
E-Mail karger@karger.com

 Original Paper 

 Int Arch Allergy Immunol  2014;165:35–39
 DOI: 10.1159/000367923 

 Staphylococcal Exotoxins Induce 
Interleukin 22 in Human Th22 Cells 

 Margarete Niebuhr    Julia Mainardy    Annice Heratizadeh    
Imke Satzger    Thomas Werfel  

 Department of Dermatology and Allergy, Division of Immunodermatology and Allergy Research, 
Hannover Medical School,  Hannover , Germany  

cells from AD compared to psoriasis patients and healthy 
controls.  Conclusions:  Increased IL-22 secretion can prompt-
ly be induced by staphylococcal exotoxins in skin infiltrating 
CD4+CD45RO+CD45RA– memory T cells and can potentially 
amplify chronic skin inflammation in AD in the context of 
bacterial colonization and infection. This should be investi-
gated further in detail in lesional skin of AD and psoriasis 
patients.  © 2014 S. Karger AG, Basel 

 Introduction 

 Some years ago a distinct subset of IL-22-producing 
CD4+ T cells, namely T helper (Th)22 cells, were charac-
terized as IL-22-producing T cells different from Th1, 
Th2 and Th17 cells. These cells concomitantly express the 
chemokine receptor CCR6 and the skin-homing recep-
tors CCR4 and CCR10 and produce high levels of IL-22, 
but do not express IL-17 or IFN-γ. Additionally, Th22 
cells were found to produce high levels of IL-13 and 
TNF-α  [1–3] . 

  We demonstrated in a previous study that the staphy-
lococcal exotoxins, staphylococcal exotoxin B (SEB) and 
α-toxin, were strong inducers of IL-22 in CD4+ T cells. 
CD4+ T cells from atopic dermatitis (AD) patients secret-
ed significantly more IL-22 compared to psoriasis patients 
and healthy controls  [4] . The aim of this study was to fur-
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 Abstract 

  Background:  We have shown previously that T cells from 
atopic dermatitis (AD) patients produce more IL-22 upon 
staphylococcal exotoxin stimulation compared to psoriasis 
patients and healthy controls. The role of staphylococcal 
exotoxins on polarized memory T helper (Th)22 cells which 
are enriched in inflamed AD skin remains elusive. Our aim 
was to investigate IL-22 production in response to staphylo-
coccal enterotoxin B (SEB) and α-toxin stimulation in human 
memory T cells and polarized Th22 cells.  Methods:  IL-22 in-
duction was investigated in human peripheral blood-de-
rived CD4+CD45RO+CD45RA– T cells and polarized Th22 
cells after SEB and sublytic α-toxin stimulation in a time-de-
pendent manner at the mRNA and protein (ELISA) levels.  Re-

sults:  Th22 cells secreted more IL-22 compared to freshly iso-
lated peripheral blood-derived memory T cells. SEB and 
α-toxin induced IL-22 in memory T cells as well as in Th22 
cells. More IL-22 was induced by SEB and α-toxin in freshly 
isolated peripheral blood memory T cells compared to Th22 
cells derived from memory T cells in long-term cell culture 
without polarization and Th22 cells under Th22-promoting 
conditions with IL-6 and TNF-α. No differences in IL-22 induc-
tion by staphylococcal exotoxins were observed between 
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ther investigate IL-22 secretion upon stimulation with 
staphylococcal exotoxins in human peripheral blood-de-
rived CD4+CD45RO+CD45RA– memory T cells and po-
larized Th22 cells since highly activated memory T cells 
are enriched in inflamed AD skin, favor a tissue pheno-
type and are distinct from freshly isolated CD4+ T cells.

  Material and Methods  

 Patients  
 Peripheral blood samples were taken from healthy donors and 

patients with exacerbated psoriasis (n = 9) and AD (n = 8), who 
presented to our outpatient and inpatient department as previ-
ously described  [5] . AD was determined by the diagnostic criteria 
of Hanifin and Rajka  [6] . The study was approved by the local eth-
ics committee (No. 5627) and was in accordance with the protocols 
of the Declaration of Helsinki. All subjects gave informed consent.

