gut contents collected from mice were dried and weighed. Each sample was 

passed through a wire cloth mesh (size 80, Newark Wire Cloth Co., Newark NJ) 

and rinsed with PBS. Samples were preserved in micro-centrifuge plastic tubes 

containing 0.5 ml of 1 % formalin buffer solution (Sigma, St. Louis, MO). Samples 

were transferred into 50 ml plastic centrifuge tubes (Falcon Labware, Pittsburg, PA) 

and centrifuged (1700 x g) for 20 minutes and supernatant fluids were discarded. 

Pellet was resuspended in 2 ml of PBS with 1 % Tween-80. Samples were shaken 

for 3 minutes and added with PBS to a final volume of 45 ml. The tubes were 

centrifuged (1700 x g) for 20 minutes and supernatants were discarded. 

Approximately 0.5 ml of PBS was added to each tube, and the suspension was 

layered onto 8 ml of continuous sucrose gradient (1.103 gm/ml) and allowed to 

sediment at room temperature. The top layer from each tube was transferred into 

a 15 ml plastic centrifuge tube. PBS was added to each tube to a final volume of 

12 ml, and tubes were centrifuged (1700 x g) for 10 minutes. 

To enumerate Cryptosporidium oocysts, the entire liquid portion from each 
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sample was passed through a 1.2 JLm membrane filter (Nucleopore, Pleasanton, CA). 

The samples were stained with a primary monoclonal antibody (Meridian, 

Cincinnati, OB) which binds to oocyst walls. After 30 min incubation at room 

temperature, the membrane filters were rinsed with PBS once and secondary 

antibody (affinity-purified goat anti-mouse IgM; KPL, Gaithersburg, MD) was 

added. After further incubation and wash with PBS twice, oocyst numbers were 

determined by counting the stained oocysts on filter by using an immunofluorescent 

microscope. 

Statistics 

Data were analyzed using the analysis of variance (ANOVA). A least 

significant difference range test was performed in order to isolate individual group 

differences. 

RESULTS 

CryptosDoridiwn Darvwn Colonization of Intestinal Villi 

The results of parasite colonization of epithelium of the terminal ileum are 

shown in Table 6.1. Control animals cleared intestinal parasite loads rapidly after 
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post-parasite challenge. Retrovirus-infected mice, however, had significantly 

(p < 0.05) higher parasite numbers in the ileum section at 10 days than that at 26 

days post-infection. Retrovirus-immunosuppressed mice supplemented with pooled 

colostrum for five days significantly (p<0.05) cleared parasite colonization of the 

gut by day 10 and 26 post-infection (Table 6.1), while those that did not receive 

pooled bovine colostrum developed persistent cryptosporidiosis. 

Shedding of Cryptosporidium parvum Oocysts 

The pattern of clearance of C. parvum oocysts in the feces was similar to that 

of the ileal epithelium, even though the mice that were inoculated with the retrovirus 

and received the colostrum diet shed more oocysts in the feces at 10 days post-C. 

parvum infection than the retrovirus-infected mice that did not receive the colostrum 

diet (Table 6.2). Control mice were refractory to C. parvum infection as 

documented by the absence of oocysts in the feces 10 or 26 days post-C. parvum 

infection. Feces from retrovirus-infected mice that did not receive dietary 

supplemental colostrum had high oocyst numbers at 10 days post-infection with the 

parasite. The number of oocysts in the feces; however, was reduced significantly 

(p < 0.05) by day 26 post-C. parvum infection. 
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TABLE 6.1 Effect of Pooled Bovine Colostrum on Resistance to Cryptosporidium 
parvum (C. parvum) Infection in Retrovirus-Infected CS7BL/6 Mice-. 

Treatment Days Post-C. parvum Infections 
Retrovirus Colostrum 10 26 

-

s 

, 
@ 

+ 
+ + 

0.0 :t 0.0 (9) 
26.9 :t 4.8@ (7) 
3.2 + 2.3'·@ (7) 

0.0 :t 0.0 (10) 
6.S + 1.8@ (S) 
0.4 :t 0.3'·@ (9) 

Mice consumed 91.8 mg of colostrum per day between days 6 and 10, and 97.3 
mg/day between days 21 and 26 post-infection. Each animal was infected with 1 x 
lOS oocysts via a stomach tube. 
Values are the mean ± SD no. of parasites/25 villi sections/mouse (no. of 
animals/group). 
p < 0.05 versus retrovirus and retrovirus plus pooled bovine colostrum treatment. 
p<0.05, when compared with control group (without retrovirus- or colostrum
administered). 
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TABLE 6.2 Effect of Pooled Bovine Colostrum Treatment on Oocyst Shedding in 
the Feces of C57BL/6 Mice at 4 Months Post-Retrovirus Infection-. 

