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Abstract Heat shock protein 60 (hsp60) is a highly con-
served stress protein and target of self-reactive T cells in
various inflammatory diseases. Not much is known about a
possible role in atopic disease. As atopic diseases are con-
sidered to be the result of a disturbance in the balance
between T helper cells type 2 and regulatory T cells, it is
of interest to know whether hsp60 acts as a bystander
antigen in atopic disease. Our aim was to investigate wheth-
er hsp60 is involved in the chronicity of inflammation of
atopic dermatitis (AD). We studied the expression of hsp60
in skin tissue of adults with AD by immunohistochemistry.
Peripheral blood mononuclear cells (PBMC) of children
with AD were cultured with hsp60 and proliferative
responses, cytokine secretion, surface markers, and func-
tional assays were compared to responses of PBMC of
healthy controls (HC). Hsp60 was detected more in lesional

skin of AD patients compared to nonlesional skin. Further-
more, PBMC of children with AD proliferated more strong-
ly in response to hsp60 compared to HC. hsp60-reactive T
cells of atopic children produced high levels of IFNγ and
low levels of IL-10. In vitro activation with hsp60 leads
to the induction of CD4+CD25bright T cells expressing
FOXP3 in both HC as well as in atopic children. How-
ever, despite their regulatory phenotype, hsp60-induced
CD4+CD25brightCD127−FOXP3+ T cells of AD patients
were incapable of suppressing effector T cells in vitro.
hsp60 is recognized by proinflammatory (IFNγ high, IL-
10 low) T cells in atopic patients and is more present in
lesional AD skin. This suggests that hsp60-specific T cell
responses contribute to local inflammation in AD.
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Abbreviations
TH2 T helper cells type 2
TH1 T helper cells type 1
Tregs Naturally occurring or induced CD4+CD25+

FOXP3+ regulatory T cells
hsp Heat shock protein(s)
hsp60 Human heat shock protein 60
PBMC Peripheral blood mononuclear cells
AD Atopic dermatitis
FACS Fluorescence-activated cell sorting

Introduction

Atopic dermatitis (AD) is a chronic skin condition in
patients with atopic disease. Atopic diseases are inflamma-
tory disorders caused by the induction of a TH2 response by
an allergen. Increasing evidence demonstrates that allergy is
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not a mere result of an over-reactive TH2 response, but that
immune regulatory cells such as natural killer T cells and
regulatory T cells (Tregs) play a role in the regulation of this
balance (Akdis and Akdis 2009; Hawrylowicz and O’Garra
2005; Umetsu et al. 2003; Werfel and Wittmann 2008).
These cell populations can suppress effector T cell
responses, both by cell–cell contact and by the secretion of
regulatory cytokines as IL-10 and TGF-β. In active atopic
diseases, several studies show that the suppressive function
of Tregs is diminished (Bellinghausen et al. 2003; Ling et al.
2004; Tiemessen et al. 2004). Thus, Tregs form an attractive
target for therapy in allergic diseases. Studies in various
experimental models of autoimmunity have revealed that
Tregs can be targeted in both an antigen-specific and an
antigen-nonspecific fashion (Roord et al. 2006). Both ven-
ues of immune therapy are now currently being explored in
various autoimmune diseases.

Specific targeting of Tregs with antigens has the ad-
vantage that only a subpopulation of T cells is manipu-
lated which lowers the risk of adverse effects. However,
the main dilemma of antigen-specific therapy in humans
is to find an antigen which is suitable. In some inflam-
matory diseases, dominant disease-provoking antigens or
allergens are well-known and these can be used for
antigen-specific therapy. Indeed, the proof of principle
of such an approach was underscored by Alexander et
al. who showed that peptides of Fel d 1 (the major cat
allergen) can induce antigen-specific tolerance in cat al-
lergic patients (Alexander et al. 2005). In AD, as in
many other chronic inflammatory diseases, a single
disease-triggering antigen is not known. For such a dis-
ease, an antigen-specific approach is still feasible if an
antigen can be identified that fulfils at least two condi-
tions. First, the antigen needs to be recognized by T cells
from patients and, second, the antigen must be available
at the site of inflammation, preferably in a disease-
specific fashion. Heat shock proteins (hsp) could fit this
profile. Hsp are immunodominant antigens and a common
target of T cell recognition in various inflammatory diseases
(Albani et al. 2011; de Kleer et al. 2010; Kamphuis et al. 2005;
van Eden et al. 2005). Especially hsp60 seems to be an
important regulating antigen in human inflammatory diseases,
as it is capable of enhancing the regulatory function of human
Tregs and thereby dampening the inflammatory process (van
Eden et al. 2012; Zanin-Zhorov et al. 2006).

