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Distinct gene expression profiles of human type 1 and type 2
T helper cells
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Abstract

Background: The development and activation of CD4+ helper T cell (Th) subsets with distinct
patterns of unbalanced production of cytokines play an important part in infectious, allergic and
autoimmune diseases. Human neonatal cord blood CD4+ Th cells can be polarized into type 1 or
type 2-like effector cells in vitro by culturing them in the presence of interleukin (IL)-12 or IL-4,
respectively. We have exploited this experimental system to identify marker genes that are
differentially expressed by polarized Th1 and Th2 cells. An oligonucleotide microarray specifically
designed to screen for inflammation-related candidate genes was used and the differential
expression was further validated with a quantitative real-time RT-PCR method.

Results: In addition to the previously described marker genes of Th cells, we report subtle
changes in the expression of several other genes that represent growth factors, receptors and
other signaling molecules in polarized Th1 and Th2 cell subsets. Additionally, we describe a novel
set of genes as Th1/Th2 differentiation markers for cells activated by anti-CD3 and anti-CD28
antibodies. 

Conclusions: This study demonstrates the power of the targeted use of microarrays in combination
with quantitative real-time RT-PCR in identifying and validating new marker genes for gene expression
studies. 
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Probe selection and oligonucleotide array design
������ ���3�)-����!��� ������������"� ���������AA�-BA� ���)

����������� �����7�������,-B�������������)��������!��������

2��� ��%�� �����%"����"�����@.�����!��������*,+�!�����2���

������������!���2��������������������7������������������

����!����.�8� ��!�����������������%"�A1�7���������������������

 ����������*,)�������!��� ��������������7���� ��"� ��7�����)

���"��������!������6��� ���������������������� ����@ �7�������

���!��������� ���� ������������ ����������������!��� �������.�
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Expression profiles of Th1 and Th2 cells
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Figure 1
Genes preferentially expressed in human Th1 cells as measured by oligonucleotide microarrays. Genes expressed at higher
level in Th1 cells (black bars) as compared to Th2 cells (white bars) at day 14 are shown. Fluorescence intensity values for
(a) genes with increased expression levels of > 400, and (b) genes with expression levels increased by < 400. Error bars
indicate variation in two hybridizations from duplicate preparations of the same sample.
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Gene expression according to real-time RT-PCR
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Figure 2
Genes preferentially expressed in human Th2 cells as measured by microarrays. Genes expressed at a higher level in Th2 cells
(black bars) as compared to Th1 cells (white bars) at day 14 are presented. Fluorescence intensity values for (a) genes with
increased expression levels of > 300, and (b) genes with expression levels of < 300. Error bars indicate variation in two
hybridizations from duplicate preparations of the same sample.
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Table 1

TaqMan primers and probes used in this study

Gene Accession 1) 5� - (FAM)-probe-(TAMRA) - 3´
(human) number 2) 5� - primer 1 - 3´

