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Bulleted statements

What’s already known about this topic?

The primary function of human sebaceous glands is to produce and secrete sebum, which so far, was

considered to only contribute to the lipid barrier of the skin.

What does this study add?

Our work indicates that sebocyte-derived lipids may also target macrophage differentiation and
activation. Moreover, in the pathogenesis of acne, the Propionibacterium acnes — macrophage
interaction might be largely dependent on the composition of the sebum, which is of possible

pathologic and therapeutic relevance.

Summary

BACKGROUND: As lipids are known to regulate macrophage functions it is reasonable to suppose that

a sebocyte — macrophage axis mediated by sebum lipids may exist.

OBJECTIVE: To investigate if sebocytes could contribute to the differentiation, polarization and

function of macrophages with their secreted lipids.

METHODS: Oil-red-O lipid staining and Raman spectroscopy were used to assess the dermal lipid
content and penetration. Immunohistochemistry was used to analyse the macrophage subsets. Human
peripheral blood monocytes were differentiated in the presence of either supernatant from human
SZ95 sebocytes or major sebum lipid components and activated with Propionibacterium acnes.

Macrophage surface markers and their capacity to uptake FITC-Propionibacterium acnes were
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detected by FACS measurements. Cytokine protein levels were evaluated by ELISA and Western blot

analysis.

RESULTS: Sebaceous gland rich skin had an increased dermal lipid content compared to sebaceous
gland poor skin to which all the tested sebum component lipids could contribute by penetrating
through the dermo-epidermal barrier. Of the lipids, oleic and linoleic acids promoted monocyte
differentiation into alternatively activated macrophages. Moreover, linoleic acid also had an anti-
inflammatory effect in Propionibacterium acnes activated macrophages, inhibiting the secretion of
IL-1B, IL-6 and TNF-A. Squalene, palmitic, stearic and oleic acids augmented the secretion of IL-1B
even in the absence of Propionibacterium acnes, while oleic acid had a selective effect of inducing

IL-1B, but down-regulating IL-6 and TNF-A secretion.

CONCLUSIONS: Our results suggest a role for sebaceous glands in modulating innate immune

responses via their secreted lipids that are of possible pathologic and therapeutic relevance.

Key words: sebocyte, macrophage, sebum, Propionibacterium acnes

Introduction

The primary function of human sebaceous glands is considered to be the production and secretion of
sebum to cover the hair and contribute to the lipid barrier of the skin'~. Recent findings, however,
have shown that sebocytes can also produce cytokines and inflammatory mediators both of protein
and of lipid nature* and are capable to alter their sebum production/composition in response to
different inflammatory stimuli®®. These findings already suggest that sebocytes may not just be a
target of inflammation, as previously considered, but could actively contribute to skin homeostasis

and the inflammatory environment® .
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Macrophages, the key phagocytes of the immune system, sense and transform signals and stimuli
towards the initiation of inflammation and activation of the adaptive immune system. In order to fulfil
these complex roles, macrophages exert a prominent morphological and functional heterogeneity in
both the healthy and the inflamed skin, outlining the importance of the different stimuli behind their
activation'*. Based on these stimuli, a widely accepted classification separates macrophages into
alternatively and classically activated subsets'>. While alternative macrophages are activated by IL-
4/IL-13 and by various lipids that are associated with tissue maintenance and remodelling processes,
and are increased in high numbers in pathological conditions such as wound healing or tumour matrix
formation the classically activated macrophages typically develop in response to IFN-G and/or TNF-

16,17
A

In this study, we ex vivo assessed the extent in which sebocyte derived lipids may contribute to the
dermal lipid content. While in an in vitro setting where human blood-derived monocytes/macrophages
were cultured in the supernatant of human SZ95 sebocytes or selected sebum component lipids, we
addressed the contribution of sebocyte derived lipids to macrophage polarization as well as to their
interaction with Propionibacterium acnes (P. acnes) that is believed to be a pivotal step in the

development of acne, the most common disease of the sebaceous glands'®?’.

