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Cytokines are protein mediators that play a critical role in shap-
ing the magnitude and type of leukocyte responses following 
antigen or pathogen exposure. Deviations in the levels or rep-
ertoire of cytokines produced can have significant ramifica-
tions in immune regulation and susceptibility/progression in 
autoimmunity, cancer, and infectious diseases. On the basis 
of cytokines that they produce, antigen-stimulated CD4+ 
T lymphocytes can be divided into subsets. Prior to stimula-
tion, naïve T cells are considered precursors (designated ThP). 
Upon antigen stimulation, CD4+ ThP become Th0 cells and pro-
duce a variety of cytokines. Depending on the environmental 
conditions (cytokine milieu and antigen presenting cells, for 
example), Th0 cells can become polarized into either T helper 1 
(Th1) or T helper 2 (Th2) cells. Th1 and Th2 cells secrete a defined, 
and largely non-overlapping, subset of cytokines acting on 
distinct target cell populations. 

The target cell populations and cytokines secreted by Th0, Th1, 
and Th2 lymphocytes are shown in Table I. Defining Th1 and 
Th2 lymphocytes by cytokine production requires that multiple 
cytokines be analyzed simultaneously. The investigator can 
accomplish this through multi-color flow cytometric staining, 
traditional ELISAs, or multiplexed ELISAs, such as the Q-plex™ 

array (please see page 8 for experimental data using the Q-plex™ 
Th1/Th2 array).

Experimental studies designed to understand the development 
and function of differentiated CD4+ cytokine-producing sub-
sets has been a predominant theme in immunology for over 
15 years. Generally speaking, Th1 cells direct cell-mediated 
inflammatory reactions to effectively control intracellular 
pathogens including viruses and some bacteria, principally 
through the production of IL‑2 and IFN‑γ, with TNF-α and 
IL-15 also playing a role. IL-15, originally reported to be pro-
duced by macrophages, dendritic cells, and stromal cells only, 
was later shown to be constitutively produced by T cells and 
required for homeostatic T cell proliferation.1,  2 In lymphoid 
organs, IL-15 is expressed in the T cell zone where Th1 cytokine 
production is most pronounced.3 Interestingly, IL-15 levels are 
considerably higher than IL-2 (40× greater than IL-2) in lym-
phoid organs where active immune responses are occurring, 
although IL-15 is produced with kinetics similar to that of IL-2. 
Taken together, these data imply that IL-15 may also play a key 
role in the generation and maintenance of a Th1 response.

In contrast, Th2 cells direct and enhance B cell activation and 
antibody production (particularly IgE) to promote aller-
gic reactions and eosinophilic inflammation through the 
production of cytokines that include IL‑4, IL‑5, IL‑6, 
IL‑10 and IL‑13.4 Although Th1 cells have been shown 
to be “cross-inhibitory” for the reciprocal Th2 phenotype 
(and vice versa), these functionally distinct cytokine-
producing cells do not appear to be permanently polar-
ized. Indeed, a large body of evidence suggests that there 
is conversion between Th1 and Th2 populations under 
some activation conditions, allowing flexibility of the 
immune response responding to various pathogens.5 
In cases where the immune response is strongly fixed 
towards one phenotype, the prevalent cytokine imbal-
ance has been associated with disease pathogenesis. For 
example, a dominant Th2 response has been associated 
with atopic dermatitis, asthma, and the outgrowth of a 
number of cancers,6–10 while a dominant Th1 response 
has been described for sarcoidosis, tuberculosis, and 
collagen-induced arthritis.11–13 

Table I

Cytokine Production and Cellular Targets of 
Th0, Th1, and Th2 Cells

CD4+ Th 
Designation

Cytokines 
Produced

Cellular 
Targets

*Th0

IL‑2, IL‑3, IL‑4, IL‑5, 
IL‑6, IL‑13, IFN‑γ, 
TNF‑α, TNF‑β, 
GM-CSF

Th1

IL‑2, IL‑3, IL‑15, 
IFN‑γ, TNF‑α, TNF‑β, 
GM-CSF

B cells, macro-
phages, NK cells, 
cell mediated 
immunity

Th2
IL‑4, IL‑5, IL‑6, IL‑13, 
IL‑21, TNF‑β, GM-CSF

B cells, mast cells, 
eosinophils

* �Naïve Th cells become Th0 cells with characteristics of both Th1 
and Th2 cells. Further stimulation induces deviation of Th0 cells 
towards either a Th1 or Th2 cell with a distinct set of cytokines and 
cellular targets.

Recent Developments in Th1 and Th2 Development: The 
Role of Cytokines and Notch Ligands
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Recent Developments in T Helper Subset 
Development

Differentiation of CD4+ T cells into Th1 and Th2 populations was 
thought to be driven largely by cytokines. Numerous experi-
mental models documented that IL‑12 production by activated 
macrophages and IFN‑γ production by NK cells promotes naïve 
T cell differentiation into Th1 cells while inhibiting Th2 cell dif-
ferentiation. On the other hand, IL‑4 was shown to effectively 
promote Th2 differentiation and inhibit Th1 cell differentiation. 
CD4 T cell differentiation is ultimately controlled by antigen 
presenting cells that give the T cells information about the 
invading pathogens. Dendritic cells recognizing DNA, RNA, 
or bacterial structures such as lipopolysaccharide (LPS) have 
been shown to promote Th1 differentiation while recognition of 
fungal products, toxins such as cholera, or parasitic nematodes 
have been shown to lead to strong Th2 T cell responses.14 

How might dendritic cells direct the development of T helper 
subsets? Dendritic cells can direct development of Th1 cells 
through the production of cytokines such as IL‑1215 and 
IL‑18.16,  17 IL‑18 was originally described as a cytokine that 
induced IFN-γ in an IL-12-dependent manner.17 Recent studies 
using IL‑12 -/- mice have shown that stimulation of IL‑12 -/- T 
cells with IL-18 and anti-CD3 failed to induce IFN‑γ produc-
tion, but markedly upregulated IL-12Rβ2 expression.16 The 
current model for the role of IL-18 in Th1 development suggests 
that while IL-18 cannot drive Th1 cells alone, it is an important 
cytokine to enhance IL-12 signaling and promote Th1 develop-
ment especially when low IL-12 levels are present. Although IL-
12 appears to be a key player in Th1 development, Th1 responses 
have been shown to occur in IL12 -/- mice,18 implying that 
other mechanisms and pathways exist. Further, while IL‑4 is 
an important differentiation factor for Th2 cells,19 IL‑4 pro-
duction by non-T cells is not absolutely required for Th2 cell 
differentiation.20 Recently, other cytokines such as IL-3321 and 
the Th2-associated cytokine IL-2122 have been shown to potently 
induce Th2 cytokine production and suppress IFN-γ produc-
tion to downregulate Th1 responses. Investigations aimed at 
identifying alternate mechanisms driving Th1/Th2 development 
have also led to the discovery that in addition to the cytokine 
milieu, Notch ligands can direct differentiation of CD4+ T cells 
into Th1 and Th2 lineages. The cytokine- and Notch-driven Th1 
and Th2 pathways illustrated in Figure 1 show the importance 
of both the antigen presenting cell and cytokine environment 
in the differentiation of polarized Th1 and Th2 populations.