Treatment 
Retrovirus Colostrum 

Days Post-C. parvum Infections 
10 26 

-
$ , 
@ 

+ 
+ + 

0.0 + 0.0 (5) 
87.3 ± 1O.9'·@ (5) 

178.0 + 19.9@ (5) 

0.0 + 0.0 (10) 
59.8 ± 8.1'·@ (5) 
13.2 ± 21.8 (5) 

Mice consumed 91.8 mg of colostrum per day between days 6 and 10, and 97.3 
mg/day between days 21 and 26 post-infection. Each animal was infected with 1 x 
lOS oocysts via a stomach tube. 
Values are the mean ± SD no. of oocysts/gm of feces x lQ2 (no. of animals/group). 
p < 0.05 versus retrovirus and retrovirus plus pooled bovine colostrum treatment. 
p<0.05, when compared with control group (without retrovirus- or colostrum
administered). 
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DISCUSSION 

We reported previously that 3 to 5 months of infection with LP-BM5 MuLV 

in adult C57BL/6 mice suppresses various cellular and humoral host defense 

mechanisms, which predispose these animals to persistent cryptosporidiosis (41). 

In addition, the LP-BM5 MuLV also induced cellular abnormalities including 

diminished T -helper cell functions, increased polyclonal B-cell activation leading to 

hypergammaglobulinemia, and impaired antigen-specific B-cell responses as also 

reported by others (241). Lymphoid cells injected into nude mice chronically 

infected with C. parvum have been shown to result in spontaneous recovery (218). 

B-cell depleted neonatal BALB/c mice with low antibody production showed that B 

cells are of minor importance in resolution of the cryptosporidiosis (226). Several 

animal and human studies suggested a major role of T -helper cells in the clearance 

of this parasite (36). 

In the present study, immunocompetent mice were refractory to infection with 

C. parvum, while immucompromised ones shed significantly (p < 0.05) higher 

numbers of oocysts in the feces and parasite colonization in the gut. Dietary 

supplementation of pooled bovine colostrum for five days, however, significantly 

(p < 0.05) reduced parasite colonization in the murine intestinal epithelium compared 
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with those retrovirus-infected animals that did not receive pooled bovine colostrum. 

Consequently, animals that did not receive colostrum treatment developed persistent 

cryptosporidiosis throughout the duration of the study. 

This study demonstrates that non-immunized pooled bovine colostrum may 

be beneficial in controlling cryptosporidiosis as also reported by others (53, 176). 

Although colostrum from non-immunized cows may be low in anti-C. parvum 

antibodies from natural exposure during infection as calves, its prophylactic effects 

on C. spp may be augmented by the presence of cytokines, including gamma

interferon and interleukin-l, as observed in rat colostrum (unpublished data). These 

cytokines may also be present in normal bovine colostrum after parturition and may 

be beneficial in protection of the young from various infections as human milk has 

been reported to contain heat-sensitive, acid-resistant proteins that have interleukin-l

like activity (215, 223). Similarly, "natural antibiotics" in human milk have been 

shown to be effective against Listeria and Escherichia coli bacteria as well as other 

diarrhea causing microorganisms (102). In addition, human milk also contains 

proteins that can stimulate or suppress specifically T-cell proliferation in vitro (141). 

Hexapeptides from human casein have been reported to stimulate the phagocytosis 

of opsonized sheep red blood cells by murine peritoneal macrophages (172), and 

intravenous application of these peptides to adult mice enhanced the resistance to 
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infection by Klebsiella pneumoniae. 

Since this preliminary study demonstrates a therapeutic potency of normal 

colostrum in controlling cryptosporidioisis, detailed studies are needed to further 

evaluate its role in surveillance against various pathogens. In view of the complex 

nature of colostrum and its impact on the physiology of digestion and on gut 

microenvironment when fed over long periods, evaluation of the potency of normal 

bovine colostrum compared to hyperimmune bovine colostrum should be 

accompanied by appropriate control such as whole colostrum versus colostrum 

without gammaglobulins. In addition, more sensitive detection methods for accurate 

determination of colostrum gammaglobulins in bovine colostrum may be helpful. 

Nevertheless, factors in colostrum besides anti-cryptosporidial antibodies that may 

mediate cryptosporidiosis prophylactic effects, require further investigation. 
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ABSTRACT 

Diarrhea is one of the most common gastrointestinal symptoms in AIDS 

patients, it may cause dehydration, malnutrition, and death. Cryptosporidium 

parvum (C. parvum) is a coccidian protozoan that induces diarrhea in AIDS patients, 

however, technical problems impair studies of immunological response to 

cryptosporidiosis in humans. mv infection can be induced in chimpanzees and 

rabbit but less pathogenesis is observed. Cryptosporidiosis has been successfully 

developed in immunodeficient mice, including murine retrovirus-induced MAIDS, 

nude, SCID, and the neonatal BALB/c mouse model. We assume that not only 

humoral, but cellular immunity of the gut-associated lymphoid tissues (GALT) could 

play an important role to eliminate Cryptosporidium infection in the 

immunocompetent host. We report here the changes in the lymphocyte 

subpopulations of the GALT from normal adult C57BL/6 mice that were challenged 

with C. parvum. We observed an increase in the number of -yo-TCR+ cells in the 

intestinal lamina propria (lLP) after 6 and 10 days of infection. A decrease in the 

number of CD4 + cells in the ILP and in the intraepithelium was observed after 10 

days of infection. These changes were associated with a decreased number of IgA + 

and IgG+ cells in the ILP at 6 and 10 days of infection and an increase in the 

number of IgE+ cells at 6 days infection. We assume that these changes may 
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contribute to the mechanism of cryptosporidial resistance in the immunocompetent 

host. 

