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ABSTRACT
Hyper-glycemic food increases insulin-like growth factor 1 (IGF-1) and insulin signaling and
regulates endocrine responses and thereby may modulate the course of acne. Inflammation and
adaptive immune responses have a pivotal role in all stages of acne. Recent hypothesis suggests
that hyperglycemic food reduces nuclear forkhead box-O1 (FoxO1) transcription factor and may
eventually induces acne. The aim of our study was to investigate the role of IGF-1 and insulin on the
phosphoinositide-3-kinase (PI3K)/Akt/FoxO1 pathway in human primary T cells and on the
molecular functions of T cells in vitro. T cells were stimulated with 0.001 mM IGF-1 or 1 mM insulin
C/¡ 20 mM PI3K inhibitor LY294002. T cells were also exposed to SZ95 sebocyte supernatants
which were pre-stimulated with IGF-1 or insulin. We found that 0.001 mM IGF-1 and 1 mM insulin
activate the PI3K pathway in T cells leading to up-regulation of p-Akt and p-FoxO1 at 15 and 30
minutes. Nuclear FoxO1 was decreased and FoxO transcriptional activity was reduced. 0.001 mM
IGF-1 and 1 mM insulin increased T cell proliferation but have no significant effect on Toll-like
receptor2/4 (TLR) expression. Interestingly, supernatants from IGF-1- or insulin-stimulated sebocytes
activated the PI3K pathway in T cells but reduced T cell proliferation. Taken together, this study
helps to support that high glycemic load diet may contribute to induce activation of the PI3K
pathway and increase of proliferation in human primary T cells. Factors secreted by IGF-1- and
insulin-stimulated sebocytes induce the PI3K pathway in T cells and reduce T cell proliferation,
which probably can reflect a protective mechanism of the sebaceous gland basal cells.
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Introduction

Acne is presenting as a chronic and relapsing inflam-
matory disorder.1 Inflammatory events have been
found at all stages of acne including the early microco-
medone development.2-4 However, the whole pile of
mediators of inflammation and the ranking of events
has been not elucidated in detail yet. Although numer-
ous investigations demonstrated Propionibacterium
acnes (P. acnes) as a key factor in the development of
inflammation in acne, other reports showed that this
microorganism is not always required, regardless of
the acne lesion type.5-8 Instead, several investigations
indicated that sebaceous glands by themselves play a
role in the development of inflammatory acne.9,10

Regular T cell trafficking has been detected around
normal infundibula of the follicle in biopsies of the
sebaceous unit from acne patients; however, around
clinically non inflamed follicles the number was
already significantly increased. Accordingly, T cells
contribute to the initiation of inflammation in
acne.1,11 Recently, it has been hypothesized that
hyper-glycemic load diet and skim milk consumption
which increase insulin-like growth factor 1 (IGF-1)
and insulin signaling may modulate the course of acne
via activation of the phosphoinositide 3-kinase
(PI3K)/Akt pathway and reduction of nuclear fork-
head box-O1 (FoxO1) transcription factor. Our previ-
ous study showed that 1 and 0.1 mM IGF-1 and
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insulin activate the PI3K/Akt/FoxO1 pathway and can
induce expression of toll-like receptor (TLR2/4) in
human SZ95 sebocytes as a P. acnes independent and
possibly be an explanation of the very early event in
microcomedogenesis.12 The aim of our present study
was to investigate the role of IGF-1 and insulin on the
PI3K/Akt/FoxO1 pathway in human primary T cells
and on the molecular functions of T cells in vitro. Fur-
thermore, the effect of supernatants from IGF-1- or
insulin-stimulated sebocytes on the PI3K/Akt/FoxO1
pathway in human primary T cells was investigated.