Notch and Notch Ligands

Mammals express four Notch genes and at least five genes for 
Notch ligands.23 Notch proteins are single-pass transmem-
brane receptors containing an epidermal growth factor domain 
and a Notch/LIN-12 repeat important for ligand binding and 
ligand-independent signaling, respectively. The intracellular 
domain of the Notch proteins contains a RAM domain, ankyrin 
repeats, nuclear localization sequences, a homopolymer repeat 
of glutamine and a proline-glutamate-serine-threonine rich 
domain.23 The five Notch ligand genes fall into two conserved 
families, namely Jagged (Jagged1 and Jagged2) and Delta-like 
(Delta1, Delta3, Delta4). When Notch ligands stimulate the 
Notch receptors, γ-secretase cleaves the intracellular region of 
Notch resulting in the translocation of this domain into the 
nucleus.23–24 In the nucleus, the Notch intracellular domain 
(Notch-IC) binds to RBP-Jκ (also known as CBF-1 and CSL) 
converting it from a transcriptional repressor to a transcrip-
tional activator. Several target genes are known to be regulated 
by Notch signaling (for example, Hes1, Hes5, and pTα), although 
it is not fully understood how these genes contribute to the 
biology of Notch/Notch ligand or the potential regulation of 
Th1 and Th2 cells.25–26

Notch and Notch Ligands in Th1 and Th2 
Development

Both Notch1 and Notch2 are expressed in naïve T cells and 
expression can be increased by T cell receptor crosslinking.27 
Notch ligands, on the other hand, are found on antigen pre-
senting cells including splenic CD11c+ cells (Delta4, Delta1, 
Jagged2) and activated B cells (Jagged1). Pathogen-derived 
products are known to upregulate specific Notch ligands on 
dendritic cells,28 suggesting that the type of infectious agent and 
activation stimuli may control expression of these ligands on 
antigen presenting cells. Stimulation of naïve CD4+ T cells with 
the Delta1 ligand has been shown to promote Th1 differentia-
tion that is at least partially independent of IL‑12.29 Support-
ing studies have shown that Delta1 ligand can increase T-bet 
expression29 and that Delta1-expressing fibroblasts can increase 
IFN‑γ production by activated T cells.28 On the other hand, 
stimulation with Jagged1 ligand has been shown to increase IL‑4 
production28 and induce antigen-specific T regulatory cells.30–32 

Recently, investigators have engineered mice that condition-
ally express a dominant negative protein capable of blocking 
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Figure 1 

Recent evidence suggests 
that there are at least two 
pathways that can direct 
development of Th1 and 
Th2 cells. 

A. In the classical path-
way, cytokines present 
in the environmental 
milieu can inf luence 
the development of a Th0 
cell that has encountered 
antigen and IL‑2 towards 
either a Th1 or Th2 path-
way. Distinct cytokines 
are produced depending 
on the type of antigen 
and antigen present-
ing cell involved in the 
immune response. In 
cases where high levels 
of IL‑4 are present, Th0 cells can be directed to develop into Th2 cells that produce IL‑3, IL‑4, IL‑5, IL‑6, and IL‑10. In cases 
where IL‑2, IL-12, IL-18, IFN‑γ, and TNF‑α predominate, Th0 cells can be directed to develop into Th1 cells producing high 
levels of IL‑2, IFN‑γ, and TNF‑α. Th1 and Th2 cells can be cross-regulated by reciprocal cytokines. IL‑2 and IFN‑γ can inhibit 
Th2 cytokine production; while high levels of IL‑10 can inhibit Th1 cell development. Th1 and Th2 cells are not fixed and con-
version between these cellular phenotypes can occur depending on cytokines and other micro-environmental signals. 

B. More recently, Notch 
ligands present on anti-
gen presenting cells have 
been shown to influence 
Th1 and Th2 cell devel-
opment. A Th0 cell that 
has encountered antigen 
and IL‑2 can express 
cell surface Notch 1 
and Notch 2. When 
these T cells encoun-
ter antigen presenting 
cells expressing distinct 
Notch ligands, they can 
be directed to develop 
into either Th1 or Th2 

cells. B cells expressing 
the Notch ligand Jagged1 
increase IL‑4 production 
in the environment and 
drive the development of 
Th2 cells. On the other 
hand, CD11c+ cells expressing the Notch ligands Delta1, Delta4, and Jagged2 increase levels of the transcription factor T-bet 
and enhance IFN‑γ production resulting in the development of Th1 cells.

B

A
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Notch-IC signaling though the RBP-Jκ/CSL transcriptional 
activation pathway.33 This dominant negative protein can 
effectively block signaling from all four Notch receptors. Using 
infectious disease models, it was shown that in the absence of 
Notch signaling in CD4+ T cells failed to mount protective Th2 
responses against the gastrointestinal helminth Trichuris muris 
while they exhibited normal, protective Th1 responses required 
to control Leishmania major infections.33 These findings are 
in direct contrast to previous studies using pharmacological 
inhibitors of Notch signaling where Th1 cell differentiation 

was shown to be inhibited.34Clearly, additional studies will 
be required to fully elucidate the roles of the various Notch 
proteins and ligands in the control of Th1 and Th2 cell differ-
entiation and function.

Recent Developments in Th1 and Th2 cell 
Identification

Although Th1 and Th2 cells have been largely characterized 
by the cytokines they produce (Table I), a large body of work 

Table II

Th1 Related Markers

Name Description/Function References

IL‑2 Cytokine produced by activated Th1 cells driving cell-mediated inflammatory 
reactions and Th1 proliferation 47

IFN‑γ Production by NK cells promotes naïve T cell differentiation into Th1 cells by 
increasing IL‑2 receptor beta 2 expression 48

IL‑12 Production by activated macrophages promotes naïve T cell differentiation into 
Th1 cells and enhances IFN‑γ production

49, Reviewed 
in 50

IL-15
Production by epithelial/stromal cells, muscle cells, and T cells shown to inhibit 
T cell apoptosis and promote homeostatic proliferation through autocrine/juxtra-
crine loops

2

IL-18
Production by macrophages and monocytes shown to upregulate IFN-γ produc-
tion and IL-12Rβ2 expression in T cells. IL-18 proposed to be a growth and dif-
ferentiation factor for Th1 cells

16, 17

IL‑23 Production by dendritic cells enhances IFN‑γ production to promote Th1 
differentiation Reviewed in 50

IL‑27 Synergizes with IL‑12 to drive IFN‑γ production, induces T-bet expression to 
promote Th1 differentiation 51

Delta1 ligand Notch ligand shown to promote Th1 development partially independent of IL‑12. 
Can increase IFN‑γ production by activated T cells 28, 29

CXCR3 (CD183) Receptor for IP-10, Mig, and I-Tac. Preferentially expressed in Th1 cell populations 37

CCR5 (CD195) Receptor for RANTES, MIP-1α, β. Preferentially expressed on Th1 cell populations 37

CD226 DNAM-1, associated with LFA-1, expressed preferentially on the surface of Th1 

cell populations 46

Tim-3 T cell Ig domain, mucin domain-3 protein preferentially expressed on the surface 
of T-bet+, Th1 cells 42, 43, 44

STAT-4 Transcription factor that regulates IL‑12 receptor beta 2 expression and drives Th1 
development in an IL‑12 receptor beta2 independent manner 52

T-bet Transcription factor overexpressed in Th1 cell populations, may control GATA-3 
levels to promote Th1 development 35

Chandra Four pass transmembrane protein expressed preferentially on Th1 cell populations 39
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Continues on page 11

suggests that there are a number of cell surface and intracel-
lular markers that are differentially expressed on Th1 and Th2 

populations. Examples of these markers are listed in Table II. 
Several of these markers merit additional discussion.

