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1. Abstract 

Ailergic diseases have been increasing both in incidence and seventy over the past decades. 

AUerw is associated with type 2 immunity, typined by antigen (Ag)-specific IgE production 

and Thî-like cytokine synthesis. IL-4 and IL-13 promote the production of IgE, while IFNy 

inhibits it. Recently, there has been much interest in the potential for IL-12 to inhibit the 

developrnent or maintenance of type 2 responses in vivo. The potential value of such a 

strategy is suggested by (1) in vitro studies, indicating the capacity of IL12 to inhibit IL4 

induced IgE synthesis, and (2) short-term studies in vivo demonstrating that in vivo 

administration of exogenous IL- 12, simultaneous with immunization, can vKtuaily prevent 

primary IgE responses. Here, we examine the role of IL-12 in the regulation of IgE synthesis. 

We fkst investigated the adjuvant potential of IL42 to induce and maintain long-term 

suppression of IgE synthesis upon ovalbumin (OVA) (alum) immunkation (a murine mode1 

of irnmediate hypersensiticity). We found that IL-12 administration, simultaneous with 

immunization, resulted in profound inhibition of primas. Ag-specific IgE, and strongly 

elevated Ig G, levels. However, upon secondary and tertiary irnrnunizations, IgE synthesis 

was fowd not to dEer between IL-12 treated and untreated mice. Detailed examination of 

short-tem culture and LUniting dilution analysis (LDA) following IL42 administration 

revealed that enhanced IFNy synthesis could not be attniuted to an increase in IL12 induced 

CD4 T c d  activity. Instead, anti-NK1.1 treatment argued that this early IFNy synthesis was 

afiiliated with IL12 mediated NK ceIl responses. This was supported by the finding that anti- 



NKl. 1 treatment reversed the ability of IL-12 to inhibit primary IgE levels. Taken together, 

the data suggested that IL-12 induced NEC cd activity severely limited primary IgE synthesis, 

possibly through increased ENy production. However, this did not result in enhanced type 

1 adaptive imrnunity, given that there was no detectable alteration in CD4 T ce11 cytokine 

profiles and no inhibition of IgE synthesis upon subsequent re-exposure to antigen. 

Concurrent with these studies, we investigated the capacity of rIL-12 treatment to inhibit 

estabiished IgE responses in vivo. Notwithstanding the use of a broad range of protocols, and 

despite the fact that Ag-specific IgG, and IFNy levels were greatly elevated in IL- 12 treated 

mice, exogenous IL-12 administration was consistently unsuccessfiil in abrogating ongoing 

IgE production. Direct analysis of CD4 T celi cytokine production indicated that IL-12 

administration over extended tirne periods (up to 25 times over 61 days) decreased the 

fiequency of CD4 T cells producing IL-4. In contrast, spleen cell culture yielded markedly 

elevated IL4 synthesis following IL-12 treatment. This could be artributed to the capacity 

of IL12 to (1) increase the number of non-Bhon-T cells in the spleen and (2) enhance their 

ability to produce IL-4 in response to Ag mediated stimulation. Prelirninary evidence 

suggests that these non-Bhon-T cells are basophilic in nature and release IL-4 in response 

to Ag-cross linking of bound IgE. 

In the third major component of the study, we examined the role of endogenous IL12 

production in regdation of Ab responses. Spedically, we hypothesized that endogenous IL- 

12 plays an essential role in shaping the type I/type 2 balance evoked upon initial 



immunization with exogenous Ag. We tested this hypothesis by examining cytokine and Ab 

production using conditions which routinely elicit type 2 dominated (OVh alum) or type 1 

dominated (OVA in complete Freund's adjuvant [CFA] or polymerized OVA [OA-POL] in 

the absence of adjuvant) responses. The experimental approaches we used were the acute 

neu t rh t i on  of endogenous IL-12 using goat anti-IL-12 Ab and immunkation of p4O and 

p35 KO (knockout) mice. We found that pretreatment of imrnunized mice with OA-POL and 

anti-IL42 substantially, but incompletely, impaired the production of Ab responses normally 

seen, resulting in a 6 fold enhancement of Ag-specific IgE levels and reduced IgG, 

production. However, examination of cytokine and Ab responses in the second approach, 

imrnunization of p40 and p35 KO mice, did not result in elevated IgE synthesis or type 2 

cytokine responses, independent of whether rnice were immunized with OVA (alum), OVA 

(CFA) or Trichinella spirah extract (alum). In contrast, IgG, and I M y  levels were 

consistently impaireci in IL-12 KO mice. These data indicate that endogenous IL- 12 does not 

negatively regulate type 2 Ab and cytokine synthesis, but strongiy promotes type 1 responses. 

Given the weli recognized role played by IL- 10 in regulation of IL- 12 synthesis, the fourth 

component of this thesis examined the importance of endogenous IL-IO in the initiation of 

type 2 responses. To do so, OVA (alum) immunized mice were treated with ad-IL- 1 O. As 

a complementary approach, L I 0  KO mice were imrnunized. We found that both protocols 

resulted in depressed IgE production. IL-IO KO mice exhibited increased spleen ceii IFNy 

and p40 production, as weli as lower I L 5  synthesis compared to wild type (WT) controls. 

Thus, it appears that in the absence of endogenous IL-IO, type 1 cytokine levels continue to 



increase foiiowing irnmunization, impairing IL-5 and IgE synt hesis. 

CD4 T cells are criticai regdators of IgE responses. It ais0 had been reported that CD8 T 

cells were important in the regulation of IgE levels i.e. naive CD8 T cells promoted the 

initiation of IgE production and activated/memory CD8 T cells inhibited established type 2 

humoral responses. We used CD8 KO mice to determine if the absence of CD8 T celis 

afFected the induction of IgE responses, or, dtematively, the capacity of a strong type 1 

stimulus (OA-POL) to inhibit well-established ongoing IgE responses. Our data indicated 

there was some type 1 skewing of cytokine and responses in CD8 KO mice in a type 1 

direction (slightly increased IFNy synthesis; slightly increased total IgE production). Upon 

OA-POL treatment, CD8 KO rnice exhibited increased IFNy:IL-4 ratio, slightly increased 

IgG, and IgG, production and a rninor decrease in IL-5 compared to OA-POL treated WT 

mice. However, whde these changes are statistically significant, in most cases their lack of 

intensity cail into question their biological relevance. 

In summary, the collective data on the effect of exogenous IL- 12 administration and the role 

of endogenous IL42 regulation, indicate that IL-12 is an important regulator of type 1, but 

not type 2, Ab responses. We also found that exogenous IL-12 increased non-Wnon-T ce11 

production of IL4 in established IgE responses, possibly contributhg to stable IgE 

production following IL12 administration. In addition, endogenous IL- IO appeared to 

influence IgE synthesis indirectly by suppressing IgE inhibitors (type 1 cytokines), andor by 

promoting type 2 cytokine production Le. IL-5. Finally, Our studies suggested that CD8 T 



ceils do not play an essential role in the induction of IgE responses. 



II. Literature review 

1.0 Introduction 

1.1 Demographics 

This thesis examines cytokine mediated regulation of murine IgE responses. Allergy is an IgE 

driven hyperimrnune response to a foreign Ag or allergen. The terms Ag and allergen are 

used interchangeably in this thesis. Aliergic diseases range in degree fhrn being a seasonal 

nuisance (as in hay fever) to a He threatening condition, such as bee venom sensitivity or 

asthrna. 

The incidence and severity of allergic diseases has escalated within the last couple of decades. 

Presently, allergic disease is the most prevalent human immunologie disorder in developed 

nations, affecthg -20-30% of the population. There is evidence emerging that suggests this 

is a consequence of pollution (as atopy is more problematic in urban centers) (Diaz-Sanchez, 

1997), in addition to changes in nutrition, the intrauterine environment and genetics (reviewed 

in Kay, 1997). Furthemore, with an increase in the exposure to synthetic materials, the range 

of potential allergens has expanded considerably; evident by the recent appearance of tatex 

allergy. However, at present the reasons underlying the marked increase in atopic disease 

have not been convincingly identified. 

The large population of atopic individuals and the lirnited success attained with classical 



ailergen Unmunotherapy programs have stimulateci discussion of prophylactic immunotherapy 

and therapeutic management of allergy and IgE responses (Barnes, 1996; Creticos, 1996; 

HayGlass, 2998). 

Mergy comprises a collection of complex diseases in which varying degrees of cellular and 

humoral irnrnunity contribute to pathology (reviewed in Baniiuk, 1 997). However, IgE 

production and excessively intense type 2 patterns of cytokine synthesis are pivotal in the 

pathogenesis and maintenance of most aiiergic diseases (Rornagnani, 1994; Umetsu, 1997). 

2.0 Type 1/ type 2 cytokine regulation 

2.1 T ce11 su bsets and activation 

aPT cells can be divided into CD4, CD8 or natural T celis. CD4 T cells are primarily 

considered helper T ceus. Their cognate interaction is crucial for the positive or negative 

regulation of B cell proliferation, isotypic class switch and CD8 T cell cytotoxicity and a 

range of other regulatory activities. Ag-specific stimulation of CD4 T cells requires the 

interaction with peptide (fiom exogenous Ag), usudy in the context of MHC class II on Ag 

presenting cells (APC). Conversely, CD8 T ceils are frequently cytotoxic, interacting with 

peptide (fiorn endogenous Ag) in the context of MHC class 1. Over the last 5-7 years, these 

long-held concepts of CD4 and CD8 T ce11 fùnctions have been chaiienged. CD4 T ceiis can 

act as effector ceils Ui delayed type hypersensitivity @TH) reactions and display cytotoxicity; 



whereas CD8 T celis exhibit cytokine regulation and c m  respond to exogenous Ag. It is 

thought that CD8 T cells cm respond to exogenous Ag by leakage of small quantities of Ag 

(imgested in vesicles) into the cytosol of a celi where they are introduced into the MHC class 

1 pathway for presentation to CD8 T ceus. This recently was supported by the observation 

that OVA-specific CD8 T cells were generated after OVA (alurn) immunization (MacAry, 

1997). Natural T cells, while ofien cytotoxic, are activated by a non-classical MHC class 1 

molecule: CDI. They tend to be CD4+ or double negative and carry naturai killer cell 

markers, such as NKl -1. niey may play a critical role in linking innate and adaptive immune 

responses upon bacterid infection (as suggested by their reactivity to CDl) or predisposing 

immunity towards type 2 cytokine and IgE production under certain circumstances 

(Yoshirnoto, 1995). 

y6 T cells are similar to natural T cells in that they are thought to play a cntical role in innate 

h u n i t y ,  interact with CD 1 and may display NK cell markers. y6 T ceils are considered a 

£irst h e  defense against bacterial infections and have a broad afnnity for a number of bacterial 

Ag including phosphorylated nonpeptidic ligands (Libero, 1997). In addition, evidence 

suggests that CD4+ gd T cells may also induce the initial (weaker) atopic response, resulting 

in IL-4 production, B cell help and IgE synthesis (reviewed in SpinoPi, 1998). However, like 

natural T ceiis, there are stiil questions as to how y6 T cells recognize Ag (Libero, 1997). 

Ag-spdc  ab T c d  activation requires the iigation of TCWCD3 with peptide/MHC on APC. 

In addition, CD80 (B7.1) and CD86 (B7.2) (on APC) interaction with CD28 (on T ceils) is 



important in promoting T ceil proliferation, IL-2 gene transcription, qo tox ic  T lymphocyte 

(CTL) generation and perhaps comrnitment to type 1 verses type 2 cytokine production. 

TCR Ligation in the absence of CD28 stimulation results in anergy of the T ceU. CD80 and 

CD86 can be expresseci on APC in response to different signals. CD40 (on APC) and CD40 

ligand (L) (on T celis), as weiI as adhesion molecule interactions are also important in T cell 

activation and in T celi help. 

2.2 Thl/ThZ paradigm 

A reciprocal relationship between ceil mediated and humoral immunity has been recognized 

for more than 25 years (Bretscher, 198 1 ; Parish, 1972).In 1986, Mosmam and coueagues 

reported discrete patterns of cytokine production fiom rnurine CD4 T celi clones. These 

polarized CD4 T ce11 clonal populations were defined as Th1 and Th2 on the basis of their 

cytokine synthesis. Th1 clones produce IL-2, IFNy and lyrnphotoxin, but not IL-4, IL-5, IL- 

6, IL-IO and IL-13. The latter are synthesised by Th2 cells in the absence of IL-2, IFNy and 

lymphotoxin. Both subsets have L 3 ,  GM-CSF, and TNF production in common (Cofian, 

1991; M o s m a ~ ,  1986). Furthmore, T'hl clones are associated with the capacity to mediate 

DTH responses and activate macrophages (Cher, 1987); while Th2 cells enhance B cell 

activity, including the induction of IgE and IgG, (Cofhan, 1988). 

Naive T celis, upon in vitro stimulation, produce predorninantly L2, and Little IL4 or IFNy. 

The cytokine environment at the time of initial priming (in vivo or in vitro) greatly influences 

the cytokine production when cells are subsequently stimulated (reviewed in Muraille, 1998; 



Murphy, 1998; Trinchieri, 1995; Trinchieri, 1998). Numerous in vitro studies have shown 

that IL-4 (produced by mast cells, basophils, T cells and natural T cells) is cntical in driving 

Th2 clonal development of upon priming of CD4 T ceii populations. Conversely, IL-12, a 

product of APC, strongly promotes the growth of Th1 clones. When IL42 and IL-4 are 

added together during in vitro priming of transgenic T ceils, the effects of IL4 dominate such 

thaî the resulting clones produce substantial I L 4  and less PNy.  In addition, the elimination 

of endogenous IL4 in culture ( i i  the absence of exogenous IL-12) encourages the production 

of IFNy by T ce11 clones. 

I M y  production by T c d s  is a halimark of Thl-like activity (Paludan, 1998). Furtherrnore, 

the addition of IFNy to T ce11 cultures facilitates Th1 cytokine production. Unlike IL-12, 

IFNy does not appear to diredy promote Th1 clonal responses. Instead, IFNy a a s  on T 

cells to counter the effects of Th2 cytokines, including Th2 clonal expansion, I L 4  induced 

IgE production and B c d  differentiation (Fitch, 1993). In a complimentary manner to IFNy, 

IL- 1 O supports Th2 clonal expansion by suppressing Th 1 cytokine synthesis. This permits the 

enhanced production of endogenous IL-4 which drives Th2 clonal developrnent. 

It has been more ditticult to generate polarized human CD4 T ce11 Th1 and Th2 clones than 

munne clones. However, human Th1 and Th2 clones have been derived fiom individuals 

with strongly skewed responses resulting nom chronic immune stimulation. Thus, Th 1 clones 

have been obtained fiom individuais with tuberculoid leprosy upon repeated stimulation with 

mycobactena (Haanen, 199 1). Th2 clones, such as those specific for dust mite allergen Der 



p 1 (producing IL-4 and IL-5, with very low levels of I M y  and IL-2), have been obtained 

f?om atopic individuais (Kapsenberg, 1 99 1 ; Yssel, 1992). Generally, the addition of 

exogenous IL4 to CD4 T cells human cultures at prirning induced stronger IL4 producing 

cells, while F N y  and IL12 r d t e d  in mainly F N y  producing ceils. However, studies have 

indicated that depending on priming conditions (i-e. the strength of B7 stimulation) the 

addition of IL42 to naive neonatai CD4 T cells enhanced IL-4, as well as IFNy, production. 

Taken together, the data fiom these and related systems indicate that differences in the 

induction of effector cytokine production is dependent on more than just the initial cytokine 

environment and that at dierent stages of development (i.e. neonatal) CD4 T cells may be 

more sensitive to other factors (Delespesse, 1997; Shu, 1994). Some of these factors (dose, 

route of administration, etc.) are discussed below. Human clones appear to be more plastic 

than murine clones, displaying more diverse cytokine profiles than initially attnbuted to 

rnurine Th1 and Th2 clones (reviewed in Muraille, 1998; Romagnani, 1994). In contrast to 

rnice, human Th1 and Th2 clones are reported to produce IL-6 and IL-IO. In addition, 

exogenous IL40 inhibited both Th1 and Th2 cytokine production and proliferation. 

2.3 Beyond the paradigm 

The ThllIh2 paradigrn provides a needed fiamework for understanding the development of 

cytokine production by CD4 T ceils. However, the production of Th1 and Th2 associated 

cytokines is not limited to CD4 T cells. CD8 and natural T cells also secrete these cytokines, 

as do other cells of different lineages (Carter, 1996). 



Furthemore, while CD4 T ceii clones have allowed for specific insightfùl studies, the 

difficulty with this system is that it is artificial. Extended in vitro manipulation provides for 

a homogeneous system, with a very high fiequency of antigenic responders that exhibit lirnited 

variation. While experimentally usefbl, this Wers fiom in vivo situations where T ce11 

networks exist as a diverse interactive group of cells which exert positive and negative 

influences on each other. As such, responder T celis of a given Ag specificity are usually 

present in vivo at a very low fiequency. In addition, long-term in vitro stimulation generally 

modifies the nature of T ceiis, such that clones can have dBerent (Le. lower) activation 

requirements than their parent cells in vivo. 

Because of the formal association of Th1 clones with cell mediated imrnunity (CM) and Th2 

clones with humoral responses, it was initidy thought that Thl and Th2 CD4 T ce11 

populations existed in vivo. T ceils stimulated imrnediately ex vivo, prior to long term culture 

with antigen, generaily produced a mked cytokine profile (termed Tho). Th0 cells were 

considered precursors for Th1 and Th2 ce11 populations (Kelso, 1988). Recently, an 

alternative understanding of the Thl/Th2 paradigm had been voiced (Kelso, 1995). Kelso et 

al. have show that ex vivo, pnor to extensive culture manipulation, the majority of individual 

CD4 T c d s  produced dflerent combinations of Th1 and Th2-like cytokines. A minority of 

individual CD4 T ceils produced stnctiy Th1 or Th2 cytokine patterns, but T ceU populations 

producing restrïcted Th1 or Th2-Wre cytokines patterns were very rare. This suggests that 

the Th0 cells observed ex vivo are not precursors for distinct Th1 and Th2 populations in 

vivo, but are representative of diverse physiologic T ceii populations. 



Type 1 and type 2 dorninated responses, however, are visible in vivo especially in diseases 

where there is a strong polarization of CM1 or humoral responses. The temiinology type 1 

and type 2 is preferred to Th 1 and Th2. Type 1 responses refer to a predominmce of CM, 

resulting f?om primarily Thl-associated cytokine and Ab (such as IgG, in mice) production. 

Type 2 responses refer to stronger Th2-associated cytokine and Ab profiles (particularly I g E  

synthesis) characteristic of humoral responses. It should be noted that while most CMI 

responses are associated with type 1 immunity, cell mediated responses involving 

macrophage, T cell, mast ceil, basophil and eosinophil activity can be seen in type 2 associated 

diseases, such as allergy (discussed below). 

2.4 Factors which influence the generation of type 1 verses type 2 responses 

There are a number of variables in addition to the cytokine environment that can act in vitro 

(on donal and heterogenous ceii populations) and in vivo to skew the immune system in a 

type 1 or type 2 direction. Adjuvants have long been known to induce particular types of 

immune responses. Alum, for example, preferentiaiiy induces type 2 humoral responses such 

as IgE; whereas CFA or heat killed Brucella abortus given with Ag will induce type 1 

immunity (Scott, 1997). In addition, Ag dose is also relevant, as low doses of Ag induce 

strong IgE responses. Low IgE levels are seen when mice are irnmunized with a high dose 

of Ag (100 pg of KLH, alum) (Arps, 1998; Levine, 1970). Similady, it was reported that in 

vitro irnmunization of CD4 T celis with low and high doses of Ag resulted in Th.2-like 

cytokine profiles, while "intermediate" doses produced more Thl-iike profles (Constant, 



1997; Hosken, 1995). The route of administration of an Ag can dso alter the type of 

immunity generated. Epicutaneous administration of Ag has been seen to induce IgE 

synthesis; whereas, i.p. injection of aqueous Ag genedy had not (Wang, 1996). In addition, 

the nature of the Ag is important. DBerences in cytokine synthesis by PBMC from atopic and 

normal individuds have been seen in response to polyclonai (anti-CD3 and 

phytohernagglutinin) and antigenic stimuli in vitro (Imada, 1995). Recently, Ag processing 

by APC and resulting cytokine production have been shown to be infiuenced by Ag size. 

Large carbohydrate complexes ingesteci by macrophages (through mannose receptor-rnediated 

phagocytosis) stimulated stronger IFNy and IL12 production compared to macrophage 

processing of smaller stmctures (Shibata, 1997). Further, reports have suggested that 

differences in the expression of CD80 and CD86 on APC at the time of activation can 

influence T ce11 development. CD80 expression had been associated with type 1 immunity. 

Conversely, CD86 expression may be required for the induction of type 2 responses (Tsuyuki, 

1997). Finally, it has been observed that macrophages and dendntic celis more easily activate 

type 1 immunity; whereas B ceU presentation preferentially generate type 2 irnmunity 

(Chuang, 1996; Gajewski, 1991). Dendritic cells, the most efficient and probably the mon 

biologicdy relevant APC for activation of naive CD4 T ceUs by exogenous Ag, are potent 

producers of IL12 (Hilkens, 1997; Ohshima, 1997). 

For the purposes of this thesis, the majonty of discussions will be lYnited to cytokine 

regulation of type 1 and type 2 responses. 



3.1 IL12 and a l 2  receptor 

IL42 @70) is produced by APC in response to bacteria Ag or by T ceil stimulation. IL-12 

is a heterodirnenc compound consisting of two disufide Linked chahs termed p40 and p35. 

p35 is an 197 amino acid peptide with 7 cysteine residues (Gubler, 199 1) possessing some 

homology wirh IL-6 and G-CSF a-helix rich siruchires (Merberg, 1 992). Whiie p40 displays 

little homology to other cytokines, it does share features with the hematopoietin receptor 

family which includes the IL-6 receptor (R). It is 306 amino acids long with 10 cysteine 

residues (Gubler, 1991). IL42 c m  be secreted as a p35:p40 heterodirner, single 

uncomplexed p40 entities, or p40 homodimer (@40)J (D'Andrea, 1992; Podlaski, 1992). 

Since p40 production has been correlated with p70 synthesis and it is produced in excess of 

p70, p40 detection is often used as a surrogate for p70 production. However, discordant 

regulation of p40 and p70 has been seen upon stimulation with IFNa (Hermann, 1998). 

meaning that a hear relationship between p40 and p70 can not be assumed and care mua be 

taken in using p40 production (which is readiiy quantified) as a surrogate for the more 

diffidt to measure p7O. 

@40), binds to the IL- 12R The normal physiologie consequences of this binding have not 

b e n  detemùned. In vitro studies utilizing synthetic @IO), argue that the homodimer @ut not 

fke p40) acts as an IL12 antagonist by directly competing for the receptor (Gillessen, 1995). 

This was supported by in vivo studies which showed decreased NK cytotoxicity, DTH 



responses and IFNy:IL-4 ratios upon ûnmunization with KLH (CFA) in p40 transgenic mice 

(Yoshimoto, 1998). In addition, treatment with p40 homodimer reduced IL-12 dependent 

IFNy production in response to LPS (Heinzel, 1997). In contrat, @40), may participate in 

the generation of type 1 immunity under certain conditions, as p35 KO mice exhibited more 

resistance than p40 KO mice to Listeria monoqtogenes and C~~~tococczis neoformans 

infection (reviewed in Gately, 1998). With the recent availability of p 4 O  and p35 KO mice, 

continued studies will broaden Our understanding of endogenous IL- 12 replation, and of 

@40), function. 

The IL-12R has been detected on NK cells and activated T cells. It consists of two 

heterologous subunits IL-1 2w 1 (Chua, 1995) and IL- 12Rfl2, the more tightly regulated 

component (Presky, 1996). These molecules are highly homologous between human and 

mouse; conferring a combination of low and high affinity receptors. In humans, both 1 and 

PZ bind IL-12, while P2 has the capacity for signal transduction (Zou, 1997). In murine 

systerns P2 is involved in signal transduction, but only p 1 has binding capacity (Chua, 1995; 

Presky, 1996). Independent expression of human p 1 and P2 results in low affinity bindiig 

sites in transfected cells, while the high afEnity receptor (in human and mouse) requires CO- 

expression of P 1 and P2. Hurnan and rnouse Th1 clones express p 1 and P2 and exhibit IL-12 

responsiveness. Conversely, Th2 cells express only P 1, rendering them unresponsive to IL- 

12 (Rogge, 1997; Szabo, 1995). 

IL42 cm be produced by APC in either a T ce11 independent manner following stimulation 



of APC with bacterial Ag, or in a T ceIi dependent manner involving CD40CD40L 

interactions @eKniyfS 1997). However, it has been suggeaed that naive T cells are poorer 

inducers of IL-12 production by dendritic cells compared to bacterial Ag (Hïlkens, 1997). 

Prostaglandin E, PGQ, IL-4, IL40 and TGFb a!l &'bit monocytddendntic cell production 

of IL42 (Kalinski, 1 997). PGE, suppression of APC IL-1 2 production is associated with 

impaired F N y  and IL-2 synthesis, dong with increased IL-4, IL-IO, IL-13 and IL-5 

production by T cells (Demeure, 1997; Kalinski, 1997). Further, there is evidence that 

CD40:CD40L interaction, in the absence of MHC/TCR stimulation, can result in IL-12 

production by APC, which is able to stimulate T ceii IFNy synthesis (Armant, 1996). This 

has consequences in idammatory diseases where chronic stimulation could activate bystander 

T ceus, augmenting the disease process. 

3.2 IL-12 functions 

IL-12 is a strong stirnulator of type 1 responses in vitro and in vivo. This is explicitly seen 

in the ability of IL-12 to promote IFNy production by T cells and NK cells, as well as to 

augmeBt CTL and NK ceil growth and cytotoxicity (Muraille, 1998; Trinchieri, 1998). In 

vivo, exogenous IL12 administration to naive mice or even to mice injected with a strong 

type 2 stimulus (such as goat-anti-mouse IgD or Ag in dum) decreases IL4 and increases 

F N y  production (McKnight, 1994; Morris, 1994). Collectively these &dies demonstrated 

that IL42 can act as a potent promoter of type 1 immunity and inhibitor of type 2 responses 

in vivo. 



3.3 IL-12 regulation in parasitic disease 

The ability of rIL-12, when added to in vitro cultures, to shape developing cytokine and 

effkctor responseç stimulateci enthusïasm for the potential of exogenous IL- 1 2 administration 

to act as a biological adjuvant for prophylactic or therapeutic induction of type 1 responses 

(Hall, 1995; Scott, 1993). The potential pharmacologie utility of IL-12 has been examined 

in many systerns. 1.42 cm enhance CMI in many parasitic models (reviewed in Romani, 

1997). However, this section (for the sake of brevity) wïii concentrate on IL42 regulation 

of murine imrnunity against Leishmania major as a mode1 Ag since (1) L. major infection in 

mice was one of the first models in which IL- 12 was studied, (2) the dichotomy of human and 

mouse immune responses against intracellular parasites, often exhibited as a predominance 

of type 1 (and ce11 rnediated) irnmunity or type 2 (and humoral) immunity, is clearly seen in 

the genetic distinctions of murine responses to L. major, and ( 3 )  it is an excellent exarnple of 

the potential effects of exogenous IL-12 administration and endogenous IL-12 regulation. 

The effect of rIL-12 treatment on Ab responses upon immunization with protein Ag is 

discussed below. 

C5 7BV6 and C3H mice are able to resolve L. major infection by generating heaiing type 1 

dominated responses, as illustrated by enhanced IFNy and undetectable L-4 production in 

lyrnphoid organs. C57BV6 rnice are slightly more susceptible to L major than C3H rnjce 

possibly due to diifferences in endogenous IL-12 synthesis in response to infection. Within 

a day of infection C3H mice produced high and stable levels of p40. p40 production was not 

visible within the frst week of infection in C57BV6 mice. Neutralization of endogenous IL- 



12 (with anti-IL-12) resulted in increased foot pad sweliing and parasite burden. and 

eliminated the capacity of resistant mice to contain infection. These hdings were supported 

by the incapacity of p40 or p35 KO rnice, on resistant backgrounds, to ward ofF infection 

associated with an absence of DTH responses and increased Th2 cytokine expression nom 

lymphatic CD4 T ceiis (Mattner, 1996). The absence of endogenous IL-12 is accompanied 

by diminished IFNy production, important in rnicrobicidal macrophage activity, and in 

preventing the elevation of  detrimentai IL-4 synthesis (Heinzel, 1995; Scharton-Kersten, 

1995). In particular, anti-IL-12 treatment inhibited MC celi cytotoxicity and IFNy synthesis 

in infected C3H mice indicating the importance of early endogenous IL-12 production in 

inducing NK ce11 IFNy production, critical to protective imrnunity. IL-12 induced MC cell 

activity was also reported to be a vital component in resistance to L. monocytogenes, 

ToxopZamtra goricii @unter, 1 997) and Schistosoma mansoni (Mountford, 1 996) infections. 

Conversely, infected BALBk mice develop type 2 responses (low IFNy and elevated IL4 

synthesis) usually leading to fatal disease. Treatment of BALB/c mice with rIL-12, 

simultaneous widi inoculation, resulted in heahg type 1 responses. This was associated with 

decreased or undetectable I L 4  and heightened IFNy synthesis f?om IL-1 2 treatedîiected 

mice compared to untreatedhiected mice. Moreover, reduced foot pad swelling, parasite 

burden and mortality in IL42 treated BALB/c mice indicated an improvement in clinical 

disease foilowhg IL- 12 treatrnent (Monso, 1994; Heinzel, 1993). Furthermori3, cxogenous 

IL-12 was able to act as an adjuvant in this system, in that treatment with rIL-12 at initial 



infection prevented disease upon secondary inoculation in the absence of further I L 1 2  

treatment (Heinzel, 1993). Unexpectedly, BALBk rnice exhibited p40 synthesis equivalent 

to C3H mice 24 h after infection; however, this quickiy dropped with a corresponding 

increase in I L 4  production, followed by unresponsiveness of lymph node CD4 T cells to IL- 

12 (Launois, 1997). Treatment with anti-IL4 resuked in resistance and maintained IL-12 

responsiveness by T cells, indicating the critical role of endogenous IL-4 production in 

suppressing potentidy protective type 1 immunity against L. major in BALB/c mice. 

