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Abstract CD4+ T helper cells regulate appropriate cellular and humoral immune
responses to a wide range of pathogens and get involved in many diseases progress.
The balance of the earliest determined CD4+ T helper cell subsets, Th1 and Th2,
play an important role in allergy and autoimmune diseases. During the research,
Animal models in immunology research are necessary and always the powerful
tools for the basic scientific research. With the new sequence technologies, the
finding of key gene mutation in Th1/Th2 cells has been proved to be related to
human diseases. Here, we review four animal models about four key genes in
Th1/Th2 cells to introduce the balance between Th1/Th2 cells. Furthermore, the
related genetic mutations in human diseases and the new therapies are reviewed in
this chapter, which show the importance of Th1/Th2 cells in human diseases
further.
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3.1 Introduction

Th1/Th2 cells are stringently regulated as aberrant cell activity is involved in im-
munopathologies, such as allergic responses, immunodeficiencies, and lymphomas.
The elucidation of the mechanisms that regulate Th1/Th2 cell differentiation,
function, and fate should highlight targets for novel therapeutics. With gene-defi-
cient mouse models, it is convenient to define the specific functions of the key
genes in Th1/Th2 cell. Indeed, Tbx21-knockout mice exhibit more severe disease
after virus infection, and get asthma-like phenotype independent of allergen
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exposure. In addition, conditional deletion of Gata3 in T cell results in impairment
of both Il4-dependent and -independent Th2 differentiation, permitting Th1 dif-
ferentiation in the absence of Ifng and Il12.

One of the most convincing lines of evidence establishing the importance of
Th1/Th2 differentiation process is the existence of monogenic abnormalities in
particular differentiation processes or effector functions resulting in disease. A
growing set of human disorders in the Th differentiation/function pathways has
been identified, which establish the importance of these differentiation processes in
humans. In this chapter, we will summarize several key gene mutations in Th1/Th2
differentiation process, including master regulators, STAT family members, and
other important transcription factors.

3.2 The Balance Between Th1/Th2 Cells in Allergy
and Autoimmune Disease Models

The precise reaction of adaptive immune system protects hosts from many patho-
genic and abnormal antigen infections, under the regulation of a very specific way.
Animal models in immunology research are necessary, and always determine the
level of the work.

3.2.1 Animal Model of T-bet

Finotto et al. [23] generated mice lacking the T-bet gene by targeted disruption.
Heterozygous or homozygous knockout mice exhibited airway hyperresponsive-
ness in response to methacholine. T-bet homozygous knockout mice showed per-
ibronchial and perivenular infiltration with eosinophils and lymphocytes compared
with wild-type littermates. T-bet heterozygotes, which display only 50 % reduction
of T-bet protein expression, displayed a phenotype very similar to that of mice with
a complete absence of T-bet. T-bet heterozygotes and homozygote knockout mice
also demonstrated thickening of the airway subbasement membrane collagen layer
as well as increased expression of some cytokines. However, the asthma-like
phenotype in these mice was independent of allergen exposure, and was not altered
by allergen exposure. Finotto et al. concluded that mice with a targeted deletion of
the T-bet gene and severe combined immunodeficient mice receiving CD4(+) cells
from T-bet knockout mice spontaneously demonstrated multiple physiologic and
inflammatory features characteristic of asthma.

By replacing the C terminus of T-bet, which contains the trans-activation
domain, with the repression domain of the Drosophila “engrailed” protein, Mullen
et al. [48] generated a dominant-negative (DN) T-bet cDNA. Introduction of DN
T-bet into cells developing under Th1-inducing conditions, but not into mature Th1
cells, and substantially inhibited their capacity to express Ifng, and resulted in
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defective persistence of hypersensitivity site I chromatin within Ifng. Levels of
Il12rb2, however, were reduced in both developing and mature Th1 cells by DN
T-bet. Screening for homeobox factors expressed in Th1 cells by oligonucleotide
array and RT-PCR analysis determined that only Hlx (142995) is expressed at
higher levels in Th1 lymphocytes than in Th2 lymphocytes. Hlx appeared at a
slower rate than T-bet, and could be induced by T-bet. Ectopic expression in Stat4
−/− Th2-like cells of both T-bet and Hlx allowed maximal and synergistic
expression of Ifng in these cells. Introduction of DN T-bet into mature Th1 cells
inhibited the expression of Hlx.

Svensson et al. [70] noted that both Il15 −/− mice, which lack NK and NKT
cells, and Ifng −/− mice are highly susceptible to genital herpes simplex virus
(HSV)-2 infection. CD4-positive T cells and IFN-γ are the most important com-
ponents of acquired immunity to genital HSV-2 infection, and impaired HSV-2-
specific IFN-γ responses in humans correlate with recurrent clinical disease.
Svensson et al. vaginally infected T-bet −/− mice with HSV-2. T-bet −/− mice had
increased vaginal and spinal cord viral titers, more severe disease, shorter time to
death, reduced NK-cell activity, impaired Ifng production, lower specific antibody
production, and fewer splenic B cells compared with wild-type mice. These dif-
ferences were even more marked in mice, first vaccinated with an attenuated HSV-2
strain, and then challenged with virulent HSV-2. However, CD8-positive T cell-
mediated cytotoxicity was actually stronger in T-bet −/− mice compared with wild-
type mice. Svensson et al. concluded that T-bet is important in both innate defense
and for generation of protective Th1 immunity against genital HSV-2 infection,
primarily through its control of NK and CD4-positive T-cell function.