Th1 and Th2 cell development is known to be controlled by 
key transcription factors. A large body of evidence suggests 
that signal transducer and activator of transcription 4 (STAT4) 
regulated IL‑12 receptor beta 2 expression and T-bet expression 
are associated with the development of Th1 cells while GATA-3, 

Table II  continued

Th2 Related Markers

Name Description/Function References

IL‑4 Cytokine driving development and proliferation of Th2 cells and inhibiting Th1 cells. 
Stimulates antibody production by B cells 47, 53

IL‑5 Th2 cytokine stimulating antibody production by B cells and bone marrow progenitor 
production of eosinophils 59

IL‑10 Th2 cytokine that inhibits IL‑2 and IFN‑γ production. Inhibits IL‑12 production by 
dendritic cells to inhibit Th1 cell development 60, 61

IL‑13 Th2 cytokine that promotes B cell synthesis of IgE 62

IL-21 Production by activated T cells shown to stimulate B cell proliferation after CD40 cross-
linking. IL-21 is differentially expressed in Th2 populations 22

IL-33
Reported to drive the expression of Th2 related cytokines including IL-4, IL-5, and 
IL-13. In vivo administration of IL-33 leads to severe pathological changes in mucosal 
organs as a result of strong Th2 immune response

21

Jagged1 Notch ligand shown to promote Th2 development. Can increase IL‑4  production by 
activated T cells 29

CCR3 Chemokine receptor for MIP-1α, MIP-1β, RANTES, MCP-2, 3, and 4, and eotaxin 1, 2, 
and 3. Preferentially expressed on Th2 cells 36, 37

CCR4 Chemokine receptor for MIP-1α, RANTES, MCP-1. Preferentially expressed on Th2 cells 36, 37
CD81 Expression on T cells can enhance Th2 differentiation 64, 65

CXCR4 (CD184) Receptor for CXCL12, co-receptor for HIV-1. Preferentially expressed on Th2 cells 66
CCR8 (CDw198) Receptor for CCL1. Preferentially expressed on Th2 cells 67, 68

ICOS (CD228) Differentiated Th2 cells express more ICOS than differentiated Th1 cells. ICOS stimula-
tion is predominantly active in Th2 dominated immune responses 38, 69

Tim-1 T cell Ig domain, mucin domain-1 protein expressed at higher levels on the surface of 
Th2 cells 44

Tim-2 T cell Ig domain, mucin domain-2 protein preferentially expressed on the surface of Th2 

cells 45

T1/ST2 IL‑1R family member preferentially expressed on the surface of Th2 cells; crosslinking 
can increase Th2 proliferation and cytokine production 40, 41

STAT6 Transcription factor shown to regulate Th2 recruitment and effector function as well as 
eosinophilia 54, 58

GATA-3 Transcription factor upregulated in developing Th2 cells, enhances IL‑4, IL‑5, and IL‑13 
production. Downregulates IFN‑γ production 55, 56, 57

STAT6, and c-Maf are associated with the development of Th2 
responses. Recent experimental data suggests that naïve T cells 
tend toward a Th2-like development through GATA-3 (which 
down regulates the STAT4/IL‑12 receptor beta 2 pathway) 
unless T-bet is activated.35 Once T-bet is activated, GATA-3 is 
downregulated suggesting that the role of T-bet is to control 
GATA-3 levels rather than to positively regulate the IFN‑γ gene 
as originally proposed.35 

There are only a few cell surface markers that can reliably 



The Path to Polarization: Th1 and Th2 Cells

�  Toll Free 1.877.BIOLEGEND (246.5343) 

The Path to Polarization: Th1 and Th2 Cells

1 2 3 4 5 6 7 8  9  10  11  12

A
Unk. #1

Neat
Unk. #1
1:5 dil.

Unk. #1
1:25 dil. 

Unk. #3
Neat 

Unk. #3
1:5 dil.

Unk. #3
1:25 dil. 

Unk. #5
Neat 

Unk. #5
1:5 dil.

Unk. #5
1:25 dil. 

Unk. #7
Neat 

Unk. #7
1:5 dil.

Unk. #7
1:25 dil. 

B
Unk. #1

Neat 
Unk. #1
1:5 dil.

Unk. #1
1:25 dil. 

Unk. #3
Neat 

Unk. #3
1:5 dil.

Unk. #3
1:25 dil. 

Unk. #5
Neat 

Unk. #5
1:5 dil.

Unk. #5
1:25 dil. 

Unk. #7
Neat 

Unk. #7
1:5 dil.

Unk. #7
1:25 dil. 

C
Unk. #1

Neat 
Unk. #1
1:5 dil. 

Unk. #1
1:25 dil. 

Unk. #3
Neat 

Unk. #3
1:5 dil.

Unk. #3
1:25 dil. 

Unk. #5
Neat 

Unk. #5
1:5 dil.

Unk. #5
1:25 dil. 

Unk. #7
Neat 

Unk. #7
1:5 dil.

Unk. #7
1:25 dil. 

D
Unk. #2

Neat 
Unk. #2
1:5 dil. 

Unk. #2
1:25 dil. 

Unk. #4
Neat 

Unk. #4
1:5 dil.

Unk. #4
1:25 dil. 

Unk. #6
Neat 

Unk. #6
1:5 dil.

Unk. #6
1:25 dil. 

Unk. #8
Neat 

Unk. #8
1:5 dil.

Unk. #8
1:25 dil. 

E
Unk. #2

Neat 
Unk. #2
1:5 dil. 

Unk. #2
1:25 dil. 

Unk. #4
Neat 

Unk. #4
1:5 dil.

Unk. #4
1:25 dil. 

Unk. #6
Neat 

Unk. #6
1:5 dil.

Unk. #6
1:25 dil. 

Unk. #8
Neat 

Unk. #8
1:5 dil.

Unk. #8
1:25 dil. 

F
Unk. #2

Neat 
Unk. #2
1:5 dil. 

Unk. #2
1:25 dil. 

Unk. #4
Neat 

Unk. #4
1:5 dil.

Unk. #4
1:25 dil. 

Unk. #6
Neat 

Unk. #6
1:5 dil.

Unk. #6
1:25 dil. 

Unk. #8
Neat 

Unk. #8
1:5 dil.

Unk. #8
1:25 dil. 

G
Std.
Neat

Std.
1:2 dil.

Std.
1:4 dil.

Std.
1:8 dil.

Std.
1:16 dil.

BL
Unk. #9

Neat 
Unk. #9
1:5 dil.

Unk. #9
1:25 dil. 

Unk. #9
Neat 

Unk. #9
1:5 dil.

Unk. #6
1:25 dil. 

H
Std.
Neat

Std.
1:2 dil.

Std.
1:4 dil.

Std.
1:8 dil.

Std.
1:16 dil.

BL
Unk. #9

Neat 
Unk. #9
1:5 dil.

Unk. 96
1:25 dil. 

BL BL BL

Unk=Unknown samples  Std=Antigen Standards  BL=Blank  dil = dilution

1 2 3 4 5 6 7 8  9  10  11  12

A

B

C

D

E

F

G

H
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IL‑2

IL‑6

IL‑13

IL‑4

IL‑8

IFN‑γ

IL‑5

IL‑10

TNF‑α

Human Th1/Th2 Cytokine Array

Table III

Antigen Concentrations in Unknown Samples for Nine Individual Cytokines. 

Unknown
Sample

IL‑2
(pg/ml)

IL‑4
(pg/ml)

IL‑5
(pg/ml)

IL‑6
(pg/ml)

IL‑8
(pg/ml)

IL‑10
(pg/ml)

IL‑13
(pg/ml)

IFN‑γ
(pg/ml)

TNF‑α
(pg/ml)

#1 400 0.8 ND 4.4 1.9 0.6 0.4 270 726

} 

Th1 Profiles
#2 41 ND ND ND 0.4 ND ND 35 31

#3 396 0.4 ND 0.8 ND 0.1 ND 6.2 103

#4 48 0.1 ND ND 1.2 7.4 ND 226 367

#5 8.8 41 405 425 100 731 199 3.2 8.8

} Th2 Profiles#6 0.1 3.5 169 86 14 21 32 ND 0.6

#7 0.9 3.1 22.7 163 11.2 731 20.7 ND 3.3

#8 25.7 2.2 17.5 425 40 180 14 2.1 2.7 } Mixed Responses
#9 23.2 9.6 104 16 1.6 19.6 14.5 ND 0.3

ND=Not detectable

Cytokine values were calculated based on the standard curves obtained with the pooled antigen standards obtained from the 
plate image shown in Figure 2. The values shown are for a single dilution (1:5) of the unknown sample. Based on the analysis of 
the various cytokines produced, the unknown samples can be grouped into Th1, Th2 or mixed responses as indicated.