Materials and methods
Oil-Red-O staining

Anonymised frozen skin biopsies were sectioned and fixed in 4% Paraformaldehyde (Sigma-Aldrich,
Dorset, UK) for 10 min. The sections were stained with 0,7% Oil Red O (Sigma-Aldrich) solution for
7 minutes. A counter staining for nuclei was done with methylene green. Detailed staining protocol is

available in supplementary information online.
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Raman spectroscopy

Skin biopsies were obtained from abdominal reconstruction surgery. Approximately 1 cm’ skin
samples were treated with either squalene, linoleic-, oleic-, palmitic- or stearic acid for 24h, the
treated area was 66.5 mm’in all cases. Tissue samples of the treated areas were frozen and sectioned
onto aluminium coated slides. Raman spectra of each section were obtained with a DXR Raman
microscope (Thermo Fisher Scientific, Waltham, MA, USA) equipped with a 532nm diode laser.
Instrument operation and the evaluation of measurements were done by the OMNIC Dispersive
Raman 8.2 software (Thermo Fisher Scientific). The individual spectra of each fatty acid were used as
a reference when comparing the treated vs untreated samples. Detailed protocol is available in

supplementary information online.

SZ95 sebaceous gland cell culture and treatment

Supernatants of the immortalized human SZ95 sebocytes®' were used for the experiments. For lipid
depletion of the supernatants Cleanascite lipid clarification reagent (Biotech Support Group,
Monmouth Junction, NJ, USA) was used according to the manufacturer’s instructions. Lipids;
squalene, linoleic acid, oleic acid, palmitic acid and stearic acid (Sigma-Aldrich); were replaced
individually subsequent to lipid depletion in a concentration of 150 uM. Replacement concentrations
were determined by preliminary ELISA and flow cytometry measurements (Supplement Figure 1 a,

Supplement Figure 3). Detailed protocol is available in supplementary information online.

P. acnes strains

Strain P. acnes 889 (P. acnes) was obtained from the Department of Microbiology, University of

Debrecen, Hungary. Detailed protocol is available in supplementary information online.
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Macrophage culturing and differentiation

Monocytes were isolated from PBMCs using CD14 microbeads (Miltenyi Biotech, Vienna, Austria)
following the manufacturer’s protocol, cultured in RPMI 1640 media (Sigma-Aldrich) containing
10% FBS (Biochrom, Berlin, Germany), 1% antibiotics (Invitrogen, Carlsbad, CA, USA) and
supplemented with SZ95 sebocyte supernatant. For further differentiation and activation IL-4, or P.
acnes was used. Results presented are obtained with 80% SZ95 sebocyte supernatant supplementation
after confirming dose dependence and an optimal dose as detailed in Supplement Figure 1b. Detailed

protocol is available in supplementary information online.

Immunohistochemistry

For co-expression studies, the detection of Factor XIII subunit A (FXIII-A) was combined using
antibodies against CD206, CD209 (Abcam, Cambridge, UK) and CD163 (Enzo Life Sciences,
Farmingdale, NY, USA) antigens. Staining protocols and antibody specifications are detailed in

supplementary information online (Supplement Table 1).

Flow cytometry

Macrophages were stained for surface markers CD206, CD209 using phycoerythrin (PE) conjugated
mAbs (BD Bioscienses, New Jersey, NJ, USA). Data was collected by flow cytometric analysis using
FACSCalibur (BD Bioscienses) and was analysed with Flowing Software (Cell Imaging Core, Turku,
Finland). Staining protocols and antibody specifications are detailed in supplementary information

online (Supplement Table 1).
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Western blotting

Macrophages were collected and processed for Western blot analysis. Proteins were probed with anti—
FXIII-A (Acris Antibodies, Herford, Germany) anti-B-actin (Cell Signaling, Danvers, MA, USA) and
anti-IL-1B (R&D Systems, Minneapolis, MN, USA). Detailed protocol as well as antibody

specifications are available in supplementary information online (Supplement Table 1).

ELISA

IL-6, TNF-A and IL-1B cytokine levels were measured using the appropriate ELISA Duosets (R&D
Systems) according to the manufacturer’s instructions. Detailed protocol is available in supplementary

information online.

Phagocytosis assay

FITC-labelled P. acnes 889 treated macrophages were used for flow cytometric analysis using
FACSCalibur (BD Bioscienses) and analysed with Flowing Software (Cell Imaging Core). Detailed

protocol is available in supplementary information online.

Statistics

All data are presented as mean + SD. We made at least three biologic replicates for all experiments.
Unpaired t-test, one-way ANOVA statistic test and Tukey post-hoc test were used in the analysis of

ELISA data. Differences by p<0.05 values were considered statistically significant.
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Results
Sebaceous gland rich skin is enriched in its dermal lipid content

As a starting point for our studies we first aimed to assess whether the lipid content of a given skin
sample correlates with the presence of sebaceous glands. The used Oil-Red-O staining clearly
demonstrated that in samples from sebaceous gland rich areas the lipid staining had an increased
intensity in the dermis compared to samples from regions that were poor in sebaceous glands (Figure
la). Interestingly, this increase was most prominent in the subepidermal part and around the

sebaceous glands.