Endogenous TGFP and IL10 production was also implicated in inhibiting early IFNy 

production in BALB/c mice. In addition, TGFP has been shown to inhibit NK celi activity 

important in generating protective imrnunity against T. gondii (Hunter, 1 995). Taken 

together these studies suggest that in response to L. major, BALBlc mice initiate type 1 

irnrnunity, which is suppressed by k i n g  type 2 associated cytokine production. 

Similar observations have been made in other infectious diseases where type 1 irnmunity is 

protective including Mycobacierium ~ubernrlosis (Cooper, 1 995) and S. mansuni (Wynri, 

1996) and L. monocytogenes (Tnpp, 1994) infections. In these studies enhanced protective 

immunity following exogenous IL-12 administration to susceptible mice was accompanied by 

increased macrophage cytotoxicity, stronger type 1 cytokine profiles, and decreased 

parasitehacterial growth. Moreover, upon challenge initial IL-12 treatments prevent disease. 

Endogenous IL-12 production had been also shown to be important in protective irnmunity 

generated by resistant mice against M. iuberculosis (Cooper, 1995) and S. mmoni  

(Anderson, 1998). 



Coliectively, parasite models indicate that exogenous IL- 12 administration possesses adjuvant 

characteristics for the prevention of disease in susceptible rnice and endogenous IL-12 

production is important in the generation of protective immunity in situations where type 1 

responses are beneficial. Sirnilar findings have also been seen in cancer, where IL-12 was able 

to reverse the course of established tumors and induce tumor specifïc immunity, preventing 

the occurrence of new tumors (Zitvogel, 1996). 

3.4 IL12 and type 1 dominant diseases 

As a powerfùl inducer of type 1 irnmunity, IL-12 can also contribute to the pathogenesis of 

autoimmune and inflanmatory diseases. Zn experimental autoirnrnune encephalomyelitis, 

administration of IL42 to rats accelerated the onset and inhibits disease remission. Treatment 

with anti-IL-12 mAb ameliorated clinical symptorns (Leonard, 1995). Enhanced IFNy and 

IL12 production, with lower IL-4 synthesis, was also observed in infiammatory bowel 

disease. Anti-IL-12 treatment &er established inflammation in mice resulted in marked 

suppression of IFNy production and improved disease scores. This implicated an active role 

for endogenous IL- 12 in disease pathology (Davidson, 1998; Neurath, 1995). Excessive IL- 

12 and IFNy production by macrophages and T cells respectively in Crohn's disease patients 

has also been reported (Panonchi, 1997). Together, these studies illustrate that excessive 

endogenous IL-12 production cm stimulate type 1 autoimmune responses which (if left 

unchecked) can have highly detnmental effects. In addition, they suggest that anti-IL- 12 

therapy may be beneficial in the treatment of autoimmune or inflammatory disease. 



3.5 Summary 

Studies investigating the ability of IL-12 to promote primary Thl-like responses have been 

interpreted by many as strongly advocating adjuvant-like properties for this cytokine. It has 

dso been endorsed as a powerfùl therapeutic agent for augmenting CMI. In addition, the in 

vivo neutralization of endogenous IL12 may prove valuable in the fight against autoimmune 

and inflammatory diseases. 

4.1 &IO, an anti-inflammatory cytokine 

IL-10 is produced by a number of cells, including T cells, macrophages, keratinocytes, NK 

cells and some tumor ceus. Although IL 1 O is often associated with type 2 irnmunity, it is not 

strictly a type 2 cytokine. In human systems, IL-10 is made by both Th1 and Th2 clones. It 

also has been show to down regulate type 1 and type 2 responses. In mîce, IL- I O can also 

inhibit type 2 immunity (discussed below) (Pretolani, 1997). Thus, it is best known as an anti- 

idammatory cytokine which influences many in vitro and in vivo systems (type 1 and type 

Some direct effects of IL10 on T cells have been obsewed. For example, the addition of IL- 

10 in vitro inhibits IL-2 and lFNy synthesis by Th1 cells. However, IL10 appears to 

primarily act on T cells through modulation of APC responses. The effect of excess IL-IO 



on macrophage fiinction have b e n  demonstrated in vivo by the use of I L 1  O transgenic mice 

whic h over-express IL- I O protein (Murray, 1 997). Mycobacterium bovis infection of 

transgenic mice was associated with an incapacity to clear bacteria and compromised 

macrophage ability to stimulate T celis. In contrast, T ceU proliferative responses of 

transgenic mice were unaEected upon stimulation with macrophages nom WT mice. The 

absence of typical anti-mycobactenal activity by macrophages ifom ILI O transgenic mice was 

most iikely associated with the capacity of IL40 ta inhibit the effects of TFNy on enhancllig 

macrophage nitric oxide and TNFa mediated cytotoxicity (Flesch, 1994). The addition of 

exogenous IL-10 also was observed to inhibit macrophage IL-12, IL-1 and IL-6 synthesis, 

as well as their ability to prornote the generation of Th 1 cells (Fiorentino, 1 99 1 ; Howard, 

1992; Shibata, 1998). This was firther supported by the observation that T ceiis f?om IL-10 

KO mice activated with anti-CD3 produced high amounts of IFNy. In addition, 

corresponding macrophages stimulated with chitin particles, bacillus Calmette-Guérin and 

iipopolysaccharide (LPS) exhibiteci increased L-6, TNFa and IL-1 2 production (Kuhn, 1993; 

Shibata, 1998). 

There is considerable evidence indicating that IL-IO is important in controhg 

excessive/detrimental pro-in£iammatory cytokine production. In IL- 1 O KO mice the 

developrnent of enterocolitis was a£Eiïated with the inability to down regulate normal anti- 

bacteriai idammatory processes against flora in the gut (Kuhn, 1993). The rernoval of the 

regulatory finctions of IL-10 could d o w  disease progression in IGlO KO mice through a 

variety of mechanisms (including hyperactivation of macrophages). However, anti-IL42 



treatment was shown to prevent disease, indicating that unregulated IL-12 synthesis in these 

mice was critical in disease development (Davidson, 1998). The absence of endogenous IL-IO 

in T gor& infecteci IL-IO KO mice resulted in high levels of IL-12 and IFNy (in semm and 

spleen ceil culture) associated with fatal systernic shock (Gazzinelli, 1996). Since T gondii 

infection results in systernic infection, IL40 control of pro-inflarnmatory cytokines in 

response to infection appears to prevent detrimental host immunity initiated upon T. gondii 

infection. 

In other disease systems such as localized infections, the capacity of IL40 to inhibit CMI 

restricts the development of protective immunity. L. rnonocytogenes infection was cleared 

more quickly in IL-IO deficient mice as indicated by a decrease in bacterial burden. This was 

associated with elevated IL-12, ENy, TNFa, and IL6 production fiom heat killed Listeria 

stimulated spleen cells @ai, 1997). Thus, in this case, endogenous IL10 impairs type 1 

irnmunity required for protection against L. monocytogenes. 

It had been also reported that IL-IO enhanced certain aspects of CMI. IL10 has 

demonstrated antitumor activity foiiowuig systemic administration and local release (via 

transfection of hunor cefls) (Berman, 1996; GiovareUi, 1 99 5). Furthermore, IL- I O and IL- 12 

synergisticaiiy augmented anti-tumoral responses. IL- 1 O most Wtely initiates this eEect 

through increased anti-tumor humoral responses, NK ceii activity, and the recmitment and 

differentiation of CD8 T ceiis (Giovareili, 1995; Jmquan, 1993). Furthermore, IL-1 0 was 

observed to up regulate M( ceil lFNy production, proliferation and cytotoxicity under certain 



conditions (Shibata, 1998). 

Taken together, these findings indicate that IL40 is highly pleiotropic and can serve to both 

inhibit and enhance type 1 immu* depending on the disease conditions. In addition, 

whether exogenous IL10 treatment or endogenous IL-IO regdation are beneficial or 

detrimental depends greatly on the interactions between the host and the infectious (or other 

irnmunologically t hreatening) agent. 

4.2 IL10 and L 1 2  

It is thought that the balance between IL-1 O and IL-12 determines the duration of immune 

responses to certain stimuli. Since IL-12 is a potent promoter of type 1 immunity, its 

production in response to type 2 inducing diseases is criticai. However, for this reason it is 

equally important that IL42 production is controlled to prevent damaging Uinammatory 

responses (Davidson, 1998). In vitro addition and in vivo administration of IL-12 have been 

found to up regulate IL-IO production. This was augmented by IL-2 and other T ceIl 

stimulators (Jeannin, 1996). Since IL- 1 O can interfixe with both T cell dependent and T celi 

independent production of IL- 12, it is thought that the up regdation of IL- IO is a negative 

autoregdatory mechanism by IL12 (Shiiata, 1998; Takenaka, 1997). The production of IL- 

10 after clearance of infkcîion could lirnit the recruitment of CD4 T ceils to the site (Jiiquan, 

1993). IL-1 0 could dso down regulate macrophage activity, reducing the fùrther production 

of IL- 12 and prevent detrimental type 1 immunity due to an excess of IL42 production 

(Meyaard, 1 99 6). 



4.3 Summary 

In conclusioq IL-IO inhibits pro-inflarnmatory cellular and cytokine responses. Depending 

on the host-disease interactions, endogenous IL-IO production can serve to limit type 1 

immunity, be it protective or detrimental. IL10 can also inhibit type 2 imrnunity (discussed 

below) and enhance some type 1 responses, such as NK ce11 activity. Taken together, this 

indicates that I L I 0  is a highly diverse cytokine that should not necessarily be classified as 

either type 1 or type 2, but as a generai suppressor of h u n i t y .  

5.0 The pathogenesis of aiiergy and cytokine regulation 

5.1 The pathogenesis of allergy 

AUergy is initiated when normally innocuous Ag elicits an IgE response. Allergy is a type 2 

dominant disease which has both cellular and humoral components (reviewed in Maggi, 

1998). The presence of dergen-specific IgE in the sera (Le. atopy) can over time develop 

into a chronic infIammatory disease (Le. dergic rhinitis or asthma). Recently, it was 

suggested that the production of Ag-specific IgE could be initiated upon APC presentation 

of aliergic peptide (in the context of CD 1) to natural T cells andlor y6 T cells resulting in the 

production of I L 4  important for the initiation of type 2 irnmunity (reviewed in Spinozzi, 

1 998). In particular, it has been reported that y6 T ceIl can provide B celi help for the IgE 

class switch (which requires IL4, or IL-13, and CWOL as switch factors). Funhermore, 

atopic individuals exhibited a greater number of y6 T cells in their BAL fluid capable of 

storing IL-4 intracellularly compared to non-atopics, indicating that y6 T ceiis are important 



Li allergy responses. In addition, natural T cell andor y6 T ce11 IL-4 production could also 

promote CD4 T ce11 (upon antigenic stimulation by APC) dserentiation into TU-like cells, 

enabling them to also to stimulate B celis to produce Ag specific IgE. Once IgE is circulating 

in the sera, it cm become bound to high aeinity IgE Fc receptor (FceRI) on mast cells and 

basophils. Cross-linking of IgE (and FceRI) upon subsequent exposure to allergen triggers 

the mast cell to release preformed grmules containing histamine, chemotactic factors, heparin, 

platelet-activating fàctor, proteolytic enzymes and a variety of cytokines. These reactions are 

responsible for the rapid onset of symptoms in immediate hypersensitivity, dergic rhinitis, 

asthma and, in extreme cases, anaphylaxis. Arachidonic acid pathway metabolites such as 

prostaglandins, thromboxane and leukotrienes are a is0  synthesized contribuhg to 

vasodilation and airway edema (augmenthg cellular influx) and smooth muscle contractios 

resufting in branchial constriction. 

The late phase reactions seen in allergic rhinitis and asthma are prirnarily ce11 mediated, 

beginning 3-12 hours later. They are contingent on the recruitment (partly in response to 

mediators released during the eariy reaction) of eosinophils, neutrophils, basophils and T ceiis 

(mcluding natural and y6 T cds) into nasal secretions (in the case of allergic rhinitis) and the 

lung (jm the case of asthma). The migration of these ceiis is mediated by the up regulation of 

adhesion molecules and chemotactic factors, such as RANTES and eotaxin which aid the 

recnlltment of eosinophils. Recniited cells (and activated epithelial cells) produce additional 

mediators and cytokines arnplifying the migration and differentiation of other ceils, as weii as 

producing molecules (i-e. toxins, cytokines and histamine) which directly aggravate the 



allergic symptoms. I L 4  release is known to be of particular consequence. IL-4 cm skew 

the development of uncommitted T cells that are entering the area into becoming Th2-like T 

cells and promote the continued production oflgE. Thus, the initial induction of Ag-specific 

IgE can trigger an amplification loop that can result in allergic rhinitis or asthma, a chronic 

and debilitating idamniatory condition. 

5.2 IL42 and L l O  regulation in aiiergy and murine models of asthma 

PBMC and whole blood cultures f?om allergic individuals have type 2 skewed cytokine 

profiles cornpared to non-allergic individuals (Esnault, 1996; van der Pouw Kraan, 1997). 

As such, whole blood cultures fkom allergic individuals produce less IL-12 and IFNy in 

response to bacterial stimuli. W e  some studies have found IL-12 responsiveness to be 

intact in allergic individuals (van der Pouw Kraan, 1997), other investigators have found 

reduced IL-12 responsiveness relative to non-allergic controls (HayGlass, 1997; Lester, 

1995). Interest in the potential therapeutic utility of exogenous rIL-12 for treatrnent of 

asthma has been stimulated by fmdings that (1) IL-12 is an effective inhibitor of T c d  

dependant human PBMC IgE secretion (Boer, 1997; Kiniwa, 1992), (2) in vitro addition of 

rIL-12 to memory CD4+ cells nom ailergic patients decreases I L 4  and increases ENy 

synthesis (Marshall, 1995), and (3) successful allergen immunotherapy is associated with 

enhanced endogenous IL- 12 expression (Hamid, 1997). 

In the moa widely used animal models of human asthma (murine models of a k a y  hyper- 

responsiveness, m), mice are sensitized i.p. with Ag, then aerosolized or intratracheaily 



challenged weeks later. It had been observed that IL- 12 treatment at tirne of semitization 

inhi'bited a h a y  responsiveness, eosinophil Ùiaux and total IgE production, with iittle impact 

on bronchid airway lavage (BAL) cytokine production (Kips, 1996; Sur, 1996). 

Adrninistered at time of challenge, IL12 treatment inhibited ainvay responsiveness and 

eosinophil influx without altering IgE production (Gavett, 1995; Kips, 1996). This 

corresponded to increased BAL F N y  production (and decreased IL-5 and IL-4 synthesis) 

(Gavett, 1995; Kips, 1996). Unaltered airway responsiveness upon IL- 12 treatment has dso 

been reported (Hofstra, 1998; Sur, 1996). These differences in may be attributable to 

difEerences in Ag and IL-12 doses or treatment schedules which exist between the dif3erent 

experirnental systems. However, it is interesting to note, that in one instance where 

exogenous IL42 (or IL-18) alone was insufficient to reduce AHR, the combination of IL-12 

and IL- 18 was shown to return AHR to normal levels indicating that IL-12 and IL-18 

treatment c m  synergize to limit AHR (Hofstra, 1998). 

Decreased IL- IO responses have been observed in asthmatics. S pontaneous BAL IL- 1 O 

production was greatly diminished compared to normal individuals (Bonsh, 1996). 

Furthemore, it has been observed that in AHR mouse modeis, treatment with rIL-10 

decreases recniitment of neutrophils, eosinophils and T ceils to ainvays and TNFa and IL-5 

synthesis in the Iungs. In contrast to the benefical effects of IL-IO treatment, anti-IL-10 

exacerbates syrnptoms (Zuany-Amorim, 1995; Zuany-Arnorim, 1996). This was consistent 

with reported IL- 1 O impairment of eosinophilia by inhibithg T ce11 IL-5 synthesis (which is 

chemotactic for eosinophils and mast ceus) and macrophage and mast ceil IL-3 and GM-CSF 



production (eosinophil growth and Werentiation factors) (Pretolani, 1997). In addition, IL- 

10 can also directly interfere with eosinophil GM-CSF production required for eosinophil 

activation. 

Asper~ZZusfUrnigu~~~s is a fùngus which causes lung hypersensitization that can result in 

asthma IL-10 prdreatment of human monocytes incubated with A. furnigatus indicated that 

IL40 limited lung darnage by (1) inhibiting macrophage superoxide anion production in 

response to the fiuigus, and (2) exhibiting anti-fùngal activity (Gmnig, 1997). Furthemore, 

these effects were reversed by lFNy (Roiiides, 1997). Although an number of different 

protocols were used, ILI0 KO rnice infected with A. fumigahrs generally exhibited increased 

IL-5- A greater strain dependence was shown on the lack of endogenous IL10 regulation 

to result in exacerbation of AHR and mortality (Gmnig, 1997). This indicates that 

endogenous IL-IO has an important role in the regulation of lung responses, but other factors 

such as genetics may compensate for the absence of IL- 1 O upon exposure to certain stimuli. 

Together these data indicate that lack of endogenous IL-12 and =-IO production or an 

inappropnate balance of cytokines can exacerbate asthmatic responses. They also suggest 

that exogenous IL-12 and IL-10 treatment may be beneficid in the therapeutic management 

of asthma and dergic responses. 

6.0 Cytokine regulation of humoral responses 



6.1 Induction of IgE synthesis 

The initial production of Ag-specifïc IgE in response to an allergen is considered to be a 

primary factor in the appearance of allergic disease. 

In vivo, the importance of I L 4  in IgE synthesis has been demonstrated. Treatment with anti- 

IL4 or anti-ll-4 receptor uihibited IgE production in rnice injected with strong IgE inducing 

stirnuii (nich as Ag in dum, goat anti-mouse IgD or helminth) (Finkelman, 1990; Finkehan, 

199 1). Furthemore, IgE synthesis was virtually undetectable in IL4 KO mice (Kuhn, 

1991). Together this studies show that endogenous IL-4 synthesis promotes both primary 

and secondary IgE production upon imrnunization. During p r h q  imrnunization the source 

of 1L-4 has been shown to be predorninantly T ce11 derived, while IL4 synthesized at 

secondary Ag challenge has been mostly attnbuted to non-T cell sources (Finkelman, 1990; 

Yarnashita, 1996). 

In vitro experiments demonstrate the requirement of CD40 ligation on B ceUs (provided by 

the presence of CD40L on activated T cells, or by anti-CD40 or CD40L in experirnental 

systems), in the induction of e gerrnline transcription in addition to IL4 (Splawski, 1993). 

CD40 ligation and IL-4 also induced the production of IgG, (in rnice) and IgG, (in humans) 

(Akdis, 1997; Mander, 1993). In a hurnan B cell h e ,  CD40 ligation and endogenous IL-] O, 

or TGFP, were dEtient for induction of y l  and u transcnpts, however, the addition of IL-4 

was required to initiate the transcription of germline y4 and E (Cemtti, 1998). 



In mice, isotype switch had been shown to occur sequentiaiiy from IgM + IgG, * IgE. 

This was M e r  supported by the findimg that sequential switch (upon CD40 ligation and I L 4  

stimulation of resting B cells) was seen in coordination with B ce11 replication. As such, 

membrane bound IgG, was evident &er fewer cell divisions than membrane bound IgE 

(Hasbold, 1998). Moreover, induction of switch was dependent on the dose of IL-4, since 

at lower IL-4 doses more ceii divisions were required before the B ce11 switch to IgG, and 

then to IgE occurs. This suggests that endogenous IL4 (fiom T ceU sources) induction of 

IgG, and IgE is a function of cell cycle signals, expanding on the observation that DNA 

replication precedes isotype switch (lundgren, 1995). 

In the absence of IL-4, IL43 is also capable of initiating e ged ine  transcription (Pumonen, 

1993b). In addition, IL43 can synergize with IL-4 to enhance IgE production, as can IL-2, 

IL-5, IL6 and TNFa (Pene, 1988b). 

It was also reponed that soluble CD23, upon interaction with its ligand (CD21), enhanced 

IgE production; whereas, membrane bound CD23 has been s h o w  to inhibit IgE synthesis 

upon binding with IgE. Thus, CD23 provides another mechanism of IgE regulation. In 

addition, anti-CD40 and IL4 synergistically induced soluble CD23 release fiom human B ceil 

cultures, with little effect on the membrane CD23 expression (Paterson, 1996; Sarfati, 1992). 

IL- 13 also augmented CD23 production ( P u ~ o n e n ,  1993 b). 

Coilectively, these studies indicate that while there are limited switch factors (anti-CD40, IL4  
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and IL-13) for IgE production, its production can be augmented through a varïety of agents. 

Another one of these factors is IL-10. 

6.2 The importance of I G l O  in IgE responses 

In vitro studies indicate that IL-10 is a critical regulator of B ceil growth, dserentiation into 

memory B cells and plasma cells, and Ab secretion (Arpin, 1995). Anti-IL-1 O treatment of 

naive or immunized mice demonstrated that IL-1 O augmentai IgM and IgA production, white 

inhibiting IgG, synthesis (Ishida, 1993). In human studies examining recombination events 

of gerrnline D N 4  IL40 has been shown to be a switch factor for IgG,, IgG, and IgA 

(Malisan, 1996). 

At the beginning of this present study, the importance of IL10 in IgE production was not 

well understood. Since IL10 is produced by Th2 murine clones (and human Th0 and Th2 

clones, as well as APC) and is a strong inhibitor of pro-idammatory cytokines, it was 

thought to be a possible augmentor of IL-4 induced IgE production. 

Studies with IL-IO KO mice or anti-IL-IO treatment indicated that basai IgE levels were 

d e c t e d  by the absence of endogenous I L I  O. Similar results were seen upon imrnunization 

protocols that induce weak IgE production (hi& Ag dose in alum, or Ag in the absence of 

alurn) (Dobber, 1995; Ishida, 1993; Kuhn, 1993). However, these studies did not 

convincingly demonstrate that IL40 was not involved in IgE synthesis due to the lack of 

strong positive control (Le. the induction of high IgE levels) in normal controls. 



In vitro human experirnents indicate that IL40 does not directly alter the capacity of punfied 

B cells stimulated with IL4 and T cells (or anti-CD40) to produce IgE. However, in the 

presence of monocytes, IL40 either inhibited (Punnonen, 1993a) or enhanced (Uejima, 1996) 

IgE synthesis. While these hdings indicate that IL-10 can influence IgE production through 

its actions on monocyte function, the discrepancies between these studies may relate to a 

recent finding showing that IL10 exerted dinerent affects on IgE synthesis depending on the 

activation status of the B celis (Jeannin, 1998). The addition of IL40 to PBMC stimulated 

with IL4 within the first 3 days @rior to the induction of IgE) inhibited IgE production, 

suggesting that IL- 1 O is antagonistic to IL4 switching. If added to dserentiated cultures, 

already producing IgE, the addition of I L 1  O enhanced IgE synthesis. Although, Uejima et 

al. added IL10 at the beginning of cultures, they also added anti-CD40. Anti-CD40 is a 

potent stimulator of IgE isotype switch, which could impair the potential of IL- 1 O to inhibit 

IL4 induced IgE switch. Thus, the enhanced IgE synthesis reported by Uejima et al. may 

be the result of lower endogenous IFNy or IL12 levels due to initial addition of exogenous 

IL- 1 O or (if any exogenous IL-1 O remained in culture after switch occurred) augmented 

memory B cell and plasma ce11 differentiation. 

This same study (Jeannin, 1998) showed that while IL- 10 was not a switch factor for IgG,, 

it up regulated both IL4 induced IgG, switch and the production of IgG, fiom differentiated 

cultures, even in the absence of I L 4  In aliergy, both allergen specific IgE and IgG, are 

produced. Some immunotherapy studies suggest that IgG, production exerts a protective 

effect against IgE binding to Ag, since successfûl outcomes are sometimes associated with 



increases in IgG, levels (Akdis, 1998a; Lu, 1998). This is also supported by the ability of 

F N y  to enhance IgG, synthesis (Akdis, 1997). 

6.3 The impact of L I 2  and IFNy on development of antibody responses 

This section reviews the state of knowledge regarding IL-12 and IFNy regdation on Ab 

production at the beginning of this thesis work. 

Exogenous IL-12 blocked IgE secretion nom human PBMC by inhibithg the switch to IgE 

(Boer, 1997; Kuiiwa, 1992). In addition, the capacity of exogenous IL42 administration to 

inhibit primary IgE responses was seen in several in vivo systems (Ag in alum or goat anti- 

mouse IgD) (Germann, 1995b; McKNght, 1994; Morris, 1994). While this was cited as 

demonstration of the adjuvant capacity of IL- 12, al1 of the data addressed prirnary responses. 

None of the studies examined the ability of IL-12 to continue inhibition of IgE upon 

subsequent Ag exposure. IL42 also influences the production of other isotypes, of particular 

interest to this thesis, IgG, and IgG,. Generally, it was observed that rIL-12 administration 

elevated IgG, and decreased IgG, synthesis (McKnight, 1994; Moms, 1994), although 

enhanceci IgG, was also reported (Germann, 1995b). Exogenous IL- 12 induced changes in 

Ab production are un i fody  associated with some type of skewing of cytokine production 

in the type 1 direction (such as increased FNy production). 

In vivo, very high doses of rIFNy (close to those that are lethal) were found to inhibit IgE and 

IgG, in mice injected with goat-anti-mouse IgD (Finkelman, 1988). In vitro studies reported 



that IFNy inhibited CD4 T ceii dependent stimulation of IgE synthesis through costirnulatory 

signals by CD4 T celis, since KFNy did not inhibit B ceil production of IgE when B ceils were 

stimulated with anti-CWO and IL-4 (Gascan, 1991; Pene, 1988a). Enhanced endogenous 

IF'Ny synthesis following IL12 treatment has been cited as one mechanism to explain how 

exogenous IL-12 can inhibit IgE production. IL-12 inhibition of primary IgE synthesis 

exhibited some dependence on elevated IFNy levels foUowing IL-12 treatment, as anti- 

IFNyAL-12 treatment upon helrninth infection hpaired the capacity of IL-1 2 to inhibit IgE 

(Finkelman, 1 994). 

In human PBMC (stirnulated with IL+, rIL-12 has been shown to increase IgG, synthesis. 

The capacity of exogenous IL42 added to IL-4 and hydrocortisone stirnulated blood cord 

neonatal cells suppressed IgE production was not altered by the addition of anti-IFNy 

treatrnent (Kiniwa, 1992). Furthemore, anti-IMy treatment was not always sufficient in 

reversing the effect of IL-12 treatrnent on IgE (goat-anti-mouse IgDLL-12 treated mice) 

(Moms, 1994). Whether these studies reflect Incornpiete neutralization of IFNy upon IL12 

treatment is unhown. 

IFNy strongly up regulates IgG, production- Low doses of ENy were able to increase IgG, 

synthesis, while anti-IFNy mAb treatment reduced the typically high IgG, production seen 

in B. abortus infected mice (Finkelman, 1988) or exogenous Ag stirnulated systems 

(HayGlass, 199 lb). Neutrabation of endogenous IFNy (with anti-IMy mAb) simultaneous 

with IL-12 treatment indicated that enhanced IgG, levels foilowing IL-12 administration 



were dependent on endogenous IFNy synthesis (Germann, 1995b; Moms, 1994). The 

inability of anti-FNy treatment to inhiiit IL42 induced IgG, production had also been seen, 

although (again) this may have been due to incomplete neutraIization of endogenous I M y  

(McKnight, 1 994). 

Since IL42 is known to prornote NK cell IFNy production, a potential role for NK ce11 

deriveci F N y  synthesis in mediating IL12 effects is possible. In one study, anti-NKl.l/IL-12 

treatrnent with TNP-KLH immunkation decreased Ag-driven IFNy synthesis. However, IgG, 

and IgG, responses rernained unafEected, suggesting that NK cell IFNy production did not 

explain IL-12 induced changes in Ab production (McKnight, 1994). The importance of NK 

ce11 E N y  production on IL-12 inhibition of IgE synthesis or the importance of IFNy in 

mediating IL12 inhibition of IgE synthesis in response to Ag in alum were not investigated. 

Together, these studies indicated that exogenous IL-12 administration could inhibit IgE in 

vitro and primary IgE in vivo. However, these studies did not determine the capacity of IL- 

12 to maintain suppressed IgE levels upon repeated exposure of Ag. Exogenous L- 12 

treatment was also shown to elevate IgG, synthesis. Enhanceci endogenous IFNy production 

appears to be one mechanism by which IL-12 inhibiteci IgE and increased IgG, levels. 

However, independently of IFNy activity, IL-12 can either act directly on B ceiis (Vogel, 

1996) or impact Ab production through altering the synthesis of cytokines other than IFNy. 

6.4 Summary 

CD40 ligation and IL-4 (or IL-13) are critical in the initiation of IgE responses upon 



imrnunization. IL10 was shown to promote or inhibit IgE production depending on the stage 

of B ceIl activation. Exogenous IL42 administration had demonstrated the ability to inhibit 

the strong primary IgE production (via LFNy dependent and independent mechanisms) 

normally seen following immunkation with alum or type 2 polyclonal activators, but the 

capacity of IL42 to continue inhibition of IgE upon subsequent Ag exposure had yet to be 

determined. 

7.0 CDS T ce11 regulation of humoral responses 

The critical role of CD4 T celis in IgE isotype switch by providing cognate B ce11 help (CD40 

interactions) and producing IL-4 and IL-13, is well recognized. Recently there has been 

renewed interest in the significance of CD8 T cells in disease regulation, including atopy. 

