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Abstract

One theory of immune regulation involves
homeostasis between T-helper 1 (Thl) 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-
Th1l or -Th2 patterns. The non-helper regulatory
T cells, or the antigen-presenting cells (APC),
likely influence immunity in a manner
comparable to Thl and Th2 cells. Many
diseases previously classified as Thl 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/
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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.

(Altern Med Rev 2003;8(3):223-246)

Introduction

The Th1/Th2 balance hypothesis emerged
in the late 1980s, stemming from observationsin
mice of two subtypes of T-helper cells differing
in cytokine secretion patternsand other functions.*
They suggested these“ Th1” and “ Th2” cellswere
“important regulators of the class of immune re-
sponse.” The concept subsequently was applied
to human immunity,? and 10 years after the origi-
nal discovery the effects of Thl and Th2 in dis-
ease became a major research focus.®* Currently
much of the literature elevates the Th1/Th2 bal-
ance concept to the level of paradigm. Although
Thland Th2 cellsare now virtually anointed with
the responsibility for coordinating the immune
system, critical investigators are finding discrep-
anciesin the hypothesis.>®
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Thisreview critiquesthe substantial body
of literature related to Th1/Th2 balance and its
putative role in health and disease. The hypoth-
esisis measured against the cumulative data and
some limitations are defined. Emphasisis placed
onwhat isreally known from humans, rather than
from animal models, which, by their very nature,
have limited relevance to the human condition.
Nutritional and nontoxic approaches to manipu-
lating Th1/Th2 balance are discussed in the con-
text of immune homeostasis (“immunostasis’) and
the paramount need to first do no harm in the
management of disease.

Background to the Hypothesis

Of dl the body’s organ systems, the im-
mune system may be the most challenging to co-
ordinate. The system is adisparate, far-flung col-
lection of individual immune cells, immune cell
aggregates, immunetissues, and immune organs.”
This mode of structural organization renders the
system able to respond promptly and effectively
to anything within the body not perceived as self.
Functionally, a great variety of diffusible sub-
stances are used to convey messages, giveinstruc-
tions, and generally enable the billions of immune
cells to communicate with each other. The Thl/
Th2 hypothesis rests largely on the cytokine pat-
terns (chemicals released by these cells that pro-
mote cell-to-cell communication) of thesetwo cell
types.

The pivotal role played by T-helper cells
in amplifying immune responsivenessis well es-
tablished. Mossman and Coffman’s original pro-
posal was that mouse T-helper cell populations
could be subclassified based on the cytokinesthey
secreted. After much probing and controversy, it
now seems that Thl cells and the pathway they
dominate are heavily reliant on interferon-gamma
(IFN-gamma), and to alesser extent interleukin-2
(IL-2) and interleukin-12 (IL-12). Th2 cells are
most heavily reliant on interleukin-4 (IL-4) and
sometimes interleukin-5 (IL-5) as well. Thl and
Th2 cellsalso can differ in the arrays of receptors
on their outer surface that they use to respond to
cytokines and other messenger substances.
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Perhaps coincidentally, but as happens
often in science, the hypothesis emerged as a by-
product of new cell-cloning techniques and new
assays for cytokines.* Two features further in-
creased the appeal of the hypothesis.* First, each
cell subset produced cytokinesthat served astheir
own growth factors. A type of feed-forward loop
promoted further differentiation of that subset
(autocrine effects). Second, the two subsets pro-
duced cytokinesthat seemed to cross-regulate each
other’s development and activity (Figure 1).

Inthecurrent research literature Thl cells
(now sometimes called “Type 1 immunity”) and
Th2 cells (“ Type 2 immunity”) are invoked to ra-
tionalize virtualy all the known patterns of im-
muneresponse. Thl cellsare hypothesized to lead
the attack against intracellular pathogens such as
viruses, raise the classic delayed-type hypersen-
sitivity (DTH) skin responseto viral and bacterial
antigens, and fight cancer cells. Th2 cells are be-
lieved to emphasize protection against extracel-
lular pathogens such asmulticellular parasites. On
the negative side, the Thl pathway is often por-
trayed as being the more aggressive of the two,
and apparently, when it is overreactive, can gen-
erate organ-specific autoimmune disease (e.g.,
arthritis, multiple sclerosis, type 1 diabetes).® The
Th2 pathway is seen as underlying alergy and
related IgE-based disease, and predisposing to
systemic autoimmune disease. But these stereo-
types have proven to be oversimplistic, with the
result that the hypothesis is increasingly criti-
cized.>®

The Mechanics of the Hypothesis
A Central Rolefor T-Helper Cellsin

| mmune Responses

There may be as many patterns of immune
response as there are immune cells. The very
power of thissystemisthat it can follow avariety
of different patterns depending on a multitude of
factors, including the nature and concentration of
the offending agent, the conditions that prevail in
the immediate microenvironment of the respon-
sive cells, and the host’s functional capacity to
respond. In the face of these varying conditions,
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Figure 1. Textbook Representation of the Th1/Th2 Hypothesis
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Adapted from: Roitt I, Brostoff J, Male D. Immunology (Fifth Edition).
Philadelphia: Mosby; 1998.

Th1 cells secrete the cytokine interferon-gamma and activate inflammatory
pathways mainly via macrophage activation. Th2 cells secrete cytokines
interleukin-4 and -5 that upregulate antibody formation via B cells, mast cells,
eosinophils, and other pathways. Th1l and Th2 cells can cross-inhibit each other.
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(APCs). Judging
from the current
body of knowledge,
thesecellsarejust as
strongly qualified to
supervise immu-
nity.”10-13

Differing
Cytokine

Patterns
Define Thl/
Th2

Dominance
Functional
integration of the
immune system is
accomplished
mainly by cell-to-
cell communication
that relies on small
molecules. This is
the language of im-
munity, a chemical
kind of information
transmission, sim-
plistically “talk-
crosstalk.” Every

the system must constantly be adaptive, mobiliz-
ing and functionally integrating its numerous cell
typesfor rapid response. The Th1/Th2 hypothesis
in its modern incarnation endows these two types
of immune cells as the system supervisors.

From all that isknown about immune sys-
tem mechanics, Thl and Th2 cells are definitely
positioned in the functional web. But it isalso es-
tablished that the T-helper cells are downstream
from the event that initiates the primary immune
drive: perception of nonself or other antigens as
potentially dangerous (Figure 2).° Curiously, pub-
lished studies on Th1l/Th2 dominance often
downplay the dendritic cells (DCs), monocyte-
macrophages, and other antigen-presenting cells
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immune system cell
is equipped to syn-
thesize and release a variety of small molecules
that travel to other cells (both immune and
nonimmune) and stimulate those cells to become
either more active (up-regulated) or less active
(down-regulated; modulated). These arethewords
of the immune vocabulary and chemically most
of them are cytokines.***>

Cytokines are proteins or peptides, some
of which have sugar molecules attached.” They
are a large group of molecules and include the
interferons (IFNs), interleukins(ILs), and various
colony-stimulating factors (CSFs). Also included
are the tumor necrosis factors (TNFs) and trans-
forming growth factors (TGFs), thought to be
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particularly important in medi-
ating inflammatory and cyto-
toxic reactions.” The distinc-
tive pattern of effect of each
cytokine depends on concen-
tration-dependent binding to
specific receptors on the sur-
face of thetarget cellsand sub-
sequent activation of cellular
machinery at the cell mem-
brane level or, in some cases,
at the level of the nucleus and
genetic machinery.115

The Th1/Th2 concept
restslargely on adichotomy of
cytokine profiles; however, as
with other immune cells, the
array of cytokines produced by
the Thl and Th2 cells varies
greatly and is influenced by a
large number of experimental
variables, as well as the dan-
ger from artifacts. Some of the
most important variables in
cytokine biology include the
speciesbeing researched (labo-
ratory rodents differ substan-
tially from humans). It isim-
portant to distinguish whether
the study isdonein vivo (most
reliable), ex vivo (cells re-
moved from the body and
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Figure 2. The Functional Flow of Immunity following
Antigen Detection
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Adapted from: Roitt |, Brostoff J, Male D. Immunology (Fifth Edition).
Philadelphia: Mosby; 1998.