These results suggest that sebocytes might have a primary role in supplying the dermis with lipids.

Sebum component lipids are able to penetrate through the epidermis and accumulate in the dermis

Sebocytes secrete sebum to moisturize the skin surface. To assess the potential of sebum lipids to
penetrate into the dermis we ex vivo selectively applied sebum component lipids onto human skin
grafts from sebaceous gland poor regions of the body. By using Raman spectroscopy, we could show

that each of the lipids accumulated in the dermis to varying degrees (Figure 1b).

These findings provide evidence that sebum lipids could have a far more complex physiological role
than being only topical moisturizing agents, and call for further studies to investigate their effects on

various cell types of the skin, such as macrophages.

SZ95 sebocytes promote alternative polarization of monocyte-derived macrophages

Activation and polarization of macrophages is greatly influenced by the stimuli from the tissue
environment. Previously, we as well as others have shown that macrophages in healthy skin were
typically expressing the markers of alternative activation (FXIII-A/CD209/CD206%)***. Interestingly,

we found that the macrophages accumulated in an increased number around the sebaceous glands™
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are exclusively alternatively activated in the healthy skin (Figure 2a), while in lesions of acne
classically activated ones could also be detected (Supplement Figure 2). In order to test a possible
interaction between sebocytes and macrophages, we established an in vitro model where peripheral

blood monocytes were differentiated into macrophages in the presence of SZ95 sebocyte supernatant.

First, we characterized the effects of sebocytes on the polarization of macrophages and measured the
expression of the widely-accepted markers via Western blotting (FXIII-A) and flow cytometry
(CD206 and CD209). An enhancement of the expression of all markers studied was detected when
monocytes were differentiated in the presence of the SZ95 sebocyte supernatant. Importantly, when
using lipid depleted SZ95 sebocyte supernatant, we found a prominent down-regulation of FXIII-A
and an almost complete inhibition in the induced expression of CD206 and CD209 pointing to a
possible participation of sebaceous lipids in macrophage differentiation. Individually replacing the
major components of the sebum such as oleic, linoleic, palmitic and stearic acids and squalene in the
lipid-depleted SZ95 sebocyte supernatant used for macrophage culturing, we found linoleic and oleic
acids to be potent inducers of the measured markers of alternative macrophage activation (Figure 2b),

while squalene, stearic acid and palmitic acid had no effect (Supplement Figure 3).

Interestingly, we found that the high levels of CD206 and CD209 in response to IL-4 treatment, the
primary stimulus to induce alternative activation, could be further increased when macrophages were
cultured in SZ95 sebocyte supernatant (Supplement Figure 4). While, despite the strong polarizing
effect towards the alternative activation, the SZ95 sebocyte supernatant treated macrophages
conserved their potential to differentiate into classical activation suggesting that the polarizing effect
can be overwritten in case of a danger signal. The co-treatment could neither relieve the down
regulation of the measured markers nor the increased production of TNF—A in macrophages treated

with IFN-G, the underlying stimulus behind the classical activation pathway (Supplement Figure 5).
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Sebocyte-derived lipids contribute to the potential of macrophages to uptake P. acnes

Alternatively activated macrophages have an enhanced potential for phagocytosis as one of their most
important functional features. As P. acnes has been shown to contribute to the pathogenesis of acne, a
disease marked by the inflammation of the pilosebaceous unit, we next measured the uptake of FITC-
labelled P. acnes by macrophages cultured with and without the SZ95 sebocyte supernatant. We
found that in the presence of sebocyte-produced lipids macrophages gained an increased potential to
uptake the bacteria. To address the possible lipids that may contribute to the enhanced phagocytosis,
we selectively supplemented single lipids in the lipid-depleted SZ95 sebocyte supernatant and found

linoleic and oleic acids to be potent players in the increased uptake (Figure 2c).