Thus, as hsp60 can promote induction of (adaptive)
Tregs, it is conceivable that it could play a role not only
in classical TH1 diseases but also TH2 diseases. Indeed,
in asthma, a much studied TH2 disease, upregulation of
several hsp has been shown not only in macrophages
and circulating CD4+ T cells but also in epithelial cells
(Guajardo et al. 2005; Kapitein et al. 2008; Madore et
al. 2010), but it is unknown what the functional

consequences could be. We hypothesized that upregula-
tion and subsequent T cell immune recognition of self-
hsp60 could as well take place in a typical TH2 disease
such as AD. Therefore, our aim was to investigate
whether hsp60 is a target for T cells in AD and thus
could play a role in the chronic i ty of loca l
inflammation.

Methods

Patients and control subjects

Fifty-two atopic children and 30 healthy controls (HC)
were included in this study. Eligible patients were chil-
dren suffering from physician-diagnosed AD as defined
by Hanifin and Rajka (Rajka 1989). To assure underly-
ing atopy, all children needed to have a positive radio-
allergosorbent test for at least one of the three common
food allergens, egg, cow’s milk, or peanut, with a
history of a clinical allergic reaction after ingestion of
the protein (either parental history (Sampson score≥3)
or by food challenge). Patient characteristics are given
in Table 1. HC were children who underwent a urolog-
ical or orthopedic surgical procedure. None of them had
a history of allergy or a recent infection nor a first-
degree relative with a history of allergy or asthma. Both
written and oral information about the study was given
to the parents and written informed consent from the
parents was obtained. The study has been approved by
the Medical Ethics Committee of the University Medical
Centre, Utrecht, The Netherlands. Patient samples were
used for different assays and measurements based on the
availability of T cells and serum.

Immunohistochemistry

Biopsy specimens (3 mm) were taken from four adult
volunteers suffering from moderate to severe AD (for
ethical reasons, only adult volunteers were used) under

Table 1 Patient characteristics

Atopic patients (n055) HC (n030)

Male (%) 71 % 78 %

Age, mean (range) 8.8 (1.5–17.5) 8.6 (1.2–17.3)

Eczema at presentation 51 (93 %) 0

Food allergy 55 (100 %) 0

Asthma 24 (44 %) 0

Skin prick test positive 47 (87 %) 0

Elevated IgE 55 (100 %) 0

Positive food 31 (56 %) 0
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local anesthesia (Xylocaine) and snap-frozen in liquid
nitrogen. The lesional biopsy was taken from an active
lesion, whereas the nonlesional biopsy was taken from
healthy-looking skin. Approval was given by the Med-
ical Ethics Committee of the University Medical Centre,
Utrecht, The Netherlands.

Subsequently the biopsies were embedded in Tissuetek®
(Sakura, Torrance, CA, USA) and stored at −80 °C until
further handling. The antibody used as marker for im-
munohistochemical staining of the frozen sections was
antihuman hsp60 (LK2, kind gift from P. van Kooten,
Department of Veterinary Medicine, University of
Utrecht, The Netherlands) and mouse antihuman CD3
(cat#347340, used 1:50; Becton Dickinson (BD) Bio-
sciences, San Jose, CA, USA). Single staining for hsp60
and CD3 combined with a biotinylated horse antimouse
IgG (Vector Laboratories, Inc., Burlingame, CA, USA)
was performed as described previously. Stainings were
performed on sequential slides to compare hsp60 and
CD3 staining in comparable locations. Skin sections were
examined by light microscopy.