Results

The PI3K/Akt/FoxO1 pathway is activated by IGF-1
and insulin in human primary T cells

To investigate the effects of IGF-1 and insulin on PI3K
pathway activation in human T cells isolated from
peripheral blood of healthy donors, CD3-activated T
cells were stimulated with 0.001 mM IGF-1 and 1 mM
insulin for different time points between 15 to 120
minutes. Western blot results from whole cell protein
fractions showed that p-Akt expression was signifi-
cantly up-regulated at 15 minutes which declined again
at 60 minutes upon IGF-1 stimulation compared to
levels of CD3-activated control cells (Fig. 1a and e).
Up-regulation of p-FoxO1 was detected first already at
15 minutes (Fig. 1c and g) when T cells were stimulated

with 0.001 mM IGF-1. Expression of p-Akt and
p-FoxO1 was not changed in CD3-activated control
cells after different time points (data not shown). Con-
versely, phosphorylation of Akt and FoxO1 was blocked
upon pre-incubation of cells with the PI3K inhibitor
LY294002 (20 mM) at time points 15 to 120 minutes
(Fig. 1b, d, f and h). Insulin (1 mM) raised p-Akt and
p-FoxO1 expression at 15 and 30 minutes in the normal
situation without blocking with LY (Fig. 2a, c, e and g)
and expression of p-Akt and p-FoxO1 was reduced
after 60, 90, and 120 minutes. Up-regulation of p-Akt
and p-FoxO1 was blocked upon pre-treatment with LY
(Fig. 2b, d, f and h). These results propose that both,
IGF-1 and insulin activate the PI3K/Akt/FoxO1 path-
way in activated human T cells.

IGF-1 and insulin promote accumulation of nuclear
p-Akt and reduce FoxO1 expression in human
primary T cells

To investigate the effect of IGF-1 and insulin on cyto-
plasmic and nuclear expression of p-Akt, p-FoxO1, and
FoxO1, immunofluorescence imaging of T cells was
done. CD3-activated T cells were stimulated with
0.001 mM IGF-1 and 1 mM insulin for 15 and 30
minutes which were the best time points according to
western blot results. The amount of cytoplasmic p-Akt
was increased at 15 minutes, whereas nuclear accumula-
tion of p-Akt was detected later after 30 minutes upon

Figure 1. The expression of p-Akt and p-FoxO1 is induced in human CD3-activated (T)cells after stimulation with 0.001 mM IGF-1. Acti-
vated T cells were treated with 0.001 mM IGF-1 in the presence or absence of the PI3K inhibitor LY294002 (20 mM) for 15 to 120
minutes. Whole cell protein extracts were analyzed by western blot. (a and b) Representative blots were probed for p-Akt and (c and d)
for p-FoxO1. (e-h) Densitometric quantification of western blots and normalization to b-actin. Densitometric data are given as the per-
centage of the value in untreated cells. Data represent the means C SEMs (n D 3); � p < 0.05, ��p < 0.01 and ���p < 0.001, one-way
ANOVA.
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0.001 mM IGF-1 stimulation. IGF-1 induced upregula-
tion of cytoplasmic and nuclear p-FoxO1 after 15
minutes; however, nuclear p-FoxO1 expression declined
at 30 minutes. The expression of nuclear FoxO1 was
decreased at 15 and 30 minutes after IGF-1 stimulation
compared to CD3-activated control cells. Furthermore,
pre-incubation of the cells with the LY inhibitor
(20 mM) decreased expression of p-Akt and p-FoxO1
and increased expression of nuclear FoxO1 (Fig. 3).

1 mM insulin increased cytoplasmic p-Akt after 15
and 30 minutes. Furthermore, cytoplasmic p-FoxO1
was increased after 15 and 30 minutes. Expression of
nuclear FoxO1 was reduced after insulin stimulation
compared to CD3-activated control cells. Pre-incuba-
tion with LY blocked both Akt and FoxO1 phosphory-
lation, and hence cytoplasmic translocation of FoxO1
proteins was blocked (Fig. 4). These results further
demonstrate that IGF-1 and insulin activate the PI3K/
Akt pathway leading to FoxO1 phosphorylation and
its cytoplasmic accumulation.

IGF-1 and insulin reduce FoxO transcriptional
activity in human primary T cells

Firefly luciferase FoxO reporter assays were per-
formed to analyze the transcriptional activity of
FoxO in response to PI3K/Akt pathway activation by
IGF-1 and insulin. CD3-activated T cells were tran-
siently transfected with a FoxO reporter construct
and were stimulated with 0.001 mM IGF-1 or 1 mM

insulin for 15 minutes. The luciferase assays showed
that FoxO transcriptional activity is significantly
decreased 15 minutes after exposure to IGF-1 and
insulin with a maximum suppression of 38% and
28%, respectively, compared to CD3-activated con-
trol cells. Furthermore, pre-treatment of transfected
T cells with the PI3K inhibitor prevented the
decrease of FoxO transcriptional activity in the pres-
ence of IGF-1 or insulin (Fig. 5). These results con-
firm that IGF-1 and insulin regulate FoxO
transcriptional activity in activated T cells via the
PI3K/Akt pathway.