  Figure 2  The Q-plex™ human cytokine Th1/Th2 array (Cat. No. 599101) was 
used to analyze unknown samples for Th1 and Th2 associated cytokines. The chemilu-
minescent image of the plate captured by CCD camera is shown along with a template 
with the location of the samples, antigen standards, and blanks. An individual well 
template shows the location of the various cytokine capture antibodies. After sample 
or pooled antigen standards are added to the spotted capture antibodies, biotinylated 
secondary antibodies are added, followed by HRP-conjugated streptavidin. The addi-
tion of chemiluminescent substrate allows the visualization of captured cytokine that 
can be quantitated by comparing pixel intensities to that obtained with the antigen 
standard curves for each individual cytokine. Examples of antigen standard curves 
for individual cytokines from the plate imaged are shown in Figure 3 on page 10. For 
the nine unknown samples tested, the quantitative results (shown for a single sample 
dilution) can be grouped into Th1 responses, Th2 responses, or mixed responses as 
summarized in Table III and shown in selected bar graphs (Figure 4 on page 11). For 
the samples that showed mixed responses, one of these showed increased production 
of IL-5 characteristic of allergic or parasitic responses, whereas the other showed an 
increase in IL-6 and IL-10 (which has been associated with various viral infections 
such as herpesvirus 8). For more information on the Q-plex™ assay including an 
instructional video, technical manuals, and FAQs, please visit www.biolegend.com.
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Figure 3
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Figure 4
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Bar graphs are shown for unknown samples #2 and #6 that show a strong Th1 and Th2 response, respectively. By analyzing multiple 
cytokines simultaneously within the same sample, Th1 and Th2 cytokine profiles can be easily and reliably identified.

Continued from page �

differentiate between Th1 and Th2 cell populations (and even 
these may vary between mouse and human cells). Chemokine 
receptors such as CXCR3 and CCR5 are preferentially expressed 
in human Th1 cells while Th2 cells preferentially express CCR4 
and CCR3.36, 37 In mouse T cells, differentiated Th2 cells were 
reported to express significantly more ICOS than differentiated 
Th1 cells.38 In the case of both the chemokine receptors and 
ICOS, however, these differences were quantitative and the same 
markers were observed on naïve T cells (albeit at different levels). 
In mice, the four transmembrane domain protein, Chandra, 
has been reported to be differentially expressed in Th1 cells 
although the ligand and function of this protein remain unex-
plored.39 Likewise, the IL‑1 receptor family member, T1/ST2, 
has been reported to be preferentially expressed on the surface 
of mouse and human Th2 cells and to be selectively secreted by 
activated Th2 cells.40, 41 

More recently, the T cell Ig domain, mucin domain 3 protein, 
Tim-3, has been reported to be selectively expressed on the 
surface of T-bet+, Th1 cells.42, 43 Polarized Th2 cells, in contrast, 
express higher levels of Tim-144 and Tim-2,45 which has been 
proposed to regulate Th2 responses.45 Finally, mouse CD226 
has been recently reported to be a specific marker expressed 
on the surface of Th1 cells shown to regulate expansion and 
effector function in this cell population.46

Concluding Remarks

Taken together, existing studies suggest that expression of 
Notch ligands, as well as the cytokine milieu, can influence 
Th1/Th2 differentiation. Polarized Th1 and Th2 cells can differen-
tially express transcription factors, cytokines, and cell surface 
markers that can be used to identify these divergent effector 
populations. BioLegend offers a wide array of antibodies for 
intracellular cytokine staining, cell surface receptor identifica-
tion, Western blotting, single and multiplexed ELISAs for the 
investigation of Th1 and Th2 biology. Please see our website 
(www. biolegend. com Support section tab, Technical Protocols) 
for a detailed intracellular cytokine staining protocol and guide 
to cellular activation and protein transport inhibitors. These 
protocols are designed to optimize the detection of intracellular 
cytokines and gain information about the cellular phenotypes of 
the responding population. In addition, our website contains a 
general ELISA protocol and troubleshooting guide for the sensi-
tive and accurate measurement of secreted cytokines as well as 
protocols for antibody cell surface staining and a comprehensive 
fluorochrome chart. In cases where the investigator has limited 
sample size, the Q-plex™ multiplexed Th1/Th2 ELISA offers an 
ideal format for the simultaneous analysis of nine different 
cytokines with a sample volume as little as 3–5 µl per well. An 
example of the plate image, standard curves, and data obtained 
with samples showing a clear Th1 and Th2 bias as well as those 
showing a more mixed response is shown beginning on page 8.
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BioLegend Th1- and Th2-related  
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Mouse CDs and Related Molecules

CD3 Mouse 17A2 X X X X X X X X

CD3ε Mouse 145-2C11 X X X X X X X X X X X X

CD4 Mouse GK1.5 X X X X X X X X X X X X X X X

CD4 Mouse RM4-5 X X X X X X X X X X X X X X X

CD4 Mouse RM4-4 X X X

CD8a Mouse 53-6.7 X X X X X X X X X X X X X X X

CD8a Mouse 5H10-1 X X

CD8b Mouse CD8b X X X X

CD25 (IL-2Rα) Mouse 3C7 X X X

CD25 (IL-2Rα) Mouse PC61 X X X X X X X X X X X X

CD28 Mouse 37.51 X X X X X X

CD30 Mouse mCD30.1 X X X X

CD44 Mouse IM7 X X X X X X X X X X X

CD62L (L-selectin) Mouse MEL-14 X X X X X X X X X X X X

CD80 (B7-1) Mouse 16-10A1 X X X X X X X X X

CD81 (TAPA-1) Mouse Eat-2 X X X X

CD86 (B7-2) Mouse GL-1 X X X X X X X X X X X X

CD86 (B7-2) Mouse PO3 X X X X X X X X X X X

IFN-γR β chain Mouse MOB-47 X X

CDw119 (IFN-γRα) Mouse 2E2 X X

CD122 (IL-2Rβ) Mouse 5H4 X X X X

CD134 (OX-40) Mouse OX-86 X X

CDw137 (4-1BB) Mouse 17B5 X X X X

CDw137L (4-1BB Ligand) Mouse TKS-1 X X X X

CD150 (SLAM) Mouse TC15-12F12.2 X X X X X X X X X

CD152 (CTLA-4) Mouse 9H10 X X

CD152 (CTLA-4) Mouse UC10-4B9 X X X X

CD154 (CD40 Ligand) Mouse MR1 X X X X

CD195 (CCR5) Mouse HM-CCR5 X X X X

CD197 (CCR7) Mouse 4B12 X X X X X X X

CD210 (IL-10R) Mouse 1B1.3a X X X X

CD252 (OX40 Ligand) Mouse RM134L X X X X

CD275 (ICOSL) Mouse HK5.3 X X X X

CD278 (ICOS) Mouse 15F9 X X X X
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CD278 (ICOS) Mouse C398.4A X X X X X X X X