INTRODUCTION 

Cryptosporidium parvum (C. parvum) is a common coccidian protozoan 

pathogen that causes a self-limiting diarrhea in immunocompetent hosts but causes 

life-threatening diarrhea in AIDS patients for which no drug therapy exists (253). 

The mechanism of diarrhea in cryptosporidiosis is unknown; it has been suggested 

that the organisms rest on the villus surface of the enterocyte and impair cell 

function by releasing cell toxins (60). Prolonged diarrheal illnesses are associated 

with nutrient malabsorption, weight loss, inanition, and death. Cryptosporidial 

infection in human is characterized by watery diarrhea, cramping abdominal pain, 

weight loss, and flatulence (249). In the immunologically normal host, the 

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

However, in patients with AIDS, the symptoms usually begin insidiously and 

escalate as the immune defect becomes more severe. Although a culture system 

facilitating complete in vitro growth of Cryptosporidium has been developed (37), 

the absence of a symptomatic animal model of the disease has severely hampered the 
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identification of potentially active anti-cryptosporidial agents (32). Failure of most 

experimental therapeutic interventions to eradicate the parasite are due to immune 

defects rather than lack of drug efficacy (32, 212). Therefore, detailed 

immunological studies are needed in animal models to find the ways to enhance host 

defenses. In addition, the immunopathogenesis of intestinal disease in 

immunocompromised patients is poorly understood (175) indicating needs for animal 

work. 

Several experimental animal models of cryptosporidiosis were developed (4-5, 

15,27,41, 182-183, 135, 226, 234, 236). In each experimental design the success 

of the infection was associated with the degree of the immunosuppression of the 

host. But there are still important questions that remain unanswered: how does the 

immune system of an immunocompetent animal fight against the Cryptosporidiwn 

infection? What are the changes induce in the mucosal immune system, if any, after 

the normal animal was able to shed the parasite? The first question has been 

partially answered by several groups, their results suggest a key role for IFN-'Y to 

initiate host defense. On the other hand, our second question remains unanswered. 

Therefore, we decided to encourage the study of the changes in the mucosal 

lymphocyte populations at the level of the intestinal lamina propria and 

intraepithelium of adult C57BL/6 mice after they were challenged with C. parvum. 
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These mice are resistant to C. parvum infection, but our data indicate that T and B 

cell populations are deeply modified after the challenge. Mice were challenged with 

C. parvum oocysts and the changes in the immune system were evaluated at 6 and 

10 days post-infection. 

MATERIALS AND METHODS 

Female C57BLl6 mice, 3 to 5 weeks old, were obtained from the National 

Cancer Institute (Frederick, MD). The mice were kept in the Animal Facility at the 

Arizona Health Sciences Center. The mice were randomly assigned to 

Cryptosporidium parvum-infected or saline-gavaged groups. Four mice per cage 

were housed in transparent plastic cages with stainless steel wire lids at a 20-22°C 

with constant humidity and a 12 hours light-dark cycle. Animals were cared for as 

required by the University of Arizona College of Medicine Committee on Animal 

Research. 

Preparation of Cryptosporidium Oocysts 

Experimental murine Cryptosporidium infections were established by using 



127 

C. parvum oocysts that were purified from feces of experimentally infected calf and 

obtained from Black Center Laboratory (Nampa, ID) as previously described (6). 

Briefly, feces were suspended in two volumes of 2.5 % potassium dichromate 

(K2Cr207; Sigma, St. Louis, MO) solution, which was passed sequentially through 

a graded series of sieves. Oocysts were stored in 2.5% ~Cr203 at 4°C. Final 

purification was achieved twice by the discontinuous sucrose gradient centrifugation 

of sieved fecal material. The discontinuous sucrose gradients were prepared from 

Sheather's solution (320 ml H20, 500 gm sucrose (Sigma), and 9 ml phenol) diluted 

with 0.025 M PBS and supplemented with 1 % Tween-SO (Sigma). The 

discontinuous gradients were composed of 1:2 (a specific gravity of 1.103) and 1:4 

(a specific gravity of 1.064) solution. One part of 1:4 solution was layered over one 

part of the 1:2 solution in 50 ml polypropylene centrifuge tubes (Corning, 

Cambridge, MA), then one part of the sieved feces in 2.5% K2Cr207 was layered 

over 1:4 solution. The tubes were centrifuged at 1500 g for 30 minutes. Pellets 

were washed once with PBS and resuspended in 2.5 % K2Cr20 7. The oocyst 

suspensions were then purified again with discontinuous gradients. After final 

washing with PBS, oocysts were resuspended to a total volume of 5 ml in 2.5% 

K2Cr20 7 and stored at 4°C until use. 