Ravindran et al. noted that T-bet-deficient mice resolve infection with the
intracellular pathogen Listeria monocytogenes despite having only small numbers
of Cd4-positive Ifng-producing T cells. In contrast, they found that challenge of
T-bet −/− mice with an attenuated Salmonella strain resulted in death of most mice
in less than a month. T-bet −/− mice failed to produce IFN-γ and to switch
immunoglobulin isotypes. Spleen cells of infected T-bet −/− mice did not produce
IFN-γ, but they did secrete increased levels of IL-10, but not IL-4. Ravindran et al.
[61] concluded that CD4-positive T cells expressing T-bet are required for devel-
opment of Salmonella-specific Th1 cells, regulation of IL-10 production, and
resistance to Salmonella infection.

By using immunohistochemical analysis, Wang et al. found expression of T-bet
in inflammatory infiltrates of human synovial tissue from patients with rheumatoid
arthritis (RA). T-bet −/− mice with the collagen antibody-induced arthritis model of
RA had markedly reduced joint inflammation at both early and late time points.
Mice lacking both Rag2 and T-bet were resistant to disease. However, adoptive
transfer of dendritic cells expressing T-bet reconstituted inflammation in both T-bet
−/− and T-bet −/− Rag2 −/− mice. Wang et al. [77] concluded that T-bet has a vital
role in DCs that links innate and adaptive immunity to regulate inflammatory
responses.
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3.2.2 Animal Model of GATA3

GATA3 was initially found with development functions. Lim et al. found that null
mutations of Gata3 in mice led to a reduced accumulation of tyrosine hydroxylase
(TH) and dopamine beta-hydroxylase (DPH) mRNA, whereas several other sym-
pathetic nervous system (SNS) genes were unaffected. They showed that Th and
Dbh deficiencies led to reduced noradrenalin in the SNS, and that noradrenaline
deficiency was the proximal cause of death in mutants by feeding catechol inter-
mediates to pregnant dams, thereby partially averting Gata3 mutation-induced
lethality. The older, pharmacologically rescued mutants showed abnormalities that
could not be detected in untreated mutants. These late embryonic defects included
renal hypoplasia and developmental defects in structures derived from cephalic
neural crest cells. Thus, Lim et al. [43] showed that Gata3 has a role in the dif-
ferentiation of multiple cell lineages during embryogenesis.

To elucidate GATA3 function, Pandolfi et al. disrupted the mouse gene by
homologous recombination in embryonic stem cells. Mice heterozygous for the
Gata3 mutation were found to be fertile and appeared in all respects to be normal,
whereas homozygous mutant embryos died between days 11 and 12 postcoitum and
displayed massive internal bleeding, marked growth retardation, severe deformities
of the brain and spinal cord, and gross aberrations in fetal liver hematopoiesis. The
functions of GATA1 and GATA2 had previously been studied by comparable
methods. The results in aggregate demonstrated that each GATA-binding protein
has a unique and essential function during the development of the mouse embryo.
In each case, targeted mutagenesis also revealed surprising roles for each factor,
underscoring the power of this experimental approach: GATA1 is essential for
erythroid cell development, while disruption of GATA2 indicates a function during
very early events in the development of all blood cell lineages [55].

Using microarray analysis, Kaufman et al. identified Gata3 as an induced tran-
scription factor in embryonic day-13 to -18.5 mouse skin. Whole-mount in situ
hybridization analysis revealed Gata3 expression in early vibrissae follicles, and
later in developing epidermis and in the cone of presumptive inner root sheath (IRS)
precursor cells within hair follicles. Examination of pharmacologically rescued
Gata3 −/− embryos and grafted Gata3 −/− skin showed aberrations in hair follicle
morphogenesis that included not only structural defects in the IRS and hair shaft,
but also molecular defects in cell lineage determination. Kaufman et al. [32] con-
cluded that, along with LEF1 and WNTs, GATA3 is at the crossroads of both
lymphocyte differentiation and of the IRS versus hair shaft cell fate decision in hair
follicle morphogenesis.

Pai et al. [54] generated mice conditionally lacking Gata3 at early (double-
negative) and late (double-positive) stages of thymic differentiation. They found
that Gata3 was indispensable for thymocytes to pass through beta selection, the
process by which T-cell receptor-beta is paired with pre-T-cell receptor-alpha, a
requirement for double-negative stage-3 cell survival. Furthermore, Gata3 was
required for single-positive Cd4 thymocyte development. Pai et al. concluded that
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continued expression of GATA3 is required at multiple stages of thymocyte
differentiation.

Zhu et al. generated mice with a conditional deletion of Gata3 and Gata3-deficient
mouse T-cell lines and found that both Il4-dependent and -independent Th2 dif-
ferentiation was diminished, permitting Th1 differentiation in the absence of Ifng
and Il12. Deletion of Gata3 from established Th2 cells abolished production of Il5
and Il13, but not of Il4. Mice lacking Gata3 produced Ifng rather than Th2 cytokines
in response to infection with Nippostrongylus brasiliensis. Zhu et al. [85] concluded
that Gata3 serves as a principal switch in determining Th1-Th2 responses.