IGF-1 and insulin increase T cell proliferation via the
PI3K/Akt pathway

To investigate the role of IGF-1 and insulin on human
T cell proliferation, CD3-activated T cells were stimu-
lated with IGF-1 and insulin for 24 to 72 hours. [3H]-
thymidine incorporation assays showed that
0.001 mM IGF-1 and 1 mM insulin enhance DNA syn-
thesis in viable T cells at 24, 48, and 72 hours with a
maximum increase of 29% at 72 hours compared tow-
ith CD3-activated control cells (Fig. 6a and b). LY
decreased T cell proliferation; however, proliferation
of T cells was even more reduced after treatment of
cells with a combination of LY and IGF-1 or insulin
(Fig. 6a and b). These data suggest that IGF-1 and
insulin significantly increase proliferation of human T
cell proliferation via PI3K/Akt activation.

Figure 2. The expression of p-Akt and p-FoxO1 is induced in human CD3-activated (T)cells after stimulation with 1 mM insulin. CD3-acti-
vated T cells were treated with 1 mM insulin in the presence or absence of the PI3K inhibitor LY294002 (20 mM) for 15 to 120 minutes.
Whole cell protein extracts were analyzed by western blot. (a and b) Representative blots were probed for p-Akt and (c and d) for
p-FoxO1. (e-h) Densitometric quantification of western blots and normalization to b-actin. Densitometric data are given as the percentage
of the value in untreated cells. Data represent the meansC SEMs (nD 3); � p< 0.05, ��p< 0.01 and ���p< 0.001, one-way ANOVA.
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Expression of TLR2 and TLR4 is not significantly
changed upon IGF-1 and insulin stimulation in T cells

Next, we explored the effect of IGF-1 and insulin on
TLR2/4 expression in CD3-activated T cells. Activated T
cells were stimulated with 0.001mM IGF-1 or 1mM insu-
lin for 48 hours and TLR2/4 expression was measured by
flow cytometry. TLR2/4 expression was slightly up-regu-
lated at 48 hours following IGF-1 and insulin incubation,
but this was not significant (Fig. 7a and b). Pre-treatment
with the PI3K inhibitor, which blocks T cell proliferation,
significantly decreased TLR2 expression in the presence of
IGF-1 or insulin (Fig. 7a). Expression of TLR4 was hardly
affected by IGF-1, insulin or LY treatment (Fig. 7b).

The PI3K/Akt/FoxO1 pathway is activated by
supernatants from IGF-1- or insulin-stimulated
sebocytes in human primary T cells

To investigate whether stimulated sebocytes could
affect T cells, CD3-activated T cells were co-cultured
for 15 minutes (the best time point according to previ-
ous T cell western blot results (Fig. 1)) with superna-
tants from IGF-1- or insulin-stimulated sebocytes and
western blots were performed. The results showed
that p-Akt and p-FoxO1 expression in T cells is signif-
icantly up-regulated at 15 minutes upon co-culture
with supernatants of IGF-1- and insulin-stimulated
sebocytes. Phosphorylation of Akt and FoxO1 was

Figure 3. IGF-1 induces p-Akt and p-FoxO1 expression in human CD3-activated T cells. Activated T cells were treated with IGF-1
(0.001 mM) in the absence or presence of the PI3K inhibitor LY294002 for different time points and analyzed by immunofluorescence
staining. Merged confocal microscopic images show p-Akt, p-FoxO1, FoxO1 (FITC) (pseudo-colored in green) and DAPI (pseudo-colored
in blue) upon stimulation with IGF-1 (0.001 mM) for 15 and 30 minutes.
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blocked upon pre-incubation with the PI3K inhibitor
LY (20 mM) (Fig. 8a-d). These results give some evi-
dence that culture supernatants from growth factor-
stimulated sebocytes have an ability to activate the
PI3K/Akt/FoxO1 pathway in human primary T cells.