C. parvum infection 
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Mice assigned to the C. parvum-infected group were gavaged with 1 x lOS 

C. parvum oocysts by stomach tube. 

Lymphocyte SubPQpulations 

Small intestines were frozen as it was described previously (123), and stained 

using an indirect immunofluorescence staining procedure. Rat anti-mouse CD4 and 

CDS antibodies (Abs) (SeraLab, Accurate Chemical & Scientific Corp., Westbury, 

NY) were diluted 1 :50 in PBS containing 5 % goat serum to avoid non-specific 

binding of the secondary antibody (Ab). Rat anti-mouse IgE (SeraLab) was diluted 

1: 10 in PBS supplemented with 5 % goat serum. Affinity-purified rhodamine

conjugated goat anti-rat F(ab')2 Ab (Cappel, Organon Teknika Corp., Durham, NC) 

was used as secondary Ab. To analyze IgA + cells, an affinity-purified goat anti

mouse IgA (0: chain specific) Ab (Cappel) diluted 1:5 in PBS containing 5% rabbit 

serum was used as primary Ab, while the IgG+ cells were studied using an 

affinipure goat anti-mouse IgG (H + L) Ab (Jackson Immunoresearch Laboratories, 

Inc. , West Grove, PA) diluted 1:20 in PBS supplemented with 5% rabbit serum, 

in both cases followed by an affinity purified rhodamine-conjugated rabbit anti-goat 

Ab (Cappel) as secondary Ab. 

Monoclonal hamster anti-mouse o:fi-TCR and -yo-TCR Abs (pharMingen, San 
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Diego, CA) were used as primary Abs diluted in PBS supplemented with 5 % goat 

serum. Fifty microliters of the Ab dilution (1 p.g antibody in 50 p.l PBS 

supplemented with 5 % goat serum) were added per tissue section followed by 

affinity isolated FITC-conjugated goat anti-hamster JgG (H + L), mouse adsorbed, 

Ab (Caltag, San Francisco, CA) diluted in 50 p.l of PBS to provide 1 p.g of Ab per 

tissue section. 

Statistical Analysis 

Paired comparisons of the data were evaluated with Student's t-tests. Results 

presented in the text are expressed as mean ± standard deviation per 20 high power 

field. 

RESULTS 

T Lympocyte Population in the Intestinal Lamina Propria (ILP) 

After 6 days of Cryptosporidium infection, we observed an increase in the 

number of cells bearing the 1'5-TCR, that remained after 10 days of infection (Table 

7.1). A similar increase in the number of CD8+ T cells was observed after 6 days 

of infection. But, the CD8+ T cell number returned to the control values after 10 
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days of infection. Interestingly, after 10 days of infection there is a decrease in the 

number of CD4 + cells. No changes were observed in the aB-TCR bearing cells. 

B Lymphocyte Population in the ILP 

After 6 days of Cryptosporidium infection, there is a significant decrease in 

the number of IgA + and IgG+ cells in the LP, that continues after 10 days of 

infection (Table 7.2). On the contrary, the number of IgE+ cells increases after 6 

days of Cryptosporidium infection reaching normal values by day 10 post-infection. 

Intraepithelial T lymphocytes 

After 10 days of Cryptosporidium parvum infection there is a decrease in the 

number of intraepithelial CD4+ cells (Table 7.3). No changes were observed in the 

other populations evaluated. 



TABLE 7.1 a8-TCR +, -yo-TCR +, CD4 + , and CD8+ Cells in Intestinal Lamina Propria of Cryptosporidium-Challenged 
C57BL/6 Mice. 

Group 

Gavage 

6 days 
post-infection 

10 days 
post-infection 

a8-TCR+ 

14.3±4.0 (6) 

N.A. 

14.7±2.7 (4) 

Value = mean ± standard deviation. 

-yo-TCR+ 

13.8±5.5 (9) 

22.5 ±6.9· (8) 

21.1±6.2· (9) 

• = p<0.02, when compared with saline-gavaged group. 
# = p<O.OI, when compared with saline-gavaged group. 

CD4+ 

24.1 + 1.9 (6) 

24.8+3.5 (8) 

15.5±5.8' (6) 

@ = P < 0.02, when compared with 6 days Cryptosporidium-challenged group. 
o = Mouse number per group. 
N.A. = Not available. 

CD8+ 

20.0±3.0 (6) 

32.6+ 11. r (8) 

17.9±6.1@ (6) 

-w -



132 

TABLE 7.2 IgA +, IgG+, and IgE+ B Cells in Intestinal Lamina Propria of 
Cryptosporidium-Challenged CS7BL/6 Mice. 

Group IgA+ IgG+ IgE+ 

Gavage 72.3±21.0 (6) 92.2±SI.4 (S) 11.7+9.7 (S) 

6 days 3S.9±1O.1# (7) 34.1± 7.SI (S) 33.2±9.6# (7) 
post-infection 

10 days 32.S±21.S# (7) 3S.3± 9.11 (6) 17.1+S.S (9) 
post-infection 

Value = mean ± standard deviation. 
• = p < 0.02, when compared with saline-gavaged group. 
# = p<O.OI, when compared with saline-gavaged group. 

= p<O.OS, when compared with saline-gavaged group. 
o = Mouse number per group. 
N.A. = not available. 