  Further information about patients and methods is given in the 
online supplementary material (for all online suppl. material, see 
www.karger.com/doi/10.1159/000367923).

  Results 

 Characterization of Human Memory T Cells and 
Th22 Cells  
 Th22 cells from CD4+CD45RO+CD45RA– memory 

T cells cultivated in the presence of IL-6 and TNF-α se-
creted more IL-22 compared to Th22 cells generated by 
long-term cell culture with IL-2 and anti-CD3/anti-CD28 
or freshly isolated peripheral blood memory T cells after 
3 days of cell culture as assessed by ELISA ( table 1 a). After 
6 days of cell culture Th22 cells generated with IL-2 and 

anti-CD3/anti-CD28 had an enhanced capacity to pro-
duce IL-22 compared to Th22 cells generated in an IL-6- 
and TNF-α-dependent manner and freshly isolated 
memory T cells ( table 1 b). Th22 cells coexpressed IL-13 
and are therefore considered as Th22/Th2 cells ( table 1 ). 

  Intracellular flow cytometric analysis revealed an in-
crease in IL-22 production in Th22 cells generated by 
long-term cell culture with IL-2 and anti-CD3/anti-CD28 
(5.5%) and in Th22 cells cultivated in the presence of IL-6 
and TNF-α (5.7%) compared to freshly isolated memory 
T cells (0.2%; online suppl. fig. S1). 

  Induction of IL-22 by SEB and α-Toxin in Human 
CD4+ Memory and Th22 Cells at the mRNA Level 
 IL-22 expression after SEB and α-toxin stimulation was 

investigated at the mRNA level by quantitative RT-PCR. 
  CD4+CD45RO+CD45RA– memory T cells and Th22 

cells were either left unstimulated or stimulated with SEB 
or α-toxin, respectively, for 4 and 8 h. Stimulation with 
α-toxin or SEB yielded a significant upregulation of IL-22 
mRNA in freshly isolated peripheral blood memory T 
cells ( fig. 1 a), as well as in Th22 cells derived from mem-
ory T cells in long-term cell culture without Th22-pro-
moting conditions ( fig. 1 b) and Th22 cells cultured with 
TNF-α plus IL-6 ( fig. 1 c). 

  SEB induced a mean 7,095-fold increase in IL-22 
mRNA expression in freshly isolated peripheral blood 
memory T cells ( fig. 1 a), whereas a median 356- and 334-
fold increase in IL-22 mRNA expression was induced after 
4 h of SEB stimulation in Th22 cells derived from memo-
ry T cells in long-term cell culture without polarization 
( fig. 1 b) and Th22 cells generated with IL-6 and TNF-α 

 Table 1. Characterization of human memory T cells and Th22 cells

IFN-γ, pg/ml IL-13, pg/ml IL-17, pg/ml IL-22, pg/ml

a After 3 days
Memory T cells 48.16±18.9 (n = 13) 463.36±171.0 (n = 14) 0.0±0 (n = 13) 2.0±1.5 (n = 16)
Th22 cells generated by long-term cell culture

with IL-2 and anti-CD3/anti-CD28 48.45±9.2 (n = 29) 1,374.77±186.4 (n = 29) 51.2±13.8 (n = 28) 588.6±128.8 (n = 31)
Th22 cells generated with TNF-α and IL-6 50.77±8.8 (n = 29) 1,558.5±254.1 (n = 28) 70.8±22.1 (n = 29) 719.9±166.2 (n = 32)

b After 6 days
Memory T cells 47.7±17.1 (n = 13) 415.5±190.8 (n = 12) 0.0±0 (n = 14) 225.4±219.0 (n = 17)
Th22 cells generated by long-term cell culture

with IL-2 and anti-CD3/anti-CD28 46.3±6.6 (n = 27) 2,612.0±425.5 (n = 26) 81.9±26.1 (n = 26) 908.9±355.0 (n = 28)
Th22 cells generated with TNF-α and IL-6 47.1±7.4 (n = 29) 3,107.8±660.5 (n = 27) 103.3±22.2 (n = 29) 750.0±154.6 (n = 31)