Sebum component lipids contribute to the macrophage activating potential of P. acnes

P. acnes is crucial in the pathogenesis of acne by inducing IL-1B production in macrophages,
however, in in vitro settings, P. acnes itself only induces IL-1B production and secretion at a very
moderate level suggesting that other factors are also required for its pathological role”. Therefore,
we first measured if supplementation with the SZ95 sebocyte supernatant could alter the IL-1B levels
in in vitro P. acnes-treated macrophages. Supporting an important role for sebocyte-derived products,
a prominent induction in the protein levels of IL-1B was found when P. acnes was added in
combination with SZ95 sebocyte supernatant to the culturing medium, as revealed by Western blot
from cell lysates (Figure 3a). Interestingly, IL-1B production was further increased in the P. acnes-

treated macrophages when lipids were depleted from the SZ95 sebocyte supernatant (Figure 3 a).

To address the contribution of the previously tested lipids to the IL-1B secretion in P. acnes activated
macrophages, of which palmitic acid is known to induce IL-1B via Toll-like receptor (TLR) 2, while

saturated fatty acids are recognised as TLR4 agonists®*®

, we extended our studies by selectively
replacing the different lipids in the lipid-depleted SZ95 sebocyte supernatant. Our ELISA

measurements revealed that the lipids had different effects on the IL-1B secretion. Besides confirming

the potential of palmitic acid, stearic acid, oleic acid and squalene to induce IL-1B, we could also
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show that palmitic, oleic and stearic acids sensitized and further augmented the macrophage response
to P. acnes. On the contrary, linoleic acid inhibited IL-1B production even in the presence of P. acnes

(Figure 3 b).

IL-6 and TNF-A are other characteristic inflammatory cytokines produced by infected macrophages.
Measurement of these cytokines in the supernatants showed that the pro-inflammatory effect of
stearic and palmitic acids and the anti-inflammatory effect of linoleic acid are not limited to IL-
1B secretion, but could also affect TNF—A secretion in a similar manner, while IL-6 was only slightly
affected. Interestingly, oleic acid decreased the levels of both IL-6 and TNF-A, suggesting that it may
have a special role among sebum lipids by selectively and differentially interacting with the different

inflammatory signalling pathways (Figure 3 b, c).

These data show that the role of sebocytes in regulating macrophage function is not limited to altering
their polarization, but can also be integrated into disease-specific settings, such as acne, where

sebocytes may regulate inflammation via the secretion of its biologically active lipids (Figure 4).

Discussion

The concept of immunologically competent skin cells with no myeloid or lymphoid origin has been a
challenging issue in skin biology. After decades of research keratinocytes, primarily via their cytokine

. . 29-31
production, are now accepted as immune regulators®

that are important in the pathogenesis of
various inflammatory diseases, such as psoriasis and atopic dermatitis’>*>. In contrast, sebaceous
glands are still widely considered to contribute only to the lipid barrier of the skin by producing the

.. . 34,35 . . . . . . .
lipid rich sebum™ ", however, as we show in this work, there is an impressive difference already in

the dermal lipid content between sebaceous gland rich and poor skin.

The key question put forward nearly 70 years ago, whether sebum lipids could contribute also to the
dermal lipid content™, was first assessed by Butcher in the 1950s, who elegantly demonstrated that

the sebum component lipids, stearic- (radioactive) oleic- and linoleic acids (with an increased
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fluorescence intensity) absorbed readily through rat skin with a notable accumulation around the
sebaceous gland in the case of stearic acid, while linoleic acid passaged even to the blood vessels’*.
In this study, we extended and completed the characterization on the penetration of sebum component
lipids by using Raman spectroscopy and showed that all the lipids (stearic-, linoleic-, oleic-, palmitic-
acids and squalene) were able to make their way through the epidermis. While Butcher proposed that

lipids are mostly penetrating through the pilosebaceous duct, our results support that secreted sebum

lipids from the skin surface could also penetrate and contribute to the dermal lipid milieu.

As lipids, besides cytokines and pathogens, also have a key role in the differentiation and activation of
various immune cells, therefore, in our studies we aimed to challenge the interaction of sebocytes
with macrophages, the key immune cells in maintaining the immune milieu of the healthy skin and
also in initiating various diseases. Famous for their “Janus face”, macrophages exert different
functions depending on the tissue environment’. One extreme is their activation towards the
alternative pathway, in which primarily IL-4/IL-13, but also different lipids might act as inducers'*
1939 This pathway, best represented by “skin resident macrophages” which express all the
characteristic markers such as CD206, CD209 or FXIII-A, is central in the maintenance of the tissue
environment by producing extracellular matrix components and contributing to tissue remodelling. On
the other end of the spectrum is the classical activation, whose prototype is the formation of
tuberculoid granulomas, where IFN-G and TNF-A are the key cytokines". Integrating our findings
into the current knowledge regarding macrophage activation pathways, we suggest that under normal
conditions the exclusive presence of alternatively activated macrophages may be a sign and
consequence of a continuous “non-danger signal” contributing to the homeostasis of the skin, of
which sebocytes are a potential source™'*. However, based only on histological findings, it would be
an over-interpretation to conclude a possible interaction between sebocytes and macrophages. Hence,
we performed experiments with SZ95 sebocytes, which represent the best characterized model for
human sebaceous gland research, including comparative and verified data on both lipid and protein