TABLE 7.3 Intestinal Intraepithelial Lymphocytes Bearing a6-TCR +, 'Yo-TCR + , CD4 + , and CD8+ in Cryptosporidium
Challenged C57BL/6 Mice. 

Group 

Gavage 

6 days 
post-infection 

10 days 
post-infection 

a6-TCR+ 

2.3±1.5 (5) 

N.A. 

2.2±0.7 (4) 

Value = mean ± standard deviation. 

'Y0-TCR+ 

3.4±2.9 (9) 

2.9±2.3 (7) 

4.3±2.4 (9) 

• = p<0.02, when compared with saline-gavaged group. 

CD4+ 

3.2±1.4 (4) 

4.1±2.3 (7) 

1.0±0.4·@ (6) 

@ = P < 0.02, when compared with 6 days Cryptosporidium-challenged group. 
o = Mouse number per group. 
N.A. = not available. 

CD8+ 

3.2±1.3 (6) 

5.8±2.9 (6) 

2.8+ 1.4 (6) 

-w 
w 
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DISCUSSION 

The exact mechanisms of host immunity against most infective parasites are 

not well understood and thus the relative contributions of various components of 

immune response are still unclear. We used a mouse model, mature C. parvum

infected C57BLl6 mice, to directly study cryptosporidiosis. The results indicated 

that the recovery from this gastrointestinal infection was associated with changes in 

the mouse cell subpopulations of the GALT. The results of our study showed that 

there was an alteration in the immune cell subsets in the mouse GALT during C. 

parvum infection. The changes in the immune cells associated with the eradication 

of this parasite suggested that protective immunity against this infection might 

depend more on immunocompetent cells than on antibodies (148). However, it has 

been suggested that both humoral and cell-mediated immunity would be initiated as 

a response to cryptosporidial infection (250) and could be required for the recovery 

(41, 63). 

Cell-mediated immunity appears to play an important role in eliminating 

cryptosporidial infection from the intestinal mucosa. In immunodeficient mice, 

adoptive transfer of BALB/c thymocytes and bone marrow cells (139) as well as 

spleen (135, 139) or mesenteric lymph node (135) cells resulted in functionally 
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immunological reconstitution followed by complete elimination of the 

Cryptosporidium infection, but this was not the case in severe combined 

immunodeficiency (SCID)-hu-PBL mice (139). The protective effect of donor spleen 

cells was not affected by depletion of the B cells, but was significantly reduced by 

depletion of Thy-l + cells (135). When normal mice were treated with cytolytic 

monoclonal antibodies, anti-CD4 or anti-CDS, chronic cryptosporidiosis occurred 

only in those mice that receive anti-CD4 antibody (234). Moreover, a human study 

reported that the duration of Cryptosporidium infection was related to the degree of 

host immunocompetence in HIV patients, self-limited cryptosporidiosis was 

associated with a higher CD4 and CDS count as well as a high CD4/CDS ratio (59). 

These results strengthened the importance of CD4 + T cells in cell-mediated 

immunity against Cryptosporidium. 

Other studies showed that both CD4 + cells and IFN--y were required to 

prevent initiation of Cryptosporidium infection whereas either alone can limit the 

extent (lFN--y) or duration (CD4 + T cells) of the disease (234). Treatment with 

neutralizing IFN--y monoclonal antibody (MoAb) resulted in a significant increase 

in oocyst shedding in immunocompetent mice during infection (135), but the 

infection was self-limited (234). However, a TNF MoAb did not cause an increase 

in oocyst production (135). It has been suggested the contribution of a non-T cell 
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compartment in host immunity against Cryptosporidium since IFN-'Y can be secreted 

by other cells and seemed to play a key role in host defense against this parasite 

(234). Studies in adult normal and SCID mice demonstrated that natural killer cells 

were not involved in host defense against cryptosporidial infection, even in the 

absence of functional B and T cells (189). In our study, the results showed that the 

number of CD8+ cells was increased in intestinal lamina propria (lLP) at 6 days 

post-Cryptosporidium infection, and returned to normal values at day 10 post

infection. Considering that CD8+ T cells could produce IFN-'Y, in a CD4 + cell

dependent fashion (25), we could speculate that this increased number of CD8+ cells 

is associated with the increased production of IFN-'Y. Moreover, the decreased 

number of CD4 + cells in the ILP and in the intraepithelium at day 10, when the 

parasite was already shedded, could be a regulatory mechanism to avoid 

overproduction of a possible harmful cytokine. 

Humoral immunity is mediated by the production of immunoglobulins (lg) 

secreted by plasma cells. It is well-known that surface IgA (sIgA)+ blast cells 

derived from the MLN or thoracic duct have a predilection for the small intestine, 

i.e. antigen uptake occurs in the GALT and results in the initial induction of the 

immunological response (136). GALT contains mature CD3+ T cells, of which 

approximately 60% are CD4 + T helper cells (136). Mature CD8+ T cells are also 
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present with both cytotoxic (CTL) and suppressor (fs) functions (136). In addition, 

CD3+CD4-8- T cells are found, which functionally mediate contrasuppression (136-

137). Antigen-sensitized, precursor IgA + B cells and CD4 + Th cells leave the 

Peyer's patches via efferent lymphatic and migrate to MLN, and then into the 

thoracic duct to the bloodstream. Circulating B cells then reach and enter distant 

mucosal tissue where they are preferentially retained. These migrating cells enter 

the mucosal effector sites where B cells clonally expand and mature to plasma cells 

and synthesis and transport to Ig occurs (11, 114, 142). 

