
 

Clinical and Experimental Immunology

 

© 2005 British Society for Immunology, 

 

Clinical and Experimental Immunology

 

, 

 

142:

 

 207–215

 

207

 

doi:10.1111/j.1365-2249.2005.02842.x

  

Accepted for publication 10 June 2005

Correspondence: A/Prof. P. G. Tipping, Centre 

for Inflammatory Diseases, Department of 

Medicine, Monash University, Clayton, Victoria, 

Australia.

E-mail: peter.tipping@med.monash.edu.au

 

R EV I EW

 

Glomerulonephritis, Th

 

1

 

 and Th

 

2

 

: what’s new?

 

P. G. Tipping and A. R. Kitching

 

Centre for Inflammatory Diseases, Department of 

Medicine, Monash University, Clayton, Victoria, 

Australia

 

Summary

 

Glomerulonephritis (GN), the major worldwide cause of chronic renal disease
and renal failure, shows a wide spectrum of histological patterns, severity of
injury and clinical outcomes that may be related to the nature of the nephri-
togenic immune response. In the majority of cases, there is evidence of a cen-
tral role for cognate immunity in the initiation of human GN and
contributions of both humoral and cellular effector mechanisms have been
demonstrated in both humans and in animal models. T helper cell subsets are
known to activate different immune effector mechanisms which influence dis-
ease outcomes in infectious and autoimmune diseases and evidence is now
accumulating that Th1 and Th2 subsets direct diverging effector pathways
that lead to different patterns and severity of glomerular injury in GN. Th1-
predominant responses appear to be associated strongly with proliferative
and crescentic forms of GN that result in severe renal injury, while Th2
responses are associated with membranous patterns of injury. The challenge
remains to understand fully the relevance of T helper cell subset responses to
the spectrum of human GN and to apply this new knowledge to the develop-
ment of more potent and selective therapeutic strategies.
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Introduction

 

Despite the emerging burden of diabetic renal disease, glom-
erulonephritis (GN) remains a major cause of chronic renal
disease and end-stage renal failure requiring dialysis and
renal transplantation. There is good evidence for the involve-
ment of cognate immune mechanisms in the majority of
cases of human GN. However, apart from antigenic peptides
of 

 

a

 

3(IV) collagen in glomerular basement membrane
(GBM), which are the target for classical (but uncommon)
autoimmunity in Goodpasture’s disease (Fig. 1), the identi-
ties of the nephritogenic antigens are mostly unknown. GN
shows a wide spectrum of histological patterns and clinical
outcomes, indicating that a variety of immunopathogenic
mechanisms of injury is involved.

A central role for T cells, not only in providing help for
production of immunoglobulins involved in humoral effec-
tor mechanisms, but also in directing cellular immune
mechanisms, is now recognized in GN. Differential activa-
tion of T helper cell subsets has been proposed as a potential
explanation for the variety of patterns of injury in GN [1],

and the ability of T helper cells subsets to influence immune
effector pathways has been demonstrated in experimental
models using inbred rodents. More recent insights into T
helper cell differentiation and their involvement in animal
models and to human GN will be reviewed. A significant
challenge remains to define clearly the relevance of the Th1/
Th2 paradigm to understanding the diverse types of human
GN and its relevance to therapeutic intervention.

 

Identifying Th

 

1

 

 and Th

 

2

 

 cells (Table 

 

1

 

)

 

Subsets of T helper cells were identified initially in cloned T
cells [2] and in mice by their different cytokine profiles and
effector functions [3,4], and it is now apparent that the Th1/
Th2 paradigm has relevance in human biology and disease
[5]. Th1 and Th2 cells are subsets of primed CD4

 

+

 

 T helper
cells that can be distinguished functionally by their cytokine
profile and their ability to generate different types of
immune effector responses. Th1 cells produce interferon
(IFN)-

 

g

 

), interleukin (IL)-2, tumour necrosis factor (TNF)
and lymphotoxin-

 

a

 

. They promote macrophage activation
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and delayed-type hypersensitivity (DTH) effector responses,
as well as providing help to B cells to produce complement-
fixing antibody isotypes that mediate opsonization and
phagocytosis. Th1 cells are critical for elimination of intrac-
ellular pathogens such as 

 

Listeria monocytogenes

 

 and 

 

Leish-
mania major

 

. Th2 cells produce IL-4, IL-5, IL-10 (in mice)
and IL-13 that promote production of non-complement-
fixing IgG isotypes and IgE and are important for elimina-
tion of helminthic and nematode infections and mediation
of allergic responses.