3) 5� - primer 2 - 3´

Caspase-1 M87507 1) AA GACGTGTGCGGCTTGACTTGTCC
2) AATACTGTCAAATTCTTCATTGCAGATAAT
3) AAGTCGGCAGAGATTTATCCAATAA

CCR1 L10918 1) TGGCCATCGTCCACGCCG
2) TCCTGCTGACGATTGACAGGTA
3) GTGCCCGCAAGGCAAAC

CCR2 U03882 1) AGTGCTTCGCAGATGTCCTTGATGCTC
2) GCGTTTAATCACATTCGAGTGTTT
3) CCACTGGCAAATTAGGGAACAA

CCR4 X85740 1) TTACTCTGCTGACACCCCCAGCTCATC
2) CAATACTGTGGGCTCCTCCAA 
3) ATCCATGGTGGACTGCGTGTA

CCR5 U54994 1) TGCAAAAGGCTGAAGAGCATGACTGACAT
2) GCTGGTCATCCTCATCCTGATAA 
3) ATGGCCAGGTTGAGCAGGTA

Clusterin X14728 1) TGCCAGCCGGGACACCCAG
2) CTTCGCCTTGCGTGAGGT
3) GAGCAGCTGAACGAGCAGTTT 

FGFR X51803 1) CCGTAGCTCCATATTGGACATCCCCAG
2) AGATAACACCAAACCAAACCGTATG
3) GCATGCAATTTCTTTTCCATCTT

GM-CSF M11222 1) CCCCTTTGACTGCTGGGAGCCAG
2) CCTGAAGGACTTTCTGCTTGTCA
3) CTCATCTGGCCGGTCTCACT

I�B M69043 1) TTCTAGTGTCAGCTGGCCCAGCTGC
2) TCTCTGGCAGCATCTGAAGGT
3) CCCAAGCACCCGGATACAG

IL-4R X52425 1) AATGCCACTGCCCAGGCTGTCC
2) GTGGCAGGTAAGGGCTGAGTAGA 
3) CACCTCGCAGTCCGCAGA

RANTES M21121 1) TTGGCACACACTTGGCGGTTCTTC
2) TCCCGAACCCATTTCTTCTCT
3) CCCAGCAGTCGTCTTTGTCA

STAT4 L78440 1) AGTCTCGCAGGATGTCAGCGAATGG
2) GCTGAGAGCTGTAGTGTTTACCGA
3) AATAAAGGCCGGTTGTCTGCT

TIMP-1 X03124 1) CAATTCCGACCTCGTCATCAGGGC
2) CACCCACAGACGGCCTTCT
3) TCTGGTGTCCCCACGAACTT

TNF-� M10988 1) CATCTTCTCGAACCCCGAGTGACAAGC
2) TGGCCCAGGCAGTCAGA
3) GGTTTGCTACAACATGGGCTACA

Abbreviations: FAM, 6-carboxyfluorescein; TAMRA, 6-carboxytetramethyl-
rhodamine.
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Figure 3
Activation-induced changes of expression of genes in human Th1 and Th2 cells as measured with real-time RT-PCR.
(a-h) Fold changes of expression of (a) GM-CSF, (b) TNF-�, (c) I�B, (d) CCR1, (e) CCR2, (f) CCR5, (g) caspase-1 and
(h) clusterin in human Th1 cells (black bars) and Th2 cells (white bars). Activation was induced by coligating CD3 and CD28
in human Th1 and Th2 cells for 2, 6 or 24 h. Data are from samples from Th1 and Th2 cell cultures originating from three
individuals. Each measurement was carried out in duplicate and repeated.
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Table 2

Fold differences in gene expression in human Th1/Th2 cells

Oligonucleotide Real-time RT-PCR
array

Preference Gene Fold difference Fold difference deltaCT (Th1) SD deltaCT (Th2) SD Fold Statistical
by microarray† by real-time (average of (average of difference† significance§

(individual 1)‡ RT-PCR† individuals individuals (average of
(individual 1)‡ 1,2,3) 1,2,3) individuals 1,2,3)

Th1 > Th2 GM-CSF 4.1 3.6 6.73 0.80 8.86 0.83 4.4 **

TNF-� 12.3 6.2 2.91 0.28 4.40 0.92 2.8 **

RANTES 3.1 4.0 1.23 0.72 3.88 0.71 6.3 **

CCR1 5.1 122.0 7.18 0.85 12.73 1.95 46.7 **

CCR2 8.9 30.7 7.57 0.55 10.95 2.10 10.4 **

CCR5 1.9 109.0 10.64 0.46 15.08 1.92 21.7 **

I�B 1.7 1.4 1.76 0.65 2.92 0.55 2.2 **

TIMP-1 6.6 1.2 3.39 0.48 3.48 0.80 1.1 n.s.

Caspase-1 2.9 1.9 8.08 0.72 8.87 0.75 1.7 **

Clusterin 2.4 1.4 3.50 0.60 4.02 0.12 1.4 **

Th2 > Th1 IL-4R 7.0 2.3 7.90 0.48 6.31 1.01 3.0 n.s.

FGFR 3.8 1.9 10.10 0.53 9.35 0.18 1.7 **

CCR4 3.1 3.2 7.37 0.47 5.23 0.18 4.3 **

STAT4 1.8 1.7 7.07 0.43 6.06 0.55 2.0 **

†For calculations, see Materials and methods. ‡Same sample measured with both methods. §Data from Th1/Th2 culture samples representing three
individuals were used. According to analysis of variance: n.s., not significant (p > 0.05); *significant (0.01< p <0.05); **highly significant (p < 0.01).
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Materials and methods
Human CD4+ T cells
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Oligonucleotide microarray data analysis
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