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Summary. Macrophages are important effector cells in 
cell-mediated immunity against intracelllular infection. 
Among cytokines that macrophages are able to release 
are IL-12 and TNFa. IL-12 is a critical linker between 
the innate and adaptive cell-mediated immunity, capable 
of Thl differentiation and IFNy release by T and NK 
cells. IFNy is critically required for the activation of 
macrophage bactericidal activities. Recently emerging 
evidence suggests that macrophages are able to release 
not only IL-12 and TNFa but also IFNy. However, the 
mechanisms that control the release of each of these type 
1 cytokines in macrophages appear different. While 
macrophages release TNFa in an indiscriminate and IL- 
12-independent way, the release of IL-12, particularly 
bioactive IL-12 p70, and IFNy is under tight control. We 
are just beginning to understand what controls the 
release of IL-12 p70, a question of fundamental 
importance to understanding the mechanisms underlying 
the initiation of cell-mediated immunity. Our recent 
findings have shed more insights into the regulatory 
mechanisms of macrophage IFNy responses. It has 
become evident that IL-12 is required not only for Thl  
differentiation but also for IFNy responses by both T 
cells and macrophages during intracellular infection. In 
this overview, we have discussed about the current 
understanding of the regulation of macrophage type 1 
cytokine responses during intracellular infection, based 
upon the recent findings from us and others. 
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Introduction 

Many microbes are obligate intracellular pathogens 
of macrophages. It is generally believed that eradication 
of these pathogens lies in adequate activation of 
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macrophages which is in turn dependent upon type 1 
cytokines, particularly IFNy, released by activated 
antigen-specific T cells. However, recent evidence from 
us and others indicates that activated macrophages 
themselves can be a significant source of IFNy in 
addition to other type 1 cytokines, during intracellular 
infection. This thus suggests that macrophages may play 
a much greater role than previously thought in cell- 
mediated immunity. Furthermore, it also suggests that 
the critical role by T cells in host defense against 
intracellular infections goes beyond just the provision to 
macrophages of soluble activation signals such as IFNy, 
which we know now, can be at least in part fulfilled by 
rnacrophages themselves (Fenton et al., 1997; Munder et 
al., 1998; Wang et al., 1999). Emerging evidence 
supports a critical role of T cells in host resistance to 
intracellular infection via their cytotoxic activities 
(Bonecini-Almeida et al., 1998; Oddo et al., 1998). We 
are just in the beginning to understand the regulatory 
mechanisms of macrophage activation and the 
interaction between macrophages and T cells involved in 
anti-intracellular infection immune responses. Further 
understanding in this regard will undoubtedly foster the 
development of better vaccines and medicine for 
intracellular infectious diseases. 

Type 1 and type 2 cytokines 

Cytokines that are involved in adaptive immunity 
can be divided into Thl  and Th2 categories, depending 
on whether they are released primarily by murine Thl  or 
Th2 clones (Mosmann and Sad,  1996). The  T h l  
cytokines typically include IL-2 and IFNy whereas Th2 
cytokines include IL-4 and IL-5. However, it is known 
that a number of cytokines can be released by both Thl 
and Th2 clones and these include IL-3, GM-CSF and 
TNFa. Furthermore, there are cytokines such as IL-12 
and IL-18 that are not released primarily by either Th 
clone but are critical to Thl  differentiation andlor Thl 
cytokine production. It is of help to group these immune- 
modulatory cytokines according to the type of tissue 
responses they mediate (Xing et al., 1999). The type 1 
cytokines include IL-12, IFNy and TNFa which are 