 

Development of Th

 

1

 

/Th

 

2

 

 polarization

 

Dendritic cells and TCR affinity

 

Th1 and Th2 cells differentiate from naive precursors (Th0)
following specific antigen stimulation via their 

 

a

 

/

 

b

 

 T cell
receptor (TCR). Dendritic cells, because of their ability to
migrate from peripheral sites to secondary lymphoid
organs, play a dominant role in activation of naive T cells.
Subsets of dendritic cells have been identified which may
influence Th1/Th2 development [6]. In humans, subsets of
dendritic cells derived from either monocytes or plasmacy-
toid cells with a bias towards stimulating either IFN-

 

g

 

 or
IL-4, IL-5 and IL-10 production (respectively) by naive T
cells have been demonstrated 

 

in vitro

 

. In mice, CD8

 

a

 

+

 

dendritic cells produce IFN-

 

g

 

 and IL-12 following antigen
exposure, whereas CD8

 

a

 

- dendritic cells produce IL-4 and
IL-10, leading to Th1 and Th2 polarized responses. CD40
ligation may be important for IL-12 production by den-
dritic cells [7].

Effects of antigen dose and antigen affinity on Th subset
development are complex and findings vary in different
experimental systems. Attenuation of the TCR signal, e.g. by
low antigen/MHCII binding affinity or low MHCII/TCR
affinity, favours Th2 differentiation 

 

in vitro

 

 when soluble
peptide antigens are studied [8], although TCR-independent
mechanisms have been proposed for antigen/dose effects [9].
Moderate antigen doses favour Th1 development, but very
high and very low doses favour Th2 development of 

 

a

 

/

 

b

 

 TCR
transgenic CD4

 

+

 

 T cells 

 

in vitro

 

 [10]. However, 

 

in vivo

 

responses of intact organisms such as 

 

L. major

 

 to low levels of
antigen challenge appear to be Th1 biased [11].

 

Cytokine milieu

 

The cytokine milieu is a key factor in directing Th cell polar-
ization. IFN-

 

g

 

 and IL-12 are the major cytokines that pro-
mote Th1 development. Recently, the role of IL-18, IL-27
and potentially IL-23 as cytokines that promote Th1 differ-
entiation has been recognized, suggesting multiple and over-
lapping mechanisms of induction of Th1 responses [12,13].
IL-4 is the major cytokine responsible for driving Th2
responses. IFN-

 

g

 

 but not IL-12 may play a role in inhibiting
Th2 responses, whereas IL-10 appears to be more active in
inhibiting Th1 differentiation than promoting Th2
responses [14].

 

Co-stimulatory signals

 

In addition to the key role of the cytokine milieu, co-stimu-
latory signals to T helper cells also influence Th1/Th2 differ-
entiation. CD80 and CD86 signal via CD28, which is
expressed constitutively on T cells. Inhibition of CD28
blocks Th2 responses to a number of parasites while leaving
Th1 responses intact. Other co-stimulatory molecules, such
as OX40 and ICOS, are induced after T cell activation and
may be preferentially involved in sustaining Th2 responses
[15]. Co-stimulatory signals provided by CD40/CD154 aug-
ment IFN-

 

g

 

 production by Th1 cells [16].

 

Table 1.

 

Characteristics of T helper subsets.

Th1 cells Th2 cells

Inducing stimuli IL-12, IFN-

 

g

 

, IL-18, IL-27, PRR signalling IL-4

Transcription factors STAT4, STAT1, T-bet, NF

 

k

 

B STAT6, GATA3

Cytokines produced IFN-

 

g

 

, IL-2, TNF, lymphotoxin 

 

a

 

IL-4, IL-5, IL-13 (IL-10 in mice)

Chemokine receptor expression CXCR3, CCR5, CCR1 CCR3, CCR4, CCR8

Antibody isotypes Human: IgG1, IgG3, IgG2 Human: IgG4, IgE

Mouse: IgG2a, IgG3, IgG2b Mouse: IgG1, IgE

Effector response Cell-mediated immunity, macrophage activation,

antibody-mediated cellular cytotoxicity

Activation of eosinophils, allergy

 

Fig. 1.