Studies fkom three laboratones, in particular, suggested that CD8 T cells were also important 

in the regulation of IgE. 

Kemeny and his colleagues have reported that CD8 T cells were required for optimal 

induction of immune responses. A five fold decrease in total, @ut not Ag-specifk) IgE was 

observed when rats were depleted of CD8 ceils prior to immunization (Holmes, 1996). In an 

AHR model, CD8 T depletion prior to OVA sensitization decreased IL-5 and 

eosinophil responses, but total and Ag-specific IgE were not substantially altered 

(Hamelrnann, 1 996). 



In contrast, it was reported that primed CD8 T cells limited IgE production. In AHR 

models, when CD8 depletion occurred between Ag sensitization and airway challenge, late 

a b a y  responses were enhanced (Olivenstein, 1993). Furthemore, if immunized rats were 

treated with anti-CD8 mAb, primary Ag-specinc IgE levels were elevated (Elohes, 1997). 

This was also supported by the suppression of IgE synthesis upon adoptive transfer of OVA 

pxhed CD8 T c d s  or OVA-specific CD8 T cell clones after immunkation (MacAry, 1998; 

Renz, 1994). 

Thus, these studies suggest that CD8 T cells can either positively regulate the induction or 

negatively regulate active immune responses associated with atopy. 

There is evidence indicating that CD8 T ceiis can respond to exogenous Ags when exogenous 

Ag escape frorn ingesting vesicles into the cytosol of M C ,  where they are transferred into 

the endoplamiic reticulum and bound by MHC class I molecules for presentation to CD8 T 

CAS. This was supported by a recent demonstration that OVA incubated with cationic lipid 

traTlSfection reagent (thought to deposit the Ag into the cytosol) resulted in greatly increased 

proliferation by CD8 T cells (MacAry, 1998). This was inhibited by anti-MHC class I, but 

not anti-MHC class II, mAbs. Minor proliferation occurred in the absence of cationic Lipid 

transfection reagent . 

While the idea of T suppressor ceils has fden into disrepute in the absence of sufficient 

evidence, CD8 T cells appear to still participate as immune regdators through a variety of 



mechanisms. Firstly, CD8 T ceils had been shown to regulate immune events by the kiliing 

of effector lymphocytes or APCs (Rock 1992). 

Secondly, it was reported that activated CD8 T cells inhibited bystander cells, since the 

depletion of CD8 T ce& enhanced Ag-stirnulated proliferation of spleen ceils from irnmunized 

mice. This was reversed by the re-introduction of activated CD8 T cells (MacAry, 1998). 

Furthermore, CD4 T cell I L 4  and F N y  synthesis was enhanced and decreased respectively 

folIowing CD8 T ce11 depletion in irnmunized rats (Holrnes, 1997). 

ThirdIy, there was also indication that CD8 T cells regulate immune events through cytokine 

production. Enhanced IFNy synthesis by activated CD8 T cells suggested that this may be 

a rnechanism by which activated CD8 T ceils induced the inhibition of AHR and IgE 

production (Renz, 1994). Increased type 2 cytokine synthesis was also seen by CD4 and CD8 

T cells isolated from PBMC of allergic individuals (Meissner, 1997; Nakazawa, 1997). In 

addition, the percentage of aA producing CD8 T cells isolated from ailergic individuals was 

reported to be correlated with total serum IgE synthesis @ < 0.01); whereas, a weaker 

relationship was seen between the percentage of IL4 secreting CD4 T cells and IgE 

production (Meissner, 1997). However. this does not indicate a causal relationship between 

CD8 T ceil IL4 production and IgE synthesis in atopy. 

Fourthly, different CD8 T c d s  subsets or populations rnay be involved in regulating diierent 

aspects of immune responses. Inhibition of IgE upon airway sensitktion in AHR models, 



was reported to be mediated by gd CD8+ T cells at the mucosal surface (McMenamin, 1995). 

In contrast, ab CD8 T ceils appeared to be involved in regulation of i.p. immunization 

responses (MacAry, 1998). Finaüy, it had been suggested that CD8 T ceiis positively regulate 

the induction of IgE synthesis, but negatively regulate the intensity or duration of the 

response. A dichotomy in CD8 T ceil regulation was aiso observed in other disease models 

such as collagen induced arthritis. While the incidence of disease was decreased in CD8 KO 

mice, these same animals displayed a greater incidence and severity of disease upon secondary 

irnmunization with collagen (Tada, 1996). 

Taken together, these studies suggest that CD8 T cells may be involved in the regulation of 

immune responses to both exogenous and endogenous antigens through a variety of 

mechanisms. However, the role of CD8 T cells in IgE regulation has not been extensively 

investigated, except for a few Iaboratories inviting caution on over int erpreting these findings. 

8.0 AUergen immunotherapy 

Currently, the rnost effective way to manage ciinical aliergy is by avoiding the aliergen. 

However, in many situations avoidance is not possible. Aliergies are often managed very 

effectively by use of anti-histamines, corticostenods, bronchodilators, or other drugs. The 

difliculty with dmgs includes detrimental side effects and required accessibility, especidy in 

anaphylactic responses. Furthemore, these dmgs only manage, and do not cure dergic 

disease. 



With the increasing incidence and sevenw of allergy, effective prophylactic and therapeutic 

imrnunologic strategies are required. Traditionally the major approach to aüergic 

immunotherapy has been alergen desensitization. Since the early 1 900ts, dergic individuals 

have been treated with allergen extracts (Noon, 19 1 1). This approach has s h o w  success in 

the prevention of anaphylaxis tnggered by bee venom. In some incidences, ailergen 

desensitization has also been successful with pollen induced allergic rhinitis, but there was 

considerable variation between individuais. In addition, failures due to anaphylactic shock or 

an increase of symptoms were also reported, as was the return of syrnptoms after treatments 

had stopped. Immunotherapy has been largely unsuccessfùl for asthma, as meta analyses of 

siight short-term improvements seen in qmptom and medication scores usualiy did not result 

in long-term benefits (Barnes, 1996; Creticos, 1996). 

There have been a number of attempts to make immunotherapy safer by altering antigenicity 

of the allergen (Ishizaka, 1978; Lee, 1977), including glutaraldehyde polymerization 

(Johansson, 1974; Patterson, 1973). Aithough a reduced incidence of negative side effects 

allowed for higher dose and fewer treatments with altered allergens, enhanced efficacy was 

generally not seen in humans (Grammer, 1982). 

Treatment with T cell epitope peptides appears to be more promising in imrnunotherapy 

applications. Firstly, since the peptides are srnaif they reduce the possible induction of IgE 

cross-linking by treatment allergen and associated side effects (includiig anaphylaxis). 



Secondly, while recombinant preparations of epitopes result in a more standardized product 

(important for clinical trials), the use of digested extracts have the advantage of accounting 

for rnany T celi epitopes. This may be important as it had been suggested that one mechanisrn 

behind successful immunotherapy was the type 1 skewing of Th0 cells specific for less 

dominant epitopes of the allergen (Jutel, 1995). 

Thirdly, increases in the ratio of type 1 (lFNy):type 2 (IL4 IL-5) secretion upon antigen 

specific stimulation of T ceils have been reported after successful immunotherapy, suggesting 

that alterations in the T ceii responses may be critical (Jutel, 1995; Secnst, 1993). Since T 

ceils are important regulators of immune responses, increased type 1 :type 2 cytokine ratios 

could limit both cellular responses (eosinophil, mast celi) and irnmunoglobulin synthesis 

associated with aliergy. It should be noted that sorne studies also saw enhanced IL-10 

production. However, there was disagreement as to whether increased IL-IO synthesis 

represented negative regulation of heightened type 1 irnmunity foiïowing immunotherapy 

(Eleliinghausen, 1997) or active inhibition of type 2 responses linked to atopy (Akdis, 1998b). 

Decreased IL4  O was also reported (Lu, 1998). 

Fourthly, it had been reported that native and denatured allergen (Le. bee venom 

phospholipase A2, PLA) were processed differently by APC and induced different cytokine 

and Ab patterns (Akdis, 1998a). Native PLA was ingested by both monocytes and B cens 

of ailergic individuals, while unfoIded PLA was taken up by monocytes only. 

Comespondingly, cultures of B ceiis and T c d s  (stimulated with PLA) produced stronger IL- 



13 and Iower IFNy and IL-12 levels than did monocyte/T cell cultures (stirnulated with naive 

or denaturecl PLA). B ceWï ce1 cultures stimuiated with denatured PLA produced neghgible 

Ievels of cytokines. In addition, IL-4 and CD40L stimulation of PBMC in the presence of 

folded PLA resulted in greater IgE synthesis; whereas, the presence of unfolded PLA Ied to 

a predominance of IgG, secretion. Taken together, this indicates that conformational B ceii 

epitopes are less effective than non-conformational (T cell) epitopes at skewing immune 

responses associated with allergy. 

Although not consistently found, decreased Ag-specific IgE and increased IgG synthesis have 

been associated with relief fiom syrnptorns and may be one mechanisrn involved in successful 

immunotherapy (Hendrk, 1 98 0; Jutel, 1 995). Enhanced IgG production, particularly IgG,, 

has been suggested that to block interactions between aiiergen and IgE, although consistent 

increases in IgG have not been found (Akdis, 1998a; Bousquet, 1990; Lu, 1998). Recently, 

murine IgG Çmduced upon immunkation with pollen allergens) had been observed to inhibit 

human IgE binding to identical irnmunodominant B cell epitopes on aliergen. In addition, this 

binding prevented IgE cross-linking and human basophil histamine release, indicating that 

enhanced IgG could interfere with IgE and allergen interactions (Vrtala, 1998). 

It is stiU not clear why successfùl immunotherapy works. While different studies have 

irnplicated changes in Ab production and T ce11 mechanisrns, it is more likely that a 

combination of mechanisms and factors including genetics, the type of aiiergy and the 

individual's heaIth and environment. 



Thus with a greater understanding of cytokine regulation of IgE responses, there is increasing 

interest in the prophylactic and therapeutic potential of type 1 inducers, such as IL-12, to 

prevent and "cure" dlergic disease. 

9.0 A murine model of immediate hypersensivity 

HayGlass and colleagues have utilized a murine model of immediate hypersensitivity 

consisting of irnrnunization of C57BV6 mice with OVA precipitated in alum. This 

immunization generates intense type 2 humoral responses: Ag-specific IgE and almost 

undetectable Ag-specific IgG, levels in al1 strains of rnice tested. This is associated with 

substantial production of I L 4  and IL- 1 O in Ag driven spleen ceii culture (Yang, 1 994). 

Previously, they found that these type Zdominant responses could be inhibited by treatment 

with glutaraldehyde polymerized OVA (OA-POL). The treatment of mice with OA-POL 

prior to OVA (alum) irnmunization inhibits the induction of OVA-specifk IgE, in conjunction 

with elevation of OVA-specific IgG, for 18 months f i e r  treatment (Gieni, 1993a). 

Moreover, OA-POL treatment abrogates established IgE responses, resulting in 90 - 95 % 

reductions in OVA-specific IgE synthesis upon subsequent booster immunizations. The 

capacity of OA-POL to both prevent and abrogate IgE production is associated with a 

reversa1 in the cytokine pattern nom that normally seen upon OVA (aium) imunization, 



fiom type 2 dominant to type 1 dominant. An increase in the frequency of CD4 T cells 

producing ENy, detennined by Limiting dilution analysis, is also seen. Adoptive transfer 

experiments directly demonstrated that OA-POL activity is CD4 T ceil dependent. Hence, 

OA-POL is able to induce strong type 1 humoral responses in a CD4 T ce11 dependent manner 

to exogenous Ag, the same class of Ag as most inhalant ailergens relevant to human 

immediate hypersensitivity . 

The availability of these models provides an oppominity to explore cytokine regulation in type 

2 and type 1 skewed humoral responses. 

10.0 Scope of research 

This thesis utilized models of type 2 (OV4 alum) and type 1 (OA-POL) driven Ab responses 

to explore cytokine regulation of Ab synthesis. Firstly, it examined the pharmacologic 

potential of IL-12 to inhibit and maintain inhibition of IgE synthesis. Secondly, it considered 

the ability of exogenous IL-12 treatment to inhibit established IgE production. Thirdly, it 

examined the roles of endogenous IL 12 and IL- 1 O in Ab production. Lastly, it investigated 

the importance of CD8 T ceils in the induction of type 1 and type 2 Ab responses. 

10.1 Hypothesis 1 

It is recognized that IL12 strongly promotes Th1 cytokine production in CD4 T cells. Both 

OVA (dum) induction of IgE and OA-POL inhibition (and abrogation) of IgE is CD4 T ce11 



dependent. In addition, IL12 inhibits IgE production in vitro and prirnary IgE synthesis 

following exposure to a variety of type 2 inducing stimuli. Therefore, we hypothesized that 

administration of exogenous IL-12 would induce and maintain long-term inhibition of IgE 

production nomally resulting Irom OVA (alum) imrnunization. To evaluate this, we treated 

OVA (alurn) immunized rnice with IL-12, at concentrations up to those which resulted in 

substantial toxiciv in vivo. Mice also received repeated boosts with OVA (alum) in the 

absence of IL42 treatment to detemine if initial skewing of irnmunity following IL42 

administration would result in sustahed inhibition of IgE production. To assess potential 

mechanisms of IL42 action on Ab responses, CD4 T cells and NK ceils were analyzed for 

changes in cytokine synthesis. 

10.2 Hypothesis 2 

Secondly, we hypothesized that rIL-12 administration would inhibit established IgE 

responses. This was detemiined by immunizing mice in the absence of exogenous IL-12, 

under conditions leading to a type 2 dominated response (strong IL-4, IL-5 and IgE; weak 

IFNy and IgGJ Mice were treated with IL-12 (or not), using a variety of protocols in an 

attempt to inhibit type 2 Ab production upon subsequent exposure to the semitking Ag. 

Cytokine production fiom whole spleen ceiis, CD4 T cells and non-Bhon-T cells was 

evaluated to determine underlying mechanisms influencing Ab production. 

10.3 Hypothesis 3 

We wanted to investigate the role of endogenous IL-12 in Ab regulation. Since OA-POL 

treatment induces strong type 1 immunity in naive and previously OVA (alum) immunized 



rnice, and IL- 12 displays potential to act as a powerful inducer of type 1 immunity, we 

hypothesized that OA-POL induced inhibition of IgE was dependent upon enhanced 

endogenous IL- 12 production. This hypothesis was addressed by adrninistering anti-IL- 12 

(or nothïng) to OA-POL treated mice, imrnuniPng them and assessing changes in the capacity 

of OA-POL to induce type 1 Ab profles. As an alternative approach, IL- 12 KO rnice were 

imrnunized with type 1 (OVA CFA) or type 2 (OVA, alum or T. spiralis extract) inducing 

stimuli. Ab and cytokine synthesis was evaiuated. 

10.4 Hypothesis 4 

IL-IO is a negative regulator of IL-12 and other inflarnmatory associated cytokines. In 

addition, it is known to augment B ceii responses. We hypothesized that OVA (aium) 

immunization, in the absence of endogenous IL-IO synthesis, would result in enhanced type 

1 cytokine production leading to decreased IgE synthesis. This hypothesis was addressed by 

evaluating s e m  Ab production in irnmunizeci mice in the absence of endogenous I L I 0  (due 

to treatrnent with anti-IL-10 mAb or genetic KO of IL10 gene). In addition, spleen ceUs 

f?om irnrnunized IL- 1 O KO rnice were analyzed for cytokine production (IL- 12 p40, FNy,  

IL-4 and IL-5). 

10.5 Eiypothesis 5 

It has been suggested that CD8 T ceiis are important in the regdation of IgE responses. This 

was supporteci by preliminary experiments in our laboratory. Thus, we hypothesized that in 

the absence of CD8 T ceUs Ab and cytokine responses to exogenous Ag would be skewed 



in the type 1 direction; specifidy, that this would result in decreased IgE and iL-4 synthesis, 

but higher IgG, and IFNy levels. This was exarnined in CD8 KO rnice by the evaluation of 

Ab and cytokine responses upon irnrnunization with OVA (alum) and treatment with OA- 

POL. 

10.6 Summary of results 

We found that exogenous IL- 12 administration inhiiited IgE production during the pnrnary 

response > 95 %. However, this inhibition was transient, with no difference in IgE levels 

between treated and untreated rnice upon subsequent immunizations. In contrast, IL42 

induced increases in IgG,  synthesis were stable. This transient IgE inhibition was associated 

with enhanced NK c d  dependent IFNy production, but not with altered CD4 T celi activity, 

suggesting that while the presence of exogenous IL-12 evokes strong trpe 1 effector 

responses this does not translate into adaptive rnemory required for the maintaining the long- 

term inhibition of IgE synthesis. 

In Our examination of the therapeutic potential of L I 2  in an ongoing type 2 response, rIL-12 

treatment greatiy elevated type 1 immunity (strongly increased IgG, and IFNy synthesis, and 

a decreased frequency of IL-4 producing CD4 ceiis). However, IL42 treatment faiied to 

alter established IgE production and markedly enhanced Ag-driven IL-4 production (- 5 

fold). This increase in D L 4  synthesis could be attributed to increased numbers of non-Blnon- 

T cells within the spleen and their enhanced capacity to produce IL-4 foflowing IL-12 

treatment. Thus, the pharmacologie administration of IL12 did not prove therapeutically 



beneficial and rnay in fact be detrimental in the treatment of individuds with chronic IgE 

production. 

To determine ifthe capacity of OA-POL treatment to prevent the induction of type 2 Ab and 

cytokine profiles norrndy associated with OVA (alum) immunization is afnliated with 

enhanced levels of endogenous IL-12, imrnunized rnice were pretreated with OA-POL and 

anti-IL42 Ab or normal goat IgG. We found that the capacity of OA-POL treatment to 

inhibit IgE (and enhance IgGd synthesis was partiaily dependent on endogenous IL-12 

production, suggesting that changes in Ab synthesis following OA-POL treatment is reliant 

on factors in addition to endogenous IL-12. However, taking an independent approach by 

using IL12 KO models, we did not observe an anticipated general enhancement of IgE and 

type 2 cytokine synthesis following immunization with type 1 (OVA in CFA) or type 2 stimuli 

(OVA, or T. spiralis extract, in alum). In contrast, the absence of endogenous IL-12 was 

associated with decreased IgG, levels. 

We explored the role of IL40 on IgE production, by imrnunizing rnice in the absence of 

endogenous IL-IO. Markedly decreased IgE production was observed when immuoized mice 

were treated with anti-IL40 or upon the OVA (afum) immunization of IL-10 KO mice. 

Furthemore, this was associated with increased type 1 cytokine (1My and IL42 p40) 

production, suggesting that IL10 inhibition of type 1 cytokines in vivo d o w s  for a cytokine 

environment permissive of IgE production and that the induction of endogenous IL-IO may 

play a role in inhibithg type 1 cytokine production in immediate hypersensitivity. 



In CD8 KO rnice, OVA (alum) imrnunization and OA-POL treatment resulted in a general 

skewing of Ab and cytokine production in a type 1 direction (decreased total IgE synthesis, 

increased IgG, and IgG, levels, increased 1FNy:IL-4 ratio, decreased IL-5 production). 

However, while these changes were statistically significant, most were minor making it 

difticult to interpret them as being biologically relevant. 

Taken together, this thesis demonstrates that (1) dthough the presence of pharmacological 

doses of exogenous IL-12 can inhibit primary IgE production, they are insufficient to skew 

type 2 adaptive responses, important in maintaining inhibition of IgE synthesis, (2) IL-12 

edministration abolishes primary IgE production through the induction of NK cell (and not 

CD4 T ceII) IFNy synthesis, (3) the inability of IL42 to inhibit established IgE production 

is asso ciated with enhanced non-Bhon-T ce11 IL4 production following IL- 12 administration, 

(4) in spite of the inabiiity to decrease IgE synthesis, rIL-12 treatment to mice with 

established Ab responses greatly elevates type 1 immunity (enhanced IgGh and M y  levels, 

decreased fkequency of I L 4  producing CD4 T cells), (5) the absence of endogenous IL-10 

results in the inhibition of IgE production upon OVA (dum) immunization and is associated 

with enhanced type 1 cytokine production, and (6) CD8 T celis do not greatly contribute to 

the regdation of IgE responses. 



III. Methods and Materials 

C57BV6, CD1 (outbred) and CD8 (C57BV6) knockout (a kind gift fiom Dr. T Mak, 

University of Toronto) rnice were bred at the University of Manitoba breeding facility 

(Wiipeg,  MB) or purchased from Charles River Canada (St. Constant, PQ). IL- IO, IL42 

p35 and p40 bockout mice, ail homozygous on a C57BV6 background, were purchased fiom 

Jackson Laboratones (Bar Harbor, h4E) and bred at the University of Manitoba breeding 

facility (Winnipeg, MB). Mice were used in accordance with guidelines issued by the 

Canadian Council on Animal Care. 

2.0 Preparation of in vivo reagents 

2.1 Preparation of antigen in adjuvant 

To induce IgE responses associated with irnmediate hypersensitivity, mice were irnrnunized 

with 0.2 or 2.0 pg OVA (five times recrystaiiized, ICN Biochernicals Montreal, PQ) in the 

presence of N(OH), adjuvant (alum). AIum was prepared by adding 2 drops of 0.2 % phenol 

red to 20 ml of 10 % AIK(SO,),. This was foliowed by the addition of approximately 20 ml 

of O S  N NaCl until the solution began to turn pink After sitting for 10 min, the solution was 

centrifùged for 3 min at 1000 rpm (170 g). The supernatant was discarded and the precipitate 

was resuspended in 0.15 N NaCI(40 ml). This centrifugation procedure was repeated two 



tirnes. The resulting pellet was resuspended in 40 ml of 0.15 N NaCl to yield Ai(OH), at 10- 

12 m g h i .  To prepare antigen for hunization, antigen was added to alum and left for 10 

min at room temperature. Two thirds volume of Hank's balanced salt solution (Flow 

Laboratones, Mclean, VI) was added prior to imrnunization to neutralize the pH of the 

solution. Foilowing this procedure >99% of antigen was adsorbed to the alum crystals. 

Mice were also immunized with 100 pg OVA in CFA (Gibco-BRL Products, Burlington, 

ON). Pnor to use, CFA mycobactena were carefiiily resuspended. OVA, dissolved in 0.85 

% NaCl, was mixed with an equal volume of CFA and emulsified. Emulsification was 

considered complete when a drop of emulsion could stay cohesive upon suspension in water. 

2.2 Preparation of polymerized ovalbumin 

Polyrnerized ovalbumin (OA-POL) of average Mr 3.5 x 107 was prepared as described 

@yGlass, 199 1 c). Bnefly, 6 % glutaraldehyde (Eastman Kodak Co. Rochester, NY) in 0.1 5 

M NaCl was added drop wise to OVA (25 mg/ml in 0.1 M acetate b s e r  pH 5.3, 0.5 pH units 

above its isoelectric point) to obtain a final molar ratio of 200: 1. A reaction tirne of 5 hours 

was used. Mer dialysis and gel filtration (Biogel A-50m 12.5 x 90 cm in borate buffered 

saline, pH 8.3 effective separation range 1 .O x 105 to 5.0 x 107 da]; Bio-Rad Laboratones, 

Mississauga, ON; V, = 5 x 103, OA-POL was recovered as a single, sharp, symmetric peak 

with an average relative molecular weight of 3 -5 x 107. This approach to glutaraldehyde 

modification dows  for a homogenous product unlike earlier methods which were found to 

result in highly heterogeneous mixtures that produced various imrnunological effects 



(HayGlass, 1984; Johansson, 1974; Patterson, 1973). OA-POL was stored at 4°C. 

2.3 mAb production 

B ceIl hybridomas were cultured in 10 % fetal calf serum (FCS), 10 n M  L-glutamine, 

penicillin (100 unitdml), streptomycin sulfate (100) pg/rnl), fungizone (0.25 pglml) (Flow 

Labs, Mississauga, ON) and 2 x 10" M 2-mercaptoethanol in RPMI 1640. This media is 

designated as 10 % FCS. To maximize rnAb production, cultures were expanded and 

maintained until cells decreased to 20 % viability. Depending on the purpose, the resulting 

tissue culture supematant was either concentrated in a pressure chamber (Amicon 

Corporation, Holland) or purified on the Pharmacia Biopilot system as previously descnbed 

~ y G l a s s ,  199 1 b). After purification by Biopilot, pudied rnAb were generally detemiined 

to be 85-95 % pure when mAb specific concentrations (determined by ELISA) were 

compared to total protein concentrations (detemiined by A280, ~=1.4). 

mAb was also produced in UitraDOMA-PF (WF) media (Bio Whittaker, Walkersville, MD). 

UPF media does not contain proteins (which are potentially irnmunogenic), but consists of 

a rich cocktail of amino acids. Hybndomas of mAb for in vivo use were initidy established 

in 10 % FCS media. M e r  cells were suficiently expanded (> 90% viability), they were 

washed twice in serum fiee RPMI 1640 (serum fiee) and cultured in UPF media a t  starting 

concentrations of 200,000 to 400,000 celldml. Cultures were maintained until t hey decreased 

to 20 % Mability and the supematant was harvested. The UPF produced antibody 

supematants were concentrated and used. 



mAb were injected i-p. in saline to determine the impact of depletion (of cytokines or cells) 

on Ab production. The efficacy of depletion was detennined either by functional assays i-e. 

anti-NK1.1 by the elimination of NK ceil cytotoxic activity (Koo, 1986; Rempel, 1997) or 

FACS andysis of anti-CD4 or anti-CD8 mAb treated mice (unpubfished observations). 

3.0 Immunization and treatment schedules 

3.1 Immunization protocol 

Mice were imrnunized i.p. on day O (Note: ail days cited are referenced against the t h e  of the 

pnmary imrnunization wbich is consistently designated as day 0). Secondary and tertiary 

immunizations followed with at lest 3 weeks between hnunizations. In most experirnents, 

booster irnmunizations (i-p) occurred on days 28 and 56 respectively. However, these times 

did vary. so the days for each experiment will be documented in each section. Generaily, in 

studies focussed on the induction of Ab responses 2.0 pg of OVA (aium) or 100 pg OVA 

(CFA) were used. In studies attempting to abrogate established IgE production mice were 

- also imrnunized with 0.2 pg of OVA (alum), the lowest dose consistently able to elicit OVA- 

specific IgE responses. Doses were kept constant within experiments. 

3.2 OA-POL treatment 

Typically two OA-POL treatment protocols were used. To inhibit the induction of IgE 

synthesis, one course of 3 injections of OA-POL (80 pg/day in saline i-p.) on days -14, -12 

and -10 was given pnor to irnmunization with 2.0 pg of OVA (alum) on day 0. To abrogate 



IgE responses in Mce primed with 0.2 pg of OVA mice were injected with three courses of 

OA-POL (consisting of 3 injections on alternathg days, 80 pghjection) in weeks 4,6 and 

8 after prûning. Ten to fourteen days d e r  the final OA-POL treatment, mice received a boost 

of 0.2 pg OVA (aiurn). 

3.3 L I 2  treatment 

To determine the capacity of exogenous IL42 to direct the induction of responses in naive 

mice, rnice were treated wiîh or without IL-12 (a gift fiom Dr. Maurice Gately, Hofiam-La 

Roche, Nutley, NJ) fiom day -1 to 3 (that is the day prior to prirnary immunization and for 

the next four days). Mïce were not treated with IL-12 upon secondary and tertiary 

irnrnunizations. I L 1 2  was administered at 20 to 400 ng/day i-p. in saline containing 0.4% 

normal mouse serum. To mùllmize harmful side effects associated with the phamtacologic 

administration of rIL- 12 (RyfEel,, 1997), the majonty of experiments were carried out with 200 

nghjection of IL- 12. 

To determine the potential of exogenous IL-12 to alter established humoral responses, mice 

were not treated with IL- 12 at prirnary immunization. Instead they were treated with IL- 12 

(200 ng/day x 5 days) beginnuig the day pnor to the secondary boost and for the next four 

days. This treatrnent course was repeated at the tertiary boost. Some mice were also treated 

with IL-12 between OVA boosts. Due to the numerous combinations evaluated in efforts to 

redirect estabiished type 2 responses by in vivo admlliistration of exogenous r L I 2 ,  schedules 

wiU be detailed in coordination with the results obtained by each approach. 



3.4 Trichinella spirdk extract preparation 

T. spiralis extract was prepared and provided by Dr. T. A. Dick, University of Manitoba, 

MB. Briefly, the extract was prepared as a whole lama homogenate, which was washed 

throughly and sterilely nItered (Wassom, 1988). Cytokine responses could be generated fiom 

the injection of 50 pg of extract in the absence of alum (i-p.). However, alum was required 

to generate Ab responses (data not shown). 

3.5 Anti-NK1.f treatment 

Anti-murine-NK 1.1 mAb (PK 13 6 obtained from ATCC, Rockville, MD) was produced in 

UPF media and concentrated by Centipep (Amicon). Mice immunized with OVA (alum) on 

day O were injected with 0.3 mg on day -1 and 1 (i-p.). Depletion of NK1.1+ cells by this 

protocol had been previously describeci (Koo, 1986) and was c o h e d  by cytotoxicity assay 

(perfonned by Cyndy EUison) and flow cytometry (Wang, 1998). 

3.6 Anti-ILI2 treatment 

Goat-anti-murine-IL-12 and normal goat IgG was kindiy provided by Drs. Fred Finkelrnan 

(üniversity of Cincinnati) and Maurice GateIy (Hofian LaRoche). Mice were injected with 

1 mg anti-IL12 (saline, i.p.) on days - 1 5, -7 and - 1 +/- OA-POL (80 ug/day) treatment (day 

-1 4, - 12, - 1 0). Mice were OVA (alum) imrnunized on day 0. 



3.7 Anti-IL10 treatment 

Anti-murine-IL10 mAb (SXC1 hybridoma, a kind gift fiom Dr. T. Mosmann, University of 

Alberta) was produced in UPF media and concentrated. Mice immunized with OVA (alurn) 

on day O were injected with 1.0 mg of mAb (i-p.) on day -2, -1, 0, 1, 3 and 6. 