 Data are shown as mean values ± SEM after 3 or 6 days of cell culture. Th1 (IFN-γ), Th2 (IL-13), Th17 (IL-17) and Th22 (IL-22) cytokine secretion in 
human CD4+ memory T cells, Th22 cells generated by long-term cell culture with IL-2 and anti-CD3/anti-CD28 and Th22 cells generated with TNF-α and 
IL-6. Cell-free culture supernatants were quantified for IFN-γ, IL-13, IL-17, and IL-22 secretion by ELISA.
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( fig. 1 c), respectively, compared to the medium control. 
α-Toxin stimulation of 4 h yielded a median 433-fold in-
crease in IL-22 mRNA expression in freshly isolated pe-
ripheral blood memory T cells ( fig.  1 a), whereas IL-22 
mRNA was increased approximately 50-fold in Th22 cells 
derived from memory T cells in long-term cell culture 
without Th22 promotion ( fig.  1 b) and 41-fold in Th22 
cells generated with IL-6 and TNF-α ( fig. 1 c), respectively, 
upon stimulation with α-toxin compared to the appropri-
ate medium control. Therefore, IL-22 expression could 
neither be enhanced in Th22 cells derived from memory 
T cells by long-term cell culture without polarization nor 
in Th22 cells generated with IL-6 and TNF-α upon stimu-
lation with staphylococcal exotoxins compared to freshly 
isolated peripheral blood memory T cells. 

  No differences in IL-22 induction upon stimulation 
with staphylococcal exotoxins were observed between 
cells from AD patients and cells from psoriasis patients 
and healthy controls (data not shown). 

  IL-22 Secretion Is Upregulated in Human 
CD4+CD45RO+CD45RA– Memory and Th22 Cells 
after Stimulation with SEB and α-Toxin  
 To further evaluate IL-22 secretion after SEB and α-toxin 

stimulation at the protein level, we performed ELISA. 
  CD4+ memory and polarized Th22 T cells were either 

left unstimulated or were stimulated with SEB or α-toxin 
for 72 and 144 h. Freshly isolated peripheral blood mem-
ory T cells ( fig. 2 a), Th22 cells derived from memory T 
cells in long-term cell culture without Th22-promoting 
conditions ( fig. 2 b) and Th22 cells generated with IL-6 
and TNF-α ( fig.  2 c) secreted significantly more IL-22 

upon 72 and 144 h of SEB and α-toxin stimulation than 
the appropriate medium control. SEB and α-toxin stimu-
lation for 144 h did not enhance IL-22 secretion com-
pared to stimulation of 72 h. SEB and α-toxin had the 
highest capacity of IL-22 induction in freshly isolated pe-
ripheral blood memory T cells ( fig. 2 a) compared to Th22 
cells derived from memory T cells in long-term cell cul-
ture without Th22-promoting conditions ( fig.  2 b) and 
Th22 cells generated with IL-6 and TNF-α ( fig. 2 c). No 
differences in IL-22 secretion upon stimulation with 
staphylococcal exotoxins were observed between cells 
from AD patients and cells from psoriasis patients and 
healthy controls (data not shown).