 

The typical appearance of a crescent surrounding the glomerular 

tuft in a patient with anti-glomerular basement membrane (GBM) 

glomeronephritis (stain, silver methenamine, magnification 

 

¥

 

200).
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Experimental evidence suggests that Th2 differentiation
may be the default response of T cells following antigenic
stimulation and that Th1 responses need specific additional
signals. Innate immune responses to conserved molecular
components of pathogens 

 

-

 

 so-called ‘pathogen associated
molecular patterns’ by a limited repertoire of ‘pattern recog-
nition receptors’ (which include Toll-like receptors)
expressed by macrophages and dendritic cells may play a role
in Th1 differentiation [13]. These receptors augment Th1
differentiation by activating signalling pathways inducting
IL-12 production by dendritic cells and IFN-

 

g

 

 by sensitized T
cells [17].

 

Intracellular signalling and transcription factors

 

Differences between Th1 and Th2 cells in the surface mem-
brane clustering of the TCR complex in lipid rafts may
contribute to differences in subsequent intracellular signal-
ling events. Th1 cells show more efficient recruitment and
clustering of TCR components in the presence of CD4 [18],
which may contribute to more efficient intracellular signal-
ling in Th1 cells. Differential involvement of members of the
Src kinase family [19], the Tec kinase family (e.g. Rlk and Itk)
and MAP kinases [20] (e.g. JNK [21,22], p38MAPK and
GADD45) have been reported in Th1/Th2 differentiation. In
Th1 responses, signalling via IFN-

 

g

 

 receptors and STAT1
induces the transcription factor T-bet which optimizes IFN-

 

g

 

 expression and up-regulates expression of the 

 

b

 

2 chain of
the IL-12 receptor. T-bet also represses Th2 responses by
interfering with GATA-3 binding toDNA [23]. IL-12 recep-
tor activation can further enhance Th1 responses via STAT4.
IL-4 activates STAT6 which induces GATA-3 expression,
which is a potent inducer of Th2 responses. GATA-3 induces
its own expression as well as enhancing IL-4 production and
inhibiting IFN-

 

g

 

 and IL-12 receptor expression [12].

 

Chemokine receptor expression

 

Chemokines may influence antigen recognition and effector
and memory functions of T cells by effects on interactions
with dendritic cells, homing of T cells to lymph nodes and
migration through peripheral tissues [24]. Th1 and Th2 cells
appear to express different patterns of chemokine receptors,
which may facilitate differential activation responses to
chemokines. CXCR3, the receptor for interferon-

 

g

 

 inducible
chemokines (IP-10, Mig and I-TAC) is expressed at high lev-
els on IFN-

 

g

 

-producing Th1 cells and low levels on Th2 cells
[25]. CCR3 and CCR4 expression is associated with Th2 cells
that express IL-4 [26].

 

Different patterns of injury and outcome in GN 
suggest preferential involvement of Th

 

1

 

 or Th

 

2

 

 
subsets

 

Demonstration of the ability of Th1 and Th2 subsets to
influence the outcome of infectious diseases in mice [27]

provided an impetus to studies of their contribution to GN.
Initial evidence for a selective role for Th1 and Th2 subsets in
GN came from experimental models using inbred strains of
mice and rats and cytokine-deficient mice. Studies of human
GN have now begun to demonstrate the value of the Th1/
Th2 paradigm to understanding the pathogenic mechanisms
and therapeutic potentials in an out-bred human
population.

 

Th

 

1

 

/Th

 

2

 

 subsets in experimental models of GN

 

Comparison of immunological effector responses, histolog-
ical features of inflammation and functional injury in Th1
(C57BL/6) or Th2 (BALB/c) dominant mice provided the
first evidence that severe crescentic injury induced by an
adaptive immune responses to heterologous anti-GBM anti-
body (nephrotoxic nephritis 

 

-

 

 NTN) was the result of a Th1
polarized response [28]. Studies of NTN in Lewis and Brown
Norway rats also demonstrated that features of cell-mediated
glomerular injury (extra-capillary proliferation and accu-
mulation of monocytes and T cells) were associated with a
Th1 profile of cytokine production [29]. Conversely, in mer-
curic chloride-induced autoimmune GN (which results in a
non-crescentic, ‘membranous-like’ form of GN) studies
using congenic strains of Brown Norway rats demonstrated
that susceptibility to GN was associated with preferential
activation of Th2 responses [30].