4.0 Bleeding 

Mce were bled £?om the tail on days 0, 10 and 14 after primary immunization and 7 days after 

boosts to determine serurn immunoglobuh levels. IgE synthesis was generally assayed on 

day 10, the time of the peak primary response, while IgG isotypes were assayed on day 14, 

the time of peak IgG, and I g G  levels. Ail isotypes were exarnined 7 days after boosts. Mice 

were also bled between day O and 7 for determination of semm IFNy production. Mice were 

bled and analysed individually throughout. Sera were collected by centrifugation the day after 

bleeding and stored at -20 OC until needed. 

5.0 Antibody determinations 

5.1 Murine IgE 

OVA-specific IgE production was detenriined by 48 h passive cutaneous anaphylaxis (PCA) 

in female Sprague-Dawley rats (Ovary, 1986). Briefly, sera were serially diluted in saline as 

2 fold dilutions. Rats were injected intrademaliy with 0.1 ml of each dilution. Forty eight 

hours, later rats received an i.v. injection of 2 mg OA in Evan's blue dye. The PCA titer was 



assessed as the reciprocal of the last positive dilution (>3 mm diameter). Geometric means 

of duplicate or tripiicate analyses and SEM are presented. 

5.2 Murine total IgE 

Total serum IgE levels were determined by ELISA Bnefly, ELISA plates (Corning 25805, 

Corning Science Produas, Corning, NY) were coated overnight at 4OC with 1 &ml of rat 

anti-mouse IgE (Southern Biotechnology Associates, Inc., Birmingham, AL) in bicarbonate 

buffer (0.05 M, pH 9.6). Plates were blocked 45 min at 37OC with a 1 % BSA, 0.05% Tween 

20 solution and washed. Plates were washed in between all subsequent incubations. Eight 

2 fold diiutions of serurn samples (with beginning dilutions ranging fkom 1/50 to 1/1000), and 

the standard were incubated for 3 h at 37°C or ovemight at 4°C. Highly purified anti-DNP 

mouse IgE, prepared fkom B ce11 hybridoma 2682 (a gift of Dr. A. Froese, University of 

Manitoba) was used as the standard. Biotinylated epsilon specifk monoclonal rat anti-mouse 

IgE heavy chah (0.125 pglmi) (Serotec, UK) was added ovemight at 4OC or incubated for 

3 h at 37OC. Detection was by incubation with streptavidin conjugated alkaline phosphatase. 

A color reaction was produced by the addition of p-nitrophenyl phosphate (Sigma Chernical 

Co., OakMUe, Oh?. The reaction was aliowed to proceed for 1 hour before plates were read 

at O.DWg5 (Dynatech Instruments, Torrance, CA). This assay had a sensitivity of 1 ng/ml. 

For al1 ELISA'S the reading t h e  and Ab concentrations were optimized to give maximal 

sensitivity and accuracy. 



OVA-spdc murine IgG, and IgG, were detennined in subclass specific ELISA's. Bnefly, 

ELISA plates were coated with 20 &ml OVA in coating buffer. Eight 2 fold dilutions of 

senun samples and standards were incubated ovemight. OVA-specific IgG was detected with 

biotin conjugated goat anti-IgG, (0.2 pgM) or IgG, (0.1 pg/ml) (Southem B iotechnology 

Associates Inc., Birmingham, AL) followed by streptavidin conjugated alkaline phosphatase 

systern. The reaction was aliowed to proceed for 100 min before optical density (O.D.),,,, 

of the plates were rad. Titres were calculated as the reciprocal dilution yielding an O.D. of 

0.5 (a value chosen as it is weti within the linear portion of the standard curve) and 

normaiized against a poIyclonal rnurine anti-OVA standard mn in every assay. 

To determine total murine IgG, and IgG, ELISA plates were coated with sheep anti-mouse 

IgG (H+L) (Jackson lmmuno Research, Mississauga, ON) at 2 p g M  to capture rnouse IgG. 

ELISA'S were developed with either biotinylated goat anti-mouse IgG, (O. 1 pg/ml) or IgG, 

(0.2 pg/rnl) (Southern Biotechnology Associates Inc.) followed by streptavidin-alkaline 

phosphatase. A total IgG, standard was developed from B ce11 hybridoma PK136 (mouse 

IgGa and calibrated against purified rnouse IgG,, kappa W C  10) (Sigma Chernicd Co.). 

The IgG, standard was a p u d i e d  mouse IgG, anti-OVA mAb generated by Dr. G. Lang 

(Univ. of Manitoba, Winnipeg, MB).  It was calibrated against O.D.,,. The sensitivity of 

these assays was typically 0.5 ngM for IgG, and 0.1 ngh l  for IgG,. 

5.4 Murine anti-FCS 

Plates were coated with FCS at a 1/16 dilution in coating buffer. Mouse Ab in culture 



supernatants, diluted 8 x, were detected by biotinylated goat anti-mouse Ig followed by 

streptavidin-allcaline phosphatase. Results are expressed as titers; caiibrated as the reciprocal 

of the dilution with an O.D. of OS. 

5.5 Bovine Ig 

Plates were coated with 2 pg/ml of goat anti-bovine IgG, F(abt) fiagrnent specific (Jackson 

ImmunoResearch). Bovine Ig was detected by biotinylated goat anti-bovine IgG (H+L) (0.2 

pg/ml) (Jackson Irnrnuno- Research), foliowed by streptavidin-alkaline phosphatase. Results 

were calibrated against purified bovine gamma globulin (Jackson IrnmunoResearch). The 

detection lirnit was 0.15 pg/ml. 

5.6 Rat IgM 

Plates were coated with 5 p g h l  of goat anti-rat IgM. mAb preparations were titrated 8 x and 

caiiibrated aga& purifiai rat IgM (Chemicon, Temecula, CA). Rat rnAb was detected with 

1 p g h i  of alkaline phosphatase-conjugated goat anti-rat IgG and IgM (H + L) (Jackson 

ImmunoResearch). Detection limit was 1 -25 ng/rnl. 

6.0 Ce11 culture 

6.1 Preparation of spleen cens 

Mice were sacrificed and spleens were removed aseptically. Glass homogenizers were used 

to prepare single ceil suspensions in 5 % newbom calfsenim (Gibco-BRL Products), RPMI 



1640. Spleen ceUs were passed through nytex filters (B & SH Thompson & Co. Ltd, 

Scarborough, ON) to remove debris and centrifbged once for 4 min at 2000 rprn (300 g). 

Cells were resuspended in 10 % FCS. The nurnber of ce4ls was determined by counting in a 

hemocytometer d e r  dilution in trypan blue (0.4 %) and acetic acid (40 %) (Neplean, ON). 

6.2 Spleen ceii culture 

For bulk culture, celis were cultured at 7.5 x 10~cetIs/ml(2 dwel l )  alone or with OVA at 0.3 

or 1.0 mghl,  concanavalin A (Con A) (5 @ml) or plate-bound anti-CD3 mAb (145-2C11 

hybridoma, a gift of Dr. J. Bluestone, University) in 24 well plates (Cornhg Science Products, 

Rochester, NY) at 37°C in lO%FCS. On occasion, 48 weil plates with final volumes of 1 

dwe i l  were used. Ceiis fiom a minimum of two to four mice/group/time point were cultured 

and analysed independently. Cultures were harvested at 24, 48, 72 or 96 hours and stored 

at -20°C until cytokine analysis was performed. 

To determine IL42 p40 production spleen cells were cultured at 7.5 x 10~cells/rnl (0.2 

mVwell) alone or with OVA (0.3 or 1.0 mg/ml) or LPS (1, 10 or 100 ng/ml) (Sigma 

Chernicd Co.). CuItures were harvested at 18, 24, 36, 48 and 58 hrs. 

6.3 In vitro cytokine treatment 

rIL- 12 (1 00 pg/ml) and/or IL-2 (10 U/d)  were diluted in 10 % FCS/RPMI and added to 

some cultures as detailed at ResuIts. 



6.4 In vitro ce11 depletion 

Anti-CD4 mAb YTS 1 9 1.1 and GK 1.5 culture supernatant (grown in 1 0 % FCS/RPMI) was 

concentrateci 4 to 5 x. One part YTS 19 1.1 and one part GK1.5 were combined and filtered 

sterilized. This was added to culture at a dilution of 1/5, a titration previously found to block 

CD4 T cell dependent cytokine synthesis. 

6.5 Enrichment and culture of CD4 T cells 

Spleen ceil suspensions were panneci on goat anti-mouse Ig (500 pg/plate) coated petn plates 

to deplete adherent and sIg+ ceus. Nonadherent ceils were harvested and passed through a 

CD4 T ceil negative seleetion column (Biotex Laboratories Inc., Edmonton, AB), yielding 92 

to 96% CD4 positive celis with less than 0.7% contamination with B cells or CD8+ T cells 

as assessed by subsequent flow cytometry (Dr. Ed Rector, University of Manitoba). Culture 

was canied out using 106 responder ceils per 200 pl weIl, 3 x 1 O' irradiated naive spleen cells 

as a source of APC and 1 mglml of OVA in preference to polyclonal activators. 

6.6 Limiting dilution analysis &DA) 

Five days after final immunkation, mice were sacrifked. Enriched CD4 cells were senally 

diluted (40000 to 3 12 celldwell; 36 replicate wells per dilution) and cultured in round boaom 

96 well culture plates (Coming Science Products) with 3 x 1 o5 irradiated spleen ceUs (1 500 

rad.), 20 U/mi rIL-2 (Chiron Corporaiion, Seattle, WA) and OVA (1 mg/ml). Each plate also 

included 12 weils of irradiated naive spleen cells in the absence of responder ceiis as negative 

controls. To evaluate potential spontaneous cytokine production, duplicate cultures were 



established for high responder ce11 concentrations (10,000 to 40,000 celldweli) with IL2 in 

the absence of OVA Cultures were incubated 14 days at which tirne proliferation was 

visually detemined under low level magnification (10x). AU ceiis were then washed and 

restirnulated with fresh irradiated APC (3 x 10') and OVA (1 mg/mi). Supematants were 

harvested at 48 h and assayed for IFNy, I L I 0  and IL4 production In each assay, weiis were 

considered positive for cytokine production if the absorbance obtained in a given weU was 

more than three SD above the mean value obtained in wells containhg APC, rIL-2 and Ag 

in the absence of CD4 cells (negative control on each plate). 

6.7 Enrichment and culture of non-Bhon-T cells 

Non-Bhon-T populations were isolated by negative selection using a protocol based on that 

previously reported (Aoki, 1995). Briefly, spleen cells were depleted of red blood cells (with 

N'&Cl), incubated on ice with RTC-conjugated rat IgG, anti-mouse CD4, -CD8, a d o r  - 

CD19 (PharMuigen) were added directly to the appropriate weUs at final Ab concentrations 

of 1.5, 1.5 and 3 .O ughillion ceiis respectively. Control samples were incubated with FITC- 

conjugated rat anti-mouse IgG, at 1.5 ug/0.5 million cells (PharMingen). M e r  45 minutes 

at 4"C, cells were washed twice. The unstained cells were negatively selected by flow 

cytometry (Dr. Ed Rector). The resulting, negatively selected population contained less than 

5 % contaminating B and T ceUs. Culture of negatively selected non-Bhon-T celis was 

carried out under the same conditions in 200 pl wells using 500,000 flow cytometry selected 

celldwell, also in the presence of OVA. Culture supematants were harvested for analysis of 

IL-4, IFNg and IL-10 production at 24, 48 and 96 h respectively, tirne points previously 



found to correspond to maximum cytokine levels. 

7.0 Ce11 staining 

Spleen cells were stained to determine the impact of IL-12 administration on the proportion 

of different ce11 populations within the spleen. 5 x 10' spleen ceiis were added to round 

bottom wells, centrifiged and washed 2x in buffer (0.5% BSNPBS). FITC-conjugated rat 

IgG2, anti-mouse CD4, -CD8, -CD19 and control Ab (PharMïngen) were added as stated 

above. M e r  45 minutes at 4OC, cells were washed and fixed with 50 ul of padormaldehyde 

or analysed imrnediately @r. Ed Rector). The proportion of CD4, CD8 and CD 19 positive 

cells was determined. The proportion of non-Bhon-T ceiis was determined by subtraction. 

8.0 Murine cytokine determinations 

8.1 L 4  

IL4  levels were determined in an MTS assay using CT.4S cells (a kind gift of Dr. W. Paul, 

NIAID, NIH, Bethesda, MD) as previously described from supematants harvested at 24 h, 

unless othenvise indicated (Gieni, 1993b). Briefly, supernatants were titrated four times in 50 

ul of 10 % FCS. The laboratory standard (produced by injecting 10 % FCS into mice and 

culturing in 10 % FCS five days later) was calibrated against an rIL-4 standard (a gift f?om 

Dr. W. Paul). 7000 CTdS celldwelI were added and incubated at 37 OC for 24 hrs. MTS (3- 

(4,s -dimehtylthialzo1-2y~)-5-(3 -carbo[ 



Promega Corporation, Madison, WI; 1 mghi) ,  PMS (N-rnethyldibenzopyrazine methyl 

sulfate sait, Promega Corporation; 0.92 mgM) and FCS media were added together at a ratio 

of 1:0.005:2. Plates were incubated for an additional 18 hours and read at O.D.,g,,. 

Detection limits were typicaliy 0.5 U/ml for I L 4  

8.2 IFNy 

IFNy was captured with anti-IFNy mAb XMG 1.2 (a gifi of Dr. T. Mosrnann) coated at 3 

pg/ml and detected with biotinylated mAb R4-6A2 (Arnerican Type Culture Collection, 

RocMe,  ML) in conjunction with streptavidin-alkaline phosphatase. Biotinylated R4-6A2 

was made in house. Due to the variations between lots, the usage optimal dilution was 

determined for independent lots. IFNy standard (produced by stirnulating spleen cells in the 

presence of Con A and IL- 12) was calirateci against WHO-NIAID IFNy reagent Gg02-90 1 - 

533 (provided by Dr. C. Laughlin, NIAID, NIH, Bethesda, MD). Detection lirnits were 

typically 0.2 U/ml for m y .  

8.3 -10 

IL-IO was captured with anti-LlO mAb SXCl (3 &mi) and detected with biotinylated 

SXC2 @oth hybridomas a gift of Dr. T. Mosmann, biotinylated by Bill Stefura, University of 

Manitoba) in conjunction with streptavidin-alkaline phosphatase. Due to the variations 

between lots, the usage optimal dilution was d e t e d e d  for independent lots. An IL-10 

standard was produced by culturing spleen ceUs fiom rnice injected with 10 % FCS in 10 % 

FCS on day 5. Standards were calibrated against rIL-IO standard provided by Dr. T. 



Mosmann. The lower finit of detection was 0.5 U/mi. 

8.4 IL-5 

IL-5 was captured with anti-IL5 mAb (PharMugen) (0.5 pg/mI) and detected with 

biotinylated anti-IL-5 (PharMingen) (0.3 pg/ml) in conjunction with streptavidin-alkaline 

phosphatase. Sarnples were diluted 2 fold 4 tirnes and calculated against d - 5  standard 

(PharMingen). Detection k t  was 1 5 pg-ml. 

8.5 IL-13 

IL-1 3 was captured with anti-IL13 rnAb (PharMingen) (1 pgM) and detected with 

biotinylated anti-IL- 13 (PharMïngen) (0.5 @mi) in conjunction with streptavidin-alkaline 

phosphatase. Sarnples were diluted 2 fold 4 times and calculated against d- 13 standard 

(PharMïngen). Detection limit was typicaliy 5 pg/ml. 

8.6 IL12 p40 

IL-12 p70 was captureci with anti-IL12 p40/p70 mAb (PharMingen) (1  pglrnl) and detected 

with biotinylated anti-IL- 12 p40/p70 (PharMingen) (0.5 pg/rnl) in conjunction with 

streptavidin-aikaiine phosphatase. Samples were diluted 2 fold 4 tirnes and calculated against 

rmIL-12 standard (PharMingen). Detection limit was 30 pgM. 

9.0 Lipopolysaccharide determination 



The concentration of LPS in OVA was determined using the Limuius Amebocyte Lysate 

Pyrochrome Chromogenic Test Kit by Associates of Cape Cod, Inc. (Woods Hole, MA). 

Detection limit 0.0005 ng/ml LPS. 

10.0 Statistical analysis 

For each ELISA assay descnbed, data were obtained fiom a titration of at le& four dilutions 

against the standard curve m in every assay. OVA-specific IgE data were log, transformed 

and analysed as geometric means. Generaily, the comparison of two means was determined 

by unpaired two-tailed Student's t-test . The exception was that outbred (CD 1) mice required 

evaluation by a non-parametnc test (Mann-Whitney U) for Ab and serum m g  levels. To 

compare multiple means, ANOVA and Tukey's tests were performed. Estimates of the 

precursor fiequency of CD4 T cells reactive to OVA were obtained by both the maximum 

Wceiihood and minimum x2 methods based on the Poisson distribution relationship between 

the number of responding ceUs and the logarithm of the fiaction of negative cultures. 

Sofhuare was generously provided by Dr. C. Orosz (Ohio State Univ., Columbus, USA). The 

results obtained were simiiar usuig either method. Maximum likelihood results are presented. 



IV. Results 

1.0 Introduction 

The primary focus of this thesis is to examine cytokine regdation of humoral responses within 

the context of immediate hypersensitivity. Immunization of C57BV6 with Iow doses of OVA 

in the presence of alum is a murine model which generates characteristic immediate 

hypersensitivity associated responses (strong Ag-specifk IgE levels, low Ag-specific IgGd. 

2.0 Production of depleting monoclonal antibodies for in vivo use 

In this study, various mouse specifk mAb were required for in vivo depletion of either 

cytokines or ceiis. mAb used were grown in the lab fiom hybndomas. Onginally mAb were 

grown in 10% FCS and Biopilot purified. The Biopilot system separates proteins based on 

ionic charge and molecular weight. This procedure worked well when we used depleting 

mAb to examine the impact these depletions had on serum Ab levels in acute studies. 

However, we became increasingly interested on the impact in vivo neutralization of ceIis or 

cytokines with depleting rnAb had on spleen ce11 cytokine production. In these studies, it 

becarne apparent that cultures fiom rnice injected with either Biopilot puritied, or raw culture 

supernatant preparations of mAb, produced spontaneous and substantid non-OVA dnven 

IL10 and IL4 upon in vitro dture of spleen ceils in FCS containhg media (Table 1). This 

was seen to be independent of which rnAb isotype was injected or its relevance to the mouse 



Table 1. Raw and Biopilot purXed mAb tissue culture supernatant causes spontaneous 
cytokine production 

Exp. Treatment" IL- 1 O (U/ml)' 

NoOA 1 OA 1 NO OA 

Rat IgG2b anti-mouse CD4 H l Bpb 

Mouse IgGl anti-human 
MHC II BPc 

Mouse IgGl anti-human 
MHC II TCc 

II 1 Mouse IgE anti-DNP BPc 

Rat IgM anti-mouse IL- 1 O 1 BPc 

Rat IgM anti-mouse IL- 10 
B P ~  

'Mice were immunized with 2.0 pg OVA (alum) on d. O. Mice were either injected with mAb 
preparations TC or BP on days -2 and O or ' -1 and 1. TC and BP mAb preparations were 
made as follows: B ceU hybndomas were grown in 10 % FCS media until they reached 20 
% viability. Supematants were harvested and fiozen until analysis as raw tissue culture 
supematants (TC) or purified and concentrated by Biopilot system (BP). 
Some rnice were also treated with mAb (on days -1 and 1) in the absence of OVA (aium) 

imrnunization. 
'On day five mice were sacrificed and spleen ceUs were cultured in the presence and absence 
of OVA Supernatants were harvested at 24 and 96 h for IL-4 and IL10 determination 
respectively. Means (n = 2 or 4 mice) are shown. 



system indicating that the cytokine production observed (in the absence of OVA stimulation) 

was due to a cornmon comaminant in the Ab preparations. IFNy (data not shown) was also 

spontaneously produced, but at much lower levels (refer to Table 3). Therefore, we 

hypothesized that in addition to injecting the rnAb of interest, we were also sensitizing mice 

to bovine Ig c o - p d e d  (accordhg to ionic charge and molecuiar weight) in the &al antibody 

preparation. When spleen tels were subsequently cultured in vitro, they reacted against 

bovine Ig in the FCS media- 

To prevent non-specific cytokine production after mAb treatment and in vitro culture in FCS 

containing media, mAb were produced in UPF media UPF is a protein fiee media containing 

a nch cocktail of amino acids. Spleen ce11 culture supernatants f?om mice injected with rnAb 

purified on the Biopilot and fiom UPF preparations were tested to see if they contained 

mouse Ab against FCS containing media. While neither the supematants from mice that 

received nothing or UPF produced mAb generated a detectable response against FCS, 

Biopilot p&ed mAb had mouse-anti-bovine titres of approximately 150 (Fig 1). This was 

independent of whether the cultures were stimulated with OVA or not. 

The bovine Ig cciitent of Ab tissue culture supernatant, Biopilot and UPF preparations were 

assayed (Table 2). The relative percentage of bovine Ig was the same in the mAb tissue 

culture preparaiion and the Biopilot preparation. However, bovine Ig was not detected in the 

CTPF produced mAb (detection limit 1 pg/rnl). 



ln Vivo 
Treatment: 

Naive BP UPF Naive BP UPF 

In Vitro OVA- 
Stimulation: 

Figure 1. Injection of Ab preparation contaminated with FCS results in mouse anti-FCS 
responses upon culture o f  spleen cells in 10% FCS media. Immunized ( d. O) rnice were 
treated on d. -1 and 1 with nothing, Ab (anti-IL-10) BP preparation or Ab UPF preparation 
as per Table 1. Mice were sacrificed on d. 5. Spleen cells (15 million/2 ml) were stimulated 
in the presence and absence of OVA (1 mghi) .  Supernatants were harvested on day 4 and 
analped for mouse IgG, anti-FCS by ELISA Means SEM (n = 4 mice) are shown. 



Table 2. Bovine Ig is not present in UPF antibody preparation 

mAb Rat IgM Bovine Ig I Bovine Ig in 
preparationa mAb preparation 

rnAb UPF 

a rnAb (rat IgM anti-mouse-IL-l 0) was prepared fkom B ceU hybridoma (SXC-I) 
cultures. TC and BP preparations were made as stated in Table 1. UPF preparation 
was made as follows: B cell hybridoma was grown up in 10 % FCS until cells had 
reached a concentration of 200,000 to 400,000 ceildml. Celis were washed 2 times 
in RPMi (to remove FCS) and traflsfmed into UPF media. Once ceUs reached 20 % 
viability, supernatants were harvested and concentrated (approxirnately 100 fold) in 
pressure chamber (100, 000 d cut off). 
b Rat IgM and bovine Ig concentrations were detemiuied by ELISA. The percent of 
bovine Ig was calculated as (bovine Ig)/(rat IgM + bovine Ig). 



Table 3. rnAb UPF supernatant does not induce spontaneous cytokine expression 

In vivo treatmenta 

mAb UPF 

In vitro stimulation and cytokine 
production 

NoOA 1 OA 

'Mice were immunized with 2.0 pg OVA (alum) on d. O and treated on d . 4  and d. 
1 with mAb preparations as indicated. The mAb preparations are from an anti-IL-1 O 
hybridoma. At this dose anti-ll-10 did not affect Ab responses. Refer to Tables 1 
and 2 for description. On day five, mice were sacnficed and spleen ceils were 
cultured in the presence and absence of OVA. Supematants were harvested and 
cytokine production was determined. Means (n = 3 mice) are shown. 



To determine whether the injection of mAb grown in UPF media would induce bovine specific 

Immunological eEects in vitro, mice were injected with mAb grown in UPF or 10 % FCS. 

It was evident that injection with W b  grown in UPF, unlike rnAb produced in 10 % FCS, 

did not stimulate cytokine production fiom spleen celis in the absence of in vitro Ag when 

cultured in 10 % FCS (Table 3). 

CollectiveIy, this argues that bovine Ig is CO-purified with the hybridoma Ig when it is grown 

in FCS media and Biopilot purlfied. Contaminating bovine proteins injected into rnice prime 

lymphatic ceils, such that when they are cultured in FCS containing media they are stimulated 

to produce cytokines and Ab. Preparing mAb in UPF media, in the absence of bovine 

proteins, eliminates this problem. 

3.0 Alum alone did not induce IgE synthesis 

It has been dernonstrated in Our lab, and in others, that alum is required for the induction of 

substantive exogenous Ag-specific IgE responses upon protein immunkation (unpublished 

observations). However, to assess concems that alum might contribute non-specincdy to 

IgE production, rnice were injected with OVA (alum), dum alone or nothing. OVA (alum) 

immunization produced s e m  Ag-specific IgE titers and total IgE levels as previously. Sera 

fkom mice injected with alum alone or nothing, had undetectable levels of Ag-specific IgE 

(data not shown). Likewise, total s e m  IgE production fiom these cohorts were comparable 

(Fig. 2) and did not increase following injection of alum alone. This implies that the majority 



NMS OVA (alum) alum 

Figure 2. Alum alone does not induce n o n s p d c  IgE responses. Mice were immunized with 
2 pg OVA (2 mg alum), or 2 mg alum. Normal mouse sera (NMS) was also evaiuated. Mice 
were bled 10 days after immunkation for determination of IgE production. Means * SEM 
(n = 8 rnice) are shown. 



IgE produced upon immunization with OVA in alum is OVA-specific and that the presence 

of adjuvant does not result in detectable non-OVA specific IgE synthesis. 

This is supported by a correlation value of r = 0.84 between Ag-specifïc and total IgE 

production (Fig. 3). Mice were immunized and treated under a variety of immunkation 

conditions yieidiing (Ag-specific) PCA titres ranging fiom 1 0 to  8000. The strong correlation 

between Ag-specific IgE and total IgE strongly argues that the  total IgE observed upon 

protein imrnunization with alum is predominately Ag-specific IgE. In contrast, Ag-specific 

and total IgG, production was not correlated (r = 0.26). 

Together this data indicates that while alum is required for the generation of measurable IgE 

responses, it does not does result in substantial polyclonal IgE production. 

4.0 Exogenous rIL-12 enhanced IFNy production in vitro 

IL-12 is a strong promoter of type 1 associated irnmunity in vitro as demonstrated by the 

induction of IFNy synthesis f?om naive T cds,  primed CD4 T ceils, Th1 clones and M< ceils. 

We wanted to confimi the capacity of L-12 to enhance IFNy production in Our in vitro 

culture systems. Naive and OVA (alum) irnmunized mice were sacrificed. Spleen cells were 

stimulated in vitro in the presence and absence of OVA and CO-culhired with rIL-12, rIL-2, 

or IL,- 12 and IL-2 together. Supematants were anaiyzed for changes in IFNy, IL-1 O and IL4 

synthesis. 



1 O' 

1 oO 

1 O-' 

1 o1 1 02 I o3 
Ag-specific IgE (PCA Titer) 

1 0-1 1 oO I o1 I O* I o3 
Ag-specific IgG,, (ELISA Titer) 

Figure 3.  Ag-specinc and total IgE synthesis is highiy correlated upon OVA (alum) 
immunization. Mice were irnmunized under a variety of conditions to ensure a broad range 
of Ag-specific IgE production. Mice (n = 24 rnice; 48 sarnples) were bled on days 10 and 3 5 
for determination of total and Ag-specific IgE and IgG, Ievels. 



Naive ceils (Fig. 4) shulated with media alone or OVA alone, and prirned celis (Fig. 5) 

stimulated with media alone, produced negligible amounts of IL-4, IFNy and IL-10. OVA 

stimulated cultures from primed ceils exhibited typical IL4 LFNy and IL-IO levels. The 

addition of IL-12 to culture greatly elevated IFNy production regardless of whether ceils had 

been primed in vivo or in vitro stimulated. IL2 alone did not impact cytokine secretion, but 

consistently enhanced the capacity of IL-12 to elevate IFNy synthesis. 

Aside fiorn slightly enhanced IL-10 production by naive cells in the absence of Ag, IL42 did 

not affect L I  O or IL4 synthesis when added to cultures. 

Taken together, these data indicate that exogenous IL-12 can enhance IFNy production fiom 

spleen cells regardless of irnmunization or in vitro Ag-stimulation. This aiso demonstrates 

that IL-12 c m  pronote type 1 immunity in populations that are prirned to produce a type 2 

dorninated cytokine response by greatly elevating E N y  production. 

5.0 In vivo rIL-12 administration, in the absence of irnmunization, did not alter Ag- 

dnven cytokine production 

Prior to assessing the therapeutic utility of IL-12, we wanted to first evaluate the impact of 

IL-12 treatment in vivo on serurn ENy, splenomegaly and OVA stimulated spleen ce1 culture 

in the absence of irnmunization. As described above, in vitro addition of exogenous IL12 

prominently elevated IFNy production in an Ag-independent manner. In addition, previous 



/) O No cytokine 

OVA- 

Figure 4. In vitro addition of exogenous IL12 enhances IFNy synthesis from naive spleen 
ceiis. Spleen ceus nom naive mice were cultured (15 million ceiid2 ml) with and without 1 
m g h i  of OVA No exogenous cytokine or IL-2 (10 U/d)  andlor IL12 (100 pg/rnl) were 
added to the cultures. Supematants were harvested at 24,48 and 96 h for analysis of IL-4, 
IFNy and IL-IO production respectively. Means SEM (n = 3 rnice) from one representative 
experiment of two are shown. Signdïcant dserences to vaiues from cultures without 
exogenous cytokine added are indicated i, values <O. OS', and 0.005"). 