Antigen-presenting cells process antigens and present fragments to
T-helper cells (Th). Subsequently these, with the help of cytokines,
coordinate the activities of the various immune cell types to effectuate
an immune response. Ts = T suppressor cell; Tc = cytotoxic
T-lymphocyte; B = B cell; NK = natural killer cell; K = killer cell,

quickly assayed), or invitro (in

ADCC = antibody-dependent cytotoxic cell.

longer-term culture, least reli-
able becausethecellstypically
undergo profound changes).'>16
Most of the supposed differences in
cytokine profiles between Thl and Th2 responses
were gleaned from earlier phases of research that
relied heavily on miceand cultured cells. Themore
recent research involving human subjects has
proved much of thisearlier work to be highly ssim-
plistic or otherwise inaccurate.> The most current
literature (years 2002-2003) still carries much of
this inaccurate information; currently the only
defensible claims are that the Thl cells produce
far more IFN-gammaand IL-2 than do Th2 cells,
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while the Th2 cells produce far more IL-4 (and
perhaps IL-5) than do the Thl cells. IL-10, for-
merly assumed to be the major means by which
Th2 cells down-regulate Thl cells (Figure 1), is
also produced in comparable amounts by other cell
types.tt
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Figure 3. A Rough Schematic of the Cytokine-
directed Differentiation of Thl and Th2 Cells from
Naive T Cdlls

N
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Adapted from: Lafaille JJ. The role of helper T cell subsets in
autoimmune diseases. Cytokine & Growth Factor Revs 1998;9:139-151.

Antigen-presenting cells interact via antigenic sharing with the relatively

necessary. Polarization of
the T-helper cells could be
indicative of a more pro-
found polarization of the
immune system as awhole.
Thereis good evidence that
akind of type l/type 2 po-
larization already begins
with those cells having the
primary contact with anti-
gens, including the DCs,
monocytes and macroph-
ages, and other APCs. These
APCs likely polarize into
type 1 and type 2 cells in
response to the type of anti-
gen experience, then subse-
guently biasthe polarization
of the T-helper population
functionally “downstream”
from them.1

The polarization
processisdriven mainly by
cytokines. Experimentswith
“knockout” mice, substrains
with specific genes sub-
tracted from their genome,
have made it easier to deci-

undifferentiated naive T cells, secreting specific cytokines that urge them pher how the many

to differentiate (“polarize”), first into null T-helper cells (ThO0), then into Thl
or Th2 cells. Natural killer cells likely assist in the polarization process.

cytokines contribute to im-
mune cell maturation.* The
cytokine micro-environ-

Th1l and Th2 Polarization Built on

Cytokine Patterns

Both the Thl and Th2 subsets are pro-
duced from a non-committed population of pre-
cursor T cells—naive T cells. The differentiation
proceeds within afew days of direct contact with
naive cells by APCs. The process by which com-
mitment develops is called polarization (Figure
3). Thenaive T cellsmay passthrough atransient,
pre-activation state (T0) on their way to becom-
ing Thl or Th2 cells. Both subsets contain effec-
tor cellsthat do the immediate work, and memory
cellsthat retain the experience for future action as
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ment of aT cell, especialy
the various molecular types
and subtypes and concentration oscillations over
time and distance, is a kind of dynamic signal
matrix that interacts with receptors on that cell’s
surface to determinewhether the cell maturesinto
aThl, Th2, or other differentiated T-cell type.141°
Non-cytokine factors (e.g., chemokines,
eicosanoids, oxygen freeradicals, and variousin-
flammatory mediators) all contributeto the signal
matrix and influence the net outcome.
Chemokines are substances that attract
cellsto migratein aparticular direction (chemot-
axis). Like cytokines, chemokines operate via
binding to receptors on the outer surface of the
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immune cell. The various chemokines also have
overlapping effectson their target cells. Compari-
sons between Thl and Th2 subsets suggest they
differentially express surface chemokine receptors
and that chemokines areinvolved in theinitiation
and amplification of type 1 and type 2 responses.®

Factors Complicating the

Hypothesis

Despitethe huge body of ongoing research
focused on cytokines specifictoaThl or Th2 re-
sponse and on their potential applicationsas phar-
macol ogic immune response modifiers, evidence
indicates that many other dynamic factors influ-
ence Th1/Th2 maturation. Among these are: anti-
gen dose, nature of the antigen, direct cell-to-cell
interaction with APCs, the diversity and relative
intensity of these interactions, and the cytokine
receptors available on the naive cell. This
“wholistic” scenario for Th1/Th2 maturation is
more consistent with the great mass of existing
evidence than are other scenarios that envision
“master” cytokines controlling T-helper cell ac-
tivity.

Th1/Th2 Differentiation I nitiated by

Antigen-Presenting Cells

Thlor Th2 cell populationsactually come
into existence under the control of APCs. The most
proximate step initiating the differentiation of a
naiveT cell involvesintimate physical contact with
one such cell from this population, distributed
throughout the tissues as sentinels — early warn-
ing guards — for the immune system. They are
mostly DCs, with long finger-like projections,
extending great distances between the cells of non-
immune tissues. Once a nonself antigen’ or other
material judged dangerous® above an exposure
threshold is detected, the APCs spring into action.
It likely becomestype-1 or type-2 biased, depend-
ing on the nature of its antigen exposure.

A DCorrelated APC exposed to anintra-
cellular pathogen (or perhaps a cell wall antigen
or other smaller fragment of the organism) will
likely becometype-1 biased. It promptly migrates
to a nearby lymph node and begins to secrete
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IL-12 (Figure 3). As this cytokine builds in con-
centration it begins to influence naive T cells to
eventually become Thl cells. Natural killer (NK)
cells also respond to the IL-12 environment and
proceed to release IFN-gamma, which reinforces
theAPC’sproduction of IL-12 and also helpsdrive
the naive T-cell commitment process. As they at-
tain maturity, Thl cellsalso produce | FN-gamma,
which (together with the NK cells) stimulates the
APC and naive T cellsto polarize into more Thl
cells, in asdf-reinforcing “autocrine” loop.

Likethe Thl cells, the emergence of Th2
cellsis also dependent on their cytokine environ-
ment. Their maturation is likely initiated by the
cytokine IL-6 from an APC, but also driving their
maturationis|L-4 released by NK cells, mast cells,
and eosinophils (Figure 3). Asthe Th2 cells ma-
ture they also produce IL-4, which together with
the other participating cell types generates an
autocrine loop to the naive T cells to make more
Th2 cells. IL-6 also is produced by multiple cell
types, including macrophages, endothelial cells,
fibroblasts, and mast cells; the significance of this
for Th2 determination is not yet apparent.

Commitment to Thl or Th2 cells appears
to befinal, since effortsto reverse such differenti-
ated cells have not been successful. If Thl/Th2
“reversal” ever does occur in vivo, as has been
hypothesized, it must be on the basis of switched
polarization from naive T cells.'”

Regulatory T Cells Operate Outside

of Th1/Th2

A key feature of the hypothesisisthat Thl
and Th2 cells can antagonize each other’s actions,
either by blocking polarized maturation of the op-
posite cell type or by blocking its receptor func-
tions.r” Asexamples, IFN-gammasecreted by Thl
cells can block the proliferation of Th2 cells, and
high concentrations of 1L-4 or I1L-6 can block the
generation of Thl cellsfrom naive T cells. How-
ever, other immune cell types can also intervene
to block either Thl or Th2 activity or both. These
aretheregulatory T cells.

Several subsets of regulatory T cells, the
Tr cells, have been identified that appear to be
distinct in function and phenotype (surface
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characteristics) from the Thl and Th2
populations.?® Type 1 Tr cells (Trl) secrete high
levels of I1L-10 and low-to-moderate levels of
TGF-beta. Type 3 (Tr3) cells primarily secrete
TGF-beta and the CD4+CD25+ cells inhibit
immune responses through cell-to-cell contact.
The CD8+ Tr cells secrete either IL-10 or TGF-
beta. Functional studiesindicate Tr1 cellsand other
Tr populations may help terminate Thl-related
inflammatory responsesto pathogens, tumors, and
alloantigens.®

The Th3 subset of Tr cellswasfirst iden-
tified in connection with studies of oral tolerance
inmultiple sclerosis. Treatment of M S patients by
mouth with myelin basic protein (MBP) caused
this cell population to increase in number and se-
crete more TGF-beta? Since this cytokine acts
on multiple cell types, Th3 cells may beinvolved
in many facets of immune regulation.?

The CD4+CD25+ Tr cells comprise 5-10
percent of the total peripheral T-cell pool.* De-
fined better by their surface markers than by
cytokine profile, they carry the CD4 receptor but
aso the CD25, which is actually the IL-2 alpha
receptor. These cells are potent immunosuppres-
sants, probably by virtue of surface interactions
with other cells than by cytokine secretion pat-
tern.

Th1 Cells Boost Antiviral and

Antibacterial Resistance

One aspect of the Th1/Th2 hypothesisis
that the Thl pathway primarily acts against intra-
cellular pathogens, particularly viruses and bac-
teria. Findingsregarding tuberculosisinfection are
consistent with this claim.

Th1 Cells Fight Mycobacterium

tuberculosis

Infection with  Mycobacterium
tuberculosis (Mt) is a major health problem
worldwide, with an estimated 7.5 million cases
each year — more than 95 percent in developing
countries.?® The first line of host defense against
Mt is provided by macrophages through
nonspecific mechanisms of resistance, such as
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phagocytosis. However, if a successful invasion
takeshold the T cells becomeinvolved 2-3 weeks
later. Studies of patients with familial
susceptibility to Mt infection have confirmed that
Thl vigor is essential for protection.? Mutations
affecting IFN-gammareceptors, |L-12 production,
or IL-12 receptors (all Thl mediated) also increase
susceptibility to Mt and, in cases where IFN-
gamma cannot be produced or responded to, the
disease is severe and often fatal.?*?* There seems
little doubt that successful immunity against Mt
requires strong Thl performance.

