Intracellular thiols contribute to Th2 function via a positive role in IL.-4
production.:
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Augmenting intracellular soluble thiol pools ( approximately 2-fold) with 15
mM NAC blocked induction of IFN-gamma and increased production of IL-4
without causing significant changes in intracellular glutathione levels.

A number of lung diseases, including many interstitial lung diseases and HIV
infection, are associated with decreases in intracellular thiols. Altered Th1/Th2
T cell balance has also been associated with disease progression in many of the
same diseases. IFN-gamma and IL-4 are critical effector cytokines of Thl and
Th2 cells, respectively. To determine the effect of thiols on the production of
IFN-gamma and IL-4 by splenocytes, cells were incubated in the presence and
the absence of N-acetylcysteine (NAC) and stimulated with alphaCD3 or
alphaCD3 and IL-12. Augmenting intracellular soluble thiol pools (
approximately 2-fold) with 15 mM NAC blocked induction of IFN-gamma and
increased production of IL-4 without causing significant changes in intracellular
glutathione levels. The effect of NAC on IL-4 production was not linked to an
increase in STAT6 phosphorylation, as STAT6 levels were decreased, nor did
the increase in IL-4 occur with purified CD4 cells. We found that NAC
increased splenocyte IL-4 production via an effect on APCs. We also found that
NAC increased two IL-4 relevant transcription factors (AP-1) and NFATc.
These studies suggest that increasing intracellular reduced thiol pools decreases
IL-12 signaling and IFN-gamma production, while increasing IL-4 production.
The sum of these effects may contribute to alterations in the balance between
Th1 and Th2 responses in lung diseases associated alterations in intracellular
thiol pools.
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In the present study, we examined the effects of the reducing agents, N-acetyl-1-
cysteine (NAC) and reduced glutathione (GSH), on tumour necrosis factor-alpha
(TNF-alpha)-induced phenotypic changes in murine DC.

Interaction of CD40 on dendritic cells (DC) with CD40 ligand induces
interleukin-12 (IL-12) production by these DC during the antigen presentation.
Thus, the level of CD40 expression appears to influence the capability of DC to
induce a T helper 1 (Thl) response. However, it is not fully understood how
CD40 expression on DC is regulated. In the present study, we examined the
effects of the reducing agents, N-acetyl-l-cysteine (NAC) and reduced
glutathione (GSH), on tumour necrosis factor-alpha (TNF-alpha)-induced
phenotypic changes in murine DC. TNF-alpha markedly increased the
expression on DC of major histocompatibility complex (MHC) and the
costimulatory molecules, CD40, CD80 and CD86. Both NAC and GSH
completely abolished the TNF-alpha-induced enhancement of CD40 expression,
but had no considerable effect on the expression of CD80, CD86 and MHC. The
marked decrease of CD40 protein with NAC was also detected by Western
blotting, but was not associated with the expression level of CD40 mRNA in
DC. Thus, NAC appears to reduce CD40 expression on DC by regulating a post-
transcriptional pathway. The inhibitory effect of NAC or GSH on TNF-alpha-
induced CD40 expression was released by simply removing these agents from
the culture. In contrast, culture of TNF-alpha-treated DC with NAC or GSH
markedly decreased the expression of CD40 within 12 hr. These results
demonstrate that reducing agents selectively, rapidly and reversibly regulate
CDA40 expression on DC, which may eventually affect the capability of DC for
Th1/Th2 polarization.
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Mercury depletes glutathione and polarizes toward Th2 dominance.

One theory of immune regulation involves homeostasis between T-helper 1
(Th1) and T-helper 2 (Th2) activity. The Th1/Th2 hypothesis arose from 1986
research suggesting mouse T-helper cells expressed differing cytokine patterns.



This hypothesis was adapted to human immunity, with Thl- and Th2-helper
cells directing different immune response pathways. Thl cells drive the type-1
pathway ("cellular immunity") to fight viruses and other intracellular pathogens,
eliminate cancerous cells, and stimulate delayed-type hypersensitivity (DTH)
skin reactions. Th2 cells drive the type-2 pathway ("humoral immunity") and
up-regulate antibody production to fight extracellular organisms; type 2
dominance is credited with tolerance of xenografts and of the fetus during
pregnancy. Overactivation of either pattern can cause disease, and either
pathway can down-regulate the other. But the hypothesis has major
inconsistencies; human cytokine activities rarely fall into exclusive pro-Th1 or -
Th2 patterns. The non-helper regulatory T cells, or the antigen-presenting cells
(APC), likely influence immunity in a manner comparable to Th1 and Th2 cells.
Many diseases previously classified as Th1l or Th2 dominant fail to meet the set
criteria. Experimentally, Thl polarization is readily transformed to Th2
dominance through depletion of intracellular glutathione, and vice versa.
Mercury depletes glutathione and polarizes toward Th2 dominance. Several
nutrients and hormones measurably influence Th1/Th2 balance, including plant
sterols/sterolins, melatonin, probiotics, progesterone, and the minerals selenium
and zinc. The long-chain omega-3 fatty acids EPA (eicosapentaenoic acid) and
DHA (docosahexaenoic acid) significantly benefit diverse inflammatory and
autoimmune conditions without any specific Th1/Th2 effect. Th1/Th2-based
immunotherapies, e.g., T-cell receptor (TCR) peptides and interleukin-4 (IL-4)
injections, have produced mixed results to date.
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We have been proposing the functional distinction of two classes of
macrophages (Mp), namely the reductive macrophages (RMp) with high
intracellular content of glutathione (GSH) and the oxidative macrophages
(OMp) with reduced content.

We have been proposing the functional distinction of two classes of
macrophages (Mp), namely the reductive macrophages (RMp) with high
intracellular content of glutathione (GSH) and the oxidative macrophages
(OMp) with reduced content. At the same time we have been investigating the
variation of RMp/OMp balance during aging of mice, especially in relation to
the age related onset of autoimmune diseases. In this paper we have investigated



the Th1/Th2 balance of thioredoxin (TRX) transgenic (Tg) mice, with prolonged
life longevity, during aging in the context of the intracellular redox status of Mp,
which has been hypothesized to be crucial in regulating the Th1/Th2 balance. It
was confirmed that peritoneal resident Mp of Tg mice showed the higher
GSH/GSSG ratios compared with that of age matched wild type (WT) mice. The
predominance of RMp was associated with the sustained maintenance of Thl
prevalence during aging until 2 years in Tg mice, whereas WT littermates
showed rapid polarization to Th2 around the age of 8 months. The Tg mice
showed elevation of IFN-gamma and reduction of IL-10 with moderate change
of IL-4 produced by CD4+ T cells. The WT mice showed inverse changes of
IFN-gamma/IL-4 and IFN-gamma/IL-10 ratios during aging. In addition, IL-10
production by Mp was dramatically reduced in aged Tg mice. Thus, TRX Tg
mice may be useful to investigate the contribution of the anti-oxidant defense
mechanism during aging accompanied with increasing oxidative stress.
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