No cytokine 

11-2 

IL-12 

I IL-2 + 11-12 

OVA- OVA+ 

Figure 5. In vitro addition of exogenous IL12 to spleen cells nom immunized mice enhances 
IFNy synthesis but fails to influence OVA-specific IL4 or IL10 synîhesis. Mice were 
immunized with 2 pg OVA (alum). Five days later spleen ceiis were cultured with and 
without OVA (1 mghi) .  No exogenous cytokine or IL2 (10 U/d) andor IL-12 (100 
p g / d )  were added to the cultures. Means * SEM fiom eight experiments are show. 
SigniGcant dserences to values fiom cultures without exogenous cytokine added are 
indicated @ values <O.OS*, 0.001" and 0.000 l"3. 



reports observed that IL-12, adrninistered in vivo at high doses (1000 nghjection x 5 

injections), caused detrimental side effects including splenornegaly and abnormal CD3- and 

B220- cellular proliferation (McKnight, 1994; RyEel, 1997). 

Naive mice were treated with IL- 12 and bled to detennine the impact of IL- 12 administration 

on serum IFNy levels (Fig. 6).  In the absence oc and pnor to, IL12 treatment, mice had 

undetectable serum LFNy levels. Mice treated with IL42 generated heightened IFNy 

synthesis (12 U/ml compared to €1 U/ml in untreated mice). When IL- 12 administration was 

stopped these values feil rapidly. By day 6 (2 days after the last IL-12 injection) the serum 

IFNy levels in IL-12 treated mice were not significantly dEerent fiom those seen in untreated 

mice. IL-12 treatment also caused enlarged spleens (determined by ce11 counts), c o n m g  

earlier reports that IL-12 caused proliferation of spleen ceus (Fig 7). We did not examine the 

impact of IL-12 at 1000 ng/ml(5 x) reported in most literature, since a large portion of mice 

treated with this dose died in preliminary experiments. 

Important for our investigations, however, was the finding that in vivo IL12 treatment of 

non-immunized mice did not induce cytokine production in media or Ag-stirnulated spleen 

ce11 culture (data not shown). This argued that the evaluation of Ag-driven cytokine 

production by spleen cells fkom immunized/I1-12 treated mice reflected the innuence of IL-12 

on spleen cell cytokine response to OVA imrnunization and not a generaiized alteration of 

cytokine responses following IL- 12 treatment. 



Day 2 Day 4 Day 6 

Figure 6. In vivo treatment with rIL-12 enhances serum m g  in naive mice. Mice were 
treated with O, (O), 100 @), 200 ([XI) or 400 (a) ng/day of L I 2  i.p.in 0.5 % NMS/saline. 
Treatments were given on days O to 4. Mice were bled on indicated days. Mean semm IFNy 
levels (* SEM) (n = 4 mice) are shown. Significant differences compared to untreated 
cohorts are indicated @ values <0.05', and 0.005"). 



Figure 7. In vivo IL-12 administration causes spleen enlargement. Naive rnice were treated 
with 0, (O), 100 (m), 200 (B) or 400 (a) ng/day of IL42 i.p.in 0.5 % NMS/saline. 
Treatrnents were given on days O to 4. Mice were sacnficed on day 7. Mean spleen counts 
(* SEM ) (n = 2) h m  one representative experirnent are shown. 



Therefore, whiie IL- 12 administration (in the absence of immunization) increased serurn IFNy 

production, Ag-driven cytokine synthesis by spleen cells in the absence of immunkation was 

not detectably innuenced by IL- 12 treatrnents under any of the conditions exarnined. 

6.0 In vivo administration of rIL12, simultaneous with immunization, profoundly, but 

transienîly, induced type 1-like cytokine and antibody wponses 

6.1 In vivo administration of r-12 inhibited primary, but not secondary, IgE 

responses 

We hypothesized that IL-12 administration at primary irnmunization would be able to redirea 

the Ag-specific type 2 Ab production normdy associated with OVA (alum) irnrnunization 

(high IgE, low I g G d  to a type I dominated profile (low IgE, high IgGd. To assess the 

arnoum of IL-12 required to inhibit IgE production, prelirninary experhents were performed 

utilizing 0, 20, 100, 200 and 400 nginjection of IL-12 (Table 4). Mice were bled for 

evaluation of serum IgE and IgG levels. A dose dependent capacity to inhibit IgE production 

was seen with 100, 200, and 400 ng/injection yielding similar inhibition of IgE production. 

In an effort to minimize side effects, we decided to continue our investigations using 200 ng 

of IL- 12 per injection. 

The true ut%@ of an adjuvant is detemllned by its capacity to induce the desired long term 

immunological response towards a given stimulus. Thus, we evaluated the capacity of L I 2  

to maintain IgE suppression upon subsequent Ag-exposure. Mice were OVA (alum) 



Table 4. IL-12 inhibits pnrnary IgE production. 

1 IL- i 2 (ng/day)' 

' Mice were h u n i z e d  with 2.0 pg OVA (alum) on day O and treated with IL- 12 fiom days 
-1 to 3 inclusive. On day 10 mice were bled for Ab detedation. Geometric means SEM 
(n = 3 mice) fiom one representative experiment are shown. 

Ag-spec5c 
IgE 
(PCA Titer) 

O 

2080 * 82 

20 

836 180 

100 

20 * 24 

200 

12*2 

400 

1 O k O  



immunized and treated with O or 200 ng of IL-12, then OVA boosted at 4 week intervais in 

the absence of additional IL-12. As previously, administration of IL- 12 at 200 ng/day (x 5 

d.) resulted in h a 1  abolition of prirnary Ag-specific IgE responses (Table 4, Fig. 8). Ag- 

sp&c I g G ,  production was aihanced 1 7-fold. However, in spit e of the extrerne inhibition 

rIL-12 treatment had on primary Ab responses, over eight independent experiments secondary 

and tertiary IgE responses did not d s e r  from untreated animais. IgG, production remained 

somewhat enhanced. 

Therefore, given together with primary Vnmunization, rIL-12 can redirect an inherently type 

2 Ab response to a type 1 direction both by inhibithg type 2 associated Ab production and 

elevating type 1 associated Ab synthesis. Notwithstanding the capacity of IL-1 2 to inhibit IgE 

synthesis by > 99 % shortly after administration, exogenous IL-12 was not capable of 

inducing Ag-specific memory required to sustain that inhibition upon re-exposure to the 

sensitiring Ag. 

6.2 Exogenous IL42 administration transiently enhanced serum IF'Ny production in 

immunized mice 

Cytokines have a large influence on humoral responses. IL-12 treatment in the absence of 

prirning/iiunization enhanced IFNy production in vitro and in vivo. We examined changes 

in IL12 indu& lFNy production in i m m W  rnice to deterrnine cytokine responses which 

may be responsible for the changes we observed in Ab production. 



Pnmary Semndary Tertiary 

Figure 8. In vivo administration of rIL- 12 profoundiy, but transiently, inhibits Ag-specific IgE 
synthesis while enhancing IgG, production. IL42 was administered at O (O), or 200 ng/day 
(m) for five days beginning the day pnor to primary OVA immunization. Mice were bled on 
day 10 and 14 for determination of Ag-specific IgE and IgG's respectively. Mice were 
boosted on day 28 and 56 and bled 7 days d e r  each boost. Geometric means (IgE) or means 
(IgG,, IgGd SEM of eight experiments are shown. Significant dinerences @<0.05', 
0.001" and 0.0001"> fiom the imrnunized untreated control are indicated. 



To examuie serum IFNy, mice were OVA immunized and treated with O or 200 ng/day of IL- 

12 and bled (Fig. 9). S e m  IFNy production peaked on the last day of IL- 12 administration 

and dropped in its absence, such that by day 7 levels retumed to nomal. The intensity and 

kinetics of s e m  lFNy levels of OVA-imm-12 treated mice was very similar to that 

of non-immunized/Il- 12 treated mice. 

This suggested that IL-12 driven s e m  ENy production in immunized mice was independent 

of adaptive immunity, uivolving innate immune mechanisms. 

6.3 Treatment with rIL-12 induced early Ag-driven IFNy synthesis 

Secondly, we examined the impact of exogenous IL42 treatment on short-term, Ag-dnven, 

spleen cell culture cytokine production from imrnunized mice. OVA immunized rnice were 

injected with O or 200 ng/day of IL-12 beginning one day pnor to OVA irnrnunization and 

sacrificeci. Spleen cells were stimulate. in the presence and absence of OVA IL-4, IL- 1 O and 

IFNy were inhibited in IL12 treated mice (Fig. 10). Considering the propensity of IL-12 to 

induce IMy, the depressed Ag-stimulated IFNy synthesis was surprising. Shce IL- 12 

induced highly transient semm IFNy production, we carried out a detailed experiment, 

sacrificing rnice 1, 3, and 5 days after immunization, to determine the time course of Ag- 

dnven F N y  production after IL42 treatment (Fig. 11). IL-10 and IL4 were not detected 

in cultures fiom either treated or untreated mice on days 1 and 3 (data not shown). In 

addition, IFNy nom imunized/meated rnïce could not be observed until day 5. In marked 

contras, E'Ny production in OVA immunized/IL-12 treated mice was strongly elevated by 



Day 1 Day 3 Day 5 Day 7 

Figure 9. rIL-12 transiently elicits intense semm IFNy production in irnmunized mice. Mïce 
were irnmunized with 2 pg of OVA (alurn). IL-12 was administered at O (O) or 200 ng/day 
(H) fiom days -1 to 3. Mean serum lFNy values (* SEM) observed in nine experiments are 
shown. Sigdicant CiifFerences @-=0.05' and 0.0001") from the imrnunized untreated control 
are indicated. 
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Figure 10. rIL- 12 inhibits peak primary Ag-dependent cytokine production. IL-1 2 was 
administered, at O (O) or 200 ng/day (m), for 5 days beginning the day prior to 2 pg OVA 
(alum) irnrnunization. Mice were samifïced 5 days after immunization. Spleen ceils were 
cultured (15 miUion celld2 ml) with or without OVA (1 mghl) .  Supematants were 
harvested for analysis of IL-4 (24 h), FNy (48 h), and IL10 (96 h). Means * SEM of 4 
experiments are shown. Significant differences @<O.OS', 0.0 1" and 0.0001 "') fiom the 
immunized, untreated control are indicated. 



DAY 1 DAY 3 DAY 5 

Figure 1 1 .  in vivo administration of IL-1 2 transiently enhances IFNy production by spleen 
ceiis. Mice were imrnunized with 2 pg OVA (alum) on day 0. IL-12 was admuiistered i.p. 
days -1 to 3 at O (O) or 200 ng/day (H). Mice were sacrificecl and spleen celIs cultured on 
the indicated days. Supemants were harvested at 48 hr. The means * SEM of three mice 
within one representative eqeriment of two are shown. Significant differences w0.05' and 
0.00 1 ") from the imrnunized, untreated control are indicated. 



on day 1 and was significantly lower than that of mice imrnunized in the absence of IL-1 2 by 

day 5. 

Therefore, Ag-dnven spleen ce11 FNy production in response to IL- 12 administration peaked 

4 days prior to the height of OVA-spec5c CD4 T ceU-rnediated cytokine response. This 

suggested the participation of innate mechanisms such as NK ceiis. 

6.4 IL12 induced IFNy production was largely NK ceil, not CD4 T ceil, derived 

Since IL-12 is known to promote IFNy production fkom NK ceiis, we examined the 

possibility that NK1.1+ ceUs rnay be contributing to the induction of type 1 responses upon 

IL42 treatment. NK1.1+ cells were depleted in vivo with anti-NK1.1 mAb simultaneously 

with IL-12 administration. In IL-12 treated mice, NK1.l depletion eliminated approximately 

50 % of the serum E N y  response (Fig. 12) and 80% of the IFNy production observed in 

culture- 

IL42 is clearly important in T celi activation in vitro. Hence, we also assessed - ,  the impact 

of in vivo DL-12 administration on OVA-specinc CD4 T celi IFNy production by limiting 

dilution analysis and buk culture of CD4-emiched spleen cell populations. Although 

decreased la-4 was observed between OVA-immunized and OVA-immunizedLL- 12 treated 

mice in short t m  Ag-driven culture, this was not significant due to a high standard error (n 

= 3 experiments). W~th more experiments this result may have been more significant. L l  O 

and IFNy were unaffected (Fig. 13). In limiting dilution analysis the precursor firequency of 



Figure 12. NK ceiis contribute to the elevation of IFNy production foUowing IL-12 
treatrnent. L 1 2  was administered i-p. fiom the day pnor to OVA (alum) immunization and 
for the next 4 days at O (O) or 200 ng (U). Anti-NK 1.1 mAb was given at 300 pg i.p. the 
day prior to and the day d e r  immunkation in mice treated wiîh IL-12 (0). This dose 
depletes M( ceus within 18 hrs for a minimum of 7 days as determined by cytotoxicity assays 
and flow cytometry (Rempel, 1997). Mean (& SEM) IFNy responses in serum obtained at 
day 3 d e r  irnmunization (panel A) and day 1 after establisbing spleen ceU cultures (panel B) 
fiom one experiment of three performed are shown. Sigrilficant Merences between IL-12 
treatment and IL-12 + anti-NK treatments Q ~ 0 . 0 5 3  are indicated. 





cellular proliferation did not d a e r  signincantly between treated and untreated rnice (1 in 

11,900 vs 1 Li 16,600 and 1 in 5,900 vs 1 in 8,900 respectively; in both experiments p > 

0.05). A decrease in the fiequency of CD4 T cells producing IL- 1 O @ < 0.05) was observed 

in two out of three experirnents. Most importantly, in three independent experiments IL-12 

administration did not increase the frequency of CD4 T cells producing IF'Ny or decrease the 

frequency of CD4 T ceus producing I L 4  (Table 5). The lack of decrease in the fiequency 

of IL4 producing CD4 T cells rnay suggest that the difference in E-4 production seen in 

short term culture is actuaily not biologicdy significant. Altematively, it may indicate that 

E-12 decreased the amount of IL4 produced by CD4 T celis, without altering the number 

of cells capable of producing I L 4  This would support the idea that exogenous IL-12 

administration induces a transient effect, without long term alteration of adaptive responses. 

Thus, whiie some decreases in CD4 T cell type 2 cytokine responses were observed in IL12 

treated mice, the great majority of increased I M y  production was attnbuted to the impact 

of IL- 12 on NK cells, 

6.5 L l 2  activation of NK ceiis contributed to suppressed IgE production 

To v e m  whether IL42 induction of NK ceU IFNy production directly irnpacted IgE 

synthesis, Unmunized mice were treated with anti-NK1.1 mAb, IL12 or anti-NK1.1 mAb plus 

IL- 12. While IgE levels foiiowing IL- 12 treatment were undetectable, anti-NK1.1 mAb 

almost fully reversed this inhibition (Fig. 14). 



Table 5. E-12 does not substantiaily alter the frequency of CD4+ ceils producing IFNy or 

Cyt O kine Frequency 
cells/107 (95% confidence lirnits) 

OVA OVA + rL-12 

- 

Ratio 
OVA: 

OVA + IL-12 

' IL12 (1 00 ng) or saline was administered (i-p. for 5 days) beginning one day prior to OVA 
irnrnunization (2.0 ~g in aium). Five days later spleen ceus were highly e ~ c h e d  for CD4+ 
ceils and cultured using 40,000 to 3 12 ceUs/weU in the presence of IL-2 (20 U/ml), OVA (1 
mg/mi) and irradiated naive -4PC. Cultures were restimulated with 0V.4 (1 mg/ml) in the 
absence of I L 2  two weeks later and harveaed at 48 hours. The frequency of cells 
proliferating in response to OVA (see text) or producing the indicated cytokines in these 
limiting dilution analyses was caiculated as descnbed in Materials and Methods. 



Figure 14. The capacity of exogenous IL-12 to inhibit semm IgE is reversed by anti-NK1.1 
treatment. Mice were immunized with 2.0 pg of OVA (alum). IL-12 was admlliistered i.p. 
fiom the day prior to immunization and for the next 4 days at O (O) or 200 ng (m). Anti-NK 
1.1  rnAb was given at 300 pg i.p. the day prior to and the day after immunkation in mice 
treated with IL42 (a). Mice were bled on day 10 for analysis of Ag-specific and total IgE 
Ievels. Means (n = 2 rnice; 1 of 1 experiment) are shown. 



In summary, this examination of the adjuvant potential of IL42 strongly argues that IL-12 

administration can elicit intense type 1 antibody and cytokine responses in OVA immunized 

mice. However, these responses are short-lived since they are apparently driven by IL-12 

induced NK ceil IFNy production, without effective alteration of CD4 T cell funaion. As a 

result, the data calls into question the ability of IL-12 to be a suitable adjuvant for the 

redirection of humoral responses as it does not elicit the long term skewing of isotype 

production in response to soluble protein Ag. 

7.0 The faifure of exogenous rILl2 to inhibit established IgE responses was associated 

with enhanced IL-4 production by non-Bhon-T cells 

7.1 a l 2  administration in mice with established IgE responses greatly enhanced 

antigen-specific IgG,, 

Sïmultaneous with o u  attempt to determine the adjuvant potentiai of IL-12, we investigated 

the therapeutic benefit of IL- 12 in mice with established IgE responses. C57BV6 mice were 

immunized with 0.2 pg or 2.0 pg of OVA in the absence of IL12 and boosted in the presence 

of IL-12 (Table 6 and 7). To investigate ifresponses were strain dependent, outbred CD1 

mice were similarly treated (Table 8). To d o w  for direct cornparison, resuits fkom both 

strains of mice were analyzed by Mann-Whitney, a non-parameûic test. Independent of the 

approach selected, IL-12 administration consistently failed to inhibit recail OVA-specific IgE 

synthesis. Total serum IgE Ievels were parallel between treated and untreated CD1 mice, and 

were in fact increased two to three fold in C57BV6 rnice. Most striking, Ag-specific IgG, 



Table 6. Immunization and treatment schedules for assessing the impact of L 1 2  treatment 
on established type 2 humoral responses in C57BV6 mice. 

' C57BV6 mice were imrnunized with either 0.2 or 2.0 pg of OVA (alum) and treated with 
200 ng of IL-12 as indicated. Mice were bled five days after final boon for Ab analysis 
(results in Table 7). 
b D a y ~  f i er  prirnary immunization (d. O). 
' Day afier prirnary immunization representing the first day of a five day IL- 12 treatment 
course. 



Table 7. I L 1 2  administration given during estabiished type 2 responses enhances OVA- 
specific IgG, in C57BY6 mice, but fails to inhibit Ag-specific or total IgE production upon 
Ag re-exposure. 

~b Isotype I 0.2 pg OVA" I 2.0 pg OVA 

IL- 12 (ng/day) IL- 12 (ng/day) 
1 f 

O I 200 I O 200 
I 

Il@ SpecSc 0 0  5000 4000 
(PCA titer) 

a C57BV6 mice were imrnunized and treated as stated in Table 6 .  Seven days d e r  the final 
boost mice were bled for OVA-specific and total Ab analysis. Medians are shown. 
Significant dBerences fiom the immunized, untreated mice are indicated (Mann Whitney: 
pc0.05*, O.OOS**, and 0.0005*** ). 



Table 8. IL42 administration given during established type 2 responses enhances OVA- 
specific IgG, in CD 1 outbred mice, but faiis to inhibit Ag-specific IgE production upon 
Ag re-exposure. 

Isotype 

Specific 
(PCA titer) 

Total 
(pg/mk") 

S pecific 
(ELISA titer) 

Specific 
(ELISA titer) 

Total 
cwml )  

0.2 pg OVAa 1 2.0 pg OVA 

IL- 1 2 (ndd ay) 1 IL- 12 (ng/day) 

' CD1 mice were hun ized with 0.2 or 2.0 pg of OVA (alum) on days O and 3 1. IL42 was 
administered nom days 3 0 to 34. Mice were bled seven days after final boost for Ab anaiysis. 
Medians are show.  Significant differences fkom the immunized, untreated mice (n = 10) are 
indicated (Mann Whitney: pcO.05 *, 0.0 1 * *). 



synthesis was elevated 10-50 fold in both strains. 

Therefore, IL12 administration in mice with estabiished IgE responses selectively enhanced 

the Ag- spdc  component of the type 1 humoral responses without geatly a l t e ~ g  the type 

2 Ab responses. 

7.2 rK-12 treatment of immunized mice strongly elevated IFNy levels 

IL-12 strongly elevated Ag-specific IgG, production. Thus we expected elevated IFNy 

synthesis since IFNy is the switch factor for IgG, production. Administration of rIL-12 in 

previously irnmunized rnice induced semm IFNy up to 77 and 105 Ulm1 in C57BV6 and 

outbred mice strains respectively (Fig 15). Where IFNy levels peaked at day 4-5 and retumed 

to pre-immunkation levels by day 7 (<3 U/ml, data not shown) following OVA booster 

immunization. 

Similarly, when cohons were sacrificed at day 5 d e r  OVA boost, spleen ce11 cytokine 

analysis revealed that Ag-dnven IFNy production was elevated approximately 13 fold in 

OVA boostedlll-12 treated animals (Fig. 16). 

Thus, as in primas, Ab and cytokine responses following in vivo IL-12 administration, 

administration of rIL-12 to mice with well estabiished type 2 responses led to elevated IgG, 

and ENy production. 



Day 1 Day 3 Day 5 

Day O Day 2 Day 4 

0.2 ug OVA 

Day 1 Day 3 Day 5 

Oay O Day 2 Day 4 

2.0 ug OVA 

Figure 15. rIL-12 enhances serum IFNg in mice with ongoing IgE responses. Mice were treated with O (O) or 200 ng/day ((.) of IL-12 
(x 5 times) starting the day prior to 2" immunization. Mice were bled a f  er 2" immunization. Mean serurn cytokine levels (* SEM) are 
show. Significant differences compared to immunized untreated cohorts are indicated (Mann Whitney: p<0.O5 *, 0.005 * * and 0,0005 * * *). 



Figure 16. IL12 administration elevates spleen cell IFNg and I L 4  production in mice with established IgE responses. C57BV6 mice were 
imrnunized with 0.2 pg of OVA (alum) and treated with O (0) and 200 ng/day (M) of IL- 12 the day prior to secondary immunization and 
for the next 5 days. Mice were sacrificed 5 days afier OVA boost and spleen cells were cultured (1 5 million cells in 2 mls) in the presence 
and absence of OVA. In cultures canied out without OVA restimulation, IFNy responses of <O. 15 vs 3.8 U/ml and IL-4 of 1.8 vs. 4.0 Ulml 
in immunizedhntreated vs. inununized/rlL-12 treated groups were obtained (n = 42 mice culhired independently over 7 experiments). Mean 
cytokine responses ( & SEM) are shown fiom the seven experiments performed. Significant differences are indicated (p<O.0005* and 5 .0  
x 1on7** ). 



7.3 Exogenous a l 2  administration to immunized mice markedly increased antigen- 

driven IL-4 synthesis 

In notable contrast to known IL-12 activity on cytokine production in prirnary culture, IL42 

treatrnent of rnice with established IgE responses elevated Ag-driven IL-4 production (in 

short term culture) a remarkable 15 fold (Fig. 16). IL-IO synthesis was inhibited in these 

same cultures, whereas IL4 synthesis was not significantly altered (data not shown). 

This indicates that in established type 2 associateci diseases, IL-12 has the capacity to enhance 

both type 1 and type 2 arms of the immune system. 

7.4 rIL-12 treatment reduced the frequency of CD4 T cells producing IL-4 

It had previously been reported that in animals with ongoing disease, IL-12 administration 

could enhance IL4 mRNA and protein expression (Bliss, 1996; Wang, 1 994). To investigate 

the cellular source of IL-4 production, we began by evaluating Ag-specific CD4 celis 

responses fiom treated and untreated mice. CD4 T cells were stimulated with OVA or not 

(Fig. 17). UnIike cytokine production observed in whole spleen ceU culture, CD4 T ceIl 

cultures consistently failed to show substantial difFerences in IL-4, IFNy and IL-10 

production between IL-12 treated and untreated mice. 

When the impact of IL12 on the fiequency of CD4 T ceils was examined by LDA (Table 9), 



Figure 17. riL-12 administration in mice with established IgE responses does not substantially alter CD4 T 
ce11 cytokine production. Mice received treatments of O (O) or 200 ng/day (M) of IL-1 2. Three courses of 
rlL-12 (5 days x 200 ng/day) were given beginning the day prior the secondary boost (0.2 pg OVA, alum), 
two weeks later and four weeks later (the day prior to the tertiary boost). Five days afler the tertiary boost 
spleen cells were highly enriched for CD4+ T cells and cultured (1 million cells/200 pl) with OVA (1 mg/ml) 
and irradiated APC (300,000 ceIls/200 pl). In the absence of OVA stimulation, negligible cytokine was 
produced (data not shown). Mean (k SEM) from 3 experiments are shown (note: p>0.05). 



Table 9. rIL-12 administration reduces the iiequency of CD4 T ceiis producing IL4 in mice 
with esrablished IgE responses. 

Frequency 
ceUd 1 O' (95% confidence limits) 

Cytokine 

E 
OVA 

187 (245-129) 

r 

OVA + IL-12 

177 (235-122) 

IL-10 

Ratio 
OVA: 

OVA + IL-12 

5.3 

IO. O 

1.5 

' Mice were irnmnized with 0.2 pg of OVA (alum). Mice received either O or 200 ng/day 
of rIL-12. Three courses of IL12 (5 days x 200 ng/day) were given beginning the day pnor 
the secondary boost (0.2 pg OVA, dum), two weeks later and four weeks later (the day pnor 
to the tedary boost). Five days &er the tertiary boost spleen cells were highly e ~ c h e d  for 
CD4+ cells and cultured nom 40,000 to 3 12 cellslwell in the presence of IL-2 (20 Uhl),  
OVA (1 mgM) and irradiateci naive APC. Cultures were restimulated with OVA (1 mgM) 
in the absence of IL-2 two weeks later and harvested at 48 hours. The fiequency of cells 
producing the indicated cytokines in these limiting dilution analyses was calculated as 
descnbed in Materials and Methods. 



rIL-12 consistently failed to modifi the fiequency of OVA-specific CD4 T ceiis producing 

IFNy. The decreasing fiequency of IL-10 producing CD4 T cens did reflect the decline in 

IL10 production in whole spleen and CD4 T cell cultures due to administration of exogenous 

IL-12. However, in contrast to the marked increase in IL-4 production by whole spleen 

culture foliowing IL12 treatment, LDA of separated CD4 T ceiis (nom the spleens of IL4 2 

treaîed mice) dernonstrated a clear redudion Li the fiequency of OVA-specific CD4 T cens 

secrethg IL4. This decrease in the frequency of I L 4  producing CD4 cells following IL-12 

administration lead to a change in the Th1:Thî balance of Ag-specinc CD4 cells fiom a Th2 

dominance (median IL-4:IFNy ratio of 7.2) in the absence of IL-12 to a Th1 dominance 

(median IL-4:IFNy ratio of 0.6) in IL42 treated rnice. The events in whole spleen culture 

(IL,-12 administration resulting in high IFNy and I L 4  production) resulted in no net change 

in the type l :type 2 balance of OVA-specîfïc cytokine responses (p > 0.05). 

Thus, IL12 administration in mice with established IgE responses reduced the fiequency of 

CD4 T celis producing IL-4, but this treatment was also accompanied by high OVA-dnven 

I L 4  production observed in whole spleen culture (Le. not CD4 e ~ c h e d  culture). 

7.5 a l 2  administration to immunized mice enhanced the frequency and activity of 

non-Bhon-T ceils 

Since the increased number or activity of OVA specific CD4 T cells were not responsible for 

the 20 fold enhancement in I L 4  production seen following administration of exogenous IL- 

12, we examined the impact of in vivo I L 1 2  treatment on non-Bhon-T ceiis. It had been 



reported in both human and rnurine systems of established imrnediate hypersensitivity that 

non-Bhon-T cells were potent producers of U A ,  presumably as a consequence of Ag binding 

t o F d  bound IgE, resulting in the cross-lùikuig of the receptors and activation of the celis 

(Kasaian, 1996). Since a side effect of exogenous IL-12 treatment was enhanced numbers 

of CD3- and B220- cells withùi the spleen, we investigated the possibility that IL-12 was 

inducing diis expandeci population of non-Bhon-T ceUs to produce high levels of IL-4 upon 

Ag-specsc reactivation. 

We first examined the ability of IL- 12 to increase the proportion of non-Bhon-T ceiis in the 

spleen. Spleen cells fiom OVA boostedlIL-12 treated and boosted mice were stained with 

FITC conjugated rat IgG, anti-mouse CD4, anti-CD8 and anti-CD19. The proportion of 

CD4, CD8 and CD19 positive ceiis was deterrnined by flow cytornetry. The propodon of 

non-Blnon-T ceiis was calculated by subtraction as shown in Figure 18. The proportion of 

CD4 celis was reduced upon IL1 2 treatment, but when assessed against the total number of 

spleen celis, the absolute number of CD4 celis did not change compared to untreated control 

mice. In contrast, both the proportion and total number of non-Blnon-T ceUs was markedly 

enhanced in the spleens of mice receiving IL-12 compared to untreated controls. 

The capacity of IL-12 to induce non-Bhon-T celi IL-4 secretion in OVA-stimulated culture 

was then directly evaluated (Fig. 19). Spleen ceis were stained with FITC conjugated anti- 

CD4, anti-CD8 and anti-CDl9. Non-Bhon-T ceiis were isoiated by negative selection via 

flow cytometry and cultured with OVA. Supematants were harvested at 24 hr and assayed 



Percent Total Number 
(x 1 06) 

Figure 1 8. IL- 12 increases the proportion of non-Bhon-T cells in the spleen. Mice were 
OVA (0.2 jig, alum) immunized and treated with 3 courses of 5 days at O (0) or 200 ng/day 
(M) of IL-12, beglluung the day prior the secondary boost (0.2 pg OVk alum), two weeks 
later and four weeks later (the day pnor to the tertiary boost). Spleen ceus were harvested 
5 days der  final boost and the proportion of CD4, CD8 and CD 19 celis was determineci by 
flow cytometry. Means * SEM (II = 4) are shown fiom two experiments. Significant 
dserences to untreated immuhed cohorts are indicated @<0.005*). 



