
Abstract. Background/Aim: To date, no cell-based assay
that focuses on the prime cause of acne initiation through
activation of toll-like receptor2 and 4 and interleukin-8 (IL-
8) production exists. Herein, we present an assay that
evaluates acne by determining TLR2 and 4 expression and
activation. Materials and Methods: Viability of keratinocytes
was determined by the MTT assay. IL-8 was evaluated by
ELISA. Immunocytochemistry was performed for determining
receptor expression. Results: Lipoteichoic acid (LTA),
peptidoglycan (PGN) and lipopolysaccharide (LPS) induced
IL-8 production. Pre-treatment of cells with TLR2 and TLR4
inhibitors, before stimulation, reduced IL-8 production. Zinc
gluconate was used for verification. Zinc can significantly
suppress IL-8 production in the system. Treatment of cells
with LTA+PGN or LPS resulted in increased TLR2 and
TLR4 expression on the cell surface. This effect was
prevented by zinc treatment. Conclusion: The measurement
of IL-8 and TLR2 and TLR4 levels can be used for the
evaluation of anti-acne treatment. 

Acne vulgaris is a chronic disease. It is common among
adolescents and can have a huge impact on physical appearance
and health both short-term and long-term as a result of the

adverse effects of the medication (1). The adverse effects are
induced by non-anti-acne actions such as antibiotics and steroids
(2). It is known that inflammation derived from the activation
of innate immunity plays a primary role in the induction of acne
lesions rather than infection or an allergic reaction (3).
Clinically, there are multiple types of acne lesions. However,
the induction of all types of lesions is primarily initiated by
colonization of Propionibacterium acnes, a Gram-positive
anaerobic bacterium that plays a key role in maintaining and
influencing the inflammatory phase of acne (4). The major cell
wall components of P. acnes, lipoteichoic acid (LTA) and
peptidoglycan (PGN) were found to stimulate immune cells to
release mediators of inflammation (5). Apart from LTA and
PGN, lipopolysaccharide (LPS) –a component of gram-negative
bacteria– is also an immunostimulatory factor (6). 

The innate immune system of the skin epidermis has
several defense components and mechanisms involving
keratinocytes, neutrophils, mast cells and macrophages (7).
The key step of acne formation is the interaction of bacterial
components such as LPS, LTA or PGN with toll-like
receptors (TLRs) in epidermal cells (8). TLR4 primarily
mediates cellular signaling induced by Gram-negative
bacteria (9), while TLR2 is required for pro-inflammatory
signaling to components of Gram-positive bacteria (10). It is
known that TLR2 and TLR4 are predominantly expressed on
the cell surface of the infundibular keratinocytes. The
activation of these TLRs results in signaling cascades that
produce interleukin 8 (IL-8) (11). As a consequence, IL-8
acts as a pro-inflammatory cytokine and a powerful
chemoattractant (12). This cytokine plays a major role in
inflammatory events by its activity as chemokine and as an
activator of crucial neutrophil functions (11).

So far, the anti-acne therapies mostly target bacteria.
Based on the knowledge regarding the early activation of
acne reaction through TLR2 and TLR4 leading to the IL-8
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production, we aimed at developing a method for evaluating
anti-acne substances and specifically the cell signaling and
the inflammatory response. The method includes evaluation
of the effect of compounds on TLR2- and TLR4-mediated
IL-8 production and on the suppression of TLR2 and TLR4
expression.

Materials and Methods

Cell culture. Human keratinocyte cell line HaCaT was purchased
from the Cell Lines Service (CLS) GmbH (Eppelheim, Germany).
HaCaT cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco, Grand Island, NY, USA) supplemented with 10%
fetal bovine serum (FBS) (Merck, DA, Germany), 2 mM 
L-glutamine and 100 units/ml penicillin/streptomycin (Gibco). The
cells were incubated at 37˚C in a CO2 incubator (5% CO2 (v/v),
95% humidity in air). Cells were subcultured by trypsinization
(Thermofisher Scientific, Waltham, MA, USA).