In 2002 a large team drawn from several
African and European countriesreported onanin-
depth controlled study of Mt infection patternsand
clinical coursesin 414 infected patients, 414 paired
community controls, and 414 household (healthy)
controls in Gambia and Senegal . Rather than
assess Thl and Th2 activity by serum levels of
IFN-gamma and IL-4, which they rightfully
deemed difficult to interpret, they measured Thl
activity by plasma soluble lymphocyte activating
gene-3 (sSLAG-3), and Th2 activity by plasmalgE,
soluble CD30, and MDC/CCL-22 (a chemokine
derived from macrophages). The patients were
recruited at diagnosis and found to have signifi-
cantly lower sLAG3 (Thl), whereas healthy
household controls had higher sLAG-3 than the
community controls. All the Th2 markers were
consistently higher in the patientsthan in the com-
munity controls; household controls in contrast
had lower Th2 indicatorsthan the community con-
trols. The implication from this data is that indi-
viduals with weaker Thl and/or stronger Th2 ac-
tivity were more at risk for infection than others
in their household or community.

The infected patients were treated and
then retested after 2-3 months of treatment or af -
ter 6-8 months when treatment ended.?® After 2-3
months of treatment the SLAG-3 levels(Thl) were
nearly quadrupled, and after 6-8 monthsthey were
nearly six times higher than at baseline—to alevel
higher than the community controls. Concomi-
tantly, Th2 markers were reduced one-third after
2-3 months and by almost two-thirds by the end
of treatment — to values lower than the commu-
nity controls. In the household controls, Th1/Th2
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values tended to become similar to those of the
community controls, presumably because imme-
diate exposureto Mt wasremoved during the treat-
ment of their diseased contact.

From this large, well conducted, con-
trolled study it is evident that clinical healing of
tuberculosis is associated with a shift toward
higher Thl activity and lower Th2 activity.?® The
investigators noted that a full course of treatment
was required to achieve this effect, and that pa-
tients who had poor clinical outcomes did not
achievethis shift. They encourage further investi-
gation into possible means to achieve early up-
regulation of aThl responsein TB patientsto ac-
celerate healing.

HIV-1 Infection and AIDS: Thl only
or Th1/Th2?

One of the most notable immunological
defectsin HIV-1 infected individualsis poor HI V-
1-specific T-helper cell activity at al stages of the
disease. Chronic HIV-1 infection also features
depletion of T-helper cells that normally secrete
IFN-gamma (asign of Thl activity).? Despiteini-
tial optimism, the experience with highly active
antiretroviral therapy (HAART) isthat it does not
eradicate HIV-1 infection. Emphasis has been
placed on finding mechanisms that promote im-
munological control of viral replication over the
long term. One of these is to support, and wher-
ever possible, to restore the Thl pathway.

Vigorous activity of HIV-1-specific Thl
cellsand cytotoxic T-lymphocytes (CTL) appears
to play acritical role in containment of the viral
infection, in part vialysisof virus-infected cells.
Research in animal modelsand in human cytome-
galovirusinfection aso demonstrates a close link
between T-hel per cell vigor and CTL performance.
A small subset of infected individuals have been
ableto survivewith HIV-1for over 20 years, clini-
cally asymptomatic and with normal CD4+ counts
inthe absence of antiviral therapy. Many (although
not all) of these individuals have vigorous virus-
specific T-helper and CTL responses.?

HIV-1 specific cellular immune responses
(Thl) are inversely correlated with plasma vire-
mia — the better the response the lower the virus
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load. In repeated studies on chronically infected
individuals untreated with antiretrovirals, the
strongest T-cell proliferative responses against
viral p24 antigen were associated with the lowest
viral loads and vice versa®® These Thl cells are
thevery onesthat declinein numbersover timein
untreated or HAART-unresponsiveindividuals. It
is not understood how long-term nonprogressors
manage to conserve these cell populations over
decades without antiretroviral treatment.

Imami and collaboratorsfound HIV-1in-
fected nonprogressor individuals also have fairly
vigorous Th2 activity (measured as IL-4 secre-
tion).?” They also found the nonprogressors had a
morerestricted Th2 responseto HIV antigens, and
suggest this might reflect some kind of Th1/Th2
cross-modulation and/or cross-regulation that en-
ables nonprogressorsto keep the virus under con-
trol. Various researchers claimed to find a shift
from Th1l dominance to Th2 dominance during
HIV-disease progression, but othersfailed to con-
firm these reports.?® Further work is needed to re-
solve this important discrepancy. Current under-
standing of HIV-L/AIDS strongly suggests avig-
orous Thl response in conjunction with a moder-
ate but not overly vigorous Th2 response is im-
portant for long-term control of HIV-1.%

Children infected with HIV-1 can be
treated with HAART to lower viral load and al-
low their immune status to rebound. Children who
achieveviral suppression after five months or more
of HAART may not show increased percentages
of CD4+ (total helper) cells, although their capac-
ity to produce IFN-gamma (Thl) and IL-2 is par-
tially restored.* The recovery is usually morero-
bust in children under age three with good thy-
mus mass. Furthermore, those children who re-
spond favorably to HAART with virus suppres-
sion show higher production of IL-10, acytokine
doubtful to be simply Th2 dominant, but impor-
tant for HIV-1 suppression. Therefore, it seems
that in children with HIV-1, the Th1 pathway, with
help from cellsthat produce | L-10 (whatever their
identity), confers potential for long-term success-
ful resistance to the virus.
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Some “Th1l Overactivation
Diseases” are Mixed Th1/Th2

Conditions

Rheumatoid arthritis (RA), type 1 diabe-
tes, and multiple sclerosis (MS) are chronic in-
flammatory and autoimmune diseases. All three
have been extensively researched and have “ani-
mal models’ that supposedly mimic the human
disease and allow for more in-depth mechanistic
analysis. Many advocates of the Th1/Th2 hypoth-
esis believe these diseases are examples of Thl
dominance, and a great deal of highly technical
developmental research has been undertaken based
on these assumptions. Indeed, if pathogenic Thl
dominance (or Th2, for that matter) were conclu-
sively established for any major disease, the cur-
rent intense focus on Thl and Th2 interventions
would be more justified. However, to date none
of these diseases has been proven to be Th1 domi-
nant.

Rheumatoid Arthritis

Although the pathogenesis of thisdisease
isfar from completely understood, T-helper cells
do seem to play a central role in its autoimmune
manifestations.® Activated T-helper cellsarefound
in the inflammatory filtrates, and T cell-directed
therapies have provided some clinical benefit.
Recent evidence suggeststhat their pathogenic role
may extend beyond antigen recognition in the
joint, to more systemic involvement.®

Gerli and collaborators isolated T-hel per
cells from the blood and synovia fluid of four
patients with active RA: two untreated at onset of
the disease, one in the early phase during treat-
ment, and one in the chronic phase.® The cells
were cloned and assayed for cytokine activity. All
four patients with active RA had strong predomi-
nanceof Thl clonesintheblood and adight preva-
lence of naive, undifferentiated T-cell clones in
the joints. Those with early onset RA had prima-
rily IL-4, indicative of Th2 activity. Those not yet
being treated manifested I L-10 (perhapsfrom Th2
cellsbut also likely Tr cells). Gerli interpreted the
data to mean RA is mainly a Thl-driven condi-
tion, although a Th2 response is evident early in
the disease process.*
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Other indirect support for RA as Thl-
driven is the clinical observation that pregnancy
ameliorates the progression of RA.* Pregnancy
improves the symptoms of RA in 75 percent of
patients, leading to a significant resolution of in-
flammation and sufficient symptom relief to en-
able patientsto taper off or even stop medications.
In fact, the positive effect of pregnancy alone has
been deemed greater than the benefit of some of
the newer therapeutic agents.® Exactly how preg-
nancy can have such marked benefit for RA isnot
known, but it seems clear that Th1 immunity be-
comes markedly diminished during pregnancy, in
favor of Th2 dominance, which confers maternal
tolerance of the developing fetus.

Diminished Thl activity during preg-
nancy may help explain why pregnant women
have a higher incidence of infections, especialy
with intracellular pathogens, than non-pregnant
women.®! In addition, the DTH response indica-
tive of Thl activity is lowered during pregnancy.
Interestingly, relapses of RA occur within six
months postpartum in 90 percent of cases.3! At that
time, pregnancy-associated alterationsin Th1/Th2
balance can no longer be found, suggesting the
Th2-dominant state during pregnancy haswaned,
allowing the pre-pregnancy Thl-dominated state
to become reinstated.