Van der Wees et al. analyzed auditory brainstem response thresholds in het-
erozygous Gata3-knockout mice from 1 to 19 months of age and demonstrated a
hearing loss of 30 dB compared to wild-type littermates. No physiologic or mor-
phologic abnormalities were found in the brainstem, cerebral cortex, or the outer or
middle ear. However, the cochleae of Gata3 +/− mice showed significant pro-
gressive morphologic degeneration starting with the outer hair cells at the apex and
ultimately involving all hair cells and supporting cells in the entire cochlea. Van der
Wees et al. concluded that hearing loss following GATA3 haploinsufficiency is
peripheral in nature and that this defect is detectable from early postnatal devel-
opment and continues through adulthood [2].

Kouros-Mehr et al. found that Gata3 was the most highly enriched transcription
factor in mammary epithelium of pubertal mice. Conditional deletion of Gata3 led
to severe defects in mammary development due to failure in terminal end bud
formation during puberty. After acute Gata3 loss, adult mice exhibited undiffer-
entiated luminal cell expansion with basement-membrane detachment, which led to
caspase-mediated cell death [38].

3.2.3 Animal Model of STAT6

Kuperman et al. developed mice conditionally expressing STAT6 only in the lung
epithelium and demonstrated that these mice were protected from all pulmonary
effects of IL13, a critical mediator of allergic asthma [15]. Reconstitution of STAT6
only in epithelial cells was sufficient for IL13-induced airway hyperreactivity and
mucus production in the absence of inflammation, fibrosis, or other lung pathology
[40].

Bour-Jordan et al. [6] showed that T cells from double-knockout mice deficient
in Ctla4 and Stat6 were skewed toward a Th2 phenotype in vitro and in vivo by
bypassing the need for Stat6. Instead, induction of Gata3 occurred in vitro and Cd4-
positive cells migrated to peripheral tissues in vivo. In addition, T-cell receptor
cross-linking induced a relative increase of Nfatc1 versus Nfatc2 nuclear translo-
cation and enhanced NF-KB activation compared with Stat6 −/− T cells. Bour-
Jordan et al. proposed that CTLA4 regulates T-cell differentiation by controlling the
overall strength of the T-cell activation signal, bypassing the cytokine dependency
of Th2 differentiation.
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Wang et al. noted that BALB/c mice are prone to develop Th2 rather than Th1
responses to antigen and are resistant to experimental myasthenia gravis. However,
they found that after immunization with muscle acetylcholine receptor (AChR),
BALB/c mice lacking Stat6 were susceptible to EMG and developed more anti-
AChR antibodies and complement-fixing anti-AChR antibodies than wild-type or
Stat4 −/− mice. Stat6 −/− mouse Cd4-positive T cells proliferated to AChR in a
manner comparable to wild-type and Stat4 −/− mice, but Stat6 −/− mice had
abundant AChR-specific Ifng-producing Th1 cells that were nearly absent in wild-
type and Stat4 −/− mice. Wang et al. [78] concluded that anti-AChR Th1 cells are
important in MG pathogenesis.

Chen et al. reported that mice lacking Stat6 were susceptible to virus infection.
They found viruses or cytoplasmic nucleic acids trigger STING (also named
MITA/ERIS) to recruit STAT6 to the endoplasmic reticulum, leading to STAT6
phosphorylation on Ser(407) by TBK1 and Tyr(641), independent of JAKs.
Phosphorylated STAT6 then dimerizes and translocates to the nucleus to induce
specific target genes responsible for immune cell homing. Virus-induced STAT6
activation is detected in all cell-types tested, in contrast to the cell-type specific role
of STAT6 in cytokine signaling, and Stat6(−/−) mice are susceptible to virus
infection. Thus, STAT6 mediates immune signaling in response to both cytokines
at the plasma membrane, and virus infection at the endoplasmic reticulum [9].

Rosen et al. investigated the role of Stat6 in oxazolone colitis, a murine model of
ulcerative colitis. Colitic wildtype mice had increased Stat6 phosphorylation in
epithelial cells, T cells, macrophages, and NKT cells. Mice lacking Stat6 had
reduced colitis and decreased induction of the pore-forming tight junction protein
Cldn2. Likewise, STAT6 knockdown in human colon epithelial cells reduced
CLDN2 induction. Wild-type mice, but not Stat6 −/− mice, had increased mRNA
expression of the Th2-inducing cytokines Il33 and thymic stromal lymphopoietin
(TSLP). Mesenteric lymph node (MLN) cells from Stat6 −/− mice with colitis
exhibited reduced secretion of Il4, Il5, Il13, and Ifng. Il33 augmented secretion of
Il5, Il6, Il13, and IFNg from both wild-type and Stat6 −/− MLN cells. Rosen et al.
[65] concluded that STAT6 is involved in the pathogenesis of ulcerative colitis
and has important roles in altering epithelial barrier function and regulating
Th2-inducing cytokine production.

3.2.4 Animal Model of c-Maf

Kim et al. [33, 34] demonstrated that the homozygous null mutant Maf mouse
embryo exhibits defective lens formation and microphthalmia.