Proliferation and direct culture assays with PBMC

Peripheral blood mononuclear cells (PBMC) were iso-
lated and cultured as described previously (de Jager et
al. 2003). For direct cultures, cells were cultured for
7 days in the absence or presence of 10 μg/ml low
endotoxin human hsp60 (0.3 pg/μg protein; Faculty of
Veterinary Medicine, University of Utrecht, Utrecht, The
Netherlands). Concanavalin A (2.5 μg/ml; Calbiochem,
La Jolla, CA USA) and tetanus toxoid (1.5 μg/ml;
RIVM, Bilthoven, The Netherlands) were used as posi-
tive controls. A mouse class II restricted peptide (Ova)
was used as an irrelevant control. For the proliferation
assays, cells were cultured for 96 h only. For the final
16 h of culture, 1 μCi/well [3H]thymidine (ICN Bio-
medicals, Amsterdam, The Netherlands) was added to
each well. Cells were harvested according to standard
procedures and incorporated radioactivity was measured
by a liquid scintillation counter and expressed as counts
per minute. The magnitude of the proliferative response
is expressed as the stimulation index (SI), which is the
mean counts per minute of cells cultured with antigen
divided by the mean counts per minute of cells cultured
without antigen. As additional control on the effect of
possible lipopolysaccharide (LPS) contamination of
hsp60, proliferation assays were performed in a control
group of patients after treatment of hsp60 (10 μg/ml) or
LPS (10 μg/ml; Sigma-Aldrich Corp, St. Louis, MO,
USA), with 10 μg/ml polymyxin B (Bio-Rad Laborato-
ries, Hercules CA, USA) for 1 h at room temperature or
heat inactivation at 95 °C for 30 min.

Multiplexed particle-based immunoassay

Cytokine levels were measured after the activation of
lymphocytes in vitro as described above. After 96 h,
the supernatants of the cell cultures were stored at
−80 °C until analysis. Cytokines levels of IL-4, IL-5,
IL-6, IL-8, IL-10, IL-12, IL-13, and IFNγ were measured
with the Bio-Plex system and analyzed with the Bio-Plex
Manager software version 6.0 (Bio-Rad) which uses the
Luminex xMap technology (de Jager et al. 2005). The
peptide-specific cytokine production is calculated as the
cytokine production of cells cultured with peptide sub-
tracted with the cytokine production of cells cultured without
peptide.

Lymphocyte cell surface markers

At day 7 from the direct cell culture assays as described above,
PBMC were harvested and prepared for fluorescence-
activated cell sorting (FACS) staining as described previously
(de Kleer et al. 2003). The cells were incubated in 50 μl FACS
buffer containing three appropriately diluted phycoerythrin
(PE)-, fluorescein isothiocyanate (FITC)-, or Cy-Chrome-
labeled monoclonal antibodies against human CD4 (clone
RPA-T4), CD25 (clones: activated protein C [APC], M-
A251; PE, 2A3), CD30 (clone: Ber-H83), and CD69
(clone: FN50). Stained mononuclear cells were diluted in
FACS fluid and run on a FACSCalibur (BD Biosciences).
CellQuest software (BD Biosciences) was used for
analysis.

Cytokine analysis by lymphocyte intracellular staining
and flow cytometry

Direct T cell lines were generated as described above. Dur-
ing the last 4 h of culture, GolgiStop (BD Biosciences) was
added (final concentration of 2 μM). The cells were har-
vested and stained for intracellular cytokine and FOXP3
analysis as described previously. For the staining, a prede-
termined optimal concentration of PE-conjugated anti-IL-10
(clone JES3-19F1), anti-IL-4 (clone MP4-25D2), FITC-
conjugated anti-IFNγ (clone 4S.B3; BD Biosciences), and
APC-conjugated FOXP3 (Ebioscience, San Diego, CA, USA)
was added to the cells. Cells were analyzed as described
above.

Functional assays

To test the induced CD4+CD25+FOXP3+ Tregs on suppres-
sive function, PBMC were cultured for 96 h as described
above in the presence of hsp60. CD4+CD25+CD127− T
cells (which were used to quantify FOXP3+ T cells in the
functional assay) and CD4+CD25− effector T cells from
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the same donor were directly sorted by FACS (FACS
Aria, BD Biosciences) into plate-bound anti-CD3-coated
wells (OKT-3, 1 μg/ml) in different ratios (1:0, 1:0.5,
1:1, and 1:2). T cell-depleted PBMC from the same
donor were irradiated (3,500 Rad) and were used as
antigen-presenting cells (1:10). The cells were incubated
at 37 ° C for 96 h, with the last 16 h of incubation in
the presence of [3H]thymidine (1 μCi/well). The suppres-
sive activity was determined by calculating the percent-
age difference in proliferative response (mean [3H]
thymidine incorporation (counts per minute) of triplicate
wells) between CD4+CD25− T cells cultured alone and
CD4+CD25− T cells cultured in the presence of induced
CD4+CD25+CD127− T cells.