Several studies have demonstrated de-
creased prevalence of alergic diseasesin RA pa-
tients.®! The prevalence of hay fever ishalved (4%
in RA patients versus 8% in controls), and the
symptoms are less severe. Atopy is 20-40 percent
lessprevalentin RA patients. Asallergy and atopy
are very likely Th2-dominant conditions, these
findings are consistent with RA being driven by
Th1 dominance and being down-regulated by the
Th2 pathway when it becomes overactive.

Cytokines are increasingly being
employed therapeutically to control malignancies
and viral infections. Thus, IL-12 has been used to
enhance cellular cytotoxicity. However, when I L-
12 was applied to a woman with metastatic
cervical cancer, her RA was severely
exacerbated.®! IL-12 is a strong inducer of Thl
cell development with concomitant production of
IFN-gamma, also apotent Thl inducer (Figure 3).
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IFN-gamma administration itself tends to induce
autoimmune responses, and several clinicianshave
noticed first onset of RA or exacerbation of pre-
existing RA following IFN-gamma
administration.®

The findings from various human and
animal studiesdo not support such aclear-cut role
for Thl asthedriving forcein RA.3! For example,
assessment of cytokine messenger ribonucleic acid
(mRNA) isolated from blood of patientswith RA
yielded variable results. While 5/14 patients had
elevated IFN-gamma(Thl), 3/14 had elevated I L -
4 (Th2). From synovial tissue 8/10 samples had
elevated IFN-gamma and 2/10 had elevated IL-
4.3 Inreactivearthritis, an RA-related diseasetrig-
gered by persistent intracellular bacteria, 6/8
sampleshad I L-4.% The animal modelsof RA fea
ture even more diverse and profound discrepan-
cies from the expected.®!

Schulze-Koops and Kalden rendered an
articul ate defense of the Th1 hypothesisfor RA .3
They suggest the human findings may be obscured
by heterogeneity of RA expression and small trial
sampl e sizes, and that with the animal modelsbio-
logical differences from human RA may be in-
volved. Certainly human subjects are highly vari-
ableinindividual disease expression, and labora-
tory animal models of disease consistently differ
from the human state. Schulze-Koop and Kalden
also suggest that several of the current anti-RA
drugswork by altering Th1/Th2 balance. But evi-
dence for thisisindirect and comes mostly from
non-clinical settings. These Thl advocates con-
cedeit may be overly simplistic to remold the RA
datato make it fit the Th1/Th2 hypothesis. They
admit it is possible Thl is subject to simple guilt-
by-association with RA, rather than being a ma-
jor mechanism driving the disease.

Todatelittledirect clinical effort has been
made to modulate the Th1/Th2 balancein RA pa-
tients. IL-4 (that key Th2 cytokine) given IV had
no apparent benefit and significant adverse ef-
fects.®

TCR (T-cell receptor) peptide therapy was
pioneered by Vandenbark and a mixed academic-
corporate group,® and involves vaccination with
TCR-peptide fragments normally expressed on

Thl/ Th2 Balance Review

Thl cells. Therationaleisthat human autoimmune
disease often involves Thl cells reactive against
self antigens. There is evidence all individuals
carry such autoreactive Thl cells but that in
healthy peoplethey are kept silent by natural regu-
|atory mechanisms. Thl cells have apenchant for
displaying autoantigenic fragments of the normal
TCR ontheir surface, which, according to the Thl/
Th2 hypothesis, can be sensed by Th2 cellsassig-
nals to release Th2 cytokines (mostly IL-10) that
down-regulate autoreactive Thl cells. Vandenbark
and colleagues made peptide portions of a series
of TCR fragments into vaccines for subdermal or
intramuscul ar injection. The vaccineswere appar-
ently safe and well tolerated, but not particularly
beneficial. Of 484 RA patients vaccinated, one-
third had measurable immunological response to
vaccine injection. A minority experienced mar-
ginal clinical improvement and a handful showed
excellent improvement.

Multiple Sclerosis

The data from M S patients falls short of
definitive support for Thl involvement. One study
reported markedly elevated levels of the Thl
cytokine IL-12.3" Another study found no differ-
ence in the cytokine pattern of myelin basic pro-
tein (MBP) reactive T-céells in patients with MS
as compared with healthy individuals.® Yet an-
other study found both IFN-gamma (Thl) and IL-
4 (Th2) elevated in serum from M S patientsin the
acute stage, suggesting perhaps simultaneous
overactivation of Thl and Th2 subsets.* Experi-
mental allergic encephalomyelitis (EAE), theani-
mal model for MS and probably the most heavily
studied of theanimal models, likewise hasyielded
equivocal findings.

Singh and collaboratorshavereviewed the
EAE findings,® and found EAE can be passively
transferred by injecting Thl cells from an EAE
animal into a non-EAE host. Th2 cells do not re-
act this way, which gives strong support for Thl
dominance. Also, oral administration of MBP (one
confirmed MS/EAE autoantigen) boosts Th2
cytokine production, which could be interpreted
asdown-regulation of Thl activity. But when EAE
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goesinto spontaneousremission, a predictable oc-
currence, the Th2 cytokine IL-4 seemingly is not
required; and MBP-primed Th2 cells can cause
EAE in immunodeficient mice, rather than pro-
tect them as Th1l dominance would predict.

Re-examination of EAE in the light of
recent findings leaves the door open for partici-
pation by the so-called regulator helper cells,
whether Trl, Th3, or CD4+CD25+. Thus, the
cytokine IL-10 playsacritical rolein down-regu-
lating Thl responses, but is more predominantly
produced by regulatory (Tr) cells than by Th2
cells.® Under certain conditions IL-10 may actu-
ally worsen EAE.® Therefore, the existing data
from MS patients, especially when considered
along with the EAE animal data, does not reason-
ably support Thl dominance.

Vandenbark’s group aso tried TCR pep-
tide therapy on M S patients. Of 171 patients stud-
ied to date, 50-90 percent supposedly showed im-
munol ogical response to vaccination and as much
as 35 percent had some degree of favorable clini-
cal response.®

Type 1 Diabetes

Type 1 diabetes in humans and in
nonobese diabetic (NOD) mice isan autoimmune
disease. One antigen involved is glutamic acid
decarboxylase (GAD). Patients have benefited to
some degree from adjuvant therapy in the form of
vaccination with BCG, an early “immunothera-
peutic” preparation from a Bacillus bacterium.®
BCG injections have al so prevented the occurrence
of diabetesin NOD mice. BCG vaccination boosts
IL-4, aTh2 cytokine. However, administration of
Th2 cellsto NOD mice can worsen the disease, if
the recipient mice are immunocompromised.*
This finding dictates caution in applying Th2-
based therapy to human type 1 diabetes.

In summary, for three major autoimmune
diseases — RA, MS, and type 1 diabetes—a Thl
dominance has not been well enough established
to rationalize balancing intervention. On both
pragmatic and theoretical grounds there is real
possibility of making the patient sicker through
efforts to intervene with Th2 cells or Th2
cytokines.
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A Few Disorders Feature Th2

Overactivation

Allergen-reactive Th2 cellsare thought to
be primarily involved in the triggering of type 1
hypersensitivity disorders, including allergy,
asthma, eczema, hay fever, and urticaria.” In ad-
dition, Th2 cell-cytokine predominance has been
hypothesized in chronic graft-versus-host disease,
progressive systemic sclerosis, and systemic lu-
pus erythematosus.

Allergy

Allergensentering the body by way of the
respiratory or digestive tracts or through the skin
are likely accosted by B cells or macrophages.®
The antigen is taken inside the cell, fragmented,
then displayed on the cell surfaceto allergen-spe-
cific T cells, predominantly Th2 cells, since they
secrete|L-4, IL-5, and IL-10 cytokines. IL-4, and
probably other Th2 cytokines, help recruit B cells,
mast cells, and eosinophils, al of which can pro-
duce IgE antibodies, which play a central rolein
induction of allergic symptomatol ogy.*

The IgE antibodies attach to basophilsand
mast cells by way of their surface IgE receptors.
Subsequent allergen exposure leads to activation
of such IgE-sensitized cells, which in turn release
various mediators such as histamine, | eukotrienes,
and prostaglandins that affect the clinical mani-
festations of allergic reactions.®” Singh and col-
laborators suggest up-regulation of genes control-
ling IL-4 expression (Th2) and/or deficitsin Th2
modulation may be responsible for the exagger-
ated Th2 response to environmental allergens in
atopic individuals.® IL-5 generated by allergen-
reactive Th2 cells attracts and activates eosino-
phils, which are responsible for tissue destruction
in alergic asthma.

