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Innate Immunity
One of the various functions of the skin is to serve as a
physical, chemical, and biological barrier against pathogens.
This barrier function forms part of the immune system. The
immune system is made up of the innate immune system,
which provides a rapid and stereotyped response, and the
adaptive immune system, which has longer latency and provides targeted action.
In the skin, the components of the innate immune system are the hematopoietic cells (such as the cells of the
mononuclear phagocyte system and natural killer cells),
soluble factors (such as complement, cytokines, metalloproteinases, and antimicrobial peptides), and the skin cells
themselves.1
The innate system is not nonspecific; its cells have
highly evolutionarily conserved receptors that recognize the
molecular patterns of pathogens and metabolic products
arising from cellular stress. These receptors are the toll-like
receptors (TLRs),2 which are present in cell membranes, and
the cytosolic NOD-like receptors (NLRs).3
There has recently been growing interest in inflammasome, a fundamental component of innate immunity.
Inflammasomes are found at the intracellular level of
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effector cells of the innate immune system, such as neutrophils and macrophages. Inflammasomes are intracellular
protein complexes made up of proteins from the family of
NACHT-, LRR-, and pyrin domain (PYD)-containing proteins
(NALPs) that act as a nexus between TLRs and NLRs with
the release proinflammatory cytokines such as interleukin
(IL)-1␤ by these cells.4
Inflammasomes are responsible for triggering an inflammatory response to various types of stimuli, including
bacterial RNA, uric acid crystals, and UV-B radiation.5---7 Of
the various inflammasomes, NRLP3 is probably the best characterized.

Relationship Between Acne Vulgaris and
Inflammation
Acne is the most prevalent skin disease in adolescents and young adults8 : up to 80% of the population
is affected by the condition at some point in their
lives.9 The pathophysiology of acne is complex and has
traditionally been described as involving 4 factors: follicular hyperkeratinization, increased sebum production,
Propionibacterium acnes, and secondary inflammation.
Microcomedones, a consequence of follicular obstruction
with sebum and keratin, have traditionally been described
as the precursor lesion to acne. However, the sequence
of events in the formation of acne lesions is not fully
understood.
Studies from more than 2 decades ago found a
close relationship between acne vulgaris and underlying
inflammation,10,11 but our understanding of the disease has
not changed until recently.12
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Jeremy et al.13 showed that inflammatory cells and
molecules such as IL-1 were present prior to the formation of comedones in apparently healthy skin in patients
with acne. This finding underscores the fundamental role
of inflammation in the initial stages of comedogenesis.
Do et al.14 demonstrated that more than half of inflammatory acne lesions were preceded by microcomedones, in
apparently healthy skin in up to a third of cases.
In addition, elevated levels of inflammatory molecules
have been found in both microcomedones and comedones.
Finally, an increase in the expression of genes involved in
inflammation and extracellular matrix remodeling has been
found in patients affected by acne.15
P acnes is an anaerobic, saprophytic, gram-positive bacterium with a particular preference for the pilosebaceous
unit. It plays a major role in the appearance and chronification of inflammation in acne (Fig. 1).
TLR-2, present in perifollicular macrophages, has an
affinity against P acnes and triggers the release of proinflammatory cytokines such as IL-8 and IL-12.16,17 These
interleukins favor neutrophil chemotaxis and the release
of lysosomal enzymes that are involved in the rupture of

the follicular wall. Apparently, the expression of TLR-2 by
immune cells is also directly related to acne severity.16 This
could explain why topical retinoids----specifically adapalene,
which significantly decreases the expression of TLR-2----are
useful in inflammatory lesions.18
P acnes is also capable of activating the NRLP3 inflammasome by means of various NLRs. This multiprotein complex
activates proteolytic enzymes, such as capase-1, which
transforms the precursor of IL-1␤ into its functional form.19
The activation of the inflammasome by this bacterium in
cutaneous monocytes and sebocytes has been demonstrated
in humans.20,21 Knowledge of this relationship between
P acnes and the inflammasome opens up new therapeutic
prospects.
Similarly, P acnes can stimulate T lymphocytes. A
recent in-vitro study showed that P acnes induced T
helper 1 and T helper 17 lymphocytes to produce IL-17 and
other proinflammatory cytokines.22 The same study found
that vitamin A (transretinoic acid) and vitamin D (1,25dihydroxyvitamin D3) inhibited this inflammatory stimulation. This finding could open up another possibility for acne
treatment.
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Figure 1 Inflammatory pathways involved in the pathogenesis of acne vulgaris. Propionibacterium acnes can interact directly
with T lymphocytes and favor the release of inflammatory cytokines such as IL-17. In addition, synthesis of other inflammatory
cytokines is favored through the TLR-2 and TLR-4 receptors of the perifollicular inflammatory cells. The NRLP3 inflammasome
also plays an important role in the production of IL-1␤. The release of all these proinflammatory cytokines into the extracellular
medium leads to the inflammatory-cell-mediated rupture of the follicular wall. P acnes also induces an increase in several matrix
metalloproteinases through the transcription factor activator protein 1. These enzymes play an active role in tissue destruction
and scarring. Finally, the bacteria are capable of causing the inveterate activation of antimicrobial peptides that perpetuate
the inflammatory microenvironment. AMP indicates antimicrobial peptide; AP, activator protein; IL, interleukin; MMPs, matrix
metalloproteinases; N, neutrophil; NLR, NOD-like receptor; P acnes, Propionibacterium acnes; TL, T lymphocyte; TLR, toll-like
receptor; TNF, tumor necrosis factor.
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Matrix metalloproteinases (MMPs) play a physiological
role in the maintenance of the dermal extracellular matrix.
They also cause tissue destruction and scar formation in
acne. Various studies have found that P acnes induces an
increase in the activity of several MMPs.23---25 In addition,
patients affected by acne probably have individual susceptibility to aberrant scarring. Certain inflammatory expression
profiles are known to be linked to increased risk of abnormal scarring.26 Knowledge of these molecular targets could
make it possible to design specific treatments to modulate
cutaneous scar formation.
In the innate immune system, the action of antimicrobial
peptides such as ␤-defensins and cathelicidins are important in the control of resident and transient bacterial flora
in the skin. The presence of P acnes in patients with acne
is known to stimulate the action of these peptides in a sustained manner, exacerbating the inflammatory environment
characteristic of this entity.27
Ultimately, the skin microbiome has a direct and indirect effect on the immune system and the inflammatory
response to P acnes. This inflammation has been shown to
vary depending on the strain of P acnes and the intrinsic
sensitivity of the patient.28
Therefore, we must disabuse ourselves of the notion that
acne is a three-stage disease consisting of a preinflammatory stage (comedones), an inflammatory stage (papules,
pustules, nodules, and cysts), and a postinflammatory stage
(scarring and residual hyperpigmentation). In reality, it is
a condition in which inflammation plays a fundamental and
defining role: subclinical inflammation is present in the skin
even when no lesions are visible, and inflammation is also
involved in the onset of the lesions (microcomedones and
comedones) and their perpetuation.