Several research studies related to humoral immunity demonstrated that infant 

mouse were protected from cryptosporidial infection by oral passive administration 

ofhyperimmune serum or colostrum or specific monoclonal antibodies (5, 14-15,53, 

176, 186, 228-229). Moreover, we have demonstrated previously the enhancement 

of resistance to Cryptosporidium infection by pooled colostrum in adult mice during 

retrovirus-induced immunosuppression (248). This protective response by antibodies 

could prevent or interfere with the binding of Cryptosporidium life cycle stages 

(merozoite and sporozoite) with epithelial cells presented in the intestinal lumen (84). 

Nevertheless, we do not know if the presence of secretory antibodies could be 

important for the immunocompetent host's response to the parasite or if these 

antibodies could be only useful to neutralize the parasite in an immunocompromised 
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host or if a second challenge took place. Data presented in this study showed a 

decreased number of IgA + and IgG+ cells in ILP at 6 and 10 days post

Cryptosporidium infection associated with an increase in the number of IgE+ cells 

at day 6 post-infection. These results could suggest that the production of IgE could 

be important to achieve the parasite clearance. The importance of IgE has been 

demonstrated in other parasite infections as Nippostrongylus brasiliensis in mice (98) 

and rats (93) and in helminth infection in humans (103). The mechanism of 

decreased in IgA + and IgG+ cells during parasite infection needs to be further 

investigated. 

The mechanism by which the normal immune system eliminates 

Cryptosporidium was not elucidated yet. The role of humoral and/or cell-mediated 

immunity has been discussed in the literature but some contradictory data could be 

found. For instance, a similar adoptive transfer of lymphoid cells, as described 

above, was not able to protect infant mice against experimental infection (79). 

Moreover, the breast milk of nursing mothers that contained antibodies against 

Cryptosporidium did not afford children protection from cryptosporidiosis in Peru 

(219). IgA serum antibodies were produced upon contact with the parasite in HIV

infected patients, this has been documented, but the elevated IgA serum antibodies 

to Cryptosporidium were not associated with protection (96). These results could 
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implicate that the defence barrier associated with humoral immunity may not be 

sufficient to eradicate the infectious agent in AIDS patients (140). It has also been 

suggested that the resistance of adult animals to Cryptosporidium infection did not 

require a specific immune response but could be mediated by nonspecific 

mechanisms associated with the presence of intestinal flora (78). Others, like age

related factors may also be considered as important factors in controlling 

Cryptosporidium infection (111). For instance, splenocytes from aged hamsters 

exhibited significantly lower T, B, and NK cell activities than did those from young 

animals, against Cryptosporidium. Therefore, it was proposed an association 

between ageing and increased susceptibility to cryptosporidiosis (182). 
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CHAPTER vm 

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

initiated with human immunodeficiency virus (HIV) infection. Information acquired 

through the use of murine models of AIDS have contributed to the present degree 

of knowledge pertaining to retrovirally induced immunosuppressive mechanisms, 

both at the cellular and subcellular level. Despite the genetic and functional 

disparity between human and murine retroviruses, their comparison provides a means 

to advance the study of the mechanisms of retrovirus immunodeficiency. The 

experimental approach described herein utilizes LP-BM5 murine leukemia virus 

(MuLV) infection in female C57BL/6 mice which follows a controlled, reproducible 

and latency-free course of infection. The overall focus of the study, to elucidate the 

mechanisms of retrovirus immunodeficiency, included assessments of cytokine 

production from the cells of spleen and mesenteric lymph nodes (MLN), lymphoid 

cell subpopulation constituents of gut-associated lymphoid tissues (GALT), and the 

humoral and cell-mediated aspects of the host immune defense against an 

opportunistic infection (cryptosporidiosis). 

The progression of LP-BM5 MuLV infection in mice is characterized by the 

modulation of humoral and cell-mediated immunity and by the enhanced 

susceptibility to opportunistic infections paralleling the decline of 

immunocompetency documented in patients during the clinical course of HIV 
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infection (41, 65, 179, 246). The degree of host immunomodulation reported in 

previous studies using this system of murine retrovirus infection, however, does not 

sufficiently describe the spectrum of immuno-consequences seen in human HIV 

infection. Therefore, the studies described herein elucidation of the mechanism of 

immunomodulation associated with LP-BM5 MuLV infection, were initiated and 

carried out in order to more fully understand HIV-induced immune dysfunction in 

humans. 