Ring et al. [63] found that Maf −/− mouse embryos exhibited a slightly fore-
shortened head and abnormal lens development, and that nearly all died within a
few hours of birth. The one surviving animal exhibited microphthalmia, followed
by cutaneous closure of the ocular chamber. Fiber cell differentiation and elonga-
tion ceased by embryonic day 12.5 in Maf −/− lens, with persistence of a hollow
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lens vesicle and absence of alpha-crystallin expression. Cells at the equatorial zone
of the lens withdrew from the cell cycle and began to express fiber cell-specific
proteins, but they failed to elongate and differentiate normally. After embryonic day
16.5, the mutant vesicle became progressively deformed. Ring et al. identified
functional MAF-binding sites in the promoter regions of mouse alpha-A-crystallin
(CRYAA), mouse beta-B2 crystallin (CRYBB2), and human beta-A4-crystallin
(CRYBA4). They concluded that Maf deficiency causes a profound defect in early
maturation of primary and secondary lens fiber cells.

Lyon et al. [45] reported a mouse mutant that, in the heterozygous state, exhibits
mild pulverulent cataract named “opaque flecks in lens” (Ofl). The mutant was
shown to be allelic with a knockout of Maf. Homozygotes for Ofl and for Maf null
mutations were similar except for the addition of renal tubular nephritis in surviving
Ofl homozygotes. Sequencing identified the mutation as a 1803G-A transition,
leading to an arg291-to-gln (R291Q) substitution in the basic region of the DNA-
binding domain. Since mice heterozygous for Maf knockouts showed no cataracts,
the authors suggested that the Ofl R291Q mutant protein may have a dominant
effect. The mutation also resulted in a selective alteration in DNA binding affinities
to target oligonucleotides containing variations in core CRE and TRE elements.
The authors hypothesized that arginine-291 may be important for core element
binding and suggested that the mutant protein may exert a differential downstream
effect among its binding targets.

By ethylnitrosourea (ENU) mutagenesis, Perveen et al. [57] identified a semi-
dominant mouse c-Maf mutation, resulting in an asp90-to-val (D90V) substitution
at a highly conserved residue within the N-terminal minimal transactivation domain
(MTD). The phenotype of D90V homozygotes was isolated cataract. Functional
analysis revealed that the D90V mutation results in increased promoter activation
and enhances p300 recruitment in a cell type-dependent manner. Perveen et al.
observed similar enhancement of p300 interaction with the S50T mutation in the
MTD of the NRL gene, which suggests a common mechanism of action.

Wende et al. [80] found that conditional knockout of Maf in mouse DRG cells
disrupted the architecture and function of several rapidly adapting mechanoreceptor
subtypes. Pacinian corpuscles, specialized to detect high-frequency vibrations, were
severely atrophied, with loss of innervating axons. In vitro skin-saphenous nerve
preparations of Maf-knockout mice revealed abnormal fire response to mechanical
stimuli.

3.3 Human Disease Reports and New Therapies Regarding
Th1/Th2 Cells

Because of the significant role in Th1 and Th2 cells in adaptive immune system,
patients with genetic mutation with the key genes in Th1 and Th2 development or
mutations of molecules in APC which will case impair activation signal trans-
duction leads to serious hereditary disease [53]. Early in 1952, tyrosine kinase
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mutation was found in agammaglobulinemia patients, which is the first reported
human gene mutation [7]. And with more and more discoveries in both basic
immunology research and clinical disease research, the knowledge of these two
fields reconfirmed each other’s conclusion and implies each other’s inspiration
[8, 17].

The finding of key gene mutation and the relation with human disease develop
with both knowledge growth in medical and immunology field, and most impor-
tantly, with the new sequence technologies. We are at the eve of affordable full
sequence assay of individuals, so the main finding in sequence still need the hints
from classic immunology research, to emphases on the target genes. The first step
of target genes narrow down is identify the abnormal gene and the frequency of this
mutation, with the help of the database of human genome. Lower than 1 % of
frequency is considered significant, and among these genes, the mutation related to
immunology functions is the most worthy focused on (Table 3.1). In other con-
ditions, if the full sequence is not available or affordable, we need to stick on the
suspected genes, in this case, the research of human gene sequence is a tool to
demonstrate what happened in mouse genes regulation.

3.3.1 The Discovery of GATA3 Gene Mutation

GATA3 was found located on chromosome 10p15 by in situ hybridization in 1991
[30], and on mouse chromosome 2 in 1993 [14], 4 years before it was found
necessary and sufficient for Th2 cytokine gene expression [84] and related to
asthma disease [82].

Terminal deletions of chromosome 10p result in a DiGeorge-like phenotype that
includes hypoparathyroidism, heart defects, immune deficiency, deafness, and renal
malformations. One region that contributes to this complex phenotype is that for the
syndrome of hypoparathyroidism, sensorineural deafness, and renal insufficiency.
Van Esch et al. performed deletion-mapping studies in two HDRS patients and
defined a critical 200-kb region that contains the GATA3 gene. Search for GATA3
mutations in 3 other HDR probands identified 1 nonsense mutation and two
intragenic deletions that predicted a loss of function, as confirmed by absence of
DNA binding by the mutant GATA3 protein. These results demonstrated that
GATA3 is essential in the embryonic development of the parathyroids, auditory
system, and kidneys, and showed that GATA3 haploinsufficiency causes human
HDR syndrome [76].

Muroya et al. studied nine Japanese families with HDR syndrome. FISH and
microsatellite analysis showed heterozygous deletions including GATA3 in four
families. Sequence analysis showed heterozygous novel mutations in three families,
including a missense mutation in exon 4, an insertion mutation, and a nonsense
mutation in exon 6 [49].