Consequences for Clinical Practice
Knowledge of the etiology and pathogenesis of acne has a
direct translation to clinical practice in the form of new
therapeutic targets and the reassessment of the indications of current treatments.29,30 One example is topical
retinoids, which, in addition to their well-known keratinregulating effect,31 play an anti-inflammatory role by
modulating inflammatory molecule production18 and neutrophil chemotaxis; their utility therefore extends beyond
the traditionally described preinflammatory lesions.32
Similarly, the usefulness of oral isotretinoin in the treatment of acne is not due solely to its keratin-regulating
effect; its therapeutic efficacy is also mediated by its
anti-inflammatory action. Recent studies have shown that
isotretinoin decreases monocyte TLR-2 expression.33 This
effect lasts for several months after withdrawal of the drug.
Moreover, isotretinoin inhibits several MMPs of the extracellular matrix.34
Regarding the utility of antibiotics such as macrolides
or tetracyclines in the treatment of acne vulgaris, in addition to their bacteriostatic effect on P acnes, they also have
an anti-inflammatory effect,35 even at subantimicrobial
doses.36 This effect also explains most of the therapeutic
action of these drugs.37
Therefore, because acne vulgaris is a chronic inflammatory disease, we should adjust the dose and duration of
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treatment to prevent the development of antibiotic resistance.
Benzoyl peroxide (BPO) acts against P acnes because of
its oxidative effect, and it also has keratolytic and antiinflammatory properties. BPO is especially useful when used
in combination with retinoids or topical antibiotics in order
to prevent antibiotic resistance.38
It is of particular clinical interest to be familiar with
various entities, currently grouped under the term autoinflammatory diseases, in which aberrant IL-1␤ activity and
direct neutrophil participation are involved in etiology
and pathogenesis. Acneiform or pustular lesions are often
present in these diseases. Examples of these syndromes
include SAPHO syndrome39 and autoinflammatory diseases
related to PAPA syndrome, such as PASH syndrome, PAPASH
syndrome, and PASS syndrome.40 In these conditions, blocking the IL-1 signaling pathway with biologic agents such as
anakinra or anti-TNF agents improves symptoms considerably. In addition, drugs that act by blocking this pathway
by means of other cytokines (IL-12, IL-23, or IL-17) that are
involved in the pathophysiology of acne vulgaris and are also
therapeutic targets in psoriasis are proving to be useful in
the treatment of psoriasis and are therefore another alternative that should be explored in the treatment of acne.
Finally, the Western diet has been associated with
metabolomic changes that exacerbate existing inflammation
in acne vulgaris.41 Although current guidelines on the treatment of acne do not suggest specific dietary modifications,42
data from recent studies suggest that a paleolithic-type
diet, consisting of low-glycemic-index carbohydrates and
anti-inflammatory omega-3 fatty acids, could be useful.41
The future of acne treatment appears promising, thanks
to our improved understanding of the pathophysiology of the
disease. In addition to new formulations of existing combinations (0.3% adapalene---2.5% benzoyl peroxide,43 1.2%
clindamycin phosphate---3.75% benzoyl peroxide,44 and 7.5%
topical dapsone45 ), new drugs----mainly anti-inflammatory
agents such as acetyl-coenzyme A carboxylase inhibitor,46
minocycline foam,47 topical nitric oxide,48 and even a
suspension of gold-coated silica microparticles for use
in photodynamic therapy49 ----will expand our therapeutic
arsenal.
In conclusion, acne is a chronic inflammatory disease of
the pilosebaceous unit in which P acnes plays an active role
in the chronification of the inflammatory process. With an
understanding of how the innate immune system interacts
with P acnes, it will be possible to identify new therapeutic windows that will allow us to address the challenge of
acne and explore optimal treatment regimens that reduce
inflammation without contributing to antibiotic resistance.
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