Cell viability assay. Cell viability was investigated by the MTT
assay. Briefly, HaCaT cells were seeded into 96-well plates at a
density of 1×104 cells per well. The cells were treated with Zinc
gluconate at various concentrations (5, 2.5 and 1 μg/ml) for 24 h.
Then, cells were incubated with 100 μl of MTT solution for 3 h at
37˚C. After incubation, supernatants were removed and 100 μl of
DMSO was added in each well. The intensity was measured at
wavelength of 570 nm by microplate reader (Anthros, Durham, NC,
USA). The percentage of cell viability were calculated by
comparison with untreated cells (control group). 

Determination of IL-8 secretion by ELISA Kit. Signaling through the
TLR2 and TLR4 results in increased production and secretion of IL-8
(Figure 1). Therefore to study the secretion of IL-8, cells sub-cultured
and seeded into 96-well plates at density of 8×103 cells per well were
co-treated with inducers of TLRs [combination of LTA and PGN (10

μg/ml)] and TLR2 inhibitor (10 μg/ml), TLR4 inhibitor (10 μg/ml), or
zinc gluconate (1.5 μg/ml) for 24 h. Also, cells were treated with LPS
(100 ng/ml) in the presence of TLR2 inhibitor, TLR4 inhibitor, or zinc
gluconate for 48 h as shown in Figure 2A. After incubation, the
supernatants were kept and IL-8 levels were determined by using a
sandwich ELISA system (R&D systems, Minneapolis, MN, USA).
Addition, untreated cells were also used as control.

Determination of TLR2 and TLR4. Cells were subcultured and
seeded into 96-well plates at a density of 8×103 cells per well. Then
cells were treated with inducers (combination of LTA and PGN or
LPS) in the presence of zinc gluconate as described in Figure 2B.
Following treatment, cells were washed with 1X PBS, fixed with
4% (w/v) paraformaldehyde for 15 min and permeabilized with
0.5% (v/v) Triton-X for 5 min. Then, cells were incubated with 10%
(w/v) FBS for 1 h, washed and incubated with specific antibody
against TLR2 or TLR4 (InvivoGen, San Diego, CA, USA)
overnight at 4˚C. Following washing cells were incubated with
FITC and Texas Red (Abcam, Cambridge, UK) conjugated goat
Human IgA H&L or rabbit Anti-Rat IgG H&L secondary antibody,
respectively. Nuclei were stained with Hoechst 33,342 for 1 h at
room temperature in the dark. Stained cells were washed, mounted
with 50% glycerol, and visualized and captured using fluorescence
microscopy (Nikon model ECLIPSE Ts2-FL, Tokyo, Japan). 

Statistical analysis. The data were obtained from at least three
independent experiments and are presented as the mean±standard
deviation (SD). Statistical differences between two groups was
determined by One-way analysis of variance (ANOVA) with a Tukey’s
test to compare the multiple groups at a significance level of p<0.05,
0.01 and 0.001. Minitab version 16.0 was used for all statistical analyses.

Results
IL-8 production. HaCat keratinocyte cells at passages of 5-15
were stimulated by bacterial components and TLR2- and TLR4-
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Figure 1. Schematic of the mechanism of IL-8 production via TLR2 and TLR4 activation.



mediated IL-8 production was measured (Figure 1). Following
subculture and overnight incubation, the cells were treated with
5, 2.5 and 1 μg/ml of zinc gluconate for 24 h to determine its
non-toxic doses. Cell viability was evaluated by MTT assay. As
shown in Figure 3A, treatment with zinc gluconate at the
indicated concentrations did not result in cytotoxicity. The
monolayer of keratinocytes was exposed to LPS or LTA+PGN
as shown in Figure 2, and IL-8 secretion was assayed in the
supernatants by ELISA-immunoassay. As shown in Figure 3B
and C, the levels of IL-8 protein in culture supernatants of
untreated cells was very low. However, in the presence of LPS
(100 ng/ml) or LTA+PGN (10 μg/ml), the secreted levels of 
IL-8 were significantly increased. Treatment of the cells with

TLR2 as well as TLR4 inhibitors dramatically suppressed
production of IL-8, indicating that IL-8 production in
keratinocytes is mediated via TLR2 and TLR4 activation. Zinc
gluconate was also found to significantly suppress IL-8
production. 