Supernatants from cultures of IGF-1- or
insulin-stimulated SZ95 sebocytes reduce human
primary T cell proliferation

To investigate the effect of IGF-1- or insulin-stimu-
lated SZ95 sebocytes on T cell proliferation, CD3-
activated T cells were treated with supernatants from
IGF-1- or insulin-stimulated SZ95 sebocyte for 24 to

72 hours. [3H]-thymidine incorporation assays
showed that supernatants from IGF-1- or insulin-
stimulated SZ95 sebocytes suppress DNA synthesis
in viable T cells after 24, 48, and 72 hours, with a
maximum suppression of 50% after treatment with
supernatants of IGF-1-stimulated sebocytes at
72 hours (Fig. 9). Pre-treatment with the PI3K
inhibitor decreased T cell proliferation; however, LY
together with supernatants from IGF-1- or insulin-
stimulated SZ95 sebocytes reduced T cell prolifera-
tion more effectively (Fig. 9). These results demon-
strate that IGF- or insulin-stimulated sebocytes
secret factors into the supernatant which have an
ability to decrease T cell proliferation.

Figure 4. Insulin induces p-Akt and p-FoxO1 expression in human CD3-activated T cells. Activated T cells were treated with insulin
(1 mM) in the absence or presence of the PI3K inhibitor LY294002 for different time points and analyzed by immunofluorescence stain-
ing. Merged confocal microscopic images show p-Akt, p-FoxO1, FoxO1 (FITC) (pseudo-colored in green) and DAPI (pseudo-colored in
blue) upon stimulation with insulin (1 mM) for 15 and 30 minutes.
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Discussion

Acne is a chronic and relapsing inflammatory disorder.
Inflammation and adaptive immune responses play an
important role in all stages of this disorder.1,13-15 The
skin of normal adults contains around 20 billion
T cells, which have a role in inflammatory skin disor-
ders.16,17 In addition, increased amounts of CD4C

T cells have been detected around clinically uninvolved

follicles and CD8C T cells are detected at later time
points.1,18,19 The number is dramatically increasing in
papules not older than 6hrs of clinical visibility. CD4C

T cells and macrophages (CD209) have been detected
around normal follicles in biopsies from acne
patients.20 T cells contribute therefore to the initiation
of inflammation in acne. Recently, the role of diet in
acne is newly discussed.21,22 It has been reported that
hyper-glycemic food and skim milk consumption
increase insulin and IGF-1 signaling and regulates
endocrine responses and thereby may modulate the
course of acne.23-26 Additionally, a new hypothesis in
the pathogenesis of acne suggests that the acnegenic
stimuli may activate the PI3K/Akt pathway and there-
fore, reduce nuclear FoxO1 expression and activity.27

The PI3K pathway has an important role in cell
growth, cell cycle and differentiation. FoxO transcrip-
tion factors are targets of the PI3K pathway and play a
pivotal role in T cell proliferation and apoptosis.28,29

Our results in SZ95 sebocytes showed that IGF-1
and insulin reduce nuclear FoxO1 and FoxO tran-
scriptional activity via PI3K/Akt pathway activation.12

Insulin-like growth factor 1 receptor (IGF-1R) and
insulin receptor (IR) are tyrosine kinase receptors
which are expressed on many cell types including T
cells.30,31 IGF-1 and insulin regulate T cell develop-
ment, proliferation, differentiation, and function.32-36

To investigate the role of dietary factors on PI3K path-
way activation and T cell function, one aim of this
study was to explore the effect of IGF-1 and insulin as
putative acnegenic stimuli on the PI3K pathway
activation and expression of FoxO1 in human primary

Figure 5. Stimulation with IGF-1 and insulin reduce FoxO tran-
scriptional activity in human CD3-activated T cells. Activated T
cells were transfected with a FoxO Reporter construct and FoxO
transcriptional activity was measured by luciferase assay after
stimulation of T cells with 0.001 mM IGF-1 or 1 mM insulin in the
absence or presence of PI3K inhibitor LY294002 (20 mM) for 15
minutes. Data are shown as a percentage of the values in
untreated cells. Data represent the means C SEMs of 3 indepen-
dent experiments; (�p < 0.05 and ��p < 0.01, Student’s t-test).