Immunotherapy by injection of standard-
ized, purified alergens has been used to success-
fully treat allergic disease.*® Secrist and collabo-
rators demonstrated that this procedure could re-
duce the production of IL-4 (Th2) in atopic indi-
vidualsto levels observed in non-atopic individu-
as* This could mean that immunotherapy can
alter the reactivity of memory Th2 cells. Exami-
nation of skin biopsies from allergen-challenged
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sites of patients who had undergone successful
grass pollen immunotherapy showed increased
MRNA for IL-12 (Th1); this was not seen in
matched patientswho had not undergone immuno-
therapy.*® The current knowledge base is consis-
tent with allergy being a Th2-dominant condition
treatable by Th2-directed immunotherapy.

Asthma

Asthmaisgenerally accepted to beanin-
flammatory condition and there is good evidence
it is Th2 dominant.* Similar Th2-dominant pat-
terns are evident both in the nonatopic form of
asthma, for which self-antigens might drive the
response; and in occupational asthma, induced by
toluene diisocyanate, for example.

Acute severe asthma (status asthmaticus)
also features a Th2 cytokine profile.*® The Th2
nuclear transcription factor GATA3 is over-ex-
pressed, whileits Thl transcription counterpart T-
bet isunder-expressed. A working hypothesis has
been that Th2 cytokines contribute to asthma pa-
thology through their capacity to promote IgE syn-
thesis, the maturation and activation of mast cells
and basophils, and eosinophil infiltration leading
to epithelial damage and airway hyper-responsive-
ness (AHR).* However, the mechanistic rel ation-
ships between T-cell activation and the inflamma-
tory pattern of asthmawith itsclinical features of
AHR, airway narrowing, and cough are still not
evident. Similarly, the links between Th2 domi-
nance and IgE-mediated atopy, and day-to-day
asthmaof varying severity remain to be el ucidated.

Immunotherapy in the form of whole-al-
lergen injections has been used in the treatment
of asthmafor morethan acentury.” A meta-analy-
sisindicates this approach is effective in selected
patientswith |gE-mediated disease.”® Several stud-
ies have examined Th1/Th2 cytokines following
stimulation with allergen: IFN-gamma (Th1) could
beincreased, decreased, or unchanged whilelL-4
(Th2) could decrease or stay unchanged.”® A mys-
tery remains as to the mechanisms by which
whole-allergen immunotherapy may affect clini-
cal improvement.

Thl/ Th2 Balance Review

In Italy, Maori and colleagues adminis-
tered house dust mite (HDM) extract subcutane-
ously to patients experiencing year-round asthma
and proven sensitivity to the mite
Dermatophagoides pteronyssinus.*® Blood was
analyzed for cytokine status at baseline, at three
months, and one year after starting the therapy.
Theratio of IFN-gammato IL-4 wassignificantly
increased at three months and one year. Thisfind-
ing isin agreement with several other studies, al
of which concluded down-regulation of Th2 had
occurred. In this study, neither AHR nor
bloodborne IgE improved, but skin-prick sensi-
tivity to HDM was reduced. The investigators
stated clinical symptoms improved, but did not
offer supporting data. They conceded that the ab-
sence of IgE reduction could indicate that 1L-4
was working through non-Th2 pathways. This
ambiguous type of outcome occurs quite oftenin
studies that attempt to correlate clinical improve-
ment with Th1/Th2 cytokine pattern shifts.®

Another immunotherapy strategy of
blocking individual cytokines or administering
single cytokines as counterbal ances has produced
disappointing resultsin asthma, probably because
of the plethora of cytokinesknown to beinvolved.
Larche and colleagues have questioned whether
treatments can be developed that target multiple
cytokines yet remain more specific than cortico-
steroids.*®

One feature that complicates a strict Th2
interpretation of asthma is that the Th2-type
cytokines from mast cells, basophils, and eosino-
phils can also have novel direct effects on airway
smooth muscle contractility. In addition, distinct
from IL-4 and IL-5 which are identified directly
with Th2 cells, novel or perhaps pseudo-Th2
cytokines, including IL-9, I1L-11, IL-13, and IL-
25 are likely important in the disease. s

Asthmaappearsto belargely aTh2-driven
disease, but much of this story seemsincomplete.
Also, itisclearly established that in atopic asthma
and allergic rhinitis, APCs first acquire and pro-
cess the allergen and then present it to the reac-
tiveT cells. Whether APCs could bypass Th1/Th2
and contribute more directly to asthmasymptoma:
tology is unknown. This issue profoundly relates
to the validity of the entire Th1/Th2 hypothesis.
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Atopic Dermatitis

In its acute state, atopic dermatitis can
manifest increased expression of Th2 cytokines,
while the chronic state shows elevated levels of
the Thl-type cytokine IL-12.% Further analysis
reveals that Th2 pathways are likely operative
during theinitial phase of inflammation, whereas
Th1 may become active later.5! Activation of both
Th1 and Th2 cytokines has been observed in pa-
tients allergic to house-dust mite.>

Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) isan
autoimmune disease characterized by overproduc-
tion of a variety of anti-cell nuclear and other
pathogenic autoantibodies. It is characterized by
B-cell hyperactivity, polyclonal hyper-
gammaglobulinemia, and immune complex depo-
sition. T cells are known to contribute to disease
development.5® SLE can feature elevation of both
Thl cytokines (IL-2, IFN-gamma) and Th2
cytokines (IL-4).

In 2002 Chang and collaborators reported
on astudy of 20 previously untreated SLE patients
analyzed for avariety of cytokinesand compared
with healthy controls.5® They found no differences
in IFN-gamma (Thl) or IL-4 (Th2); however,
those patients who also had arthritis had higher
IFN-gamma than did the other patients. Con-
versely, patients with serositis or CNS involve-
ment had higher IL-4 than those who did not. A
previous study found SL E patients with nephritis
had higher Thl cytokines than non-nephritis pa-
tients.>

SLE isknown to be a heterogeneous dis-
ease, and an association of genetic polymorphism
with SLE susceptibility hasbeen reported.> It may
be that Thl and Th2 cycle in dominance depend-
ing on disease stage and presentation.

Cancer: Dendritic Cells Confirmed

Important

The Th1/Th2 hypothesis has become so
entrenched in theimmunology literature that Thl
and Th2 cells have been given the status of induc-
ing and maintaining the “cellular” and “ humoral”
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immune responses, respectively. However, this
dichotomy was not a sound theory to begin with,
since al immune responses are ultimately initi-
ated and controlled by cells. Dendritic and other
antigen-presenting cells have been given short
shrift, even though these cell populations are in-
dispensable for sensing antigen intrusion and ini-
tiating a response, including priming and driving
the polarization of naive T-helper cells into Thl
or Th2 cells. Nowhereisthismore evident thanin
the case of cancerous tumors.

Dendritic cellsand related cell types'® are
dispersed throughout the tissues as sentinels — a
sophisticated early-warning system for the pres-
ence of foreign antigen (non-self) or otherwise
threatening material.”® DCsare probably the most
important regulatorsof naive T cells, judging from
their high capacities to make and release IL-12.%
In the tumor microenvironment IL-12 production
tends to be suppressed, often resulting in an
underactivation of Thl activity, which normally
would mobilize against tumor antigens.

Functionally upstream from the polariza-
tion of naive T cellsinto Thl and Th2 (and prob-
ably into other subsetsincluding Th3 and other Tr
populations), the DCs a so become polarized. The
polarized DC1s can then drive Thl polarization,
while the DC2s drive Th2.™ In their polarization
process the DCs are influenced, not just by
cytokines or chemokines, but by eicosanoid pros-
taglandins such as PGE2, an inflammatory me-
diator produced by macrophages, fibroblasts, and
epithelial and tumor cells. As reviewed in Shurin
et a,* naive DCs exposed to high concentrations
of IFN-gamma (as can be generated by activated
NK and Thl cells) can become DC1s, produce
copious IL-12, and drive Thl polarization. Those
exposed to relatively high PGE2 likely areinhib-
ited from elaborating IL-12 and polarize to DC2.
Those exposed to high IL-10 as well as PGE2
likely become IL-12 inhibited and also unable to
stimulate naive T cells; these may be effectively a
DC3 subset that permitsthe emergence of Tr-type,
regulatory-suppressor populations. The Tr cells
tend to produce large quantities of IL-10, which
can down-regulate both the Thl and Th2 path-

ways.
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Thl pathways typically produce activa-
tion of cytotoxic T lymphocytes (Tc), NK cells,
macrophages, and monocytes, all of which can
attack cancer cells and generally defend against
tumors.® IFN-gammaand other Thl cytokinesare
typically lower in advanced cancer patients, while
the Th2 marker I1L-4 can be higher or unchanged.*
Nodules of non-small cell lung cancer freshly re-
moved from patients expressed a marked imbal -
ancetoward Th2, asdid biopsy samplesfrom basal
cell carcinoma.” In prostate cancer patients IL-2
was low (Thl) and IL-10 high.®® IL-10 is a con-
firmed Thl-suppressive cytokine, and heightened
IL-10 is a common factor in cancer.*®