21,40

synthesis™ ™, and raised the question whether sebocytes could interact with the maturation and

polarization of macrophages. Considering the fact that sebocytes undergo a holocrine secretion, we
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only used cell free supernatant of SZ95 sebocytes to supplement the culture media of the human
blood-derived monocytes differentiated into macrophages and showed that all the widely-accepted
markers for the alternative activation pathway (CD206, CD209 and FXIII-A) were up-regulated. This
suggests that sebocytes can, indeed, affect the polarization of macrophages favouring the alternative
pathway and may also provide an answer for the phenomenon of macrophages expressing these
detected markers in conditions where IL-4/IL-13 is not involved*'. In addition, the supernatant-treated
differentiated macrophages in vitro also exerted an increased capacity for phagocytosis of P. acnes, a
previously defined hallmark of CD209* macrophages, suggesting that sebocytes might affect not
just the marker profile but also functions of macrophages. These results support that sebocyte derived
lipids could be potent contributors to the homeostasis of the skin which is in line with recent findings,

that sebaceous gland rich healthy skin has a distinct non-inflammatory immune surveillance*.

Based on the findings, that the lipid composition of sebum is not a steady-state condition but can be
changed, as it was observed both in in vitro sebocytes in response to various stimuli as well as in the
sebum of acne patients where the variations in the quantity and mostly the quality of sebum lipids

44344
, wWe

could significantly affect inflammation by targeting both keratinocytes and sebocytes
extended our experiments also with P. acnes-treated macrophages. Our results provided convincing
data that macrophages could also be possible targets for the altered sebum production in acne. With
dissecting the role of sebocyte-produced lipids in regulating the secretion of IL-1B and other

526,45
232645 \we found

inflammatory mediators, such as IL-6 and TNF-A by P. acnes-infected macrophages
that each of the major lipid components had a well-defined inflammatory property, that has been
overlooked so far perhaps not just in acne, but most likely in the pathogenesis of other dermatological
diseases as well. Interestingly, palmitic and stearic acids, which are both major sebum components,
were proven to be potent stimulators of inflammatory cytokine production in macrophages themselves
even without the presence of P. acnes”’. Moreover, our results that certain lipids, such as linoleic and
oleic acids, had a significant effect on sensitizing macrophage response towards P. acnes even when

the bacteria only had a minor effect on the secretion of IL-1B itself, addresses and (partially) explains

another intriguing question, namely, how an otherwise commensal bacterium P. acnes, could still be a
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potent macrophage activator in diseases such as acne. Our results shed light on the essential role of
the sebum lipids in this process. With ratio alterations, lipid fractions could determine the extent of
macrophage’ response to P. acnes and most likely to other pathogens as well. Keeping the limits of
our study in mind, we also provide data supporting the biological relevance for the significant
decrease in the levels of linoleic acid and thus the increased ratio of oleic/linoleic acid in the sebum of
acne patients*® and suggest that linoleic acid may be a key player, not just in comedo formation, but
also in the impaired symbiosis between pathogens and macrophages with a primarily anti-
inflammatory effect, which is further affected by the changing levels of the potent and selective IL-1B
inducer oleic acid. These results altogether fully corroborate that sebaceous lipogenesis does not only
contribute to the accumulation of sebum but is also an instrument for several coordinated actions'**”

*_including the communication with macrophages and most likely with other immune cells that are

yet to be investigated.