Figure 6. IGF-1 and insulin increase proliferation of CD3-activated human T cells. T cell proliferation was measured by [3H]-thymidine
incorporation following stimulation with (a) 0.001 mM IGF-1 and (b) 1 mM insulin in the presence or absence of LY294002 (20 mM) after
24, 48, and 72 hours. DNA synthesis values were expressed as a percentage of untreated cells and represent means C SEMs (n D 4);
(� p < 0.05 and �� p < 0.01, Student’s t-test).
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T cells in vitro. T cell proliferation and expression of
TLR2/4 were investigated. FoxO proteins are phos-
phorylated and inactivated after TCR/CD28 stimula-
tion in T cells.37 Vav1 is a crucial part in TCR/CD28

induced signaling which leads to phosphorylation.
Inhibitions of FoxO1 leads to downregulation of
p27kip1 cell cycle inhibitor and increases proliferation
of murine T cells.38 It has been shown that IGF-1

Figure 7. Expression of TLR2 and TLR4 in CD3-activated human T cells upon stimulation with IGF-1 and insulin. Activated T cells were
stimulated for 48 hours and subsequently analyzed for (a) TLR2 and (b) TLR4 expression by flow cytometry. Data represent the means
C SEMs of 4 independent experiments; (� p < 0.05, ��p < 0.01, Student’s t-test).

Figure 8. The supernatants of IGF-1- and insulin-stimulated SZ95 sebocytes up-regulate the expression of p-Akt and p-FoxO1 in CD3-
activated T cells. SZ95 sebocytes were stimulated with 1 mM IGF-1 or insulin. After 72 hours, the medium was replaced and the cells
were incubated for another 72 hours. The supernatants were collected and added to activated T cells in the presence or absence of
PI3K inhibitor LY294002 (20 mM) for 15 minutes. Whole protein fractions were analyzed by western blot. (a) Representative blots were
probed for p-Akt, (b) Representative blots were probed for p-FoxO1. (c and d) Densitometric quantification of blots and normalization
to b-actin. Densitometric data were calculated as a percentage of the values in untreated cells. Data represent the means C SEMs
(n D 3); � p < 0.05, ��p < 0.01, one-way ANOVA.
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induces phosphorylation of Akt at 60 minutes in con-
canavalin-activated T cells and inhibits apoptosis.39

Insulin activates the Akt pathway in murine regulatory
T cells (Treg cells).40 Our results showed that
0.001 mM IGF-1 and 1 mM insulin up-regulate p-Akt
and p-FoxO1 at 15 and 30 minutes in human T-cells.
PI3K pathway inhibitor LY294002 (20 mM) blocked
p-Akt and p-FoxO1 upregulation. Cytoplasmic p-Akt
was increased after 15 minutes while, nuclear p-Akt
was up-regulated after 30 minutes which indicates a
translocation of p-Akt from the cytoplasm to the
nucleus in human T cells. In addition, up-regulation
of p-FoxO1 was first detected in the cytoplasm and
nucleolus after 15 minutes. However, expression of
nuclear p-FoxO1 was down-regulated after 30 minutes
upon IGF-1 and insulin stimulation. Nuclear FoxO1
was decreased after 15 and 30 minutes. These findings
indicate that FoxO1 transcription factor is phosphory-
lated and degraded upon IGF-1 and insulin treatment
in human primary T cells.

Furthermore, FoxO transcriptional activity was
reduced upon PI3K pathway activation at 15 minutes
compared to CD3-activated control cells.

Mammalian target of rapamycin complex 1
(mTORC1) is a nutrient-sensitive kinase complex

which regulates transcription, cell proliferation, and
lipogenesis.41-44We analyzed FoxO1 but of course it has
to be considered that Akt is a major activator of
mTORC1 signaling. The expression of mTOR is
enhanced in acne patients compared to healthy con-
trols.45 Furthermore, mTORC1 has an important role
in T cell differentiation, proliferation and functions.46-49

It is well established that proliferation of T cells is
induced after TCR stimulation and PI3K pathway
activation.38,50,51 Our results showed that 0.001 mM
IGF-1 and 1 mM insulin further increase CD3-acti-
vated T cell proliferation after different time points
with a maximum increase of 29% at 72 hours com-
pared to CD3-activated control cells. LY inhibitor
alone reduced T cell proliferation and LY together
with IGF-1 or insulin significantly blocked increase of
T cell proliferation confirming that T cell proliferation
increases via PI3K pathway activation.