IL-10 has avariety of suppressive effects
that include inhibiting Thl cytokine production,
down-regulating APC and NK cell function, and
lowering overall T-cell proliferation.5” Especially
under theinfluence of IL-4 (Th2), tumor cells ap-
parently up-regulate IL-10 that suppresses nearby
killer cells. Tumor-derived IL-10 has been docu-
mented in lymphoma, ovarian carcinoma, mela-
noma, neuroblastoma, and renal cell and colon
carcinoma.®” |L-12 isanother cytokinethat can be
up-regulated by Thl activity and inhibited by
Th2.*° A low IL-12/IL-10 ratio was found in cer-
vical cancer patients.* Recent clinical studiessug-
gest elevated IL-10 is predictive of a poor prog-
nosis.” With both IL-4 and IL-10 being proven
inhibitors of Thl and promoters of Th2 activity,
the recognized capability of cancerous tissue to
suppress immunity is readily rationalized.>’

Anti-cytokine approaches to cancer
therapy are currently in progress, including pos-
sibleinsertion of pro-Thl genesinto tumors. How-
ever, compounding the topic of cytokine imbal-
anceisthe unknown but probably substantial con-
tribution of non-cytokine substances produced by
the tumor tissues to help suppress Thl activity.
These and other considerations make it highly
unlikely that manipulation of one or a few
cytokines can affect a therapeutic breakthrough
in cancer. The Thl/Th2 hypothesis lacks defini-
tive support from the cancer literature.
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A Major Missing Link: Oxidative
Stress

Oxidative stress playsamgjor rolein in-
flammation. Macrophages are atype of APC that
infiltrate inflamed tissues and release prodigious
quantities of reactive oxygen species (ROS) and/
or reactive nitrogen species (RNS).” These con-
tribute to antioxidant depl etion and the subsequent
destruction of tissue cells, the beta cells during
pancreatic inflammation, for example. In the pro-
cess the macrophages themsel ves can be depleted
of antioxidants, as reflected in their intracellular
glutathione status.®®

Glutathione in its reduced form (GSH) is
the single most important protective and regula-
tory antioxidant in cells.5! Asit is oxidized it be-
comes oxidized glutathione (GSSG), and the in-
tracellular ratio of GSH:GSSG is an excellent
measure of the cell’s overall antioxidant status.
Beginning in the 1980s, Herzenberg's group in
Californiaand Roederer’s group in Germany con-
ducted groundbreaking research that showed T-
helper cells infected with HIV-1 deteriorated in
GSH status and progressively lost their functional
capacity. By the late 1990s, Herzenberg and col-
laborators had applied this groundbreaking ap-
proach to macrophages and the Th1/Th2 concept.?

Peterson, Herzenberg and collaborators
worked with miceto show depletion of glutathione
from APCsin vivo resultsin lowered Thl activity
and higher Th2 activity;® GSH repletion had just
the opposite effect. Later Murata sgroup in Japan
demonstrated that macrophageswith most of their
glutathioneinthe reduced form (reduced macroph-
ages, RM) are effectively type 1 cells capable of
polarizing Th1..°638 Macrophages with mostly
oxidized glutathione (oxidized macrophages, OM)
areeffectively type 2 and could polarize Th2. Thus,
it seems immune activity can have Thl or Th2
character depending on the relative antioxidant
status of the cells directing the process.

Murata’s group also devised waysto raise
or lower the macrophage intracellular GSH
concentration at will. They found that high GSH
inside the macrophage supports gene activity that
leads to secretion of IL-12, the major Thl-
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polarizing cytokine. Furthermore, exposure of the
macrophage to |FN-gamma (also Thl) tends to
raise its GSH, thereby reinforcing its orientation
toward type 1. On the other hand, exposureto IL-
4 (Th2) lowersits GSH and steers it toward type
2 activity. Thus, the macrophages are capable of
accepting feedback from the T-hel per cells, which
affectstheir antioxidant statusand influencestheir
type 1 or type 2 tendencies. It can be concluded
that antioxidant status at the level of the immune
cell and its microenvironment can markedly affect
the ultimate pattern of immune response. In
addition, the immune system may be truly a cell
collectivewith both the“ upstream” DC/APC cells
and the “downstream” cells (T cells, B cells, etc.)
affecting the immune response.

Mercury Exposure Predisposes to

Th2 Dominance and Autoimmunity
The heavy metal mercury isubiquitousin
the environment, has no low threshold for toxic-
ity, and is implicated in diseases as diverse as
multiplesclerosis, Parkinson’sdisease, and autism.
Wu and colleagues found that administering mer-
cury (asmercuric chloride) to Brown Norway rats
induced a systemic autoimmune syndrome.® This
was characterized by autoantibodies, necrotizing
vasculitis principally affecting the caecum, inflam-
matory polyarthritis, and marked increase of se-
rum IgE. A similar syndrome can be produced in
the mouse and is linked to elevated IL-4 (Th2).
Wu's group confirmed that mast cells were in-
volved in this mercury toxicity syndrome.
Wu'sgroup aso confirmed that mast cells
can degranulate and up-regulate I1L-4 production
through depletion of their intracellular GSH.®
They concluded, as have other researchers,%°%2 that
oxidative stress may favor a Th2-dominated
immune state in the host. Interestingly, Peterson
et al suggest certain mice strains characterized as
“Thl” or “Th2” strains may be mere artifacts of
differential susceptibility to GSH depletion. The
C57BL/6 mouse, a typical Thl strain, is
substantially less sensitive to GSH depletion than
the BALB/c mouse, atypical Th2 strain. Because
parasiteinfection will often modestly deplete GSH
inthe host, the human Th2 orientation to parasites
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could be an adaptation based on a glutathione
depletion threshold effect.52

| mmunostimulation: Glucans and
Th1 Up-regulation

In the course of their extensiveinvestiga-
tions of the Thl and Th2 phenomena, Murata's
group administered lentinan to mice.%* Lentinan
is a beta-1,3-D-glucan from the medicinal mush-
room Lentinus edodes. This molecule closely re-
sembles other glucans typically liberated from
fungal cell wallsduring digestion or in the course
of immune response. When they gave lentinan
intraperitonealy (ip) to mice (lentinan is a large
molecule, poorly bioavailable by mouth), the mac-
rophage GSH status improved and their capabil-
ity to produce|L-12 improved, thus orienting them
toward type-1 immunity. This effect could be
turned off by depleting GSH, then restored using
alpha-lipoic acid, an antioxidant nutrient that re-
plenishes GSH.5%

Murata and colleagues also collected T-
helper cell populations from the mice following
lentinan exposure, assessed their cytokine produc-
tion capacity, and found they shifted toward Thl
production and away from Th2.%* Knowing that
IL-2isvery important for priming Thl cells, they
administered IL-2 (also ip) to the mice and got a
result very similar to that with lentinan —increased
macrophageintracellular GSH and skewing of the
T-hel per response toward Thl. They then took the
next obvious step and gave lentinan and IL-2 to-
gether (in overlapping doses); again, theresult was
the up-regulation of macrophage GSH, aswell as
asynergistic effect on IL-12 production from the
polarized Th1 population.

High-dose, systemic administration of IL-
2 has been used for some time in cancer
immunotherapy.® Clinical outcomes were not
particularly successful because of limited
antitumor efficacy and dose-related adverse
effects. The use of IL-2 in combination with
lentinan (or preferably, orally bioavailable
mushroom extracts) may be one meansto increase
IL-2's therapeutic efficacy and lower its adverse
effects. Addition of glutathione replenishers to
thiscocktail might further boost Th1 competence,
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for example to combat recalcitrant viruses such
as HIV-1 or hepatitis C, to restore lagging DTH
competence in the elderly, or to correct Thl
immunocompromise that occurs in patients in
recovery following surgery.6768

Nutrients and Other
Orthomolecules That Modify Th1/

Th2 in Humans

This section examines nutrient and other
orthomoleculesfor which thereis proof in humans
of aThl/Th2 specific effect. For purposes of this
review, anima model findings were not consid-
ered sufficient for inclusion.

Melatonin

Melatonin provides a homeostatic link
between the brain and the immune system. It has
specific high-affinity binding sites on both Thl-
and Th2-helper cells. The affinity of these bind-
ing sites suggeststhey could recognize physiologi-
cal concentrations of melatonin in serum.®® Also,
being a potent antioxidant, melatonin may help
ameliorate the effect of toxic cancer therapies. In
asmall controlled study conducted in Italy, mela-
tonin was given by mouth to 14 consecutive pa-
tients with untreatable, metastatic solid tumors.™
Patients were treated during two consecutive
cycles with either melatonin (20 mg/day orally)
and IL-2 (subcutaneous) or melatonin, I1L-2, and
naltrexone (oral). Blood lymphocyte counts sig-
nificantly increased in both groups over baseline.
Clinical outcomes were not disclosed. The inves-
tigatorstook thisfinding as encouragement to con-
duct further research into anticancer therapy with
combination IL-2, melatonin, and naltrexone.