 

Contribution of cytokines

 

Studies in murine models have confirmed the dependence of
crescentic GN on Th1 cytokines and the ability of interven-
tions which alter the balance of Th1/Th2 cytokines to mod-
ulate crescentic injury. Glomerular T cell and macrophage
accumulation and crescentic injury is attenuated in mice
with genetic deletion of Th1 cytokines, e.g. IL-12 [31], IFN-

 

g

 

 [32] or TNF [33] and by blocking Th1 cytokines with
inhibitory antibodies, anti-IL-12 [34] and anti-IFN-

 

g

 

 [28].
Administration of IL-12 augments Th1 responses and cres-
centic GN [34].

IL-18 is one of several cytokines, including IL-23 and IL-
27 that have been identified more recently, that contribute to
development of Th1 responses [12]. IL-18 is produced by
dendritic cells and macrophages and acts with IL-12 as a co-
factor for induction of Th1 development and IFN-

 

g

 

 produc-
tion [35]. In NTN, administration of IL-18 augmented
cutaneous DTH responses and exacerbated crescentic GN in
mice [31]. However, the ability of IL-18 to enhance cutane-
ous DTH and crescentic glomerular injury was also observed
in IL-12-deficient mice, indicating that IL-18 may play a
local role in recruiting T cells and macrophages via induc-
tion of ICAM-1.

In murine lupus, inhibition of IL-18 by cDNA vaccination
effectively reduced lymphoproliferation, IFN-

 

g

 

 production
and GN and improved survival [36], whereas IL-12-deficient
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lupus-prone MRL/Fas-lpr mice showed only a modest effect
on survival despite marked reductions of renal IFN-

 

g

 

 pro-
duction, inflammatory cell recruitment and GN [37]. Over-
expression of IL-12p40 prevented age-related increases in
serum IFN-

 

g

 

 and induced the shift from Th1 to Th2 anti-
DNA antibody subclasses in lupus-prone mice, but produced
minimal changes in development of GN and survival [38].

In a murine model of experimental autoimmune crescen-
tic GN (EAG) induced by immunization with 

 

a

 

3(IV)NC1
collagen, disease susceptibility is associated with local pro-
duction of Th1 cytokines [39]. In a similar model induced
with 

 

a

 

3-

 

a

 

5(IV)NC heterodimers, histological injury was
reduced in IL-12p40-deficient mice but IFN-

 

g

 

-deficient mice
showed increased CD4

 

+

 

 cell reactivity to the antigen and
enhanced dermal DTH and crescentic GN [40], indicating
diverging roles for IFN-

 

g

 

 in this autoimmune disease com-
pared with NTN, which does not involve autoimmunity.

Th2 cytokines play a role in attenuating proliferative and
crescentic forms of experimental GN and facilitate some
humorally mediated models [30]. Mice genetically deficient
in Th2 cytokines, IL-4 [41] or IL-10 [42] have more pro-
nounced Th1 responses and develop more severe crescentic
GN. Administration of Th2 cytokines (IL-4 and/or IL-10)
inhibited the development of crescentic NTN in mice [43]
and combined treatment was effective in attenuating estab-
lished disease [44]. Over-expression of IL-10 by using viral
vector–IL-10 gene transfer attenuated crescentic GN in
Wistar Kyoto rats [45]. Pharmacological approaches to
designed to inhibit Th2 responses have been demonstrated
recently to be effective in attenuating heavy metal-induced
autoimmune (membranous) GN in Brown Norway rats
[46]. This approach involved inhibition of dihydropyridine
receptors, which are expressed exclusively on Th2 cells and
are involved in TCR-dependent production of IL-4, IL-5 and
IL-10.

IL-13 is a product of Th2 cells that promotes Th2
responses. Recent studies in murine NTN demonstrated dis-
sociation between IL-13 effects of cell-mediated and humoral
effector mechanisms of glomerular injury [47]. IL-13-defi-
cient mice showed higher levels of circulating nephritogenic
antibodies with enhanced Th1 associated IgG2a subclass
without effects on glomerular T cell and macrophage recruit-
ment, crescent formation or functional renal injury.