Evaluation of TLR2 and TLR4 expression on the surface of
keratinocytes. Cell surface expression of TLR2 and TLR4
was examined in HaCaT cells using immunocytochemistry
and fluorescence intensity analysis. LTA+PGN-treated cells
(Figure 4) and LPS (Figure 5) showed higher intensity of
fluorescence at the cell surface compared to control cells.
Zinc gluconate suppressed the expression of the receptors at
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Figure 2. Design of the analysis assays. IL-8 induction assay (A), TLR2 and TLR4 expression assay (B).



the cell surface. 
Discussion
Acne vulgaris is a common disease that affects millions of
people. It is a disease that has a significant impact on the
psychological and physical well-being of patients (13). The
pathogenesis of acne is multifactorial, including micro-
biological, hormonal and immunological mechanisms (14).
The epidermis is an important site of interactions between
microbes and the host and keratinocytes are one of the skin
components that participate in host defense. They initiate and
regulate the cutaneous inflammation and immune responses
by producing cytokines (15). Microbes are the main
organisms that lead to acne lesions. Gram-positive and
anaerobic P. acnes have been implicated in acne
inflammation and pathogenesis. LTA and PGN are the main
components of P. acnes that trigger TLR2 activation and the
release of the neutrophil chemoattractant cytokine IL-8 (16).
On the other hand, LTA triggers TLR4 activation. In
addition, LPS, a component of Gram-negative bacteria, also
induces TLR4 activation (17). Therefore, the combination of
LTA+PGN was chosen to simulate the effect of P. acnes. In
order to select the appropriate concentrations of these
compounds, viability of the treated cells should not be
significantly different from untreated cells (control) (8). Zinc
gluconate was initially screened using the MTT assay. The
results showed that none of the concentrations of Zinc
gluconate used had an effect on viability of HaCaT cells. 

When skin is attacked by microbes, keratinocytes being at
the first line of defense are activated and produce IL-8, a
major cytokine which plays a role as a chemotactic factor to
recruit immune cells (18). Therefore, IL-8 levels were
determined by a sandwich ELISA. LPS and LTA+PGN-
treated cells were found to produce and secrete increased
levels of IL-8. Zinc gluconate-treatment decreased secretion
of IL-8. A previous study has also reported that the induction
of IL-8 depends on TLR family (19). Specifically, TLR2 and
TLR4 that recognize bacterial cell-wall components, such as
PGN, LTA and LPS. TLRs are also induced by endogenous
ligands generated at sites of tissue inflammation that
represent damage signals to the host (20). Interestingly, zinc
gluconate treatment resulted in decreased expression of
TLR2 and TLR4 at the cell surface when compared with the
induced groups. These results indicated that zinc gluconate
decreased IL-8 secretion via inhibition of TLR2 and TLR4
expression (Figure 1). As previously mentioned, the analyses
performed in this study (Figure 2) are appropriate for
estimating the efficacy of drugs against acne vulgaris. These
analyses are simple and relatively short.  
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Figure 3. HaCaT cells were treated with 5, 2.5 or 1 μM of zinc
gluconate for 24 h. Cell viability was investigated using the MTT assay.
Data represent the mean±SD (n=3) (A). IL-8 secretion, assayed by
ELISA, by HaCaT cells was induced following incubation with 10 μg/ml
LTA+PGN for 24 h (B) or 100 ng/ml LPS for 48 h (C). Co-treatment
with 1.5 μg/ml zinc gluconate or solvent (ratio of 1:1,000). Data are
presented as the mean±SD (n=3). **p<0.01 vs. non-treated control.
###p<0.001 and ##p<0.01 vs. LTA+PGN or LPS-treated cells. 
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