Figure 19. In vivo administration of IL 12 increases the relative production of Ag-dnven IL- 
4 fiom non-Blnon-T ceiis in the spleen. Mice were OVA (0.2 pg, alum) immunized and 
treated with 3 courses of 5 days at O (O) or 200 ng/day (m) of IL-12. Courses were given 
beginnuig the day pnor the secondary boost (0.2 pg OV4 alum), two weeks later and four 
weeks later (the day pnor to the tertiary boost). Spleen cells were harvested 5 days after h a 1  
boost. Non-Bhon-T ceils were negatively selected (CD4-, CD8- and CD19-) from the 
spleens of IL42 treated (m) and control(0) mice. Non-Blnon-T cells were cuitured (0.5 
rniuion celld 200 pl) with OVA for 24 h. Supematants were harvested and analyzed for IL-4 
production. Mean (* SEM) (n = 4) are shown Significant dserence to untreated irnmunized 
cohon is indicated @<0.05*). 



for I L 4  secretion. Non-Bhon-T cells fiom mice receivhg IL12 produced 5 times more IL-4 

than culture of an qua1 number of correspondkg celis from mice that did not receive IL-12. 

Taken together with the increase fkequency of non-Bhon-T cens descnbed above, this 

indicated that not onIy did IL12 treatment increase the number of non-Bhon-T cells within 

the spleen, but on a cd-to-ce11 basis non-Bhon-T celis 6on1 boostedtreated rnice produced 

more IL-4 than non-Bhon-T cells isolated fiom mice boosted in the absence of lL-12. 

In surnrnary, the administration of IL-12 to mice with estabiished type 2 dominated responses 

fded to inhibit r d  IgE responses, but greatly increased IgG, production. Despite elevated 

IFNy synthesis in IL-12 treated mice, a simultaneous increase in non-Bhon-T derived IL-4 

production was most likely responsible for maintained IgE levels. I L 4  production has been 

show to be required for establishing and maintainhg Ag-driven IgE responses (Finkeiman, 

1990). Thus, the therapeutic use of IL42 in individuals with atopy could potentially result 

in detrimentally high IL-4 production by non-Bhon-T cells. 

8.0 Endogenous IL12 regulation of antibody responses 

8.1 In vivo neutraiization of IL12 moderately reversed the capacity of OA-POL to 

inhibit IgE production 

HayGlass et al. (HayGIass, 1991c) had previously shown that treatment with OA-POL pnor 

to OVA (alum) immunization inhibits the development of Ag-speci£ic IgE production. In 

contrat, Ag-specific IgG, and IgG, were elevated in OA-POL treated OVA dum 



Table 10. Pretreatment with OA-POL inhibits IgE production upon OVA (aium) 

Ab Isotypes - - 

OVA (alum) 

Ag-specific 
(ELISA tit er) 

Ag-specific 
(ELISA titer) 

OVA (alum) 
+ OA-POL 
treatment 

' Mice were immunized with 2.0 pg of OVA (alum) on day 0. Mce (n = 7 mice) were either 
pretreated with nothïng or 80 pg/day of OA-POL on days -14, -12 and -10. Mice were bled 
on day 10 and 14 for IgE and IgG's determination respectively. 
Geometric means * SEM are shown for PCA titers. 
Means * SEM are shown for remaining isotypes. 



imrnunized mice. This capacity of OA-POL was also seen in recent experiments (Table 10). 

Not previously demonstrated, OA-POL treatment dso inhibited total IgE levels. 

Since (1) IL12 administration, at the time of OVA (alum) immunkation can largely abolish 

IgE production in response to OVA (alurn) irnmunization, and (2) OA-POL can also prevent 

IgE production, we hypothesized that the processing of OA-POL results in enhanced 

localized IL-12 production which acts to inhibit IgE production. 

To examine this, mice were treated with OA-POL, OA-POL and anti-IL-12, OA-POL and 

normal goat IgG, or nothing. Mice were OVA (alum) irnrnunized (Fig. 20 and 21). The 

neutralization of endogenous IL-12 enhances IgE synthesis (6 fold), while decreasing IgG, 

production (3.5 fold) in OA-POL treated mice. However, these responses were only partially 

altered, indicating that mechanisms other than IL-12 regulation rnay also be involved. 

Conversely, anti-IL42 may have failed to neutralize E-12  completely within Our system. 

Interestingly, anti-IL- 12 also enhanced OA-POL induced IgG, production suggesting that 

feedback mechanisms may restrict the induction of IL- 12 upon OA-POL treatment. 

Endogenous IL- 12 was at least partly responsible for the effect that OA-POL treatment has 

on humoral responses, seen most clearly by a reversa1 in OA-POL induced inhibition of Ag- 

specific IgE. Due to the limited supply of anti-IL-12, we continued these investigations with 

IL42 knockout &O) mice. 



Ag-specific IgG, 
(ELISA Titer) 

Ag-specif ic Ig G, 
(ELISA Titer) 

Ag-specific IgE 
(PCA Titer) 



Figure 21. The impact of anti-IL-12 on OA-POL induced total Ab production. Mice were 
immunized with 2 pg of OVA (aium) on day 0. Mice were either treated with nothing a), 
OA-POL (80 pg on days -14, -12 and -10) (m), OA-POL and goat IgG anti-mouse IL42 (1 
mg on days -15, -7 and -1) O, or OA-POL and normal goat IgG (1 mg on days -1 5, -7 and 
-1) a). Mice were bled on days 10 and 14 for IgE and IgG's synthesis respectively. Means 
* SEM (n = 9 rnice) are shown. SignScant ciifferences to OA-POL and anti-IL-12 treated 
group are shown (pc0.001*). 



8.2 IL-12 deficiency fails to enhance IgE synthesis upon immunaltion 

We (Table 4) and others (Finkelman, 1994; McKNght, 1994; Moms, 1994) showed that 

administration of exogenous L12 inhibits prirnary IgE synthesis upon protein immunization 

or parasite infection. Furthemore, endogenous IL42 appeared to play an important role in 

the capacity of OA-POL to inhibit OVA (alurn) induced IgE production. Thus, we 

hypothesized that endogenous IL-12 would be important in the negative regulation of type 

2 immunity, such that in the absence of endogenous IL-12, IgE and type 2 cytokine synthesis 

would be markedly enhanced. To test this hypothesis, we f i r t  examined the effect of IL- 12 

deficiency on type 2 Ab production in response to protein immunization. WT, p35 KO and 

p40 KO rnice were imrnunized with OVA (alurn) and bled for serum Ab analysis (Fig 22). 

Contrary to our hypothesis, the absence of endogenous IL42 production did not alter Ag- 

specific or total IgE synthesis. However, total IgG, was consistently lower i .  IL-12 KO rnice 

strains. 

Parasites are known for their ability to induce non-specific (as well as specific) IgE 

production. Therefore, as an aitemative approach to exarnining the importance of 

endogenous IL-12 on type 2 humoral responses, WT and p3 5 KO mice were injected with 

the parasite Z spzraiis extract in alum. The impact of L spiralis extract (alum) immunkation 

on p40 KO mice was not evaluated due to lack of mice. We were unable to generate Ab 

responses to the parasite extract alone, thus we needed to use an adjuvant. In addition, we 

had to restrict our Ab analysis to total Ab production since we were unable to analyze Ag 



Figure 22. IL-12 deficiency fails to enhance IgE synthesis in OVA (dm) immunized mice. 
WT (a), p35 KO (m) and p40 KO (A) (solid symbols indicate Ag-specific Ab synthesis; 
open symbols indicate total Ab synthesis) rnice were immunized with 2 pg OVA (alum) on 
days O and 2 1. Mice were bled on days 10, 14, and 28. Means k SEM (n = 12 mice) are 
shown. Significant differences to WT are shown @<0.05*, 0.005**). 



spedic Ab synthesis. Serum IgE synthesis was generaliy unchanged in p35 KO mice (Fig. 

23), except for a slight enhancement on &y 10. Similar to the other immunization protocols, 

an impaired capacity to produce total IgG, in the absence of endogenous IL42 was also 

seen. 

Since in vivo neutralization of IL-12 enhances IgE production in OA-POL treated mice, we 

wanted to examine fùrther if endogenous IL12 was criticai in the regulation of Ab responses 

upon type 1 humoral stimuli. CFA is an adjuvant which induces type 1 Ab profiles upon 

immunkation with protein Ag. We immunized WT, p35 KO and p40 KO mice with OVA 

in the presence of CFA. The absence of endogenous IL-12 again failed to enhance IgE 

production in primary responses (Fig. 24). In contrat, both Ag-specific and total secondq 

IgE responses were suppressed in IL12 KO mice. Decreased total IgG, was again apparent 

in IL42 KO mice at al1 rime points exarnined. 

Taken together, this data indicates that a factor@) (other than IL-12) acts to inhibit the 

production of IgE. This was demonstrated by (1) the moderate decrease in OA-POL induced 

IL-12 production upon anti-IL-12 treatment and (2) the sirnilar IgE levels in IL-12 KO and 

WT mice foliowing a varieîy of immuNzafion protocols. Experiments exarnining endogenous 

IL12  regulation upon OA-POL treatment are continuing in IL-1 2 KO mice. 

8.3 IL42 deficiency strongly suppressed IFNy production 

In addition to exarnining the involvement of IL-12 in Ab responses, we wanted to examine 



Figure 23. The absence of endogenous L 1 2  does not greatly alter total IgE in mice injected 
with parasite extract. T. qiraiis extract was prepared fiom a sterile filtered whole larvae 
hornogenate. WT (a), and p35 KO (.) rnice were injected with 50 pg of extract in the 
presence of alum on days O and 21. Mice were bled on days 10, 14, and 28. Means SEM 
(n = 12 mice) are shown. Significant dserences to WT are indicated @<O.OS *, 0.005 **). 



Figure 24. Secondary IgE production is decreased in IL-12 KO mice upon OVA (CFA) 
immunization. WT (a), p35 KO (H) and p40 KO (A) (solid syrnbols indicate Ag-specific 
Ab synthesis; open symbols indicate total Ab synthesis) rnice were immunized with 100 pg 
OVA (CFA) on days O and 2 1. Mice were bled on days 10, 14, and 28. Means * SEM (n 
= 12 mice) are shown. Significant differences to WT are shown @<O.OS*). 



spleen cell cytokine responses. Therefore, spleen cells harvested from WT, p35 KO and p40 

KO mice which had been immunized with either OVA (alum) or OVA (CFA), were cultured 

in the presence of OVA As previously reported (Magram, 1996), we observed greatly 

inhibited IFNy production in IL42 KO mice independent of the means of immunkation 

(OVA alum: Fig. 25; OVA, CFA: not shown). Addition of anti-CD4 mAb to culture 

elirninated WT IFNy production, suggesting that IL42 deficiency was predominately 

affecting CD4 T cell driven (rather than CD8 or NK ce11 derived) IFNy synthesis. In contrast, 

type 2 associated cytokine production was not generdy altered (Fig. 26). Ag driven IL-4 

secretion was not significantly inhibited in OVA (alum) h u n i z e d  mice. Stimulation of 

spleen cells with Con A or anti-CD3 sirnilarly resulted in suppressed KFNy synthesis, with 

minor modification of type 2 cytokine production (data not shown). 

Spleen ceil cytokine responses to T. spiralis extract (in the absence of adjuvant) were 

deterrnined in WT and p35 KO mice. As seen with OVA immunized mice, ENy synthesis 

was inhibited (Fig. 27). Addition of anti-CD4 to culture essentially abolished IFNy synthesis 

(data not shown). Uniilce mice imrnunized with OV4 IL40 synthesis was elevated 

approxirnately 2 fold in cultures £iom p35 KO animais. 

The absence of endogenous IL12 consistently inhibited IFNy production. Reflective of the 

impact of IL-12 deficiency on humoral responses, type 2 cytokine production was not 

generally enhancd in IL-12 KO mice. This indicates that endogenous IL4 2 promotes type 

1 imrnunity by postively regulating type 1 cytokine without d i r d y  negatively regulating type 



Figure 25. IFNy production is reduced in IL 12 KO mice upon immunization. WT, p3 5 KO 
and p40 KO rnice were immunized with 2 pg OVA (alurn). Spleen ceUs were cultured in 
media alone a), OVA or OVA and anti-CD4 (a). Supematants were harvested at 48 
hours and analyzed for FNy.  Means * SEM (n = 12 mice) are shown. Sigruficant 
dflerences to WT are shown @<O.OO5 *). 



OVA (alum) OVA (CFA) 

Figure 26. Type 2 associateci cytokine synthesis is not greatly altered in IL42 KO mice. W 
(O), p35 KO (m) and p40 KO (a) rnice were immunized with either 2 pg OVA (alum) or 
100 pg OVA (CFA) as indicated. Spleen cells were cultured in OVA Means * SEM (n = 

12 mice) are shown. 



T. spirdis Extract (pglml) 

Figure 27. IFNy production is decreased following injection of p3 5 KO mice with T. qiralis 
extract WT (a) and p3 5 KO (W) rnice were injected with 50 pg of T. qzralis extract in the 
absence of adjuvant. Five days later spleens were removed and cells were cultured in the 
presence of media, 20 pgh i  or 100 pg/ml of T. spiraliis extract. Means * SEM (n = 9 mice) 
are shown. Significant dserences to WT are shown (p<O.OSf ) .  



2 cytokine production. 

8.4 a l 2  deficient mice retained the capacity to respond to a 1 2  

IL-12 KO rnice had substantidy decreased lFNy production upon stimulation of spleen cells 

widi antigenic or polyclonal stimuli. Since IFNy is considered to be important in maintaining 

IL-12R receptor expression, we wanted to determine ifthe absence of endogenous IL12 (and 

lower IFNy synthesis) resulted in lower spleen cell responsiveness to exogenous IL-12. The 

capacity of spleen cells Eom IL42 KO mice to produce IFNy upon the addition of rIL-12 to 

culture was analyzed. WT, p35 KO and p40 KO mice were imrnunized with OVA (dum). 

Spleen cells were harvested and stimulated with Ag in the presence and absence of IL-12. 

The addition of IL42 to unstimulated and OVA stimulated cultures fiom p3 5 KO and p40 

KO mice resulted in IFNy levels similar to those seen in corresponding cultures fkom WT 

mice (Fig. 28). IL2 was also added to cultures. While IL-2 alone did not modify I M y  

synthesis (data not shown) it did enhance the ability of IL-12 to promote IFNy synthesis. 

ENy levels were similar in cultures receiving both cytokines from control and KO Mce. This 

indicates that IL12 deficiency does not in itself alter the ability of spleen cells to respond to 

L-12. 

Thus aithough IL12 KO mice are impaired in their abiiity to produce IFNy, the absence of 

endogenous IL42 and decreased IFNy in vivo does not impact the ability of spleen cells to 

respond to IL-12 (added to culture). This suggests that IL42 receptors are present to the 

same extent in WT and IL42 deficient mice. 





9.0 Impaired IgE production in IL10 knockout mice was associated with increased 

type 1 cytokine production 

9.1 Neutralization of L l O  in vivo elirninated IgE production 

IL- 1 O inhibits idammatory cytokines including IL- 12 and IFNy (Moore, 1993; Muraille, 

1998). It is speculated that a primary mechanism by which this occurs is through negative 

feedback loops, such that IL-12 induces the production of IL-10, which then liMts IL-12 

synthesis. Thus, in anti-IL-12 treated mice, the enhanced capacity of OA-POL to induce IgG, 

may reflect the absence of negative feedback mechanisms, such as the induction of IL-10, 

which could act on a range of cytokines. We hypothesized that the lack of IL40 regulation 

would result in enhanced type 1 (IgGd and decreased type 2 (IgE) humoral responses. 

To detemine the requirement for endogenous IL- 1 O in Ab production, WT mice were OVA 

Lnmunized and treated with nothing, normal rat IgM, or rat IgM anti-mouse IL-IO (Fig.29). 

Administration of normal rat IgM did not significantly alter Ab production. Anti-IL10 

treatment resulted in a 54 fold suppression in Ag-specific IgE production. IgG, aiso 

appeared to be enhanced 5 fold, aithough the results were not statistically significant. 

This indicates that endogenous IL-10 augments IgE synthesis in vivo. 

9.2 IgE production was inhibited in -10 deficient mice 

Anti-IL- l O treatment inhibiteci Ag-specific IgE production suggesting that endogenous IL- 1 O 



Ag-Specific IgG, 

(ELISA Titer) 

Ag-Specific IgG 2a Ag-Specif ic Ig E 
(PCA Titer) 



Figure 3 0. IgE production is inhibited in IL- 1 O KO mice. WT (0) and IL- 1 O KO (m) mice 
were irnmunized with 2 pg OVA (dum) on day 0. Mice were bled on day 10 and 14 for 
s e m  IgE and IgG1s analyses, respectively. Geometric means (Ag-specific IgE) or means (all 
other isotypes) * SEM (n = 9 rnice) are shown. Significant difEerences to WT mice are 
indicated @ values <0.05'and 0.005'3. 



is required for the production of IgE in immunized rnice. We decided to continue this 

investigation using IL-1 O KO mice as an alternative strategy. 

WT and IL-IO KO mice were immunized with OVA (alum) (Fig. 30). Similar to WT mice 

receiving anti-IL40 treatment, Ag-specific IgE synthesis in immunized IL-IO KO mice was 

suppressed approxirnately 60 fold. 

Thus, in confirmation of data received fiom mice acutely treated with anti-IL-10 at the time 

of OVA irnmunization, observations fiom IL1 O KO mice also indicated that endogenous IL- 

10 is required for IgE production. 

9.3 ml0 deficiency enhanced type 1 cytokine production 

To determine the importance of endogenous IL-lO on Ag-driven cytokine Ievels in short-term 

culture, spleen cells fiom immunized WT and IL- l O KO rnice were stimulated with OVA (Fig. 

3 1). Mean IFNy production was increased 6 fold in the absence of IL4 O. Conversely, IL-5 

synthesis was decreased approximately 5 fold. However, a signincant effect on IL4  

production was not observed. 

IL-IO is a naturai inhibitor of IL-12, preventing its uncontrolled production. To directly 

examine the effect of IL l O deficiency on IL4 2 production, spleen cells fiom immunized WT 

and IL40 KO mice were cultured in difEerent concentrations of OVA and LPS. Supematants 

were harvested at various t h e  points. In cultures estabfished with media alone, IL- 12 p40 



Figure 3 1. IL40 KO mice have increased IFNy and decreased IL-5 synthesis. WT (0) and 
IL- 10 KO (m) mice were immunized with 2 pg of OVA (alum) on d. O. On d. 5 spleen cells 
were harvested and cultured with or without OVA (1 mghl) .  In the absence of OVA, 
cytokine production was negligible (not shown). Means * SEM (n = 7 mice) are shown. 
Significant differences to WT rnice are indicated @ values ~ 0 . 0 5 '  and 0.005"). 



production did not d ï e r  between strains. p40 production was greatly elevated in IL- 1 O KO 

mice at 0.3 and 1.0 m g / d  of OVA and 100 ng/ml of LPS (Kg. 32) and throughout the time 

fiame of the experirnent (Fig.33). Smaiier increases were also seen with 10 n g h l  of LPS 

(Fig. 3 2). The extent of LPS contamination in OVA was examined to detennine if p40 

produced in OVA stimulated cultures was in response to antigen and not contaminating LPS. 

1 mg of OVA contained 6.2 ng of LPS. As shown in Table 11, this represented 

approximately 1/3 of p4O production in cultures çtimulated with 1 mg/ml of OVA, indicating 

that antigen stimulation accounts for the majority of the p40 detected. 

Taken together, the data argue that, since IL40 is a cntical inhibitor of idammatory cytokine 

production, the absence of endogenous IL40 results in unrestnded type I cytokine synthesis. 

It may be that the enhancement of type 1 cytokine synthesis overwhelms the capacity of IL4  

to induce IgE with the net result being suppressed IgE synthesis. 

10.0 Type 1 antibody and cytokine production were slightly enhanced in CD8 

knockout mice 

10.1 Total IgE and IgG, synthesis in OVA (alum) immunized mice was decreased in 

CD8 knockout mice 

CD8 ceiis have been implicated in regulating IgE production. However, in rats depleted of 

CD8 pnor to immunization, primary IgE levels remain constant or are decreased (Holmes, 

1996). 
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Figure 32. Endogenous IL12 p40 production is elevated in IL40 KO mice. W (0) and 
IL40 KO (1) mice were immunized with 2 pg OVA (dm) to activate immune system. Five 
days later spleen ceils were removed and cultured at 1.5 million celld200 p l  Celis were 
cultured in media alone, OVA or LPS at the indicated concentrations. Supematants were 
harvested at 3 6 hours and analyzed for p40 production. Means * SEM (n = 5) are shown @ 
values <0.05*and 0.01"). 



Figure 33. p40 levels are enhanced in IL- 1 O KO mice. WT (@) and IL- 10 KO (A) mice were immunized with 2 pg OVA (alum). 
Five days later, spleen cells were removed and cultured at 1.5 million cells per 200 pl. Cells were cultured in media alone (open 
symbols), OVA (1  mg/ml) (closed symbols) or LPS (100 ng/ml) (closed symbols). Supematants were harvested at times indicated 
and analyzed for p40 production. Means SEM (n = 5 mice) are shown @ values <0.05'and 0.01"). 



Table 11. LPS contamination o f  OVA might account for one third of IL42 p40 production 
in OVA stimulated culturesa 

Spleen cell 
stimulation 

6.2 ng LPS 
- -- 

1 mg OVA 

DifTerence in IL-12 
p40 synthesis 
between stimulated 
and media aione 
cultures @g/ml) 

Percentage of  IL- 12 
p40 synthesis in 
OVA stimulated 
cultures that can be 
accounted for by 
LPS (%) 

Percentage of IL42 
p40 synthesis in 
OVA stimulated 
cultures that can be 
accounted for by 
OVA ("A) 

' 1 mg of OVA has 6.2 ng of LPS as deterrnined by Lirnulus Amebocyte Lysate Pyrochrome 
Chromogenic Test Kit (Associates of Cape Cod, Inc.) 



To firther explore the impact of CD8 cells on humoral responses, WT and CD8 KO mice 

were immunized with OVA (alum). Total IgE titers were decreased in CD8 KO rnice 

approximately 2.5 fold compared to WT mice (Fig. 34). While CD8 deficiency did not 

m o w  Ag-specific IgG, and IgG, synthesis (data not shown), total IgG, was inhibited 2 

fold. 

Thus, CD8 deficiency slightly, but consistently, decreases IgE production. In addition to 

exarnining the importance of CD8 cens on the induction of type 2 Ab responses, we also 

wanted to investigate the impact that the presence or absence of CD8 ceUs had on the 

capacity of OA-POL to switch established type 2 responses to type 1. To accomplish this we 

treated immunized WT and CD8 KO rnice with OA-POL. 

10.2 OA-POL treatment reduced established antigen-specific and total IgE levels 

Previously, HayGlass and colleagues showed that OA-POL adrninistered after OVA (alurn) 

immunization has the capacity to abrogate OVA-specific IgE responses in WT mice 

(HayGlass, 199 1 a). SUnuItaneous with this decrease in IgE, OVA-specific IgG, and IgG, 

production was enhanced. 

To confimi these results, C5 7BV6 rnice were immunized with OVA (alum) and treated in the 

presence and absence of OA-POL. After three courses of OA-POL treatment mice were 

boosted and bled for Ab analysis. OA-POL treatment reduced Ag-specific and total IgE titres 

12 and 7 fold respectively (Table 12). Ag-specific IgG, and IgG, titres were elevated. 



Figure 34. Total IgE synthesis is slightly inhibited in CD8 KO mice upon OVA (alum) 
immunization. WT (O) and CD8 KO (m) rnice were immunized with 0.2 pg OVA (alum) 
on days O and 76. Mice were bled 7 days &er being boosted. Geometric means (Ag-specific 
IgE) or means (other isotypes) * SEM are shown from a representative experiment (n = 3 
mice; p<O.O5*). 



Table 12. OA-POL abrogates established OVA specinc IgE responses in vivo. 

Ab Isotypes 
OVA (aium) OVA (alum) 

+ OA-POL 
treatment 

(ELISA titer) 1 1 
1 Total 1 218 14 1165*3l 

- 

574 * 133 

1.8 * 0-4 

- 
7 

Il@ 

- - 

Ag-specific 
(PCA titer)b 

Total 
(P~M)' 

IgG, 

' Mice were immunized with 0.2 pg of OVA (alurn) on day 0. One group of mice was treated 
with 80 &day of OA-POL on 3 altemating days 2 , 4  and 6 weeks after irnrnunization. At 
week 8 mice were boosted. Mice were bled 7 days after boost for IgE and IgG's 
determinations. One representative experiment is show (n = 3 mice). 
Geometric means SEM are shown for PCA titers. 

'Means * SEM are s h o w  for remaining isotypes. 

-- - 

6,939 * 646 

12.9 *1.7 

Total 
(crg/m 

(KM) 

Ag-specific 
(ELISA titer) 

84% 147 

35,990 * 5,675 

1,253 * 230 

493,000 * 123,450 



Yang et al., further demonstrated that the capacity of OA-POL to alter humoral responses 

was associated with an increase in the IFNy:IL-4 ratio (Yang, 1993). In a similar rnanner to 

those studies mice were immunized and treated with and without OA-POL. After the final 

boost, spleen cells were stimulateci with OVA We also observed an increase in the IFNy:IL-4 

ratio (Table 13). 

Thus, in agreement with eariier reports, OA-POL can abrogate established IgE responses. 

This capacity is associated with an increase in the Ag-driven spleen ce11 1FNy:IL-4 ratio. 

Using this system we sought to determine if the absence of CD8 regulation dters the ability 

of OA-POL to redirect a type 2 immune response into a type 1. 

10.3 OA-POL induced antibody responses were slightly increased in CD8 knockout 

mice 

Immunized WT and CD8 KO rnice were treated with OA-POL, or not. M e r  the last OA- 

POL treatment, mice were boosted and bled. OA-POL treï~tment inhibits IgE synthesis to a 

similar extent in WT and CD8 KO mice (Fig. 35 and 36). Although OA-POL treatment 

amplifies Ag-specinc IgG, and IgG, in both groups, in KO rnice Ag-specific IgG, and IgG, 

production was slightly, but significantly increased. Furthemore, total IgG, was elevated 3 

fold in CD8 KO mice upon OA-POL treatment. 

In summq,  the capacity of OA-POL to skew a type 2 Ab response in a type 1 direction was 



Table 13. OA-POL treatment shifts type 2 cytokine production to type 1. 

1 IFNy:IL-4 Ratios 1 
OVA (alum) 
+ OA-POL 

' Mice were immunized with 0.2 pg of OVA (alum) on day 0. One group of rnice was 
treated with 80 pg/day of OA-POL on 3 altemating days 2, 4 and 6 weeks after 
immunization At week 8, mice were booaed. Mice were sacrificed 5 days after final 
booa. Spleen cells were cultured in the presence of OVA (1 mg/ml). Supematants 
were harvested at 24 and 48 hours for andysis of IL-4 and I M y  production 
respectively. Means SEM of DFNy:IL4 ratios (n = 3 mice individually culnired) are 
show.  



Figure 35. CD8 deficiency does not alter the ability of OA-POL to redirect pre-established 
spe  2 humoral responses. WT and CD8 KO mice were immunized with 0.2 pg OVA (alum) 
on day O and 76. Mce were treated with 3 courses of 3 x 80 pg OA-POL (m) or not (0) 
beglluiing days 32, 46, and 60. Mice were bled 7 days after final boost. Geometric means 
(Ag-specific IgE) or means (other isotypes) + SEM of 3 experiments are shown. Significant 
differences as compared to WT with no treatmentl'*", WT with OA-POL"'" and CD8 KO 
with no treatrnentU0" are indicated @<0.05*, 0.01 **). 



Figure 3 6. CD8 KO rnice exhibit increased total IgG, following O A-POL treatrnent. WT and 
CD8 KO mice were irnmunized with 0.2 pg OVA (alun) on day O and 76. Mice were treated 
with 3 courses of 3 x 80 pg OA-POL (m) or not (m) beginning days 32,46, and 60. Mice 
were bled 7 days d e r  final boost. Means * SEM of 3 experiments are indicated. Significant 
differences as compared to WT with no treatmentM*", WT with OA-POL"'" and CD8 KO 
with no treatrnent"'" are indicated WO.05 *, 0.0 1 **). 



somewhat enhanced in the absence of CD8 T ceU regdation. 

10.4 IFNy synthesis was enhanced in CDS deficient mice 

Since CD8 deficiency appeared to favor type 1 humoral responses, we expected this ro be 

reflected in altered cytokine production. Mice were immunized, OA-POL treated and OVA 

boosted. Five days after boosting, spleen cells were removed and stirnulated with OVA In 

the absence ofOA-POL treatmenî, WT and CD8 KO rnice had comparable levels of IL-4 and 

IL-5 (data not shown); IFNy and IL-IO levels were elevated in CD8 KO mice (Fig. 37). 

1My and IL-IO production in WT or CD8 KO mice was largely unaf5ected upon OA-POL 

treatment (data not shown). 

OA-POL treatment uihibited IL4 synthesis in both WT and KO mouse strains (data not 

shown). Due to the heightened IFNy production in CD8 KO mice, CD8 KO mice had an 

elevated 1EWy:IL-4 ratio comparai to WT mice (Fig. 38). In addition, in the absence of CD8 

cells the ENy:IL-4 ratio observed upon OA-POL treatment was enhanced. 

Finally, OA-POL treatrnent in the absence of CD8 cell regulation inhibited IL5 synthesis by 

close to 40% (Fig. 39). IL-5 production in WT mice was unaffected by OA-POL injection. 