 

Co-stimulatory signals and Th polarization in 
experimental GN

 

In recent years there has been considerable interest in the
role of co-stimulatory molecules in GN and their potential
to differentially modulate Th1/Th2. Studies in murine NTN
showed augmentation of crescentic GN following antibody
inhibition of CD86 and reduction of crescent formation fol-
lowing CD80 inhibition, but these effects were not associ-
ated with detectable changes in Th1/Th2 polarization [48].
In this study, combined inhibition of CD80 and CD86

signalling using CTLA4-Ig did not affect the development of
glomerular injury. Studies with genetically deficient mice
produced similar results, with reduced crescentic GN asso-
ciated with CD80 deficiency and more severe disease with
enhanced Th1 cytokines in the setting of CD86 deficiency
[49]. Combined CD80 and CD86 deficiency did not affect
crescentic GN. In a recent study, monoclonal antibody inhi-
bition of ICOS signalling and administration CTLA4-Ig to
block CD28 was reported to be effective in ameliorating
murine NTN, without evidence of Th1/Th2 shift in anti-
body isotype [50]. CD28-deficient mice also showed marked
attenuation of NTN [51]. Thus, although a variety of effects
of CD80/CD86 and CD28 have been demonstrated in
experimental models, evidence is lacking for clear effects on
Th cell polarization.

Another member of the B7-CD28 family, ICOS-B7
homologous protein, regulates T cell-dependent humoral
responses. Monoclonal antibody inhibition of this signalling
pathway in murine lupus effectively prolonged survival and
inhibited all IgG subclasses and both Th1 and Th2 cells [52].

CD40/CD154 co-stimulation is important for production
of both Th1 and Th2 cytokines by T cells [53]. Inhibition of
CD154 with a monoclonal antibody given either prior to
disease initiation or to established disease was effective in
reducing the severity of crescentic EAG in Wistar Kyoto rats
[54]. NTN could not be induced in CD40-deficient mice
because they fail to develop effective immune responses to
(nephrotoxic) sheep globulin [55]. However, antibody inhi-
bition of CD154 in the effector phase of induction of NTN in
mice resulted in reduced glomerular recruitment of Th1
effect cells and injury. Administration of IL-12 to CD40-
deficient mice restored Th cell IFN-

 

g

 

 production, renal
chemokine expression and glomerular T cell and macroph-
age recruitment but did not restore renal injury due to inef-
fective macrophage activation in the absence of CD40 [56].
Expression of CD40 by intrinsic renal cells was demonstrated
to play a key role in renal chemokine induction, T cell and
macrophage recruitment and injury [55], indicating that
CD40 expression by non-immune cells plays an important
role in this Th1 effector response.

Signals provided by the innate immune system following
exposure to microorganisms may also influence the develop-
ment of GN. Administration of bacterial cpG-DNA increased
Th1 responses and aggravated immune complex induced GN
in mice, suggesting signalling via of TLR9 [57]. Infection of
lupus-prone NZB/NZW mice with 

 

Plasmodium chabaudi

 

increased levels of Th2 cytokines and improved survival [58],
whereas Bacille Calmette–Guérin (BCG) vaccination precip-
itated a lupus-like syndrome in NOD mice [59].

 

Intracellular signalling pathways and transcription 
factors

 

Although a great deal of work has been conducted to define
the intracellular signalling pathways activated during T
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helper subset differentiation, little is known about the
involvement of these in GN. STAT4 and STAT6 show a dif-
ferential role in Th1/Th2 signalling and may be a potential
therapeutic target to influence the outcome of GN. In
murine lupus, STAT6 deficiency reduced splenocyte IL-4 and
increased IFN-

 

g

 

 production and glomerulosclerosis without
effects on anti-DNA IgG. This effect was similar to that
achieved using anti-IL-4 antibody to inhibit Th2 responses.
STAT4-deficient mice showed low splenocyte IFN-

 

g

 

, consis-
tent with inhibition of Th1 responses. This was associated
with accelerated development of proteinuria and an increase
in crescent formation, despite lower total anti-DNA IgG
[60].

GATA-3 plays a critical role in Th2 development and over-
expression of GATA-3 in BXSB/MpJ-Yaa mice (that develop
lupus disease) resulted in improved survival and ameliora-
tion of GN associated with a Th2 switch in IgG isotypes and
decreased serum IFN-

 

g

 

 levels [61]. These two studies provide
the first evidence that targeting of Th1/Th2 signalling path-
ways can alter outcomes of experimental GN.