  Discussion 

 In a previous study we demonstrated that SEB and sub-
lytic concentrations of α-toxin are strong inducers of IL-22 
in peripheral blood mononuclear cells (PBMCs), T cells 
and autologous cocultures of keratinocytes and CD4+ T 
cells. Moreover, we showed an enhanced IL-22 secretion 
by PBMCs and CD4+ T cells obtained from AD patients 
compared to psoriasis patients and healthy controls upon 
stimulation with α-toxin. This observation was significant 
in T cells from AD patients compared to psoriasis patients 
and healthy controls  [4] . As evidence has increased that 
Th22 cells play an important role in chronic inflammatory 
skin disorders, namely AD and psoriasis, we investigated 
in the present study whether the staphylococcal exotoxins 
SEB and α-toxin were sufficient to stimulate IL-22 secre-
tion in polarized peripheral blood-derived memory Th22 
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  Fig. 1.  IL-22 is induced after 4 and 8 h of SEB (100 ng/ml) and 
α-toxin (50 ng/ml) stimulation in freshly isolated peripheral blood 
memory T cells ( a ; n = 4–5) as well as in Th22 cells derived from 
memory T cells in long-term cell culture without polarization 

( b ; n = 20–21) and Th22 cells polarized with IL-6 and TNF-α ( c ; 
n = 21) at the mRNA level (normalized ratio). Data are shown as 
mean IL-22/GAPDH ratio + SEM.  *    p < 0.05;  *  *  *    p < 0.001. 
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cells since highly activated memory T cells are enriched in 
inflamed AD skin  [7] , favor a tissue phenotype and are 
distinct from freshly isolated CD4+ T cells.

  Duhen et al.  [2]  identified Th22 cells as a distinct subset 
of CD4+ effector T cells. Moreover, they showed that 5 days 

of cell culture of human naïve CD4+ T cells with anti-CD3/
anti-CD28 in the presence of IL-6 and TNF-α boosted the 
differentiation of Th22 cells and concluded that IL-6 and 
TNF-α enhance Th22 differentiation. Beside IL-22, IL-17 
and IFN-γ were investigated as putative coproducing cyto-
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  Fig. 2.  Increased IL-22 secretion in freshly isolated peripheral 
blood memory T cells ( a ; n = 14 left, n = 13 right) in Th22 cells 
derived from memory T cells in long-term cell culture ( b ; n = 
21–24 left, n = 18 right) and Th22 cells generated with IL-6 and 
TNF-α ( c ; n = 22–23 left, n = 18–20 right) induced by staphylo-

coccal exotoxins (SEB and α-toxin). Cells were either left unstim-
ulated (medium control) or were stimulated for 72 and 144 h with 
α-toxin or SEB as indicated. Cell-free culture supernatants were 
quantified for IL-22 secretion by ELISA.  *    p < 0.05;  *  *    p < 0.01; 
 *  *  *    p < 0.001. 

D
ow

nl
oa

de
d 

by
: D

r.
 A

dr
ia

no
 M

ar
i -

 3
12

98
U

ni
ve

rs
ita

 d
eg

li 
S

tu
di

&
#4

4;
 B

ib
l. 

A
re

a 
B

io
m

ed
. T

or
 V

er
ga

ta
16

0.
80

.2
.3

8 
- 

10
/1

6/
20

14
 9

:0
4:

32
 A

M

http://dx.doi.org/10.1159%2F000367923


 IL-22 Induction in Th22 Cells by 
Staphylococcal Exotoxins 

 Int Arch Allergy Immunol  2014;165:35–39
DOI: 10.1159/000367923

39

kines  [2, 8] . We could show that 3 days of cell culture of 
human memory T cells with IL-2 and anti-CD3/anti-CD28 
could induce more IL-22 secretion compared to freshly iso-
lated memory T cells and that adding IL-6 and TNF-α to 
the cell culture could further enhance this effect, as previ-
ously shown by Duhen et al.  [2]  for naïve T cells. We could 
further reveal that 6 days of cell culture enhanced IL-22 
secretion in human memory T cells with and without IL-2 
and anti-CD3/anti-CD28 as well as in T cells stimulated 
with IL-6 and TNF-α. However, in contrast to Duhen et al., 
Th22-promoting conditions with IL-6 and TNF-α failed to 
further enhance IL-22 secretion in human memory T cells 
after 6 days of cell culture compared to memory T cells gen-
erated with IL-2 and anti-CD3/anti-CD28 ( table 1 b). It is 
tempting to hypothesize whether this is due to T cell over-
stimulation with consecutive exhaustion. We could con-
firm that under Th22-promoting conditions with IL-6 and 
TNF-α, memory Th22 cells secreted only low amounts of 
IFN-γ and IL-17  [2] . However, memory Th22 cells copro-
duced high amounts of IL-13 in our hands and are there-
fore considered as Th22/Th2 cells, whereas this cytokine 
was not investigated by Duhen et al. in naïve T cells. Trifari 
et al.  [1]  described a population of CCR4+CCR6+CCR10+ 
human memory T cells that produced IL-22 and IL-13 but 
not IFN-γ or IL-17 and called them Th22 cells, which is in 
line with our data.