Studies where CD8 cells had been depleted after irnmunization, supported the hypothesis t hat 

CD8 cells suppress type 2 responses (Hohes, 1996). However, our studies with CD8 KO 

expanded on observations that CD8 ceUs are required prior to immunkation for optimal 



Figure 3 7. IFNy and IL4 0 are enhanced in CD8 deficient mice. WT (Cl) and CD8 KO (m) 
rnice were immunized with 0.2 pg OVA (dum) on days O and 76. Mice were sacrificed 5 
days after fuial boost. Spleen ceiis were cultured in the presence and absence of OVA (1 
mg/ml). In the absence of OVA stimulation, spleen cells produced negligible amounts of 
cytokine. Means * SEM of 3 experiments are indicated. Significant differences as compared 
to WT are indicated @<0.01*). 



Figure 38. The FNy:lL-4 ratio is enhanced in CD8 deficient mice following OA-POL 
treatment. WT and CD8 KO mice were immunized with 0.2 pg OVA (alum) on day O and 
76. Mce were treated with 3 courses of 3 x 80 pg OA-POL (m) or not (0) beginnuig days 
32,46, and 60. Mice were sacrificed 5 days after final booa. Spleen celis were cultured in 
the presence and absence of OVA (1 mg/ml). In the absence of OVA stimulation, spleen ceiis 
produced negligible amounts of cytokine. ENy and IL4 ratios were c3!.Aated for individual 
weiis. Means * SEM (n = 12 rnice) of ratios fiom cultures within a group were calculated. 
Significant differences as compared to WT with same treatment are indicated @<0.01*). 



Figure 39. IL4 production is decreased upon OA-POL treatment in CD8 KO mice. WT and 
CD8 KO mice were immunized with 0.2 pg OVA (alum) on day O and 76. Mice were treated 
with 3 courses of 3 x 80 pg OA-POL (m) or not (0) beginning days 32,46, and 60. Five 
days &er boost, mice were sacficed and spleen cells were restimulated in the presence and 
absence of OVA (1 mg/rnl). In the absence of OVA negiigible amounts of cytokine were 
produced (not shown). Means * SEM of 3 experiments are shown. A significant dinerence 
compared to CD8 KO rnice without OA-POL treatment is indicated Go<O.Ol*). 



production of type 2 responses. Aithough, changes both in Ab and cytokine production 

f a v o ~ g  a stronger type 1 response in the absence of CD8 T cel! regdation were seen, the 

majoriq of these changes were less than 2.5 fold. Therefore, the biological relevance of these 

data may be lirnited. 



V. Discussion 

1.0 Introduction 

Recognition that humoral responses are regulated by cytokines has stimulated considerable 

optïmism for the possible pharrnacologic usage of cytokines to alter detrimental Ab responses, 

such as IgE production in immediate hypersensitivity (Gillis, 1998). This study explored the 

potential adjuvant and therapeutic utility of exogenous IL42 in the regulation of murine IgE 

synthesis. Furthemore, it examined the roles of endogenous IL12 and IL-1 O production in 

Ab regulation. Lastly, CD8 T ce11 regulation of Ab responses were investigated in CD8 KO 

mice. The primiuy effeaor response examined here was semm Ab synthesis. Cytokine 

secretion was analyzed in an attempt to understand the rnechanisrns which influence net serum 

Ab production. 

2.0 Alum immunkation results in strong Ag-specific IgE responses 

This study utilized a weU established animal modei of immediate hypersensitivity. Mice 

unmiinized i.p. with OVA in the presence of aium, produce high levels of Ag-specific IgE, and 

extremely low levels of primary Ag-specific IgG,. Therefore, this approach was elected in 

preference to alternative methods, such as multiple courses of aerosolized Ag or epicutaneous 

exposure (Wang, 1996) which produce extremely weak IgE responses. 



AIthough OVA (alum) immunization is a broadly recognized and widely used method of 

generating strong serum IgE responses, we wanted to ver* whether or not alum alone 

induced large arnounts of non-OVA-specific IgE. Therefore, we injected mice with OVA 

(alurn) or aium alone. AIum injection (without Ag) resulted in Ag-specific or total IgE levels 

that did not dBer fiom those seen in normal rnouse sera (Fig.2). Secondly, total IgE levels 

were strongly correIated (r = 0.84) to Ag-specinc levels induced upon hun i t a t i on  (Fig. 3). 

Taken together, this suggested that OVA (alurn) immunkation predorninately induces OVA- 

specific IgE synthesis. 

3.0 dl,-12 administration profoundly and transiently inhibited IgE production 

When work on this study began, a number of reports had concluded that IL-12 possessed 

adjuvant qualities for the potential prevention of type 2 diseases (including allergy) based on 

(1) parasite and tumor studies dernonstrating that IL- 12 given with initial exposure to antigen 

was able to protect mice against ongoing exposure (Boggi, 1998; Heinzel, 1993), (2) the 

ability of rIL- 12 to inhibit priming for I L 4  and IgE secretion in vitro (Boer, 1 997; KuUwa, 

1 W î ) ,  and (3) the capacity of exogenous IL-12, given together with Ag, to inhibit p r i m q  

IgE production (McKnight, 1994; Moms, 1994). Therefore, we hypothesized that IL- 12 

administration with primary immunization would induce and maintain long-term inhibition of 

IgE responses. We found that rIL-12 administered in vivo effectively abolishes primary IgE 

production, but upon secondary immunization (in the absence of fiirther IL- 12 treatment) IgE 

synthesis retunied to controls levels. This could be attnbuted to IL-12 induction of NK cell 

E N y  synthesis, in the absence of any noticeable change in the fiequency of CD4 T cells 



We began this study by ve-g that we could repeat previous repons demonstrating that 

IL12  induced F N y  production (Galbiati, 1998). We found that the addition of exogenous 

IL-12 to culture enhanced the capacity of spleen cells from both naive and OVA (alum) 

imrnunized mice to produce IFNy (Fig. 4, Fig. 5) .  When we injected rL-12 into naive mice, 

a sirnilar enhancement in serum IFNy levels was observed (Fig. 6). This indicated that Our 

system was responding as expected. Secondly, we examined the impact of exogenous IL12 

administration in vivo on spleen ceil cytokine production in vitro (without the addition of IL- 

12 to culture). We found that rIL-12 administration in vivo did not alter the capacity of 

spleen celis f?om naive rnice to produce IR\ly (data not shown), indicating that the changes 

in cytokine (observed upon Ag-dnven stimulation of spleen ceils fiom imrnunizedlI1-12 

treated mice) were dependent on Ag imunization. This was fùrther confirmed by the 

negligible amounts of cytokine produced in unstimulated cultures of spleen cells fiom 

immunized/I1-12 treated mice (Fig. 10). Although it would have been possible to investigate 

the impact of exogenous IL-12 administration on Ab production following immunization in 

the absence of these controls, these controls assured us that the cytokine production seen 

upon OVA stimulation in vitro was Ag dnven. 

HaWig assessed culture controls, we examined the effect of rIL-12 administration in vivo on 

semm Ab responses. When we administered rIL-12 (200 ng x 5 days) simultaneous with 

OVA (alum) immunization, pnmary Ag-specific IgE production was inhibited by > 98 % 



(Table 4, Fig. 81, a pattern sirnïiar to that observed by others. It had been reported that rIL- 

12 treatment inhibited IgE responses in mice injected with goat-anti-mouse IgD (Moms, 

1994) or exogenous antigen (Bliss, 1996; McKnight, 1994). However, these studies only 

examined primary responses, making it impossible to assess the ability of IL-12 to alter long- 

term adaptive Ab mernory responses requùed of a mie adjuvant utility. To determine whether 

inhibition of prirnary IgE following rIL-12 administration translated into skewing of Ag- 

spedic adaptive irnmunity, resulting in the continued suppression of IgE, IL- 12 treated and 

untreated mice ivere OVA (alum) boosted in the absence of further rIL-12 administration. 

We found that initial IL-12 treatment did not result in continued inhibition of IgE upon 

secondary and tertiary i r n m k t i o n  (in the absence of IL-12), such that treated and untreated 

mice had the same IgE levels (F'ig. 8). In one report where secondary IgE responses were 

examined in response to Ag immunization, even continued IL12 administration failed to 

inhibit secondary IgE production (Ge- 1995a). In addition, treatment of mice with high 

b e l s  of IL-12 (1000 ng x 9 d) at initiai parasite exposure still resulted in a 75 % increase of 

IgE synthesis upon secondary parasite exposure compared to primary IgE levels (Finicehan, 

1994). Ahhough 60 % inhibition of IgE levels was still observed, this may also indicate the 

involvement of altemate Ag processing of helminth as opposed to OVA. Together this data 

indicates that the presence of high levels of rIL-12 is able to greatly reduce primary IgE 

responses, but in the absence of lL- 12 this inhibitory signal is rernoved and IgE production 

retums to normal levels upon subsequent immunization. 

We also observed a 17 fold increase in primas, OVA-specific IgG,. The capacity of IL-12 

153 



to increase IgG, had been previously observed (McKNght, 1994). Interestingly, IgG, 

synthesis remained 4 fold enhanced upon continued immunization in the absence of IL42 

(Fig. 8), indicating that IL-12 has the capacity to cause permanent switching to IgG, 

secretion. This is most Likely mediated through IFNy dependent mechanisms, since 

exogenous IL42 was unable to enhance IgG, in IFNy KO mice and anti-IFNy inhibited IL- 

12 induction of IgG, mRNA transcription in vitro (Metzger, 1997). Furthemore, the 

capacity of IL42 to increase the fiequency of B cells producing IgG, was reversed by the 

addition of anti-IFNy in vitro (Metzger, 1997). This supports earlier studies which 

demonstrated that anti-FNy treatment in vivo partly impaired serum IgG, production 

following rIL-12 administration (Germann, 1995b). 

Decreased IgG, production (Fig. 8) following IL-12 treatment/irnmunization also probably 

refieaed an lFNy dependent mechanism. This conclusion is based on (1) the ability of IFNy 

to inhibit IgG, and (2) in the absence of endogenous IF'Ny (DNy KO rnice), IgG, synthesis 

was enhanced following IL- 12 treatment. IL- 12 enhancement of IgG, oçcurred without 

aecting transcription of IgG, mRNA (Metzger, 1997). Together, this indicates that other 

cytokines, such as IFNy, can influence the capacity of IL12 to alter Ab production. 

To examine whether IFNy could be responsible for IL42 induced changes in Ab production 

in Our study, we examined the effect of 12-12 on IF'Ny synthesis of naive and OVA (alum) 

irnmunized mice. Upon IL-12 treatment and irnmunization of mice, semm IFNy Ievels 

displayed a similar early burst as in IL-12 treatment alone (Fig. 6 and 9). Ag-dnven culture 



n T y  also exhibited an early increase (within 24 h) which quickly diminished. Furthemore, 

IL4 synthesis was reduced, consistent with other reports (Fig. 10) (Galbiati, 1998). Thus, 

increased IFNy and decreased IL4 production by immune cells following IL42 treatment 

could promote inhibition of IgE and enhancement of IgG, levels (Finkelrnan, 1994; Germann, 

1995b). 

IL-12 induces IFNy production by T cells and NK ceus. Since following rIL-12 

administration (1) long-tem inhibition of IgE responses did not occur (Fig. 8), and (2) 

increased IFNy synthesis was apparent early after immunization and not at the peak of the 

CD4 T cell response (day 5, Fig. 1 l), this suggested that IL4 2 administration did not result 

in a shift of the CD4 T cell population into a more t p e  1-like phenotype. To ùivestigate the 

impact of IL-12 on CD4 T ce11 cytokine production directly, CD4 T cells (isolated fiom 

immunized plus/minus IL42 treated mice) were established in short-term Ag-driven culture 

(to determine changes in the intensity of cytokine synthesis) and LDA (to determine changes 

in the fiequency of CD4 T ceUs producing cytokine). Some inhibition of IL4 synthesis by 

CD4 T cells (in shori term culture, Fig. 13) fiom mice treated with IL42 was observed, 

reflecting the decreased I L 4  production seen in bulk culture (Fig. 13) at the peak of the CD4 

T ce2 response. Reduced IL4 synthesis by CD4 T cells could result in irnpaired T celI help 

required for the induction of prirnary IgE responses. However, LDA results indicated that 

exogenous IL12 treatment did not alter of the precursor fiequency of CD4 T cells producing 

IL4 or IFNy (Table 5). This finding is important because it indicates that even though 1 . 4 2  

treatrnerit altered the amount of cytokine (resulting in strong type 1 cytokine pronles), in vivo 



administration of I L 4 2  did not change the fkquency ofCD4 T ceils able to produce these 

cytokines upon encounter with Ag. Thuq upon the next encounter with Ag in vivo, the 

OVA-specific CD4 T ceIIs would have the same capacity to produce cytokine in response to 

Ag independent of IL- 12 treatrnent, 

It had been observed that IL-12 treatment Uicreased the f?equency of unseparated spleen or 

lymph node cells producing IFNy and decreased the eequency of ceils secreting IL-4 as 

assesseci by irnmunohistochemical analysis and ELISPOT (McKnight, 1994; Morris, 1994). 

Unfortunately, the greatest liability of studies was that they exarnined whole ce11 populations. 

As a result, they could not distinguish which cell popuIation(s) displayed altered fiequency 

of cytokine production following IL-12 treatment. To speculate that these observations were 

representative of CD4 T ceIi activity would be prernanire, especially since NKl. I depletion 

markedly inhibited IL-12 induced PTùy synthesis in KLH immunizedlIl-12 treated mice 

(McKnight, 1994). 

We found that suppressed prirnary IgE synthesis following IL-12 treatment could be 

attributed to IL-12 activation of NK cells. The eariy burst of ENy levels following IL42 

treatment suggested that increases in ENy synthesis were the result of the capacity of IL-12 

to promote NK cell IFNy production. Heightened serum (on d. 3) and culture (on d. 1) IFNy 

levels following IL- 12 administration, were strongly inhibited by anti-NK 1.1 treatment, 

indicating that IL-IZ induced early IMy synthesis was associated with M< ceU activation 

(Fig. 12). Moreover, anti-NK 1.1 treatment reversed IL-12 induced inhibition of IgE 



responses (Fig.14), demonstrating that, in our study, IL42 inhibition of IgE synthesis was 

dependent on enhanced NK celt IFNy production. 

Taken together, this component of the study indicates that IL42 suppresses primary IgE 

synthesis by activation of NK ceU IFNy production. While this b a t e  immunity was sufficient 

to alter prirnary effector responses and long-term IgG, synthesis, it did not result in a shift 

in the adaptive memory responses which would be required for the continued inhibition of 

IgE, such as the skewing of the fiequency of Ag-specific CD4 T cells producing cytokine. 

In contrast to the inability of exogenous IL42 to prevent long term inhibition of IgE 

production, IL42 treatment at the tirne of initial parasite Uifection in susceptible rnice did 

promote durable protective imrnunity against re-infection (Heinzel, 1993). However, IL-12 

induced protective immunity against parasites was associated with stronger type 1 cytokine 

 ion to profiles by CD4+ T cells, increases in macrophage nitric oxide cytotoxicity, in addi'. 

heightened NK cell IFNy production (Afonso, 1994; Scharton-Kersten, 1995; Wynn, 1996). 

Furthemore, IL42 administration was shown to prevent the occurrence of turnors and cause 

the regression of established tumors. IL-12 mediated tumoricidal effeas could be attributed 

to a combination of macrophage, CD8 T cell, CD4 T cell and NK ce11 activation involvuig 

both IFNy dependent and independent mechanisms (Gollob, 1998). 

The remon rJL-12 treatrnent could induce adaptive immune responses upon exposure to 

parasites and tumors, and not following irnrnunization with soluble Ag remains to be 



determined. However, these successes were associated with the capacity of IL-12 to enhance 

the type 1 CM1 norrnally protective against parasites and tumors. This suggests that in a 

system were CM1 is normdly protective, IL-12 treatment can promote this normal CMI 

resulting in memory protection. In contra* IL12 does not appear to alter humoral immunity 

normaily required to maintain the inhibition of IgE synthesis. 

ï h i s  would suggest that XIL-12 administration stimulated CM1 against OV4 OVA-specific 

IgE responses might be inhibited. In support of this speculation, DNA vector vaccination 

(encoding an Ag gene) inhibited Ag- spdc  IgE and AHR responses upon immunkation with 

Ag (alum), even if Ag (alum) irnrnunization was delayed for 6 months (Raz, 1996). The 

importance of CD4 and CD8 T cel1s in this process was seen when adoptively transferred 

CD4 and CD8 T ceiis fkom mice immunized with DNA vectors induced lower IgE responses 

upon alum immunization (Ath corresponding protein product) (Lee, 1997). 

4.0 rIL-12 administration in mice with established IgE responses 

Simultaneous with Our investigations on the potential of IL42 to maintah inhibition of IgE 

synthesis, we began to investigate whether IL12 could be  therapeutically beneficial in 

abrogating IgE synthesis associated with chronic irnmediate hypersensitivity responses. The 

rationale for this study was based on (1) the capacity of IL- 12 to inhibit IgE synthesis, (2) the 

capacity of IL-12 added to resting CD4 T ceIis from aliergic individuals to enhance F N y  

synthesis and decrease IL-4 production (Marshall, 1995), and (3) the demonstration that a 

strong type 1 stimulus (OA-POL) can inhibit established 1gE responses by > 90 % (HayGlass, 



199 la). Therefore, we hypothesized that IL-12 administered to mice with established IgE 

responses would be able to abrogate type 2 immunity (IgE and I L 4  synthesis) and enhance 

type 1 immunity (IgG, and ENy production). We found that ru-12 treatment strongly 

enhanceci type 1 imrnunity, as seen by extensively increased serum IgG, (1 1 to 50 fold) and 

I M y  levels of immunized mice. In contrast, IL-12 failed to abrogate established type 2 

imrnunity- Furthemore, IL-4 production by non-Bhon-T cells was markedly elevated in IL- 

12 treated mice, resulting in a net increase in type 2 activation. 

Despite investigation with a variety of treatment protocols, IL-12 treatment did not inhibit 

Ag-specific IgE synthesis, and in some cases hcreased total IgE production (Table 6, 7, and 

8). Other attempts to inhibit established IgE responses have been made without success 

(Enkelman, 1994). Most recently, Umetsu et al. observed slightly decreased Ag-specific IgE 

synthesis (2.7 fold compared to imrnunized, untreated Mce) when rnice immunized with OVA 

(alum, footpad) were treated with OVA-IL42 fusion protein at secondary OVA challenge 

(Kim, 1997). Although this was interpreted as illustrating the capacity of IL42 (directed to 

the appropnate APC by the attachent to the Ag) to decrease established IgJ5 production, 

this decrease was minor. This is consistent with the inability of IL- 12 to redirect already 

dserentiated systems including established Th2 clones and parasitic responses (Murphy, 

1996; Rogge, 1997; Szabo, 1995). 

In contrast to the inabiity of exogenous IL12 administration to suppress IgE production, Ag- 

specific IgG, was highly elevated (Table 6, 7 and 8). This was also seen with OVA-IL-12 



fusion protein treatment of estabfished responses (Kim, 1 997). Increased IgG, corresponded 

with strong serum (Fig. 15) and culture IFNy synthesis (Fig. 16). These increases in IFNy 

were most likely associated with NK cell activation (Fig. 12). 

Prolonged courses of exogenous IL- 12 treatrnent had minimal impact on the intensity (short 

term culture, Fig. 17) or the fkequency of CD4 T cells secreting I M y  ( D A ,  Table 9). 

Conversely, the frequency of CD4 ceifs producing IL4 was consistently and strongly 

decreased. This contradicts what is known about the inability of IL-12 to modiSr cytokine 

profdes of conditioned Th2 clones due to their loss of IL-12R P2 chah expression (Rogge, 

1997; Szabo, 1995). However, in contrast to in vitro studies which use mature homogeneous 

clonal populations, in vivo Ag-specific T cell responses to exogenous Ag are thought to 

consist of (1) differentiated T cells (producing predorninately either type 1 or 2 associated 

cytokines), (2) heterogeneous memory cells capable of producing both type 1 and 2 

cytokines, and (3) uncomrnitted Ag-specific T cells. Upon secondary immunization al1 three 

populations of Ag-specïfk T celis are likely to be present. While predominantly type 2 

responses were apparent following primary OVA (alum) immunization (in the absence of IL- 

12 treatment), upon secondary irnrnunization (in the absence of IL42 treatment) increased 

Ag-specific IgG, and serum IFNy levels were seen (Fig. 8, 9 and 15), suggesting that de 

novo cornmitment of naive T cells to a type 1 phenotype occurs over the course of the 

experirnent in response to OVA (alum) immuNzatjon. Whether this reflects an attempt by the 

immune systern to restnct type 2 imrndt ion  irnmunity or expansion of initial immunization 

responses is unknown. Thus, IL-12 treatment at secondary immunization may greatly 



augment this normal development of type 1 immunity. The possibility that repeated IL42  

administration enhanced this de novo type 1 immunity by influencing uncommitted T ceIl 

activity in a Th1 direction was consistent with the clear reduction in the fiequency of OVA- 

specific CD4 T cens producing IL-4. Similarly, altered CD4 T cell cytokine production had 

also been seen upon IL- 12 treatment of established B. malqyi specific responses, resulting in 

elevated CD4 T ce11 mediated IFNg production and suppressed IL-4 synthesis, despite no 

change in igE ievels (Pearlman, 1995). Furthemore, evidences suggests that successfÙl 

irnmunotherapy results, not in altering established T ceil responses, but in recruiting 

uncornmitted Ag-specific T cells, which retain responsiveness to IL-12, into Thl-Wce cells 

(Jutel 1995). Another explanation for the decrease in the frequency of IL4 producing CD4 

T ceiis is that extended IL-12 administration switched off IL-4 production of OVA-specific 

Th2-like ceils. This is unlikely as IL-4 production from Th2 clones is highly stable (Murphy, 

1996; Szabo, 1995). 

In marked distinction to the capacity of extended IL-12 administration to inhibit the fiequency 

of IL-4 producing CD4 T cells, OVA stimulation of unseparateci spleen cells resulted in highly 

increased I L 4  synthesis. Enhanced I L 4  synthesis and mRNA expression following IL-12 

administtation in established immunization and L. major responses was previously reported 

Vliss, 1996; Wang, 1994). But contrary to Our LDA results, these reports speculated that 

the source of E-4 was CD4 T ceus. 

IL-4 production is important for inducing primary and secondary IgE productior: following 



immunization, since anti-IL-4 treatment eliminated the induction of primary and secondary 

IgE responses upon TNP-KLH (alum) imrnurhtion (Finkelman, 1990). Some secondary 

IgE responses to polyclonal and infectious agents also require the presence of IL-4 

(Finkelmaq 1990; Yarnashita, 1996). However, while I L 4  driven pr irnq  IgE synthesis 

appeared to be T cell derived, secondary IgE responses seemed to be more dependent on IL-4 

produced from non-T c d  sources (Yamashita, 1996). Specifically, non-Bhon-T celis have 

been reported to be important producers of I L 4  in systems where IgE is already present 

(Aob 1995). We observed that secondary immunization (in the absence of IL- 12 treatment) 

resulted in 24 times more IL4 synthesis f?om non-Bhon-T cells than CD4 T cells (non- 

Bhon-T tek: 6 Ulml IL-4/2.5 million ceils, Fig 19; CD4 T cells: 0.5 Ulm1 IL4/5  million 

ceus, Fig. 17). 

When we adrninistered IL-12 to mice with established Ab responses the number of non- 

Bhon-T celis (deked as CD4-, CD8- and CD19-, Fig. 18) was enhanced, without altering 

the total number of CD4 or CD8 positive ceils in the spleen. It had been previously reported 

that IL12 production enhanced the B220-, CD3- cells within the spleen (McKnight, 1994). 

In addition, we observed that rIL-12 treatment augmented the ability of non-Bhon-T cells 

to produce IL4 (Fig. 19). Thus, the 15 fold enhancement of IL-4 in spleen cell culture (Fig. 

16) appears to result from the ability of IL-12 to increase the number of non-Bhon-T celis 

in the spleen and enhance their capacity to produce IL-4. 

We speculate that these non-Blnon-T ceiis were basophilie in nature and expressed FceRI. 



It has been previously shown that non-Bhon-T dis, able to produce IL4 upon FcdU cross- 

linking, possess basophilie characteristics, such as cytoplasmic granules and encapsulated 

histamine (Seder, 1991). In addition, human basophils have been cited as a major source of 

IL4 in Ag stimulated cultures f?om atopic individuais (Kasaian, 1996). 

The rnechanisrn of IL-12 action on îhese celis is under investigation. Since up regdation of 

F& on basophils by IgE has been reported (Lantz, I997), we are currently attempting to 

deterniine whether exogenous IL- 12 administration enhances FcdU expression. 

In summary, this component of the study demonstrated that I L 4 2  administration f i e r  the 

development of type 2 humoral responses resulted in enhancement in type 1 irnmunity 

exhibited by strongly elevated IgG, production, enhanced KFNy synthesis and a consistent 

reduction in the fiequency of IL-4 producing CD4 T cells. However, despite the generation 

of type 1 imrnunity, IL42 administration rnarkedly increased spleen ceil I L 4  levels, attributed 

to an increase in the number of non-Bhon-T cells within the spleen and their capacity to 

produce I L 4  These increased IL4 levels would contribute to the inability of exogenous IL- 

12 treatment to decrease IgE synthesis in mice with established Ab responses. Collectively, 

this argues that the potential for exogenous IL- 12 treatment to exert beneficial effects on 

ongoing type Zdominated humoral responses, such as in the case of atopy, may be Lunited. 

A potential trivial explanation for our inability to maintain inhibition of IgE or alter established 

IgE responses is that we did not admirister sufficient IL-12. In an effort to inhibit IgE 



responses following h! bradïems infection, Fuikleman et aZ. administered 1 O00 ng x 9 days 

of IL12 to mice (9 times Our amount) (Finkelman, 1994). However, even at this dose 

secondas, IgE production was enhanced 75 % cornpared to prirnary inhibition of IgE, 

indicating that the inhibition of primary responses was unstable. Furthermore, in our attempts 

to abrogate established responses, mice were treated with a wide range of protocols (Fig. 6) .  

These ranged nom mice receiving a single course of IL- 12 injections over 6 days beginning 

imrnediately pnor to secondq immunization, to repeated series of five courses (200 ng x 5) 

of IL- 12 treatment with the finai curse being adrninistered with secondary immunkation, 22 5 

days afler initiation of the experirnent. Although it remauis possible that administration of 

substantially higher amounts of IL- 12 might be more effective, this would need to be balanced 

agauist the severe toxicity commonly associated with such levels (RyfEel, 1997), which could 

have been responsible for the high mortality we saw at doses of 1000 nglml. Taken together, 

it is uniikely that higher doses of exogenous IL42 administration would have proven 

beneficial (and may have actuaily have been detrimental) in maintainhg inhibition of IgE 

responses upon subsequent irnmunization or abrogating established responses. 

5.0 Endogenous IL12 regulation of humoral mediated immunity 

Increasing evidence indicates that endogenous IL-12 is important in regulating T celi and 

macrophage responses in autoirnmune and idammatory diseases (Davidson, 1 998; Leonard, 

1995), as weii as in the induction of protective immuniity in parasite resistant mice (Anderson, 

1998; Cooper, 1995; Mattner, 1996). However, there is limited infoxmation on the role of 



endogenous IL-12 in modulating Ab responses in vivo. Thus, we examined the imponance 

of endogenous IL-12 in the induction of type 1 and type 2 Ab responses. 

Our interest in endogenous IL12 regulation of IgE synthesis was driven by Our observations 

that OA-POL treatment (a strong inducer of OVA-specific type 1 imrnunity), given pnor to 

OVA (alum) irnmunization, is able to induce and maintain pronounced inhibition (- 95 %) of 

IgE production upon subsequent imrnunizations (Table 10) in a CD4 T ceil dependent rnanner 

and is associated with an increase in the ratio of IFNy:IL-4 secretion (Yang, 1993). Large 

chitin complexe: have aiso been shown to induce strong type 1 responses (stronger IL-12 

production) upon mannose receptor-mediated phagocytosis by macrophages, compared to 

smailer structures (Shibata, 1997). Since the Y of OA-POL is 400 times that of naive @VA 

and it is glycosylated with rnany mannose residues (Sherblom, 1989), this suggests that OA- 

POL could be processed by APC in a similar manner to chibn particles resulting in the greater 

induction of endogenous IL-12, Thl-like OVA-specific CD4 T ce11 developrnent and the 

inhibition of IgE synthesis. in addition, the presence of IL- 12 (as seen in the fkst component 

of this study) did inhibit primary IgE. Therefore, we hypothesized that the capacity of OA- 

POL to inhibit IgE is dependent upon OA-POL induction of endogenous IL-12 secretion. 

To examine this possibility, irnmunized rnice were pretreated with OA-POL and anti-IL42 

polyclond Ab. OA-POL treatment decreascd OVA (alum) induced Ag-specific IgE by about 

30 fold. Anti-IL-12 administration substantiaily (but not completely) reversed the capacity 

of OA-POL to inhibit IgE synthesis (Fig. 20). These OA-POL induced changes in Ab 



production were neutralized by anti-IFNy mAb treatment, indicating that this effect is IFNy 

dependent (HayGlass, 1991b). The inability of anti-IL-12 to totally reverse OA-POL 

inhibition of IgE suggested that (1) OA-POL induced PN.( direcdy or through cytokines, in 

addition to IL-12, or (2) IL-12 was incompletely neutralized. It was not possible for us to 

distinguish between these possibilities using this experimental approach. However, 

independent studies with heat killed B. abortus and Listeria indicated that other endogenous 

cytokines (in addition to IL-12) were involved in the inhibition of IgE synthesis (Scott, 1997; 

Yeung, 1998). 