Murine retrovirus infection was shown to alter the in vitro mitogen-stimulated 

production of monokines by peritoneal macrophages and the in vitro mitogen

stimulated production of cytokines by spleen and MLN cells. The aberrant 

monokine production by macrophages may be due to the effects of retroviral 

activation, while the abnormal cytokine secretion patterns in spleen and MLN cells 

are apparently exhibited by malfunctional Thl subsets and by progressively abnormal 

cytokine production by Th2 clones during MAIDS. The malfunctional Thl subsets 

were suppressed by Th2-like cytokines (65). In addition, the decrease in the pattern 

of Thl-like cytokine production may be due to the reduction of Thl cells either by 

the lack of switching from precursor ThO cell subsets or by programmed cell death 

induced by retroviral stimuli. The mechanism of the abnormally excessive secretion 

of Th2 cell cytokines has been postulated to involve an inducible, soluble, and 
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diffusible retroviral superantigen-like component (160). Moreover, the CD4+ T cell 

population shifts from a heterogenous mixture of naive and memory phenotypes to 

a more homogenous mix of both memory and activated phenotypes during MAIDS 

(160) has been used as an explanation for the observed anergic state (31). 

Furthermore, the cytokine profile of Th2 subsets associated with the aberrant 

activation of CD4 + Th cells is responsible for the down-regulation of Th 1 cytokine 

production, chronic B cell stimulation and polyclonal antibody production, and 

impaired CD8+ T cell function in MAIDS (65, 240). Thus, the imbalanced release 

of cytokines appears to be responsible for much of the immunopathogenesis of 

MAIDS (Fig. 8.1). 

The alteration of splenic lymphoid cell subpopulations, associated with 

functional and phenotypic changes, during LP-BM5 MuLV infection has been 

reported previously (123, 153). The alterations in MLN cell subpopulations 

exhibited similar patterns of change to the spleen during LP-BM5 MuLV infection. 

However, an evaluation of the localization of T and B cells in the GALT revealed 

that the number of lymphoid cells are diminished in the Peyer's patches (PP), 

increased in the MLN, and decreased in the intestinal lamina propria (lLP). These 

lymphoid cell changes may be due to the direct effects of retrovirus infection in 

association with further effects upon the differentiation and maturation of precursor 
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FIGURE 8.1 The Possible Mechanism of Murine Immunological Responses under the Influence of LP
BM5 Murine Leukemia Virus. -t 
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cells, the level of expression of normal homing receptors for migration, and the 

production of aberrant cytokines by other lymphoid and non-lymphoid cells (Fig. 

8.1). 

While HIV is accepted as the infectious agent that causes AIDS, other 

cofactors have been implicated for the full expression of the disease (202). Diarrhea 

is one of the most common gastrointestinal symptoms in AIDS, reported in 50 to 

90% of all AIDS patients and often leads to dehydration, malnutrition, and death 

(48, 130). A wide variety of protozoal, viral, and bacterial organisms have been 

implicated as diarrheal pathogens in AIDS patients (45), and the study of their 

development and immunopathogenesis has become particularly urgent. Protozoans 

are the most frequent gastrointestinal pathogens, including Cryptosporidium parvum 

(C. parvum) which has been identified in one-third of AIDS patients with diarrhea 

(249). Cryptosporidial infection is characterized by intracellular enterocyte 

development and oocyst excretion. In AIDS patients, cryptosporidiosis begins 

insidiously, persists, and escalates, becoming increasingly severe as the immune 

system deteriorates (214). Infection causes intractable diarrhea that results in 

profound weight loss, malnutrition, and death in AIDS individuals (60, 236), 

whereas in normal immunocompetent individuals the disease is self-limiting and 

eventually resolves. 
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Studies of immunological responses to cryptosporidiosis in AIDS patients 

have not been carried out due to ethical, economical and logistical considerations. 

To investigate cryptosporidiosis, it would be advantageous to use a small animal 

model amenable to experimental investigation of the mechanisms pertaining to its 

immunopathogenesis. We have studied parameters of the humoral and cell-mediated 

immunity in mature C57BL/6 mice with cryptosporidiosis with and without a super

imposed LP-BM5 MuLV-induced immunodeficiency to compare the influence of 

normal anti-parasite immunological response to immunocompromised responses on 

disease outcome. 

The role of the antibody response to cryptosporidial infection detected in 

experimental animals remains unclear. Nevertheless, it has been suggested that low 

antibody production is associated with persistence of parasite colonization (38, 97). 

Poor antibody responses in LP-BM5 MuLV infection have been reported in 

conjunction with polyclonal B cell stimulation in some animal models (23, 119, 

195). Reduced B cell function and antibody production associated with prolonged 

LP-BM5 MuLV infection (119, 195, 251) has been proposed to explain decreased 

parasite resistance in AIDS patients. Secretory IgA (S-IgA), produced and released 

by B lymphocytes in the mucosal tissues of the gastrointestinal tract (11, 114), is a 

potentially important effector molecule in cryptosporidial resistance, eliminating the 
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parasite by binding to its surface and to the surface of intestinal epithelial cells. 