In conclusion, our results suggest that sebocytes, similarly to keratinocytes, may contribute to the
inflammatory milieu and act as a guard at a “locus minoris resistentiae” within the dermis, especially
for the pilosebaceous unit, where the lipids, cytokines and resident bacteria (that are all at elevated
levels and unique to the pilosebaceous unit) form a unique symbiotic environment that has to be
conserved and balanced. Moreover, based on our work, the analysis of sebum lipid fractions should
also be addressed from the scope of their potential immunoregulatory functions, that may give new
explanations for the altered lipid profile in sebum of various pathological conditions such as acne and
50,12,51

rosacea . These findings altogether open several new avenues for research to consider lipids

similarly as we focus on cytokines both in basic and therapeutic research.
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Figure legends

Figure 1. Oil-Red-O staining of sebaceous gland poor (stomach; left) and sebaceous gland rich (nose;
right) skin. Arrows indicate sebaceous glands, asterisks indicate lipid rich areas in the subepidermal
region, while diamond arrows point at the epidermal lipid barrier. Note, that in the sebaceous gland
(SG) rich sample an increased staining was observed not just in the vicinity of the SGs but also
beneath the epidermis. The comparable intensities in the epidermal staining of the SG rich and poor
samples supports that keratinocytes are important in the epithelial lipid barrier, showing no correlation

with the dermal lipid content (a).
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Raman map of control versus squalene (SQ), stearic- (STA), palmitic- (PA), linoleic- (LA) or oleic
acid (OA) treated skin samples. From blue to red colouring the map indicates the increasing presence
of the various fatty acids in a semi-quantitative manner. Dotted lines mark the estimated

dermoepidermal border (b).

Figure 2. SZ95 sebocytes promote alternative activation of monocyte-derived macrophages

Double immunofluorescent labelling for FXIII-A (green) and CD206, CD209 (red) in healthy skin
samples detecting macrophages around the sebaceous glands to be alternatively activated (orange)
(FXIII-A*/CD206"/CD209%). Scale bar 100 um and 50 um (a). Western blot analysis of FXIII-A
protein levels (n=3) and flow cytometric analysis of CD206, CD209 cell surface markers (n=5) is
depicted in in vitro differentiated macrophages in the presence SZ95 sebocyte supernatant containing
lipids (SZ95 sup.), after lipid depletion (lipid depleted SZ95) or supplementation with various sebum
lipids (squalene, linoleic-, oleic-, stearic- or palmitic acids). Supplementation of lipid-depleted SZ95
sebocyte supernatant with linoleic (LA) and oleic (OA) acids partially restored the induction of
CD206 and CD209 (b). Contribution of sebocyte-derived lipids to the uptake of FITC-labelled P.
acnes by macrophages was assessed when macrophages were cultured in the presence of SZ95
sebocyte supernatant, lipid-depleted SZ95 sebocyte supernatant or lipid-depleted SZ95 sebocyte

supernatant supplemented with linoleic- (LA) or oleic (OA) acid (n=3) (c).

Figure 3. SZ95 sebocyte supernatant modifies the macrophage activating potential of P. acnes

IL-1B production in in vitro cultured P. acnes treated macrophages with and without SZ95 sebocyte
supernatant. Note that P. acnes induced IL-1B production only in the presence of SZ95 sebocyte
supernatant which could be further increased when lipids were depleted from the SZ95 sebocyte
supernatant as revealed by Western blot (n=3) Dosimetry data depicts the relative differences in IL-

1B production of macrophages as a result of P.acnes treatment differentiated in the presence of
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complete or lipid depleted (LD) SZ95 sebocyte supernatant (a). IL-1B secretion of macrophages
differentiated in the presence of lipid depleted SZ95 sebocyte supernatant supplemented with P. acnes
and/or the indicated lipids were analysed for IL-6, TNF-A and IL-1B from their supernatants by
ELISA. Mean + SD of samples assayed in duplicate is depicted (n=3); * p<0.05, ** p<0.01, ***
p<0.001; SQ: Squalene, SA: Stearic acid, PA: Palmitic acid, LA: Linoleic acid, OA: Oleic acid (b).
Heat map summarizing the IL-1B, IL-6 and TNF-A secretion of macrophages (with and without P.
acnes stimuli) to display the selective inflammatory effects of the various sebum component lipids on

differentiated and activated macrophages (c).

Figure 4. Overview figure on the possible role of sebocytes in modulating macrophage

activation, differentiation and function

Sebocytes are able to contribute to the polarization of monocytes towards the alternative activation
with their produced lipids, as marked by increased levels of CD206, CD209 and FXIII-A expression,
of which linoleic and oleic acids are essential. Furthermore, linoleic and oleic acids contribute to an
increased potential of macrophages to uptake P. acnes, while palmitic-, oleic- and stearic acids

augment the macrophage response to the bacteria.
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