In 10 patients with HDR syndrome from 7 unrelated families, Nesbit et al.
identified and characterized 7 mutations in exons 3 through 6 of the GATA3 gene.
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Using electrophoretic mobility shift, dissociation, yeast 2-hybrid, and glutathione
S-transferase pull-down assays, Nesbit et al. [51] demonstrated that mutations
involving the C-terminal zinc finger (ZnF2) or adjacent basic amino acids result in a
loss of DNA binding, but those of the N-terminal zinc finger (ZnF1) either lead to a
loss of interaction with specific zinc finger proteins of FOG2 (ZFPM2) or alter
DNA-binding affinity.

Hernandez et al. [27] reported a mother and daughter with HDR and female
genital tract malformations in whom they identified a deletion in the GATA3 gene.

Chiu et al. sequenced the CASR and GATA3 genes in five unrelated Chinese
families with familial hypoparathyroidism. They identified three novel mutations in
the GATA3 gene responsible for familial hypoparathyroidism and deafness. Except
for a previously described polymorphism, they found no genetic variants in the
CASR gene [11].

Ali et al. analyzed the GATA3 gene in 21 HDR probands and 14 patients with
isolated hypoparathyroidism (FIH); no mutations were found in the FIH patients,
but 13 different heterozygous germline mutations were identified in the HDR
probands, including 1 missense, 1 splice site, 3 nonsense, and 8 frameshift muta-
tions. EMSA analysis revealed three classes of GATA3 mutations: those involving
of loss of DNA binding due to loss of the C-terminal zinc finger, which represent
over 90 % of mutations reported in GATA3; those resulting in reduced DNA-
binding affinity; and those that do not alter DNA binding or affinity but likely alter
the conformation change that occurs during binding in the DNA major groove, as
predicted by three-dimensional modeling [4].

In a 14-year-old boy with neurologic symptoms in addition to the HDR triad of
hypoparathyroidism, sensorineural deafness, and renal dysplasia, who did not have
any microdeletion in the 22q11.2 or 10p14 regions by FISH analysis, Ferraris et al.
identified a heterozygous de novo 2-bp deletion in exon2 of the GATA3 gene. The
authors concluded that haploinsufficiency of GATA3 may be responsible for a
complex neurologic picture in addition to the known triad of HDR syndrome [21].

In a 29-year-old Portuguese with severe hypoparathyroidism, bilateral mild
neurosensory deafness, and agenesis of the vagina and uterus but no kidney
abnormalities, Moldovan et al. analyzed the GATA3 gene and identified a het-
erozygous missense mutation. The authors noted that this patient, along with the
mother and daughter with HDR and female genital tract malformations studied by
Hernandez et al., seemed to confirm the role of GATA3 in regulating develop-
mental mechanisms of the uterus and vagina [46].

3.3.2 The Discovery of Tbox21 Gene Mutation

TBX21 is a Th1-specific T-box transcription factor that controls the expression of
the hallmark Th1 cytokine, interferon-gamma [71]. And cloned in the same year
[83]. Tbx21 has six exons and is on chromosome 11D in an area showing
homology of synteny with human chromosome 17.
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Akahoshi et al. identified a -1993T-C SNP in the promoter region of the TBX21
gene and found that the substitution increases the affinity of an unknown nuclear
protein for the binding site in that region, resulting in increased transcriptional
activity of the TBX21 gene. There was a significant association between the pro-
moter SNP and aspirin-induced asthma in a Japanese cohort (p = 0.004), with
increased risk associated with a C allele (OR = 1.93; 95 % CI, 1.22–3.06). The
association was confirmed in additional independent samples from patients with
asthma and nasal polyposis regardless of aspirin hypersensitivity (p = 0.008) [3].

Sasaki et al. in 2004 screened for polymorphisms in the T-bet gene and detected
two microsatellite repeat polymorphisms located in intron 1 and the 3′-flanking
region, and two single nucleotide polymorphisms, including a His33Gln substitu-
tion within the coding region. In the Japanese population, polymorphisms in Tbx21
and Th1-related genes have been linked in humans to a greater risk of developing
type 1 diabetes, which is Gln-positive phenotype and (CA)14 allele in 3′-flanking
region of T-bet. Furthermore, Gln33 T-bet showed a significantly higher tran-
scriptional activity of the IFN-g gene via a dual luciferase reporter assay, suggests
the T-bet Gln33 polymorphism, which is present at a greater frequency in Japanese
patients with type 1 diabetes, is responsible for more transcription from the IFN-g
promoter, and suggests that T-bet-mediated control of IFN-g production is a con-
tributing factor to the pathogenesis of this disease. Sasaki and colleagues study
suggests the first evidence of an association between type 1 diabetes and poly-
morphisms in the T-bet gene, and that variation in T-bet transcriptional activity may
play a role in the development of type 1 diabetes, possibly through the effect on
IFN-gamma production in Th1 cells [67].