Statistical analysis

Basic descriptive statistics were used to describe the
patient population. A nonparametric test (Mann–Whitney
U test, two-sided) was applied to determine significant
differences between the patient and control groups re-
garding proliferative responses, cytokine production, and
expression of cell surface markers. Where mentioned,
values are noted as the mean±standard error of the mean
(SEM). A p value <0.05 was considered significant
(SSPS Statistical Program, version 15.0.; SPSS Inc, Chicago,
IL, USA).

Results

Increased presence of hsp60 in skin biopsies of atopic
dermatitis

Since hsp are upregulated in inflammatory disorders, we
questioned whether the presence of hsp60 is increased in the
lesional AD skin (Brusko et al. 2008). To demonstrate this,
skin biopsies from both nonlesional and lesional skin sites
fromAD patients were stained for hsp60 and CD3. The results
of a representative donor are shown in Fig. 1. The presence of
hsp60 was seen in both the healthy skin and the AD skin, but
the pattern of hsp60 presence was strikingly different. The
dermis and epidermis of atopic skin was characterized by large
cell infiltrates, with the presence of hsp60, which was not seen
to that extent in the healthy skin. Staining for CD3 in sequen-
tial slides was indicative for the presence of hsp60 in CD3+

cells in the dermis. However, since it was not a double stain-
ing, we cannot exclude that, next to T cells, hsp60 is also
localized in other cells or extracellularly in dermal tissue, in
close proximity to CD3 cells. These data show that hsp60 is
highly present in inflamed tissue of patients with AD.

Human hsp60-specific proliferation

Next, we wanted to see whether this increased recognition
of hsp60 is also seen in peripheral T cell of children with

Fig. 1 Human hsp60 is
expressed in the skin. a hsp60
staining in an active lesion of a
patient with AD. b The same
skin of the patient with AD,
colored with anti-CD3. Both are
representative pictures of skin
biopsies of an active skin lesion
of a patient with AD. Compared
to the nonlesional skin (c and
d), the thickened stratum cor-
neum and epidermis are typical
for AD. In the dermis, infiltra-
tion of cells is seen. hsp60 is
mostly seen in these infiltrates
and in the lower layers of the
epidermis (a), whereas coloring
grows less dense in the upper
areas of the epidermis. The cell
infiltrates express CD3 and the
hsp60 expression in the dermis
seems confined to these cells.
c and d Nonlesional skin of a
patient with AD. Compared
to the lesional skin, the nonle-
sional skin shows less hsp60
(c) and CD3 (d). ×200 (scale
bar050 μm)
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AD. To address this question, proliferation of PBMC was
determined in response to hsp60. Proliferative responses of
28 patients were compared with those of 18 HC. The SI of
the PBMC was significantly higher in the patient group
compared to the HC group (p00.004). This indicates
that PBMC from children with AD proliferate more to
hsp60 compared to PBMC from HC (Fig. 2a), whereas
no significant difference was found on a control mitogen
(Supplementary Fig. 1).

Human hsp60-specific cytokine induction

Given the increased T cell proliferation to hsp60 by the T
cells of atopic children, we wanted to assess the quality of T
cell activation. First, cytokine production by hsp60-induced
PBMC was measured in culture medium of 26 patients and
22 HC. When compared to the medium, stimulation with
hsp60 induced a significantly higher level of IL-10 in the
HC group (mean±SEM, 4.4±1.8 pg/ml; p00.012), while in
the patient group, compared to the medium, production of

IL-10 was lower after stimulation with hsp60 (mean±SEM,
−14.77±17.91 pg/ml; ns). A different pattern was seen for
IFNγ. Following in vitro stimulation with hsp60, PBMC
from both patients (mean±SEM, 198.1±140.1) and HC
(mean±SEM, 5.58±4.46) produced higher amounts of
IFNγ. Taken together, these results demonstrate that stimu-
lating PBMC from atopic patients with hsp60 leads to the
induction of IFNγ but not IL-10 (Fig. 2). Of the other
cytokines tested (IL-4, IL-5, IL-12, and IL-13), only IL-6
showed an increase after stimulation with hsp60 (Fig. 2b).