 

Evidence in human glomerulonephritis

 

While Th1/Th2 subsets clearly influence patterns of injury in
experimental GN, the dissection of their role in human GN
has proved more difficult due to the diverse range of under-
lying immunopathogenic mechanisms in human disease
(e.g. organ-specific or systemic autoimmunity, innocent
bystander injury in the context of antigen immune responses
to ‘planted’ antigens, probable ‘immune dysregulation’ in
IgA nephropathy), our incomplete knowledge of the effector
pathways involved and the variable, poorly defined genetic
influences on immune responses in human populations.
Despite these obstacles, evidence is accumulating to indicate
that differential activation of Th1 and Th2 mechanisms is

useful in explaining some of the histological patterns of
human GN (Fig. 2).

In severe and rapidly progressive forms of GN, there is
increasing evidence that, independent of their underlying
cause, glomerular crescent formation results from an under-
lying or superimposed Th1 response. Previous studies not-
ing the presence of effector CD4

 

+

 

 cells and macrophages in
crescentic lesions, including the uncommon presentation of
crescentic lesions in membranous GN [62], imply that glom-
erular crescent formation is a manifestation of a Th1-
mediated DTH-like lesion. Analysis of cytokine profiles from
biopsies of a variety of forms of proliferative GN shows
higher levels of IL-2 and IFN-

 

g

 

 compared with non-
proliferative forms [63] and glomerular CCR5 expression
associated with crescentic GN [64]. Studies in human anti-
GBM GN support a role for Th1 in injury by demonstrating
IFN-

 

g

 

-predominant antigen-specific effector cell responses
in active disease and IL-10 predominance in remission [65].
The potential role for CD25

 

+

 

 regulatory cells in suppressing
pathogenic IFN-

 

g

 

 production has also been demonstrated in
human anti-GBM GN [66]. These studies [67,68] reveal
roles for effector T cells, in addition to the contribution of
Th1-associated autoantibody subclasses in both human
Goodpasture’s disease [69] and animal models [70].

 

Anti-neutrophil cytoplasmic antibody 
(ANCA)-associated GN

 

In ANCA-associated GN, recent studies in animal models
have demonstrated the importance of ANCA in triggering
disease [71]. Th1 and Th2 cells determine both the IgG
subclass and titre of autoantibody by providing B cell help and
also have a role as effector cells in vasculitic lesions. Evidence
is now accumulating for Th1 predominance of the underlying
T cell response. T cells and macrophages are present in

 

Fig. 2.

 

A simplified scheme of Th1 and Th2 subset and cytokine involvement in glomerulonephritis. APC: antigen-presenting cell; Mac: macrophage.
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glomerular lesions [72] and glomerular biopsies show high
IFN-

 

g

 

 and low IL-4 glomerular mRNA expression, indicating
a Th1-predominant effector response of patients with ANCA-
associated GN [73]. Peripheral blood T cells showed a high
IFN-

 

g

 

 : IL-4 cytokine ratio in patients with ANCA-associated
GN compared to non-proliferative forms of GN and IgA
disease. Effective corticosteroid treatment of the disease
resulted in a decrease in the IFN-

 

g

 

 : IL-4 ratio [73].
In patients with active Wegener’s granulomatosis, periph-

eral blood T cells produced high levels of IFN-

 

g

 

 that were
suppressible by IL-10, and blood monocytes produced high
IL-12 regardless of disease activity [74]. In untreated
patients, when the disease was in complete remission,
peripheral blood mononuclear cells produced high levels of
IL-10 in response to stimulation with one of the putative
autoantigens, PR-3 [75]. Although ANCAs of the IgG1 and
IgG3 (Th1) subclasses are potent in activating neutrophil
FcR, evidence for a unexpected role for IgG4 has emerged
recently [76]. Analyses of cytokine profiles in lesions from
the nasal mucosa of patients with Wegener’s granulomatosis
have yielded conflicting results. One study has reported high
IFN-

 

g expression, suggesting Th1 dominance [77]. In
another study, increased levels of IL-4 and CCR3 expression
were reported in nasal tissues, suggesting Th2 bias; however,
both IL-2 and CCR5+ (Th1) and IL-4 and CCR3+ (Th2) cells
were present in renal tissues, with no Th2 bias [78].