Antibody bound parasite passes through the intestinal lumen without causing 

infection. Recent studies have examined the therapeutic effects of S-IgA antibodies 

in Cryptosporidiwn infected animal models and patients (53, 59, 236). Neonatal 

mice were found to produce only 5-10% of the adult levels of intestinal S-IgA for 

several weeks after weaning (243), suggesting a developmentally incomplete 

immunocompetence for their lack of resistance to intestinal parasites. Passive 

immunotherapy with hyperimmune bovine colostrum has been reported to be 

efficacious against this disease (53). Colostral antibodies rich in S-IgA, may 

therefore neutralize the infectivity of Cryptosporidiwn in neonatal mice (176). 

Moreover, it has been reported in children that the level of antibodies in human 

colostrum and breast milk may have an influence on the severity of Cryptosporidiwn 

infection (36). Pooled bovine colostrum may also be beneficial in controlling 

cryptosporidiosis. Our results demonstrated that the administration of antibody rich 

colostrum abrogated cryptosporidial infection in immunosuppressed retrovirus

infected C57BL/6 mice, suggesting the importance of humoral immunity in the 

elimination of Cryptosporidiwn. 

Interpretation of the potential prophylactic effects of colostrum in parasite 

infection has been recently confounded due to the reported presence of cytokines, 
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such as IFN-'Y and IL-l. Cytokines present in colostrum may mediate the 

prophylactic effects along with or instead of anti-cryptosporidial antibodies, however, 

this possibility will require further investigation. Clarification of these issues will 

necessitate the use of more comprehensive cytokine detection methods, a greater 

understanding of the physiology of colostrum formation and, an evaluation of the 

therapeutic potency of whole bovine colostrum versus gammaglobulin-free bovine 

colostrum. 

In AIDS patients, opportunistic intestinal infections persist for months to 

years and are associated with increasingly severe, life-threatening diarrhea as the 

immune system gradually deteriorates (24, 41). Recent research has focused on the 

GALT, the primary site of HIV entry and route of host invasion, proposing HIV

induced mucosal cell-mediated immune dysfunction as a mechanism of reduced host 

defense to opportunistic pathogens. Cryptosporidium infection and associated 

mucosal lesions fail to resolve in adult immunodeficient nude mice (83) and severe 

combined immune deficient (SCID) mice (222). The deficiency of T lymphocytes 

in nude mice and the functional deficiency of both T and B lymphocytes in SCID 

mice (16) may explain their failure to recover from infection and point to the role 

of these cells in disease resistance. For instance, T cells have been shown to be 

necessary for recovery from other infections such as coccidia in mice and rats (141, 
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193). Analogy for the necessity of T cells may be drawn for recovery from 

Cryptosporidium infection. The transfusion of normal lymphoid cells into 

chronically Cryptosporidium-infected nude mice resulted in recovery from infection 

(234). The study of immune function and resistance to pathogens encountered by 

AIDS patients have been modeled in the well-developed LP-BM5 MuLV-infected 

C57BL/6 mouse system (95, 155,242). The studies described herein have extended 

the utility of the model to include investigation of the MLN and intestinal immunity. 

Previous studies have shown that the opportunistic pathogens, Cryptosporidium (41) 

and Giardia (179), persist during LP-BM5 MuLV-induced immunodeficiency, while 

normal mice resist infection. The scope of host GALT immune defense mechanisms 

during retrovirus infection are just beginning to be defined and evaluated. It was 

demonstrated that retroviral infection reduced the number of CD4 + T and IgA + B 

cells in the ILP presumably reducing the capacity to effect T cell-mediated 

Cryptosporidium elimination and mucosal IgA + B cells antibody secretion, 

respectively (111, 135, 235). The complete analysis of host GALT immune defense 

mechanisms in cryptosporidial infection, however, dictate that the changes 

documented in the retrovirus-infected mouse, composed of abnormal cells and 

aberrant cell functions, be complemented by comparable investigations in the normal 

adult mouse. Immune response alterations in immunocompetent mice will illustrate 

the mechanism of unadulterated Cryptosporidium infection and help lead to its 
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eventual eradication. 

Our results demonstrated modification of lymphoid cell subpopulations in the 

GALT of normal Cryptosporidium-infected C57BL/6 mice. This supports the view 

that cell-mediated immune responses playa role in the elimination of cryptosporidial 

infection from the intestinal mucosa (111). The cellular alterations associated with 

the elimination of the parasite suggest that protective immunity may depend more on 

immune cell-mediated responses than on humoral antibody responses (148). 

However, a complete understanding of the exact mechanisms of host immunity 

against this parasite is lacking, especially as to the relative contributions of the 

various components of the immune responses. 

Taken together the results described here in suggest that both humoral and 

cell-mediated immune responses are initiated by cryptosporidial infection (250) and 

that both are necessary for recovery from this disease (63). This is in contrast to the 

suggestion of others who purport that resistance to cryptosporidiosis may not be 

immunologically mediated (79). Ultimately, information gathered from such diverse 

areas as molecular parasite antigen analysis, in vitro Cryptosporidium culture, and 

patient age-related and nutritional status parameter analysis will need to be 

reconciled and integrated in a rational scheme before we witness effective immuno 
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or chemotherapeutic control of this opportunistic infection in AIDS patients. (111, 

120, 178, 182, 185, 188, 192, 208). 
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