Although the LPS content of the hsp60 used was below
the detection level and although monocytes are not expected
to survive after a 5-day culture, we wanted to verify that
IFNγ measured was indeed secreted by T cells. Therefore,
after culturing the cells with or without hsp60, cells were
stained for CD4, CD14, and IFNγ. Indeed, hsp60-induced
production of IFNγ was produced by CD4+CD14− T cells,
while virtually no monocytes (<1 %) were present.
Figure 2c shows a representative overlay histogram of
CD4+CD14−IFNγ+ cells.
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Fig. 2 Human hsp60 is recognized by PBMC of atopic infants and
induce cytokine secretion. a Protein-induced T cell proliferation in
atopic children and HC. PBMC were cultured for 96 h in the presence
of human hsp60. Boxes show IQR for each group of data, horizontal
lines show the median. *p<0.05, significant differences in responses.
Light grey boxes HC, dark grey boxes atopic children. SI is indicated
on a logarithmic scale. b Protein-induced cytokine secretion of IL-10,

IFNγ, and IL-6 in atopic children and HC. Boxes show the mean levels
of cytokine with SEM. White boxes medium, black boxes stimulation
with hsp60. Cytokine levels are indicated on a logarithmic scale. c
FACS analysis of CD4+CD14− T cells from an atopic donor stimulated
with hsp60 for 4 days and stained for IFNγ. Histogram shows the
medium level (black) and IFNγ level (white) after stimulation with
hsp60
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Human hsp60-specific induction of CD4+CD25Bright T cells
expressing the transcription factor FOXP3

We next questioned whether in atopic children in vitro
activation with hsp60 could lead to the induction of Tregs.
To address this issue, we first investigated whether the
FOXP3 expression in hsp60-specific CD4+ T cells was
different between HC and atopic children. PBMC of five
HC and nine children with AD were cultured for 7 days in
vitro with hsp60 (see Fig. 3). Stimulation with hsp60 gave a
significantly higher percentage of CD4+CD25Bright T cells
and CD4+FOXP3+ T cells in both the HC and the atopic
patients compared to the medium only (see Fig. 3a, b and
Table 2). Although at least a part of the FOXP3 induction is
due to the activation of T cells, stimulation with hsp60 also
seems to induce T cells with the phenotypical characteristics
of Tregs, expressing CD25 and FOXP3.

Human hsp60-induced CD4+CD25+CD127− T cells
are not suppressive in vitro

Since CD4+ T cells responding to hsp60 produce IFNγ while
also sharing phenotypical characteristics of Tregs, we ques-
tioned whether these hsp60-induced CD4+CD25+FOXP3+

are functional Tregs, with the capacity to suppress T effec-
tor cells. To evaluate the functionality of these induced
CD4+CD25+FOXP3 T cells, suppression assays were
performed on PBMC of six children with AD. Freshly
sorted CD4+CD25− T effector cells were cocultured with
CD4+CD25+CD127− T cells obtained from PBMC precul-
tured for 4 days with hsp60 (see Fig. 4). Despite high levels
of FOXP3, the CD4+CD25+CD127− T cells from these cul-
tures were not suppressive in five of six patients. In only one
patient, the cells were able to suppress effector cells. In

comparison, in all HC, these cells are suppressive in this
classical suppression assay (Vercoulen et al. 2009). These
findings indicate that, even though hsp60, presented in an
atopic environment, induces T cells that resemble Tregs phe-
notypically, these cells are not capable of suppressing effector
T cells in vitro.