Melatonin does not have receptors on B
cellsand probably does not boost “humoral” (Th2-
type) immunity.” Some APCs (monocytes and
macrophages) have melatonin receptors and re-
spond readily to stimulation with enhanced APC
and phagocytic capacity. Melatonin productionis
progressively reduced with advancing age, so its
capacity to up-regulate APC and Th cells seems
deserving of further exploration.
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Dehydroepiandrosterone

Dehydroepiandrosterone (DHEA) is pro-
duced by the adrenal glands and is found in the
plasmamainly asitssulfated derivative, DHEAS.
As one of the effectors of the hypothalamic-pitu-
itary-adrenal (HPA) axis, DHEA supports the
body’s adaptive stress responses. It may also be
involved in immune regulation. One study exam-
ined plasma DHEAS in HIV+ men compared to
healthy controlsfor autonomic function, Th1/Th2
cytokine levels, and helper-cell count (CD4+).7
The HIV+ group was found to have significantly
lower autonomic function than did the controls,
along with lower helper cell (CD4+) counts.
Plasma DHEAS levels in the HIV+ men corre-
lated positively with IFN-gamma(Th1), whilelL-
4 levels (Th2) correlated negatively with auto-
nomic performance. These data, while circumstan-
tial, are consistent with DHEAS supporting
healthy Th1l resistance against HIV-1.

Another Th1/Th2 study examined serum
DHEAS levels in male patients with atopic der-
matitis, thought to be aTh2-dominant condition.”™
Serum DHEA was lower inthe AD patients (ages
19-30 years) than in age-matched healthy controls.
Patients with SLE, another likely Th2-biased dis-
ease, also have low serum DHEA, and this may
limit IL-2 production from T cells (Th1).” These
dataare al so circumstantial, but speculatively they
could support DHEA’s involvement in immune
homeostasis (anti-Th2/pro-Thl). By contrast, men
and women with RA reportedly have low DHEA
and DHEAS in their blood, synovia fluid, and
saliva.™ This would not be consistent with RA
being a predominantly Thl disease, but would
support the emerging theory that RA is a mixed
Th1/Th2 condition, as discussed in the previous
section.

Progesterone

Progesteronevery likely contributesto the
natural suppression of cell-mediated immunity that
accompanies pregnancy and alows for the fetus
to be tolerated during gestation. Enhanced toler-
ance during pregnancy is a Th2-dominant effect,
athough many other factors could be involved
besides Th1/Th2 balance. Theimprovement in RA
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during pregnancy also is consistent with lowered
Thl and elevated Th2. Further evidence that
progesterone may up-regulate Th2 comes from
mice made arthritic by experimental inoculation
with the agent of Lyme disease (Borrelia
burgdorferi).” When the mice were impregnated
the arthritis was ameliorated and I1L-4 markedly
increased (Th2). However, just giving progester-
one resulted in the same effect. Recent studiesre-
port male RA patientsrespond positively to DHEA
replacement therapy.™

Minerals

Selenium

Selenium is an important antioxidant and
has significant effect on the immune system. Itis
frequently deficient in HIV+ individual swith pro-
gressing disease, which parallels the diminished
production of Thl cytokines.”” When selenium-
deficient animal s are supplemented with selenium,
IL-2 action (Thl) is enhanced. This is likely to
benefit the type-1 pathway and thereby improve
antiviral, antibacterial, and antifungal resistance
along with DTH."

Zinc

Zinc deficiency is a worldwide public
health problem, with up to 2 billion persons defi-
cient.” Growth retardation and susceptibility to
infections are some of the consequences. Prasad
and collaborators devel oped an experimental hu-
man model of zinc deficiency.”™ They assayed IL-
2 status (Thl) in these subjects and found that IL-
2 and |FN-gamma declined during the depletion
phase and was corrected by repletion. IL-4 (Th2)
did not change. Besides being linked to Th1 matu-
ration, IL-2 is also essential to NK-cell activity.
Zincisalso necessary for the activity of thymulin,
a thymic hormone, and zinc deficiency also re-
sultsin fewer T cells coming to maturity.®

Probiotic Bacteria

Substantial evidence exists that gram-
positive lactic acid bacteria of the genera Lacto-
bacillus and Bifidobacterium can survive tran-
siently in the human intestinal tract when taken
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by mouth. As these probiotics make contact with
the gut mucosathey can stimulate systemic, cell-
mediated immunity that approximates type-1 ac-
tivity.®! This effect has the potential to boost can-
cer resistance, antiviral activity, and even partially
reverse immune senescence in the elderly.

Cross has reviewed in-depth the human
and animal studies on probioticsfor type-1 stimu-
lation.®! Dietary supplementation using particular
defined strainswasfound to increase | FN activity
in the blood of human volunteers. Probiotics may
also down-regulate conditions linked to Th2
overactivation. Scandinavian studies were cited
that indicated children born to families who con-
sume traditional Lactobacillus-rich fermented
foods experience fewer alergies than those from
families who consume more sterile foods.

Other epidemiological studies indicate
lower incidence of atopic (IgE-mediated) skinand
respiratory tract hypersensitivity complaints
among children with stable gut populations of
Lactobacilli and Bifidobacteria compared with
those who had a paucity of gut bacteria. Clinical
scores of eczema were reduced in breast-fed in-
fantswhose mothers consumed L. rhamnosus GG
asadietary supplement. A double-blindtrial found
that consumption of L. rhamnosus GG by at-risk
babies born to atopic parents, or by their mothers
before and after giving birth, cut the incidence of
subsequent clinical atopy in theseinfants by half.
Such children al so can manifest elevation of blood
IFN-gamma (Thl).

Probiotics may be uniquely useful for re-
building declining immunity in the elderly.®* In
this population cell-mediated immunity is most
affected, including declines in T-hel per response
capacity and marked lowering of skin DTH. The
benefits from probiotics were found to be greater
the more advanced the age and/or the more im-
paired at baseline; both type-1 and type-2 cytokine
patterns can be partialy restored. A randomized
trial determined that dietary supplementation with
Lactobacillus-containing yogurt to ostensibly
healthy seniorsfor 12 monthsreduced their aller-
gic symptomatology (e.g., rhinitis, wheezing)
compared to matched controls. Also improved was
the activity of APC and NK cells, both prominent
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in resistance to cancer. Controlled trials in Japan
found L. casel (Strain Shirota) effectivein lower-
ing the recurrence of bladder cancer.®

Phytochemicals. Phytosterols and

Sterolins

A proprietary mixture of plant sterols,
beta-sitosterol (BSS) in a proprietary 100:1 mix-
ture with sterolin, its glucoside (beta-sitosterol
glucoside, BSSG) has been investigated for its
immune-modul ating properties. After in vitro ex-
periments suggested this combination enhanced
Th1 function, clinical studies were undertaken
with aproprietary mixture.8# A randomized, pla-
cebo-controlled trial established its clinical effi-
cacy against pulmonary tuberculosis.® A long-
term, open-label trial was conducted on morethan
300 patients infected with HIV-1, one group re-
ceiving thetreatment and the other no treatment.®
Disease progression was slowed by the sterol mix-
ture and CD4+ T-helper cell counts were con-
served, with some of the treated subjectsfollowed
for morethan fiveyears. After six monthsthe con-
trol group was given the option of taking the ste-
rol mixture. These results suggested the sterol/
sterolin mixture was safe and effective as along-
term immunotherapy for people living with the
AIDSvirus.

Other findings suggest HIV/AIDS might
involve a pathogenic impairment of the Thl path-
way and up-regulation of Th2. Th1/Th2 cytokines
were evaluated in a group of HIV patients on no
therapy and a group of patients managed with the
mixture of plant sterols/sterolins.®* The technique
of three-color flow cytometry was used to gener-
ate precise estimates of cytokineresponsesto cells
collected from the blood, cultured and stimulated
with amitogen. IFN-gamma secretion (Thl) was
found markedly elevated in cells from the HIV +
patients taking the sterol mixture, compared to
healthy individuals and the untreated HIV+ pa-
tients, and significantly more cells stained for IFN-
gamma.

IL-4 secretion (Th2) was higher in both
the treated and untreated HIV + groups compared
to the healthy controls, with non-treated
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individuals demonstrating the highest values.®
When ratios of IFN-gamma to IL-4 were
calculated (Th1l:Th2 cytokines), the untreated
HIV+ group had amuch lower ratio (5.6/5.0, at 7
or 18 hours after stimulation) and was markedly
different from thetreated HIV + group (30.7/24.6)
or the healthy group (15.7/9.5). Both groups of
HIV+ patients were drawn from an ongoing
clinical trial in which those treated with the plant
sterols were manifesting stable T-helper cell
counts, whereas those not treated were showing
the otherwise predictable decline in T-helper cell
counts with the passing of time.®

Anti-inflammatory Benefits of Fish
Oil: Beyond Th1/Th2 Mechanisms

Asdiscussed above, chronic diseases pre-
viously assumed to result from Thl overactivity
(RA, MS, and type 1 diabetes) are found, upon
critical evaluation, to have substantially overlap-
ping Thland Th2 activities. Such mixed Th1/Th2
involvement was allowed for in the origina hy-
pothesis.! However, the debate most often disre-
gards the inflammatory process intrinsic to these
diseases. Nonspecific by its very nature, inflam-
mation may not respect Th1/Th2 dominance. Once
set in motion, the inflammatory cascades release
a broad array of pro-inflammatory cytokines,
chemokines, el cosanoids, reactive oxygen species,
and other mediatorsthat may overwhelm Th1/Th2
balancein order to fully mobilizeimmunity against
the perceived threat.