  Here we could show that SEB and α-toxin strongly 
induced IL-22 secretion in freshly isolated peripheral 
blood memory T cells as well as in Th22 cells derived 
from memory T cells in long-term cell culture without 
polarization and Th22 cells generated under Th22-pro-
moting conditions with IL-6 and TNF-α. Although IL-22 
secretion was higher in Th22 cells compared to freshly 
isolated memory T cells (online suppl. fig. S1), IL-22 in-
duction by staphylococcal exotoxins did not differ be-
tween these three cell types ( fig. 2 a–c). This implicates 

the following: (1) in vivo existing memory T cells are able 
to produce similar amounts of IL-22 upon staphylococ-
cal exotoxin stimulation compared to in vitro highly po-
larized Th22 cells and (2) skin-infiltrating memory T 
cells can produce IL-22 rapidly upon contact with staph-
ylococcal exotoxins.

  Interestingly, α-toxin stimulation increased IL-22 se-
cretion of PBMCs and CD4+ T cells obtained from AD 
and psoriasis patients and healthy controls in our previ-
ously published work  [4] . We could not detect any differ-
ences in staphylococcal exotoxin-induced IL-22 secretion 
between blood-derived Th22 cells from AD patients and 
cells from psoriasis patients and healthy controls in the 
present study. It is tempting to hypothesize whether long-
term T cell culture that is necessary for Th22 polarization 
can mask inflammatory in vivo conditions and whether 
it is rather artificial than suitable for investigating chron-
ic inflammatory skin diseases such as AD and psoriasis. 
The role of Th22 cells, including related cytokines and 
transcription factors, in the context of staphylococcal col-
onization and infection in AD should be further investi-
gated directly in the skin compartment to elucidate its 
role in the pathogenesis and maintenance of eczema.
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ONLINE SUPPLEMENTARY MATERIAL

METHODS

Patients

Patients did not receive any systemic treatment for psoriasis or AD, during the two weeks

before blood drawing and were presented with an exacerbation of their disease to our

department. For healthy controls, individuals were chosen without a history of atopic

diseases, with normal total IgE and negative IgE specific for the most common saisonal and

perennial inhalant allergens, and who were taking no immunosuppressive medications.

Isolation and expansion of T cells and Th22 promoting conditions

Peripheral blood mononuclear cells (PBMC) were isolated by density gradient centrifugation

on pancoll (PAN Biotech, Aidenbach, Germany). CD45RO+ CD45RA- CD4+ memory T

cells were isolated by using magnetic beads according to the manufacturers’ instructions

(Miltenyi Biotec Inc, Bergisch Gladbach, Germany). Contaminating cells were evaluated by

flow cytometry (FACScalibur, Becton Dickinson, Heidelberg, Germany) and included B

lymphocytes (CD20, <0,5%), monocytes and natural killer cells (CD56, <3,0%).

Granulocytes (CD16) were absent. Isolated T cells had a purity of at least 97%.