Immunization of Ag with heat Mled B. abortus and Lisferia initiated strong type 1 innate 

immune responses associated with enhanced IL42 and IFNy production and decreased Ag- 

specific IgE responses (Scott, 1997; Yeung, 1998). Using neutralinng anti-IL42 Ab, it was 

examined whether inhibition of IgE could be attributed to enhanced endogenous IL-12 

production upon injection with heat kilied B. abortus and Listerio. Ad-IL,- 12 treatment did 

not alter the capacity of B. abortus to inhibit IgE, although a partial increase in the fiequency 

of IL-4 producing spleen cells was seen (Scott, 1997). Treatment with anti-IL-12 mAb 

partially restored heat killed Listeria inhibition of Ag-specific IgE responses (64 %) (Yeung, 

1998). In addition, neutralization of endogenous IL42 retumed the altered cytokine 

production (i.e. increased IFNy and decreased IL-4) seen following heat killed Listeria 

treatment to control levels. Since anti-IFNy mAb reversed the inhibited IgE synthesis to the 

same extent as anti-IL-12 mAb, it appears that heat kiiled Lislena induction of IL- 12 results 

in F N y  dependent inhibition of IgE production. 



Together, this suggests that the inhibition of IgE and IL-4 induced by OA-POL, heat kiiled 

B. abortus and Listeria treatments are mediated by a number of factors, including enhanced 

IL42 production. The importance of endogenous IL42 in OA-POL treatment is being 

further investigated by 1. Lewkowich and K. HayGlass in IL42 KO mice. That approach, 

while interesting, may not solve the puzzie due to redundancy withui the immune system 

apparent in congenitaiiy defective mice. 

Taking an independent experimentd strategy, we continued to examine the importance of 

endogenous IL12 in the regdation on Ab responses using p40 and p35 KO mice. There are 

indications that p40 homodimers inhibit the induction of type 1 immunity, possibly by acting 

as a direct antagonist of IL- 12 receptor binding (Gillessen, 1995). In vitro and in vivo models 

have shown differences in the generation of type 1 immunity either in the excess or absence 

of p40 (Heinzel, 1997; Yoshimoto, 1998). Therefore, to account for a potential role @40), 

may have in humoral imrnunity, we felt that it was important to use both p3 5 and p40 KO 

mice. However, we did not see differences in Ab or cytokine responses between p35 and p40 

KO rnice. Thus, the term IL12 KO mice will be used to denote both p35 and p40 KO mice. 

One limitation of working with p35 and p40 KO mice is that p40 homodimer inhibition of 

p70 activity can not be detected, since p70 does not exist in either model. Thus, daerences 

between the two strains would have reflected the capacity of p40 to act on immune responses 

independent of regulating IL- 12 activity. 

To specifically investigate the role of endogemus IL-12 in the regulation of Ab responses 
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generated by a type 1 stimulus, TL-12 KO rnice were immunized using type 1 (CFA) and type 

2 (alum) promoting conditions. Contrary to the hypothesis that we and others (Magram, 

1996) proposed that endogenous IL-12 acts as a constitutive inhibitor of type 2 cytokines (IL- 

4 and IL-5) and Ab (IgE) responses in vivo, IL42 KO mice did not exhibit increased IgE 

production (Fig. 24). Likewise, IgE responses to type 2 stimuli (OVA (aium), Fig. 22 and 

L spirulis (alum), Fig. 23) were not enhanced in p3 5 and p40 KO rnice. The conclusion that 

endogenous IL-12 is not a central inhibitor of IgE responses in vivo is further supported by 

reports that (1) primary IgE levels were somewhat enhanced in IL-12 KO rnice in response 

to KLH (100 pg; alum) immunization (2.4 fold) (Schijns, 1998), upon anti-IL12 treatment 

of mice exposed to nebulized Ag (2 fold) (Keane-Myers, 1998) or injection with irradiated 

S. mansoni (Anderson, 1998), (2) no ciifferences in IgE levels between p40 KO and WT mice 

were seen following infection with S. mansoni, and (3) the capacity of anti-IL- 12 to inhibit 

IgE in mice exposed to nebulized Ag was dependent on mouse strain (Keane-Myers, 1998). 

In addition, we observed that upon secondary immunization, IgE levels were slightly 

suppressed in IL-12 KO m i q  suggesting that IL42 may contnbute to secondary IgE levels. 

In contrast to the partial or null impact of endogenous IL-12 on IgE production, IL42 

appears to be critical in the regulation of total IgG, as it was consistently suppressed in IL- 

12 KO mice (Fig. 22,23 and 24). Likewise, we observed that anti-IL12 treatment was able 

to partially reverse OA-POL induced IgG, synthesis (3.5 fdd, Fig. 20). Enhanced IgG, 

synthesis following heat Mlzd B. abortus and Listeria treatment showed a stronger 



dependence on endogenous IL-12, since neuaalization of endogenous IL-12 greatly inhibded 

increased serum IgG, synthesis (Scott, 1997; Yeung, 1998). Decreased IgG, production 

was also seen following anti-IL- 12 treatment in Borrelia burgdorferi infected mice (Anguita, 

1996) and &er KLH (alum) imrnunization in IL42 KO mice. However, this was not 

universal. IL12 deficiency did not dter IgG, or IgG, production upon mouse hepatitis vinis 

(Schijns, 1998) or S. mmsoni infection (Anderson, 1998), indicating that these immune 

responses have a lesser dependence on IL-12. Endogenous IL-12 appeared to have Iittle 

impact on IgG, production (Fig. 22,23 and 24) (Anguita, 1996; Schijns, 1998). 

Furthemore, the ability of endogenous IL42 to increase IgG, showed a strong dependence 

on FNy since (1) anti-IL42 treatrnent reversed the fiequency of F N y  producing spleen celis 

following heat killed B. abortus treatment (Scott, 1997), (2) anti-IL12 treatment reversed 

the amount of IFNy produced by lyrnph node cells upon heat killed Listeria treatment 

(Yeung, 1998), and (3) anti-IFNy rnAb inhibited the potential of heat killed Listeria to 

enhance IgG, to the sarne extent as anti-IL- 12 mAb (Yeung, 1998). 

We observed consistently lower IFNy synthesis by spleen celis from IL42  KO rnice under 

al1 conditions examined (Fig. 25 and 27). Decreased IEWy production has generdy been 

found in p35 and p40 KO mice in response to different stimuli in vivo and in vitro. In lyrne 

disease, anti-IL12 treatment resulted in decreased IFNy synthesis (Anguita, 1996). Naive, 

iCCH (CFA) immunized or LPS treated ILI2  KO mice dl exhibited impaired serum and 

culture IFNy responses (Magram, 1996; Schijns, 1998). Aside from increases in IL-IO 



synthesis in p3S KO mice irnmunired with T. spiralis extract (Fig. 27), there was no 

indication that endogenous IL42 regulated type 2 affiliated cytokine profiies (Fig. 26). 

Unaitered IL4 synthesis was seen in infectious and nebulized Ag IL-12 KO models (Anguita, 

1996; Keane-Myers, 1998). Slightly increased (ap proximately 2.4 fold) IL-4 production was 

also seen by lymph nodes ceils upon KLH (CFA) immunkation (Magram, 1996). 

Coilectively, these data indicate that endogenous IL42 is an important promoter of IFNy 

responses, but not a critical ùihibitor of type 2 cytokine production upon immunization. 

In parasite models, increased IL4 production was observed upon L. major infection of IL42 

deficient rnice (either p35 or p40) on a resistant background (Mattner, 1996). This result was 

consistent with the loss of the healing response in resistant mice treated with anti-IL12 

(Heinzel, 1995). Ln addition, BAL cells fiom p40 KO mice infected with S. mmsorii after 

vaccination with irradiated S. m m o n i  exhibited elevated I L 4  production compared to W 

mice (Anderson, 1998). IL-12 is considered important in the healing responses to parasites 

it because induces CM, including IFNy production, required for macrophage microbicidal 

activity (Belosevic, 1989). Furthemore, IL- 1 2 production fiom infected macrophages plays 

a role in directly or indirealy suppressing detrimental IL-4 synthesis, strongly associated with 

susceptibility to L. major. Thus, the eiimination of endogenous IL42 in resistant mice dlows 

for the unrestncted IL4 synthesis nomally countered by the generation of endogenous IL-1 2 

in response to infection. 

Taken together, our work and the studies cited above indicate that IL- 12 has a consistent role 



in the promotion oftype 1 Ab synthesis. However, it appears to have minimal impact on the 

inhibition of type 2 Ab and cytokine responses. This implies that negative regulation of IgE 

synthesis (seen upon OA-POL and heat Mled B. abortus and Listeria treatment, or CFA 

imrnunization) is induced by a type 1 factor(s) in addition to endogenous IL-12. Other 

evidence for a factor capable of inducing type 1 Knmunity in the absence of IL-12 (and IFNI() 

was observed following attenuated schistosome vaccination in p40 KO mice by the partial 

elirnination of parasites (Anderson, 1998). In addition, the maintenance of IL42 

responsiveness in IL12  KO mice (Kg. 28) suggests the presence of a factor(s) which 

prevents the suppression of IL-12R P2 associated with Th2 clonal responses. 

IL18 (my-inducing factor) is another recently discovered stirnulator of FNy .  Whde in 

vitro studies showed that IL- 18 enhanced type 1 responses in the presence of DL- 12 (iicluding 

the inhibition of IgE and induction of I M y  synthesis), in the absence of IL-12, IL18 did not 

enhance T cell IFNy production or cellular proMeration (Okamura, 1 995; Y oshimoto, 1 997). 

Thus, IL4 8 may be an unlikely candidate for the induction of type 1 irnmunity in the absence 

of endogenous IL-12, since it appears to act predorninately in concert with other cytokines 

(Le. IL-12). 

6.0 Endogenous IL-10 regulation of IgE synthesis 

Immune responses can be differentially regulated by the balance of endogenous type 1 and 

type 2 cytokines, particularly IL-12 and IL-IO. IL10 is a known inhibitor of pro- 



inflamrnatory cytokines. h an apparent autoregulatory mechanism, IL- 12 (and other type 1 

cytokines) have been shown to induce IL10 production, which in tum decreases their 

synthesis and Limits their capacity to drive immune responses (Shibata, 1998; Takenaka, 

1997). Therefore, in addition to examuiing the role of endogenous IL12 in Ab responses, 

we investigated the importance of endogenous IL-IO in IgE production and in down 

regulating type 1 cytokine responses induced in response to immunkation. 

We found that eiimination of endogenous IL- 1 O (either by treatment with anti-IL- 1 O mAb or 

by genetic KO of the IL-IO gene) inhibited IgE production in OVA (alum) immunized mice 

by > 95 % (Fig. 29 and 30). This contradicts previous reports on in vivo studies by three 

laboratones which indicated that IgE production was unchanged in the absence of 

endogenous IL- 10. Treatment of neonatal mice with rat anti-mouse IL- 10 resulted in little 

alteration of basal (pre-irnmunization) IgE synthesis (Ishida, 1993). The dficulty with that 

treatment regimen (3 injections x S weeks) was that would iikely have generated mouse 

immunity against the rat Ab (anti-IL-1 O), contributing to ineffective IL- I O neutralization 

(Ishida, 1993). However, IL-10 KO mice also displayed basal senim IgE levels equivalent 

to their WT wunterparts (Kuhn, 1993), supporthg the conclusion that endogenous IL-1 O is 

not involved in the regdation of basal IgE levels. Nomai levels of IgE were also seen when 

IL-IO KO mice were immunized with 100 pg of haptenated chicken y-globulin (dum) (HP- 

CG) (Kuhn, 1993), and when anti-IL10 treated rnice were injected with aqueous influenza 

antigens (Dobber, 1995). However, in both cases, the immunization protocols used (the high 

dose of Ag or the lack of adjuvant) themselves result in weak IgE production making it 



dficult to assess the importance of endogenous L I  O on IgE synthesis in the absence of a 

substantive positive control. What these observations may indicate is that in naive mice or 

in the absence of a strong IgE inducer, endogenous IL40 is of Iittle consequence in the 

production of IgE. 

Equivalent IgE production in IL40 KO and WT mice was also seen upon A. fumigatus 

infection However, this was accompanied by increased IL4 and IL4 synthesis in addition 

to IFNy production (Gninig, 1997). In our study, wMe IL4 production was unchanged, and 

IL-5 synthesis was decreased (Fig. 3 1). This may be relevant since IL-5 was demonstrated 

to augment I L 4  induced IgE synthesis (Pene, 1988b). 

In anti-IL40 treated mice, we observed a 5 fold increase in Ag-speciGc IgG, production (this 

failed to reach statistical significance, perhaps due to an insufficient number of mice; this is 

cwrently being examinai). In contrast, little change was seen in IgG, (or IgG,) production 

in lL 1 O KO mice, aithough total IgG,  and IgG, were marginally increased (Fig. 29 and 3 0). 

Generally little impact on IgG, and IgG, (total and Ag-specific) had been reported in IL- 1 O 

KO mice (Grunig, 1997). In contrast, anti-IL10 treatment substantially increased IgG, 

levels in naive or irnrnunized rnice (Ishida, 1993; Kerdine, 1996). Furthemore, excessive IL- 

10 production inhibited IgG, synthesis (Bai, 1997; Kerdine, 1996). Thus, anti-IL1 O and IL- 

10 txeatment studies indicate that L-1-10 negatively regulates IgG, synthesis, perhaps 

secondary to enhanced F N y  production. This is generally unconfirmed in IL40 KO mice. 

Unaltered IgG, synthesis in IL-IO KO mice may signify the induction of a factor which Iimits 



IgG, production in IL4 0 KO mice, despite the increased IFiri y synthesis. 

Decreased IgE seen in our study was associated with enhanced type 1 cytokine synthesis and 

decreased IL-5 production. Enhanced F N y  was consistentiy found in the absence of 

endogenous IL- 10 by ourselves (Fig. 3 1) and others @ai, 1997; Grunig, 1997; Shibata, 

1998). Since decreased IFNy production, but not FNy mRNA expression, was observed 

when IL40 levels were artifïcially elevated in vivo, this suggests that IL-1 O acts by Uihibiting 

translation, but not transcription, of IFNy (Kerduie, 1996). 

Increased levels of semm and culture IL42 in IL10 KO mice have been reported in response 

to infectious stimuli (Grunig, 1997; Shi'oata, 1998). IL-IO was observed to inhibit both T ce11 

(Ag and CD40:CD40L) dependent and independent induction of IL- 12 synthesis. Therefore, 

we evaluated whether antigenic (T ceii dependent) IL42 p40 synthesis, in addition to LPS 

stimulation was dfected in irnmunized IL40 KO mice. We found that IL12 p40 was 

enhanced in DL10 KO mice relative to WT controls in response to both antigenic (OVA) and 

polyclonal (LPS) stimulation (Fig. 32). It is comrnon knowledge that protein preparations 

contain LPS. Therefore, we assayed the arnount of LPS in OVA and deterrnined that 1/3 of 

enhanced IL12 p40 production upon OVA stimulation might be attributable to the Iow level 

of LPS seen in the 5 tirnes recrystalized OVA used in this study (Table 1 1). This means OVA 

stimulation accounted for U3 of IL42 p40 production, indicating that in IL-1 O KO mice there 

was an enhancement of both T ceii dependent and independent mechanisms of IL42 p40 

induction. LPS stimulation of spleen celis is non-specifx, but the presence of Ag induced IL- 



12 p40 production indicates that p40 (and by extrapolation IL-12) synthesis was elevated in 

the absence of IL10 replation in response to inmunization. 

IL-10 KO mice displayed decreased IL-5 production upon exogenous Ag immunkation (Fig. 

3 l), or foilowing helminth infection (Kuhrg 1993). In AHR models, where decreased IL-5 

synthesis was seen following IL-1 O treatment, it was argued that IL-IO activity altered 

macrophage signalling to T ceiis, impaûuig IL-5 production (Zuany-Amorim, 1996). In IL1 O 

KO mice, IL-5 inhibition also may be a secondary the result of elevated type 1 cytokine 

production (particularly IL-12) which can suppress IL-5 synthesis (Warren, 1995). The 

ciifference between these results probably reflects the pleiotropic nature of IL4 O, as treatrnent 

with pharmacologie doses of IL-IO and removal of endogenous IL-10 could effect the 

cytokine network at a variety of intersecting points. 

Upon pnmary immunization with OVA (alum) both type 1 and type 2 cytokine production 

is tnggered, as seen by IL4 and IFNy synthesis in Ag-dnven culture of WT (Le. C57BV6) 

mice (Fig. 10). Since the peak of primaq spleen celi culture IL- 1 O production (96 h harvest) 

is after that of IFNy (48 h harvest), IL-IO may serve to suppress primary type 1 cytokine 

responses, and subsequentfy promote IgE production. As IL-4 synthesis was unaltered in IL- 

10 KO mice, it appean that the removal of inhibitors (such as IFNy, IL42 or other cytokines 

not evaluated here) were required for IgE responses. We did not observe spontaneous 

cytokine production ex vivo in &IO Ka mice (Fig. 3 1 and 32) indicating that changes in 

cytokine production were initiated in response to irnmunizing, and not environmental, Ag. 



The k d i g  that elunination of I L I 0  resuits in enhanced IFNy and IL-12 p40 production and 

inhibition of normally substantial IgE responses in mice, does not necessarily translate into 

a possible therapeutic benefit for the use of anti-IL-10 in allergy. IL40 was reported to 

enhance IgE secretion fiom dserentiated B cells, yet in AHR models, IL40 treatment 

reduced symptoms (Zuany-Amorh, 1996). Furthemore, both increased and decreased IL- 

10 were reported following successfùl allergen imrnunotherapy (Akdis, 1 998b; Behghausen, 

1997). Increased IL4 O was argued to (1) contribute to immunotherapy by causing anergy 

of allergen specific T ceUs and decreasing IgE production (Akdis, 1998b) or (2) restrict 

potential damage associated with enhanced type 1 cytokine production (Le. the potential for 

autoimmune disease) (Behghausen, 1997). Thus, despite the finding that murine IgE 

synthesis can be inhibited by extreme ïncreases in type 1 cytokines in the absence of 

endogenous IL-10, it is dEcult to extrapolate this as indicating that reduced endogenous IL- 

10 would be therapeuticdy beneficial in allergy. 

7.0 CDS T ce11 regulation of type 1 and type 2 humoral responses 

In the Hth component of this research, we investigated the effect of CD8 deficiency on the 

induction of IgE synthesis. It had been previously observed in our laboratory that OVA 

prirned CD4 T cell F N y  production couid be enhanced by the addition of OVA prirned CD8 

T cells (X. Yang and K. HayGlass, unpublished observation), suggesting that CD8 T cens 

assisted CD4 T ceii IFNy production. This observation on our part initiated Our interest in 

CD8 T ceB regulation in immune responses pertaining to IgE regulation and was consistent 

with reports by Holt and Kerneny's groups showing that activated CD8 T cells suppressed IgE 



production @ohes, 1996; Holmes, 1997; McMenamin, 1995). However, one of these 

studies aiso suggested that CD8 T cells were required for the initiation of IgE production 

@olmes, 1996). Therefore, we hypothesized that in CD8 KO mice we would see an 

inhibition of type 2 Ab (decreased IgE synthesis, increased IgG, synthesis) and cytokine 

profiles (imcreased IFNy:IL-4 ratio) in response to OVA (alum) immunization. In addition, 

we hypothesized that strong type 1 Ab pattems n o r d y  seen after OA-POL aeatment would 

be enhanced. 

Since we were interested in later evaluating the ability of OA-POL to abrogate IgE responses 

in WT and CD8 KO rniq mice were îmmunized with 0.2 pg of OVA (aium), a dose at which 

OA-POL treatment can consistently inhibit estabiished IgE responses (- 90 %). No daerence 

was seen in basai, primary or secondary Ag-specinc IgE responses between WT and CD8 KO 

mice (Fig. 34). Total 1gE levels were also similar except that CD8 KO rnice display slightly 

decreased total IgE upon secondary immunization with 0.2 pg OVA (alum) (Fig. 34), further 

arguing against a role for CD8 T ceus in the induction of IgE production. This compiernents 

our finding that Ag-specific IgE synthesis (basal, primary and secondary) was not dtered in 

CD8 KO verses WT mice immunized with 2.0 pg of OVA (W. Stefura, J. Rempei, and K. 

HayGlass, unpubiished observation). 

A similar observation had been made in an AHR mode1 examining the role of naive CD8 T 

cells in the induction of ainvay responses. Mice rendered CD8 T ceii deficient pnor to 

sensitization had decreased IL4 and eosinophil responses upon inhalation nebulized 



antigen (Erne- 1996), but total and Ag-specific IgE levels remained consistent between 

sensitized CD8 depleted rnice and sensitized undepleted animais. When rats were depleted 

of CD8 cells pnor to primary PLAhcin immunkation i-p., a 5 fold decrease in total IgE, but 

not A g - s p d c  IgE, was seen (Holmes, 1996). However, under different housing conditions 

the ricin experiments could not be duplicated (B. Holmes, discussion), indicating that the 

results were highly dependent on other factors. Thus, while under well defined conditions 

CD8 T ce& rnay have a role in the induction of IgE responses, generdy it appean that they 

do not. 

In addition to the impact of CD8 T cells on OVA (alum) irnmunization responses, we 

examined the role of CD8 T ceil regdation in the capacity of the type 1 polarizing Ag OA- 

POL to switch established type 2 Ab and cytokine responses into type 1 responses. To 

accomplish this, 0.2 pg OVA (alum) irnmunized WT and CD8 KO rnice were treated with 

OA-POL and boosted. No difTerence in the capacity of OA-POL to abrogate Ag-specific or 

total IgE were observed between strains in the presence or absence of CD8 T cells. 

Furthemore, although both OA-POL induced Ag-specific IgG, and IgG, were enhanced in 

CD8 KO rnice compared to OA-POL treated WT mice, these increaseç were minimal. 

Previous reports have shown increased IgG, synthesis upon anti-CD8 treatment of naive mice, 

or upon viral infection of CD8 KO mice (Coutelier, 1991; Yee, 1996). The effects of CD8 

cells on IgG, levels were l e s  consistent. Taken together with Our results, this indicates that 

CD8 T cells does not greatly impact the induction of type 1 (IgGd or type 2 (IgE) Ah 

responses. 



Our andysis of cytokine production in OVA immunized CD8 deficient mice indicated that 

CD8 KO mice had a siightly type 1 skewed cytokine profile. Upon secondary OVA (alum) 

imrnunizatioq CD8 KO rnice displayed a minor increase in Ag-dnven IFNy levels compared 

to WT rnice. Following OA-POL treatment, there was almost a 4 fold hcrease in the 

IFNy:IL-4 ratio in OA-POL treated CD8 deficient mice compared to OA-POL treated WT 

mice. Neither OA-POL nor CD8 ce1 deficiency affected IL-5 synthesis; but a slight decrease 

in IL-5 production was observed upon OA-POL treatment of CD8 KO rnice. Although this 

deaease was minor, lower IL-5 production (2.5 fold) following the depletion of CD8+ ceils 

prior to airway sensitization had been reported (Harnelmann, 1996), suggesting CD8 T cells 

may contribute to, or participate in the regulation of, IL-5 secretion. 

It has been argued that activated CD8 T ceiIs are important in the regulation of established 

responses (Holmes, 1997); whereas, CD8 T cells are required for optimal immunity in the 

induction of Ab responses (Holmes, 1996). We found slightly decr=ased total IgE and 

enhanced IFNy in CD8 KO mice compared to WT mice. In addition, OA-POL treatment 

redted in enhanced IgG, and IFNy:IL-4 ratios, dong with lower IL-5 production, in CDS 

deficient mice. The alrnost 4 fold increase in 1FNy:IL-4 ratios was suggestive of skewed T 

celf responses. However, the ciifferences seen in the remaining responses (approximately 1.5 - 

2.5 fold), although statisticaliy significant, indicate that Ab responses were largely unaEected 

by the chronic absence of CD8 T cells. 

8.0 Summary 



The primary goal of this research was to investigate mechanisms of IL-12 regulation of Ab 

responses. 

We began this study by confmning other reports that the exogenous IL- 12 administration has 

the ability to profoundly inhibit the development of prùnary IgE responses. We went on to 

demonstrate that this initial inhibition was attributed to a burst of NK ce11 dependent IFNy 

production following IL12 treatment and was not associated with long-term skewing of CD4 

T ceii profiles or inhibition of IgE production. The observation that the presence of excessive 

IL-12 and IFNy in vivo was able to suppress IgE imrnunization responses, was firther 

supporteci by Our demonstration that the inhibition of primary IgE responses, in the absence 

of endogenous IL-1 O production, was associated enhanced type 1 cytokine production. 

The most important conclusion of this thesis is that endogenous IL42 production play a key 

role in the generation of type 1 cytokine responses and IgG, synthesis, but has Little impact 

on type 2 cytokine and IgE production. This is supported by our findings that (1) despite the 

inability of IL-12 to maintain restricted IgE production (when adrninistered with primary 

immunization), IgG, remained approxhately 4 fold enhanced, (2) IL-12 given during 

established responses resulted in an 11-50 fold increase in IgG, synthesis, without an 

alteration in IgE production, and (3) immunization responses in IL12 KO rnice revealed 

decreased IgG, levels, but IgE production was generaiiy unaffected. 

This contradicts what is known about the importance of IL-12 in generating protective CM1 



immunity against parasites, where IL42 treatment has the capacity to induce protective 

adaptive memory responses. It may be important to note that in models where IL-12 

treatrnent resulted in long-tm protection of parasites in susceptible mice, endogenous IL42 

was also reported to be critical in protective immunity in resistant mice, as observed upon the 

neutralization of endogenous IL-12. WMe protective responses showed some dependence 

on IL12 induced NK activity, the presence of IL12 (exogenous or endogenous) did translate 

into long term adaptive immune responses, including CD4 T cell activation and aitered 

cytokine production (Afonso, 1994; Heinzel, 1993; Scharton-Kersten, 1995; Wynn, 1996). 

Thus, IL-12 treatrnent in susceptible mice rnimics endogenous IL- 12 activity in resistant rnice, 

triggering protective responses naturally induced by infection. Similarly, exogenous IL-12 

administration prevented the occurrence of tumors and endogenous IL- 12 activity appears 

to be an important component of normal anti-tumor immunity @ianchi, 1996; Nakajirna, 

1998; Rao, 1997). Since endogenous IL-12 had Little effect on IgE synthesis, perhaps it 

should not (in hindsight) be surprishg that exogenous I L 1 2  was not therapeutically beneficial 

in the long-tenn reduction ofIgE levels. Thus, it may be more profitable to Grst determine 

what endogenous &or naturally restricts IgE production in response to type 1 stimuli (such 

as with OA-POL or heat kilied B. abortus and Listeria treatment or CFA irnmunization) and 

subsequently attempt to manage IgE levels by manipulating that factor. 

Another implication of this relationship between the endogenous regulation of IL-12 and 

successful exogenous IL-12 treatment is our findings indicating that endogenous IL-12 may 

have role in promoting secondary IgE responses by modulating non-Bhon-T celi activity. 



This is supported by the observations that (1) exogenous IL-12 administration in rnice with 

esîablished IgE responses rnarkedly enhancd non-Bhon-T ce11 numbers and IL-4 production 

within the spleen, in addition to displaying increases in total IgE production, and (2) in IL-12 

KO mice secondary IgE responses were lower, while prirnary IgE production was unaffected. 

There are at Ieast two difnculties with exogenous cytokine administration. The first is trying 

to determine which cytokine to adrninister. For example, Our study indicates that IL-12 is a 

strong promoter of type 1 Ab responses, but it seerns that another factor@) is required for the 

negative regdation of IgE synthesis. This factor will be harder to identify since a negative 

impact on IgE synthesis is not as obvious as one that strongly induces type I immunity. The 

second dZEcuIty with cytokine therapy is that cytokines generaily exhibit multiple effects. In 

our study this was seen by the diswvery that administration of exogenous IL42 to rnice with 

established immediate hypersensitivity responses resulted in the increased IL-4 production 

fkom non-Bhon-T cells, which could augment the I g E  synthesis we were trying to inhibit by 

IL-12 treatrnent. We also observed enlarged spleens and nuid in the peritoneai cavity 

following IL-12 administration (at all doses of IL42 examined) and high mortaiity at doses 

of 1000 n@. Compiications resulting nom large increases in IgG, (a complement binding 

Ab) and IFNy synthesis, seen when we administered IL-12, could also be harmfùl. Large 

doses of IFNy are known to be toxic and are shown to be responsible for many of the 

toxicities associated with IL-12 treatment in mice and other animais (reviewed in RyfEel, 

1997). Thus, even ifexogenous IL-12 had excellent adjuvant qualities for the prevention of 



IgE, or therapeutic promise in being able to inhibit established IgE responses, caution would 

have been warranted in endorsing it for human trials (Cohen, 1995). Exogenous IL-12 

therapy does appear to have promise in treating cancer. Here, the benefits probably out 

weight the nsks. 

Lady, some studies indicated that CD8 T ceus were required for optimal induction of type 

2 responses when mice were treated with anti-CD8 mAb pnor to immunization (Harnelmann, 

1996; Holmes, 1996). Although our study with CD8 KO rnice was consistent with these 

findings, it is difncult to attribute any biological significance to it since the dserences we 

obtauied between CD8 KO and WT mice were generdly smali. The caveat in this argument 

is that redundancy in the immune system, strikingly apparent in many genetic knockouts, may 

have resulted in the replacement of CD8 T ceU production of cytokines important in the 

initiation of responses by other lymphocytes. 

It is becoming more apparent that the immune system has many compensating pathways, 

critical in the ability of a host to maintain immunologically responsiveness in the event that 

one pathway is compromised. As such, a negative result in a KO mouse strain may only 

indicate that other cytokines are compensating for functions normaily associated with the 

rnissing cytokine. Perhaps the moa renowned case of such redundancy is the capacity of I L 2  

KO mice to develop mature T cell responses (Kundig, 1993). In our laboratory, OA-POL 

induced inhibition of IgE was shown to be dependent on IFNy when anti-ENy was 

administered (HayGlass, 1991b). However, OA-POL inhibition of IgE was unaltered in EbJy 



KO mice (I. Lewkowich and K. HayGlass, unpublished observation). In comrast, observed 

ditferences in a KO mouse strain would strongly argue for a critical role for that cytokine in 

a certain response (such as decreased IFNy and IgG, production in IL-12 KO mice). 
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