CD279 (PD-1) Mouse RMP1-14 X X

CD279 (PD-1) Mouse RMP1-30 X X X

CD284 (TLR4/MD2 Complex) Mouse MTS510 X X X X

GITR Mouse YGITR 765 X X X X X X X X X X X

GITRL Mouse YGL 386 X X X

IgE Mouse RME-1 X X X X

NF-κB p50 Mouse Poly6197 X

NF-κB p65 Mouse Poly6226 X

NOTCH1 Mouse mN1A X X X

SOCS3 Mouse SOC-25 X

STAT 6 Mouse Poly6252 X

T-bet Mouse Poly6235 X

Tim-1 Mouse RMT1-4 X X X

Tim-2 Mouse RMT2-1 X X

Tim-3 Mouse RMT3-23 X X

Mouse MHC Antigens

I-A/I-E Mouse M5/114.15.2 X X X X X X X X X X X

I-Ab Mouse AF6-120.1 X X X X X X

I-Ab Mouse KH74 X X X X X

I-Ab (Aβb) Mouse 25-9-17 X X X X X

I-Ad Mouse 39-10-8 X X X X X

I-Ak (Aαk) Mouse 11-5.2 X X X X X X

I-Ak (Aβk) Mouse 10-3.6 X X X X X X

I-Aq Mouse KH116 X X X X

I-Ek Mouse 14-4-4S X X X X X X

Mouse T Cell Receptors (TCRs)

β T Cell Receptor Mouse H57-597 X X X X X X X X X

Mouse Cytokines/Chemokines

IL-2 Mouse JES6-1A12 X X X

IL-2 Mouse JES6-5H4 X X X X X X X X X

IL-3 Mouse MP2-8F8 X X X

IL-3 Mouse MP2-43D11 X

IL-4 Mouse 11B11 X X X X X X

IL-4 Mouse BVD6-24G2 X

IL-5 Mouse TRFK5 X X X X

IL-5 Mouse TRFK4 X

IL-6 Mouse MP5-20F3 X X X

IL-6 Mouse MP5-32C11 X

IL-10 Mouse JES5-2A5 X X X
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Mouse Cytokines/Chemokines  (continued)

IL-10 Mouse JES5-16E3 X X X X X X X X

IL-12/IL-23 (p40) Mouse C15.6 X X X X

IL-12/IL-23 (p40) Mouse C17.8 X X X

IL-17 Mouse TC11-18H10.1 X X

IL-17 Mouse TC11-8H4 X

GM-CSF Mouse MP1-22E9 X X X X

GM-CSF Mouse MP1-31G6 X X

IFN-γ Mouse R4-6A2 X X X

IFN-γ Mouse, Rat DB-1 X X X X

IFN-γ Mouse XMG1.2 X X X X X X X X X

TNF-α Mouse MP6-XT22 X X X X X X X X X

TNF-α Mouse TN3-19.12 X X X

TNF-α Mouse Poly5062 X

TNF-α Mouse 6B8 X X

Rat CDs and Related Molecules

CD3 Rat 1F4 X

CD4 Rat W3/25 X X X X X

CD8a Rat OX-8 X X X

CD8a Rat G28 X X X X X X

CD8b Rat 341 X X X X

CD25 (IL-2Rα) Rat OX-39 X X X

CD28 Rat JJ319 X X X X X

CD62L (L-Selectin) Rat OX-85 X X X X X

CD80 (B7-1) Rat 3H5 X X X X

CD81 (TAPA-1) Rat Eat-2 X X X X

CD86 (B7-2) Rat 24F X X X X X

CD152 (CTLA-4) Rat WKH203 X X X X X

CD252 (OX-40 Ligand) Rat ATM-2 X X X X

CD278 (ICOS) Rat C398.4A X X X X X X X X

NF-κB p50 Rat Poly6197 X

NF-κB p65 Rat Poly6226 X

RT1D (MHC class II) Rat 14-4-4S X X X X X X

STAT 6 Rat Poly6252 X

Rat T Cell Receptors (TCRs)

α/β T Cell Receptor Rat R73 X X X X X X

Rat Cytokines/Chemokines

IL-2 Rat BL-7015 X

IL-2 Rat BL-7030 X

IL-4 Rat BL-7045 X
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IL-4 Rat BL-7060 X

IFN-γ Rat DB-1 X X X X

IFN-γ Rat Poly5109 X

TNF-α Rat TN3-19.12 X X X

TNF-α Rat Poly5062 X

Human CDs and Related Molecules

CD3 (T3) Human HIT3a X X X X X X X X X X X X

CD3 (T3) Human UCHT1 X X X X X X X X X X X X

CD4 (T4) Human RPA-T4 X X X X X X X X X X X X X

CD8a (T8) Human HIT8a X X X X X X X X X X

CD8a (T8) Human RPA-T8 X X X X X X X X X X X X X X

CD25 (IL-2Rα) Human BC96 X X X X X X X X X X X

CD26 Human BA5b X X X X

CD27 Human O323 X X X X X X X

CD28 (T44, Tp44) Human CD28.2 X X X X X X X X X X

CD44 (Hermes, Pgp-1) Human IM7 X X X X X X X X X X X

CD62L (L-Selectin) Human DREG-56 X X X X X X X X X X

CD80 (B7-1) Human 2D10 X X X X X X X X

CD86 (B7-2) Human IT2.2 X X X X X X X X X

CDw119 (IFN-γRα) Human GIR-208 X X X

CDw119 (IFN-γRα) Human GIR-94 X X X

IFN-γ R β chain Human 2HUB-159 X X X

CDw137 (4-1BB) Human 4B4-1 X X

CDw137L (4-1BBL) Human 5F4 X X

CD150 (SLAM) Human A12 (7D4) X X X X X X X

CD154 (CD40 Ligand) Human 24-31 X X X X X X X X X X X

CD184 (CXCR4, Fusin) Human 12G5 X X X X X X

CD193 (CCR3) Human 5E8 X X

CD195 (CCR5) Human HEK/1/85a X X X X X X X

CD195 (CCR5) Human T21/8 X X X X

CD195 (CCR5) Non-Phosphorylated (Ser337) Human RC-10 X X

CD195 (CCR5) Phosphorylated (Ser337) Human V14/2 X X

CD195 (CCR5) Phosphorylated (Ser349) Human E11/19 X X

CD210 (IL-10R) Human 3F9 X X X

CDw218a (IL-18Rα) Human H44 X X X X

CD226 (DNAM-1) Human DX11 X X X X

CD275 (ICOSL) Human 2D3 X X X

CD278 (ICOS) Human C398.4A X X X X X X X X

CD282 (TLR2) Human TL2.1 X X X X X X X

CD284 (TLR4) Human HTA125 X X X X
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Human CDs and Related Molecules  (continued)

GATA 3 Human Poly6071 X

GITR (AITR) Human 621 X X X

GITR Ligand (AITRL) Human EB11-2 X X X

NF-κB p50 Human 4D1 X X

NF-κB p50 Human Poly6197 X

NF-κB p65 Human Poly6226 X

NOTCH1 Human mN1A X X X

SOCS3 Human SOC-25 X

STAT 4 Human Poly6100 X

STAT 6 Human Poly6252 X

T-bet Human Poly6235 X

Human MHC Antigens

HLA-A,B,C (MHC Class I) Human W6/32 X X X X X X X X X

HLA-DR (MHC Class II) Human L243 X X X X X X X X X X X X X

Human T Cell Receptors (TCRs)

α/β T Cell Receptor (α/β TCR) Human IP26 X X X X X X X

α/β T Cell Receptor (α/β TCR) Human T10B9 X X

Multicolor Cocktail Reagents

CD3 FITC/CD4 PE Cocktail Human UCHT1/RPA-T4 X X

CD3 FITC/CD8 PE Cocktail Human UCHT1/RPA-T8 X X

CD3 PE-Cy5/CD4 PE/CD8 FITC Cocktail Human
UCHT1/RPA-
T4/RPA-T8 X X X

CD4 PE-Cy5/CD25 PE Cocktail Human RPA-T4/BC96 X X

Human Cytokines/Chemokines

IL-2 Human MQ1-17H12 X X X X X X X X

IL-2 Human Poly5111 X

IL-3 Human BVD3-1F9 X X X

IL-3 Human BVD8-3G11 X X

IL-4 Human 8D4-8 X X X

IL-4 Human MP4-25D2 X X X X X X X X

IL-5 Human JES1-39D10 X X X

IL-5 Human JES1-5A10 X X X

IL-5 Human TRFK5 X X X X

IL-6 Human MQ2-13A5 X X X X X

IL-6 Human MQ2-39C3 X X

IL-10 Human JES3-12G8 X X

IL-10 Human JES3-19F1 X X X X

IL-10 Human JES3-9D7 X X X X X X

IL-12/IL-23 (p40) Human C8.3 X X
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IL-12/IL-23 (p40) Human C8.6 X X