TLR activation leads to antigen-presenting cell
(APC) maturation and cytokine production.52 These
receptors play a pivotal role in innate as well as adap-
tive immunity.53 TLR2 is expressed on CD4C and
CD8C T cells.54,55 TLR4 is expressed on T cells and
has a role in CD4C and gd T cell proliferation and sur-
vival.56 The cytosolic domains of TLRs contain a PI3K
binding motif 57 and naturally, there is an interaction
between PI3K and TLRs.58-60 It has been reported that
PI3K activation reduces pro-inflammatory events and
inhibits TLR signaling in immune cells.61 We showed
in a previous study that IGF-1 and insulin up-regulate
TLR2/4 expression in SZ95 sebocytes indicating an
important link between dietary factors and inflamma-
tion in acne without microbial involvement.12 Next,
we investigated the role of IGF-1 and insulin on
TLR2/4 expression in human primary T cells. No sig-
nificant effect on TLR2/4 expression was detected in
CD3-activated T cells. LY inhibitor significantly
reduced TLR2/4 expression which may result from a
general inhibition of T cell activation. These findings
suggest that contrary to human sebocytes, dietary fac-
tors such as IGF-1 and insulin mimicked in the in
vitro system do not affect TLR expression via the PI3K
pathway in human T cells and therefore, increased
activity might be inhibited.

To get more insight in possible interaction of sebo-
cyte factors after stimulation with IGF 1 or insulin
and their release affecting T-cells, we investigated the
effect of supernatants from IGF-1- or insulin-stimu-
lated sebocytes on T cell PI3K pathway activation.

Figure 9. Supernatants from IGF-1- or insulin-stimulated SZ95
sebocytes reduce proliferation of CD3-activated T cells. SZ95
sebocytes were stimulated with 1 mM IGF-1 or insulin. Activated
human primary T cells were stimulated with sebocyte superna-
tants in the presence or absence of PI3K inhibitor LY294002
(20 mM) for 24, 48, and 72 hours. T cell proliferation was mea-
sured by [3H]-thymidine incorporation assay. DNA synthesis val-
ues are expressed as a percentage of untreated cells and
represent means C SEMs (n D 4); (� p < 0.05 and �� p < 0.01,
Student’s t-test).
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The results showed the up-regulation of p-Akt and
p-FoxO1. Pre-incubation with LY blocked p-Akt and
p-FoxO1 up-regulation in human T cells. These data
suggest that IGF-1- and insulin-stimulated sebocytes
may synthesize some unknown factors and may acti-
vate the PI3K pathway in human T cells. We found in
previous study that IGF-1 and insulin increase sebo-
cyte lipogenesis and reduce sebocyte proliferation
which can be in part a secondary effect of the induc-
tion of differentiation and peroxisome proliferator-
activated receptor (PPAR) activation in sebocytes.12

Interestingly, in the T cell study, [3H]-thymidine
incorporation assays indicated that supernatants from
IGF-1- or insulin-stimulated sebocytes significantly
reduce T cell proliferation with a maximum suppres-
sion of 50% after 72 hours. Pre-incubation with LY
reduced T cell proliferation more effectively than
supernatants from IGF-1- and insulin-stimulated
sebocytes alone. PPAR-g reduces c-Myc protein and
prevents cell proliferation. PPAR-a mediates Bcl-2
and Bad and initiates apoptosis.62 Exportation of
FoxO1 from the nucleus to the cytoplasm promotes
PPAR target genes,63, 64 which mediate sebocyte dif-
ferentiation.65 The reduction of human T cell prolifer-
ation induced by supernatants from IGF-1- and
insulin-stimulated sebocytes clearly needs further
investigation as it could result from enhanced apopto-
sis or enhanced differentiation of the treated T cells.
Future studies should also investigate the involvement
of PPAR and the cytokine profile of IGF-1- and insu-
lin-treated human T cells.