3.3.3 The Discovery of STAT1 Gene Mutation

Of STAT1, by using whole-exome sequencing, a JEM paper in 2011 identified
heterozygous germline mutations in STAT1 in 47 patients from 20 kindreds with
AD (autosomal dominant) CMCD (Chronic mucocutaneous candidiasis disease)
[44], while this disease is used to be taken caused by IL-17F deficiency [36, 59] or
AR (autosomal recessive) IL-17RA deficiency, because high titers of neutralizing
auto antibodies against IL-17A, IL-17F, and IL-22 are found in CMCD patients
[58]. But these genotype phenomena are not common enough to reach the etiology
conclusion. Previously described heterozygous STAT1 mutant alleles are loss-of-
function [19] and thus AD are easier to get bacterial disease caused by impaired
STAT1-dependent immune system responses to IFN-γ. Other loss-of-function
STAT1 alleles cause AR predisposition to intracellular bacterial and viral diseases,
caused by impaired STAT1-dependent responses to IFN-α/β, IFN-γ, IFN-λ, and
IL-27, as the expected results of STAT1 deficiency. One example of this alleles is
MSMD-causing loss-of-function STAT1 allele L706S [19] K201N [37] and K211R
[39] with the mutation on coiled-coil (CC) domain of STAT1, which plays a key
role in unphosphorylated STAT1 dimerization and STAT1 nuclear
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dephosphorylation. Loss-of-function STAT1 mutations lead to severe viral and
mycobacterial infections [5]. Not only impaired IL-12 and IL-23 signaling, STAT4
deficiency is also reported in STAT1 loss-of-function patients [68].

On the other side, the 12 AD CMCD-inducing STAT1 mutant alleles R274Q in
4 different families are gain-of-function and increase STAT1-dependent cellular
responses to these cytokines, and to cytokines that predominantly activate STAT3,
such as IL-6 and IL-21. All of these mutations affect the coiled-coil domain and
impair the nuclear dephosphorylation of activated STAT1, accounting for their
gain-of-function and dominance. Stronger cellular responses to the STAT1-
dependent IL-17 inhibitors IFN-α/β, IFN-γ, and IL-27, and stronger STAT1 acti-
vation in response to the STAT3-dependent IL-17 inducers IL-6 and IL-21, hinder
the development of T cells producing IL-17A, IL-17F, and IL-22. Gain-of-function
STAT1 alleles therefore cause AD CMCD by impairing IL-17 immunity [64].
Another study researched 14 patients from five families with autosomal dominant
CMC (Chronic mucocutaneous candidiasis), a disease characterized by suscepti-
bility to candida infection of skin, nails, and mucous membranes [35], and poor
production of interferon-γ, interleukin-17, and interleukin-22 [59], thus have
mucosal antifungal immunity [12]. Th1–interferon-γ responses were defective in
patients with autosomal dominant CMC [75], and Th17 responses in these patients
were also found with this disorder [20]. With the significant finding in CD4+ T.cells
subset in recent years, these patients cellular abnormality suggests that the defect
lay within the interleukin-12 receptor and interleukin-23 receptor signaling path-
ways, and by array-based sequence capture followed by next-generation sequenc-
ing, heterozygous missense mutations in the DNA sequence encoding the coiled-
coil domain of STAT1 in the patients [74]. Recent reports show that some STAT1
gain-of-function patients even have disseminated fungal infections or an IPEX
(immunodysregulation polyendocrinopathy enteropathy X-linked syndrome)-like
syndrome [73]. Some patients with disseminated Coccidioides immitis or Histo-
plasma capsulatum with heterozygous missense mutations in the STAT1 coiled-coil
or DNA-binding domains, enhanced STAT1 phosphorylation, delayed dephos-
phorylation, enhanced DNA binding and transactivation, and enhanced interaction
with protein inhibitor of activated STAT1. The mutations caused enhanced IFN-γ-
induced gene expression, but we found impaired responses to IFN-γ restimulation,
thus with severe, disseminated dimorphic yeast infections [66].

3.3.4 The Discovery of MST1 Gene Mutation

Mammalian sterile 20-like protein kinase 1 (MST1), also known as serine/threonine
protein kinase 4 (STK4). MST1 is cloned and named by Creasy and Chernoff in
[16]. One year after, Taylor found MST1 have kinase function, and rename it as
STK4 [72]. DNA in eukaryotic cells is associated with histone proteins; hence,
hallmark properties of apoptosis, such as chromatin condensation, may be regulated
by posttranslational histone modifications. Cheung and colleagues reported that
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phosphorylation of histone H2B at ser14 correlates with cells undergoing
programmed cell death in vertebrates. They identified a 34-kD apoptosis-induced
H2B kinase as caspase-cleaved MST1. MST1 could phosphorylate H2B at ser14
in vitro and in vivo, and the onset of H2B ser14 phosphorylation was dependent
upon cleavage of MST1 by caspase-3. These data revealed a histone modification
uniquely associated with apoptotic chromatin in species ranging from frogs to
humans and provided insights into a physiologic substrate for MST1. These data
also provided evidence for a potential apoptotic histone code [10]. Using human
and other mammalian cells found that MST1 phosphorylated FOXO transcription
factors at a site conserved within the forkhead domain of FOXO proteins from
mammals to Caenorhabditis elegans. Oxidative stress induced MST1-mediated
phosphorylation of FOXO3 at ser207, which disrupted interaction of FOXO3 with
other proteins, promoted FOXO3 nuclear translocation, and induced cell death.
Knockdown of the C. elegans MST1 ortholog Cst1 shortened life span and
accelerated tissue aging, whereas Cst1 overexpression promoted life span and
delayed tissue aging. The Cst1-induced life span extension was dependent on the
FOXO ortholog Daf16 [42].