IL-12/IL-23 (p40) Human C11.5 X X X X X

IL-12 (p70) Human 7B12 X X

IL-13 Human JES10-5A2 X X X X

IL-13 Human Poly5020 X

IL-23 (p19) Human HLT2736 X X

GM-CSF Human BVD2-23B6 X X

GM-CSF Human BVD2-21C11 X X X

IFN-γ Human NIB42 X X

IFN-γ Human 4S.B3 X X X X X X X X

IFN-γ Human MD-1 X X

IFN-γ Human B27 X X X X X X

TNF-α Human MAb1 X X

TNF-α Human MAb11 X X X X X X X

TNF-β Human 359-238-8 X X

TNF-β Human 359-81-11 X X X X

Related Products

Cytokine ELISA MAX™ Sets

Q-Plex™ Cytokine Array Kits

References
	 1.	Neely, G. G., Robbins, S. M., Amankwah, E. K., Epelman, S., Wong, 

H., Spurrell, J. C. L., Jandu, K. K., Zhu, W., Fogg, D. K., Brown, C. 
B., and Mody, C. H. J. Immunol. 167:5011.

	 2.	Miranda-Carus, M.-E., Benito-Miguel, M., Llamas, M.A., Balsa, 
A., Martin-Mola, E. 2005. Human T cells constitutively express IL-
15 that promotes ex vivo T cell homeostatic proliferation through 
autocrine/juxtacrine loops. J. Immunol. 175:3656.

	 3.	  Kalies, K., Blessenohl, M., Nietsch, J., and Westermann, J. 2006. T cell 
zones of lymphoid organs constitutively express Th1 cytokine mRNA: 
Specific changes during the early phase of an immune response. J. 
Immunol. 176:741.

	 4.	Mosmann, T. R., and Coffman, R. L. 1989. TH1 and TH2 cells: dif-
ferent patterns of lymphokine secretion lead to different functional 
properties.  Annu. Rev. Immunol. 7:145. 

	 5.	Abbas, A. K., Murphy, K. M., and Sher, A. 1996. Functional diversity 
of helper T lymphocytes. Nature 383:787. 

	 6.	Robinson, D. S., Hamid, Q., Ying, S., Tsicopoulos, A., Barkans, J.,  
Bentley, A. M., Corrigan, C., Durham, S. R., and Kay, A. B. 1992. 
Predominant TH2-like bronchoalveolar population in atopic asthma. 
N. Engl. Med. 326:298. 

	 7.	Nakazawa, M., Sugi, N., Kawaguchi, H., Ishii, N, Nakajima, H., and 
Minami, M. 1997. Predominance of type 2 cytokine producing CD4 
(+) and CD8 (+) cells in patients with atopic dermatitis. J. Allergy 
Clin. Immunol. 99:673. 

	 8.	Yamamura, M., Modlin, R. L., Ohmen, J. D., and Moy, R. L. 1993. 
Local expression of anti-inflammatory cytokines in cancer. J. Clin. 
Invest. 91:1005. 

	 9.	Kim, J., Modlin, R. L., Moy, R. L., Dubinett S. M., McHugh, T., 
Nickoloff, B. J., and Uyemura, K. 1995. IL‑10 production in cutaneous 
basal and squamous cell carcinoma. J. Immunol. 155:2240. 

	10.	Pellegrini, P., Berghella, A. M., Del Beato, T., Cicia, S., Adorno, D., 
and Casciani, C. U. 1996. Disregulation of TH1 and TH2 subsets 
of CD4+ T cells in peripheral blood of colorectal cancer patients 
and involvement in cancer establishment and progression. Cancer 
Immunol. Immunother.  42:1. 

	 11.	Baumer, I., Zissel, G., Schlaak, M., and Muller, Q. J. 1997. TH1/TH2 
cell distribution in pulmonary sarcoidosis. Am. J. Respir. Cell Mol. 
Biol. 16:171. 

	12.	Grange, J. M., Stanford, J. L., and Rook, G. A. 1995. Tuberculosis 
and cancer: parallels in host responses and therapeutic approaches? 
Lancet 345:1350. 

	 13.	Mauri, C., Williams, R. O., Walmsley, M., and Feldmann, M. 1996. 
Relationship between Th1/Th2 cytokine patterns and the arthri-
togenic response in collagen-induced arthritis. Eur. J. Immunol. 
26:1511. 

	14.	Kapsenberg, M. L. 2003. Dendritic-cell control of pathogen-driven 
T-cell polarization. Nat. Rev. Immunol. 3:984. 



The Path to Polarization: Th1 and Th2 Cells

18  Toll Free 1.877.BIOLEGEND (246.5343) 

The Path to Polarization: Th1 and Th2 Cells

decision between immunity and tolerance made by peripheral CD4+ 
T cells. Int. Immunol. 12:177. 

	 31.	Vigouroux, S., Yvon, E., Wagner, H. -J., Biagi, E., Dotti, G., Sili, 
U., Lira, C., Rooney, C. M., and Brenner, M. K. 2003. Induction of 
antigen-specific regulatory T cells following overexpression of a 
Notch ligand by human B lymphocytes. J. Virol. 77:10872. 

	32.	Yvon, E. S., Vigouroux, S., Rousseau, R. F., Biagi, E., Amrolia, P., 
Dotti, G., Wagner, H. -J., and Brenner, M. K. 2003. Overexpression 
of the Notch ligand, Jagged-1, induces alloantigen-specific human 
regulatory T cells. Blood 102:3815. 

	33.	Tu, L. L., Fang, T. C., Artis, D., Shestova, O., Pross, S. E., Maillard, 
I., and Pear, W. S. 2005. Notch signaling is an important regulator 
of type 2 immunity. J. Exp. Med. 202:1037-1042. 

	34.	Minter, L. M., Turley, D. M., Das, P., Shin, H. M., Joshi, I., Lawlor, 
R. G., Cho, O. H., Palaga, T., Gottipati, S., Telfer, D. C. Kostura, L., 
Fauq, A. H., Simpson, K., Such, S. A., Miele, L., Golde, T. E., Miller, 
S. D., and Osborne, B. A. 2005. Inhibitors of gamma-secretase block 
in vivo and in vitro T helper type 1 polarization by preventing Notch 
upregulation of Tbx21. Nat. Immunol. 6:680. 

	35.	Usui, T., and Preiss, J. C., Kanno, Y., Yao, Z. J., Bream, J. H., O’Shea, 
J. J., and Strober, W. 2006. T-bet regulates Th1 responses through 
essential effects on GATA-3 function rather than on IFN‑G gene 
acetylation and transcription. J. Exp. Med. 20:755. 

	36.	Sallusto, F., Lenig, D, Mackay, C. R., and Lanzavecchia, A. 1998. Flex-
ible programs of chemokine receptor expression on human polarized 
T helper 1 and 2 lymphocytes. J. Exp. Med. 187:875. 

	 37.	Bonecchi, R., Bianchi, G., Bordignon, P. P., D’Ambrosio, D., Lang, R., 
Borsatti, A, Sozzani, S., Allavena, P., Gray, P. A., Mantovani, A., and 
Sinigaglia, F. 1998. Differential expression of chemokine receptors 
and chemotactic responsiveness of type 1 T helper cells (Th1s) and 
Th2s. J. Exp. Med. 187:129. 