Lupus nephritis

Human lupus nephritis displays heterogeneity of Th1 and
Th2 responses and heterogeneity of glomerular lesions,
ranging from severe diffuse proliferative crescentic disease
(WHO Class IV), to the less proliferative membranous lupus
(WHO Class V), to minimal or no glomerular changes. Evi-
dence for both Th1 and Th2 patterns in serum IgG subclasses
and cytokines were found in a group of 31 children with
lupus nephritis [79]. Supporting the hypothesis that severe
proliferative GN results from a Th1-predominant response,
patients with WHO class IV lupus nephritis exhibited
increased peripheral blood T cell IFN-g : IL-4 ratios,
increased renal CD3+ cells and macrophages and increased
IFN-g positive cells compared with patients with either
WHO Class V or mild glomerular lesions [80]. A predomi-
nance of Th1 cytokines (IL-2 and IFN-g) has been demon-
strated in the urinary sediment of patients with active lupus
nephritis [81].

Non-proliferative nephritis

Several non-proliferative forms of GN, such as membranous
GN and minimal change GN, are associated with an
incomplete Th2 response, lack of substantial leukocytic infil-
trates and/or the deposition of IgG4 in glomeruli [82–85]
and (in minimal change GN) an association with atopy and
the production of IL-13 [86,87]. The percentage of IL-4+

peripheral blood T cells was increased significantly in
patients with idiopathic membranous nephritis (compared
with controls and other forms of GN) and correlated with
the amount of proteinuria [88]. In another study, IL-10+/
CD4+ cells but not IL-4+/CD4+ cells or IFN-g/CD4+ cells were
increased in patients with idiopathic membranous nephritis
[89]. There is evidence for heterogeneity of Th responses in
two other important and common forms of GN, IgA neph-
ropathy and lupus nephritis. In both these diseases, severe
proliferative disease is associated with a Th1-predominant
response, but in IgA nephropathy the onset of the disease
may be related to factors including a Th2-predominant envi-
ronment that promotes dysregulated IgA production.

The ‘hygiene hypothesis’

It has been hypothesized that the incidence of different
forms of GN throughout the world is related not only to
genetic factors and the relevant aetiological agent or antigen,
but also to the nature and extent of exposure to pathogens in
early life [90]. This links the ‘hygiene hypothesis’, that pro-
poses that an individual’s predisposition to developing Th1
or Th2 predominant responses is determined in part by the
context of his or her early encounters with antigens [91–94],
to outcomes in GN. This hypothesis may help to explain dis-
cordance in GN both between countries and between differ-
ent groups within countries [90,95]. In particular, this
theory may explain the relatively high incidence of prolifer-
ative GN (including membranoproliferative GN, associated
with Th1 responses [1] in developing countries and the rel-
atively higher incidence of minimal change disease and IgA
nephropathy in developed countries.

Implications for future therapeutic interventions

Current therapies targeting Th1/Th2 responses that may be
applicable to the treatment of GN include immune deviation
by oral tolerance, cytokine-based immunotherapies, for
example anti-TNF antibodies, anti-IL-12p40 antibodies that
neutralize both IL-12 and IL-23, recombinant IL-10, anti-
adhesion molecule therapies and chemokine receptor block-
ade. These approaches are currently being trialled in other
immune diseases, including multiple sclerosis [96] and pso-
riasis. In the case of anti-TNF therapies, these are entering
standard care in rheumatoid arthritis and Crohn’s disease.

There are several challenges to overcome before these
therapies become a reality for immune-mediated glomerular
injury. These include the wide variety of different clinical
and histological patterns of GN and relatively low numbers
of patients in each group, the particular vulnerability of the
glomerulus to inflammatory injury contributing to frequent
late presentation of patients with established and perhaps
irreversible disease, and our difficulties in defining patho-
genic mechanisms of GN rapidly and clearly in individuals in
their clinical context.
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There are promising early clinical trials suggesting efficacy
of immunomodulatory therapies, such as monoclonal anti-
TNF antibodies in ANCA-associated vasculitis and GN [97].
The complexities of these therapies are highlighted by a
report of development of cutaneous vasculitis and/or lupus
with anti-TNF therapies [98]. Further work into disease
pathogenesis, as well as the formation of large cooperative
clinical trial centres, is needed to move the treatment of
immune glomerular injury into the 21st century.
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