Taken together, this study helps to support the
hypothesis from in vitro results that in vivo high glyce-
mic load diet which increases IGF-1 and insulin may
contribute to induce activation of the PI3K pathway,
reduction of FoxO transcriptional activity, and
increase of proliferation in human primary T cells.
However, they do not influence TLR expression in T
cells. In addition, factors secreted by IGF-1- and insu-
lin-stimulated sebocytes have an ability to induce the
PI3K pathway in T cells and they reduce T cell
proliferation.

Material and methods

Cell culture

Peripheral blood was obtained from healthy donors.
Approval for the studies with human T cells was
obtained from the local ethics committee of the

Medical Faculty of the Otto-von-Guericke University
Magdeburg with the permission number [107/09].
Blood donors gave written informed consent. Mono-
nuclear cells were isolated by Ficoll gradient (Bio-
chrom) centrifugation of heparinized blood. Human T
cells were purified by negative selection with the Pan
T-cell Isolation Kit according to manufactures instruc-
tions and AutoMacs magnetic separation system (Mil-
tenyi Biotec). The purity of T cells was analyzed by
flow cytometry and was usually more than 96%. T
cells were activated with CD3 antibody (clone OKT3).
Plate-bound antibodies were provided as follows.

T cell activation

For cell cultivation, 96-well plates (Nunc) and 24-well
plates (Corning�, USA) were coated with the antibod-
ies. Goat anti-mouse IgG C IgM (HCL) (Jackson
ImmunoResearch, USA) was diluted 1:100 in phos-
phate buffered saline (PBS) (Biochrom, Berlin,
Germany) and was added to the wells. After overnight
incubation at 4�C or 4 hours at 37�C, wells were
washed 3 times with PBS. Thereafter, CD3 antibody
was diluted 1:100 in PBS and was added. Plates were
incubated for 4 hours at 37�C. Wells were washed
again 3 times with PBS.

After isolation, T cells were cultured in serum-free
AIM V� medium (Invitrogen) at a density of 1 £ 105

cells/ml in 96-well plates or at a density of 1 £ 106

cells/ml in 24-well plates for overnight.

Sebocyte treatment

To investigate the effects of IGF-1- or insulin-stimu-
lated sebocytes on human T cells, sebocytes were stim-
ulated with 1 mM IGF-1 (BioVision, California, USA)
or insulin (Sigma-Aldrich, Steinheim, Germany) for
72 hours. Thereafter, the medium was replaced with
the medium without growth factor and cells were cul-
tured for another 72 hours. Supernatants were col-
lected and activated human primary T cells were
cultured with sebocyte supernatants in the presence or
absence of PI3K inhibitor LY294002 (20 mM) (Cell
Signaling Technology, USA).

Western blot

T cell activation was done as described above. Human
primary T cells were plated at a density of 1 £ 106 cells
in 24-well plates and cultivated in serum-free AIM V�
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medium. After overnight, cells were stimulated with
0.001 mM IGF-1 or 1 mM insulin for 15 to 120 minutes
or with supernatants of IGF-1- or insulin-stimulated
sebocytes. For pre-treatment with LY294002, T cells
were incubated for 30 minutes with 20 mM LY294002
and then growth factors were added. Cells were lysed
with RIPA buffer (Sigma-Aldrich, Missouri, USA). A
protease and phosphatase inhibitor cocktails (Sigma,
Missouri, USA) were added. 25 mg of protein was run
on a 10% SDS-polyacrylamide gel. Protein was trans-
ferred to a nitrocellulose membrane and incubated with
the following primary antibodies: p-Akt (Cell Signaling
#9271, 1:1000), p-FoxO1 (Cell Signaling #9464, 1:1000),
Akt (Cell Signaling #9272, 1:1000), FoxO1 (Cell Signal-
ing #2880, 1:1000), or b-actin (SIGMA #A5441, 1:5000)
(Sigma, USA) as a loading control. Membranes were
incubated with peroxidase-conjugated secondary anti-
bodies: Peroxidase-conjugated AffiniPure Anti-Rabbit
IgG (Jackson ImmunoResearch, USA #74425, 1:10000)
or Goat anti mouse IgG (H/L): HRP (A Bio-Rad, USA
#0300–0108P, 1:10000). Blots were developed with
SuperSignal West Pico Chemiluminescent Substrate
(Thermo Scientific, USA) and exposed to film. Films of
blots were analyzed and quantified by densitometry
with Kodak 1D Image Analysis Software, Version 3.6
after background reduction.