	38.	McAdam, A. J., Chang, T. T., Lumelsky, A. E., Greenfield, E. A., 
Boussiotis, V. A., Duke-Cohan, J. S., Chernova, T., Malenkovich, 
N., Jabs, C., Kuchroo, V. K., Ling, V., Collins, M, Sharpe, A. H., 
and Freeman G. J. 2000. Mouse inducible costimulatory molecule 
(ICOS) expression is enhanced by CD28 costimulation and regulates 
differentiation of CD4+ T cells. J. Immunol. 165:5035. 

	39.	 Venkataraman, C., Schaefer, G., and Schindler, U. 2000. Cutting edge: 
Chandra, a novel four-transmembrane domain protein differentially 
expressed in helper type 1 lymphocytes. J. Immunol. 165:632. 

	40.	 Meisel, C., Bonhagen, K., Lohning, M., Coyle, A. J., Fuitierrez-Ramos, 
J. C., Radbruch, A., and Kamradt, T. 2001. Regulation and function 
of T1/ST2 expression on CD4+ T cells: induction of type 2 cytokine 
production by T1/ST2 crosslinking. J. Immunol. 166:143. 

	41.	Lecart, S., Lecointe, N., Subramaniam, A., Alkan, S., Ni, D., Chen, 
R., Boulay, V., Pene, J., Kuroiwa, K., Tominaga, S., and Yssel, H. 2002. 
Activated, but not resting human Th2 cells, in contrast to Th1 and 
T regulatory cells, produced soluble ST2 and express low levels of 
ST2L at the cell surface. Eur. J. Immunol. 32:2979. 

	42.	Monney, L., Sabatos, C. A., Gaglia, J. L., Ryu, A., Waldner, H., Cher-
nova, T., Manning, S., Greenfield, E. A., Coyle, A. J., Sobel, R. A., 
Freeman, G. J., and Kuchroo, V. K. 2002. Th1-specific cell surface 
protein Tim-3 regulates macrophage activation and severity of an 
autoimmune disease. Nature 415:536. 

	43.	Simmons, W. J., Koneru, M., Mohindru, M., Thomas, R., Cutro, S., 
Singh, P., Dekruyff, R. H., Inghirami, G., Coyle, A. J., Kim, B. S., and 

	 15.	Moser, M., and Murphy, K. M. 2000. Dendritic cell regulation of 
TH1-TH2 development. Nat. Immunol. 2:842. 

	16.	Chang, J. T, Segal, J. M, Nakanishi, K., Okamura, H., and Shevach, 
E. M. 2000. The costimulatory effect of IL-18 on the induction of 
antigen-specific IFN-gamma production by resting T cells is IL-12 
dependent and is mediated by up-regulation of the IL-12 receptor 
beta2 subunit. Eur. J. Immunol. 30:1113.

	 17.	 Rodriguez-Galan, M. C., Bream, J. H., Farr, A., and Young, H. A. 2005. 
Synergistic effect of IL-2, IL-12, and IL-18 on thymocyte apoptosis 
and Th1/Th2 cytokine expression. J. Immunol. 174:2796.

	18.	 Jankovic, D., Kullberg, M. C., Hieny, S., Caspar, P., Collazo, C. M., 
and Sher, A. 2002. In the absence of IL‑12, CD4 (+) T cell responses 
to intracellular pathogens fail to default to a Th2 pattern and are 
host protective in an IL‑10 (-/-) setting. Immunity 16:429. 

	19.	Murphy, K. M. and Reiner, S. L. 2002. The lineage decisions of helper 
T cells. Nat. Rev. Immunol. 2:933. 

	20.	Schmitz, J., Thiel, A., Kuhn, R., Rajewsky, K., Muller, W., Assenm-
acher, M., and Radbruch, A. 1994. Induction of interleukin 4 (IL‑4) 
expression in T helper (Th) cells is not dependent on IL‑4 from non-
Th cells. J. Exp. Med. 179:1349. 

	21.	 Schmitz, J., Owyang, A., Oldham, E., Song, Y., Murphy, E., McClana-
han, T.K., Zurawski, G., Moshrefi, M., Qin, J., Li, X., Gorman, D.M., 
Bazan, J.F., and Kastelein, R.A. 2005. IL-23, an interleukin-1-like 
cytokine that signals via the IL-1 receptor-related protein ST2 and 
induces T helper type 2-associated cytokines. Immunity 23:479.

	22.	Wurster, A.L., Rodgers, V.L., Satoskar, A.R., Whitters, M.J., Young, 
D.A., Collins, M., and Grusby, M.J. 2002. Interleukin 21 is a T helper 
(Th) cell 2 cytokine that specifically inhibits the differentiation of 
naïve Th cells into interferon gamma-producing Th1 cells. J. Exp. 
Med. 196:969.

	23.	Artavanis-Tsakonas, S., Rand, M. D., and Lake, R. J. 1999. Notch 
signaling: cell fate control and signal integration in development. 
Science 284:770. 

	24.	 Robey, E. A., and Bluestone, J. A. 2004. Notch signaling in lymphocyte 
development and function. Curr. Opin. Immunol. 16:360. 

	25.	Ohtsuka, T., Ishibashi, M., Gradwohl, G., Nakanishi, S., Guillemont, 
F., and Kageyama. R. 1999. Hes1 and Hes5 as notch effectors in mam-
malian neuronal differentiation. EMBO J 18:2196. 

	26.	Reizis, B., and Leder, P. 2002. Direct induction of T lymphocyte-spe-
cific gene expression by the mammalian Notch signaling pathway. 
Genes Dev. 16:295. 

	27.	Adler, S. H., Chiffoleau, E., Xu, L., Dalton, N. M., Burg, J. M., Wells, 
A. D., Wolfe, M. S., Turka, L. A., and Pear, W. S. 2003. Notch signal-
ing augments T cell responsiveness by enhancing CD25 expression. 
J. Immunol. 171:2896. 

	28.	Amsen, D., Blander, J. M., Lee, G. R., Tanigaki, K., Honjo, T., and 
Flavell, R. A. 2004. Instruction of distinct CD4 T helper cell fates 
by different notch ligands on antigen-presenting cells. Cell 117:515. 

	29.	Maekawa, Y., Tsukumo, S., Chiba, S., Hirai, H., Hayashi, Y., Okada, 
H., Kishihara, K., and Yasutomo, K. 2003. Delta1-Notch3 interac-
tions bias the functional differentiation of activated CD4+ T cells. 
Immunity 19:549. 

	30.	Hoyne, G., Le Roux, I., Corsin-Jimenez, M., Tan, K., Dunne, J., For-
syth, L. M. G. Dallman, M. J., Owen, M. J., Ish-Horowicz, D., and 
Lamb, J. R. 2000. Serrate1-induced notch signaling regulates the 



The Path to Polarization: Th1 and Th2 CellsThe Path to Polarization: Th1 and Th2 Cells

  www.biolegend.com  •  customerserv@biolegend.com  19

Ponzio, N. M. 2005. Tim3+ T-bet+ tumor-specific Th1 cells colocalize 
with and inhibit development and growth of murine neoplasms. J. 
Immunol. 174:1405. 

	44.	Khademi, M., Illes, Z., Gielen, A. W., Marta, M., Takazawa, N., 
Baecher-Allan, C., Brundin, L., Hannerz, J., Martin, C., Harris, C. 
A., Hafler, D. A., Kuchroo, V. K., Olsson, T., Piehl, F., and Wallstrom, 
E. 2004. T cell Ig- and mucin-domain-containing molecule-3 (TIM-
3) and TIM-1 molecules are differentially expressed on human Th1 
and Th2 cells and in cerebrospinal fluid-derived mononuclear cells 
in multiple sclerosis. J. Immunol. 172:7169. 

	45.	Chakravarti, S., Sabatos, C. A., Xiao, S., Illes, Z., Cha, E. K., Sobel, 
R. A., Zheng, X. X., Strom, T. B., and Kuchroo, V. K. 2005. Tim-2 
regulates T helper type 2 responses and autoimmunity. J. Exp. Med. 
202:437. 