Meanwhile, the long-chain omega-3 fatty
acid preparations (LCw3), especially
eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) have proven anti-inflammatory ef-
fects. They have proven benefit against circula-
tory inflammatory states (heart attack, coronary
artery disease, restenosis, hypertension); kidney
nephropathy and transplant; inflammatory bowel
diseases; and cancer cachexia (pancreas).® Re-
peatedly, studies havefailed to demonstrate either
pro-Thl or pro-Th2 mechanisms. Yet, a substan-
tial body of work indicates they substantially im-
prove quality of lifein diseases currently consid-
ered to be Thl or Th2 oriented.
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Calder and colleagues assessed 13 con-
trolled studies with fish oils for RA, completed
through year 2001.% All of these reported clinical
improvement including reduced morning stiffness,
reduced joint tenderness, reduced timeto fatigue,
and increased grip strength. Fish oil preparations
benefit asthma and atopy,®# and thereis prelimi-
nary evidence the LCw3 also benefit SLE.® In
immunoglobulin A (IgA) nephropathy, the most
common glomerular disease worldwide, initial tri-
as with LCw3 have been sufficiently promising
that further trials are underway comparing fish oil
to prednisone, the only other encouraging treat-
ment for the disease.®

These striking findings with LCw3 sug-
gest it is not essential to intervene specifically at
the T-helper cell level in order to benefit the pa-
tient. Beyond their proven nutritional support for
anti-inflammatory eicosanoid balance, EPA and
DHA &l so operate through non-ei cosanoid mecha-
nismsthat include down-regul ation of pro-inflam-
matory cytokines.® Their proven benefitsfor sub-
jects with inflammatory and autoimmune pathol -
ogy argue against any central role for Th1/Th2
balance in ameliorating disease states.

Limitations of the Hypothesis

Th1/Th2 cytokine balancing is routinely
touted in theimmunological literature asafunda-
mental paradigm advance in the field. However,
it remains an unproven hypothesis and many of
its facets have become untenable. Dent com-
mented, “Nothinginimmunology isever assmple
asit first seems.”® Thus, hel per cellsare found not
to be the only, or even necessarily the dominant,
sources of type-1 and type-2 cytokines.® The lit-
eratureissurprisingly murky asto which cytokines
are specifically type 1 and which are type 2. Fur-
thermore, there is significant evidence to suggest
dendritic cells and other antigen-presenting cells
have central importanceinimmunity.”% Further
usefulness of the Th1/Th2 hypothesis may well
hinge on including APCs in the model.

But an expanded model may still have
problems. For example, the relative ease with
which macrophage APCs can see-saw between
type-1 and type-2 polarization simply by achange
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intheir glutathione status (reduced/ GSH becomes
converted to oxidized/ GSSG) could suggest that
Thl/Th2 dominance is largely an artifact of ex-
perimental observation. Alternatively, such cells
sensitivity to their intracellular redox status could
be directing their polarized functions. It is tempt-
ing to speculate that inflammation, which is typi-
cally an oxidizing phenomenon, ultimately de-
pletes the Thl cells' reserves of reduced glu-
tathione, shifting them to Th2 activity. The result-
ant Th2 activation then triggers an end to the in-
flammatory process.

Th1/Th2 pathways are undoubtedly over-
lain by other inflammatory phenomena. All too
often, in zealous efforts to squeeze findings from
animal modelsand cell culturesinto the Th1/Th2
paradigm, researchers lump broad-spectrum in-
flammatory cytokines (IL-6 or TNF-alpha, for
example) together with the characteristic Thl
cytokines (IFN-gamma and IL-12). This results
in confusion regarding the autoimmune diseases
and their progressiveinflammatory status. Further-
more, while Th1/Th2 proponents look mainly to
IL-10 from Th2 cells to terminate autoimmunity,
this cytokine may be the tool of another helper
class: the regulators (Tr). The existence of helper
regulatory Tr cells (CD4+) and non-helper Tr cells
(CD8+) complicates the assumption that Th1 and
Th2 cells can mutually inhibit each other (Figure
1).°

These limitations on the Th1l/Th2
hypothesis are severe but do not necessarily rule
it irrelevant. Dent sees virtue in the Th1/Th2
hypothesis as a means to understand tol erance, of
the quasi-parasitic fetus developing in the uterus
or of sperminthereproductivetract, for example.
The known Th2 dominance in these conditions
seems appropriate for at least some stages of
human life. Subversion of Th2 pathways are the
likely means by which parasitic organisms survive
in the host.> Thl dominance seems relevant to
situations where the body requires a vigorous
response against a viral presence. Viewed from
the traditional perspective, the healthiest immune
state could be one poised more or less equally
between “ cellular immunity” (approximating Thl)
and “humoral immunity” (Th2). A moreclinically
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relevant distinction would be of innate immunity
(regulated by APCs, including monocytes/
macrophages, DCs, and other phagocytic cells),
versus acquired or adaptive immunity regulated
by Thi, Th2, and Tr cells.**

Much of theclinical work around Th1/Th2
dominance involves adrive to develop molecules
tailored asimmunotherapeutics. But the early eu-
phoriathat Th1/Th2 manipulation would catalyze
major immunotherapeutic breakthroughs has yet
to be fulfilled. Clinical interventions with
cytokines, single or mixed, have had very limited
success, whichisnot surprising given the plethora
of known cytokineswith characteristic overlapin
specificity and the diverse arrays of surface re-
ceptors on each cell. However, human recombi-
nant |IL-4 was successfully given by injection to
alleviate psoriasisin 20/20 patients.®

The TCR-peptide therapy approach pio-
neered by Vandenbark’s group® has also had lim-
ited success. Perhaps one-third of MS patients
experienced modest benefit; in RA, substantially
fewer than one-third had any clinical improve-
ment; and in psoriasis as few as seven percent of
the patients may have experienced benefit. And,
the approach does carry risks. An experimental
Alzheimer’s vaccine apparently triggered cata-
strophic brain degeneration in as many as 15 pa-
tients.*® Thisvaccine may have exacerbated aten-
dency in older patients to be progressively more
Thi-biased.* It would be reckless to proceed fur-
ther with this approach until the differences be-
tween lab animal and human immune mechanisms
are adequately understood.

Conclusion

Whether right or wrong, the Th1/Th2 hy-
pothesisisa“top-down” model of cell interaction
that assumes one class of immune cells is espe-
cialy equipped to supervisethe others. Many lines
of evidenceindicate thismodel isoverly smplis-
tic and requires major modification to satisfy the
discordant data. Meanwhile, standing in contrast
tothishierarchical model isthe pre-existing model
of immune cell integration (Figure 2), which fits
the existing Th1/Th2 data just as well. The huge
body of research avail able onimmune mechanisms
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remains consistent with all the categories of im-
mune cells making collective effort to maintain
the body’s defenses, respond promptly to danger,
and eliminate threatening agents.®*3 It is most
likely that, rather than being dominated by Thi-
or Th2-helper cells, the diverse cell categories
(APC, monocytes/macrophages, granulocytes,
Th1/Th2/Th3, Tr, killer and natural killer) areeach
called upon at times to make the most prominent
functional contribution, deferring to othersas cir-
cumstances dictate.

One advantage inherent in the more col-
lectivemodel for immune functioning isthat keep-
ing the immune system healthy and mobilizing it
against disease would depend more on giving the
body systemic support than on deploying tailored
magic immunotherapeutics. Proven immuno-
modulators such as mushroom extracts take on
significant relevance.® Fish oils, vitamin C, gluta-
thione, and other antioxidants, as well as numer-
ousplant extracts can further enhanceimmunecell
functionality.

In managing immune hypofunction or
other dysfunction, itiscrucia to manageall forms
of stress. Rooksreported diverse stressors, includ-
ing sleep deprivation, calorie restriction, exces-
Sive exercise, examination stress, and cardiopul-
monary bypass surgery, down-regulate Thl and
up-regulate Th2 activity.® These effects are me-
diated mainly by glucocorticoids, but aso by the
catechol amine hormones epinephrine and norepi-
nephrine.®? As heroic efforts to tailor technologi-
cal immunetherapiesgo forward, the best immune
intervention tools continue to be lifestyle modifi-
cation, vitamins, minerals, orthomolecules, and
selected nontoxic phytotherapies.
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