In two consanguineous unrelated Turkish families with four patients affected by
combined immunodeficiencies with multiple bacterial and viral infections, autoim-
munity, and progressive CD4 and naive CD8 T-cell lymphopenia, Nehme et al.
identified putative truncation mutations in the STK4 gene. The patient in the first
family was homozygous for an arg117-to-ter substitution. The three affected sibs in
the second family were homozygous for a 1-bp deletion that resulted in a frame-shift
at residue 368 and a contiguous nonsense codon at residue 369. Parents and healthy
sibs in both families were heterozygous for the mutations, indicating autosomal
recessive inheritance. RT-PCR analysis showed loss of function and expression of
STK4 in patients. Lymphoproliferative responses and lymphocyte survival were also
impaired. FOXO1, IL7R, and BCL2 were poorly expressed in patient T cells,
whereas FAS expression was upregulated. Nehme et al. [50] concluded that the
STK4/FOXO1 pathway has a role in controlling the death of naive T cells.

In three members of a consanguineous Iranian kindred with T- and B-lympho-
penia, neutropenia, cardiac malformations, and recurrent bacterial, viral, and fungal
infections, warts, and abscesses, Abdollahpour et al. identified a homozygous pre-
mature termination mutation in the STK4 gene. Parents and healthy sibs were het-
erozygous, indicating autosomal recessive inheritance. Western blot analysis showed
that patients with homozygous mutations expressed no STK4, whereas heterozygous
carriers expressed intermediate levels compared to wildtype homozygous subjects.
STK4-deficient lymphocytes and neutrophils exhibited enhanced loss of mitochon-
drial membrane potential and increased susceptibility to apoptosis [1].

Patients with MST1 deficiency have B cell and T cell lymphopenia, decreased
numbers of CD62L+ (also known as L-selectin) CCR7+ central memory T cells,
TCRs that show impaired variable-α (Vα) gene usage (which suggests that they
have a restricted TCR repertoire), elevated EBV loads and EBV-positive
lymphomas In addition, MST1 is crucial for thymic egress and lymphocyte
migration [47].

3 Th1/Th2 Cell’s Function in Immune System 57



3.3.5 The Discovery of STAT6 Gene Mutation

Quelle et al. [60] identified a number of expressed genes in the signal transducers
and activators of a transcription (STAT) family. Human and murine full-length
cDNA clones were obtained and sequenced. The sequence of the human cDNA was
identical to the sequence published by Hou et al. [28] for the interleukin-4-induced
transcription factor (called by them IL4 Stat), while the murine STAT6 amino acid
and nucleotide sequences reported by Quelle et al. were 83 and 84 % identical to the
human sequences, respectively.

By screening an embryonic lung fibroblast cDNA library with a wildtype
STAT6 probe, Patel et al. identified two variant cDNAs, which they termed
STAT6b and STAT6c, encoding an N-terminal 110-amino acid truncation and a 27-
amino acid deletion in the SH2 domain, respectively. RNase protection analysis
detected ubiquitous expression of all three variants with STAT6b expression
greatest in spleen and STAT6c expression greatest in lung [56].

In the Chromosomes location research, Copeland et al. [13] found that seven
mouse Stat genes map in three clusters, with each cluster located on a different
autosome. They suggested that the Stat family arose by a tandem duplication of the
ancestral Stat gene, followed by dispersion of the linked loci to different chromo-
somes. They mapped Stat6 and Stat2 to the distal region of chromosome 10. During
an analysis of NAB2, Svaren et al. obtained the sequence adjacent to this gene by
PCR of genomic DNA. They found that the STAT6 gene is located unusually close
to the NAB2 gene, such that the 3-prime ends of their mRNAs overlap [69]. Since
the human NAB2 gene was previously mapped to 12q13.3-q14.1, it is likely that
STAT6 maps to the same position. By fluorescence in situ hybridization, Leek et al.
[41] mapped STAT6 to 12q13.

Duetsch et al. [18] identified 13 single-nucleotide polymorphisms (SNPs) in
STAT6 and tested them for linkage/association with asthma and related traits (total
serum IgE level, eosinophil cell count, and SLOPE of the dose-response curve after
bronchial challenge) in 108 Caucasian sib-pairs. Neither the SNPs nor a GT repeat in
exon 1 showed linkage/association to asthma. A significant association was found
between a SNP in intron 18 and an increase in total IgE levels (P = 0.0070), as well
as an association between allele A4 of the GT repeat polymorphism and an increase
in eosinophil cell count (P = 0.0010). The authors concluded that rather than con-
tributing to the pathogenesis of asthma, the human STAT6 gene is more likely
involved in the development of eosinophilia and changes in total IgE levels [18].

In a case-control association study of 214 white British subjects, Gao et al.
demonstrated a significant association with asthma of an allele with a 13-GT repeat
sequence in exon 1 of the STAT6 gene (OR, 1.52; 95 % CI, 1.02–2.28; p = 0.027),
whereas the 16-GT allele showed an inverse association with asthma (p = 0.018).
Furthermore, individuals with the 13-GT allele had higher IgE levels compared with
individuals with the 16-GT allele (p = 0.004). Transient transfection assays of dif-
ferent alleles revealed significantly higher transcriptional activity with the 13-GT
allele compared to the 16-GT allele in Jurkat, HMC-1, and BEAS-2B cell lines. Gao
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et al. [24] suggested that the GT repeat polymorphism of the STAT6 gene contributes
to susceptibility to atopic asthma and total serum IgE levels, and that variation in the
length of the GT repeat sequence influences the regulation of promoter activity.