	46.	Dardalhon, V., Schubart, A. S., Reddy, J., Meyers, J. H., Monney, L., 
Sabatos, C. A., Ahuja, R., Nguyen, K., Freeman, G. J., Greenfield, 
E. A., Sobel, R. A., and Kuchroo, V. K. 2005. CD266 is specifically 
expressed on the surface of Th1 cells and regulates their expansion 
and effector functions. J. Immunol. 175:1558. 

	47.	Schmitt, E., Van Brandwijk, R., Fischer, H. G., and Rude, E. 1990. 
Establishment of different T cell sublines using either interleukin 2 
or interleukin 4 as growth factors. Eur. J. Immunol. 20:1709. 

	48.	Szabo, S. J., Dighe, A. S., Gubler, U., and Murphy, K. M. 1997. 
Reguylation of the interleukin (IL)-12R beta 2 subunit expression 
in developing T helper 1 (Th1) and Th2 cells. J. Exp. Med. 185:817. 

	49.	Agnello, D., Lankford, C. S., Bream, J., Morinobu, A., Gadina, M., 
O’Shea, J. J., and Frucht, D. M. 2003. Cytokines and transcription 
factors that regulate T helper differentiation: new players and new 
insights. J. Clin. Immunol. 23:147. 

	50.	Trinchieri, G. 2003. Interleukin-12 and the regulation of innate resis-
tance and adaptive immunity. Nat. Rev. Immunol. 3:133. 

	 51.	Kamiya, S., Owaki, T., Morishima, N., Fukai, F., Mizuguchi, J., 
and Yoshimoto, T. 2004. An indispensable role for STAT1 in IL‑27-
induced T-bet expression but not proliferation of naive CD4+ T cells. 
J. Immunol. 173:3871. 

	52.	Nishikomori, R., Usui, T., Wu, C. Y., Morinobu, A., O’Shea, J. J., 
and Strober, W. 2002. Activated STAT4 has an essential role in Th1 
differentiation and proliferation that is independent of its role in 
the maintenance of IL‑12R beta 2 chain expression and signaling. J. 
Immunol. 169:4388. 

	53.	Swain, S. L., Weinberg, A. D., English, M. and Huston, G. 1990. IL‑4 
directs the development of Th2-like helper effectors. J. Immunol. 
145:3796. 

	54.	Mathew, A., MacLean, J. A., DeHaan, E., Tager, A. M., Green, F. 
H., and Luster, A. D. 2001. Signal transducer and activator of tran-
scription 6 controls chemokine production and T helper cell type 2 
cell trafficking in allergic pulmonary inflammation. J. Exp. Med. 
193:1087. 

	55.	Tamauchi, H., Terashima, M., Ito, M., Maruyama, H., Ikewaki, N., 
Inoue, M., Gao, X., Hozumi, K., and Habu, S. 2004. Evidence of 
GATA-3-dependent Th2 commitment during the in vivo immune 
reponse. Int. Immunol. 16:179. 

	56.	Zhu, J., Yamane, H., Cote-Sierra, J., Guo, L, and Paul, W. E. 2006. 
GATA-3 promotes Th2 responses through three different mecha-
nisms: induction of Th2 cytokine production, selective growth of 
Th2 cells and inhibition of Th1 cell-specific factors. Cell Res. 16:3. 

	57.	Ferber, I. A., Lee, H. J. Zonin, F., Heath, V., Mui, A., Arai, N., and 
O’Garra, A. 1999. GATA-3 significantly downregulates IFN‑gamma 
production from developing Th1 cells in addition to inducing IL‑4 
and IL‑5 levels. Clin. Immunol. 91:134. 

	58.	Hoshino, A., Tsuji, T., Matsuzaki, J., Jinushi, T., Sahino, S., Teramira, 
T., Chamoto, K., Tanaka, Y., Asakura, Y., Sakurai, T., Mita, Y., Taka-
oka, A., Nakaike, S., Takeshima, T., Ikeda, H., and Nishimura, T. 
2004. STAT6-mediated signaling in Th2-dependent allergic asthma: 
a critical role for the development of eosinophilia, airway hyper-
responsiveness and mucus hypersecretion, distinct from its role in 
Th2 differentiation. Int. Immunol. 16:1497. 

	59.	Tominaga, A., Takaki, S., Koyama, N., Katoh, S., Matsumoto, R., 
Migata, M., Hitoshi, Y., Hosoya, Y., Yamauchi, S., Kanai, Y., Miyazaki, 
J. -I., Usuku, G., Yamamura, K. -I., and Takatsu, K. 1991. Transgenic 
mice expressing a B cell growth and differentiation factor (interleu-
kin 5) develop eosinophilia and autoantibody production. J. Exp. 
Med. 173:429. 

	60.	 Meyaard, L., Hovenkamp, E., Otto, S. A., and Miedema, F. 1996. IL‑12-
induced IL‑10 production by human T cells as a negative feedback 
for IL‑12-induced immune responses. J. Immunol. 156:2776. 

	61.	Taga, K., and Tosato, G. 1992. IL‑10 inhibits human T cell prolifera-
tion and IL‑2 production. J. Immunol. 148:1143. 

	62.	Punnonen, J., and de Vries, J. E., 1994. IL‑13 induces proliferation, 
Ig isotype switching, and Ig synthesis by immature human fetal B 
cells. J. Immunol. 152:1094. 

	63.	Arimura, Y., Kato, H., Dianzani, U., Okamoto, T., Kamekura, S., 
Buonfiglo, D., Miyoshi-Akiyama, T., Uchiyama, T., and Yagi, J. 2002. 
A co-stimulatory molecule on activated T cells, H4/ICOS deliv-
ers specific signals in T (h) cells and regulates their responses. Int. 
Immunol. 14:555. 

	64.	Deng, J., Dekruyff, R. H., Freeman, G. J., Umetsu, D. T., and Levy, S. 
2002. Critical role of CD81 in cognate T-B cell interactions leading 
to Th2 response. Int. Immunol. 14:513. 

	65.	Maecker, H. T. 2003. Human CD81 directly enhances Th1 and Th2 
cell activation, but preferentially induces proliferation of Th2 cells 
upon long-term stimulation. BMC Immunology 4:1.

	66.	Galli, G., Annunziato, F., Mavilia, C., Romagnani, P., Cosmi, L., 
Manetti, R., Pupilli, C., Maggi, E., and Romagnani, S. 1998. Enhanced 
HIV expression during Th2-oriented responses explained by the 
opposite regulatory effect of IL-4 and IFN-gamma of fusin/CXCR4. 
Eur. J. Immunol. 28:3280.

	67.	D’Ambrosio, D., Iellem, A., Bonecchi, R., Mazzeo, D., Sozzani, S., 
Mantovani, A., and Sinigaglia, F. 1998. Cutting edge: Selective Up-
regulation of chemokine receptors CCR4 and CCR8 upon activation 
of polarized human Type 2 Th cells. J. Immunol. 161:5111.

	68.	Zingoni, A., Soto, H., Hedrick, J.A., Stoppacciaro, A., Storlazzi, C.T., 
Sinigaglia, F., D’Ambrosio, D., O’Garra, A., Robinson, D., Rocchi, 
M., Santoni, A., Zlotnik, A., and Napolitano, M. 1998. Cutting edge: 
The chemokine receptor CCR8 is preferentially expressed in Th2 but 
not Th1 cells. J. Immunol. 161:547.

	69.	Watanabe, S., Ogawa, S., Hara, Y., Tanabe, K., Toma, H. and Abe, 
R. 2006. Expression level of costimulatory receptor ICOS is critical 
for determining the polarization of helper T cell function. Transpl. 
Immunol. 15:255