[3H]-thymidine incorporation assay

T cell activation was done as described above. T cells
(1 £ 105 cells/ml) were seeded in triplicates in 96-well
plates in serum-free AIM V� medium. After over-
night, 0.001 mM IGF-1 or 1 mM insulin or superna-
tants of IGF-1- or insulin-stimulated sebocytes with
or without 20 mM LY294002 were added and cells
were grown for 24–72 hours. Before cell harvest, cells
were labeled with [3H]-thymidine (0.2 mCi/well; ICN,
Meckenheim, Germany) for 16 hours. Inc. radioactiv-
ity was harvested on glass fiber filters and determined
by liquid scintillation counting.

Transfection and luciferase assay

T cells were activated as described above. After over-
night, activated T cells were cultured in 25 cm2 cell
culture flasks and transfected at 80% confluence with
Cignal FoxO Reporter (QIAGEN, USA) using Lipo-
fectamine 2000 (Invitrogen) transfection reagent. Six
hours later, cells were cultivated in 96-well plates.
After overnight, cells were stimulated with 0.001 mM

IGF-1 or 1 mM insulin in the presence or absence of
20 mM LY294002 for 15 minutes. Luciferase assays
were evaluated on a luminescence plate reader using
the Dual-Luciferase reporter assay system (Promega,
USA) according to the manufacturer’s instructions.
The ratio of Firefly to Renilla luciferase was calculated.

Immunofluorescence cell staining

Cell activation was done as mentioned above. 13 mm
coverslips (Mariefeld, Germany) were coated with
poly-L-lysine (0.01% solution, Sigma, cat.# P4707) at
room temperature. After 10 minutes, poly-L-lysine
solution was removed and the cells were added and
allowed to settle for 30–60 minutes at room tempera-
ture. Subsequently, 0.001 mM IGF-1 or 1 mM insulin
in the presence or absence of 20 mM LY294002 were
added for 15 and 30 minutes and then cells were fixed
with 4% paraformaldehyde (PFA) and permeabilized
with 0.2% Triton X-100. Then T cells were blocked
with PBS containing 4% fetal bovine serum (FBS)
(Biochrom) and incubated with FoxO1 (1:50),
p-FoxO1 (1:50), or p-Akt (1:25) antibody for 1 hour.
After that, cells were incubated with FITC-conjugated
anti-rabbit IgG antibody (1:1000, Invitrogen, USA).
To stain nuclei, 4, 6-diamidino-2-phenylindole-dihy-
dro-chloride (DAPI, 1:1000, Invitrogen) was used. T
cells were analyzed with confocal fluorescence micros-
copy (Leica TCS SP2, Germany) and images were cap-
tured and analyzed with Metaview software.

Flow cytometry

Cell activation was done as mentioned above. Human
primary T cells were plated at a density of 1£ 106 cells in
24-well plates and cultivated in serum-free AIM V�

medium. After overnight, cells were treated with
0.001 mM IGF-1 or 1 mM insulin in the presence or
absence of 20 mM LY294002 for 48 hours. After treat-
ment, cells were washed with PBS and resuspended in
PBS. T cells were stained with fluorophore-conjugated
TLR2 (PE) and TLR4 (FITC) (Abcam) antibodies for 30
minutes in the dark. After washingwith PBS, fluorescence
was determined by flow cytometry (BDBioscience, USA).

Statistics

All experiments were repeated at least 3 times. Statisti-
cal significance was evaluated by Student’s t-test and
one-way ANOVA. Significance was set at p � < 0.05.
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ANOVA analysis of variance
APC antigen-presenting cell
DAPI 4; 6-diamidino-2-phenylindole; dihydro-

chloride
FoxO1 forkhead box-O1
IGF-1 insulin-like growth factor-1
IGF-1R IGF-1 receptor
IR insulin receptor
mTORC1 mammalian target of rapamycin complex 1
P. acnes propionibacterium acnes
PFA paraformaldehyde
PI3K phosphoinositide-3-kinase
PPAR peroxisome proliferator-activated receptor
Th T helper
TLR Toll-like receptor
Treg cells regulatory T cells
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