Discussion

In the present study, we demonstrated for the first time the
increased presence of hsp60 in the skin of patients with AD.
Furthermore, we found increased proliferation of T cells
from atopic children after in vitro stimulation. Both in-
creased levels of hsp60 at the site of inflammation and the
enhanced T cell response underline that hsp60 may act as
the target of an (autoantigenic) T cell response. The next
question was what type of T cell response was induced by
hsp60 in AD. At first glance, it seemed that hsp-induced T
cells had a regulatory phenotype as they expressed
CD25bright and FOXP3. However, despite the expression
of FOXP3, hsp60-induced CD4+CD25+CD127− cells of
AD patients were not functionally suppressive in vitro.
Thus, these cells are most probably not Tregs but highly
activated effector T cells. The presence of activated but not
Tregs may be in line with previous studies showing that, in
active atopic diseases, the suppressive function of Tregs is
diminished (Ling et al. 2004; Tiemessen et al. 2004). Inter-
estingly, a recent study by Wehrens et al. revealed that
highly activated T effector cells are resistant to suppression
through PKB/c-akt hyperactivation. This might also be an
explanation why these phenotypically regulatory cells fail
to suppress T effector cells in vitro and needs further
investigation (Wehrens et al. 2011).
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In atopic diseases, it has been speculated whether specific
targeting of T cells could provide a novel immunomodula-
tory pathway for treatment. Up till now, studies have fo-
cused on the use of synthetic peptides which contain T cell
epitopes derived from known allergens, such as Fel d 1 (cat
allergy) and Api m 1 (bee venom) (Muller et al. 1998; Pene
et al. 1998). However, since atopic individuals are mostly
polysensitized, immunotherapy aimed at one allergen might
have limited effect in the majority of the patients.

Another possibility for immunomodulation is the use
of bystander antigens, in which the antigen used is not
the causative antigen, but an antigen which can alter the
reaction by either bystander activation or suppression
(Larche et al. 2006). Prerequisites for bystander epitopes
are expression at the site of inflammation and recogni-
tion by immune-competent cells such as T cells. For
this type of antigen-specific targeting of T cells, hsp60
is a potential candidate (van Eden et al. 2005; Zanin-
Zhorov et al. 2006), as hsp60 was previously described
in skin lesions of patients with Behçet’s disease (Ergun
et al. 2001). hsp60 has also been described as a target
for T cells in TH1 diseases such as diabetes mellitus and
juvenile idiopathic arthritis and as a target for T cells in
the inflammatory process contributing to atherosclerotic
lesions (Albani et al. 1995; Grundtman et al. 2011; Prakken
et al. 2004; Raz et al. 2001).

It has to be noted, though, that hsp60 primarily acts as an
intracellular (and intramitochondrial) chaperone. Only in
particular conditions, such as cell stress, hsp60 will be
released into the extracellular environment, where it
may have “extra-chaperoning” roles, including interac-
tion with immune system cells (Macario et al. 2010;
Pockley and Multhoff 2008). This secretion of hsp60
may originate either from lymphocytes themselves, from
other cutaneous cells like keratinocytes and fibroblasts,
or from other sources such as nerves or vessels (De
Maio 2011). Also, next to hsp60, other proteins in-
volved in inflammation, including proteins from other
hsp families, may be involved in AD pathogenesis
(Ghoreishi et al. 2000; Ghoreishi 2000; Ishibashi et al.
2009; Matsumoto et al. 2002; Park et al. 2008).

This is the first study to demonstrate that hsp60 is
present at the site of inflammation and that it induces
specific proinflammatory T cell responses in children
with AD. This is in line with a previous experimental
study showing that hsp60 can induce cytokines of a
regulatory and TH1 phenotype in the skin of dogs with
AD (Jassies-van der Lee et al. 2008). This finding is an
important condition in investigating novel targets for
immunomodulation. Further studies are needed to inves-
tigate these immunomodulating properties of hsp60 in atopic
diseases.

Table 2 Populations of CD4+CD25bright and CD4+FOXP3+ T cells increase after stimulation with hsp60

Medium Human hsp60 p value

HC CD4+CD25Bright 1.69±0.72 5.13±3.29 <0.05

CD4+FOXP3+ 5.69±1.73 13.37±8.65 <0.05

Atopic patients CD4+CD25Bright 1.67±0.21 4.95±0.97 <0.001

CD4+FOXP3+ 3.25±1.39 5.58±1.78 <0.05

This table shows the mean percentages±SEM for the different cell populations in FACS analysis after stimulation with human hsp60
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Fig. 4 Human hsp60-induced CD4+CD25+CD127− T cells from atop-
ic patients have no suppressive function. Functional assays were per-
formed as described in the “Methods” section. The figure shows the
percentage difference in proliferative response between CD4+CD25− T
cells (Teff) cultured alone and CD4+CD25− T cells cultured in the
presence of induced CD4+CD25+CD127− T cells (Tregs) in three dif-
ferent ratios. Only one patient showed suppressive function
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