For enhancement of Th22 cells 1x106 memory T cells/ml were resuspended in 24-well flat-

bottom plates (1ml/well) in modified Iscove`s medium supplemented with 5% human AB-

Serum, 2 mM glutamine (Seromed, Berlin, Germany), 1% nonessential salts (Biochrom,

Berlin, Germany), 1% penicillin/streptomycin (Seromed, Berlin, Germany) and 0,5%

gentamicin (Biochrom, Berlin, Germany) (“IAB medium”), and stimulated with activating

anti-CD3 (450ng/ml), anti-CD28 (200ng/ml) antibodies (Pelicluster, Amsterdam, The

Netherlands) as well as IL-2 (20ng/ml; TEBU Peprotech, Offenbach, Germany). For

enrichment of Th22 cells generated with TNF-α + IL-6, 10ng/ml IL-6 (ImmunoTools,

Friesoythe, Germany) and 5ng/ml TNF-α (ImmunoTools, Friesoythe, Germany) were used

additionally. Every 2 days, cells were splitted and IAB medium was changed and activating

anti-CD3, anti-CD28 as well as IL-2 was added. After 14 days, cells were used for

experiments.

For control of proper Th22 cell enrichment, intrazellular flow cytometric analysis of IL-22

production and ELISA`s for IFN-γ, IL-13, IL-17 and IL-22 (Duo Set, R&D-Systems,

Minneapolis, USA) were performed according to the supplier’s instructions.  Th22 cells



showed clear secretion of IL-22 (Table 1 and Figure 2) and co-expressed IL-13 (Th22 / Th2

cells) (Table 1).

RNA isolation, reverse transcription (RT) and real time PCR

RNA isolation, reverse transcription and quantitative real time PCR as performed as

previously describedErrore. L'origine riferimento non è stata trovata.. Briefly, RNA was

isolated using the RNA high purification kit (Quick-RNA™ MiniPrep (Zymo Research, Irvine,

USA) according to the supplier’s instructions. The cDNA was synthesized with Revert aid first

strand cDNA Synthese Kit (Thermo Scientific, Bosten, USA). Quantitative real-time RT-PCR

(qRT-PCR) was performed on a LightCycler PCR machine (Roche, Molecular Biochemicals,

Mannheim, Germany) using Quantitect SYBR Green PCR kit (Qiagen, Hilden, Germany) or on

Rotor Gene (Qiagen, Hilden, Germany) using Rotor Gene Sybergreen PCR Kit (Qiagen, Hilden,

Germany) and Quantitect Primer for IL-22 and GAPDH (house keeping gene). Purified PCR

products were used as external calibrator. For quantitative analysis standard curves for IL-22

were created. These standard curves described the PCR efficiencies of the target and the

reference gene (GAPDH) which allowed an efficiency-corrected quantification using the

Relative Quantification software (Roche, Molecular Biochemicals, Mannheim, Germany).

Flow cytometric analysis

Flow cytometric analysis was performed as described previouslyErrore. L'origine riferimento

non è stata trovata..

Stimulation of T cells

T cells were stimulated in a time dependent manner with α-toxin (Sigma Aldrich,

Deisenhofen, Germany) or SEB (Toxin Technology, Sarasota, Florida, USA) as indicated.

Cytokine assessment by ELISA

Cell free culture supernatants were harvested and analysed for IFN-γ, IL-4, IL-17 and IL-22

(Duo Set, R&D-Systems, Minneapolis, USA) using a commercially available enzyme-linked

immunosorbent assay (ELISA) system, following the manufacturer’s instructions.



Statistical analysis

Data were analyzed with either the student’s t test (normality test passed) or the Mann-

Whitney Rank Sum test (normality test failed). P-values below 0.05 were regarded as

significant. P < 0.05 is depicted with *, ** P < 0.01, *** P < 0.001. The program GraphPad

prism version 5.0 (GraphPad Software Inc., San Diego, CA, USA) and the software Sigma stat

for Windows (Systat Software, San Jose, USA) were used for statistical analysis.
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Online Suppl. Fig. 1.Increased percentage of IL-22+ CD4+ T cells in freshly isolated CD4+
CD45RO+ CD45RA- memory T cells, Th22 cells without polarizing conditions or Th22 cells
generated in an IL-6 + TNF-α dependent manner. IL-22 was assessed by intracellular FACS
staining. Data are shown as one representative experiment.
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