Several studies have shown linkage of 12q13-q24 with atopy-related pheno-
types. STAT6 is 1 of the candidate genes in this region, because of its involvement
in Th2 cell differentiation, recruitment, and effector function. Studying a popula-
tion-based cross-sectional cohort of 1,407 German adults, Weidinger et al. evalu-
ated 6 polymorphisms of STAT6 for evidence of association with serum IgE levels
and atopic disease. One polymorphism in intron 2 showed a significant association
with total serum IgE (p = 0.015). A STAT6 risk haplotype for elevated IgE showed
odds ratios of 1.54 (p = 0.032), 1.6 (p = 0.025), and 2.54 (p = 0.007) for IgE
percentiles of 50, 60, and 90 %, respectively [79].

3.3.6 The Discovery of STAT4 Gene Mutation

STAT4 was cloned and located to chromosome 2q32 in 1997 by Yamamoto, and
found not ubiquitously, but expressed in specific tissues, including spleen, heart,
brain, peripheral blood cells, and testis [81].

Since linkage peaks containing the STAT4 gene had been reported in genome
scans of patients with systemic lupus erythematosus, Remmers et al. included the
genotyping of three series of patients with SLE and control subjects of European
ancestry as part of a large case-control disease-association analysis of a linkage
region on chromosome 2q associated with rheumatoid arthritis. They found that a
haplotype marked by the STAT4 SNP rs7574865 was strongly associated with SLE
[62], being present on 31 % of chromosomes of case patients and 22 % of those of
controls (P = 1.87 × 10(−9); odds ratio for having the risk allele in chromosomes of
patients versus those of controls, 1.55). Homozygosity for the risk allele, as com-
pared with absence of the allele, was associated with a more than doubled risk for
SLE and a 60 % increased risk for rheumatoid arthritis. Independently, Gateva et al.
[25] and Han et al. [26] replicated the association of SLE susceptibility with one
STAT4 SNP at Chromosome 2:191964633 (rs7574865).

To identify risk loci for SLE susceptibility, Gateva et al. [25] selected SNPs from
2,466 regions that showed nominal evidence of association with SLE (P less than
0.05) in a genomewide study and genotyped them in an independent sample of
1,963 cases and 4,329 controls. This new cohort replicated the association with
STAT4 at rs7574865 (combined P value = 1.4 × 10(−41), OR = 1.57, 95 %
confidence interval of 1.49–1.69).

Han et al. performed a genomewide association study of SLE in a Chinese Han
population by genotyping 1,047 cases and 1,205 controls using Illumina-
Human610-Quad BeadChips and replicating 78 SNPs in 2 additional cohorts (3,152
cases and 7,050 controls). Han et al. found association with the STAT4 gene at
rs7574865 (combined P value = 5.17 × 10(−42), odds ratio = 1.51, 95 % confi-
dence interval 1.43–1.61).
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By measuring serum IFNa activity and IFNa-induced gene expression in PBMCs
from a cohort of 270 SLE patients of different ethnic backgrounds, Kariuki et al.
[31] showed that the T allele of the STAT4 SNP rs7574865 was simultaneously
associated with both lower serum IFNa activity and greater IFNa-induced gene
expression. Although the IRF5 SLE risk genotype was associated with higher
serum IFNa activity, the influence of STAT4 was dominant on the sensitivity of
PBMCs to serum IFNa. Kariuki et al. concluded that the risk variant of STAT4 is
critical in the dysregulation of the IFNa pathway and SLE susceptibility.

3.3.7 The Discovery of c-Maf Gene Mutation

Maf was cloned by Nishizawa et al. [52] in human, and by Ring in mouse [63].
In five affected members of a three-generation family with autosomal dominant

juvenile-onset cataract (CTRCT21), Jamieson et al. [29] identified a 1670G-C
transversion in the MAF gene, resulting in an arg288-to-pro (R288P) substitution in
the basic region of the DNA-binding domain of MAF, predicted to cause an
abnormal helical conformation. The cataracts were cortical pulverulent opacities in
a lamellar distribution. Nuclear pulverulent opacities were present in two cases.
There was later progression with posterior subcapsular opacification that necessi-
tated surgery in adult life. Two of the five affected individuals had microcornea, and
one also had bilateral iris colobomas. The mutation was not found in 217 other
subjects with a range of eye anomalies or in 496 normal control chromosomes.

Wende et al. [80] found that skin of carriers of the R288P substitution displayed
reduced acuity to high-frequency vibration compared with normal controls. In 12
affected members of a three-generation family with congenital cerulean cataract, 6
of whom also had microcornea, Vanita et al. identified heterozygosity for an 890A-
G transition in the MAF gene, resulting in the replacement of a highly conserved
lys297 with arg (K297R) in a basic region of the DNA-binding domain of the
protein. The mutation was not found in 106 unrelated controls.

3.3.8 Other Human Gene Mutation Reports

Very few report of gene mutation specifically block human Th1 cell development,
but there are patients with mendelian susceptibility to mycobacterial diseases, and
are easy to get clinical disease caused by weakly virulent mycobacterial species in
otherwise healthy individuals. Since 1996, disease-causing mutations have been
found in five autosomal genes (IFNGR1, IFNGR2, STAT1, IL12B, IL12BR1) and
one X-linked gene (NEMO). These genes display a high degree of allelic hetero-
geneity, defining at least 13 disorders. Although genetically different, these con-
ditions are immunologically related, as all result in impaired IL-12/23-IFN-gamma-
mediated immunity. These atopic mutation shows important role of Th1 cells in
anti-batetials immunity [22].
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